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3. The sample to be amplified and SYBR™ Green I. 

With each cycle of amplification, product denaturation is ensured by 

monitoring sample 1 as the temperature is increased. A melting curve 

is determined in real-time and when the sample has denatured, the 

transition to the annealing step is begun. Primer annealing is 

monitored indirectly through the hybridization of two complementary 

primers in sample 2. One of the primers is 3' labeled with 

fluorescein and the other is 5' labeled with Cy5 or similar dye. The 

temperature is decreased until sample 2 shows primer hybridization 

as indicated by an increase in the ratio of fluorescence at 670 nm 

/ 540 nm. This ratio increases due to resonance energy transfer 

between the fluorophores when they are approximated by hybridization. 

Product extension is followed by monitoring the fluorescence of one 

or more of the actual samples as demonstrated in Example 25. 

Summary. From the foregoing discussion, it will be appreciated 

that continuous fluorescence monitoring during DNA amplification to 

monitor hybridization is an extraordinarily powerful analytical 

technique. Using the methods described herein and depending on the 

number of initial template copies present, product identification and 

quantification can be achieved in five to twenty minutes after 

temperature cycling has begun. The present invention achieves 

several advantages not heretofore available in the art. For example, 

the present invention provides single-color fluorescence methods to 

monitor product purity, relative quantitation by multiplex PCR or 

competitive PCR, absolute product quantification by reannealing 

kinetics, and an improved method for initial template quantification 

by flucrescence vs cycle number plots. The present invention also 

provides dual-color, sequence-specific metheds for sequence variation 

detection, relative quantitation by multiplex PCR or competitive PCR, 

product quantification by probe annealing kinetics, and initial 

template quantification by fluorescence vs cycle number plots. 

The following table compares double-strand-specific DNA dyes, 

hydrolysis probes, and hybridization probes useful in continuous 

monitoring of PCR. The fluorescence of double~strand-specific DNA 

dyes depends on the strand status of the DNA. The dual-labeled 

hydrolysis probes are quenched while intact and donor fluorescence 

increases when the probe is hydrolyzed. Hybridization probes depend 

on increased resonance energy transfer when hybridization brings 2 

fluorophores closer together.
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Su ef Flucrescent Probes for Continuous Monitori of PCR 

Fluorescent Probe 

DNA ° is 

bridizgatio 

Mechanism Strand status Quenching Transfer 

Probe Synthesis Unnecessary Difficult Simple 

Specificity Product Tm Sequence Sequence 

Melting Analysis Yes No Yes 

Multicolor Analysis No Yes Yes 

  

In accordance with the present invention, time, temperature and 

fluorescence are acquired 1-10 times every sec and fine details of 

product and/or probe hybridization are observed during temperature 

cycling. With double-strand-specific DNA dyes, the hybridization of 

product with respect to temperature is used to identify products by 

melting curves. In addition, relative product quantification is 

achieved by multiplex amplification of two or more different products 

that differ in Tm. Further, competitive PCR is performed by altering 

the sequence internal to the common primers so that two or more 

products have different Tm's. Absolute product quantification is 

obtained by rapidly cooling the denatured product and observing 

reannealing kinetics. The sensitivity of initial template 

quantification with fluorescence vs cycle number plots is increased 

by analysis of product melting curves to control for nonspecific 

amplification and curve fitting algorithms. Finally, immediate 

fluorescence feedback for control of denaturation conditions, 

elongation times and product yield are obtained by monitoring product 

strand status with double-strand-specific DNA dyes. 

The ability to monitor probe hybridization with fluorescence 

during temperature cycling is a powerful tool. The present invention 

provides dual-color fluorescence methods that depend on probe 

hybridization (not hydrolysis) for sequence-specific detection and 

“quantification during PCR. The annealing kinetics and melting of 

hybridization probes provides information not available with probes 

that rely on exonuclease hydrolysis between fluorophores. Continuous 

monitoring of sequence-specific probe hybridization can be followed 
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over temperature changes by resonance energy transfer. Probe melting 

occurs at a characteristic temperature determined by its sequence and 

complementarity to the product. Two schemes have been detailed by 

the present invention, (1) two adjacent hybridization probes, and (2) 

one labeled probe that hybridizes to a single stranded PCR product 

that incorporates a labeled primer. The melting temperature of 

sequence-specific probes identifies and discriminates products during 

PCR. DNA polymorphisms or mutations, including single base 

mutations, are detected by probe Tm shifts. In addition, relative 

product quantification is achieved by multiplex amplification of at 

least two different products with one or more probes that melt from 

their respective products at different temperatures. Further, 

competitive PCR is performed by altering the sequence internal to the 

primers so that one or more probes hybridize to the competitor and 

the natural template at different Tm's. Alternately, relative or 

competitive PCR are performed by multicolor analysis with probes 

labeled with different fluorophores, such as Cy5 and Cy5.5. Absolute 

product concentration is determined by analysis of probe annealing 

kinetics. Initial template copy number is determined from 

fluorescence vs cycle number plots by curve fitting algorithms. 

When multiplex analysis in one PCR reaction is desired, it is 

common practice to use different fluorescent labels with 

distinguishable emission spectra to identify the multiple products. 

The analysis is complicated by the limited number of fluorophores 

available and the overlapping emission spectra of those fluorophores 

that are available (see HM Shapiro, supra). Analysis of product or 

probe hybridization with melting curves is another method to 

distinguish multiple PCR products. By following hybridization during 

temperature cycling, the number of probes and/or spectral colors 

needed to distinguish multiple products can be minimized., 

Thepresent invention may be embodied in other specific forms without 

departing from its spirit or essential characteristics. The 

described embodiments are to be considered in all respects only as 

illustrative and not restrictive. The scope of the invention is, 

therefore, indicated by the appended claims rather than by the 

foregoing description. All changes which come within the meaning and 

range of equivalency of the claims are to be embraced within their 

“ scope. — 

Programming code for carrying out melting curve and other 

analyses is found on the following pages.
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THIS VI USES THE LEVENBERG-MARQUARDT ALGORITHM TO DETERMINE THE LEAST SQUARES 
SET OF COEFFICIENTS THAT BEST FIT THE SET OF INPUT DATA POINTS(X,Y) AS EXPRESSED BY 
A NONLINEAR FUNCTION Y=F(X,A) WHERE A IS THE SET OF COEFFICIENTS. THIS VI ALSO GIVES 
THE BEST FIT CURVE Y=F(X.A). 

THE USER NEEDS TO OPEN A SUB-V! "TARGET FNC & DERIV NONLIN" AND INPUTS HIS/HER 
NONLINEAR FUNCTION F(X,A) IN THE FORMULA NODE. IF THE USER CHOOSE FORMULA 
CACULATION FOR DERIVATIVE METHOD, HE/SHE NEEDS TO INPUT THE PARTIAL DERIATIVE OF 
F(X,A) WITH RESPECT TO A AS WELL. 

INPUTS: 

X: EXPERIMENT DATA POINTS. 

Y: EXPERIMENT DATA POINTS. 
STANDARD DEVIATION: STANDARD DEVIATION OF EACH EXPERIMENT DATA.IF YOU DON'T HAVE 
KNOWLEDGE ABOUT THIS PARAMETER, JUST LEAVE IT EMPTY. 

INITIAL GUESS COEFFICIENTS: YOUR GUESSED COEFFICIENTS. IF THIS IS TOO FAR FROM THE 
APPROPRIATE COEFFICIENTS, THE VI MAYBE WILL FAIL TO RETURN THE APPROPRIATE 
COEFICIENTS AND BEST FIT CURVE. 

MAX ITERATION: MAX ITERATION THE ALGROTHIM WILL TRY. IF IT CAN NOT CONVERGE WHEN IT 

REACHES THE MAX ITERATION. THE VI WILL RETURN AN ERROR. 

DERIVATIVE: THERE ARE TWO WAYS TO CACULATE THE PARTIAL DERIVATIVE OF F(X,A) WITH 

RESPECT TO COEFFICIENTS A. IF YOU CHOOSE NEMERICAL CACULATION, THE VI WILL USE 

NUMERICAL METHOD TO CACULATE THEM INTERNALLY. IF YOU CHOOSE FORMULA 

CACULATION, YOU NEED TO INPUT THE DERIVATIVE FORMULA IN THE SUBVI TARGET FNC & 

DERIV NONLIN. FORMULA CACULATION IS MORE PRECISE THAN NUMERICAL CACULATION. 

OUTPUTS: 
BEST GUESS COEFFICIENTS: THE LEAST SQUARES COEFFICIENTS. 
BEST FIT: THE BEST FIT CURVE F(X,A). 
COVARIANCE! COVARIANCE MATRIX OF BEST GUESS COEFFICIENTS. 
MSE: MSE=1/N*SUMI(Y(I)-F(x(). A) /STD(W)I*2) 

(STD: STANDARD DEVIATION)
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Wittwer, Carl T. 

Ririe, Kirk M. 

Rasmussen, Randy P. 

(ii) TITLE OF INVENTION: Monitoring Hybridization During PCT 

(iii) NUMBER OF SEQUENCES: 27 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: Thorpe, North & Western, L.L.P. 
(B) STREET: 9035 South 700 East, Suite 200 

(C) CITY: Sandy 

(D) STATE: Utah 

(E) COUNTRY: USA 

(F) ZIP: 84070 

{v) COMPUTER READABLE FORM: 

{A) MEDIUM TYPE: Diskette, 3.5 inch, 1.44 Mb storage 
(B) COMPUTER: Toshiba T2150cCDS 

(C) OPERATING SYSTEM: Windows 95 

(D) SOFTWARE: Word Perfect 7.0 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/658,993 

(B) FILING DATE: 04-JUN-96 

{vii) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/818,267 
(B) FILING DATE: 17-MAR-97 

(viii) ATTORNEY/AGENT INFORMATION: 
(A) NAME: Alan J. Howarth 

(B) REGISTRATION NUMBER: 36,553 
(C) REFERENCE/DOCKET NUMBER: 8616.CIP7 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (801) 566-6633 

(B) TELEFAX: (801) 566-0750 

(2) INFORMATION FOR SEQ ID NO:1: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

~ - - (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:1:
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CGTGGTGGAC TTCTCTCAAT 20 

(2) INFORMATION FOR SEQ ID NO:2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:2: 

AGAAGATGAG GCATAGCAGC 20 

(2) INFORMATION FOR SEQ ID NO:3: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 35 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

{xi) SEQUENCE DESCRIPTION: SEO ID NO:3: 

CAAACAGACA CCATGGTGCA CCTGACTCCT GAGGA 35 

(2) INFORMATION FOR SEQ ID NO: 4: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO ID NO:4: 

AAGTCTGCCG TTACTGCCCT GTGGGGCAAG 30 

(2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 27 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:5: 

TCTGCCGTTA CTGCCCTGTG GGGCAAG 27 

(2) INFORMATION FOR SEQ ID NO:6: 

(i) SEQUENCE CHARACTERISTICS: 

a (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C} STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:6:
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CAACTTCATC CACGTNCACC 20 

(2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 
5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:?7: 

CTGTCCGTGA CGTGGATT 18 

10 (2) INFORMATION FOR SEQ ID NO:B: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 18 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 
15 (D) TOPOLOGY: linear 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:8: 

AAGTCCTCCG AGTATAGC 18 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 
20 (A) LENGTH: 46 base pairs 

(B) TYPE: mucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9: 

25 TAATCTGTAA GAGCAGATCC CTGGACAGGC GAGGAATACA GGTATT 46 

(2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 46 base pairs 

(B) TYPE: nucleic acid 
30 (C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:10: 

TAATCTGTAA GAGCAGATCC CTGGACAGGC AAGGAATACA GGTATT 46 

(2) INFORMATION FOR SEQ ID NO:11: 

35 (i) SEQUENCE CHARACTERISTICS: 

{A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

40 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:
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TAATCTGTAA GAGCAGATCC 20 

(2) INFORMATION FOR SEQ ID NO:12: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

5 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:12: 

TGTTATCACA CTGGTGCTAA 20 

10 (2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 23 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

15 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO ID NO:13: 

AATACCTGTA TTCCTCGCCT GTC 23 

(2) INFORMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: 

20 (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

25 ATGCCTGGCA CCATTAAAGA 20 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

30 (C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:15: 

GCATGCTTTG ATGACGCTTC 20 

(2) INFORMATION FOR SEQ ID NO:16: 

35 (i) SEQUENCE CHARACTERISTICS: 
: (A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16: 

CGGATCTTCT GCTGCCGTCG 20 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:17: 

CCTCTGACGT CCATCATCTC 20 

(2) INFORMATION FOR SEQ ID NO:18: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 31 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18: 

GAAGTCTGCC GTTACTGCCC TGTGGGGCAA G 31 

(2) INFORMATION FOR SEQ ID NO:19: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:19: 

CTGCCGTACT GCCCTGTGGG GCAAGG 26 

(2) INFORMATION FOR SEQ ID NO:20: 

{i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 26 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20: 

ATGCCCTCCC CCATGCCATC CTGCGT 26 

(2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded
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(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:21: 

CAACTTCATC CACGTTCACC 20 

(2) INFORMATION FOR SEQ ID NO:22: 

5 {i) SEQUENCE CHARACTERISTICS: 

. (A) LENGTH: 27 base pairs 
(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO:22: 

GTCTGCCGTT ACTGCCCTGT GGGGCAA 27 

(2) INFORMATION FOR SEQ ID NO:23: 

( 工 SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 32 base pairs 

15 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23: 

CCTCAAACAG ACACCATGGT GCACCTGACT CC 32 

20 (2) INFORMATION FOR SEQ ID NO:24: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 30 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

25 {D} TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24: 

GAAGTCTGCC GTTACTGCCC TGTGGGGCAA 30 

(2) INFORMATION FOR SEQ ID NO:25: , 

{i) SEQUENCE CHARACTERISTICS: 

30 (A) LENGTH: 23 base pairs 
(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25: 

35 TGAAGGAGAA GGTGTCTGCG GGA 23 

{2) INFORMATION FOR SEQ ID NO:26: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 25 base pairs 

. (B) TYPE: nucleic acid
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(C) STRANDEDNESS: single-stranded 

(D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:26: 

CCTCGGCTAA ATAGTAGTGC GTCGA 25 

5 (2) INFORMATION FOR SEQ ID NO:27: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single-stranded 

10 (D) TOPOLOGY: linear 

(xi) SEQUENCE DESCRIPTION: SEO ID NO:27: 

AGGACGGTGC GGTGAGAGTG 20 
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CLAIMS 

We claim: 

1. A method for analyzing a target DNA sequence of a 

biological sample, said method comprising the steps of 

amplifying the target sequence by polymerase chain 

reaction in the presence of two nucleic acid probes that hybridize 

to adjacent regions of the target sequence, one of said probes being 

labeled with an acceptor fluorophore and the other probe labeled with 

a donor fluorophore of a fluorescence energy transfer pair such that 

upon hybridization of the two probes with the target sequence, the 

donor and acceptor fluorophores are within 25 nucleotides of one 

another, said polymerase chain reaction comprising the steps of 

adding a thermostable polymerase and primers for the targeted nucleic 

acid sequence to the biological sample and thermally cycling the 

biological sample between at least a denaturation temperature and an 

elongation temperature; 

exciting the biological sample with light at a wavelength 

absorbed by the donor fluorophore and detecting the emission from the 

fluorescence energy transfer pair. 

2. A method for analyzing a target DNA sequence of a 

biological sample, said method comprising the steps of 

amplifying the target sequence by polymerase chain 

reaction in the presence of two nucleic acid probes that hybridize 

to adjacent regions of the target sequence, one of said probes being 

labeled with an acceptor fluorophore and the other probe labeled with 

a donor fluorophore of a fluorescence energy transfer pair such that 

upon hybridization of the two probes with the target sequence, the 

donor and acceptor fluorophores are within 25 nucleotides of one 

another, said polymerase chain reaction comprising the steps of 

adding a thermostable polymerase and primers for the targeted nucleic 

acid sequence to the biological sample and thermally cycling the 

biological sample between at least a denaturation temperature and an 

elongation temperature; 

exciting the sample with light at a wavelength absorbed 

by the donor fluorophore; and 

monitoring the temperature dependent fluorescence from 

the fluorescence energy transfer pair. 

3. The method of claims 1 or 2 wherein the donor and 

acceptor fluorophores are at a distance of about 0-5 nucleotides. 

4, The method of claim 3 wherein the donor and acceptor 

fluorophores are at a distance of about 0-2 nucleotides.
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5. The method of claim 4 wherein the donor and acceptor 

fluorophores are at a distance of 1 nucleotide. 

6. A method of real time monitoring of a polymerase chain 

reaction amplification of a target nucleic acid sequence in a 

biological sample, said method comprising the steps of 

(a) adding to the biological sample an effective amount 

of two nucleic acid primers and a nucleic acid probe, wherein one of 

said primers and the probe are each labeled with one member of a 

fluorescence energy transfer pair comprising an acceptor fluorophore 

and a donor fluorophore, and wherein the labeled probe hybridizes to 

an amplified copy of the target nucleic acid sequence within 15 

nucleotides of the labeled primer; 

(b) amplifying the target nucleic acid sequence by 

polymerase chain reaction; 

(c) illuminating the biological sample with light of 

a selected wavelength that is absorbed by said donor fluorophore; and 

(dQ) detecting the fluorescence emission of the sample. 

7. The method of claim 6 further comprising the step of 

monitoring the temperature dependent fluorescence of the sample. 

8. The method of claims 6 wherein the donor and acceptor 

fluorophores are at a distance of about 4-6 nucleotides from one 

another. 

9. An improved method of amplifying a target nucleic acid 

sequence of a biological sample, said method comprising the steps of 

(a) adding to the biological sample an effective amount 

of a nucleic-acid-binding fluorescent entity; 

(b) amplifying the target nucleic acid sequence using 

polymerase chain reaction, comprising thermally cycling the 

biological sample using initial predetermined temperature and time 

parameters, and then ， 

(i) illuminating the biological sample with a 

selected wavelength of light that is absorbed by said 

fluorescent entity during the polymerase chain reaction; 

(ii) monitoring fluorescence from said sample to 

determine the optimal temperature and time parameters for the 

polymerase chain reaction; and 

(iii) adjusting the initial temperature and time 

Parameters in accordance with the fluorescence. 

10. The method of claim 9 wherein the fluorescent entity 

comprises a double strand specific nucleic acid binding dye.
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il. The method of claim 9 wherein the fluorescent entity 

comprises a fluorescently labeled oligonucleotide probe that 

hybridizes to the targeted nucleic acid sequence. 

12. The method of claim 9 wherein the fluorescent entity 

comprises a pair of oligonucleotide probes, one of said probes being 

labeled with an acceptor fluorophore and the other probe labeled with 

a donor fluorophore of a fluorescence energy transfer pair. 

13. The method of claim 12 wherein the donor fluorophore 

emission and the acceptor fluorophore absorption spectrum overlap 

less than 25%, and the acceptor fluorophore has a peak extinction 

coefficient greater than 100,000 M'cm' and upon hybridization of the 

two probes, the donor and acceptor fluorophores are within 15 

nucleotides of one another. 

14. The method of claim 13 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and Cy5 or Cy5.5 as 

the acceptor. 

15. A method for detecting a target nucleic acid sequence of 

a biological sample, said method comprising the steps of 

(a) adding to the biological sample an effective amount 

of a pair of oligonucleotide probes that hybridize to the target 

nucleic acid sequence, one of said probes being labeled with an 

acceptor fluorophore and the other probe labeled with a donor 

flucrophore of a fluorescence energy transfer pair, wherein an 

emission spectrum of the donor fluorophore and an absorption spectrum 

of the acceptor fluorophore overlap less than 25%, the acceptor 

fluorophore has a peak extinction coefficient greater than 100,000 

Mtcm!? and upon hybridization of the two probes, the donor and 

acceptor fluorophores are within 25 nucleotides of one another; 

(b) illuminating the biological sample with a selected 

wavelength of light that is absorbed by said donor fluorophore; and 

(c) detecting the emission of the biological sample. 

16. The method of claim 15 wherein the resonance energy 

transfer pair comprises fluorescein as the donor. 

17. The method of claim 16 wherein the resonance energy 

transfer pair comprises Cy5 or Cy5.5 as the acceptor. 

18. The method of claim 15 wherein the donor and acceptor 

fluorophores are within about 0-5 nucleotides of one another upon 

“hybridization of the two probes with the target nucleic acid 

sequence. 

19. The method of claim 18 wherein the donor and acceptor 

fluorophores are within about 0-2 nucleotides of each other. 

PCT/US97/10008
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20. The method of claim 19 wherein the donor and acceptor 

fluorophores are within 1 nucleotide of each other. 

21. A fluorescence energy transfer pair comprising a first 

probe labeled with fluorescein and a second probe labeled with Cy5 

or Cy5.5. 

22. A method of real time monitoring of a polymerase chain 

reaction amplification of a target nucleic acid sequence in a 

biological sample, said method comprising the steps of 

amplifying the target sequence by polymerase chain 

reaction in the presence of two nucleic acid probes that hybridize 

to adjacent regions of the target sequence, one of said probes being 

labeled with an acceptor fluorophore and the other probe labeled with 

a donor fluorophore of a fluorescence energy transfer pair such that 

upon hybridization of the two probes with the target sequence, the 

donor and acceptor fluorophores are within 25 nucleotides of one 

another, said polymerase chain reaction comprising the steps of 

adding a thermostable polymerase and primers for the targeted nucleic 

acid sequence to the biological sample and thermally cycling the 

biological sample between at least a denaturation temperature and an 

elongation temperature; 

exciting the biological sample with light at a wavelength 

absorbed by the donor fluorophore and detecting the emission from the 

biological sample; and 

monitoring the temperature dependent fluorescence from 

the fluorescence energy transfer pair. 

23. The method of claim 22 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and Cy5 or Cy5.5 as 

the acceptor. 

24. The method of claim 22 wherein the donor and acceptor 

fluorophores are within about 0-5 nucleotides of one another. 

25. The method of claim 24 wherein the donor and acceptor 

fluorophores are within about 0-2 nucleotides of one another. 

26. The method of claim 25 wherein the donor and acceptor 

fluorophores are within 1 nucleotide of each other. 

27. The method of claim 22 wherein said monitoring step 

comprises determining melting profiles of the probes melting from 

said target sequence. 

一 28°. A method of real time monitoring of a polymerase chain 

reaction amplification of a target nucleic acid sequence in a 

biological sample, said method comprising the steps of
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amplifying the target sequence by polymerase chain 

reaction in the presence of SYBR™ Green I, said polymerase chain 

reaction comprising the steps of adding a thermostable polymerase and 

primers for the targeted nucleic acid sequence to the biological 

sample and thermally cycling the biological sample between at least 

a denaturation temperature and an elongation temperature; 

exciting the biological sample with light at a wavelength 

absorbed by the SYBR™ Green I and detecting the emission from the 

biological sample; and 

monitoring the temperature dependent fluorescence from 

the SYBR™ Green I. 

29. The method of claim 28 wherein said monitoring step 

comprises determining a melting profile of the amplified target 

sequence. 

30. A method for analyzing a target DNA sequence of a 

biological sample, said method comprising the steps of 

(a) adding to the biological sample an effective amount 

of two nucleic acid primers and a nucleic acid probe, wherein one of 

said primers and the probe are each labeled with one member of a 

fluorescence energy transfer pair comprising an acceptor fluorophore 

and a donor fluorophore, and wherein the labeled probe hybridizes to 

an amplified copy of the target nucleic acid sequence within 15 

nucleotides of the labeled primer; 

(b) amplifying the target nucleic acid sequence by 

polymerase chain reaction; 

(c} illuminating the biological sample with light of 

a selected wavelength that is absorbed by said donor fluorophore and 

detecting the fluorescence emission of the sample. 

31. The method of claim 30 further comprising the step of 

monitoring the temperature dependent fluorescence of the sample. 

32. The method of claim 31 wherein said monitoring step 

comprises determining a melting profile of the amplified target 

sequence. 

33. The method of claim 30 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and CyS or Cy5.5 as 

the acceptor. 

34. The method of claim 30 wherein the donor and acceptor 

“fluorophores are at a distance of about 4-6 nucleotides from one 

another. 
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35. A method of detecting a difference at a selected locus 

in a first nucleic acid as compared to a second nucleic acid, 

comprising the steps of: 

(a) providing a pair of oligonucleotide primers configured 

for amplifying, by polymerase chain reaction, a selected segment of 

the first nucleic acid and a corresponding segment of the second 

nucleic acid, wherein the selected segment and corresponding segment 

each comprises the selected locus, to result in amplified products 

containing a copy of the selected locus; 

{b) providing a pair of oligonucleotide probes, one of said 

probes being labeled with an acceptor fluorophore and the other probe 

being labeled with a donor fluorophore of a fluorogenic resonance 

energy transfer pair such that upon hybridization of the two probes 

with the amplified products the donor and acceptor are in resonance 

energy transfer relationship, wherein one of the probes is configured 

for hybridizing to the amplified products such that said one of the 

probes spans the selected locus and exhibits a melting profile when 

the difference is present in the first nucleic acid that is 

distinguishable from a melting profile of the second nucleic acid; 

(c) amplifying the selected segment of first nucleic acid and 

the corresponding segment of the second nucleic acid by polymerase 

chain reaction in the presence of effective amounts of probes to 

result in an amplified selected segment and an amplified 

corresponding segment, at least a portion thereof having both the 

probes hybridized thereto with the fluorogenic resonance energy 

transfer pair in resonance energy transfer relationship; 

(d) illuminating the amplified selected segment and the 

amplified corresponding segment with the probes hybridized thereto 

with a selected wavelength of light to elicit fluorescence by the 

fluorogenic resonance energy transfer pair; 

(e) measuring fluorescence emission as a function of 

temperature to determine in a first melting profile of said one of 

the probes melting from the amplified selected segment of first 

nucleic acid and a second melting profile of said one of the probes 

melting from the amplified corresponding segment of second nucleic 

acid; and 

(£) comparing the first melting profile to the second melting 

“profile, wherein a difference therein indicates the presence of the 

difference in the sample nucleic acid. 
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36. The method of claim 35 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and a member 

selected from the group consisting of Cy5 and Cy5.5 as the acceptor. 

37. The method of claim 35 wherein the donor and the acceptor 

are coupled to the probes such that when both probes are hybridized 

to the amplified selected segment or the amplified corresponding 

segment, the donor and acceptor are separated by no more than about 

25 nucleotide residues. 

38. The method of claim 37 wherein the donor and the acceptor 

are coupled to probes such that when the probes are hybridized to the 

amplified selected segment or the amplified corresponding segment, 

the donor and acceptor are separated by about 0-5 nucleotide 

residues. 

39. The method of claim 38 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to the probes such that when the probes are hybridized to the 

amplified selected segment or the amplified corresponding segment the 

donor and acceptor are separated by about 0-2 nucleotide residues. 

40. The method of claim 39 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to the probes such that when the probes are hybridized to the 

amplified selected segment or the amplified corresponding segment the 

donor and acceptor are separated by 1 nucleotide residue. 

41. A method of detecting a difference at a selected locus 

in a first nucleic acid as compared to a second nucleic acid, 

comprising the steps of: 

(a) providing a pair of oligonucleotide primers configured 

for amplifying, by polymerase chain reaction, a selected segment of 

the first nucleic acid and a corresponding segment of the second 

nucleic acid, wherein the selected segment and corresponding segment 

each comprises the selected locus, to result in amplified products 

containing a copy of the selected locus; 

{b} providing an oligonucleotide probe, wherein one of said 

primers and the probe are each labeled with one member of a 

fluorescence energy transfer pair comprising an donor fluorophore and 

an acceptor fluorophore, and wherein the labeled probe and labeled 

primer hybridize to the amplified products such that the donor and 

“acceptor are in resonance energy transfer relationship, and wherein 

the probe is configured for hybridizing to the amplified products 

such that said probe spans the selected locus and exhibits a melting 
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profile when the difference is present in the first nucleic acid that 

is distinguishable from a melting profile of the second nucleic acid; 

(c) amplifying the selected segment of first nucleic acid and 

the corresponding segment of the second nucleic acid by polymerase 

chain reaction in the presence of effective amounts of primers and 

probe to result in an amplified selected segment and an amplified 

corresponding segment, at least a portion thereof having the labled 

primer and probe hybridized thereto with the fluorogenic resonance 

energy transfer pair in resonance energy transfer relationship; 

(d) illuminating the amplified selected segment and the 

amplified corresponding segment with the labeled primer and probe 

hybridized thereto with a selected wavelength of light to elicit 

fluorescence by the fluorogenic resonance energy transfer pair; 

(e) measuring fluorescence emission as a function of 

temperature to determine in a first melting profile of said probe 

melting from the amplified selected segment of first nucleic acid and 

a second melting profile of said probe melting from the amplified 

corresponding segment of second nucleic acid; and 

(f£) comparing the first melting profile to the second melting 

profile, wherein a difference therein indicates the presence of the 

difference in the sample nucleic acid. 

42. The method of claim 41 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and a member 

selected from the group consisting of Cy5 and Cy5.5 as the acceptor. 

43. The method of claim 41 wherein the donor and the acceptor 

are coupled to the labeled primer and probe such that when both the 

labeled primer and probe are hybridized to the amplified selected 

segment or the amplified corresponding segment, the donor and 

acceptor are separated by no more than about 15 nucleotide residues. 

44, The method of claim 43 wherein the donor and the acceptor 

are coupled to labeled primer and probe such that when the labeled 

primer and probe are hybridized to the amplified selected segment or 

the amplified corresponding segment, the donor and acceptor are 

separated by about 4-6 nucleotide residues. 

45. A method of detecting heterozygosity at a selected locus 

in the genome of an individual, wherein the genome comprises a mutant 

allele and a corresponding reference allele, each comprising the 

“selected locus, comprising the steps of: 

(a) obtaining sample genomic DNA from the individual; 

(b) providing a pair of oligonucleotide primers configured 

for amplifying, by polymerase chain reaction, a first selected 
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segment of the mutant allele and a second selected segment cf the 

corresponding reference allele wherein both the first and second 

selected segments comprise the selected locus; 

(c) providing a pair of oligonucleotide probes, one of said 

probes being labeled with an acceptor fluorophore and the other probe 

being labeled with a donor fluorophore of a fluorogenic resonance 

energy transfer pair such that upon hybridization of the two probes 

with the amplified first and second selected segments one of the 

probes spans the selected locus and exhibits a first melting profile 

with the amplified first selected segment that is distinguishable 

from a second melting profile with the amplified second selected 

segment; 

(da) amplifying the first and second selected segments of 

sample genomic DNA by polymerase chain reaction in the presence of 

effective amounts of probes to result in amplified first and second 

selected segments, at least a portion thereof having both the probes 

hybridized thereto with the fluorogenic resonance energy transfer 

pair in resonance energy transfer relationship; 

{e) illuminating the amplified first and second selected 

segments having the probes hybridized thereto with a selected 

wavelength of light to elicit fluorescence by the donor and acceptor; 

(£) Measuring a flucrescence emission as a function of 

temperature to determine a first melting profile of said one of the 

probes melting from the amplified first selected segment and a second 

melting profile of said one of the probes melting from the amplified 

second selected segment; and 

(g) comparing the first melting profile to the second melting 

profile, wherein distinguishable melting profiles indicate 

heterozygosity in the sample genomic DNA. 

46. The method of claim 45 wherein the fluorogenic resonance 

energy transfer pair comprises fluorescein as the donor and Cy5 or 

Cy5.5 as the acceptor. 

47. The method of claim 45 wherein the donor and the acceptor 

are coupled to the probes such that when the probe and reference 

oligonucleotide are hybridized to the amplified first selected 

segment or the amplified second selected segment, the donor and 

acceptor are separated by no more than about 25 nucleotide residues. 

~ 48. The method of claim 47 wherein the donor and the acceptor 

are coupled to the probes such that when the probes are hybridized 

to the amplified first selected segment or the amplified second 

PCT/US97/10008

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 3982



w
i
 

Vi
 

WO 97/46714 

146 

selected segment, the donor and acceptor are separated by about 0-5 

nucleotide residues. 

49, The method of claim 48 wherein the donor and the acceptor 

are coupled to the probes such that when the probes are hybridized 

to the amplified first selected segment or the amplified second 

selected segment, the donor and acceptor are separated by about 0-2 

nucleotide residues. 

50. The method of claim 49 wherein the donor and the acceptor 

are coupled to the probes such that when the probes are hybridized 

to the amplified first selected segment or the amplified second 

selected segment, the donor and acceptor are separated by 1 

nucleotide residue. 

51. A method of detecting heterozygosity at a selected locus 

in the genome of an individual, wherein the genome comprises a mutant 

allele and a corresponding reference allele, each comprising the 

selected locus, comprising the steps of: 

(a) obtaining sample genomic DNA from the individual; 

(b) providing a pair of oligonucleotide primers configured 

for amplifying, by polymerase chain reaction, a first selected 

segment of the mutant allele and a second selected segment of the 

corresponding reference allele wherein both the first and second 

selected segments comprise the selected locus; 

{c) providing an oligonucleotide probe, wherein one of said 

primers and the probe are each labeled with one member of a 

fluorescence energy transfer pair comprising an donor fluorophore and 

an acceptor fluorophore, and wherein the labeled probe and labeled 

primer hybridize to the amplified first and second selected segments 

such that one of the probes spans the selected locus and exhibits a 

first melting profile with the amplified first selected segment that 

is distinguishable from a second melting profile with the amplified 

second selected segment; 

(da) amplifying the first and second selected segments of 

sample genomic DNA by polymerase chain reaction in the presence of 

effective amounts of primers and probe to result in amplified first 

and second selected segments, at least a portion thereof having both 

the labeled primer and probe hybridized thereto with the fluorogenic 

resonance energy transfer pair in resonance energy transfer 

“relationship; 

(e) illuminating the amplified first and second selected 

segments having the labeled primer and probe hybridized thereto with 
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a selected wavelength of light to elicit fluorescence by the donor 

and acceptor; 

(f£) measuring a fluorescence emission as a function of 

temperature to determine a first melting profile of said probe 

melting from the amplified first selected segment and a second 

melting profile of said probe melting from the amplified second 

selected segment; and 

(g) comparing the first melting profile to the second melting 

profile, wherein distinguishable melting profiles indicate 

heterozygosity in the sample genomic DNA. 

52 . The method of claim 51 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and Cy5 or Cy5.5 as 

the acceptor. 

53. The method of claim 51 wherein the donor and the acceptor 

are coupled to the labeled primer and probe such that when the 

labeled primer and probe are hybridized to the amplified first 

selected segment or the amplified second selected segment, the donor 

and acceptor are separated by no more than about 15 nucleotide 

residues. 

54. The method of claim 53 wherein the donor and the acceptor 

are coupled to the labeled primer and probe such that when the 

labeled primer and probe are hybridized to the amplified first 

selected segment or the amplified second selected segment, the donor 

and acceptor are separated by about 4-6 nucleotide residues. 

55. A method of determining completion of a polymerase chain 

reaction in a polymerase chain reaction mixture comprising (1) a 

nucleic acid wherein the nucleic acid or a polymerase-chain-reaction-— 

amplified product thereof consists of two distinct complementary 

strands, (2) two oligonucleotide primers configured for amplifying 

by polymerase chain reaction a selected segment of the nucleic acid 

to result in an amplified product, and (3) a DNA polymerase for 

catalyzing the polymerase chain reaction, comprising the steps of: 

(a) adding to the mixture (1) an effective amount of an 

oligonucleotide probe labeled with a resonance energy transfer donor 

or a resonance energy transfer acceptor of a fluorogenic resonance 

energy transfer pair, wherein the probe is configured for hybridizing 

to the amplified product under selected conditions of temperature and 

“monovalent ionic strength, and (2) an effective amount of a reference 

oligonucleotide labeled with the donor or the acceptor, with the 

proviso that as between the probe and reference oligonucleotide one 

is labeled with the donor and the other is labeled with the acceptor,
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wherein the reference oligonucleotide is configured for hybridizing 

to the amplified product under the selected conditions of temperature 

and monovalent ionic strength such that the donor and the acceptor 

are in resonance energy transfer relationship when both the probe and 

the reference oligonucleotide hybridize to the amplified product; 

(b) amplifying the selected segment of nucleic acid by 

polymerase chain reaction to result in the amplified product, at 

least a portion thereof having both the probe and the reference 

oligonucleotide hybridized thereto with the fluorogenic resonance 

energy transfer pair in resonance energy transfer relationship; and 

(c) iiluminating the amplified product having the probe and 

reference oligonucleotide hybridized thereto with a selected 

wavelength of light for eliciting fluorescence by the fluorogenic 

resonance energy paix and monitoring fluorescence emission and 

determining a cycle when the fluorescence emission reaches a plateau 

phase, indicating the completion of the reaction. 

56. The method of claim 55 wherein the fluorogenic resonance 

energy transfer pair is fluorescein and a member selected from the 

group consisting of Cy5 and Cy5.5. 

S7. A method of determining completion of a polymerase chain 

reaction in a polymerase chain reaction mixture comprising (1) a 

nucleic acid wherein the nucleic acid or a polymerase-chain-reaction-—- 

amplified product thereof consists of two distinct complementary 

strands, (2) two oligonucleotide primers configured for amplifying 

by polymerase chain reaction a selected segment of the nucleic acid 

to result in an amplified product, and (3) a DNA polymerase for 

catalyzing the polymerase chain reaction, comprising the steps of: 

(a} adding to the mixture an effective amount of a nucleic- 

acid-binding fluorescent dye; 

(b) amplifying the selected segment of nucleic acid by 

polymerase chain reaction in the mixture to which the nucleic-acid- 

binding fluorescent dye has been added to result in the amplified 

product with nucleic~acid-binding fluorescent dye bound thereto; and 

(c) illuminating amplified product with nucleic-acid-binding 

fluorescent dye bound thereto with a selected wavelength of light for 

eliciting fluorescence therefrom and monitoring fluorescence emission 

and determining a cycle when the fluorescence emission reaches a 

“plateau’ phase, indicating the completion of the reaction. 

58. The method of claim 57 wherein the nucleic-acid-binding 

fluorescent dye is a member selected from the group consisting of
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SYBR™ GREEN I, ethidium bromide, pico green, acridine orange, 

thiazole orange, YO-PRO-1, and chromomycin A3. 

59. The method of claim 58 wherein the double-strand-specific 

fluorescent dye is SYBR™ GREEN I. 

60. A method of controlling temperature cycling parameters 

of a polymerase chain reaction comprising repeated cycles of 

annealing, extension, and denaturation phases of a polymerase chain 

reaction mixture comprising a double-strand-specific fluorescent dye, 

wherein the parameters comprise duration of the annealing phase, 

duration of the denaturation phase, and number of cycles, comprising 

(a) illuminating the reaction with a selected wavelength of 

light for eliciting fluorescence from the fluorescent dye and 

continuously monitoring fluorescence during the repeated annealing, 

extension, and denaturation phases; 

(b) determining at least 

(i) duration for fluorescence to stop increasing 

during the extension phase, or 

(ii) Duration for fluorescence to decrease to a 

baseline level during the denaturation 

phase, or 

(idi)jnumber of cycles for fluorescence to reach a 

preselected level during the extension phase; and 

(c) adjusting the length of the extension phase according to 

the length of time for fluorescence to stop increasing during the 

extension phase, the length of the denaturation phase according to 

the length of time for fluorescence to decrease to the baseline level 

during the denaturation phase, or the number of cycles according to 

the number of cycles for fluorescence to reach the preselected level 

during the extension phase. 

61. The method of claim 60 wherein the double-strand specific 

fluorescent dye is a member selected from the group consisting of 

SYBR™ GREEN I, ethidium bromide, pico green, acridine orange, 

thiazole orange, YO-PRO-1, and chromomycin A3. 

62. The method of claim 61 wherein the double-strand-specific 

fluorescent dye is SYBR™ GREEN I. 

63. A method of determining a concentration of an amplified 

product in a selected polymerase chain reaction mixture comprising 

~ (a) determining a second order rate constant for the 

amplified product at a selected temperature and reaction conditions 

by monitoring rate of hybridization of a known concentration of the 

amplified product; 
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(b) determining rate of annealing for an unknown 

concentration of the amplified product; and 

(c) calculating the concentration of the amplified product 

from the rate of annealing and the second order rate constant. 

64. The method of claim 63 wherein the rate of annealing is 

determined after multiple cycles of amplification. 

65. The method of claim 63 wherein determining the second 

oder rate constant comprises the steps of 

raising the temperature of a first polymerase chain 

reaction mixture comprising a known concentration of the amplified 

product and an effective amount of a double-strand specific 

fluorescent dye, above the denaturation temperature of the amplified 

product to result in a denatured amplified product; 

rapidly reducing the temperature of the first polymerase 

chain reaction mixture comprising the known amount of denatured 

amplified product to a selected temperature below the denaturation 

temperature of the amplified product while continuously monitoring 

the fluorescence of the first polymerase chain reaction mixture as 

a function of time; 

plotting fluorescence as a function of time for 

determining maximum fluorescence, minimum fluorescence, the time at 

minimum fluorescence, and a second order rate constant for the known 

concentration of amplified product from the equation 

FPo=orF _ Pax ~ Poin 

mx k(t-t,) [DNA] + 1 
  

wherein F is fluorescence, F,,, is maximum fluorescence, Fuin is 

minimum fluorescence, k is the second order rate constant, ty, is the 

time at Fyin, and [DNA] is the known concentration of the amplified 

product. ， 

66 . The method of claim 65 wherein the double-strand specific 

fluorescent dye is a member selected from the group consisting of 

SYBR™ GREEN I, ethidium bromide, pico green, acridine orange, 

thiazole orange, YO-PRO-1, and chromomycin A3. 

67. The method of claim 66 wherein the double-strand specific 

fluorescent dye is SYBR™ GREEN I. 

68. A method of determining a concentration of a selected 

“nucleic: acid template by competitive quantitative polymerase chain 

reaction comprising the steps of: 

(a) in a reaction mixture comprising:
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(i) effective amounts of each of a pair of 

oligonucleotide primers configured for amplifying, in a 

polymerase chain reaction, a selected segment of the selected 

template and a corresponding selected segment of a competitive 

template to result in amplified products thereof, 

(ii) an effective amount of an oligonucleotide probe 

labeled with a resonance energy transfer donor or a resonance 

energy transfer acceptor of a fluorogenic resonance energy 

transfer pair, wherein the probe is configured for hybridizing 

to the amplified products such that the probe melts from the 

amplified product of the selected template at a melting 

temperature that is distinguishable from the melting 

temperature at which the probe melts from the amplified product 

of the competitive template, 

(iii) an effective amount of a reference cligonucleotide 

labeled with the donor or the acceptor, with the proviso that 

as between the probe and transfer oligonucleotide one is 

labeled with the donor and the other is labeled with the 

acceptor, wherein the reference oligonucleotide is configured 

for hybridizing to the amplified products such that the donor 

and the acceptor are in resonance energy transfer relationship 

when both the probe and the reference oligonucleotide hybridize 

to the amplified products; 

amplifying, by polymerase chain reaction, an unknown amount of the 

selected template and a known amount of the competitive template to 

result in the amplified products thereof; 

(b) illuminating the reaction mixture with a selected 

wavelength of light for eliciting fluorescence by the fluorogenic 

resonance energy transfer pair and determining a fluorescence 

emission as a function of temperature as the temperature of the 

reaction mixture is changed to result ina first melting curve of the 

probe melting from the amplified product of the selected template and 

a second melting curve of the probe melting from the competitive 

template; 

(c) converting the first and second melting curves to first 

and second melting melting peaks and determining relative amounts of 

the selected template and the competitive template from such melting 

“peaks; ‘and 

(d) calculating the concentration of the selected template 

based on the known amount of the competitive template and the 

relative amounts of selected template and competitive template. 
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69. The method of claim 68 wherein the reference 

oligonucleotide is one of the pair of oligonucleotide primers. 

70 . The method of claim 69 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and Cy5 or Cy5.5 as 

the acceptor. 

71. The method of claim 69 wherein the donor and the acceptor 

are coupled to the probe and reference oligonucleotide such that when 

the probe and reference oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by no more 

than about 25 nucleotide residues. 

72. The method of claim 71 wherein the donor and the acceptor 

are coupled to the probe and the reference oligonucleotide such that 

when the probe and reference oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by about 0-5 

nucleotide residues. 

73. The method of claim 72 wherein the donor and the acceptor 

are coupled to the probe and reference ocligonucleotide such that when 

the probe and transfer oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by about 0-2 

nucleotide residues. 

74. The method of claim 73 wherein the donor and the acceptor 

are coupled to the probe and reference oligonucleotide such that when 

the probe and transfer oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by 1 

nucleotide residue. 

75. The method of claim 68 wherein the reference 

oligonucleotide is not one of the oligonucleotide primers. 

76. The method of claim 75 wherein the resonance energy 

transfer pair comprises fluorescein as the donor and Cy5 or Cy5.5 as 

the acceptor. 

77. The method of claim 76 wherein the donor and the acceptor 

are coupled to the probe and the reference oligonucleotide such that 

when the probe and reference oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by no more 

than about 15 nucleotide residues. 

78. The method of claim 77 wherein the donor and the acceptor 

are coupled to the probe and the reference oligonucleotide such that 

“when thé probe and reference oligonucleotide are hybridized to the 

amplified segment, the donor and acceptor are separated by about 4-6 

nuclectide residues. 
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79. A fluorogenic resonance energy transfer pair consisting 

of fluorescein and Cy5. 

80. A fluorogenic resonance energy transfer pair consisting 

of fluorescein and Cy5.5. 

81. A method of determining a concentration of a selected 

nucleic acid template in a polymerase chain reaction comprising the 

steps of: 

(a) in a reaction mixture comprising: 

(i) effective amounts of each of a first pair of 

oligonucleotide primers configured for amplifying, in a 

polymerase chain reaction, a selected first segment of the 

selected template to result in an amplified first product 

thereof, 

(ii) effective amounts of each of a second pair of 

oligonucleotide primers configured for amplifying, in a 

polymerase chain reaction, a selected second segment of a 

reference template to result in an amplified second product 

thereof, 

(iii) an effective amount of a nucleic-acid-binding 

fluorescent dye; 

amplifying, by polymerase chain reaction, an unknown amount of the 

selected template to result in the amplified first product and a 

known amount of the reference template to result in the amplified 

second product thereof; 

(b) illuminating the reaction mixture with a selected 

wavelength of light for eliciting fluorescence by the nucleic-acid- 

binding fluorescent dye and continuously monitoring the fluorescence 

emitted as a function of temperature to result in a melting curve of 

the amplified products wherein the first product and second product 

melt at different temperatures; 

(c) converting the melting curves to melting melting peaks 

and determining relative amounts of the selected template and the 

reference template from such melting peaks; and 

(d) calculating the concentration of the selected template 

based on the known amount of the reference template and the relative 

amounts of selected template and reference template. 

82. The method of claim 81 wherein the nucleic-acid-binding 

“fluoreséent dye is selected from the group consisting of of SYBR™ 

GREEN I, ethidium bromide, pico green, acridine orange, thiazole 

orange, YO-PRO-1, and chromomycin A3.
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83. The method of claim 82 wherein the double-strand specific 

fluorescent dye is SYBR™ GREEN I. 

84. A method of monitoring amplification of a selected 

template in a polymerase chain reaction that also comprises a 

positive control template comprising the steps of: 

{a) in a reaction mixture comprising: 

(i) effective amounts of each of a first pair of 

oligonucleotide primers configured for amplifying, in a 

polymerase chain reaction, a selected first segment of the 

selected template to result in an amplified first product 

thereof, 

(ii) effective amounts of each of a second pair of 

oligonucleotide primers configured for amplifying, in a 

polymerase chain reaction, a selected second segment of the 

positive control template to result in an amplified second 

product thereof, 

(iii) an effective amount of a nucleic-acid-binding 

fluorescent dye; 

subjecting the selected template and the positive control template 

to conditions for amplifying the selected template and the positive 

control template by polymerase chain reaction; and 

(b) illuminating the reaction mixture with a selected 

wavelength of light for eliciting fluorescence by the nucleic-acid- 

binding fluorescent dye and continuously monitoring the fluorescence 

emitted as a function of temperature during an amplification cycle 

of the polymerase chain reaction to result in a first melting peak 

of the amplified first product, if the selected template is 

amplified, and a second melting peak of the amplified second product, 

if the positive control template is amplified; 

wherein obtaining of the second melting curve indicates that 

the polymerase chain reaction was operative, obtaining the first 

melting curve indicates that the selected first segment was 

amplifiable, and absence of the first melting curve indicates that 

the selected first segment was not amplifiable. 

85. The method of claim 84 wherein the nucleic-acid-binding 

fluorescent dye is selected from the group consisting of of SYBR™ 

GREEN I, ethidium bromide, pico green, acridine orange, thiazole 

“orange,  YO-PRO-1, and chromomycin A3. 

86. The method of claim 85 wherein the double-strand specific 

fluorescent dye is SYBR™ GREEN I.
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87. A method of detecting the factor V Leiden mutation in an 

individual, wherein the factor V Leiden mutation consists of a single 

base change at the factor V Leiden mutation locus as compared to wild 

type, comprising the steps of: 

(a) obtaining sample genomic DNA from the individual; 

(b) providing wild type genomic DNA as a control; 

(c) providing a pair of oligonucleotide primers configured 

for amplifying by polymerase chain reaction a selected segment of the 

sample genomic DNA and of the wild type genomic DNA wherein the 

selected segment comprises the factor V Leiden mutation locus to 

result in amplified products containing a copy of the factor V Leiden 

mutation locus; 

(d) providing an oligonucleotide probe labeled with a 

resonance energy transfer donor or a resonance energy transfer 

acceptor of a fluorogenic resonance energy transfer pair, wherein the 

probe is configured for hybridizing to the amplified products such 

that the probe spans the mutation locus and exhibits a melting 

profile when the factor V Leiden mutation is present in the sample 

genomic DNA that is differentiable from a melting profile of the wild 

type genomic DNA; 

(e) providing a transfer oligonucleotide labeled with the 

resonance energy transfer donor or the resonance energy transfer 

acceptor, with the proviso that as between the probe and transfer 

oligonucleotide one is labeled with the resonance energy transfer 

donor and the other is labeled with the resonance energy transfer 

acceptor, wherein the transfer oligonucleotide is configured for 

hybridizing to the amplified products such that the resonance energy 

transfer donor and the resonance energy transfer acceptor are in 

resonance energy transfer relationship when both the probe and the 

transfer cligonucleotide hybridize to the amplified products; 

(f£) amplifying the selected segment of sample genomic DNA and 

wild type genomic DNA by polymerase chain reaction in the presence 

of effective amounts of oligonucleotide probe and transfer 

oligonucleotide to result in amplified selected segments, at least 

a portion thereof having both the probe and the transfer 

oligonucleotide hybridized thereto with the fluorogenic resonance 

energy transfer pair in resonance energy transfer relationship; 

(g) determining fluorescence as a function of temperature 

during an amplification cycle of the polymerase chain reaction to 

result in a melting profile of the probe melting from the amplified
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segment of sample genomic DNA and a melting profile of the probe 

melting from the amplified segment of wild type genomic DNA; and 

(h) comparing the melting profile for the sample genomic DNA 

to the melting profile for the wild type genomic DNA, wherein a 

difference therein indicates the presence of the factor V Leiden 

mutation in the sample genomic DNA. 

88. The method of claim 87 wherein the transfer 

oligonucleotide is one of the pair of oligonucleotide primers. 

89. The method of claim 88 wherein the resonance energy 

transfer pair comprises fluorescein and Cy5 or CyS5.5. 

90. The method of claim 89 wherein the oligonucleotide 

primers are SEO ID NO:11 and SEQ ID NO:12. 

91. The method of claim 90 wherein SEQ ID NO:11 is labeled 

with Cy5 or Cy5.5. 

92. The method of claim 90 wherein the oligonucleotide probe 

is SEQ ID NO:13. 

93. The method of claim 90 wherein SEQ ID NO:13 is labeled 

with fluorescein. 

94. The method of claim 87 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by no more than about 15 nucleotide residues. 

95. The method of claim 94 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by about 4-6 nucleotide residues. 

96. The method of claim 86 wherein the transfer 

oligonucleotide is not one of the oligonucleotide primers. 

97. The method of claim 96 wherein the resonance energy 

transfer pair comprises fluorescein and Cy5 or Cy5.5. 

98. The method of claim 97 wherein the oligonucleotide 

primers are SEQ ID NO:11 and SEQ ID NO:12. 

99. The method of claim 98 wherein the oligonucleotide probe 

is SEQ ID NO:13. 

100. The method of claim 99 wherein SEQ ID NO:13 is labeled 

“with fluorescein. 

101. The method of claim 100 wherein the transfer 

oligonucleotide is labeled with Cy5 or Cy5.5. 
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102. The method of claim 101 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by no more than about 25 nucleotide residues. 

103. The method of claim 102 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by no more than about 0-5 nucleotide residues. 

104. The method of claim 103 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by no more than about 0-2 nucleotide residues. 

105. The method of claim 104 wherein the resonance energy 

transfer donor and the resonance energy transfer acceptor are coupled 

to nucleotide residues, such that when the probe and transfer 

oligonucleotide are hybridized to the amplified segment, are 

separated by 1 nucleotide residue. 

106. The method of claim 87 wherein the difference in melting 

profiles represents differences in thermal melting temperature of at 

least about 2°C. 

107. An oligonucleotide having a nucleotide sequence as in SEQ 

ID NO:11. 

108. An oligonucleotide having a nucleotide sequence as in SEQ 

ID NO:12. 

109. An oligonucleotide having a nuclectide sequence as in SEQ 

ID NO:13. 

110. A method of analyzing nucleic acid hybridization 

comprising the steps of 

(a) providing a mixture comprising a nucleic acid sample to 

be analyzed and a nucleic acid binding flucrescent entity; and 

(b) monitoring fluorescence while changing temperature at a 

rate of 2 0.1°C/second. 

111. The method of claim 110 wherein the nucleic acid binding 

fluorescent entity is SYBR™ Green I. 

“ 112. The method of claim 110 wherein the nucleic acid binding 

fluorescent entity comprises a pair of oligonucleotide probes wherein 

one of the probes is labeled with a donor and the other probes is
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labeled with an acceptor of a fluorogenic resonance energy transfer 

pair. 

113. The method of claim 112 wherein one of the probes is a 

primer for polymerase chain reaction amplification. 

114. A method of quantitating an initial copy number of a 

sample containing an unknown amount of nucleic acid comprising the 

steps of 

{a) amplifying by polymerase chain reaction at least one 

standard of known concentration in a mixture comprising the standard 

and a nucleic acid binding fluorescent entity; 

(b) measuring fluorescence as a function of cycle number to 

result in a set of data points; 

(c) fitting the data points to a given predetermined equation 

describing fluorescence as a function of initial nucleic acid 

concentration and cycle number; 

(d) amplifying the sample containing the unknown amount of 

nucleic acid in a mixture comprising the sample and the nucleic acid 

binding fluorescent entity and monitoring fluorescence thereof; and 

(e) determining initial nucleic acid concentration from the 

equation determined in step (c). 

115. The method of claim 114 wherein the nucleic acid binding 

fluorescent entity is SYBR™ Green I. 

116. The method of claim 114 wherein the nucleic acid binding 

fluorescent entity comprises a pair of oligonucleotide probes, one 

of which is labeled with a donor and the other of which is labeled 

with an acceptor of a fluorogenic resonance energy transfer pair. 

117. The method of claim 116 wherein one of the probe is a 

primer for amplification. 

118. <A fluorescence resonance energy transfer pair comprising 

a donor fluorophore having an emission spectrum and an acceptor 

fluorophore having an absorption spectrum and an extinction 

coefficient greater than 100,000 M ‘cm’, wherein the donor 

fluorophore’s emission spectrum and the acceptor fluocrophore’s 

absorption spectrum overlap less than 25% 

119. The fluorescence resonance energy transfer pair wherein 

the donor fluorophore is fluorescein and the acceptor fluorophore is 

CyS or Cy5.5. 

~ 120. A method for analyzing a target DNA sequence of a 

biological sample, said method comprising the steps of 

amplifying the target sequence by polymerase chain 

reaction in the presence of a nucleic acid binding fluorescent
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entity, said polymerase chain reaction comprising the steps of adding 

a thermostable polymerase and primers for the targeted nucleic acid 

sequence to the biological sample and thermally cycling the 

biological sample between at least a denaturation temperature and an 

elongation temperature; 

exciting the sample with light at a wavelength absorbed 

by the nucleic acid binding fluorescent entity; and 

monitoring the temperature dependent fluorescence from 

the nucleic acid binding fluorescent entity as temperature of the 

sample is changed. 

121. The method of claim 120 wherein said nucleic acid binding 

fluorescent entity comprises a double stranded nucleic acid binding 

fluorescent dye. 

122. The method of claim 121 wherein the double stranded 

nucleic acid binding fluorescent dye is SYBR™ Green I. 

123. The method of claim 122 wherein the temperature dependent 

fluorescence is used to identify the amplified products. 

124. The method of claim 123 wherein the amplified products 

are identified by analysis of melting curves. 

125. The method of claim 124 wherein the relative amounts fo 

two or more amplified products are determined by analysis of melting 

curves. 

126. The method of claim 124 wherein areas under the melting 

curves are found by non-linear least squares regressionof the sum of 

multiple gaussians. 
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Figure 29. 
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Figure 32. 
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Figure 37 
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Figure 48 
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LIQUID LABELING WITH FLUORESCENT MICROPARTICLES 

1.0 Cross Reference to Related Applications 
  

This Application claims the priority date of Provisional U.S. Application Serial No. 

60/081,487, filed April 13, 1998, the disclosure of which is herein incorporated by reference in its. 

entirety. 

2.0 Field of the Invention 
  

The present invention relates generally to a method of labeling liquids. In particular, the 

present invention relates to a method of labeling liquids with particles, and to flow cytometric 

amenable methods of encoding such labels in liquids. Such particles and methods of their use also 

have applications in labeling solids and gases. 

3.0 Background of the Invention 
  

Knowing the correct identity of different liquids is critical in a variety of contexts. For 

example, the absolute identity of different grades of aviation fuel is required for optimum 

performance and safety in airplanes and other aircraft. Typically, different grades of aviation fuel are 

identified according to color in the visual spectrum, based on dyes added exogenously. 

Fluids required by automobiles, other vehicles, motorized tools and equipment in general 

provide additional examples of the need for correct identification of liquids. For such motorized 

mechanical devices, fluids therefor are colored according to the mechanical compartment for which 

use is intended. Such color coding clearly is designed to prevent, or at least minimize the possibility 

of, damage or even total destruction of the mechanical device that would result from introduction of 

the incorrect fluid into a given mechanical compartment. Thus, the color of the antifreeze solution is 

different from that of the brake fluid, etc. 

In addition, as a part of a quality assurance or quality control program, there often is a need 

to verify the identities of various biological and other fluids that are undergoing analysis. This is 

particularly true in situations where integrity and identity of a sample is critical, for example, in legal 

situations such as court ordered testing. Examples of biological fluids that could benefit from 

labeling include separated or unfiltered biological fluids such as urine, cerebrospinal fluid, blood, 

serum, plasma, lymph fluids, tissue homogenates, interstitial fluid, cell extracts, mucus, saliva, 

sputum, stool, semen, vaginal secretions, lacrimal fluid, physiological secretions, or other similar
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fluids. Examples can also include samples obtained from environmental sources, such as soil, water, 

or air; or from industrial sources, such as those taken from a waste stream, a water source, a supply 

line, or a production lot. Industrial sources can include such fluids as fermentation media, for 

example, from a biological reactor or food fermentation process, or fluids generated from foodstuffs, 

such as from meat, grain, produce, or dairy products. 

Liquids are notoriously difficult to label and thus identify. The use of visible spectrum color 

indicators for fluid identification suffer from at least two inherent disadvantages: 1) a limited range 

of separately identified liquids due to the limited range of colors that are readily distinct to the human 

eye, and 2) ease of alteration and/or sabotage of the liquid for which the easy, visual based 

identification is sought. In addition, a significant portion of the human population suffers from color 

blindness, thereby increasing problems of identification related to the use of visible spectrum color 

indicators. This difficulty is further compounded because clinically distinct forms of color blindness 

have different wavelength ranges over which color perception is absent or impaired. 

In addition to the perception of color, viscosity, odor, taste, and “feel” can also provide 

useful identification parameters. However, not only are these alternate sensory modes of 

identification typically impractical, or even dangerous to perform, they generally give ambiguous and 

inconclusive results. 

A need therefore exists for a means to label liquids which is precise, tamper proof, 

reproducible, and easily read. 

Fluorescent dyes and lasers have been used for a number of years to label and detect cells, 

biochemical interactions, and uniform latex particles. For such uses, laser techniques often are 

utilized to determine the presence or absence of a dyed constituent, and/or concentrations thereof. 

Fluorescent dyes have been applied to such uses as: (1) detecting the presence (and quantity) or 

absence of cells and/or specific types of cells in a fluid sample; (2) gauging cell vitality; (3) 

estimating pH and/or changes in pH in cellular compartments; (4) determining intracellular pH 

measurement in general; (5) identifying acidic vesicles in cells; (6) identifying DNA; (7) 

identifying “GC” rich or “AT” rich regions of DNA; (8) identifying cellular surface markers; (9) 

quantifying analytes by ELISA plate assays; (10) estimating blood flow; (11) labeling proteins for 

gel electrophoresis analysis; (12) labeling cellular cytoskeleton or other intracellular proteins; (13) 

identifying hydrophobic and hydrophilic sites on proteins and membranes; (14) measuring total 

amounts of protein in a sample; (15) measuring intra-molecular distances by energy transfer; (16) 

performing optical sectioning with confocal microscopy; (17) measuring and studying various 

molecular and physical chemical properties and biochemical parameters, including enzyme-substrate 

interactions, as well as interactions between enzymes and various modulators (activators, inhibitors,
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cofactors, etc.) or other molecules, including interactions with homologous and heterologous protein 

subunits, and with antibodies; and (18) detecting the presence of, absence of, and/or number of, 

uniform dyed particles in a liquid sample. 

According to the practice of earlier technologies, particles often have been labeled with a 

single fluorescent dye. In general, these particles are made by a copolymerization process, wherein 

monomers, such as unsaturated aldehyde or acrylate, are allowed to polymerize in the presence of a 

fluorescent dye, such as fluorescein isothiocyanate or “FITC,” in the reaction mixture. For example, 

see U.S. Patent Nos. 4,267,234 to Rembaum, 4,267,235 to Rembaum et al., 4,552,812 to Margel, et 

  

al. and 4,677,138 to Margel. 

The use of two or more dyes of varying proportions would increase the permutation number 

of unique combinations of dyes in or on a single particle. Particles having varying combinations of 

unique characteristics, such as differences in emission wavelengths and/or fluorescence intensities, 

could be extremely useful for labeling liquids. 

However, several problems arise when more than one dye is absorbed into or onto a particle. 

First, the close proximity of embedded dye molecules gives rise to significant amounts of fluorescent 

energy transfer (for example, Stokes shifts). This energy transfer leads to fluorescent emissions that 

are inconsistent with relative dye concentrations and their original emission patterns. 

Second, difficulties arise when the dyes have differing solubilities in the solvent used to 

incorporate the dye in or on the particles. Typically, all dyes must be absorbed simultaneously; 

otherwise, in practice, possible dye ratios are restricted by solvent properties. 

A third problem that has been encountered when multiple dyes are embedded in particles is 

the change in dye spectra. Specifically, it has been noted that, when the particle is composed of 

crosslinked polystyrene, a significant broadening of the fluorescent emission peak occurs. This can 

result in an overlapping of the emission spectra of neighboring dyes. 

A need therefore exists for multicolored, fluorescent particles comprising a plurality of 

defined sets of stained multicolored microparticles, and/or a plurality of defined sets of dyed 

nanoparticles attached to a carrier microparticle, which can be used for labeling liquids. It would 

also be desirable to use such microparticles or carrier microparticles in conjunction with other 

labeling elements (“discriminators”), such as radioactive property, nuclear magnetic resonance, 

electron spin resonance, chemical reactive group, dye fluorescence absorption, dye fluorescence 

emission, fluorescence polarization, fluorescence lifetime, positron emission, concentration of 

particles, particle hydrophobicity, particle hydrophilicity, particle density, particle size, particle 

shape, dye concentration in or on particles, and dye type. Applications of this invention include, but 

are not limited to: (1) adding date codes to perishable or other liquids; (2) adding routing
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information to liquids in a pipeline; (3) tracing toxic substances in groundwater; (4) adding donor’s 

Social Security Number to blood units; (5) tracing absorption and/or secretion and excretion patterns 

of fluids into, out of, or within plant and animal tissues; (6) adding patient identification to clinical 

samples; (7) adding identifiers to clinical reagents; and (8) adding routing information to liquids in 

a process stream, for example, a plurality of liquid samples from one or more patients or other 

sources of samples, where the liquid samples are each routed to an analytical machine for a specific 

assay, or to an analytical machine for a panel of assays. 

4.0 Summary of the Invention 
  

It is therefore an object of the present invention to provide methods, instrumentation, and 

products for precisely and unambiguously labeling fluids (liquids, aerosols, and gases), and solids. 

It is a further object of the present invention to provide methods, instrumentation, and 

products for precisely and unambiguously reading the labels within the fluids (liquids, aerosols, and 

gases), and solids. 

The present invention uses precisely dyed microparticles and/or nanoparticles attached to 

carrier microparticles, and also may utilize a variety of other discriminators. Ina preferred 

embodiment, the particles are made of polystyrene, crosslinked with 5 percent divinyl-benzene, and 

have a diameter of about 5.5 microns. The particles are impregnated with three different fluorescent 

dyes in eight different concentrations of each of the dyes, so as to create 512 subsets of labeled 

particles. The subset classification of each particle is identified by fluorescence measurement using 

appropriate instrumentation, such as a flow cytometer. Depending upon the needs of a particular 

application, the discriminators can be combined in a variety of ways to achieve the required number 

of unique labels. A first embodiment uses precisely dyed microparticles (core microparticles). In an 

alternative embodiment, precisely dyed nanoparticles are attached to carrier microparticles. Other 

embodiments incorporate such discriminators as radioactive property, nuclear magnetic resonance, 

electron spin resonance, chemical reactive group, dye fluorescence absorption, dye fluorescence 

emission, fluorescence polarization, fluorescence lifetime, positron emission, concentration of 

particles, particle hydrophobicity, particle hydrophilicity, particle density, particle size, particle 

shape, dye concentration in or on particles, and dye type. Thus, use of microparticles according to 

the present invention functions as an identifying means analogous to a bar code. 

Multiplexed diagnostic instruments, such as those in the current art (including flow 

cytometers), can be programmed to recognize each specific permutation or particle set, look up the 

parameters in a database, and identify the sample’s origin/destination and/or perform the appropriate 

analysis or routing function.
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The present invention provides a method of labeling a gaseous, liquid, or solid material, 

including combinations thereof, to permit the subsequent identification of the labeled gaseous, liquid, 

or solid material, which comprises adding to a gaseous, liquid, or solid material, whose subsequent 

identification is desired, a sufficient quantity of particles belonging to one or more distinguishable 

sets of particles, to provide a labeled gaseous, liquid, or solid material that subsequently can be 

identified. In a particular embodiment of the invention, the method makes use of particles in which 

the particles in each set exhibit one or more discriminators that distinguish the particles of one set 

from those of another set. In particular, the one or more discriminators is selected from a physical, 

chemical, biological, magnetic, or spectral property of the particle or combinations thereof. Specific 

properties are described further in the detailed description of the preferred embodiments of the 

invention and others may be apparent to those of ordinary skill in the art. 

In the present method, for example, a sufficient quantity of a combination of particles 

belonging to two or more distinguishable sets of particles is added to the gaseous, liquid, or solid 

material, whose subsequent identification is desired. 

The present invention also provides a method of identifying a gaseous, liquid, or solid 

material, including combinations thereof, which has been labeled with a sufficient quantity of 

particles belonging to one or more distinguishable sets of particles. This method comprises: (a) 

obtaining a sample comprising a gaseous, liquid, or solid material that has been labeled with a 

sufficient quantity of particles belonging to one or more distinguishable sets of particles; (b) 

analyzing the particles found in the sample to determine which of one or more distinguishable sets of 

particles such particles belong to; and (c) comparing the results of the analyzing step with a key 

which establishes the identity of the gaseous, liquid, or solid material from which the sample was 

taken. 

In various embodiments, the present invention makes possible the manufacture, use and sale 

of labeled materials which comprise (i) a gaseous, liquid, or solid material, including combinations 

thereof, and (ii) a sufficient quantity of particles that can be shown to belong to one or more 

distinguishable sets of particles. In a preferred embodiment the labeled gaseous, liquid or solid 

material makes use of particles in which the particles in each set exhibit one or more discriminators 

that distinguish the particles of one set from those of another set. Kits for labeling liquids, solids, 

aerosols, and gases comprise particles from a plurality of distinct particle sets, and a dispenser. 

6.0 Description of the Specific Embodiments 
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One method of practice of the present invention involves the use of precisely dyed core 

microparticles. An alternative method of practice entails the use of carrier microparticles to which 

nanoparticles comprising a plurality of dyes with spectrally distinct fluorescence emission spectra are 

attached, preferably covalently. The following summarizes exemplary but non-limiting 

embodiments for the production of such labeled particles suitable for use in practice of the present 

invention, as well as how to use such particles to label liquids, and subsequently identify such labels, 

each of which may be used to uniquely identify a specific liquid. As used herein: (1) the terms 

nanospheres and nanoparticles have equivalent meanings; (2) in the context of incorporating labels 

(fluorescent and otherwise) into or onto particles, the terms attach, attachment, bound, coupled, etc., 

are used broadly to include covalent and non-covalent incorporation of chemicals and dyes, particles, 

etc., as well as entrapment of such entities within the matrix of particles (“matrix entrapment”), for 

example, subsequent to the swelling of a particle; (3) the terms microparticles, microspheres, or 

microbeads bear equivalent meanings; (4) particles refers to either microparticles or nanoparticles; 

(5) where nanoparticles are attached to microparticles, the microparticles are referred to as carrier 

microparticles; and (6) where microparticles are precisely dyed, the microparticles are referred to as 

core microparticles. 

6.1 Particles 

In one embodiment, nanoparticles are coupled to carrier microparticles to form sets of 

distinct particles. Basically, fluorescently distinguishable particle sets are obtained through variation 

of the amount or type of dye in or on each nanoparticle. Then, the desired number of dye categories 

of nanoparticles are attached to the surface of each carrier microparticle. Ratios of differently dyed 

nanoparticles attached to the surfaces of the carrier microparticles are selected according to the 

particular need, and in accord with the encoding or identification criteria developed therefor. These 

ratios reflect differences in the dyes used, and in their respective quantities attached to each particle. 

Similarly, and in an alternative embodiment, fluorescently distinguishable microparticle sets 

are obtained through variation of the amount or type of dye in or on each microparticle, and no 

nanoparticles are utilized. The encoding or identification criteria can be identical to those used with 

nanoparticles. 

Nanoparticles used in this invention are commercially available in sizes ranging from about 5 

to 10 nanometers (nm) to more than 1,000 nm in diameter. Optimal diameters typically will fall 

within the range from about 10 to about 1,000 nm, preferably from about 200 to about 500 nm. 

Nanoparticles as small as about 2-3 nm can also be prepared.
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Microparticles that are used as carrier particles, to which the nanoparticles are attached, 

typically range in diameter from about 0.1 to about 100 micrometers (um). Even though a 

microparticle for practicing the present invention can be of any size, the preferred diameter usually 

will range from about 0.1 to about 50 um, more preferably from about 1 to about 20 um, and even 

more preferably from about 2 to about 12 ym. The particles preferably will exhibit a high degree of 

uniformity with respect to size, or to a set of discretely different size classes such that 1) the 

differences can be determined by size-dependent properties, such as light scattering, and 2) the high 

degree of uniformity within each class size is sufficient to permit the use of particle size as a 

discriminator. 

Microparticles used in this invention as core particles have a diameter of less than one 

millimeter, and preferably in the range of about 0.1 to 1,000 micrometers (um). Even though the 

microparticle can be of any size, the preferred size is 1-100 um, more preferably 2-50 um, more 

preferably 3-25 um, and even more preferably about 5-12 um. 

Particles are made of any approximately regularly shaped material. Often, the preferred 

shape will be approximately spherical; however, particles of any other shape can be employed since, 

for most uses, this parameter will be immaterial to practice of the instant invention. However, the 

shape of a class of particles also can serve as an additional discriminator, which can be detected by a 

flow cytometric method, for example, by a high-resolution slit-scanning method that measures 

forward and side light scattering parameters. 

Usually the nanoparticles and the microparticles are made of the same material, such as 

polystyrene or latex. However, other polymeric materials are acceptable, including polymers 

selected from chemical groups such as carbohydrate-based polymers, polyaliphatic alcohols, 

poly(vinyl) polymers, polyacrylic acids, polyorganic acids, polyamino acids, co-polymers, block 

co-polymers, tert-polymers, polyethers, naturally occurring polymers, polyimids, surfactants, 

polyesters, branched polymers, cyclo-polymers, polyaldehydes, and mixtures thereof. More 

specifically, brominated polystyrene, polyacrylic acid, polyacrylonitrile, polyamide, polyacrylamide, 

polyacrolein, polybutadiene, polycaprolactone, polyester, polyethylene, polyethylene terephthalate, 

polydimethylsiloxane, polyisoprene, polyurethane, polyvinylacetate, polyvinylchloride, 

polyvinylpyridine, polyvinylbenzylchloride, polyvinyltoluene, polyvinylidene chloride, 

polydivinylbenzene, polymethylmethacrylate, polylactide, polyglycolide, poly(lactide-co-glycolide), 

polyanhydride, polyorthoester, polyphosphazene, or combinations thereof, are preferable. 

Representative combination polymers of which the polymeric particles can be composed include, for 

example, poly-(styrene-co-vinylbenzyl chloride-co-acrylic acid) (in approximately an 85:10:5 molar 

ratio), poly(styrene-co-acrylic acid) (in approximately a 99:1 molar ratio),
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poly(styrene-co-methacrylic acid) (in approximately a 90:10 molar ratio), poly(styrene-co-acrylic 

acid-co-m&p-divinyl-benzene) (in approximately an 89:10:1 molar ratio), 

poly-(styrene-co-2-carboxyethyl acrylate) (in approximately a 90:10 molar ratio), poly(methyl 

methacrylate-co-acrylic acid) (in approximately a 70:30 molar ratio) and poly(styrene-co-buty] 

acrylate-co-methacrylic acid)(in approximately a 45:45:10 weight ratio). Other exemplary polymers 

that can be used for the formation of microparticles include homopolymers and copolymers of lactic 

acid and glycolic acid (PLGA) (for example, as described in U.S. Patent Nos. 5,213,812 to Ruiz; 

5,417,986 to Reid, et al.; 4,530,840, 4,897,268, 5,075,109, and 5,360,610 to Tice, et al.; 5,102,872 to 

  

Singh, et al.; 5,384,133 to Boyes, et al.; and European Patent Application Publication Number 

248,531 to Southern Research Institute); block copolymers, such as tetronic 908 and poloxamer 407 

(for example, as described in U.S. Patent No. 4,904,479 to Illum); and polyphosphazenes (for 

example, as described in U.S. Patent No. 5,149,543 to Cohen, et al.). Particles formed from synthetic 

  

polymers (such as polystyrene, polyacrylamide, polyacrylate, or latex) are commercially available 

from numerous sources, such as Bio-Rad Laboratories (Richmond, Calif.) and LKB Produkter 

(Stockholm, Sweden). Particles formed from natural macromolecules and particles, such as agarose, 

crosslinked agarose, globulin, deoxyribose nucleic acid, and liposomes, are commercially available 

from a variety of sources, such as Bio-Rad Laboratories, Pharmacia (Piscataway, N.J.), and IBF 

(France). Particles formed from copolymers of polyacrylamide and agarose are commercially 

available from various sources, including IBF and Pharmacia. Magnetic particles are commercially 

available from such sources as Dynal Inc. (Great Neck, N.Y.). Other materials, such as 

carbohydrates (e.g., carboxymethyl cellulose, and hydroxyethyl cellulose), proteinaceous polymers, 

polypeptides, eukaryotic and procaryotic cells, viruses, lipids, metals, resins, rubbers, silicas, and 

silicones (e.g., polydimethyldiphenyl siloxane, glass, ceramic, and the like), also can be utilized, 

depending on the specific use therefor. 

Nanoparticles are preferably made of the same material as the microparticles. However, if 

required or advantageous, they can be made of different material. 

The particles typically will also contain approximately 1% to approximately 50% by weight 

of one or more cross-linking agents, such as divinyl benzene, ethylene glycol dimethacrylate, 

trimethylol propane trimethacrylate, or N,N’ methylene-bis-acrylamide, or other functionally 

equivalent agent(s) known in the art. Crosslinking of a carbohydrate polymer, such as 

hydroxypropyl cellulose, can be achieved with such agents as adipic acid, sebacic acid, succinic acid, 

citric acid, 1,2,3,4-butanetetracarboxylic acid, or 1,10-decanedicarboxylic acid. In a preferred 

embodiment, microparticles and nanoparticles are made of polystyrene, and contain about 1% to 

about 50% by weight of divinyl benzene.

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4062



10 

15 

20 

25 

30 

35 

WO 99/52708 PCT/US99/07993 

The particles also can have additional surface functional groups to facilitate attachment to 

each other or to yet another entity, examples including carboxylates, esters, alcohols, carbamides, 

aldehydes, amines, sulfur oxides, nitrogen oxides, and halides. For many practical applications, it is 

critical that the particles have surface carboxyl groups available for attachment of a reactive amine- 

or sulfhydryl-containing compound, for example. Such groups are preferably added to the particles 

by incorporating monomers containing such groups into the polymers. These monomers can include, 

but are not limited to, acrylic acid, methacrylic acid, itaconic acid, and the like. Alternatively, they 

can be added to the particles by further chemical reaction of a polymer having other precursor 

reactive groups, which then can be converted to carboxy! groups, for example, by hydrolysis of 

anhydrides, such as maleic anhydride, or by oxidation of surface methylol or aldehyde end groups. 

Other compounds, such as diamines, dihydrazides, mercaptoalkylamines and dimercaptans, can be 

attached to particles as linking moieties for later attachment of drugs, enzymes or other reactive 

species, including nanoparticles. Although the preferred attaching method is by covalent linkage, 

non-covalent binding methods, such as adsorption, can also be used. 

6.2 Dyes 

A dye is selected to give a detectable response that is different from that of other dyes and /or 

discriminators. Any fluorescence detection system (including visual inspection) can be used to detect 

differences in spectral properties between dyes, with differing levels of sensitivity. Such differences 

include, but are not limited to, differences in excitation maxima, emission maxima, fluorescence 

lifetimes, fluorescence emission intensity at the same excitation wavelength or at a different 

wavelength, absorptivity, fluorescence polarization, or combinations thereof. Thus, the detectably 

different dye has different spectral properties and/or different selectivity. 

In one aspect of the invention, the two or more dyes forming the dye-microparticle complex 

have the same or overlapping excitation spectra, but possess distinctly different emission spectra, 

generally having emission maxima separated by greater than 10 nm, preferably greater than 20 nm, 

and more preferably greater than 50 nm. Simultaneous excitation of all fluorescent reagents may 

require excitation of the sample at a wavelength that is suboptimal for each reagent individually, but 

optimal for the combination of reagents. Alternatively, the additional reagent(s) can be 

simultaneously or sequentially excited at a wavelength that is different from that used to excite the 

subject dye. 

A preferred category of fluorescent dyes used in this invention are of the general class known 

as polymethine cyanine dyes, with typical emission wavelengths falling between 550 nm and 900 

nm. Spectral properties, including emission wavelengths, are strongly influenced by the number of
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methine groups. Thus, the monomethine dyes that are pyridines typically have blue to blue-green 

fluorescence emissions, whereas those that are quinolines typically have green to yellow-green 

fluorescence emissions. On the other hand, the fluorescence emissions of the trimethine dye analogs 

are substantially shifted toward red wavelengths, and those of pentamethine dyes are shifted even 

further, often exhibiting infrared fluorescence emissions (for example, see U. S. Patent No. 

5,760,201). Although polymethine cyanine dyes constitute a preferred category of dyes for practice 

of the present invention, any dye that is soluble in an organic solvent (i.e., hydrophobic dyes) can be 

used when organic liquids are to be labeled. 

On the other hand, when predominantly aqueous liquids are to be labeled, the above- 

indicated hydrophobic dyes, including the hydrophobic particles to which they are attached, may be 

used by subsequently or previously attaching hydrophilic groups to increase the solubility in aqueous 

solutions. In addition, ranges of hydrophilicity and hydrophobicity for liquids (i.e., different 

proportional mixtures thereof) are contemplated for mixed solvents, such as oil-in-water, water-in- 

oil, micelles, mixed micelles, detergent solutions, etc. 

Squaric acid based fluorescent dyes can be synthesized by methods described in the 

literature; for example, see Sprenger, et al. Angew. Chem., 79, 581 (1967); Angew. Chem., 80, 541 

(1968); and Maaks, et al. Angew. Chem. Int'l. Ed., 5, 888 (1966). Briefly, one equivalent of squaric 

  

acid (1,2-dihydroxycyclobutenedione) is condensed with two equivalents of an active compound, 

such as a pyrrole, indoline, or aniline, and refluxed in a mixture of an alcohol and an aromatic solvent 

(such as benzene) under conditions that allow removal of water from the reaction mixture. The 

resulting dye can be collected and purified by any of such standard methods as recrystallization, 

distillation, chromatography, etc. Additionally, unsymmetrically substituted squaric acid compounds 

can be synthesized by methods such as those described by Law, et al., J. Org. Chem., 57, 3278, 

  

(1992). Specific methods of making such dyes are well known in the art, and can be found, for 

example, in U.S. Patent Nos. 5,795,981; 5,656,750; 5,492,795; 4,677,045; 5,237,498; and 5,354,873. 

Some practical uses of such fluorescent dyes, for example, phthalocyanines, 2,3-naphthalocyanines, 

squaraines and croconic acid derivatives, are disclosed in U.S. Patent No. 5,525,516 to Krutak, et al. 

  

Optionally, such dyes will contain functional groups capable of forming a stable fluorescent 

product with functional groups typically found in biomolecules or polymers including, for example, 

activated esters, isothiocyanates, amines, hydrazines, halides, acids, azides, maleimides, alcohols, 

acrylamides, haloacetamides, phenols, thiols, acids, aldehydes and ketones. 

In addition to the specific squaric acid fluorescent dyes that are used in this preferred 

embodiment, related dyes can be further selected from such classes of compounds as 

cyclobutenedione derivatives, substituted cephalosporin compounds, fluorinated squaraine
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compositions, symmetrical and unsymmetrical squaraines, alkylalkoxy squaraines, and squarylium 

compounds. Some of these dyes can fluoresce at near infrared as well as at infrared wavelengths -- 

effectively expanding the range of emission spectra up to about 1,000 nm. In addition to squaraines 

(i.e., derivatives of squaric acid), hydrophobic dyes, such as phthalocyanines and naphthalocyanines, 

also can be selected when operation at longer wavelengths is advantageous. Other classes of 

fluorochromes are equally suitable for use as dyes according to the present invention. Non-limiting 

examples of these dyes include 3-Hydroxypyrene 5,8,10-Tri Sulfonic acid, 5-Hydroxy Tryptamine 

(S-HT), Acid Fuchsin, Acridine Orange, Acridine Red, Acridine Yellow, Acriflavin, AFA (Acriflavin 

Feulgen SITSA), Alizarin Complexon, Alizarin Red, Allophycocyanin, ACMA, Aminoactinomycin 

D, Aminocoumarin, Anthroyl Stearate, Aryl- or Heteroaryl-substituted Polyolefin, Astrazon Brilliant 

Red 4G, Astrazon Orange R, Astrazon Red 6B, Astrazon Yellow 7 GLL, Atabrine, Auramine, 

Aurophosphine, Aurophosphine G, BAO 9 (Bisaminophenyloxadiazole), BCECF, Berberine 

Sulphate, Bisbenzamide, BOBO 1, Blancophor FFG Solution, Blancophor SV, Bodipy Fl, BOPRO 1, 

Brilliant Sulphoflavin FF, Calcien Blue, Calcium Green, Calcofluor RW Solution, Calcofluor White, 

Calcophor White ABT Solution, Calcophor White Standard Solution, Carbocyanine, Carbostyryl, 

Cascade Blue, Cascade Yellow, Catecholamine, Chinacrine, Coriphosphine O, Coumarin, 

Coumarin-Phalloidin, CY3.1 8, CY5.1 8, CY7, Dans (1-Dimethyl Amino Naphaline 5 Sulphonic 

Acid), Dansa (Diamino Naphthyl Sulphonic Acid), Dansyl NH-CH3, DAPI, Diamino Phenyl 

Oxydiazole (DAO), Dimethylamino-5-Sulphonic acid, Dipyrrometheneboron Difluoride, Diphenyl 

Brilliant Flavine 7GFF, Dopamine, Eosin, Erythrosin ITC, Ethidium Bromide, Euchrysin, FIF 

(Formaldehyde Induced Fluorescence), Flazo Orange, Fluo 3, Fluorescamine, Fura-2, Genacryl 

Brilliant Red B, Genacry] Brilliant Yellow 10GF, Genacry] Pink 3G, Genacryl Yellow 5GF, Gloxalic 

Acid, Granular Blue, Haematoporphyrin, Hoechst 33258, Indo-1, Intrawhite Cf Liquid, Leucophor 

PAF, Leucophor SF, Leucophor WS, Lissamine Rhodamine B200 (RD200), Lucifer Yellow CH, 

Lucifer Yellow VS, Magdala Red, Marina Blue, Maxilon Brilliant Flavin 10 GFF, Maxilon Brilliant 

Flavin 8 GFF, MPS (Methyl Green Pyronine Stilbene), Mithramycin, NBD Amine, Nile Red, 

Nitrobenzoxadidole, Noradrenaline, Nuclear Fast Red, Nuclear Yellow, Nylosan Brilliant Flavin 

E8G, Oregon Green, Oxazine, Oxazole, Oxadiazole, Pacific Blue, Pararosaniline (Feulgen), Phorwite 

AR Solution, Phorwite BKL, Phorwite Rev, Phorwite RPA, Phosphine 3R, Phthalocyanine, 

Phycoerythrin R, Polyazaindacene Pontochrome Blue Black, Porphyrin, Primuline, Procion Yellow, 

Propidium Iodide, Pyronine, Pyronine B, Pyrozal Brilliant Flavin 7GF, Quinacrine Mustard, 

Rhodamine 123, Rhodamine 5 GLD, Rhodamine 6G, Rhodamine B, Rhodamine B 200, Rhodamine 

B Extra, Rhodamine BB, Rhodamine BG, Rhodamine WT, Rose Bengal, Serotonin, Sevron Brilliant 

Red 2B, Sevron Brilliant Red 4G, Sevron Brilliant Red B, Sevron Orange, Sevron Yellow L, SITS
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(Primuline), SITS (Stilbene Isothiosulphonic acid), Stilbene, Snarf 1, sulphO Rhodamine B Can C, 

Sulpho Rhodamine G Extra, Tetracycline, Texas Red, Thiazine Red R, Thioflavin S, Thioflavin 

TCN, Thioflavin 5, Thiolyte, Thiozol Orange, Tinopol CBS, TOTO 1, TOTO 3, True Blue, Ultralite, 

Uranine B, Uvitex SFC, Xylene Orange, XRITC, YO PRO 1, or combinations thereof. One skilled in 

the art will readily know which one to select among such dyes, in part based on the emission, 

absorption, and hydrophobic/hydrophilic properties required for a particular application. The 一 

spectral properties of the fluorescent dyes often will be sufficiently similar in excitation wavelengths 

and intensity to fluorescein or rhodamine derivatives to permit the use of the same flow cytometry 

equipment. However, generally it is preferable that a dye have high solubility in the particular liquid 

that is to be “marked,” and improved photostability and quantum yields also are advantageous. 

More preferably, the multiple dyes used in a single application or in a related series of 

applications will have the same or overlapping excitation spectra, but possess distinguishable 

emission spectra (“spectrally distinct”). Any detection system can be used to detect differences in 

spectral characteristics between two or more dyes, including a solid state detector, photomultiplier 

tube, photographic film, or eye -- any of which can be used in conjunction with additional 

instrumentation or methodology, such as a spectrometer, luminometer microscope, plate reader, 

fluorescence scanner, flow cytometer, confocal microscope, scanning microscope, epifluoresis 

detector, digital (CCD) camera, video camera, photographic film, visual inspection, photodiode, 

quantum counter, photomultiplier tube, capillary electrophoresis detector, or any combination 

thereof, to complete a detection system. Preferably, dyes will have emission maxima separated by 

greater than 10 nm, more preferably greater than 25 nm, and even more preferably greater than 50 

nm. When differentiation between two or more dyes is accomplished by visual inspection, the two or 

more dyes preferably have emission wavelengths of perceptibly different colors to enhance visual 

discrimination, When it is desirable to differentiate between two or more dyes using instrumental 

methods, a variety of filters and diffraction gratings are commercially available to allow the 

respective emission maxima to be independently detected. When two or more dyes are selected that 

possess relatively small differences in emission maxima, instrumental discrimination can be 

enhanced by ensuring that the emission spectra of the two or more dyes have similar integrated 

amplitudes and similar emission peak widths, and that the instrumental system's optical throughput 

will be equivalent across the emission peak widths of the respective two dyes. Instrumental 

discrimination can also be enhanced by selecting dyes with narrow emission peak widths; however, 

such dyes must necessarily possess high amplitude emissions, or be present in sufficient 

concentration that the loss of integrated signal strength is not detrimental to signal 

detection/discrimination, for example, as measured by the signal-to-noise ratio.
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6.3 Staining Process 

The present invention describes techniques for precisely dyeing particles of varying sizes. 

The size of particles is immaterial to this invention since the precision of the dyeing process is not 

affected, except that (1) a given set of particles must be of uniform size within tight tolerances, for 

example, about +10%, more preferably about +5%, even more preferably about +3%, and most _ 

preferably about +2%, and (2) a particular application often will require a specific particle size, or 

range of sizes or size tolerance. Typically, particles are made of water-insoluble material, but may be 

made miscible or soluble in aqueous solvents by the addition of groups to increase hydrophilicity. 

The dyes employed are preferably squaric acid-based molecules that exhibit fluorescence extending 

into near infrared and/or infrared region, i.e., to about 1,000 nm. Use of other dyes may allow one to 

expand the range from the infrared to ultraviolet. The present method allows for a highly 

reproducible process in which two or more dyes of independent concentration are absorbed 

uniformly into or onto each particle, resulting in multiple spectrally distinct fluorescent signals 

corresponding to the number of different dyes present in or on the particle. 

The following Examples are presented to illustrate the advantages of the present invention 

and to assist one of ordinary skill in making and using the same. These Examples are not intended in 

any way to limit the scope of the disclosure or the protection granted by Letters Patent hereon. 

6.3.1 Example 1: General Outline of the Fluorescent Staining of Particles 

A 5-10 gram (dry weight) quantity of stock particles in an aqueous medium is pipetted onto a 

vacuum filter membrane, and the liquid is removed and discarded. Next, a quantity of the rinse 

solvent (for example, 100 ml of an aliphatic alcohol, such as propanol, methanol, ethanol, etc.) is 

added to the particles. The particles are resuspended by placing an ultrasonic probe directly into the 

solution and applying power for several seconds, or as needed to effect resuspension. The suspension 

then is filtered, and the previous step is repeated once more. Dyeing of the particles is accomplished 

by adding 50 ml of a dye solution (composed of one or more dyes in an organic solvent) to the 

filtering cup and resuspending as before. The suspension then is allowed to sit for five minutes in the 

filtering cup. Next, 50 ml of rinse solvent is added to the dye suspension, sonicated and filtered. 

Another 100 ml of the rinse solvent is added, resuspended, and filtered. The last step is repeated 

once more. In order to prepare the particles for storage, 100 ml of an aqueous medium is added to 

the particles, the solution of which is then sonicated and filtered. Finally, 50 ml of aqueous medium 

is added to the particles, followed by sonication and transfer to a storage container.
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In a particular embodiment of the invention, one or more dyes are mixed in a solvent suitable 

for the complete dissolution of the dyes, such as chloroform. Ethanol is added to the solution to 

increase wetting of the particles, and to create a process-dependent, final solvent density that is less 

than that of the particles. The concentration of each of the one or more dyes is experimentally 

determined as a function of the target fluorescence intensity at each of two center wavelengths of two 

fluorescence channels of the measuring instrument. These concentrations maintain their relative 一 

intensity throughout this inventive process. 

An important aspect of the present invention is the preparation of particles prior to the dyeing 

operation. Manufacturers often supply particles in an aqueous medium. It has been discovered that 

the surfaces of particles that have been stored in an aqueous medium must be treated to make them 

permeable to organic compounds. In a preferred embodiment, a quantity of a polar organic solvent, 

such as an alcohol, is added to the particle solution to achieve about a 50-50 mixture of the aqueous 

medium and the polar organic solvent. This ratio, however, can be varied and adjusted at will 

according to particular needs that one may have, or determined by chemical and physical properties 

of the medium and the solvent. 

An equally efficient and precise alternate technique entails “drying” the particles through a 

series of alcohol rinses, e.g., with methanol, ethanol, 2-propanol, rinses. The process is begun by 

spinning down the aqueous suspension of particles, typically about 10% solids (v/v) in suspension. 

The aqueous medium is decanted, and the particles are re-suspended in methanol. The alcohol 

solution with about 5% solids is vortexed, sonicated, and spun down. This step is performed once or 

twice more. Excess alcohol is decanted from the pellet, and residual solvent is evaporated under 

vacuum. 

Test samples consisting of 0.05 gram quantities of dried particles are used to help adjust the 

dye solution to its desired ratio. Each dried 0.05 gram quantity of particles is suspended in 0.5 ml of 

a dye mixture containing two or more dyes of interest. The suspension of particles, now at 10% 

solids (w/v), is vortexed, and sonicated into suspension. Once in suspension, the mixture of particles 

and dyes is mixed for one hour. After that hour, the particles are spun down for a period of one 

minute using a centrifuge. The dye solution is then decanted, and the 0.05 g quantity of particles is 

re-suspended in 1 ml of 90% alcohol, e.g., methanol. The rinse step uses double the volume of the 

dye solution, thus maintaining a 5% solid solution. The sample is vortexed, sonicated, and spun 

down. The methanol supernatant is decanted. The 90% methanol rinse step is repeated once more. 

Finally, the excess methanol is decanted from the pellet, and the particles are re-suspended in an 

aqueous medium. Each test sample is then tested to determine the fluorescence activity of the 

labeled particles.
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When the test samples show that the dye solution has the precise ratios of the desired dyes, a 

macro-scale batch is conducted. The principle of macro-scale work up is identical to that noted 

above. Briefly, (1) 25 ml of the desired dye solution is transferred to a 50 ml vial, which contains a 

2.5 gram quantity of dried particles. (2) The particles, now at 10% solids (w/v), are vortexed and 

sonicated. (3) Once the particles are completely in suspension, the solution is mixed for an hour. 

After that hour, (4) the particles are separated from the dye solution by centrifugation, followed by 

decanting. (5) The 2.5 gram quantity of particles is then re-suspended in 50 ml of 90% methanol. 

The rinse step uses double the volume of the dye solution, thus maintaining a mixture of 5% solids. 

(6) The sample then is vortexed, sonicated, and spun down, and the methanol supernatant is decanted. 

(7) Step 6 is repeated once more. (8) After the final methanol rinse is decanted, the particles are put 

through an aqueous rinse. (9) The aqueous supernatant is decanted, and the beads are then 

re-suspended and stored in a fresh aqueous medium. 

6.3.2 Example 2: Dyeing of 300 nm Amino Functionalized Polystyrene Particles 

A 1% (w/w) organic solvent solution of particles (300 nm diameter polystyrene, amino 

functionalized) is stirred in a round bottom flask. To this is added a solution of the desired dye(s) in 

an organic solvent, such as chloroform. When the dye solution is no longer absorbed by the particles 

(determined empirically by prior experiments), addition of the dye is halted, and the solvent is 

quickly removed under reduced pressure. For some reaction conditions, the dyeing reaction can be 

halted within about ten minutes; however, this time depends upon a variety of reaction parameters. 

Alternative embodiments therefore include times shorter than and times longer than ten minutes. 

6.3.3 Example 3: Use of Two (Red and Orange) Squaraine Dyes 

In another embodiment, two fluorescent squaraine dyes are used, for example, a red 

fluorescent dye, such as 1,3-bis[(1 .3-dihydro- 1,3 ,3-trimethyl-2H-indol-2-ylidene)methy]]- 

2,4-dihydroxy-cyclobutenediylium, bis(inner salt), and an orange fluorescent dye, such as 

2-(3,5-dimethylpyrrol-2-yl)-4-(3,5-dimethyl-2H-pyrrol-2-ylidene)-3 -hydroxy-2-cyclobuten- 

l-one. These dyes are used to stain two separate populations of particles. Preferably, both dyes are 

excitable at approximately the same absorption wavelength, for example, ranging from an ultraviolet 

wavelength to about 800 nm, and emit fluorescent light at two distinct, essentially non-overlapping 

wavelengths that are separated from each other by at least 10 nm, preferably by at least 30 nm, and 

more preferably by at least 50 nm. For example, the emission peak of the first dye above is 585 nm, 

and the emission peak of the second dye is 630 nm. These dyes are chosen because they fall in the 

center of two of the fluorescence channels of a Becton Dickinson FACScan flow cytometer, which is
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the measurement device used in a preferred embodiment of the present invention. However, the 

choice of fluorescence channels is relative and immaterial since different flow cytometry apparatuses 

can have different settings. 

Once these dyes are embedded into or onto a particle, the total dye quantity will be between 

about 0.00001% and about 15% (w/w) of the final, total particle weight. However, this limitation is 

of little consequence to the present invention as long as the particles impregnated with said dyes are 

stable and usable for the intended purpose(s). 

Optimal staining with a particular dye is dependent upon the physical and chemical 

parameters of the individual dye(s), the polymeric substrate(s), and the dye medium or solvent. 

Incubation times can vary widely depending on the desired results, the concentration of the dye(s), 

the chemical compositions and physical properties of the particles, and the reaction conditions. The 

optimal time is usually the minimum time required for the dye, in the concentration being used, to 

achieve the highest specific signal, while avoiding degradation of the dye and/or the particle over 

time, and minimizing all other undesirable fluorescent signals due to the dye(s). 

In a preferred embodiment, chlorinated solvents such as chloroform are used to solubilize the 

dye(s). In alternative embodiments, suitable solvents are selected based on their ability to solubilize 

the particular class of hydrophobic dyes of interest. For example, the solvents can be acyl, aliphatic, 

cycloaliphatic, aromatic, or heterocyclic hydrocarbons. In further embodiments the solvents can 

have halogens, oxygen, sulfur, nitrogen, and/or phosphorus as either terminal groups or as 

internal/integral parts of a ring or chain. Specifically, solvents such as any of the alcohols, ethyl 

acetate, toluene, xylene, hexane, pentane, benzene, ether, acetone, various oils, carbon tetrachloride, 

carbon disulfide, DMSO, or methylene chloride can be used. In addition, other solvents known in the 

art can be used, such as the solvents listed in the Merck Index (Eleventh Edition; see sections MISC- 

63-68). 

6.3.4 Example 4: General Procedure Used to Produce the X-Y Plot of Figure 1 

A 5 ml quantity of undyed stock particles is placed in an aqueous medium directly on a 

membrane covered fritted funnel. A vacuum pump pulls air through the particles plated onto the 

filter paper for about one hour. Next, the dried particles are transferred to 50 ml of dye solution 

(having at least two dyes with spectrally distinct emission spectra), covered, and stirred at room 

temperature for about an hour. The particles then are separated by filtration from the dye solution, 

and the dyed particles are placed in a vacuum dessicator for about four hours to remove residual 

solvent. Next, a 200 ml quantity of Triton X-100 and water is added to the dried dyed particles in a
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250 ml flask. The solution then is stirred for about three hours, followed by filtering and washing, 

which are repeated until no further dye is detected in the filtrate. 

This procedure prepares a particular population of particles whose fluorescence emission spectra 

fall within a prescribed region or cluster depicted in a Fluorescence Particle Map, such as one of 

the ovals of Fig. 1. Typically, about 80% or greater of the individual particles within a particular 

set exhibit fluorescence characteristics within the desired region, preferably about 90% or 

greater, more preferably about 97% or greater, and most preferably about 99% or greater. When 

dyeing conditions are tightly controlled, a particular set of particles typically will exhibit about 

1% or less of the individual particles having fluorescence characteristics that fall outside the 

desired region (“dispersion”), preferably about 0.5% or less, more preferably about 0.3% or less, 

and most preferably about 0.2% or less. 

As an example, Figure 1 illustrates a 64-set particle collection, wherein each population or 

set differs from another by a distinct location or cluster on the X-Y plot. These locations essentially 

do not overlap. As opposed to the prior art methods that typically result in up to 10-20% or even 

higher rates of dispersion, the instant method allows production of essentially homogeneous 

populations or sets of particles having only about a 0.2 -0.3 % dispersion, which constitutes a large 

and significant improvement over the prior art. 

Where nanoparticles have been dyed, the resulting dyed nanoparticles can then be linked to 

microparticles by any of the various well-known coupling reactions, such as carbodiimide coupling. 

Other methods of coupling can use such groups as carboxylates, esters, alcohols, carbamides, 

aldehydes, amines, sulfur oxides, nitrogen oxides, or halides. 

6.4 Discriminators and Discrimination Power 

Figure 1 illustrates eight levels of each of two dyes that are attached to particles according to 

practice of the present invention, which permits the creation of an 8 x 8 = 64 array of categories of 

fluorescently distinguishable particle sets. Fluorescently distinguishable discriminators thus provide 

the basis for creating arrays of categories of particle sets. 

Additional discriminators operate similarly. For example, addition of a third dye at eight 

different levels requires 3-dimensional representation of an 8 x 8x 8 = 512 array of categories of 

fluorescently distinguishable particle sets. 

Other practical discriminators include size of particle, shape of particle, magnetic particle or 

particle with other magnetic property, dye type, radioactive property, chemical reactive group, 

nuclear magnetic resonance, dye fluorescence absorption, dye fluorescence emission , dye
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absorption, fluorescence polarization, fluorescence lifetime, electron spin resonance, positron 

emission, concentration of particles, particle hydrophobicity, particle hydrophilicity, and particle 

density. For example, if two sizes of particles and two categories of magnetism (with or without 

magnetism) are added to the above 3-dimensional array, the array becomes 8 x 8x 8x 2x2 =2,048 

categories of particle subsets. Sizes and shapes of particles can be determined by light scattering 

measurements of forward and side scatter. The size of the particle can be measured in most flow 

cytometry apparatuses by forward or small-angle scatter light. Particle sets can also be further 

distinguished by differentiating between shapes of the particles, for example, using a high-resolution 

slit-scanning method. Magnetic particles incorporate magnetic or magnetically responsive metal 

oxides (for example, superparamagnetic, paramagnetic, or ferromagnetic oxides) into the polymer or 

polymer matrix. 

Another category of discriminators is that of reactive groups that are attached to the particles, 

where each reactive group is capable of reaction with a specific compound. In some cases, the use of 

such discriminators will require two or more additional steps (for example, addition of a compound, 

followed by an incubation period, and measurement of an electromagnetic parameter, such as 

absorption, fluorescence emission, or magnetic resonance) to determine the reactive group and, 

hence, the category of the particle. In some cases, chromophores can be attached to the particles so 

that just a single optical or other measurement is required to determine the presence or absence of the 

chromophore on a given particle. Such discriminators provide powerful additional discrimination 

power. For example, as but one conservative calculation, use of 20 such discriminators in a labeling 

operation increases the above discussed array to 8 x 8 x 8x 2x2 x 20 = 40,960 categories of particle 

sets. 

An additional embodiment is that of inclusion of quantum dots within, on, or attached to 

particles. Quantum dots are fluorescing crystals which are excitable by a large range of wavelengths 

of light, but which have emission wavelengths that vary according to the size of the crystal -- with 

short wavelengths of emission occurring with small particles, and long wavelengths occurring with 

large particles. Thus, a large range of sizes of the crystals is used to create a large number of discrete 

emission wavelengths, creating a powerful expansion of discrimination power. Many dozens of 

classes of particles therefore are created according to the number of size classes of the quantum dot 

crystals. The size classes of the crystals are created either 1) by tight control of crystal formation 

parameters to create each desired size class of particle, or 2) by creation of batches of crystals under 

loosely controlled crystal formation parameters, followed by sorting according to desired size and/or 

emission wavelengths. Use of quantum dots for labeling particles, in the context of the present 

invention, is new, but is old in the art of semiconductors. Two examples of earlier references in
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which quantum dots are embedded within intrinsic silicon epitaxial layers of semiconductor light 

emitting/detecting devices are United States Patent Nos. 5,293,050 and 5,354,707 to Chapple-Sokol, 

et al. 

6.5 Methods of Labeling Liquids and Uses Therefor 

The present invention basically entails the addition of particles, such as core microparticles 

and/or carrier microparticles having attached nanoparticles, to liquids as a labeling means. 

Once a plurality of particle sets is produced, labeling a liquid simply requires adding the 

correct category of particle set(s) to the liquid that is to be so labeled according to that particular 

category of particle set(s). In a preferred embodiment, the particles are impregnated with three 

different fluorescent dyes in eight different concentrations or levels of each of the dyes so as to create 

512 subsets of particles. Each particle is later classified into its member subset using a measurement 

instrument. These 512 subsets of particles comprise 512 labeling elements or discriminators. 

Depending on the needs of the user, these discriminators can be combined with other discriminators 

to increase the number of unique labels, as discussed in section 6.4. For example, the presence or 

absence of a labeling element yields certain permutations. Using eight levels of a discriminator at a 

time, the presence or absence of a discriminator gives (512!/8!(512-8)!), or approximately 1017 

possible unique labels. In addition, varying the concentration of one or more uniquely labeled 

particle subsets expands the possibilities further, particularly when a uniform distribution of particles 

is achieved in the liquid. Also, a check digit can be added which has half or other fraction of the 

number of particles as the identifying particles. 

In one embodiment, a signature can be created to meet the needs of a particular application 

by using unique particle sets. For example, a donor “Social Security Number” can be created by 1) 

assigning nine different order discriminators to nine different particle sets, where each particle set is 

respectively assigned to one of the nine ordered digit positions that make up a Social Security 

Number (i.e., ones, tens, hundreds, thousands, . . . to hundred millions), and 2) further categorizing 

each of the order class particle sets into one of ten numerical classes of digits zero through nine by 

assigning each of ten different levels of each of the nine order class discriminators to correspond to a 

selected digit that is different from the remaining nine digits. For example, order discriminators are 

assigned based on relative ratios of red to orange fluorescing dyes in or on particles as follows. A 

digit in the one’s position is encoded by a first relative concentration ratio of red to orange 

fluorescing dyes, a digit in the ten’s position is encoded by a second relative concentration ratio of 

red to orange fluorescing dyes, a digit in the hundred’s position is encoded by a third relative 

concentration ratio of red to orange fluorescing dyes, etc. In a first embodiment, specific digits zero
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through nine (i.e., the ten numerical classes) are then encoded according to the absolute amounts of 

the two dyes (“levels of the two dyes”) in or on each particle. Alternatively, in a second 

embodiment, ten different concentrations of the order discrimination particles (or ten different total 

numbers of particles/sample) may be used to represent the ten digits. In this way, a single 

discriminator can serve the dual role of providing discrimination with respect to two different 

encoding aspects. In particular, in the second embodiment, only nine sets of beads are needed to 一 

encode any Social Security Number. Of course, other discriminators can be used with equal 

efficiency and practicality. Obviously, variations in level of a discriminator need only be such as to 

permit ready discrimination by the instrumentation to be used to read the Social Security Number. 

Furthermore, the progression of the ten digits of the ten numerical classes need not be represented by 

a monotonically increasing level of a discriminator(s) for the progression; rather, a monotonically 

decreasing level of the discriminator(s) may be employed, or any other pattern that achieves the goal 

of unique classification of each of the ten numerical classes. Also, separate order and numerical 

discriminators can be used (a 10 x 9 = 90 array of particles); however, use of such an array to encode 

a Social Security Number(s) usually is not as simple and not as economical as an encoding scheme 

that utilizes just one category of discriminator, or a combination of discriminators, to define the nine 

ordered digit positions, with attendant encoding of digits zero through nine by use of levels of the 

selected discriminator(s). However, a second discriminator (for example, particle density) in some 

applications may be used advantageously to provide numerical class encoding, for example, ten 

different densities of particles to represent digits zero through nine within each of the nine order class 

particle sets; alternatively, a range of nine different particle densities can serve as the nine order 

discriminators. In such an application, particles with the lowest density usually will be required to 

have a density greater than the liquid(s) they encode. 

Analogous to the coding for a patient’s Social Security Number, a similar scheme can be 

used to encode desired alphanumeric information of a patient, such as birth date, date of sample 

collection, name of patient, etc. To provide the most parsimonious and efficient use of particles, 

order discriminators are utilized according to the number of desired alphanumeric characters for the 

encoding. Then, as in one encoding embodiment for encoding a Social Security Number, 

concentrations of particles and/or other discriminators are used. For example, if 20 character 

positions are required for the encoding, and only alpha characters are to be used, 26 concentrations of 

particles would be required; alternatively, 10 concentrations of particles x 3 levels of a second 

disriminator to create 30 possible alpha characters for each of the 20 character positions; or any other 

such combination of discriminators to create the 26 required alpha characters. Also, characters such
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as “space” and apostrophe, etc., can be incorporated. In addition, if liquid labeling identifies the 

patient sample, virtually all laboratory errors can be detected, including inter-sample contamination. 

In another embodiment, a date code is created for labeling a liquid, for example, with respect 

to the date that a sample is taken from the liquid, an expiration date, a birth date, an expiration date 

for a perishable liquid, etc. For example, one of an array of 12 particle sets is assigned to the month 

January, a second to February, etc.; one of an array of 31 particle sets is assigned to the date 01, a 

second to 02, and so on through the date 31; and one of an array of five or more particle sets is 

assigned to a first year of interest, for example, 1999, a second to 2000, etc., for five consecutive 

years. This yields over 1800 exact dates by using only distinct 48 particle sets (more if greater than 5 

years are used). 

An alternative embodiment for encoding dates uses the concept of a series of small arrays. 

For example, four different “month” particles (having 24 = 16 possible combinations) can be used to 

encode the 12 months, leaving 4 unused combinations; five different “day” particles are then 

assigned to encode the 31 days (25 = 32 possible combinations, leaving one unused combination); 

and five different “year” particles are then used to encode 32 years. Thus, only 14 different particles 

need be used to encode all the days over a span of 32 years. Furthermore, use of the unused 

combinations would further expand this span of years. For example, simple direct use (i.e., one 

particle combination per year) of the five unused particle combinations could be employed to add 

another 5 years of encoding coverage. Alternatively, use of the 4 unused month particle 

combinations, together with the presence or absence of the one unused day particle, would permit 

encoding of an additional 8 years, or 40 years total. 

The concept of use of a series of small arrays of different particles can readily be applied to 

other encoding situations, including for routing, alphanumeric representation, Social Security 

Number, etc. In addition, the concept of “present” versus “absent” for different particles, that 

underlies calculation of numbers of possible permutations, may be applied in the form of “high” and 

“low,” where high and low refer, for example, to high and low concentrations of particles in a 

sample, to high and low absolute numbers of particles in a sample, to high and low concentrations or 

levels of fluorescent dyes in or on the particles, to high and low levels of any other discriminator, etc. 

Another embodiment for liquid labeling of the present invention is that of labeling solids, 

which later are solubilized, liquified, or extracted to recover particles contained therein for purposes 

of encoding. As but one illustrative example, microparticles are incorporated into sodium chloride 

crystals for such purposes as identification of manufacturer, lot number, production date, expiration 

date, degree of purity, etc. Such uses also include identification and/or tracing of pirated materials 

and products. Applications wherein solids are benficially labeled with microparticles are essentially
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limitless, examples including glues and adhesives (for example, use on postage stamps, envelopes, 

memo pages that adhere to a wall, page, or other surface, etc.), ink, paint, explosives, plastics and 

plastic products, explosives, chemicals in general where minute quantities of an appropriate kind of 

microparticles do not interfere with the end use of the chemical(s), tracing dissolution attributes and 

flow patterns in vivo of pharmaceutical tablets, etc. 

In yet another embodiment, microparticles are used to label gases. Typically, such a use will 

require microparticles of low density, unless the gas or gases are flowing sufficiently (and possibly 

including sufficient turbulent flow) to maintain the microparticles in suspension therein. As with 

applications in solids, uses of microparticles in gases have an essentially unlimited range of 

applications, for example, including for purposes of tracing and/or identifying pirated gases, tracing 

the flow of gases in an animal, and encoding of manufacturer, lot number, production date, physical 

properties, degree of purity, etc. 

In an embodiment for encoding to route liquids through a complex of pipelines having a 

plurality of branch points, different particle sets are created to uniquely represent each desired 

destination for a plurality of liquids coursing through the complex of pipelines, and particles from a 

particular particle set are added in an appropriate amount (determined by experimentation) to the 

liquid to be encoded by that particle set. Discriminators and physical properties are selected to be 

consonant with the physical properties of the liquid to which the particles are to be added. For 

example, hydrophobic particles typically will be used in hydrophobic liquids unless the hydrophobic 

liquids also contain detergents or amphiphiles sufficient to evenly disperse the particles in the liquid. 

Similarly, the particles typically are selected to have a greater density than the liquid to promote even 

dispersion. Selection of the final concentration of particles in the liquid that is so encoded will 

depend on such factors as cost/benefit, and sensitivity of the instrumentation to perform the analyses 

on the particles. This embodiment functions by providing analysis at an appropriate point in the 

pipeline to which the particles are first added, for example, at or near and upstream from a 

branchpoint or decision point in a pipeline. Switches and valves are then connected to the 

instrumentation, and control the final routing per the desired destination, based on the one or more 

discriminators of the particular particle set. 

Similar protocols may also be used in a clinical setting to direct one or multiple body fluid 

samples from one or more patients to the appropriate instrument to perform the desired clinical 

chemistry (multiplexed clinical assays). In such a clinical chemical setting, a plurality of body fluid 

samples can include the addition of a quantity of particles into each body fluid sample to correspond 

to the desired clinical chemical analysis and/or machine. In some cases, for example, it is desirable 

to route a body fluid sample to a machine that performs a panel of analyses. Typically, a flow
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cytometer will be in-line with the tubing carrying the body fluid samples to detect routing particles 

and to transmit data on same to the appropriate switch(es) and valve(s) to direct the body fluid 

samples to the desired analytical site. Flow cytometers are the preferred instrument for such use, 

though any instrument that is capable of detecting the particular discriminator may be used. 

Historically, the use of precision dyed particles in multiplexed clinical assays is provided, for 

example, by WO Patent No. 97/14028 and U.S. Patent No. 5,736,330, disclosures of which are herein 

incorporated by reference in their respective entireties. When these earlier disclosures are combined 

with the current invention, it is possible to greatly improve quality assurance in the clinical 

laboratory. For example, by selecting a unique permutation of particle sets, and permanently 

assigning that permutation to a particular assay, a fail-safe assay is created. A particle set also can be 

coupled to an associated reagent in a GMP (General Manufacturing Practice) environment, and 

combined into a single reagent vial. In addition, current multiplexed diagnostic instruments can be 

programmed to recognize a specific permutation, look up the parameters of that assay in a database, 

perform that assay, and record the results, thus eliminating the possibility that incorrect reagents will 

be added to a patient sample. 

In embodiments for tracing toxic substances in groundwater, selection of the kinds of 

particles and their respective concentrations will include consideration of such factors as density and 

hydrophobicity of the toxic liquid(s), and size of the faults and/or densities of the soil(s) connecting a 

point toxic liquid pollution source with one or more aquifers of interest, as well as prospective or 

known dilution factors from underground water sources and/or above ground water sources, for 

example, recent rain or generally high rain fall. In addition, the sensitivity of the instrumentation to 

be used to decode or read the particles taken from a site distant from the point pollution source must 

be considered. 

In embodiments for tracing absorption patterns of fluids in plants and animals, generally 

smaller particles will be advantageous; however, a large variation in particle size will be required for 

a wide range of tissue types, body cavities, etc. Factors similar to those of the preceding examples 

also require consideration in plants and animals. For example, particles that would be used in studies 

relating to bile flow would benefit from amphiphilic particles due to the presence of amphiphilic bile 

salts in bile. Of course, instrumentation sensitivity and dilution during use in an experiment must 

also be considered. 

In general, a label is constructed by selecting one or more unique particle sets according to 

the particular application, adding them to the liquid, and mixing. The concentration of the particle 

volume with respect to the liquid volume also is a variable that is application dependent, for example,

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4077



10 

15 

20 

25 

30 

35 

WO 99/52708 PCT/US99/07993 

24 

reflecting the priority of cost versus speed: as the concentration of particles is increased, so, too, is 

the cost increased, whereas the reading time typically will be decreased. 

In general and ideally, the particles are inert in the liquid being labeled. Furthermore, criteria 

for matching particle types to liquids include such parameters as stability of the particle in the 

particular liquid, stability of the dye attachment to the particle, and non-interference of the particle(s) 

with the use for which the liquid is intended. Thus, hydrophobic particle types generally will be used 

only with hydrophobic liquids, unless the hydrophobic liquid also contains detergents, amphiphiles, 

and/or hydrophiles. Particles that are used in organic solvents require that the dye or other 

discriminator be encapsulated in, or matrix entrapped by, a solvent stable polymer, or covalently 

attached to the particle. 

Kits can also be produced to allow a user to mix particles in predetermined proportions and 

thereby appropriately label a liquid according to user defined or elected parameters. For example, a 

kit can feature 512 distinct particle sets based on eight levels of each of three fluorescent dyes. 

Alternatively, or in addition, other discriminators can be featured to create the number of distinct sets 

of particles necessary for use in a particular liquid labeling application, which also will take into 

account such attributes as hydrophobicity and density of the liquid to be labeled, as well as 

parameters such as stability of the fluorescent dye, or stability of matrix entrapment of the 

fluorescent dye, in the particular liquid. Specifically, a kit features particle sets for each desired 

discriminator, and each particle set comprises particle subsets which represent an appropriate range 

of values for that particular discriminator so as to create a functional range of subsets thereof. Thus, 

the user simply dispenses an appropriate quantity of each of the one or more sets/subsets of particles 

into the liquid selected to be labeled by that particular set(s)/subset(s) of particles. Furthermore, 

multiple classifications can be applied concurrently, for example, including one or more sets of 

particles to encode the patient’s name and/or Social Security Number, and a second one or more sets 

of particles to encode routing for test procedures, storage, ete. 

Another embodiment that can be coupled to a kit entails the use of a microprocessor 

controlled automatic pipetting system. In this embodiment, the user types into the system, using a 

standard keyboard, the desired numbers or other indicators (for example, for routing, indication of 

test to be performed, birth date of patient, Social Security Number, etc.). The user similarly supplies 

the desired microparticle type that is to correspond to a selected indicator; i.e., consideration is given 

to the physical properties or other bases for best matching particles with the liquids at hand. A 

simple software program allows the user to input the desired discriminators and the alphanumeric or 

other symbols to which the discriminators respectively correspond. Such programs are well known 

in the art, and may, for example, include lookup tables for the correspondence between
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discriminators and symbols. Output signals from the microprocessor then operate to control 

automatic pipetting of the selected microparticles into one or more liquid or gaseous samples that are 

positioned in receiving modes relative to the pipetting system. Indicators indicate the purpose(s) for 

which the liquid or gas samples are labeled with particles. 

The discriminators are used to distinguish particles based on differences in particle 

concentration, particle physical property, dye type, dye concentration, spectral property, label type, 

and combinations thereof. These broad categories of discriminators can be further categorized into 

other discriminators as follows. The particle physical property can include such attributes as particle 

size, particle shape, particle hydrophobicity, particle hydrophilicity, particle density, and 

combinations thereof. The spectral property can include such attributes as dye fluorescence 

absorption, dye fluorescence emission, dye absorption, dye fluorescence polarization, dye 

fluorescence lifetime, and combinations thereof. Label type refers to physicalchemical properties of 

chemical groups added to particles, and can include such attributes as magnetic property, (chemical) 

reactive group, nuclear magnetic resonance, electron spin resonance, positron emission, radioactive 

property, fluorescence polarization, fluorescence lifetime, and combinations thereof. Dye type refers 

to the chemical composition and structure of fluorescent dye molecules. Dye concentration refers to 

the concentration of the dye(s) on or in a particle. Particle concentration refers to the concentration 

of particles in the liquid being labeled. 

When a liquid is ready for analysis or decoding of its label, the liquid is thoroughly mixed, 

and a sample is withdrawn. Next, a centrifugation, filtering, magnetic, or other separation means is 

used to separate the particles from the liquid thereby so encoded. The particles are then analyzed. 

When encoding is achieved by the use of a series of spectrally distinct dyes, various 

commercially available instruments can be used to read the liquid labels. For example, a 

fluorescence microscope can be used on a sample of the liquid to locate and characterize the particles 

in the sample. In a preferred embodiment, a flow cytometer is used according to procedures known 

in the art, such as is disclosed in U.S. Patent No. 4,665,024 to Mansour, et al. Flow cytometry is an 

  

optical technique that analyzes particles in a fluid mixture based on the particles’ optical 

characteristics using a flow cytometer. Background information on flow cytometry is set forth in 

Shapiro, Practical Flow Cytometry, Third Ed. (Alan R. Liss, Inc. 1995), incorporated herein by 
  

reference in its entirety. A flow cytometer can automatically display the clusters formed by the 

fluorescent emissions of the particle sets, for example, as shown herein in Fig. 1. In a preferred 

embodiment, the host computer that controls the flow cytometer is programmed to automatically 

detect the clusters and convert the particle set information into its ordinal information, such as date, 

“Social Security Number,” patient’s name, patient’s birth date, or other identifying parameter.
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Other means for detection and analysis can also be utilized, including, but not limited to, 

visual inspection, digital (CCD) cameras, video cameras, photographic film, or instrumentation such 

as laser scanning devices, fluorometers, photometers, luminometers, photodiodes, quantum counters, 

plate readers, epifluorescence microscopes, scanning microscopes, confocal microscopes, capillary 

electrophoresis detectors, or any other means that provides amplification of an electromagnetic 

signal, such as a photomultiplier tube or other light detector capable of detecting the presence, 

location, and intensity of excitation and emission spectra, fluorescence polarization, fluorescence 

lifetime, and other physical properties of a fluorescent or other electromagnetic signal. 

When particles are processed by a flow cytometer, measurement of four exemplary 

classification parameters [forward light scatter, side light scatter, a first fluorescence emission peak 

(for example, red fluorescence), and a second fluorescence emission peak (for example, orange 

fluorescence)] can be used to identify the set, population, or cluster to which each particle belongs. 

Furthermore, additional chromophores, reactive groups, and other discriminators can be measured. 

Although methods and products of the present invention have been described in detail for purposes of 

general illustration, it is understood that such detail is solely for that purpose, and that variations can 

be made therein and thereto by those skilled in the art without departing from the scope of the 

invention, which is defined by the following claims. For example, the use of sets of small arrays of 

particles to encode respective portions of an alphanumeric string can be applied to virtually any 

encoding application.
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WHAT IS CLAIMED IS: 

1. A method of labeling a gaseous, liquid, or solid material to permit the subsequent 

identification of the labeled gaseous, liquid, or solid material, which comprises adding to a gaseous, 

liquid, or solid material, whose subsequent identification is desired, a sufficient quantity of particles 

belonging to one or more distinguishable sets of particles, to provide a labeled gaseous, liquid, or 

solid material that subsequently can be identified. ~ 

2. The method of claim 1 in which the particles in each set exhibit one or more 

discriminators that distinguish the particles of one set from those of another set. 

3. The method of claim 2 in which a sufficient quantity of a combination of particles 

belonging to two or more distinguishable sets of particles is added to the gaseous, liquid, or solid 

material, whose subsequent identification is desired. 

4. The method of claim 2 in which said one or more discriminators is selected from a 

physical, chemical, biological, magnetic, or spectral property of the particle or combinations thereof. 

5. A method of identifying a gaseous, liquid, or solid material that has been labeled 

with a sufficient quantity of particles belonging to one or more distinguishable sets of particles, 

which comprises: 

(a) obtaining a sample comprising a gaseous, liquid, or solid material that has been 

labeled with a sufficient quantity of particles belonging to one or more distinguishable sets of 

particles; 

(b) analyzing the particles found in the sample to determine which of one or more 

distinguishable sets of particles such particles belong to; and 

(c) comparing the results of said analyzing step with a key which establishes the identity 

of the gaseous, liquid, or solid material from which the sample was taken. 

6. A labeled materia] which comprises (i) a gas, liquid, solid, or combinations thereof 

and (ii) a sufficient quantity of particles that can be shown to belong to one or more distinguishable 

sets of particles. 

7. The labeled material of claim 6 in which the particles in each set exhibit one or more 

discriminators that distinguish the particles of one set from those of another set. 

8. The method of claim 1 in which said material comprises a gas. 

9. The method of claim 1 in which said material comprises a liquid. 

10. The method of claim 1 in which said material comprises a solid. 

11. The method of claim 5 in which said material comprises a gas. 

12. The method of claim 5 in which said material comprises a liquid.
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5 13. The method of claim 5 in which said material comprises a solid. 

14. The labeled material of claim 6 which comprises a gas. 

15. The labeled material of claim 6 which comprises a liquid. 

16. The labeled material of claim 6 which comprises a solid. 

17. A kit for labeling liquids, solids, and gases comprising particles from a plurality of 

10 distinct particle sets for labeling liquids, solids, and gases, and a dispenser.

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4082



WO 99/52708 PCT/US99/07993 

29 
AMENDED CLAIMS 

[received by the International Bureau on 18 August 1999(18.08.99); 
original claim 6 amended; remaining claims unchanged (1 page)] 

6. A labeled material whose subsequent identification is desired, which comprises (i) a gas, 

liquid, solid, or combination thereof and (ii) a sufficient quantity of particles that can be 

shown to belong to one or more distinguishable sets of particles. 

AMENDED SHEET (ARTICLE 19) ©
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Precision Fluorescently Dyed Particles and Methods of Making and Using Same 

1. Field of the Invention 

The invention generally relates to multicolored, fluorescently stained small particles of 

generally less than 100 hm in diameter. Disclosed are methods of dyeing or staining such 

particles or microspheres with at least two fluorescent dyes in such a manner that intra-sample 

variation of dye concentrations is substantially minimized. Specifically, the invention relates to 

microspheres stained with at least two fluorescent dyes and methods of using said microspheres 

for a simultaneous analysis of a plurality of analytes. 

2. Background of the Invention 

Fluorescent light emitting microparticles, microspheres, microbeads, beads, or particles 

are now quite common and are useful for a number of practical applications especially in 

combination with flow cytometry based methods. As used hereinafter the terms: microparticles, 

microspheres, microbeads, beads, or particles are used interchangeably and bear equivalent 

meanings. Often, these particles are labeled with just one fluorescent dye. In general, such 

particles are made by copolymerization process wherein monomers, e.g., unsaturated aldehyde 

or acrylate, are allowed to polymerize in the presence of a fluorescent dye, e.g., fluorescein 

isothiocynate (FITC), in the reaction mixture (see for example U.S. Pat. Nos. 4,267,234 issued 

to Rembaum; 4,267,235 Rembaum et al; 4,552,812, Margel et al.; 4,677,138, Margel). 

One skilled in the art would recognize that two or more dyes of varying proportions could 

be used to increase the permutation number of unique combinations of dyes in a single particle. 

These unique characteristics, i.e., emission wavelengths and fluorescence intensities could be 

extremely useful for multiparameter analysis of a plurality of analytes in the same sample. Three 

means of making multicolored, fluorescent beads have been reported, including: (a) covalent 

attachment of dyes onto the surface of the particle, (b) internal incorporation of dyes during 

particle polymerization, and (c) dyeing after the particle has been already polymerized. All three 

methods have been disclosed in the prior art. 

The examples of the first approach are in U.S. Pat. Nos. 5,194,300 Cheung; 4,774,189 

Schwartz which disclose fluorescent microspheres that are coated by covalently attaching either 

one or a plurality of fluorescent dyes to their surface. As such these methods are unrelated to the 

instant invention dealing with incorporating dyes into particles internally. 

SUBSTITUTE SHEET (RULE 26)
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Second approach can be found in U.S. Pat. No. 5,073,498 to Schwartz, which discloses 

two or more fluorescent dyes added during polymerization process and randomly dispersed 

within the body of the particle. However, when such particles are exposed to a single excitation 

wavelength only one fluorescent signal is observed at a time and thus these particles are not 

useful for multiparameter analysis especially in a flow cytometry apparatus with a single 

excitation light source. The U.S. Pat. No. 4,717,655 issued to Fulwyler discloses two dyes mixed 

at five different ratios and copolymerized into a particle. Although five populations of beads were 

claimed as being obtainable the fluorescent properties of these beads were not provided, 

effectively preventing one skilled in the art to make and use such beads. Thus, Fulwyler method 

is only a conceptual method since it was not enabled. Furthermore, any of these two methods are 

unrelated to the instant invention dealing with incorporating fluorescent dyes into already 

polymerized particles. 

The principle of the third method, i.e., internally embedding or diffusing a dye after a 

particle has been already polymerized was originally described by L.B.Bangs (Uniform Latex 

Particles; Seragen Diagnostics Inc. 1984, p. 40) and relates to the instant invention as it consists 

of adding an oil-soluble or hydrophobic dye to stirred microparticles and after incubation 

washing off the dye. The microspheres used in this method are hydrophobic by nature. This 

allows adopting the phenomenon of swelling of such particles in a hydrophobic solvent, which 

may also contain hydrophobic fluorescent dyes. Once swollen, such particles will absorb dyes 

present in the solvent mixture in a manner reminiscent to water absorption by a sponge. The level 

and extent of swelling is controlled by incubation time, the quantity of cross-linking agent 

preventing particle from disintegration, and the nature and amount of solvent(s). By varying these 

parameters one may diffuse a dye throughout particle or obtain fluorescent dye-containing layers 

or spherical zones of desired size and shape. Removing the solvent terminates the staining 

process. Microparticles stained in this manner will not “bleed” the dye in aqueous solutions or 

in the presence of water-based solvents or surfactants such as anionic, nonionic, cationic, 

amphoteric, and zwitterionic surfactants. 

U.S. Pat. No. 5,723,218 to Haugland et al. discloses diffusely dyeing microparticles with 

one or more dipyrrometheneboron difluoride dyes by using a process, which is essentially similar 

to the Bangs method. However, when beads internally stained with two separate 

dipyrrometheneboron dyes, were excited at 490 nm wavelength, they exhibited overlapping 
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emission spectra, meaning that beads were monochromatic but not multicolored. U.S. Pat. Nos. 

5,326,692 Brinkley et al; 5,716,855 Lerner et al; and 5,573,909 Singer et al. disclose fluorescent 

staining of microparticles with two or more fluorescent dyes. However, dyes used in their process 

had overlapping excitation and emission spectra allowing energy transfer from the first excited 

dye to the next dye and through a series of dyes resulting in emission of light from the last dye 

in the series. This process was intended to create an extended Stokes shift, i.c., a larger gap 

between excitation and emission spectra, but not the emission of fluorescence from each dye 

simultaneously. Thus, due to various reasons such as dye-dye interaction, overlapping spectra, 

non-Gaussian emission profiles and energy transfer between neighboring dyes the demand for 

multicolored beads simultaneously emitting fluorescence at distinct peaks was not satisfied. 

Zhang et al. (U.S. Pat. No. 5,786,219) devised microspheres with two-color fluorescent “rings” 

or microspheres containing a fluorescent spherical “disk” combined with a fluorescent ring. 

Nevertheless, such beads, designed for calibration purposes, cannot be used in multiparameter 

analysis since two dyes were mixed only at one fixed ratio. As mentioned above in regard to U.S. 

Pat. No. 4,717,655 issued to Fulwyler, the highest number of dyes ratios ever attempted with at 

least two dyes never exceeded five. Thus, until the reduction to practice of the present invention 

there were no reliable means of creating a series of microsphere populations or subsets in which 

at least two dyes were mixed at variable, precisely controlled ratios and were proven, upon 

exposure to a single excitation wavelength, to emit multiple fluorescent signals of variable 

intensity and at spaced, optically distant wavelengths. 

In other words, the prior art failed to provide a reproducible method that would allow one 

skilled in the art to make a plurality of defined subsets of stained multicolored microparticles 

distinguishable by a subtle variation in fluorescence signal resulting from the combination of 

various dyes of distinct color and having variable intensity of color emission. As used hereinafter 

the term stained microspheres means that a plurality of dyes, which are used to stain a 

microsphere, are either uniformly diffused throughout the body of said microsphere or penetrated 

said microsphere in a manner that results in formation of fluorescent rings, disks, and other 

geometrically distinct patterns. 

Clearly, it would be an important improvement to the art to have a means of precisely 

dyeing or staining a particle with two or more dyes premixed in a series of predetermined ratios 

and to have a collection of such dyed microspheres for use in multiparameter applications. This 
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precision in dyeing process is commonly expressed as the coefficient of variation, which is the 

ratio of the standard deviation to the mean intensity of the fluorescent particle population. By 

minimizing this value, more subsets or populations of non-overlapping, distinctly dyed particles 

can be obtained. It would be a further advance in the art if the methods were repeatable or 

reproducible to within a minimal variation, preferably no more than about a 20% intra-sample 

variation, more preferably no more than about a 15% variation, and most preferably no more than 

about a 8% variation. 

3. Summary of the Invention 

An improved method is described for incorporating two or more fluorescent dyes into 

already polymerized microspheres. The amount of each dye absorbed by the microsphere is 

precisely controlled so as to give rise to two or more reproducible fluorescent signals of precise 

intensities and emission peaks within a given population of particles. A series of such 

populations or subsets of beads are dyed in batches each one of them having predetermined ratio 

or proportion of two or more fluorescent dyes. Due to novel and improved method of staining, 

the particle-to-particle variation in the same batch is greatly reduced, which allows producing an 

unprecedented number of distinct populations of multicolored, fluorescent microspheres residing 

within optically uniform, tightly defined cluster. 

Accordingly, a set containing optically distinct precision stained microspheres is also 

claimed which would be useful for simultaneous analysis of a plurality of analytes in a same 

sample. In other words, said beads will provide a lot more than the use of stained beads found 

in the prior art since the number of analytes that can be measured simultaneously in a single tube, 

using a single sample aliquot is drastically increased. The fluorescent microparticle obtained by 

the inventive staining method is characterized by having at least two fluorescent dyes mixed 

within the body of the particle and each one of them capable of giving off, simultaneously, 

multiple fluorescent emission lights of predetermined color and intensity. The combination of 

notions relating to the emission peak corresponding to a given color and intensity of the 

fluorescent color as expressed in fluorescence channel units is generally termed as the 

fluorescence signal. The specific ratio or proportion of dyes at which they are mixed within a 

population of particles will determine the location of said populations on a fluorescence map, 

which allocates these populations according to fluorescent color and brightness. By using as little 
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as two dyes, e.g., orange and red, as many as 64 populations of beads are made each one distinct 

from another by subtle variations in unique fluorescence characteristics recognized by a flow 

cytometry apparatus. 

When each such population of beads, characterized by at least two fluorescent signals, 

is combined with an analytical reactant capable of binding a specific analyte in a clinical or test 

sample a powerful analytical tool is obtained, which can provide qualitative and quantitative 

assay results. The analytical method is also provided which is based on using multicolored 

fluorescent beads obtained by the instant invention. To achieve truly multiplexed analysis of a 

plurality of analytes in a sample, a third type of fluorescent signal, e.g., green fluorescent signal 

is provided, usually found in a label reagent, which is capable of binding the analyte of interest. 

Thus, methods of making multicolored beads, the beads themselves, multiple sets of such beads, 

and multiplexed methods of analyzing a plurality of analytes in a single sample are claimed by 

the instant invention. 

A method of staining polymeric microspheres with two or more fluorescent dyes is 

disclosed, which method comprises: (a) combining at least two fluorescent dyes in a solvent 

mixture comprising at least one organic solvent in which the at least two fluorescent dyes are 

soluble and at least one alcoholic solvent in which the at least two fluorescent dyes are less 

soluble, to provide a solution of mixed dyes which is further characterized as having the capacity 

to swell at least partially but not dissolve a plurality of polymeric microspheres, which is brought 

into contact with the solution; (b) contacting a plurality of polymeric microspheres with the 

solution for a period of time sufficient to provide uniform staining of substantially all of the 

members of the plurality of polymeric microspheres with the at least two fluorescent dyes, the 

at least two fluorescent dyes being selected such that on isolation and excitation of the dyed 

plurality of polymeric microspheres, a distinct fluorescence signal is emitted from each dye, the 

intensity of which emitted signal is proportional to the amount of the dye in the dyed plurality 

of polymeric microspheres. 

In a particular embodiment of the invention, the method further comprises dehydrating 

the plurality of polymeric microspheres. Such a dehydrating step is accomplished by washing 

the plurality of polymeric microspheres one or more times with an alcoholic solvent prior to 

contacting the microspheres with the solution of mixed dyes. In still a preferred method, the 

dehydrating step involves drying the washed microspheres or allowing the alcoholic solvent to 
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evaporate from the washed microspheres prior to contacting the microspheres with the solution 

of mixed dyes. 

Typically, the dyed plurality of polymeric microspheres is isolated by any manner well 

known in the art, including but not limited to filtration or centrifugation. It has been found 

desirable to obtain dyed plurality of polymeric microspheres in which at least one of the 

fluorescent dyes is diffused throughout the interior of substantially all of the members of the dyed 

plurality of polymeric microspheres, or in which the at least two fluorescent dyes are diffused 

throughout the interior of substantially all of the members of the dyed plurality of polymeric 

microspheres. Still other advantages can be gained by providing dyed plurality of polymeric 

microspheres in which at least one of the fluorescent dyes is diffused through only a portion of 

the interior of substantially all of the members of the dyed plurality of polymeric microspheres. 

In a specific method of the invention, the staining procedure further comprises preparing 

a series of the solutions having differing desired ratios of the at least two fluorescent dyes and 

further comprises contacting separate populations of a plurality of polymeric microspheres with 

the series of the solutions to provide multiple distinct populations or subsets of a plurality of 

polymeric microspheres, each distinct population or subset having a differing desired ratio of the 

at least two fluorescent dyes. 

It has been observed that the distinct fluorescence signals emitted from the at least two 

fluorescent dyes differ in their respective wavelengths by at least about 10 nm, preferably by at 

least about 30 nm and most preferably by at least about 50 nm. 

Hence, the present invention provides a population of polymeric microspheres 

substantially uniformly stained with at least two fluorescent dyes, each microsphere of the 

population upon excitation exhibiting at least two distinct fluorescence emission signals 

corresponding to the at least two fluorescent dyes, the intensity of each of the at least two emitted 

signals (i) being proportional to the amount of its corresponding dye in the microsphere, and (ii) 

exhibiting a coefficient of variation among all the members of the population, which is no greater 

than about 20 percent. In particular, preferred populations are those in which the intensity of 

each of the at least two emitted signals exhibits a coefficient of variation among all the members 

of the population, which is no greater than about 15 percent, more preferably no greater than 

about 10 percent and most preferably no greater than about 8 percent. In still other embodiments, 

the intensity of each of the at least two emitted signals exhibits a coefficient of variation among 
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all the members of the population, which is less than about 8 percent. 

The present invention offers, thus, a collection of distinct populations of polymeric 

microspheres according to the specifications described above, each population exhibiting an 

emission spectrum in a Fluorescence Bead Map, which is unique to the population. In specific 

embodiments, the collection comprises eight or more distinct populations of polymeric 

microspheres, preferably sixteen or more distinct populations of polymeric microspheres, more 

preferably twenty-four or more distinct populations of polymeric microspheres, most preferably 

thirty-two or more distinct populations of polymeric microspheres and still most preferably sixty- 

four or more distinct populations of polymeric microspheres. Generally, the collection is further 

characterized in that there is substantially no overlap between any of the sixty-four or more 

emission spectra associated with the sixty-four or more distinct populations of polymeric 

microspheres. 

Also contemplated by the invention, is a method of detecting simultaneously by flow 

cytometry a plurality of analytes in a sample, each of the analytes being recognized by a 

corresponding analytical reactant, comprising: (a) contacting the sample with a plurality of 

populations of uniformly stained microspheres, the microspheres having at least two fluorescent 

dyes uniformly mixed at a specific ratio within each microsphere of each the population, each 

population of the microspheres having a distinct analytical reactant bound to its surface, wherein, 

the reactant on each population of microspheres specifically interacts with one of the analytes 

in the sample; (b) providing a label reagent that specifically binds to the analyte and analyzing 

the microspheres to detect the label indicating binding of the analyte to the analytical reactant, 

and (c) determining the populations of microspheres having the fluorescent dyes mixed at the 

specific ratio within microspheres of each population to which the reactant is bound. 

Other objects of the invention will become apparent from the further discussions 

and detailed descriptions provided herein. 

Overview of the Invention and its Embodiments 

Recent developments in instrumentation have necessitated the concurrent development 

of multiple and precisely dyed microspheres that can emit multiple fluorescent signals 

simultaneously. This invention describes techniques for absorbing at least two squaric acid-based 

fluorescent dyes into polymeric, i.e., polystyrene particles. 
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The present invention describes techniques for precisely dyeing polystyrene microspheres 

of sizes ranging from approximately 10 nm to 100 hm in diameter. The size of particles is 

immaterial to this invention since the precision of the dyeing process is not affected. The only 

requirement is that particles are made of water-insoluble material but soluble in adequate 

solvents. The dyes employed are preferably squaric acid-based molecules that exhibit 

fluorescence extending into near infrared and/or infrared region, i.e., to ca. 1,000 nm. Use of 

other dyes may allow one to expand the range from the ultraviolet to infrared. This method 

allows for a highly reproducible process in which two or more dyes of independent concentration 

are absorbed uniformly into each microsphere, resulting in multiple fluorescent signals respective 

of the number of dyes present in the microsphere. 

The technology is disclosed enabling one skilled in the art to make a series of 

multicolored, fluorescent particles with unique fluorescence characteristics and using such 

particles for multiparameter analysis of a plurality of analytes simultaneously. 

4. Brief Description of Drawings 

Fig. 1 showing flow chart with sequential steps of dyeing polymeric particles using the prior art 

technique. 

Fig. 2 showing flow chart with sequential steps of dyeing polymeric particles using the instant 

invention. 

Fig. 3 showing two-dimensional flow cytometry chart illustrating wide optical distribution of 

two-color-dyed microspheres using the prior art technique. 

Fig. 4 showing two-dimensional flow cytometry chart illustrating tight clustering of two-color- 

dyed microspheres using the instant invention. 

Fig. 5 showing that prior art method allows no more than 6 subsets of multicolored bead 

populations on a Fluorescence Bead Map. 

Fig. 6 showing Fluorescence Bead Map for 64-Region Bead Set, indicating tight distribution of 

each bead subset fluorescence characteristics within boundaries prescribed by each region. 

5. Detailed Description of Specific Embodiments 

The invention provides novel polymeric beads or microspheres containing at least two 

fluorescent dyes. This invention further includes the improved method of making such beads by 
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mixing said beads with at least two fluorescent dyes combined at predetermined ratio so that 

optically distinct, multiple populations of multicolored beads are formed. These bead 

populations are easily discriminated as essentially non-overlapping clusters by visual detection 

methods such as microscopy or preferably by flow cytometry. The method of simultaneous, 

multiparameter analysis of a plurality of analytes is also provided whereby each distinct 

multicolored bead population would carry an additional analytical reactant, e.g., antibody, 

antigen, or nucleic acid probe, which would react with a specific analyte of interest in a sample 

containing the plurality of analytes. 

Polymeric microspheres used in this invention are commercially available from a number 

of vendors and range in size from 0.01 to 100 micrometers (pm) in diameter. Even though the 

microparticle can be of any size, the preferred size is 0.1-50 um, more preferably 1-20 um, and 

even more preferably 3-9 um. The sizes of beads in one set can be uniform or may differ in order 

to distinguish and classify them into further subsets according to their size. The size of the 

microparticle can be measured in practically any flow cytometry apparatus by so-called forward 

or small-angle scatter light. These subsets can be also further distinguished by different shape 

of microparticles. The shape of the particle can be also discriminated by flow cytometry, e.g., by 

high-resolution slit-scanning method. 

The preferred make of microspheres is polystyrene or latex material. However, any type 

of polymeric make of microspheres is acceptable including but not limited to brominated 

polystyrene, polyacrylic acid, polyacrylonitrile, polyacrylamide, polyacrolein, polybutadiene, 

polydimethylsiloxane, polyisoprene, polyurethane, polyvinylacetate, polyvinylchloride, 

polyvinylpyridine, polyvinylbenzylchloride, polyvinyltoluene, polyvinylidene chloride, 

polydivinylbenzene, polymethylmethacrylate, or combinations thereof. 

The microspheres will also contain 1 to 30% of a cross-linking agent, such as divinyl 

benzene, ethylene glycol dimethacrylate, trimethylol propane trimethacrylate, or N,N’ methylene- 

bis-acrylamide or other functionally equivalent agents known in the art. In preferred embodiment 

microspheres are made of polystyrene and contain 1 to 30% divinyl benzene. 

The beads may or may not have additional surface functional groups, such as 

carboxylates, esters, alcohols, carbamides, aldehydes, amines, sulfur oxides, nitrogen oxides, or 

halides. The functionality of the microspheres’ surface groups gives the microspheres their 

coupling capability allowing chemical binding of analytical reactants. In addition to functional 
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groups on microspheres the dyes themselves can also carry chemically reactive functional groups 

which in addition to groups listed above can also be carboxylic acid, carboxylic acid 

succinimidyl] ester, carboxylic acid anhydride, sulfonyl chloride, sulfonyl fluoride, hydrazine 

derivatives, acyl azide, isocyanate, haloacetamide, phenols, thiols, and ketones. These functional 

groups are useful for attachment of analytical reactants, i.e., classical, commonly used reactants 

such as antibody, antigen (hapten), digoxigenin, or nucleic acid probe. These may also include 

reactants that can form specific, high-affinity conjugates such as avidin-biotin, receptor-ligand, 

ligand-ligate, enzyme-substrate, lectin-carbohydrate, protein A-immunoglobulin, etc. For flow 

cytometry analysis the analytical reactants are commonly labeled with fluorescent tags or labels 

such fluorescein (FITC) or rhodamine. These light-emitting conjugates of a dye and analytical 

reactant are termed as label reagents. 

The analytical reactants can be also selected among fluorescent reporter molecules 

capable to react with a variety of analytes, e.g., O,, CO,, pH, Ca", Na’, K", or Cl as disclosed 

for example in U.S. Pat. No. 5,747,349 issued to van den Engh et al. 

Suitable solvents will be selected based on their ability to solubilize the particular class 

of hydrophobic dyes of interest. It is preferable that their solubility characteristics are 

substantially similar. The solvents can be acyl, aliphatic, cycloaliphatic, aromatic or heterocyclic 

hydrocarbons; the solvents may or may not have halogens, oxygen, sulfur, nitrogen, and/or 

phosphorous as either terminal groups or as integral parts of a ring or chain. Specifically, solvents 

such as toluene, xylene, hexane, pentane, acetone, DMSO, or methylene chloride can be used. 

In a preferred embodiment, chlorinated solvents, more preferably chloroform, are used to 

solubilize the squaric acid class of dyes, which are preferred dyes used in this invention. 

In one embodiment two fluorescent squaraine dyes are used, e.g., red dye which is 1,3-bis 

[(1,3-dihydro-1,3,3-trimethyl-2H-indol-2-ylidene)methyl1]-2,4-dihydroxy-cyclobutenediylium, 

bisGnner salt) and orange dye is 2-(3,5-dimethylpyrrol-2-yl) 

-4-(3,5-dimethyl-2H-pyrrol-2-ylidene)-3-hydroxy-2-cyclobuten-1-one. The molar ratio between 

first and second dye, when present in a bead, will preferably be between about 0 and 10,000, 

more preferably between 0.00001 and 2,000. Both dyes would preferably be excited at the same 

absorption wavelength, e.g., ranging from ultraviolet to about 800 nm, and emit fluorescent light 

at two distinct, essentially non-overlapping wavelengths distant from each other by at least 10 
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nm, preferably 30 nm, and more preferably by at least 50 nm. For example, the emission peak 

of the dye #1 is at 585 nm, and the peak emission of dye #2 is at 630 nm. 

The squaric acid based fluorescent dyes can be synthesized by methods described in the 

literature. See, for example, Sprenger et al. Angew. Chem., 79, 581 (1967); Angew. Chem., 80, 

541 (1968); and Maaks et al., Angew Chem. Intern. Edit., 5, 888 (1966). Briefly, one equivalent 

of squaric acid (1,2-dihydroxycyclobutenedione) is condensed with two equivalents of an active 

compound, such as a pyrrole, indoline, or aniline, and refluxed in a mixture of an alcohol and an 

aromatic solvent (such as benzene) under conditions that allow removal of water from the 

reaction mixture. The resulting dye can be collected and purified by a number of standard 

methods, such as recrystallization, distillation, chromatography, etc. Additionally, 

unsymmetrically substituted squaric acid compounds can be synthesized by methods such as 

those described by Law et al., J. Org. Chem. 57, 3278, (1992). Specific methods of making some 

of such dyes are well known in the art and can be found for example in U.S. Pat. Nos. 5,795,981; 

5,656,750; 5,492,795; 4,677,045; 5,237,498; and 5,354,873. Optionally such dyes will contain 

functional groups capable of forming a stable fluorescent product with functional groups 

typically found in biomolecules or polymers including activated esters, isothiocyanates, amines, 

hydrazines, halides, acids, azides, maleimides, alcohols, acrylamides, haloacetamides, phenols, 

thiols, acids, aldehydes and ketones. 

In addition to specific squaric acid dyes are used in this preferred embodiment, related 

dyes can be further selected from cyclobutenedione derivatives, substituted cephalosporin 

compounds, fluorinated squaraine compositions, symmetrical and unsymmetrical squaraines, 

alkylalkoxy squaraines, or squarylium compounds. Some of these dyes can fluoresce at near 

infrared as well as at infrared wavelengths that would effectively expand the range of emission 

spectra up to about 1,000 nm. | 

In addition to squaraines, i.e., derived from squaric acid, hydrophobic dyes such as 

phthalocyanines and naphthalocyanines can be also selected as operating at longer wavelengths. 

Other classes of fluorochromes are equally suitable for use as dyes according to the present 

invention. Some of these dyes are listed herein: 3-Hydroxypyrene 5,8,10-Tri Sulfonic acid, 

5-Hydroxy Tryptamine, 5-Hydroxy Tryptamine (5-HT), Acid Fuhsin, Acridine Orange, Acridine 

Red, Acridine Yellow, Acriflavin, AFA (Acriflavin Feulgen SITSA), Alizarin Complexon, 

Alizarin Red, Allophycocyanin, ACMA, Aminoactinomycin D, Aminocoumarin, Anthroyl 
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Stearate, Aryl- or Heteroaryl-substituted Polyolefin, Astrazon Brilliant Red 4G, Astrazon Orange 

R, Astrazon Red 6B, Astrazon Yellow 7 GLL, Atabrine, Auramine, Aurophosphine, 

Aurophosphine G, BAO 9 (Bisaminophenyloxadiazole), BCECF, Berberine Sulphate, 

Bisbenzamide, BOBO 1, Blancophor FFG Solution, Blancophor SV, Bodipy Fl, BOPRO 

1,Brilliant Sulphoflavin FF, Calcien Blue, Calcium Green, Calcofluor RW Solution, Calcofluor 

White, Calcophor White ABT Solution, Calcophor White Standard Solution, Carbocyanine, 

Carbostyryl, Cascade Blue, Cascade Yellow, Catecholamine, Chinacrine, Coriphosphine O, 

Coumarin, Coumarin-Phalloidin, CY3.1 8, CY5.1 8, CY7, Dans (1-Dimethyl Amino Naphaline 

5 Sulphonic Acid), Dansa (Diamino Naphtyl Sulphonic Acid), Dansyl NH-CH3, DAPI, Diamino 

Phenyl Oxydiazole (DAO), Dimethylamino-5-Sulphonic acid, Dipyrrometheneboron Difluoride, 

Diphenyl Brilliant Flavine 7GFF, Dopamine, Eosin, Erythrosin ITC, Ethidium Bromide, 

Euchrysin, FIF (Formaldehyde Induced Fluorescence), Flazo Orange, Fluo 3, Fluorescamine, 

Fura-2, Genacryl Brilliant Red B, Genacry] Brilliant Yellow 10GF, Genacry] Pink 3G, Genacryl 

Yellow 5GF, Gloxalic Acid, Granular Blue, Haematoporphyrin, Hoechst 33258 (bound to DNA), 

Indo-1, Intrawhite Cf Liquid, Leucophor PAF, Leucophor SF, Leucophor WS, Lissamine 

Rhodamine B200 (RD200), Lucifer Yellow CH, Lucifer Yellow VS, Magdala Red, Marina Blue, 

Maxilon Brilliant Flavin 10 GFF, Maxilon Brilliant Flavin 8 GFF, MPS (Methyl Green Pyronine 

Stilbene), Mithramycin, NBD Amine, Nile Red, Nitrobenzoxadidole, Noradrenaline, Nuclear 

Fast Red, Nuclear Yellow, Nylosan Brilliant Flavin E8G, Oregon Green, Oxazine, Oxazole, 

Oxadiazole, Pacific Blue, Pararosaniline (Feulgen), Phorwite AR Solution, Phorwite BKL, 

Phorwite Rev, Phorwite RPA, Phosphine 3R, Phthalocyanine, Phycoerythrin R, Polyazaindacene 

Pontochrome Blue Black, Porphyrin, Primuline, Procion Yellow, Propidium Iodide, Pyronine, 

Pyronine B, Pyrozal Brilliant Flavin 7GF, Quinacrine Mustard, Rhodamine 123, Rhodamine 5 

GLD, Rhodamine 6G, Rhodamine B, Rhodamine B 200, Rhodamine B Extra, Rhodamine BB, 

Rhodamine BG, Rhodamine WT, Rose Bengal, Serotonin, Sevron Brilliant Red 2B, Sevron 

Brilliant Red 4G, Sevron Brilliant Red B, Sevron Orange, Sevron Yellow L, SITS (Primuline), 

SITS (Stilbene Isothiosulphonic acid), Stilbene, Snarf 1, sulphO Rhodamine B Can C, Sulpho 

Rhodamine G Extra, Tetracycline, Texas Red, Thiazine Red R, Thioflavin S, Thioflavin TCN, 

Thioflavin 5, Thiolyte, Thiozol Orange, Tinopol CBS, TOTO 1, TOTO 3, True Blue, Ultralite, 

Uranine B, Uvitex SFC, Xylene Orange, XRITC, YO PRO 1, or combinations thereof. One 

skilled in the art would certainly know which one to select among such dyes as long as desired 
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emission and absorption properties as well as their hydrophobic properties are appropriate. The 

spectral properties of the fluorescent dyes should be sufficiently similar in excitation wavelengths 

and intensity to fluorescein or rhodamine derivatives as to permit the use of the same flow 

cytometry equipment. It is preferable that the dyes, however, have higher solubility in organic 

solvents and have improved photostability and quantum yields. These dyes will be combined at 

predetermined ratio and embedded into a microsphere vehicle and total dye quantity will be 

between about 0.00001% and 15% by weight to particle weight. This limitation is however of 

little consequence to the present invention for as long as the particle impregnated with said dyes 

is stable and usable for its intended purpose. 

Prior art method. 

The prior art method teaches staining carrier particles with a single dye only (see Fig. 1). 

However, for the purpose of a meaningful comparison and in order to be consistent with the 

thrust of the instant invention, the said method was adapted to stain with two dyes 

simultaneously. The prior art of dyeing large polymer particles (>5 um) as stated in “Uniform 

Latex Particles” by Leigh B. Bangs was performed and the general outline of the procedure is 

shown in Fig. 1 and obtained results are shown in Fig. 3. Briefly, the process is started by placing 

5 ml of undyed stock microspheres in an aqueous medium directly on a membrane covered fritted 

funnel. A vacuum pump pulled air through the microspheres plated onto the filter paper for one 

hour. Next, the dried microspheres were transferred to 50 ml of dye solution, covered, and stirred 

at room temperature over night. The next day the microspheres were separated by filtration from 

the dye solution and the dyed particles were placed in a vacuum dessicator for about four hours 

to remove residual solvent. Next is added 200 ml of Triton X-100 and water solution to the dried 

dyed microspheres in a 250 ml flask. The solution is stirred for three hours. The solution is 

filtered and the washing is repeated until no further dye is detected in the filtrate. The beads 

stained in this manner are tested for staining uniformity by flow cytometry (Fig. 3). It can be 

easily seen that, based on three separate experiments (tests A, B, and C), bead-to-bead variation 

at FL2 and FL3 parameters (CV or coefficient of variation) is rather high and inadequate (Table 

1) to satisfy the increasing demand for precisely dyed multicolored microspheres. 

General outline of the instant method. 
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As the demand and applications for precisely dyed multicolored microspheres increases 

the development of alternate processes to the aforementioned method is warranted. As a result, 

a modification of the prior art method has been developed which has proven to be the most 

efficient method for precision dyeing of the microspheres (see Fig. 2). This method takes one 

tenth or even less of the time of the previously mentioned method and significantly enhances its 

precision. As before, it is critical to remove almost all traces of water from the microspheres. To 

accomplish this a volume of stock microspheres in an aqueous medium is pipetted onto a vacuum 

filter membrane, and the liquid is removed and discarded. Next, 100 ml of the rinse solvent (an 

aliphatic alcohol, such as propanol, methanol, ethanol, etc.) are added to the microspheres. The 

microspheres are resuspended by placing an ultrasonic probe directly into the solution and 

applying power for several seconds or as needed to affect resuspension. The suspension is filtered 

and previous step is repeated once more. Dyeing of the microspheres is accomplished by adding 

50 ml of a dye solution (composed of one or more dyes in an organic solvent, as described 

below) to the filtering cup and resuspending as before. The suspension is allowed to sit for five 

minutes in the filtering cup. Next, 50 ml of rinse solvent is added to the dye suspension, 

sonicated and filtered. Another 100 ml of the rinse solvent is added, resuspended and filtered. 

The last step is repeated once more. In order to prepare the microspheres for storage, 100 ml of 

an aqueous medium is added to the microspheres, then sonicated and filtered. Finally, 50 ml of 

aqueous medium is added to the microspheres, sonicated and transferred to a storage container. 

In a particular embodiment of the invention, two squaric acid-based dyes are mixed in 

a solvent suitable for the complete dissolution of both dyes, such as chloroform. Ethanol is 

added to the solution to increase wetting of the microspheres, and to create a process-dependent, 

final solvent density that is less than that of the microspheres. The concentrations of each dye 

are experimentally determined as a function of the target fluorescence intensity at each of the two 

center wavelengths. These concentrations maintain their relative intensity throughout this 

inventive process. 

An important aspect of the present invention is the preparation of microspheres prior to 

the dyeing operation. Manufacturers often supply microspheres in an aqueous medium. It has 

been discovered that the surface of the microsphere that had been stored in aqueous medium must 

be treated to make it permeable to organic compounds. In a preferred embodiment, an amount 

of a polar organic solvent such as an alcohol is added to the microsphere solution to achieve 
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about a 50% mixture of the aqueous medium and the polar organic solvent. This ratio, however, 

may vary and adjusted at will according to particular needs that one may have or determined by 

chemical and physical properties of medium and solvent. 

An equally efficient and precise technique involves “drying” the microspheres through 

a series of alcohol, e.g., methanol, ethanol, 2-propanol, rinses. The process begins by spinning 

down the aqueous suspension of microspheres, typically 10% solids in suspension. The aqueous 

medium is decanted, and the beads are re-suspended in methanol. The alcohol solution at ca. 5% 

solids is vortexed, sonicated and spun down. This step is performed once or twice more. The 

excess alcohol is decanted from the pellet, and residual solvent is evaporated under vacuum. 

Test samples consisting of 0.05 gram of dried microspheres are used to help adjust the 

dye solution to its desired ratio. The dried 0.05 gram of microspheres are suspended in 0.5 ml 

of dye mixture containing two or more dyes of interest. The suspension of microspheres, now 

at 10% solids, is vortexed and sonicated into suspension. Once in suspension the mixture of 

microspheres and dyes is mixed for one hour. After that hour, the microspheres are spun down 

for a period of 1minute using a centrifuge. The dye solution is decanted back into the main flask, 

and the 0.05 g of microspheres are re-suspended in 1 ml of 90% of alcohol, e.g., methanol. The 

rinse step uses double the volume of the dye solution, thus maintaining a 5% solid solution. The 

sample is vortexed, sonicated and spun down. The methanol supernatant is decanted. The 90% 

methanol rinse step is repeated once more. Finally, the excess methanol is decanted from the 

pellet, and the microspheres are re-suspended in an aqueous medium. The resulting test samples 

are then tested to determine the fluorescence activity/intensity of the labeled beads. 

When the test samples show that the dye solution, indeed, has the precise ratios of the 

desired dyes, a macro-scale batch is conducted. The principle of macro-scale work up is identical 

to that noted above. Briefly, 25 ml of the desired dye solution is transferred to a 50 ml vial, 

which contains 2.5 grams of dried microspheres. The microspheres, now at 10% solids, are 

vortexed and sonicated. Once the microspheres are completely in suspension, it is mixed for an 

hour. After that hour the microspheres are taken out of the dye solution by centrifugation. The 

dye solution is decanted back into the main flask, and the 2.5 grams of microspheres are 

re-suspended in 50 ml of 90% methanol. The rinse step uses double the volume of the dye 

solution, thus maintaining a mixture of 5% solids. The sample is vortexed, sonicated and spun 

down. The methanol supernatant is decanted. This step is repeated once more. After the final 
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methanol rinse is decanted, the microspheres are put through an aqueous rinse. The aqueous 

supernatant is decanted, and the beads are then re-suspended and stored in a fresh aqueous 

medium. 

The following Examples are presented to illustrate the advantages of the present 

invention and to assist one of ordinary skill in making and using the same. These Examples are 

not intended in any way to otherwise limit the scope of the disclosure or the protection granted 

by Letters Patent hereon. 

Example 1. 

A single solution containing two different squaric acid dyes is prepared. One dye is a red 

fluorescent dye 1,3-bis [(1,3-dihydro-1,3,3-trimethyl-2H-indol-2-ylidene)methyl]-2,4-dihydroxy- 

cyclobutenediylium, bis(inner salt) and second dye is orange fluorescent dye can be 

2-(3,5-dimethylpyrrol-2-yl) 

-4-(3,5-dimethyl-2H-pyrrol-2-ylidene)-3-hydroxy-2-cyclobuten-1-one. The peak emission of dye 

#1 is 585 nm, and the peak emission of dye #2 is 630 nm. These dyes are chosen because they 

fall in the center of two of the fluorescence channels of a Becton Dickinson FACScan flow 

cytometer, which is the measurement device used to determine the precision of prior art dyeing 

techniques compared with this innovative new technique. The choice of fluorescence channels 

is, however, relative and immaterial since another flow cytometry apparatus may have different 

settings. 

Two samples of undyed microspheres are prepared. The first is dyed with the mixture 

of orange and red dyes using this innovative technique (shown Figs. 2 and 4), and the second is 

dyed using the prior art technique (Figs. 1 and 3). Samples are measured on the FACScan, and 

an X-Y plot is generated to show the relative homogeneity of each sample. X-axis represents 

brightness or fluorescence intensity of orange dye and Y-axis represents the same parameters of 

red dye. Mean intensities and coefficients of variation are also measured. It is clear that beads 

stained by the old method spread over much larger X-Y area, indicating that the ratio of orange 

and red dyes vary from particle-to-particle. In contrast, the coefficient of variation in the bead 

population dyed by the instant, improved method is much smaller. About 10,000 beads in each 

tests A, B, and C, were run in parallel with beads stained by Bangs method (Table 1). 
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Example 2 

To make another population of beads with different fluorescent characteristics the ratio 

of red/orange dyes is altered by an adequate increment in proportion of dyes so that obtained 

population optically does not overlap with the former population. The prior art failed to provide 

multiple populations of multicolored beads due to inevitable intra-sample heterogeneity resulting 

from inadequate staining process resulting in poor dye distribution from particle-to-particle 

within given staining batch. Thus, upon excitation with a light source, stained beads containing 

more than one dye failed to emit uniform fluorescence signals of desired intensity. The instant 

invention overcomes this problem and achieves construction of as many as 64 subsets of 

optically distinct beads by varying the ratio of just 2 dyes. This example is not in any way a 

limiting one since one of ordinary skill may easily generate smaller or higher number of bead 

subsets by using the instant teaching. One skilled in the art may appreciate that nothing even 

close to this achievement has ever been enabled in the actual practice. Although such an 

eventuality was theoretically speculated as a possible one, the prior art failed to teach one of 

ordinary skill how to arrive at that. 

The present inventors were able, for the first time, to reduce to practice the invention and 

representative experimental results of obtaining 64-bead population are shown in Fig. 6 and 

Table 2. The results illustrated in Fig. 5 show multicolored beads by using staining procedure of 

the prior art method. Due to imprecision in staining technique, which results in a wide dispersion 

of dyes ratio from bead-to-bead, no more than 6 subsets of multicolored bead populations can 

be fitted on a Fluorescence Bead Map. In contrast, Fig. 6 shows Fluorescence Bead Map 

containing 64 populations of beads, indicating tight distribution of each bead subset fluorescence 

characteristics within boundaries prescribed by each region. The cross-talk between various 

clusters is minimal. Most of the overlap is due to the presence of bead agglomerations which emit 

brighter signal but they are eliminated by size discrimination based on light scatter. 

In general, as can be readily glanced from Table 2, there is an unequivocal relationship 

between two dye concentrations in a given population of beads and location of said populations 

on X-Y map. Each location is assigned in terms of red (FL3) or orange (FL2) dyes intensity as 

expressed in linear fluorescence channels units which fall in approximately 470, 580, 690, 750, 

800, 900, and 990 series. For practical reasons, i.e., space limitation in the bead cluster, the last 

digit “0” is omitted. The first two digits in each bead population represents fluorescence intensity 
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of orange dye (FL2) and last two digits the intensity of the red dye (FL2). The fluorescent 

intensity increases as the numbers go higher. The beads with lowest intensity (4725) reside in 

lower left corner and brightest ones (9998) in upper right corner. As they move vertically up a 

column, both red and orange dye amounts in a bead must be increased. This is because there is 

a substantial amount of energy transfer from the orange dye to the red. When moving 

horizontally from left to right across a row, the red dye must be decreased in order to maintain 

a steady FL3 value. This is due to overlap of the orange dye spectrum into the red region, thus 

necessitating the increase in FL3 signal. In this manner multiple, non-overlapping populations 

of beads are constructed. Two parameters namely, a fluorescent color (red or orange) and color 

intensity or brightness (expressed in fluorescence channel units), are essential to classify obtained 

beads and are termed as a fluorescence signal. 

Hence, particular populations of beads are provided whose fluorescence characteristics 

or signals fall within a prescribed region depicted in a Fluorescence Bead Map. Typically, about 

80% or greater of the individual beads within a particular population of beads will exhibit 

fluorescence characteristics within the desired region, preferably about 90% or greater, more 

preferably about 97% or greater, most preferably about 99% or greater. For each set of beads, 

typically about 1% or less of the individual beads within a particular set of beads will exhibit 

fluorescence characteristics that fall within another, undesired region, preferably about 0.5% or 

less, more preferably about 0.3% or less, most preferably about 0.2% or less. 

While theoretically any number of populations or subsets can be present in each Bead 

Map, due to the limitations in the prior art techniques it is not possible to obtain more than 6 

subsets coexisting simultaneously. While theoretically it has been speculated that such subsets 

can be extremely valuable for multiplex analysis (see for example McHugh, “Flow Microsphere 

Immunoassay for the Quantitative and Simultaneous Detection of Multiple Soluble Analytes," 

in Methods in Cell Biology, 42, Part B, (Academic Press, 1994) so far there are no known 

examples in the art enabling and demonstrating the reduction to practice of tangible, multicolored 

beads. At best only 1 and perhaps a maximum of 5 population of beads containing various ratios 

of two dyes could have been possible. For example, U.S. Pat. No. 4,717,655 discloses such 

beads, however, the disclosure was not enabled and the method of incorporating dyes in these 

beads is by copolymerization process and as such it is unrelated to the instant invention. In 

contrast, due to a significant improvement over existing methodology it is now technically 
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possible to obtain 16-subset, 32-subset, 64-subset or even higher number of bead collections 

using the instant methodology. 

As an example 64-subset bead collection or 64 populations of beads were constructed 

each population differing from another by a distinct location on the X-Y plot. These locations 

essentially do not overlap. As opposed to the prior art methods which result in up to 10-20% or 

even higher rate of dispersion the instant method allows to obtain essentially homogeneous 

populations of beads with only 0.2 -0.3 % dispersion. As used hereinafter the term essentially 

non-overlaping populations means that only about 0.2-0.3 % of beads in each population may 

display an optical pattern or fluorescent signal which can be ascribed to the neighboring cluster 

of beads having the same set of fluorescent dyes but mixed at different ratio. This is a significant 

improvement over the prior art. 

Example 3 

Although multiplexed analysis capability theoretically would provide enormous 

benefit in the art of flow cytometry, very little progress has been previously achieved due to 

technical limitations in obtaining sufficient variety of multicolored, non-overlaping subsets of 

fluorescent beads. A review of some of these prior art techniques is provided by McHugh 

(see above). These methods have been unsatisfactory as applied to provide fully multiplexed 

assay capable of analysis of more than a few different analytes. In the prior art when beads 

were incorporating a combination of 2 dyes only 5 subsets of beads were allegedly obtained 

(U.S. Pat. No. 4,717,655 issued to Fulwyler). A set with maximum of six subsets is obtained 

using Bangs method (see Example 1) which is still insufficient for the purposes of truly 

multiplexed assay. 

A series of antibodies, antigens, or nucleic acid probes, collectively named hereinafter 

as analytical reactants, are attached to the beads by any of a number of conventional 

procedures such as by chemical or physical adsorption as described by Colvin et al., "The 

Covalent Binding of Enzymes and Immunoglobulins to Hydrophilic Microspheres" in 

Microspheres: Medical and Biological Applications, 1-13, CRC, Boca Raton, FL, 1988; 
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Cantarero et al., "The Adsorptive Characteristics of Proteins for Polystyrene and Their 

Significance in Solid-Phase Immunoassays," Anal Biochem, 105, 375-382 (1980); and Ilum 

et al., "Attachment of Monoclonal Antibodies to Microspheres," Methods in Enzymol, 112, 

67-84 (1985) 112, 67-84 (1985). 

After attachment of a reactant to the beads’ surface, aliquots from each subset are 

mixed to create a pool containing known amounts of beads within each subset. Preferably, 

the pooled set is prepared with equal volumes of beads from each subset, so that the set 

contains about the same number of beads from each subset or population. This pool is then be 

incubated with a fluid sample of interest, such as serum or plasma, to test for the presence of 

antibodies in the fluid that are reactive with antigens on the beads. Such incubation is 

generally performed under conditions of temperature, pH, ionic concentrations, and the like 

that facilitate specific reaction of antibodies in the fluid sample with antigen on the bead 

surface. After a sufficient period of time, the beads in the mixture are centrifuged, washed and 

incubated for another period of time with a "secondary" antibody such as, for example, 

fluorescein labeled goat anti human immunoglobulin. The secondary antibody or label 

reagent will bind to and fluorescently label antibodies bound to antigen on the beads. After 

washing (or without washing), the beads are processed by a flow cytometer and the four 

classification parameters forward light scatter, side light scatter, red fluorescence, and orange 

fluorescence are measured and used to identify the subset or population to which each bead 

belongs. A simultaneous measurement of green fluorescence (measurement parameter) for 

each bead allows one to determine whether the bead has antibody bound to it. Because the 

subset to which a bead belongs is correlated with the presence of a particular antigen, e.g., 

series of grass allergens, various substance abuse drugs, one may readily determine the 

specificity of the antibody bound to a bead as a function of the subset to which it belongs. 

Displacement or competition assay 

Assays for many substances in a clinical laboratory are based on the interference with 

specific ligand-ligate or antigen-antibody interactions. In these assays, one member of the 

ligand-ligate pair is labeled with the fluorophore or fluorochrome and one member is 
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immobilized on the beads. Soluble, unlabeled analyte, which may be ligand or ligate, is 

added to the reaction mixture to competitively inhibit interaction of the labeled component 

with the immobilized component. It is usually not important which member of the pair is 

labeled and which is immobilized; however, in certain assays, functional advantages may 

dictate the orientation of the assay. In an exemplary assay of this type, each bead subset is 

provided with an antigen. The antigen-coated beads are then reacted with labeled antibody 

specific for the antigen on the bead surface. Subsequent addition of a test fluid containing 

soluble analyte (inhibitor) will displace the labeled antibody from the beads in direct 

proportion to the concentration of the soluble analyte. A standard curve of known analyte 

concentrations is used to provide accurate quantification of analyte in the test sample. 

Nucleic acid analysis 

The power and sensitivity of PCR found its application to a wide variety of analytical 

problems in which detection of DNA or RNA oligonucleotide sequences is required. One 

major difficulty with the PCR technique is the cumbersome nature of the methods of 

measuring end-product, i.e., amplified DNA. A flow cytometric bead-based hybridization 

assay permits the extremely rapid and accurate detection of genetic sequences of interest. In a 

preferred embodiment of this invention, a bead to which a nucleic acid segment of interest 

has been coupled is provided. A PCR product of interest (or any other DNA or cDNA 

segment) is detected by virtue of its ability to competitively inhibit hybridization between the 

nucleic acid segment on the bead and a complementary fluorescent DNA probe. The method 

is sensitive and precise and allows the detection of single point mutations in the PCR product 

or DNA of interest. The multiplexed DNA analysis method can be applied to detect any PCR 

product or other DNA of interest for specific polymorphisms or mutations and one skilled in 

the art will recognize that numerous applications can be imagined such as presence of 

histocompatibility alleles associated with susceptibility to diseases, mutations associated with 

genetic diseases, autoimmune diseases, or mutations of oncogenes associated with neoplasia 

or risk of neoplasia. In a same way nucleic acid segments from pathogenic organisms such as 

bacterial, viral, fungal, mycoplasmal, rickettsial, chlamydial, or protozoan pathogens can be 
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detected simultaneously. 

Enzyme assays 

The invention is also useful for measurement of enzymes, enzyme inhibitors and other 

analytes. For example, bead subsets are generated with selected fluorescent substrates which 

are enzymatically cleaved from the bead, resulting in a loss of fluorescence. Enzymes that 

can be detected and measured using the invention include but are not restricted to, proteases, 

glycosidases, nucleotidases, and oxidoreductases. Any enzyme that results in selected bond 

cleavage can be measured. Alternatively, the action of the enzyme on the bead-bound 

substrate results in the formation or identification of a ligate for a fluorescent ligand present 

in the reaction mixture. The bead bearing the modified substrate then becomes fluorescent by 

virtue of binding of the fluorescent ligand to the newly formed ligate. Because each type of 

bead bearing the unique substrate can be distinguished, a mixture of bead subsets can be used 

to measure several enzyme activities simultaneously in the same reaction mixture. 

Fluids or samples with analytes that can be analyzed using these techniques include 

plasma, serum, tears, mucus, saliva, urine, pleural fluid, spinal fluid and gastric fluid, sweat, 

semen, vaginal secretions, fluid from ulcers and other surface eruptions, blisters, and 

abscesses, and extracts of tissues including biopsies of normal, malignant, and suspect 

tissues. 

The above examples can be used to perform most common immunodiagnostic and 

nucleic acid assays. Other applications such as high throughput screening of combinatorial 

chemistry libraries for discovering new drugs, environmental screening of pollutants, drug 

testing, food safety-related investigations, testing of multiple analytes for agricultural needs, 

etc, can be imagined. 

It is to be understood that, while the foregoing invention has been described in detail 

by way of illustration and example of preferred embodiments, numerous modifications, 

substitutions, and alterations are possible without departing from the spirit and scope of the 

invention as described in the following claims. 
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TABLE 1 

Sample FL2 (CV) | FL3 (CV) | Events 

Old Method 

A 24.2 25.9 10000 

B 27.7 25.5 10000 

C 27.7 23.2 10000 

Improved 

Method 

A 7.3 6.8 10000 

B 7.3 6.7 10000 

C 7.2 6.7 10000           
  

SUBSTITUTE SHEET (RULE 26)

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4109



WO 99/19515 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

    

PCT/US98/21562 

24 

TABLE 2 

Region 
47 series FL3 Red Dye (mM) | FL2 Orange Dye (mM) 

470/250 0.0495 0.00441 

470/340 0.104 0.0041 

470/415 0.0685 0.004 

470/470 0.388 0.00576 

470/525 0.458 0.0039 

470/580 0.981 0.00662 

470/635 0.132 0.00557 

470/690 1.831 0.00637 

470/745 3.84 0.01138 

470/810 11.29 0.0278 

Region 
58-series FL 3 Red Dye (mM) | FL2 Orange Dye (mM) 

580/250 0.0201 0.00994 

580/340 0.0582 0.00979 

580/415 0.0763 0.00161 

580/470 1.38 0.0256 

580/525 0.42 0.0114 

580/580 0.613 0.0162 

580/635 1.15 0.0132 

580/690 2.71 0.0267 

580/745 0.643 0.0248 

580/810 7.5 0.0489 

580/870 9.71 0.008       
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TABLE 2 
(Sheet 2 of 3) 

Region 
69-series FL3 Red Dye (mM) | FL3 Orange Dye (mM) 

690/360 0.048 0.024 

690/415 0.129 0.024 

690/470 0.226 0.023 

690/525 0.45 0.029 

690/580 0.89 0.0459 

690/635 1.11 0.0322 

690/690 2.45 0.07 

690/745 2.88 0.0624 

690/810 5.54 0.185 

690/870 5.68 0.145 

750/940 10.52 1.07 

Region 
80-series FL 3 Red Dye (mM) | FL2 Orange Dye (mM) 

800/415 0.0465 0.15 

800/470 0.123 0.131 

800/525 0.226 0.061 

800/580 0.504 0.0835 

800/635 0.62 0.0805 

800/690 1.18 0.118 

800/745 | 1.7 0.113 

800/800 3.06 0.218 

800/870 5.7 0.31 

800/940 7.54 0.806 

950/940 7.93 0.736       
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TABLE 2 
(Sheet 3 of 3) 

Region 
90-series FL 3 Red Dye (mM) | FL2 Orange Dye (mM) 

900/510 0.084 0.0017 

900/553 0.0666 0.0146 

900/596 0.138 0.0913 

900/645 1.29 0.253 

900/690 0.861 0.298 

900/734 0.699 0.229 

900/779 0.984 0.214 

900/823 1.13 0.435 

900/867 2.61 0.381 

900/912 3.41 0.579 

900/953 4.88 0.861 

Region 
99-series FL 3 Red Dye (mM) | FL 2 Orange Dye (mM) 

990/600 ”| ------ 0.274 

990/640 0.125 0.21 

990/680 0.21 0.268 

990/720 0.472 0.216 

990/760 0.712 0.275 

990/800 0.82 0.278 

990/840 1.12 0.446 

990/880 1.87 0.431 

990/920 3.24 0.477 

990/980 2.93 0.763 
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What is claimed is: 

1. A method of staining polymeric microspheres with two or more fluorescent dyes 

comprising: 

(a) combining at least two fluorescent dyes in a solvent mixture comprising 

at least one organic solvent in which the at least two fluorescent dyes are soluble and at least one 

alcoholic solvent in which the at least two fluorescent dyes are less soluble, to provide a solution 

of mixed dyes which is further characterized as having the capacity to swell at least partially but 

not dissolve a plurality of polymeric microspheres, which is brought into contact with said 

solution; 

(b) contacting a plurality of polymeric microspheres with said solution for a 

period of time sufficient to provide uniform staining of substantially all of the members of said 

plurality of polymeric microspheres with the at least two fluorescent dyes, 

said at least two fluorescent dyes being selected such that on isolation and excitation of 

said dyed plurality of polymeric microspheres, a distinct fluorescence signal is emitted from each 

dye, the intensity of which emitted signal is proportional to the amount of said dye in said dyed 

plurality of polymeric microspheres. 

2. The method of claim 1, which further comprises dehydrating said plurality of 

polymeric microspheres. 

3. The method of claim 2 in which the dehydrating step comprises washing said 

plurality of polymeric microspheres one or more times with an alcoholic solvent prior to 

contacting same with said solution. 

4. The method of claim 3, which further comprises drying said washed microspheres 

or allowing the alcoholic solvent to evaporate from said washed microspheres prior to contacting 

same with said solution. 
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5. The method of claim 1, which further comprises isolating said dyed plurality of 

polymeric microspheres by filtration or centrifugation. 

6. The method of claim 1 in which at least one of said fluorescent dyes is diffused 

throughout the interior of substantially all of the members of said dyed plurality of polymeric 

microspheres. 

7. The method of claim 1 in which said at least two fluorescent dyes are diffused 

throughout the interior of substantially all of the members of said dyed plurality of polymeric 

microspheres. 

8. The method of claim 1 in which at least one of said fluorescent dyes is diffused 

through only a portion of the interior of substantially all of the members of said dyed plurality 

of polymeric microspheres. 

9. The method of claim 1, which further comprises preparing a series of said 

solutions having differing desired ratios of said at least two fluorescent dyes. 

10. The method of claim 9, which further comprises contacting separate populations 

of a plurality of polymeric microspheres with said series of said solutions to provide multiple 

distinct populations or subsets of a plurality of polymeric microspheres, each distinct population 

or subset having a differing desired ratio of said at least two fluorescent dyes. 

11. The method of claim 1 in which the distinct fluorescence signals emitted from 

said at least two fluorescent dyes differ in their respective wavelengths by at least about 10 nm. 

12. The method of claim 1 in which the distinct fluorescence signals emitted from 

said at least two fluorescent dyes differ in their respective wavelengths by at least about 30 nm. 
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13. The method of claim 1 in which the distinct fluorescence signals emitted from 

said at least two fluorescent dyes differ in their respective wavelengths by at least about 50 nm. 

14. The method of claim 1 in which at least one of said emitted signals is orange and 

at least another emitted signal is red. 

15. The method of claim 1 in which the distinct fluorescence signals emitted from 

said at least two fluorescent dyes exhibit wavelengths falling in a range between about 500 nm 

and about 1,000 nm. 

16. The method of claim 1 in which said organic solvent comprises acyl group- 

containing, aliphatic, cycloaliphatic, aromatic, halogenated, or heterocyclic hydrocarbons. 

17. The method of claim 16 in which said organic solvent is selected from the group 

consisting of chloroform, toluene, xylene, hexane, methylene chloride, pentane, acetone, or 

DMSO. 

18. The method of claim 1 in which said at least two fluorescent dyes have 

substantially similar solubility characteristics in the organic solvent of said solvent mixture. 

19. The method of claim 1 in which said alcoholic solvent is selected from the group 

consisting of 2-propanol, methanol, ethanol, isopropanol, butanol, or pentanol. 

20. A population of polymeric microspheres substantially uniformly stained with at 

least two fluorescent dyes, each microsphere of said population upon excitation exhibiting at 

least two distinct fluorescence emission signals corresponding to the at least two fluorescent 

dyes, the intensity of each of said at least two emitted signals (1) being proportional to the amount 

of its corresponding dye in said microsphere, and (ii) exhibiting a coefficient of variation among 

all the members of said population, which is no greater than about 20 percent. 
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21. The population of claim 20 in which the intensity of each of said at least two 

emitted signals exhibits a coefficient of variation among all the members of said population, 

which is no greater than about 15 percent. 

22. The population of claim 20 in which the intensity of each of said at least two 

emitted signals exhibits a coefficient of variation among all the members of said population, 

which is no greater than about 10 percent. 

23. The population of claim 20 in which the intensity of each of said at least two 

emitted signals exhibits a coefficient of variation among all the members of said population, 

which is no greater than about 8 percent. 

24. The population of claim 20 in which the intensity of each of said at least two 

emitted signals exhibits a coefficient of variation among all the members of said population, 

which is less than about 8 percent. 

25. The population of claim 20 in which the at least two fluorescent dyes are 

hydrophobic. 

26. The population of claim 25 in which the at least two fluorescent dyes comprise 

squaric acid-based dyes. 

27. The population of claim 26 in which said squaric acid-based dyes are selected 

from cyclobutenedione derivatives, symmetrical and unsymmetrical squaraines, substituted 

cephalosporin compounds, fluorinated squaraine compositions, alkylalkoxy squaraines, or 

squarylium compounds. 

28. The population of claim 26 in which said squaric acid-based dyes are selected 
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from a red fluorescent dye and an orange fluorescent dye. 

29. The population of claim 28 in which the red fluorescent dye comprises 

1,3-bis[(1,3-dihydro-1 ,3,3-trimethyl-2H-indol-2-ylidene)methy]]-2,4-dihydroxycyclobutenediyliu 

m, bis(inner salt) and said orange fluorescent dye comprises 2-(3,5-dimethylpyrrol-2-yl)-4- 

(3,5-dimethyl-2H-pyrrol-2-ylidene)-3-hydroxy-2-cyclobuten-1-one. 

30. The population of claim 20 in which said microspheres comprise polystyrene, 

brominated polystyrene, polyacrylic acid, polyacrylonitrile, polyacrylamide, polyacrolein, 

polydimethylsiloxane, polybutadiene, polyisoprene, polyurethane, polyvinylacetate, 

polyvinylchloride, polyvinylpyridine, polyvinylbenzylchloride, polyvinyltoluene, polyvinylidene 

chloride, polydivinylbenzene, polyglycidylmethacrylate, polymethylmethacrylate, or copolymers, 

blends, composites, or combination thereof. 

31. The population of claim 20 in which said microspheres further comprise at least 

one analytical reactant bound covalently to functional groups present on the surface of said 

microspheres or passively adsorbed to the surface of said microspheres. 

32. The population of claim 20 in which said microspheres have a diameter between 

about 10 nm and 100 um. 

33. A collection of distinct populations of polymeric microspheres according to claim 

20, each population exhibiting an emission spectrum in a Fluorescence Bead Map, which is 

unique to said population. 

34. The collection of claim 33 which comprises eight or more distinct populations of 

polymeric microspheres. 

35. The collection of claim 33 which comprises sixteen or more distinct populations 
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of polymeric microspheres. 

36. The collection of claim 33 which comprises twenty-four or more distinct 

populations of polymeric microspheres. 

37. The collection of claim 33 which comprises thirty-two or more distinct 

populations of polymeric microspheres. 

38. The collection of claim 33 which comprises sixty-four or more distinct 

populations of polymeric microspheres. 

39. The collection of claim 38 in which there is substantially no overlap between any 

of the sixty-four or more emission spectra associated with said sixty-four or more distinct 

populations of polymeric microspheres. 

40. A method of detecting a plurality of analytes in a sample, each of said analytes 

being recognized by a corresponding analytical reactant, comprising: 

(a) contacting said sample with a plurality of populations of uniformly stained 

microspheres, said microspheres having at least two fluorescent dyes uniformly mixed at a 

specific ratio within each microsphere of each said population, each population of said 

microspheres having a distinct analytical reactant bound to its surface, wherein, said reactant on 

each population of microspheres specifically interacts with one of said analytes in said sample; 

(b) providing a label reagent that specifically binds to the analyte and 

analyzing the microspheres to detect said label indicating binding of the analyte to the analytical 

reactant; and 

(c) determining the populations of microspheres having said fluorescent dyes 

mixed at the specific ratio within microspheres of each population to which the reactant is bound. 
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DISSOLVE APPROXIMATELY ONE GRAM 
OF AN OIL-SOLUBLE DYE IN 50 ml OF 
XYLENE, METHYLENE CHLORIDE, OR 

OTHER APPROPRIATE SOLVENT 
  

  \ 

  

ADD APPROXIMATELY 4g. OF DRY 
COPOLYMER PARTICLES TO THE DYE 

SOLUTION 
  

  \ 
  

STIR GENTLY AT ROOM TEMPERATURE 
OVERNIGHT 
  

  \ 
  

REMOVE THE SOLVENT AND EXCESS 
DYE BY FILTRATION ON A FITTED-GLASS 
FUNNEL. DO NOT WASH THE PARTICLES 

WITH MORE SOLVENT. 
  

  \ 
  

PLACE THE DYED PARTICLES IN A 
VACUUM DESICCATOR AND APPLY 

VACUUM FOR ABOUT FOUR HOURS TO 
REMOVE RESIDUAL SOLVENT. USEA 
"DRY ICE" TRAP TO CATCH SOLVENT 
PUMPED OFF. PARTICLES MAY BE 

CHECKED PERIODICALLY FOR TRACES 
OF SOLVENT STILL REMAINING. 

  
  \ 

  

SUSPEND THE PARTICLES IN A SOLUTION 
OF 0.5g. OF TRITON X-100 + 200 ml OF 
WATER. STIR FOR THREE HOURS. 

  
  \ 

  

FILTER OFF THE SURFACTANT SOLUTION 
ON A FITTED-GLASS FUNNEL. 

  
  \ 

  

REPEAT WASHING STEPS UNTIL THE DYE 
IN THE WASH SOLUTION HAS BEEN 

REDUCED TO AN ACCEPTABLE LEVEL.   HE PARTICLES ARE NOW READY FOR USE 
      4 
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DYES IN A 40/60 CHLOROFORM/ETHANOL 

SOLUTION. 
  

  ( 
  

ADD APPROXIMATELY Sml OF WET 
POLYMERIC PARTICLES TO A 100 ml 

FILTERING CUP. FILTER. 
  

  \ 
  

ADD 100ml OF 2-PROPANOL TO THE 
FILTERING CUP. SONICATE THE POLYMERIC 
PARTICLES BACK INTO SOLUTION. FILTER. 
REPEAT THIS STEP ONCE MORE MAKING 
SURE THE LAST OF THE REMAINING 2- 

PROPANOL HAS BEEN FILTERED 
THROUGH. 
  

  \ 
  

ADD 50 ML OF THE DYE SOLUTION TO 
THE DRY POLYMERIC PARTICLES. 
SONICATE TO HOMOGENEOUS 

SOLUTION. STAIN FOR TWO TO FIVE 
MINUTES. FILTER 
  

  \ 

  

ADD 100 ml OF 2-PROPANOL TO THE 
FILTERING CUP. SONICATE THE 

PARTICLES. FILTER. REPEAT WASHING STEP.   
  \ 

  

ADD 100 ml OF ULTRA PURE WATER. 
SONICATE . FILTER. 

ADD ANOTHER 50 ml OF PURE WATER 
AND SONICATE. THE PARTICLES ARE 

NOW READY TO USE.       
  \ 
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents, 

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a 

Post Card, as described in MPEP 503. 

New Applications Under 35 U.S.C. 111 

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR 

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this 

Acknowledgement Receipt will establish the filing date of the application. 

National Stage of an International Application under 35 U.S.C. 371 

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35 

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a 

national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course. 

New International Application Filed with the USPTO as a Receiving Office 

If a new international application is being filed and the international application includes the necessary components for 

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number 

and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning 

national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of 

the application. 
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HR apphication No. 
WRITTEN GEENTION OF THE TREE Nc 

INPERNATIONAL SEARCHING AUTHORITY PONVUS 72s 
  

  Supplemental Box 

            

  

  

in case the space in any af the preceding Boyes is not sufficient. 
Comtireation off 

ow Continued from Frevious Supptemantal Bax?" 

          

  

    

  

  @ set of paved olignmuc hh) commlanien 
i fure mohecuigs} enecic fcomp STR for bendin. Wie Gf ragaph {O003)), sang set of pairad ofgonucmctides conborising a ratio haired probe labeled nucleic a ff U capture molecules} would inereniiy have a ratio: paragraph (G04) of 局) functional otigoructentides intimer cligenucsotide (functonad: Saragraph [904 1]}, but Catach dogs na disclose {a} competitive ohgnueotide, wherein fe compethve igonumentides ara ¢ Sto cornipate with the functional aiganuceatides far bin ing ie che Rudiet acid target curing amoltieation of ang wih the polymerase chain reaction aad are not rile J poly rescira ses. 

Lode discloses 3 compos 
larget nuctels acid Cproviding a set of palrent akgems 
said sel of patred ofiganucte 
rate, paragraph [00325 of fa) corp 
oligonucleotides (abel probe ohgen 
wherein the competitive CPOs a 
farget during amplticatic 
polyersgse, 
Wave, Siair, Caliech, and Lode, faif to diselos 
ate configured io compete with i 
nucleic acid with the polyrerase 
probe aigonucleoiide with a f 
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PCT Recordation of Search History 

Case/PCT Application Number: POTIUS 17/24933 

CLIN Number/Technical Field of PCT Application: 008 Chemistry 

Dates During Which the Search was Conducted: 25 May ~ 03 June 2017 

Date of Completion of Recordation of Search History Form: 03 June 2017 

Research Analyst Initials: TEW 

Search Approval Official {SAQ} Initiais: DGF 

Field of Search/Classification Information: 

IPC(8) Classifications: AG1K 3477088. 31/711, 34/713: COTH 21/00, 21/04: C120 1/688: GOIN 21/64, 33/532, 33/533, 33/542 (2077.04) 

CPC Classifications: AG1K 34147088. 347711 34/713 COPE 21/00, 24/04 CiZQ HGR 188 16680868 1/8854, 2064/1049, 2564/1413. GOIN 21/84, 33/532, 33/833, 33/542 

Databases Searched (Patent and Non-Patent Literature (NPL), Including Sub- Databases and Files Searched) and Search Terms Used: 

PatSeer (US, EP, WO. JP. DE, GB, CN. FR KR. ES. AU IN CA Other Counties UNPADOC) RU AT CH. TH BR, PH}. EBSCO, Googie Scholar PubMed: 

target nucleic acid, PCR, gPCR. competitive oligonucleotides. competitive probes, dimming probes, non-fuorescing probes. target probes, signal oligenucleotides. Ruarescent probe, fluorephore, functional oliganucleatides,
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Database Search String Recordation, Including Dates of Searches: 

Patent Database Search Strategy/Results: 

PatSeer (US, EP, WO, JP, DE, GB, CN. FR. KR. ES IN, CA, Other Countries 
(NPADOC), RU, AT, CH, TH, BR, PH): 

      

Search String 
      

  

TACDY (DNA OR nucleic” acid OR RNA OR deoxyr bonuc Pa acid* Ok 

“RNAST AND omni Wid (GNA OR nucleic’ acid* OR RNA OR. 
deoxyribonuch acid® OR DNAs OR "DNA" OR ribonucl_acid* OR “DNAs” 
OR “RNA” GR RNAs OR’ "RNAS"}} AND icornpetit®, probe” OR 
competi oligonuciestid” OR competit®_captur’ _Pnotecui) AND 
(Gunction®_oligonucieotid® OR signal*_cligonucieotid OR Fhiorese _probe” 
OR fusresc*_oligonucieotia’) w10 fextend*}}} 

  

. oe ae 有 

  

oF Ba June TP 

        6135 | TACO {DNA OR nucieic* acid’ OR RNA OR deaxyribor EL acid® OR 
: DNAs OR “DNA" OR ribonuci*_acid* OR “DNAs” OR RNA OR RNAs OR 
"RNAS" AND (ampli?) W410 (DNA OR nucleic’ acid OR RNA OR 
deoxyribonuch acid OR DNAs OR “DNA* OR ribonuc!’_acid* OR "DNAs" 
OR "RNA" OR RNAs OR "RNAs"}) AND (compet probe? OR 
compett™_oligonucteotid™ OR competit* _oaptur’ molecul) AND 

: (function*_oligonucleotid* OR signal’_oligonucleotid® OR fluores” probes 
OR fluoresce” oligenucieotid’)) 

  

    

824) 3edun-t? 

        TAC (DNA OR nucleic’_acid* GR RNA OR R deoxyribonucl acid’ OR DNAS   
   

            
           

   
          
      

  

  

   

   

      

   

   

  

   

  

  

'TACD: ifamplifies wid (ne cles acid® arn 
i seth w5 (Coligonuc Ho dss of “nucleic ack 
(Ohgonucleotides ar "nucleic acids" or prob 

| toligonucieotides or “nucleic acids” ot probes 
_Teaction® or PCR or oP CR} and SOMERS. 半 : 

  

  

  

2   
   过 3 i 

  

    

  

TACO: (famolifie’) wit 0° nuciel ic > acid” 
sat} wo (oligonucleatides or" 

‘ foligenuciectides or “nucleic aci 
jokgonucleatides or “nucleic aci 
reac hor’ or POR or rapCR， 

       
    

OR “DNA OR ronucP _acid OR "DNAS" OR “RNA” OR RNAs OR 
"RNAs" AND Kampliy W1d (DNA OR nue igi” ack’ OR BNA CHS ， 
Secxyribenach acid OR O NAS OR "ONA” OR ribonuci*_seid* OR "DNAS | 

: OR "RNA" OR RNAs OR “RNAS"Y AND fcommetit i 
: compel argon core O OR comme’ cay | 

: Raker chon” f | 

AUC 4 OR 
| DNAS OR SONA OR mbonud SO OR CDNAS | 
上 OR “RNA OR RNAs OR: RNAS")) AND (competit’_prob 

| TOnuc isohd* OR com petit cant. 0 3 : 
: (function oligonuclectia? OR Sere’. ms) igonuciect ese” probe’ | 
， OR fluoresc* -lgonac jsetd) 

1 a 

ty
 "EE 和 

人 本 une   we
d 

  

  

TACD: (famplific’s wi0 (nucleic seid” or oligonucleotides)) and ttpaired 和 “1
 

4 : 88) wS (ohgonucieotides or "nucleic acids” oF probes} and (competitive w4 
: feaigonucd ides 0 or ue Ic ac cies" or md Functional wS 
: foligonuc! le 

    

    

      

ie
 

te
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    上 28 

(competitive wa (cligonucleotides or “nucleic acids” or probes) 

  

a) ({paired or set) w5 (oligonucleotides or “nucleic a aids or prob Mesh and 
a and 

(functional wS (oligonucleotides ar" mucieic acids” or (probes) jj 
        TAG (amptifie’ level 二 位 个 nucleic acid" er oligonuciectic 

  

and (paired | B 
of seth w (oligonucleotides or: ‘nuclei acids" or probes}) and icompetitive 
5 > {cligonuclectides or “nucleic acids" or probes)} and (functional wS 
olfe (oligenucieotides or ucleig acids” or probes)) 

  

    

        

or sat) w5 foligonuct! eotides or’ "nucleic acids" 0 or probes) ; and { f¢ competitive 
wd (oligonucleotides or “nucisic acids" or probes}) and (functional ws 
(oligonucleotides or “nucleic acids” or probes} 
    
  

\ TA (target"_nucieic*_acid* or target malecu He ¢ or " target BNA of target gene i435 
| OF target_polynucleotide) AND TACD: (ipaired (DFIMers or 

competi pofynuciectide CR cormoent* 

| Of functional primer or signal primer or flurese* primer ci (signal ww 

  
Q igonucleatides or “capture molecules") and (conus ait oflgonucleotid® or | 

mrobe* OY Co De * oriner or 

   
      

capture Feat } AND (signal* _oligonuc lead’ OR 
Auoresc* oligonucieotid® OR fluoresc*_probe* or funeviona! _oligonucleotid™ 

capture molecule) and (((signal or first} w5 intensity) or ampiit" i 
        fo

 
{r
 TAC (target*_nucleic*_acid* or target molecule or target DNA or 

target_gene} AND TAC: {(competit®_oligenucleatid’ OR compet” probe* or 
Competit*_primer or capture _matecul*} AN isignal’_ofiaonucleatiq? OR 
flucresc”_oligonucleotid* OR flucresc*_probe* or functional aligonucieotid? 
or functional_primer or signal primer or Moras" prime oF (signal: Ww       
  

30-May-17   
  

    

» TAN (target we {oligonucleotide ar “Nuc! 
i {fcornpetitive w5S folgonucieot de 

: of prabe}} and {si 

  

Capture molecules} and (signal or BSE a 

    

    
Wortucigotide on 

             TAC. (oligonur des 

  

    

UN s r "Nucleic acid” or Dt 
3 “igonuciec Mide or pre be} 

    

  

  

TAC (ol igon runeotide or "Nuclei © acd 9 
: ¢ryiuitl Snails we coding) 

  

    

   

        

   

  

-May-TY 

  

    

   

  

Leo | yews { C Nucleic acid’ or £ SNA) AND TACE G | Cmulth analyte" w5 coding) _ ee 7 - 
Ls TAC (targe or detect") wS (“Nucigic acig or RNA AND 75 i 2¥-May-1 TACO ({competitive w5 (oligonucleotide or probes)} and ¢ iisiqnal ar | 

机 uerscen” } w65 (probe oro figonucieotidely) AND CPC: PC42GQ32564489 Gr | 
20258 1/413") 

Lig: fe (larget or sleet W 

  

  
  CPC CC 1202681 OF 

    

  

    probes}} and ((signat or fuorscen’ | } we (6 

| °GO1NG3/542")} 

   gi-May-17 

  

    W 

CPO('C120256 1/101" of 

or 

4 

        

Cotfarget or ¢ Eee WS ate icleic aad” ar a ARTS 
TACO Creal, ime” or “orn ult, _ plex” of ruth 
“polymerase chain 3 ace oy ang coor o@tiiive wS { is ae

 -
 名 

~ ie ruc 

  

   
ro 

CES: (CAGIKS 1/7088" 0 or “ABTRST/7 19" Or “AS tt oun 

“CF He v/Gd* Jand COPOV6S” or “C2686 oF: 
"C120 T6851" of "GOIN? 1/64" or "GOINS3/539" ar " C01 

    

SPC UAB IRS 17088" oF “ASTAS T7447" or “ABTK 
| COPH2 04") and (C120 1/68" of "O12 01/688" 
      

  

of-May-1F | 
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          | CTO 16854" or "GAINS Ta” oy "GOING 
“GOIN3S/542°9) 

  

                

  

      

  

   

  

    
            

    

  

                       

   

  

  

   
      

L14 | TAC: A(larget or detects wi ("Nucleic acid” or CNA HOS ) 27-May-17 | TACD: ("real_fime" or "multh plex" or mintioles) wS (oer or aper or 
"polymerase chain reaction”) j and icompetitive ws (oligonucleatide or probes}} and (signal or fluors¢ cen" y we | ‘probe of ofigonucleotide)}}) AND IC (CAB1K31/7088" of “AB1K3 1 it or “AGB TKS 34 are of “CO7H2 1/00" or "COTH2 1/04") and (°C12Q1/68". or"GOTN2 84" or "GO1N33/532" or {oo end “GOINSS533" oF “GOIN33/542"5) 4 L13 } TAC: (target or detect*} w8 ("Nucleic acid” or DNAS) AND 2071 27-Maya7 : TACDA( real time" or "mutti_plex” or multigiey’ per or qper or | polymerase chains reaction” } and Ucommetitive or sr signal) wh ciigonucieotide ar probes}}) AND iC{/"A61 KOE O88" of "ABT KAP 141" or i ASKS UTS" Or “COPHE 1/00" of “COYH? and eee or | a GOIN2 1/64" or “GOIN33/532" 5 | :TRACErgetor detect) ws vN 
PACD: iCreal_time™ or “aU 
“polymerase chain reac Hons). AND } 

   
   

  

at Spor 6 or   ! 1c VAG I BB" oF “ABTRS TUFTS of | ABTK31/7 13" OF “OTH? 1/00" or Co7iern OAS St i. POTZO VEE” of ; 7 GOINe 2164" Of GOIN 3/532" oF GOING “or “GOIN N33542           

    acid" or DNAS AND 7 27887 OF Maye CCA61K347088" oF poretiatt or “AB IK? 13" ar "COTH21/ So" or 
Got N2 1/84" of “GO IN33/530" ¢ | °COPH2 1/04") and (°C12Q 1/68" or ' 

+8 "601 IND 538" ar "GO INS3I642"),         

  

       
   

   

   

    or “GOIN? 164     
    

       
      

Bey nuole . © acids 
i OF olgona cleotide: or hybridization} 

w5 fo onucleatide or probe}} ante 

peuive wh inrabh Ne 
IGnal er reporter} 
vmerase ET 

      

   
5 {detects     

  

          t 

   

    

   

   

      

  
    

{ 4 

   
i oor oligonuclenticea 
Dw | oligo UC! ac tide   

    

    

     

    

   

| signai " pligonucieotio” OR fiuorese’ _ 
i AND (per OR goer OR po RSTSSe 四 
Ls TACD target’ nucleic* 

(icompeti®® . _dligonucleotic: * OR compet 
(signal_otigonucleatid*® GR Hur 
AND (ner OR per OR polyme 

LS TAC Itarget” nuc eic*_acid* ar tarqet_ 
iicompetit® _oligonucieatid® OR competi op 

| (signal _ofigonucleotid* OR fucrese* 
LAND {ect OR ABE OR polymerase 
TAY 本 

(tcompeii _ol igonucigc 
| feignal*_ollgonucleati 
_AND {ocr OR qper 
ASN {chromacode) oe 
TACD: multe -analyte® ar p repeti tye or signal} we { probes or | oligonucieotides))} AND IN acky wa Lucien} or (Rajagopal w3 Aditya} or | __ {Menge w3 Karern or (Goseh wa Gr 

*_probe®) 
BS : ten sry} x 

  

        

  

  

  

          

     

  

         

  

    
  

     

  

   

         Re be. 
fen target EEC 

OR competi’ 

OR fuoresc* ot 

   

“OR fluoresce” prabet 
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  Put | INV (Glacky w3 Lucien} or (Rajagopai w3 Adiiyaj of (Menge w3 Karen) or (482) OP Maya? | | (Gosch w3 Gregory} sense ee 
| 

  

  

  

Non-Patent Literature (NPL) Search Strategy/Results: 

Google Scholar: 25 May 2017 (25.05.2017) 

Sea ch 1 Terms ee 

“target nucleic aci ids") AND ({“competitive o ligonucleotides" OR “competitive : 3 | Probes”) AND ("signal ol igonucleotides" OR “fluorescent oligonucleotides" OR 

    

  

   

      
  

    

      

  

      

    

          

  

fluorescent probes"). AND (PCR OR SF a ROR “polymerase chain nreaction "yo Identification target nucleic acids co mpettive oligonuclectides signal | oligonucleotides PCR oni Le! : Identification multiole target nucleic acids ° ‘fluorescence: intensity” 27,700 | |_Gligonucleotides PCR oo a ee | | mu -plex real- time PCR" “competitive hybridization" probes ratio-metric 2,560 
  

B
2
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ro
de
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IO
 | 

ao
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全
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e
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o
e
 

ie
) 

cr
 

on
al
 

8
          

~ 

7 R} AND. Real- tims) 

“(cent cation target nucleic ¢ acids igondleetdas 

Jacky[Author)) OR Rajagopal AfAuthor) OR Menge KiAuthor) ‘ORE ech AF i 
: GAuthor) 

      
   

   

    

     

    

      

   

  

  

        

Search 1 Search Terms 

AB f (nucleic acids* oF oligonue! leotide) NS (detection oF identification or i Ss target) } } AND € (paired ar Set) NS (oligonucleotides or “nucleic acids” or | | “capture 7 Su es ) BND. Siang mS uMensity i. AB CO rus eohide) NS (detection or wentification or i Se i target) j } AND ({ pa & 3 Pi NS iigonucieotides ar “nucleic acids" ar P79 上 i “capture a 
rn ; ( (nucigic acids® ar aliganucléotidey N65 (detection or identifica OM Or es target} ) ANDO ( (paired or set) N5 (oligonucleotides or: ‘nucleic acids" or T7781 | : capture. molecules) i. oo —         
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        ‘or "nucleic acids”) ) : ) AND ¢ ( functio ai nd { oligonucleotides or “nucleic 
acids") } 
          { Target NS nucleic acids" or DNA or molecu! es} ) AND i i competitive N5 

fol oruclestides oF “capture molecules” or antibod! es} } AND polymerase 
chain reaction AND ( ratio NTO (abel or cligonuctectides) } AND si ignal NS 
intensity 

413   
    ( Target NS (“nucleic acids” or DNA or molecu Hes) ) AND { competitive NS5 

(oligon jucleotides or “capture molecuies” or antibodies) ) AND polymerase 
chain reaction AND ( ratio N10 (label or oligonucleotides) } 
    { Target N& ("nucleic acids" or DNA or molecules} ) AND ( competitive N5 

(oligonucleotides cr "capture molecules" or aniibodies) ) AND polymerase 
chain reaction                 

_ {oligonucleotides or 
( Target N5 nucleic acids” or DNA or molecule 4) AND ¢ é competi itive NS 

apiuire molecules” or antibodies) } 
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PCT/US2017/037682 16.11.2017 

PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 
  

To: LEE JOHNSON PCT 
WILSON SONSINI GOODRICH & ROSATI 
650 PAGE MILL ROAD 
PALO ALTO, CA 94304-1050 NOTIFICATION OF TRANSMITTAL OF 

THE INTERNATIONAL SEARCH REPORT AND 

THE WRITTEN OPINION OF THE INTERNATIONAL 

SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 
      

2 -6NOV 2017 
  

Applicant’s or agent’s file reference 

38075-729601 
FOR FURTHER ACTION _ See paragraphs 1 and 4 below 

  

International application No. International filing date 

PCT/US 17/37682 (day/month/year) 45 June 2017 (15.06.2017)   
  

Applicant CALIFORNIA INSTITUTE OF TECHNOLOGY 

  

  

1. [X] The applicant is hereby notified that the international search report and the written opinion of the International Searching 

2. 

Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? = The time limit for filing such amendments is normally two months from the date of transmittal of the international 
search report. 

How? Directly to the International Bureau of WIPO preferably through ePCT or on paper to, 34 chemin des Colombettes 

1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70 

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 — 9.011. 

器 ] The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. CT] With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

4. 

the protest together with the decision thereon has been transmitted to the International Bureau together with any 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 

C no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

Reminders 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority 
to the International Bureau. These comments will be made available to the public after international publication. The 
Intemational Bureau will send a copy of such comments to all designated Offices unless an international preliminary 
examination report has been or is to be established. 

Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for 
international publication (Rules 90d/s.1 and 90d/s.3). 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the 
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the 
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time 
limits, Office by Office, see www.wipo.intU/pct/en/texts/time_limits.htm! and the PCT Applicant’s Guide, National Chapters. 

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried 
out by a different International Searching Authority that offers this service (Rule 45d/s.1). The procedure for requesting 
supplementary international search is described in the PCT Applicant's Guide, \nternational Phase, paragraphs 8.006-8.032. 
  

    Name and mailing address of the ISA/US Authorized officer 

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Lee W. Young 

PCT Helpdesk: 571-272-4300   Facsimile No. 571-273-8300 Telephone No. pcy osp: 571-272-7774 
  

Form PCT/ISA/220 (July 2014) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

  

  

  

Applicant's or agent's file reference FOR FURTHER see Form PCTASA/220 

38075-729601 ACTION as well as, where applicable, item 4 below. 

Intemational application No. International filing date (day mornih/vear)} (Earhest) Priority Date (day/month/vear} 

PCTIUS 17137682 15 June 2017 (16.06.2017) 17 June 2016 (17.06.2016)       

Applicant 

CALIFORNIA INSTITUTE OF TECHNOLOGY 

  

  

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 

according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of ; 5 sheets. 

[] It is also accompanied by a copy of cach prior art document cited in this report. 

  

1. Basis of the report 

a, With regard to the language, the international search was carried out on the basis of: 

the international application in the language in which it was filed. 

C] a translation of the international application into which is the language of 

a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 
  

b. 器] This international search report has been established taking into account the rectification of an obvious mistake 

authorized by or notified to this Authority under Rule 9} (Rule 43 6is(a)) 

C， [ ] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. | 

[] Certain claims were found unsearchable (see Box No. ID. bh
 

we
 

Unity of invention is lacking (see Box No. HT) 

4. With regard to the title, 

the text is approved as submitted by the applicant 

[| the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

[xX] the text is approved as submitted by the applicant. 

C] the text has been established, according to Rule 38.2. by this Authority as it appears in Box No. IV. The applicant 

may, within one month from the date of mailing of this international search report, submit comments to this Authority 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. 6 

as suggested by the applicant. 

L] as selected by this Authority, because the applicant failed to suggest a figure. 

[L as selected by this Authority, because this figure better characterizes the invention 

b. [ ] none of the figures is to be published with the abstract.       
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Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 

  

This international search report has not been established in respect of certain claims under Article 17(2){a) for the following reasons: 

1. [| Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

  

2. [ Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent that no meaningful international search can be carried out, specifically: 

3. [| Claims Nos.: 

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

  

Box No. lI] Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

  

  
This Intemational Searching Authority found multiple inventions in this international application, as follows: ; 
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 
concept under PCT Rule 13.1. in order for all inventions to be examined, the appropriate additional examination fees must be paid. 

1. [] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

[ | As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 

additional fees 

No
 

3. C] As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 

4. 区 | No required additional search fees were timely paid by the applicant. Consequently, this international search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 
1-6 

The additional search fees were accompanied by the applicant's protest and, where applicable, the 

payment of a protest fee. 

The additional search fees were accompanied by the applicant’s protest but the applicable protest 

fee was not paid within the time limit specified in the invitation. 

Remark on Protest 

O
O
 

No protest accompanied the payment of additional search fees. 
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  INTERNATIONAL SEARCH REPORT International application No. 
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A CLASSIFICATION OF SUBJECT MATTER 

IPC(8)- C12Q 1/68, C12P 19/34 (2017.01} 

CPC - C12Q 1/6844, C12N 15/10 

According to International Patent Classification (IPC) or to both national classification and JPC 
  

B. FIELDS SEARCHED 
  

Minimum documentation searched (classification system followed by classification symbols) 

See Search History Document 
  

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

See Search History Document 
  

Flectronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

See Search History Document 

  

C. DOCUMENTS CONSIDERED TO BE RELEVANT 
  

  

    
  

  

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

x US 2007/0072211 A1 (NEWTON et al.,) 29 March 2007 (29.03.2007) Claim 1; Claim 3; para 1-6 
[0007] 

[ ] Further documents are listed in the continuation of Box C. [| See patent family annex. 

* Special categories of cited documents: “T” later document published afier the international filing, date or priority 
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand 

to be of particular relevance the principle or theory underlying the invention 

“E” earlier application or patent but published on or after the international <x" document of particular relevance; the claimed invention cannot be 

filing date considered novel or cannot be considered to involve an inventive 
“LY document which may throw doubts on priority claim(s) or which is step when the document is taken alone 

eed resent ihe pap ication Gate of another citation or other «y= document of particular relevance; the claimed invention cannot be 
Spee sp ; ; considered to involve an inventive step when the document is 

“O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such cormbination 
means being obvious to a person skilled in the art 

“P® document published prior to the international filing date but later than «g~ document member of the same patent family 
the priority date claimed ° 
  

        

Date of the actual completion of the international search Date of mailing of the international search report 

22 August 2017 16 N 0 \- 701 7 

Name and mailing address of the ISA/US Authorized officer: 7 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young 
P.O. Box 1450, Alexandria, Virginia 22313-1450 。 . 

oe PCT Helpdesk: 571-272-4300 
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774     
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Continuation of Box No Ill Observations where unity of invention is lacking 

Group |: Claims 1-6, drawn to a method of detecting an analyte comprising generating a kinetic signature from a signal generated curing 

an amplification reaction . 

Group li: Claims 7-17, 27-31, drawn to methods of detecting target analytes comprising performing an amplification reaction by using a 

primer set that comprises at least one limiting orimer. 

Group Ith Claims 18-26, drawn to a method of detecting an analyte comprising performing a amplification on a sample by using a primer 

set that comprises primer pairs with different annealing temperatures. 

Group IV: Clairns 32-33, drawn to a method of determining an amount of nucleic acid analyte, comprising generating transformed signa! 

oy transforming a signal generated during an amplification reaction into a frequency domain. 

The inventions listed as Groups |, Il, 由 and IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under 
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 

Special Technical Features 

Group | requires generating a kinetic signature from a signal generated during an amplification reaction, not required by Groups II, Ill, 

and IV, 

Group Il requires the detection of target analytes by using a set of primers comprising at cast onc limiting primers, not required by 

Groups |, II, and IV. 

Group Ul requires the detection of target analytes by using a set of primers by using a primer set that comprises primer pairs with 

different annealing temperatures, not required by Groups |, Il, and IV. 

Group IV requires generating transformed signal by transforming a signal generated during an amplification reaction into a frequency 
domain, not required by Groups |, Il, and IIL. 

Common Technical Features 

The feature shared by Groups |, I!, [ll, and IV is a method of detecting a nucleic acid analyte in a sample, the method comprising: 

performing an amplification reaction on the sarnple: 

measuring a signal generated during the amplification reaction; and 

detecting the presence or absence of the target nucleic acid analyte in the sample. 

Another feature shared by Groups | and IV is the method step of: comparing a test value to a reference value and determining whether 

the test value corresponds with the reference value. 

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are 

taught by US 2007/0072211 A1 to Newton et al., (hereinafter ‘Newton’). 

Newton teaches a method of detecting the presence or absence of a target nucleic acid analyte in a sample (para [0011] “the invention 

comprises methods for identifying one or more nucleic acid targets in a sample”), the method comprising: 

performing an amplification reaction on the sample (para [0011] "Such methods comprise: performing asymmetric kinetic PCR in a 

reaction mixture containing one or more labeled 5'-nuclease probes and one or more labeled hybridization probes"); 

measuring a signal generated during the amplification reaction (para [0011] “monitoring one or more growth curves from the kinetic 
PCR"); and 

detecting the presence or absence of the target nucleic acid analyte in the sample (para [0011] “thus, identifying the nucleic acid targets 

in the sample”). 

Newton further teaches the method step of: comparing a test value to a reference value and determining whether the test value 
corresponds with the reference value (para [0011] "correlating the melting curve or annealing curve, thus produced, to standard melting 
or annealing curves of completely or partially complementary probes of known nucieic acid targets or the same probe tested against a 

known sample, thug, identifying the nucicic acid targets in the samplo”). 

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that 

would otherwise unify the groups. 

oe Please see continuation in next extra Sheet----------     
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Continuation of Box No HI Observations where unity of invention is lacking 

Another feature Shared by Group |! and JH is the detection of target analytes by using a set of primers. 

However, this shared technica! feature does not represent a contribution over prior art, because the shared technicai feature is taught by 

US 2010/0233686 At to Higuchi et al., (hereinafter ‘Higuchi’). 

Higuchi teaches detection of target analytes by using a set of primers (para [0012] "The present invention is a method for amplification, 

detection and quantitication of one or more target nucleic acids in a single sample container comprising the steps of contacting a 

sample, suspected cf containing one or more target nucleic acids, with at least one set of oligonucleotides, each cligonucieotide within 

the set labeled with the same one or more reporter moieties", para [0042] “amplification of several target nucleic acid sequences in the 

same reaction vessel. Each tube contains one or more sets of probes, each set labeled with the same fluorescent reporter. However, 

within the set, each probe is characterized by a unique melting temperature with its target nucleic acid. For the maximum multiplex 

ability, several sets of probes are present in the same reaction vessel"; para [0057] "In some embodiments, the present invention 

involves asymmetric PCR. In an asymmetric PCR mixture, one of the amplification primers is present in greater amount than the other 

primer. The primers are referred to as “excess primer" and "limiting primer’ respectively. The nucleic acid strands resulting from the 

extension of these primers are referred to as "excess strand" and "limiting strand” respectively"). 

As the technical feature was known in the art at the time of the invention, it cannot be considered a special technical feature that would 
otherwise unify the groups. 

Groups |, Il, ill, and IV therefore lack unity of invention under PCT Rule 13 because they do not share a same or corresponding special 
technical feature. 
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From the 

INTERNATIONAL SEARCHING AUTHORITY 

WILSON SONSINI GOODRICH & ROSATI 
650 PAGE MILL ROAD 

PALO ALTO, CA 94304-1050 

  

PCT 

WRIPTEN OPINION 

INTERNATIONAL SEARCHIN 

    

(PCT Rule 43bis.1) 

| Date of mailing 
(day/month/year)   16 NOV 2017   

  
  

FOR FURTHER ACTION 

See paragraph 2 below 

Applicant's or agent’s file reference 

38075-729601   
  

Prionty date (dawmonth*year) 

17 June 2016 (17.06.2016) 

International application No. International filing date (day/month/vear, pp g ly: ys 

PCT/US 17/37682 15 June 2017 (15.06.2017)     
  

International Patent Classification (IPC) or both national classification and IPC 

IPC(8) - C12Q 1/68, C12P 19/34 (2017.01) 

cpc- ©12Q 1/6844, C12N 15/10 

  

Applicant CALIFORNIA INSTITUTE OF TECHNOLOGY   
  

  

1. This opinion contains indications relating to the following items: 

Box No, I Basis of the opinion 

Box No. Tl Priority 

Box No. Hi Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Box No. 1V Lackof unity of invention 

Reasoned statement under Rule 43bis. 1(aj() with regard to novelty, inventive step and industrial applicabulty: 
citations and explanations supporting such statement 

Box No. V 

Dd 
L 
L 
x) 

[| Certain documents cited Box No. VI 

Box No. VH Certain defects in the international application 

LI
U 

Box No. VI} Certain observations on the international application 

no
 FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a wriften opinion of the 
International Preliminary Examining Authority (SIPEA”) except that this does not apply where the applicant chooses an Authority 
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1 bis(b) that written 
opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later, 

For further options, see Form PCT/ISA/220 

  

Name and mailing address of the ISA/US 

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. §71-273-8300     

Date of completion of this opinion 

22 August 2017 

Authorized officer 

Lee W. Young 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774   
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 

  

PCTIUS 17/37682     

Box No. I Basis of this opinion 
  

{. With regard to the language, this opmion has been established on the basis of 

xX] the international application in the language in which it was filed. 

e ofa tanslauon   a translation of the international application into 

furnished for the purposes of international search (Rules 12.3(a) and 23.1/b)) 

  

2. This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 

this Authority under Rule 91 (Rule 43 d/s.1(a)). 

3. [| With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 

been established on the basis of a sequence listing: 

a. 器 ] forming part of the international application as filed: 

[ in the form of an Annex C/ST.25 text file. 

[| on paper or in the form of an image file. 

b. [ furnished together with the international application under PC'T Rule 13rer.1Cay tor the purposes of international 

search only in the form of an Annex C/ST.25 text file. 

c. [ furnished subsequent to the international filing date for the purposes of international search only: 

[] in the form of an Annex C/ST.25 text file (Rule I3rer.1(a)). 

[] on paper or in the form of an image file (Rule 13er.Hb) and Administrative Instructions, Section 713). 

4, ] In addition, in the case that more than one version or copy of a scquence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that forming part of the application as 

filed or does not go beyond the application as filed, as appropriate, were furnished. 

Additional comments: ta
r 
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Box No. PV Lack of unity of invention 

  

| x] In response to the invitation (Form PCT/ISA/206) to pay additional fees the applicant has, within the applicable time limit: 

[| paid additional fees 

[| paid additional fees under protest and, where applicable, the protest fee. 

[| paid additional fees under protest but the applicable protest fee was not paid. 

x not paid additional fees. 

2. [| This Authority found that the requirement of unity of invention is not complicd with and chose not to invite the applicant to 

pay additional fees. 

4 
3. This Authority considers that the requirement of unity of invention in accordance with Rule 13.1, 13.2 and 13.3 is 

[ complied with. 

区 | not complied with for the following reasons: 

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive 

concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid. 

Group |: Claims 1-6, drawn to a method of detecting an analyte comprising generating a kinetic signature from a signal generated during 
an amplification reaction . 

Group il: Claims 7-17, 27-31, drawn to methods of detecting target analytes comprising performing an amplification reaction by using a 

primer set that cornprises at least one limiting primer. 

Group |i: Claims 18-26, drawn to a method of detecting an analyte comprising performing a amplification on a sample by using a primer 

set that comprises primer pairs with different annealing temperatures. 

Group IV: Claims 32-33, drawn to a method of determining an amount of nucieic acid analyte, comprising generating transformed signal 

by transforming a signal generated during an amplification reaction into a frequency domain 

The inventions listed as Groups |, II, ll, and IV do not relate to a single general inventive concept under PCT Rule 13.1 because, under 

PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons: 

Special Technical Features 

Group f requires generating a kinetic signature from a signal generated during an amplification reaction, not required by Groups fl, Hi, 

and lV. 

Group Il requires the detection of target analytes by using a set of primers comprising at leas: one limiting primers, not required by 

Groups |, Hl, and IV. 

Group l requires the detection of target analytes by using a set of primers by using a primer set that comprises primer pairs with 

different annealing temperatures, not required by Groups |, Il, and IV. 

Group IV requires generating transformed signal by transforming a signal generated during an amplification reaction into a frequency 

domain, not required by Groups |, ll, and Ill. 

  ---Piease see continuation in first supplemental box 

4， Consequently, this opinion has been established in respect of the following parts of the international application: 

[ | all parts. 

iw, . 
the parts relating to claims Nos. 1-6 
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Box No. V Reasoned statement under Rule 43dis.1(a}(i) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

  

Novelty (N) Chains 1-6 _ YES 

Claims None NO 

Inventive step (1S) Claims None YES 

Claims 1-6 NO 

Industrial applicability (IA) Claims 1-6 YES 

Claims None NO 
  

  

2. Citations and explanations: 

Claiins 1-6 lack an inventive step under POT Artivig 33(3) as beiny ubvious uver US 2007/0072211 A1 to Newton et al., (hereinafter 

'Newton’). 

Regarding Claim 1, Newton teaches a method of detecting the presence or absence of a target nucleic acid analyte in a sample (Claim 1 - 
‘A method for identifying one or more nucleic acid targets in a sample,'), the method comprising: 

a) performing an amplification reaction on the sample (Claim 1 - ‘the method comprising: a) performing an asymmetric kinetic PCR in a 

reaction mixture’); 

b) measuring a signal generated curing the amplification reaction and generating a kinetic signature from the measured signal (Claim 1 - 
‘b) monitoring one or more growth curves from the kinetic PCR’); and 

c) comparing the generated kinetic signature to a reference signature and determining whether the generated kinetic signature 

corresponds with the reference signature, thereby detecting the presence or absence of the target nucleic acid analyte in the sample 

(Claim 1 - 'e) correlating the melting curve or annealing curve of step dj to a melting or annealing curve of a completely complementary 

probe of one or more known nucleic acid targets, thus, identifying the one or more nucleic acid targets in the sample.) Newton does not 

state expressly that the growth curve from kinetic PCR is a kinetic signature. However, since Newton teaches the kinetic PCR is aimed at 

differentiating between closely related nucleic acid molecules (para [0007] - For example, many diseases and infections are caused by a 

number of, often related, pathogens. While the disease symptoms may present as similar, it can be of utmost importance to determine the 

actual causative pathogen in order to present an effective treatment. Not only is this true in terms of differentiation between different 

infectious species, but is also true, and can be even more difficult to resolve, when trying to discriminate between closely related agents, 

e.g., different strains of a pathogen such as the subtypes of hepatitis C virus (HCV).’), it would have been obvious to one of ordinary skill in 

the art that the growth curve from the kinetic PCR of Newton represents a kineiic signature enabling specific identification of a nucleic acid 

target. 

Regarding Claim 2, Newton teaches the method of claim 1, wherein the kinetic signature comprises a signal selected from an 

electromagnetic signal, a wavelength, and a fluorescence emission signal (Claim 1 -cj monitoring one or more fluorescent signals 

generated from the one or more labeled hybridization probes thereby producing a melting curve or annealing curve’). 

Regarding Claim 3, Newton teaches the method of claim 1, wherein the kinetic signature is plotted as a curve (Claim 1 - ‘d) monitoring one 

or more fluorescent signals generated from the one or more labeled hybridization probes thereby producing a melting curve or annealing 

curve’). 

Regarding Claim 4, Newton teaches the method of claim 1 wherein the reference signature corresponds with a kinetic signature generated 

by amplification of the target nucleic acid analyte under one or more members of a set of constrained amplification parameters, the set of 

constrained amplification parameters comprising any combination of: (i) a range of forward and/or reverse primer concentrations; (ii) a 

range of polymerase concentrations; (iii) polymerase type; (iv) a range of nucleotide concentrations; (v) chromophore concentration; and 

(vi) chromophore type; (vii) a number of thermocycles; (vill) rate of thermocycling: (ix} one or more thermocycle stage temperatures: and 

(x) one or more thermocycie stage time lengths; (xi) a range of target-specific molecular probes; (xii) primers associated with one or more 

targetspecific probes; and (xii) a cancentration of one or more enzyme cofactors (Claim 1 - 'e) correlating the meiting curve or annealing 

curve of step d) to a melting or annealing curve of a completely complementary probe of one or more known nucleic acid targets’; Claim 3 

- ‘The method of claim 1, wherein the asymmetric kinetic PCR comprises a first primer and at least a second primer, wherein the amount 

of the first primer is greater than the amount of the second primer and wherein the hybridization probe is present in an equal or greater 

amount than the second primer.').       
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Supplemental Box 
    

In case the space in any of the preecding boxes is not sufficient. 

Continuation of 
Box No. [V.3. Lack of unity of inventiori 

Common Technical Features 

The feature shared by Groups i, 1, 1H, and 1V is a methed of detecting a nucleic acid analyte in a sample, the method comprising: 

performing an amplification reaction on the sample; 

measuring a signal generated during the amplification reaction; and 

detecting the presence or absence of the target nucleic acid analyte in the sample, 

Another feature shared by Groups | and IV is the method step of: comparing a test value to a reference value and determining whether the 
test value corresponds with the reference value. 

However, these shared technical features do not represent a contribution over prior art, because the shared technical features are taught 

by US 2007/0072211 A1 to Newton et al, (hereinafter ‘Newton'). 

Newton teaches a method of detecting the presence or absence of a target nucleic acid analyte in a sample (para [0011] "the invention 

comprises methods for identifying one or more nucleic acid targets in a sample"), the method comprising: 

performing an amplification reaction on the sample (para [0011] “Such methads comprise: performing asymmetric kinetic PCR in a reaction 

mixture containing one or more labeled 5'-nuclease probes and one or more labeled hybridization probes"); 

measuring a signal generated during the amplification reaction (para [0011] "monitoring one or more growth curves from the kinetic PCR"); 

and 
detecting the presence or absence of the target nucleic acid analyte in the sarnple (para [0011] “thus, identifying the nucleic acid targets in 

the sample"). 

Newton further teaches the method step of: comparing a test value to a reference value and determining whether the test value 

corresponds with the reference value (para [0011] "correlating the melting curve or annealing curve, thus produced, to standard melting or 

annealing curves of completely or partially complementary probes of known nucleic acid targets or the same probe tested against a known 

sample, thus, identifying the nucleic acid targets in the sample"). 

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that would 

otherwise unify the groups. 

Another feature shared by Group 1 and ill is the detection of target analytes by using a set of primers. 

However, this shared technical feature does not represent a contribution over prior art, because the shared technical feature is taught by 

US 2010/0233686 AT to Higuchi et al., (hereinafter ‘Higuch?’). 

Higuchi teaches detection of target analytes by using a set of primers (para [0012] “The present invention is a method for amplification, 

detection and quantification of one or more target nucleic acids in a single sample container comprising the steps of contacting a sampie, 

suspected of containing one or more target nucleic acids, with at least one set of oligonucleotides, each oligonucleotide within the set 

labeled with the same one or more reporter moieties"; para [0042) “ampilfication of several target nucleic acid sequences in the sare 

reaction vessel. Each tube contains one or more sets of probes, each set labeled with the same fluorescent reporter. However, within the 

set, each probe is characterized by a unique meiting temperature with its target nucleic acid. For the maximum multiplex ability, several 

sets of probes are present in the same reaction vessel", para [0057] “In some embodiments, the present invention involves asymmetric 

PCR. In an asymmetric PCR mixture, one of the amplification primers is present in greater amount than the other primer. The primers are 

referred to as "excess primer” and "limiting primer” respectively, The nucieic acid strands resulting from the extension cf these primers are 

referred to as "excess strand" and "limiting strand” respectively"). 

As the technical feature was known in the art at the time of the invention, it cannot be considered a special technical feature that would 

otherwise unify the groups. 

Groups |, If, lll, and IV therefore lack unity of invention under PCT Rule 13 because they do not share a sarne or corresponding special 

technical feature.   
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  Supplemental Box 

  In case the spacc in any of the preceding boxes is not sufficient. 

Continuation of 
Box No V2 Chaticons and Explanations 

yerein the amplification reaction is carried oul wiltun one or more cf the 

aim 1, wherein the asymmetric Kinelic PCR comprises a first primer anc 

   Regarding Claim 5, Newton teaches the method of claim 4, v 

constrained amplification parameters (Claim 3 - "The method of 

at least 2 second prirner, wherein the amount of the first prirner is greater tnan the amount of the second primer and wherein the 

    

hybridization prabe is present in an equal or greater armount than the second primer.'). 

Regarding Claim 6, Newton teaches the method of claim 2, whereir: the at least one of an exponential region, a linear region, and 3 

plateau region of the curve occurs over at least 4 thermocycies or over at least 8 thermocycles (para [0068] - 'FiG. 3 provides growth 

curves generated during an asymmetric kPCR’; and cata shown in Figure 3). Newton does not state expressly at ieast 4 thermocycles or 

over at least 8 thermocycles. However, data shown in Figure 3 illustrates at least 4 thermocycles or over at least 8 thermocycies. 

Claims 1-6 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used in industry. 
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Amplification, kinetic PCR or polymerase chain reaction, 
plot or curve, primer, electromagnetic or wavelength or 

fluorescence, reference or control or standard, primer set, 2 

forward primers, 2 reverse primers, nested primer, limiting 
primer, annealing temperature, thermocycling or temperature 
cycle 

    Date Conducted 22 August 2017 (22.08.2017)   
  

  

Electronic Database Searched Patbase 

  

Files Searched Full-text: AU BE BR CA CH CN DE DK EP ES FI FR GB 
IN JP KR SE TH TW US WO 

Bibliographic: (Europe) AT BA BE BG CH CS CY CZ DD 

DK EE ES FI GE GR HR HU IE IS IT LT LU LV MC MD 
MT NL NO PL PT RO RS SE SI SK SM TR UA YU (Asia) 
EA GC HK ID IL IN KZ MN MY PH RU SG SU TH Tuy TW 
UZ VN (North America) CA CR CU DO GT HN MX NI PA 

SV TT (South America) AR BR CL CO EC PE UY 
(Australasia) AU NZ (Africa) AP DZ EG KE MA MW OA 
ZA ZM ZW 
  

Date Conducted 22 August 2017 (22.08.2017)   
    Classification based search 

Search Logic: 
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Search 1: 

Search 2: 

IC=(C12Q1/68 OR C12P19/34) (Results 128654) 
CPC=(C12Q 1/6844 OR C12N15/10 OR C12Q1/68 OR C12Q1/686 OR 

C12Q1/6853 OR GO1N21/6486 OR G01N2021/6439) (Results 14465) 
Search 3: 
Search 4: 

Search 5: 

Search 6: 

1 OR 2 (Results 131488) 
3 AND FT=(KINETIC W1 PCR) (Results 509) 
4 AND FT=(LIMIT* W1 PRIMER%) (Results 9) 
4 AND FT=(CONSTRAINED NEAR (PCR OR AMPLIFICATION OR 

PARAMETER%)) (Results 0) 
Search 7: 3 AND FT=(CONSTRAINED NEAR (PCR OR AMPLIFICATION OR 
PARAMETER%)) (Results 79) 
Search 8: 

Search 9: 

Search 10: 
Search 11: 
Search 12: 

Search 13: 

7 AND FT=(KINETIC NEAR PCR) (Results 0) 
7 AND FT=(ASYMMETRIC NEAR (PCR OR AMPLIFICATION)) (Results 6) 
4 AND FT=(NESTED NEAR PCR) (Results 159) 
10 AND FT=(TWO NEAR (REVERSE OR FORWARD)) (Results 6) 
11 NOT (5 OR 9) (Results 6) 
4 AND FT=(PCR NEAR SIGNATURE) (Results 3) 

Keyword only search 

Search 14: 

Search 15: 

Search 16: 

Search 17: 

FT=(KINETIC W1 PCR) (Results 639) 
14 AND FT=(LIMIT* W1 PRIMER%) (Results 9) 
15 NOT (5 OR 9 OR 13) (Results 0) 
14 AND FT=(CONSTRAINED NEAR (PCR OR AMPLIFICATION OR 

PARAMETER%)) (Results 0) 
Search 18: 

(Results 2434) 

Search 19: 

Search 20: 
Search 21: 

Search 22: 

Search 23: 

Search 24: 

Search 25: 
Search 26: 

Search 27: 

FT=(CONSTRAINED NEAR (PCR OR AMPLIFICATION OR PARAMETER%)) 

18 AND FT=(KINETIC NEAR PCR) (Results 0) 
18 AND FT=(ASYMMETRIC NEAR (PCR OR AMPLIFICATION)) (Results 6) 
20 NOT (5 OR 9 OR 13) (Results 0) 
FT=(NESTED NEAR PCR) (Results 9272) 
22 AND FT=(TWO NEAR (REVERSE OR FORWARD)) (Results 579) 
23 AND FT=(KINETIC W1 PCR) (Results 7) 
FT=(PCR NEAR SIGNATURE) (Results 604) 
25 AND FT=(ASYMMETRIC NEAR (PCR OR AMPLIFICATION)) (Results 10) 
26 NOT (5 OR 9 OR 13) (Results 9) 

Forward and backward search 

Search 28: 
Search 29: 

Search 30: 

Search 31: 

PN=(US2007072211 OR US2010233686 OR US8367325) (Results 3) 
CTF 28 OR CTB 28 (Results 194) 
29 AND FT=(KINETIC W1 PCR) (Results 6) 
30 NOT (5 OR 9 OR 13) (Results 2) 
  

  

Electronic Database Searched Google 

  

Files Searched | Patents 

  

  Date Conducted   22 August 2017 (22.08.2017) 
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Search Logic: 

kinetic PCR 

About 67,500 results (0.34 seconds) 

kinetic PCR signature limiting primer 

About 12,700 results (0.34 seconds) 

constrained PCR amplification parameters 

About 36,900 results (0.38 seconds) 

constrained PCR amplification parameters kinetic PCR 

About 16,100 results (0.61 seconds) 

constrained PCR amplification kinetic PCR limiting primer 

About 16,400 results (0.52 seconds) 

constrained nested PCR amplification kinetic PCR limiting primer 

About 2,650 results (0.52 seconds) 

constrained nested PCR amplification kinetic PCR signature limiting primer 

About 554 results (0.47 seconds) 

kinetic PCR with 2 reverse primers 

About 65,000 results (0.93 seconds) 

kinetic nested PCR with 2 reverse primers 

About 9,020 results (0.48 seconds) 

asymmetric kinetic nested PCR with 2 reverse primers 

About 1,820 results (0.52 seconds) 

asymmetric kinetic nested PCR with 2 forward primers 
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| 
| About 1,290 results (0.58 seconds) 

  

  

Electronic Database Searched | Googie 
  

Files Searched | Scholar 

  

  Date Conducted | 22 August 2017 (22.08.2017) 
  

Search Logic: 

kinetic PCR 

About 466,000 results (0.11 sec) 

kinctic PCR signature limiting primer 
About 21,700 results (0.07 sec) 

constrained PCR amplification parameters 
About 45,900 results (0.09 sec) 

constrained PCR amplification parameters kinetic PCR 
About 21,400 results (0.09 sec) 

constrained PCR amplification kinetic PCR limiting primer 
About 18,800 results (0.11 sec) 

constrained nested PCR amplification kinetic PCR limiting primer 
About 4,580 results (0.15 sec) 

About 1,450 results (0.07 sec) 

kinetic per with 2 reverse primers 
About 235,000 results (0.09 sec) 

kinetic nested pcr with 2 reverse primers 
About 21,800 results (0.15 sec) 

asymmetric kinetic nested per with 2 reverse primers 
About 3,340 results (0.06 sec) 

asymmetric kinetic nested per with 2 forward primers 

About 2,050 results (0.08 sec)   
constrained nested PCR amplification kinetic PCR signature limiting primer 
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Supplemental Search 

  

Electronic Database Searched | PatBase 

  

Files Searched | Full-text: AU BE BR CA CH CN DE DK EP ES FIFR GBIN 

JP KR SE TH TW US WO 

Bibliographic: (Europe) AT BA BE BG CH CS CY CZ DD DK 

EE ES FIGE GR HR HUIEIS IT LT LU LV MC MD MT NL 
NO PL PT RORS SE SI SK SM TR VA YU (Asia) EA GC HK 
ID IL IN KZ MN MY PH RU SG SU TH TJ TW UZ VN (North 
America) CA CR CU DO GT HN MX NI PA SV TT (South 
America) AR BR CL CO EC PE UY (Australasia) AU NZ 
(Africa) AP DZ EG KE MA MW OA ZA ZM ZW 

  

Date Conducted | 30 October 2017   
  

Search Logic: 
  

  
1) 1C=(C12Q1/68 or C12P19/34) (130470) 
2) CPC=(C12Q1/6844 or C12N15/10 or C12Q1/68 or C12Q1/686 or C12Q1/6853 or GO1N21/6486 
or GO1N2021/6439) (15934) 
3) 1 or 2 (133809) 
4) (PCR or polymerase chain reaction) and amplif* (168197) 

5) 4 and kinetic (16544) 
6) 5 and (plot or curve) (9932) 
7) TAC=(detect* w5 (nucleic acid or DNA or RNA or nucleotide or oligonucleotide or 

polynucleotide)) (31528) 
8) 7 and 6 (1344) 
9) 3 and 8 (1120) 
10) kinetic signature (29) 

11) 10 and 8 (6) 
12) 3 and 11 (6) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY 

(Chapter I of the Patent Cooperation Treaty) 

(PCT Rule 44bis) 

  

  

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below 
44158-709601 

International application No. International filing date (day/month/year) Priority date (day/month/year) 
PCT/US2018/039846 27 June 2018 (27.06.2018) 28 June 2017 (28.06.2017)       

International Patent Classification (8th edition unless older edition indicated) 
See relevant information in Form PCT/ISA/237 
  

Applicant 
CHROMACODE, INC.       

  

1. ‘This international preliminary report on patentability (Chapter D is issued by the International Bureau on behalf of the 
International Searching Authority under Rule 44 bis.1(a). 

2. This REPORT consists of a total of 9 sheets, including this cover sheet. 

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a 
reference to the international preliminary report on patentability (Chapter D instead. 

  

3. This report contains indications relating to the following items: 

Box No. I Basis of the report 

Box No. II Priority 

Box No. II Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

Box No. IV Lack of unity of invention 

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Box No. VI Certain documents cited 

Box No. VII Certain defects in the international application 

Box No. VIII Certain observations on the international application H
O
U
 

K
U
 
W
O
K
 

4. ‘The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1 
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from 
the priority date (Rule 44bis .2).     
  
Date of issuance of this report 
31 December 2019 (31.12.2019) 

  

The International Bureau of WIPO Authorized officer 

34, chemin des Colombettes 

1211 Geneva 20, Switzerland Agnes Wittmann-Regis 

    Facsimile No. +41 22 338 82 70 e-mail: pct.team6@wipo.int     

Form PCTVIB/373 (January 2004)
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PCT/US2018/039846 14.09.2018 

PATENT COOPERATION TREATY 

From the 
INTERNATIONAL SEARCHING AUTHORITY 

To: KYLE BRUNER 
WILSON SONSIN!I GOODRICH & ROSATI 

650 PAGE MILL ROAD 
PALO ALTO, CA 94304 

  

PCT 

WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 435is.1) 

  

Date of mailing 
(day/month/year)   14 SEP 2018 
FOR FURTHER ACTION 

See paragraph 2 below 

  

    

Applicant’s or agent’s file reference 

44158-709601 

International application No. 

PCT/US 18/39846 

International Patent Classification (IPC) or both national classification and IPC 

IPC(8) - C12Q 1/70, C12Q 1/70 (2018.01) 
CPC- C12Q 1/701, C12Q 1/6818, C12Q 1/68, C12Q 1/6851, C12Q 1/686, C12Q 1/703, Y10T 

436/143333, C12Q 2563/103, C12Q 2563/159 

  
  

Priority date (day/month/year) 

28 June 2017 (28.06.2017) 

International filing date (day/month/year) 

27 June 2018 (27.06.2018)       

  

Applicant CHROMACODE, INC. 

  

  

1. This opinion contains indications relating to the following items: 

XI Box No. I Basis of the opinion 

CJ Box No. Il Priority 

Box No. JIL | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

[| Box No. IV Lack of unity of invention 

DX Box No. V ”Reasoned statement under Rule 43is. 1(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

[ ] Box No. VI Certain documents cited 

[] Box No. VII Certain defects in the international application 

[| Box No. VIII Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 

International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority 
other than this one to be the IPEA and the chosen IPEA has notified the Intemational Bureau under Rule 66.1 is(b) that written 

opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 

a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 

PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 
  

  

Authorized officer Name and mailing address of the ISA/US 

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300     

Date of completion of this opinion 

21 August 2018 
Lee W. Young 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774   
  

Form PCT/ISA/237 (cover sheet) (January 2015) 
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846   

  

Box No. I Basis of this opinion 
  

1. With regard to the language, this opinion has been established on the basis of 

the international application in the language in which it was filed. 

a translation of the international application into which is the language of a translation 

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 
  

2. C] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (Rule 43s. 1(a)). 

3. [] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 

been established on the basis of a sequence listing: 

a. CL] forming part of the international application as filed: 

LJ in the form of an Annex C/ST.25 text file. 

CE] on paper or in the form of an image file. 

b. LC] furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international 

search only in the form of an Annex C/ST.25 text file. 

c. C] furnished subsequent to the international filing date for the purposes of international search only: 

T] in the form of an Annex C/ST.25 text file (Rule 13¢er.1(a)). 

广 ] on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713). 

4. C_] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that forming part of the application as 

filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

      
Form PCT/ISA/237 (Box No. 1) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846   

  

Box No. HI Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 

applicable have not been examined in respect of 

[ ] the entire international application. 

  

SZ] claims Nos. 4-13. 18:29, 33-50, 54-69 

because: 

the said international application, or the said claims Nos. relate to the following 

subject matter which does not require an international search (specify): 
  

  

the description, claims or drawings (indicate particular elements below) or said claims Nos. 4-13, 18-29, 33-50, 54-69 
are so unclear that no meaningful opinion could be formed (specify): 

Claims 4-13, 18-29, 33-50, 54-69 are dependent claims and are not drafted in accordance with the second and third sentences of Rule 

6.4(a). 

the claims, or said claims Nos. are so inadequately supported 

by the description that no meaningful opinion could be formed (specify): 
  

PC] no international search report has been established for said claims Nos. 4-13, 18-29, 33-50, 54-69 
  

[| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[ furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the 
International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not 

comply with the standard provided for in Annex C of the Administrative Instructions. 

[ furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 

C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 
form and manner acceptable to it, or the sequence listing furnished did not comply with the standard provided for in 

Annex C of the Administrative Instructions. 

[ ] pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 

Rule 13¢er.1(a) or (b). 

[ See Supplemental Box for further details.       
Form PCT/ISA/237 (Box No. III) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 18/39846 

  
  

Box No. V Reasoned statement under Rule 43dis.1(a)(i) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

Novelty (N) Claims 1-3, 14-17, 30-32, 51-53 YES 

Claims None 
NO 

Inventive step (1S) Claims None YES 

Claims 1-3, 14-17, 30-32, 51-53 NO 

Industrial applicability (IA) Claims 1-3, 14-17, 30-32, 51-53 YES 
  

  

Claims None NO 

  

  

2. Citations and explanations: 
Claims 1-3, 30-32 and 51-53 lack an inventive step under PCT Article 33(3) as being obvious over US 2014/0213471 A1 to California 

Institute of Technology (hereinafter 'Caltech’). 

Regarding claim 1, Caltech teaches a method for performing a digital assay, comprising: 

(a) (i) three or more nucleic acid targets and (ii) a set of nucleic acid probes comprising a first nucleic acid probe, a second nucleic acid 
probe, and a third nucleic acid probe (para [0154] - ‘In some cases, compositions comprise a first and a second primer or probe for the 
detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5 end. .. .In some cases 

the compositions comprise multiple pairs of first and second primers, wherein each pair of first and second primers comprise either a 

fluorophore or a quencher at the 5' end. In some cases each pair of first and second primers comprise a different fluorophore and 

quencher from the remaining set of primers. In some cases the compositions comprise at least 1, 2, 3, 4. . . or 10000 pairs of first and 

second primers.'; para [0048] - Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In 

some cases, a primer is used with a probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . 

. .In some cases, a primer and a probe is used to detect multiple analytes . . . a combination of primers and probes is used to detect 
multiple analytes. In some cases, a probe is used to detect an analyte. In some cases, a probe is used to detect multiple analytes. In some 
cases, multiple probes are used to detect an analyte.'); 
(b) amplifying the three or more nucleic acid targets (para [0003] ‘using oligonucleotides (e.g., primers, probes) attached to chromophores 
(e.g., fluorophores, quenchers, etc.) in amplification or polymerization reactions in order to detect a polynucleotide analyte’; [0035] - 'the 

polymerase chain reaction process’); 
(c) generating N signals from the set of nucleic acid probes, each of which N signals corresponds to the presence of a unique combination 

of nucleic acid targets of the three or more nucleic acid targets (para [0105] - 'The incorporation of the quencher and the fluorophore in the 
newly generated amplicon can lead to signal generation (e.g., quenching of fluorescence intensity from the fluorophore). With each 
iterative amplification or polymerization reaction, the fluorescence intensity is reduced by a factor of about 2. The amount of fluorescence 

detected can be used to directly determine the amount of analyte present’; para [0003] - (b) measuring a first signal generated by the first 
and second chromophores; (c) performing at least one polymerization reaction with the first primer using the first polynucleotide analyte as 
a template; and (d) measuring a second signal generated by the first and second chromophores . . . '; para [0007] - ‘further comprises 
combining the sample with a third primer . . . ‘| para [0010}-{0011] - ‘the PCR process is an end-point PCR process, a digital PCR process, 

a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process . . . methods of detecting a plurality of analytes, .. . 

b) measuring a first set of signals generated by the chromophores; c) performing at least one polymerization reaction with the plurality of 

primer pairs using the plurality of analytes as templates; and d) measuring a second set of signals generated by the chromophores; 

wherein the first and second set of signals are used to detect each analyte of the plurality of analytes . . . generating a set of signature 

profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to a control 
set of signature profiles’); and 
(d) detecting the N signals in a single optical channet (Claim 3 - 'method of detecting multiple nucleic acid targets of differing lengths .. . 

.b) conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 

fluorescence for each target is different.’; para [0010] - 'In some cases, the PCR process is an end-point PCR process . . . or a quantitative 

PCR process. In some cases, the polymerization reaction is a quantitative PCR process . . . the second method is a digital PCR process’, 

para [0049] - 'In some cases, a single chromophore pair is used to detect an analyte’; para [0176] - ‘Analytes of differing lengths (e.g., 40 

bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher combination . . . By measuring fluorescence as a function of 

increasing temperature, multiple analytes in a single color channel are quantified.’); 
wherein in (a), the concentration of the second nucleic acid probe is at least about 2X, and the concentration of the third nucleic acid probe 

is at least about 4X (para [0030] - 'FIG. 9 exemplifies the binary coding of analytes. Analytes in a 3-plex CY3 assay were coded using 

binary spaced primer concentrations.’; [0173] ‘Analytes in a 3-plex CY3 assay were coded using binary spaced primer concentrations’; see 

Figure 9). 
Caitech does not expressly teach the method comprising (a) partitioning into a plurality of partitions the three or more nucleic acid targets, 

wherein the amplifying and generating signals steps are performed in the partitions. However, since Caltech teaches droplet digital PCR 
(para [0010)), it would have been obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process 
involves (a) partitioning the nucleic acid targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, 
and it further would have been obvious that amplifying and signal generation would be in a partition of the plurality of partitions, in order to 
correctly perform the taught method using a droplet digital PCR process. 

----Please see continuation in first supplemental box----------------   
  

Form PCT/ISA/237 (Box No. V) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846     

Supplemental Box 
  

In case the space in any of the preceding boxes is not sufficient. 

Continuation of: ， 
Box No. V2. Citations and Explanations 

Regarding claim 2, Caltech makes obvious the method of claim 1, and further teaches wherein N is 3 or more (para [0072] "In some cases, 
multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2,3, 4,5... color codes or 

chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at most 1, 2, 3, 

4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes)"). 

Regarding claim 3, Caltech makes obvious the method of claims 1-2, and further teaches wherein N is 4 or more (para [0072] "In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2,3, 4,5... color 

codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 

most 1, 2, 3, 4, 5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 

analytes)"). 

Regarding claim 30, Caltech teaches a method for performing a digital assay, comprising: 

(a) three or more nucleic acid targets (para [0154] - ‘In some cases, compositions comprise a first and a second primer or probe for the 

detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5 end . .. . In some cases 
the compositions comprise multiple pairs of first and second primers, wherein each pair of first and second primers comprise either a 

fluorophore or a quencher at the 5’ end. in some cases each pair of first and second primers comprise a different fluorophore and 

quencher from the remaining set of primers. In some cases the compositions comprise at least 1, 2, 3, 4, 5, . . . or 10000 pairs of first and 

second primers.'; para [0048] - ‘Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In 

some cases, a primer is used with a probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . . 

. In some cases, a primer and a probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to 

detect an analyte. In some cases, a combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used 

to detect an analyte. In some cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an 

analyte.’); 
(b) amplifying the three or more nucleic acid targets (para [0005] - In some cases, the polymerase chain reaction process is an end-point 

polymerase chain reaction process, a real-time polymerase chain reaction process, a digital polymerase chain reaction process, a droplet 

digital polymerase chain reaction process’); 
(c) generating N signals each of which corresponds to the presence of a unique combination of nucleic acid targets of the three or more 

nucleic acid targets (para [0003] - '(b) measuring a first signal generated by the first and second chromophores . . . wherein the first and 
second signals are used to detect the first polynucleotide analyte.’; para [0007] - In some cases, step a) of the method described herein 
further comprises combining the sample with a third primer and a second oligonucleotide . . . step b) further comprises measuring a fifth 

signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signal generated by the third and 
fourth chromophores’; para [0011] - ‘methods of detecting a plurality of analytes, . . . b) measuring a first set of signals generated by the 
chromophores . . . generating a set of signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by 
comparing the set of signature profiles to a control set of signature profiles’); and 
(d) detecting the signals in a single optical channel (Claim 3 - ‘method of detecting multiple nucleic acid targets of differing lengths . . .b) 

conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.’; para [0010] - 'In some cases, the PCR process is an end-point PCR process, a digital PCR 

process, a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process. In some cases, the polymerization 

reaction is a quantitative PCR process. In some cases, the detecting comprises a quantitative PCR method. In some cases, the detecting 

comprises a quantitative PCR method and a second method. In some cases, the second method is a digital PCR process’; para [0049} - ‘in 

some cases, a single chromophore pair is used to detect an analyte. in some cases, a single chromophore pair is used to detect multiple 

analytes.'; para [0072] ‘at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 . . . color codes or chromophore combinations are assigned to one or more 

analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes)’; para [0176] - 'Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected 
using a single fluorophore/quencher combination . . . .By measuring fluorescence as a function of increasing temperature, multiple 
analytes in a single color channel are quantified.'). 
Caltech does not expressly teach (a) partitioning into a plurality of partitions and amplifying in the partitions wherein N signals are 

generated in a partition of the plurality of partitions. However, since Caltech teaches droplet digital PCR (para {0010)), it would have been 

obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process involves (a) partitioning the nucleic acid 

targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, and it further would have been obvious 

that amplifying and signal generation would be in a partition of the plurality of partitions, in order to correctly perform the taught method 

using a droplet digital PCR process. 

Regarding claim 31, Caltech makes obvious the method of claim 30, and further teaches wherein N is 3 or more (para [0072] "In some 

cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3,4, 5 . . . color 

codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 

most 1, 2, 3, 4, 5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 

analytes)"). 
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Regarding claim 32, Caltech makes obvious the method of claims 30-31, and further teaches wherein N is 4 or more (para [0072] “In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3, 4,5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 
most 1, 2, 3, 4, 5 . . . color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 

analytes)"). 

Regarding claim 51, Caltech teaches a method of performing a digital assay, comprising: 
(a) amplifying at least three nucleic acid targets from a sample comprising a set of nucleic acid probes comprising three or more nucleic 

acid probes labeled with fluorophores capable of being detected in a single optical channel, wherein each nucleic acid probe is 
complementary to a target of the at least three nucleic acid targets (para [0154] - ‘compositions comprise a first and a second primer or 

probe for the detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5 end... In 
some cases each pair of first and second primers comprise a different fluorophore and quencher from the remaining set of primers. In 

some cases the compositions comprise at least 1, 2, 3, 4, 5, 6 . . . or 10000 pairs of first and second primers.'; para [0048] - Various 

combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In some cases, a primer is used with a 
probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . . . In some cases, a primer anda 
probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to detect an analyte. In some cases, 
a combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used to detect an analyte. In some 
cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an analyte.’; para [0005] - ‘the 

polymerase chain reaction process is . . . a droplet digital polymerase chain reaction process’); 

(b) detecting N signals if one or more of the at least three nucleic acid targets is present, wherein each of the N signals corresponds to a 

unique combination of one or more of the at least three nucleic acid targets (para [0003] - '(b) measuring a first signal generated by the first 
and second chromophores; (c) performing at least one polymerization reaction with the first primer using the first polynucleotide analyte as 

a template; and (d) measuring a second signal generated by the first and second chromophores; wherein the first and second signals are 

used to detect the first polynucleotide analyte.'; para {0007] - ‘further comprises measuring a fifth signal generated by the third and fourth 

chromophores; step d) further comprises measuring a sixth signal generated by the third and fourth chromophores’; para [0011] - ‘Also 

disclosed herein are methods of detecting a plurality of analytes, . . . b) measuring a first set of signals generated by the chromophores; c) 

performing at least one polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates ... generating 

a set of signature profiles: wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature 
profiles to a control set of signature profiles’; Claim 3 - ‘method of detecting multiple nucleic acid targets of differing lengths . . . b) 
conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.'; para [0010] - ‘In some cases, the PCR process is an end-point PCR process, a digital PCR 

process, a real-time PCR process, a droplet digital PCR process’; para [0049] - ‘In some cases, a single chromophore pair is used to 

detect an analyte. In some cases, a single chromophore pair is used to detect multiple analytes’; para [0072] ‘at most 1,2, 3, 4, 5, 6, 7, 8, 

9, 10... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, S00, 10,000 analytes)’, 

[0176] - ‘Anatytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher combination . . . By 

measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are quantified.'); and 
(c) determining, from the N signals, the presence or absence of each of the at least three nucleic acid targets in the sample (para [0045] - 

"Described herein are methods for detecting the presence or absence of at least one polynucleotide analyte in a sample . . . -In some 
cases, the first and second signals are used to detect the presence or absence of the amplified product (e.g. the polynucleotide analyte)'). 

Caltech does not expressly teach (a) partitioning into a plurality of droplets and amplifying in the droplets wherein N signals are generated 

in a droplet of the plurality of droplets. However, since Caltech teaches droplet digital PCR (para [0010)), it would have been obvious to 

one of ordinary skill in the art that Caltech’s assay using a droplet digital PCR process involves (a) partitioning the nucleic acid targets into 

a plurality of droplet partitions since this is a required step for carrying out droplet digital PCR, and it further would have been obvious that 

amplifying and signal generation would be in a partition of the plurality of droptet partitions, in order to correctly perform the taught method 

using a droplet digital PCR process. 

Regarding claim 52, Caltech makes obvious the method of claim 51, and further teaches wherein N is 3 or more (para [0072] “In some 

cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2,3, 4,5... color 

codes or chromophore combinations are assigned to one or more analytes (e.g. 1,5, 10, 100, 500, 10,000 analytes). In some cases, at 

most 1, 2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 

analytes)"). 

Regarding claim 53, Caltech makes obvious the method of claims 51-52, and further teaches wherein N is 4 or more (para [0072] "In some 

cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3,4,5... color 

codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). in some cases, at 

most 1, 2, 3, 4, 5 . . . color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 

analytes)"). 
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Claims 14-17 lack an inventive step under PCT Article 33(3) as being obvious over Caltech in view of US 2016/0108464 A1 to Bio-Rad 
Laboratories, Inc. (hereinafter ‘Bio-rad’). 

Regarding claim 14, Caltech teaches a method for performing a digital assay, comprising: 

(a) (i) three or more nucleic acid targets and (ii) a set of nucleic acid probes comprising a first nucleic acid probe, a second nucleic acid 

probe, and a third nucleic acid probe (para [0154] - ‘compositions comprise a first and a second primer or probe for the detection of at least 
one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5' end . . . In some cases the compositions 

comprise multiple pairs of first and second primers, wherein each pair of first and second primers comprise either a fluorophore or a 

quencher at the 5’ end. In some cases each pair of first and second primers comprise a different fluorophore and quencher from the 

remaining set of primers. In some cases the compositions comprise at teast 1, 2, 3,4, 5... or 10000 pairs of first and second primers.’; 

para [0048] - ‘Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In some cases, a 

primer is used with a probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. .. . In some 
cases, a primer and a probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to detect an 

analyte. In some cases, a combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used to detect 

an analyte. In some cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an analyte.'); 

(b) amplifying the three or more nucleic acid targets (para [0005] - ‘In some cases, the polymerase chain reaction process is an end-point 

polymerase chain reaction process, a real-time polymerase chain reaction process, a digital polymerase chain reaction process, a droplet 

digital polymerase chain reaction process’); 
(c) generating N signals each of which corresponds to the presence of a unique combination of nucleic acid targets of the three or more 

nucleic acid targets (para [0003] - ‘(b) measuring a first signal generated by the first and second chromophores; (c) performing at least one 
polymerization reaction with the first primer using the first polynucleotide analyte as a template; and (d) measuring a second signal 

generated by the first and second chromophores; wherein the first and second signals are used to detect the first polynucleotide analyte.’; 

para [0007] - ‘In some cases, step a) of the method described herein further comprises combining the sample with a third primer and a 

second oligonucleotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 

oligonucleotide, . . . step b) further comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further 

comprises measuring a sixth signal generated by the third and fourth chromophores’; para [0011] - ‘Also disclosed herein are methods of 

detecting a plurality of analytes, . . . b) measuring a first set of signals generated by the chromophores; c) performing at least one 

polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates; and d) measuring a second set of 
signats generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of 
analytes. In some cases, the method described herein further comprises: e) repeating step c and d at least once; and f) generating a set of 
signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to 

a control set of signature profiles’); and 
(d) detecting the signals in a single optical channel (Claim 3 - 'method of detecting multiple nucleic acid targets of differing lengths . . . b) 

conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.'; para (0010) - ‘In some cases, the PCR process is an end-point PCR process, a digital PCR 

process, a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process. In some cases, the polymerization 

reaction is a quantitative PCR process. In some cases, the detecting comprises a quantitative PCR method. In some cases, the detecting 

comprises a quantitative PCR method and a second method. In some cases, the second method is a digital PCR process’; para [0049] - ‘In 
some cases, a single chromophore pair is used to detect an analyte. In some cases, a single chromophore pair is used to detect multiple 
analytes.'; para [0176] - 'Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher 
combination . .. By measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are 
quantified.’). Caltech does not expressly teach (a) partitioning into a plurality of partitions and amplifying in the partitions wherein N signals 

are generated in a partition of the plurality of partitions. However, since Caltech teaches droplet digital PCR (para [0010)), it would have 

been obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process involves (a) partitioning the nucleic 

acid targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, and it further would have been 
obvious that amplifying and signal generation would be in a partition of the plurality of partitions, in order to correctly perform the taught 

method using a droplet digital PCR process. 
Caltech also does not expressly teach wherein, in (a), the first nucleic acid probe has an intensity level of about Y, the second nucleic acid 
probe has an intensity level of at least about 2Y, and the third nucleic acid probe has an intensity level of at least about 4Y. 
Bio-rad teaches combinatorial use of signals in a multiplexed digital assay using probes with different intensity levels on a per-probe basis 
(para [0196] - This example describes exemplary multi-labeled probes and methods of using the probes in a multiplexed digital 

amplification assay . . . the multi-labeled probes may be utilized for intensity-based multiplexing’; para [0198] - ‘Attaching multiple 

fluorophores to one oligonucleotide probe allows creation of a wider range of probes, which can be used to enhance multiplexing 

capabilities. The ability to put multiple fluors on one probe allows the resulting emission fluorescence to be "tuned" to achieve more 

fluorescence signatures than are possible through single fluorophores. Probe spectra will generally be a composite result of the multiple 

fluorophores included . . Addition of multiple molecules of the same fluor also may allow different fluorescence output on a per-probe 

basis . .. That way, when the quencher is cleaved off, the same signal is obtained from the probe, but each probe could have a different 
signature (e.g., probe 1-FAM; probe 2-FAM+Cy3; probe 3-FAM+HEX; probe 4-FAM+FAM; etc.)'; para [0201] - "The multi-labeled probes of 

FIG. 17 are as follows: B) oligonucleotide with a 5’ quencher and fluorophores (F1 and F2) at respective internal and 3'-end positions . . . 

D) oligonucleotide with a 5’ quencher moiety and fluorophores (3 x F1, F2) at 3' and multiple internal positions’). It would have been 

obvious to one of ordinary skill in the art that by using probes with different fluorescence output on a per-probe basis according to Bio-rad, 

a combination of probes could be established wherein the first nucleic acid probe has an intensity level of about Y, the second nucleic acid 

probe has an intensity level of at least about 2Y, and the third nucleic acid probe has an intensity level of at least about 4Y, to perform the 

assay of Caltech, providing enhanced multiplexing capability as taught by Bio-rad. 
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Regarding claim 15, Caltech in view of Bio-rad teaches the method of claim 14, yet does not expressly teach wherein the first nucleic acid 
probe comprises one fluorophore with an intensity level of about Y, the second nucleic acid probe comprises at least two fluorophores 
each with an intensity level of about Y, and the third nucleic acid probe comprises at least four fluorophores each with an intensity level of 
about Y. Since Bio-rad teaches use of multiple fluorophores to a single probe molecule (para [0198} - ‘Attaching multiple fuorophores to 

one oligonucleotide probe allows creation of a wider range of probes, which can be used to enhance multiplexing capabilities. The ability to 

put multiple fluors on one probe allows the resulting emission fluorescence to be "tuned" to achieve more fluorescence signatures than are 

possible through single fluorophores. Probe spectra will generally be a composite result of the multiple fluorophores included . . . Addition 

of multiple molecules of the same fluor also may allow different fluorescence output on a per-probe basis’), it would have been obvious to 

one of ordinary skill in the art that by using a single kind of fluorophore, the method of Bio-rad could provide a first nucleic acid probe that 
comprises one fluorophore with an intensity level of about Y, the second nucleic acid probe that comprises at least two fluorophores each 
with an intensity level of about Y, and the third nucleic acid probe that comprises at least four fluorophores each with an intensity level of 

about Y. 

Regarding claim 16, Caltech in view of Bio-rad teaches the method of claim 14, yet does not expressly teach wherein the first nucleic acid 

probe comprises a fluorophore with an intensity level of about Y, the second nucleic acid probe comprises a fluorophore with an intensity 

level of at least about 2Y, and the third nucleic acid probe comprises a fluorophore with an intensity level of at least about 4Y. Since Bio- 

rad teaches probes for intensity-based multiplexing and further teaches a variety of fluorophores known in the art to generate different 

fluorescent signals (para [0196] - ‘This example describes exemplary multi-labeled probes and methods of using the probes in a 
multiplexed digital amplification assay: see FIGS. 17-22. The multi-labeled probes may be utilized for the color-based multiplexed assays 
described in Section | and in Examples 6 and 7. Alternatively, or in addition, the multi-labeled probes may be utilized for intensity-based 
multiplexing’; para [0068] - ‘Exemplary fluorophores that may be suitable include FAM, VIC, HEX, ROX, TAMRA, JOE, etc."), it would have 
been obvious to one of ordinary skill in the art that by appropriate selection of fluorophores, intensity-based multiplexing according to Bio- 

rad could be accomplished by using a combination of probes wherein the first nucleic acid probe comprises a flucrophore with an intensity 
level of about Y, the second nucleic acid probe comprises a fluorophore with an intensity leve! of at least about 2Y, and the third nucleic 

acid probe comprises a fluorophore with an intensity level of at least about 4Y, for the method of Caltech. 

Regarding claim 17, Caltech in view of Bio-rad teaches the method of claims 14-16, and Caltech further teaches wherein N is 3 or more 

(para [0072] "In some cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 

2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In 
some cases, at most 1, 2, 3,4, 5 . . . color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 
500, 10,000 analytes)"). 

Claims 1-3, 14-17, 30-32 and 51-53 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made 

or used in industry. 
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1. With regard to the language, this opinion has been established on the basis of: 

the international application in the language in which it was filed. 

[ a translation of the international application into which is the language of a translation 

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 
  

2. CL] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 

this Authority under Rule 91 (Rule 43dis.1(a)). 

3. 区 | With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 

been established on the basis of a sequence listing: 

a. [ forming part of the international application as filed: 

[__] in the form of an Annex C/ST.25 text file. 

[| on paper or in the form of an image file. 

b. [ ] furmished together with the international application under PCT Rule |3ter.1(a) for the purposes of international 

search only in the furm of an Annex C/ST.25 text file. 

C. [ ] furnished subsequent to the international filing date for the purposes of international search only: 

[_] in the form of an Annex C/ST.25 text file (Rule 13ter.1(a)). 

[J on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713). 

4. {] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that forming part of the application as 

filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

An invitation to Furnish Nucleotide and/or Amino Acid Sequence Listing and to Pay, Where Applicable, 

Late Furnishing Fee ("ISA/225") was mailed on 26 October 2018 (26.10.2018). No approved electronic sequence 

listing was received in response to the ISA/225. Therefore, the international search was carried out only to the 

extent possible. 

    
  

Form PCTASA/237 (Box No. I) (lanuary 2015)

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4185



PCT/US2018/055927 08.02.2019 

  

WRITTEN OPINION OF THE International application No. 

INTERNATIONAT. SEARCHING AUTHORITY PCT/US18/55927 
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The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 

applicable have not been examined in respect of: 

[] the entire international application. 

  

SZ] claims Nos. 67: 11-17, 23-27, 31-36 

because: 

the said international application, or the said claims Nos. relate to the following 

subject matter which does not require an international search (specif): 
  

  区 | the description, claims or drawings (indicate particular elements below) or said claims Nos. 6-7, 11-17, 23-27, 31-36 

are so unclear that no meaningful opinion could be formed (specif): 

Claims Nos. 6-7, 11-17, 23-27, and 31-36 are dependent claims and are not drafted in accordance with the second and third sentences 

of Rule 6.4(a). 

the claims, or said claims Nos. are so inadequately supported 

by the description that no meaningful opinion could be formed (specify): 
  

  x no international search report has been established for said claims Nos. 6-7, 11-17, 23-27, 31-36 

[] a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[| furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not availahle to the 

International Seaching Authority in the torm and manner acceptable to it, or the sequence listing furnished did not 

comply with the standard provided for in Annex C of the Administrative Instructions. 

[ furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 

C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 

form and manner auceptable to it; or the sequence listing furnished did not comply with the standard provided for in 

Annex. C of the Administrative Instructions. 

[ pay the required lale furnishing fee for the furnishing of a sequence listing in response to an invitation under 

Rule 13ter.1(a) or (b). 

[] See Supplemental Box for further details.     
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citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

  

Novelty (GN) Claims 1, 2, 3/1-2, 4/3/1-2, 5/4/3/1-2, 9, 10/9, 18, 20, 21/19-20, 22 YES 

Claims 8, 19, 28-29, 30/28-29 
NO 

Inventive step (IS) Claims 21/19-20, 22 YES 

Claims 4-2, 3/1-2, 4/3/1-2, 5/4/3/1-2, 8-9, 10/9, 18-20, 28-29, 30/28-29 NO 

Industrial applicability (LA) Claims -Please See Below-""*- YES 

Claims NONE 
NO 

  

  

2. Citations and explanations: 

-***_Cantinued from Box No. V: 1. Statement-***- 

industrial applicability (IA): YES: Claims 1-2, 3/1-2, 4/3/1-2, 5/4/3/1-2, 8-9, 10/9, 18-20, 21/19-20, 22, 28-29, 30/28-29 

-***-Box No. V: 2. Citations and Explanations-***- 

Claims 8, 19, 28-29, and 30/28-29 lack novelty under PCT Article 33(2) as being anticipated by WO 2017/173035 A1 to Chromacode Inc. 

(hereinafter “Chromacode’”). 

As per Claim 8, Chromacode discloses a method of detecting the presence or absence of at least one member of a plurality of target 

nucieic acids (methods and compositions for uniquely and unambiguously detecting multiple targets (plurality of target nucleic acids) in a 

single color detection channel; paragraph [007]) in a sample (providing a sample comprising the first target nucleic acid; claim 1), the 

method comprising: a. providing a sample (providing a sample comprising the first target nucleic acid; claim 1) comprising, or potentially 

comprising, at least one member of the plurality of target nucleic acids; b. forming a mixture of the sample (providing a sample comprising 

the first target nucleic acid; claim 1) and i. a signal oligonucteotide probe (b. first signal oligonucleotides comprising a first signal tag; 

paragraph [008)): ii. a first forward oligonucleotide primer (a. first competitive oligonucleotides to b. first signal oligonucleotides comprising 

a first signal tag; paragraph [008]) comprising a region with complementarity to a first member of the plurality of target nucleic acids 

(wherein the first competitive oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid 

wherein it is well known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008)); iii. a 

first reverse oligonucleotide primer comprising a region with complementarity to the first member of the plurality of target nucleic acids 

(wherein the first competitive oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid 

wherein it is wel! known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008)); iv. a 

secnond forward oligonucleotide primer (the method furller comprises identifying the second target nucleic acid by providing a second set 

of paired oligonucleotides; paragraph [008]) comprising a region with complementarity to a second member of the plurality of target 

nucleic acids (a. second competitive oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it 

is well known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]); and v. a second 

reverse oligonucleotide primer comprising a region with complementarity to the second member of the plurality of target nucleic acids (a. 

second competitive oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it is well known 

that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]); c. thermally cycling the mixture 

under conditions appropriate to amplify each member of the plurality of target nucleic acids with polymerase chain reaction, PCR, and 

generating a signal if at least one member of the plurality of target nucleic acids is present in the mixture (amplifying the first target 

nucleic acid with the polymerase chain reaction, thereby degrading the first signal oligonucleotide and permitting generation of a first 

signal, amplifying the second target sequence with the polymerase chain reaction, thereby degrading the second signal oligonucleotide 

and permitting generation of a second signal; paragraph [008]); and d. detecting the presence or absence of the signal (measuring 

intensity of the first signal, and correlating the intensity of the first signal to the first ratio, thereby identifying the first target nucleic acid; 

claim 1). 

-***-Continued Within the Next Gupplenie: tal Bux-"*"-   
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As per Claim 19, Chromacode discloses a method of detecting the presence or absence of a first and second member of a plurality of 

target nucleic acids (methods and compositions for uniquely and unambiguously detecting multiple targets (plurality of target nucleic 

acids) in a single color detection channel; paragraph [007]) in a sample (providing a sample comprising the first target nucleic acid; claim 

1), the method comprising: a. providing a sample (providing a sample comprising the first target nucleic acid; claim 1) comprising, or 

potentially comprising, the first and second members of the plurality of target nucleic acids; b. forming a mixture comprising the sample 

(providing a sample comprising the first target nucleic acid; claim 1) and i. a template nucleic acid sample (providing a sample 

comprising the first target nucleic acid; claim 1); ii. a signal oligonucleotide probe with complementarity to the template nucleic acid (the 

first competitive oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid (signal 

oligonucleotide probe with complementarity to the template nucleic acid); claim 1), iii a first oligonucleotide primer comprising a region 

with complementarity to the first member of the plurality of target nucleic acids (providing a first set of paired oligonucleotides with 

complementarity to the first target nucleic acid; claim 1); and iv a second oligonucleotide primer comprising a region with 

complementarity to the second member of the plurality of target nucleic acids (providing a second set of paired oligonucleotides with 

complementarity to the second target nucleic acid; claim 3); c. subjecting the mixture to conditions sufficient to anneal the first 

oligonucleotide primer to the first member of the plurality of target nucleic acids (the first competitive oligonucleotides compete with the 

first signal oligonucleotides for binding to the first target nucleic acid, amplifying the first target nucleic acid; paragraph [008]) and the 

second oligonucleotide primer to the second member of the plurality of target nucleic acids (the second competitive oligonucleatides 

compete with the second signal oligonucleotides for binding to the second target nucleic acid , amplifying the second target sequence 

with the polymerase chain reaction; paragraph [008]), such that the first (degrading the first signal oligonucleotide ;paragraph [008]) and 

second oligonucleotide primers are degraded (degrading the second siynal oligonucleotide; paragraph [008]); d. thermally cycling the 

mixture under reaction conditions appropriate to amplify the template nucleic acid with polymerase chain reaction (PCR), such that a 

signal is generated if both the first and second members of the plurality of target nucleic acids are present in the mixture (amplifying the 

first target nucleic acid with the polymerase chain reaction, thereby degrading the first signal oligonucleotide and permitting generation of 

a first signal, amplifying the second target sequence with the polymerase chain reaction, thereby degrading the second signal 

oligonucleotide and permitting generation of a second signal; paragraph [008]); and e. detecting the presence or absence of the signal 

(measuring intensity of the first signal, and correlating the intensity of the first signal to the first ratio, thereby identifying the first target 

nucleic acid; claim 1). 

As per Claim 28, Chromacode discloses a method of detecting the presence or absence of a first and second member of a plurality of 

target nucleic acids (methods and compositions for uniquely and unambiguously detecting multiple targets (plurality of target nucleic 

acids) in a single color detection channel; paragraph [007]) in a sample (providing a sample comprising the first target nucleic acid; claim 

1), the method comprising: a. providing a sample (providing a sample comprising the first target nucleic acid; claim 1) comprising, or 

potentially comprising, the first and second members of the plurality of target nucleic acids b. forming a mixture comprising the sample 

(providing a sample comprising the first target nucleic acid; claim 1) and i. a template nucleic acid (providing a sample comprising the 

first target nucleic acid; claim 1); ii. a signal oligonucleotide probe with complementarity to the template nucleic acid (the first competitive 

oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid (signal oligonucleotide probe with 

complementarity to the template nucleic acid); claim 1); iii. a first forward oligonucleotide primer comprising a region with 

complementarity to the first member of the plurality of target nucleic acids (providing a first set of paired oligonucleotides with 

complementarity to the first target nucleic acid; claim 1); iv. a first reverse oligonucleotide primer comprising a region with 

complementarity the first member of the plurallty of target nucleic acids (wherein the first competitive oligonucleotides compete with the 

first signal oligonucleotides for binding to the first target nucleic acid wherein it is well known that PCR requires a forward primer and 

reverse primer to bind to the target nucleic acid; paragraph [008]); v. a second forward oligonucleotide primer comprising a first region 

with complementarity to the second member of the plurality of target nucleic acids (providing a second set of paired oligonucleotides with 

complementarity to the second target nucleic acid; claim 3); and vi. a second reverse oligonucleotide primer comprising a region with 

complementarity to the second member of the plurality of target nucleic acids (a. second competitive oligonucleotides to b. second signal 

oligonucleotides comprising a second signal tag acid wherein it is well known that PCR requires a forward primer and reverse primer to 

bind to the target nucleic acid; paragraph [008]); c. thermally cycling the mixture under reaction conditions appropriate to amplify the first 

and second members of the plurality of target nucleic acids with polymerase chain reaction, PCR (amplifying the first target nucleic acid 

with the polymerase chain reaction, amplifying the second target sequence with the polymerase chain reaction; paragraph [008]), such 

that the first forward oligonucleotide primer and the second forward oligonucleotide primer are degraded mixture (amplifying the first 

target nucleic acid with the polymerase chain reaction, thereby degrading the first signal oligonucleotide and permitting generation of a 

first signal, amplifying the second target sequence with the polymerase chain reaction, thereby degrading the second signal 

oligonucleotide and permitting generation of a second signal; paragraph [008]); d. thermally cycling the mixture under reaction conditions 

appropriate to amplify the template nucleic acid with PCR, such that a signal is generated if both the first and second memhers of the 

plurality of target nucleic acids are present in the mixture (the first target nucleic acid and the second target nucleic acid are identified 

from differing signal intensities generated during the same polymerase chain reaction; paragraph [008]); and e. detecting the presence 

or absence of the signal (measuring intensity of the first signal, and correlating the intensity of the first signal to the first ratio, thereby 

identifying the first target nucleic acid; claim 1). 

As per Claimn 29, Chromacode discloses the method of claim 28, and Chromacode further discloses comprising t. correlating the 

presence of the signal to the presence of both the first (correlating the intensity of the first signal to the first ratio, thereby identifying the 

first target nucleic acid; paragraph 007-) and second members of the plurality of target nucleic acids in the sample (correlating the 

intensity of the second signal to the second ratio, thereby identifying the second target nucleic acid; paragraph [007]). 

As per Claims 30/28-29, Chromacode discloses the method of claim 28 and 29, and Chromacode further discloses wherein the signal 
oligonucleotide probe comprises a signal tag (generating the signal comprises exciting the signal tag; paragraph [008)). 
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Claims 1, 3/1, 4/3/1, 5/4/3/1, and 18 lack an inventive step under PCT Article 33(3) as being obvious over WO 2017/ 173035 A1 to 

Chromacode Inc. (hereinafter “Chromacode’”) in view of the publication entitled “Comparison of DNA Quantification Methods for Next 

Generation Sequencing” by Robin, JD et al. (hereinafter “Robin”) 

As per Claim 1, Chromacode discloses a method of detecting the presence or absence of at least one member of a plurality of target 

nucleic acids (methods and compositions for uniquely and unambiguously detecting multiple targets (plurality of target nucleic acids) in 

a single color detection channel; paragraph [007]) in a sample (providing a sample comprising the first target nucleic acid; claim 1), the 

method comprising: a. providing a sample (providing a sample comprising the first target nucleic acid; claim 1) comprising, or potentiaily 
comprising, at least one member of the plurality of target nucleic acids (detecting multiple targets (plurality of target nucleic acids) ina 

single color detection channel; paragraph [007]); b. forming a mixture (this is achieved by creating a mixture of non-fluorescent oligo 

probes and the TaqMan reporter probes for every target interrogated in a qPCR reaction; paragraph [022]) comprising the sample 

(providing a sample comprising the first target nucleic acid; claim 1) and i. a signal oligonucleotide probe (b. first signal oligonucleotides 

comprising a first signal tag; paragraph [008)); ii. a first forward oligonucleotide primer (a. first competitive oligonucteotides to b. first 

signal oligonucleotides comprising a first signal tag; paragraph [008]) comprising: a first region complementary to a first region of a first 
member of the plurality of target nucleic acids (wherein the first competitive oligonucleotides compete with the first signal 

oligonucleotides for binding to the first target nucleic acid wherein it is well known that PCR requires a forward primer and reverse 

primer to bind to the target nucleic acid; paragraph [008)); ili. a first reverse oligonucleotide primer comprising a region complementary 

to a second region of the first member of the plurality of target nucleic acids (wherein the first competitive oligonucleotides compete with 
the first signal oligonucleotides for binding to the first target nucleic acid wherein it is well known that PCR requires a forward primer and 
reverse primer to bind to the target nucleic acid; paragraph [008)); iv. a second forward oligonucleotide primer comprising (the method 

further comprises identifying the second target nucleic acid by providing a second set of paired oligonucleotides; paragraph [008)): a first 

region complementary to a first region of a second member of the plurality of target nucleic acids (a. second competitive 

oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it is well known that PCR requires a 

forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]); v. a second reverse oligonucleotide primer 
comprising a region complementary to a second region of the second member of the plurality of target nucleic acids (a. second 

competitive oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it is well known that PCR 

requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [007]); c. thermally cycling the mixture under 

conditions appropriate to amplify each member of the plurality of target nucleic acids with polymerase chain reaction, PCR, such that the 

signal oligonucleotide probe is degraded and a signal is generated if at teast one member of the plurality of target nucleic acids is 
present in the mixture (amplifying the first target nucleic acid with the polymerase chain reaction, thereby degrading the first signal 
oligonucleotide and permitting generation of a first signal, amplifying the second target sequence with the polymerase chain reaction, 

thereby degrading the second signal oligonucleotide and permitting generation of a second signal; paragraph [008]); and d. detecting 

the presence or absence of the signal (measuring intensity of the first signal, and correlating the intensity of the first signal to the first 

ratio, thereby identifying the first target nucleic acid; claim 1). Chromacode does not disclose a second region complementary or 
homologous to the signal oligonucleotide probe. However, Robin discloses disclose a second region complementary or homologous to 
the signal oligonucleotide probe (at the 5’ end of the forward primer, a short sequence complementary to a UPL(R), Roche, (signal 

oligonucleotide probe) was added; figure 1). It would have been obvious to a person of ordinary skill in the art, at the time of the 

invention, to have modified the PCR reaction as disclosed by Chromacode, to also include a region in the forward primer 

complementary to a signal prube, as disclosed by Kobin, as the previous disclosure by Chromacode discloses the use of a PCR 

reaction to detect multiple targets in a sample reaction, and the Robin reference discloses the use of a primer with a region 
complementary to the target and a region complementary to a signal probe and this would provide the capability to use the forward 
primers together with a reverse primer to accurately quantify the presence or absence of a target analyte in a single reaction. 

As per Claim 3/1, Chromacode and Robin, in combination, disclose the method of claim 1, and Chromacode further discloses wherein 

the signal oligonucleotide probe comprises a signal tag (a. first competitive oligonucleotides to b. first signal oligonucleotides comprising 

a first signal tag; paragraph [008)). 

As per Claim 4/3/1, Chromacode and Robin, in combination, disclose the method of claim 3/1, and Chromacode further discloses 

wherein, in c, the signal is generated by the signal tag (generating the signal comprises exciting the signal tag; paragraph [008]). 

As per Claim 5/4/3/1, Chromacode and Robin, in combination, disclose the method of claim 4/3/1, and Chromacode further discloses 

wherein the signal tag generates the signal upon degradation of the signal oligonucleotide probe (degrading the first signal 
oligonucleotide and permitting generation of a first signal; claim 1). 
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As per Claim 18, Chromacode discloses a system, rather than a kit (provided herein are compositions comprising a set of paired 
oligonucleotides with complementarity to a target nucleic acid; paragraph [013]) for detecting the presence or absence of at least one 
member of a plurality of target nucleic acids in a sample (providing a sample comprising the first target nucleic acid; claim 1), 
comprising: a. a signal oligonucleotide probe (b. first signal oligonucleotides comprising a first signal tag; paragraph {008)); b. a first 
forward oligonucleotide primer (a. first competitive oligonucleotides to b. first signal oligonucleotides comprising a first signal tag; 
paragraph [008]) comprising: a first region with complementarity to a first member of the plurality of target nucleic acids (wherein the first 
competitive oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid wherein it is well 
known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008)); c. a first reverse 
oligonucleotide primer comprising a region with complementarity to the first member of the plurality of target nucleic acids (wherein the 
first competitive oligonucleotides compete with the first signal oligonucleotides for binding to the first target nucleic acid wherein it is well 
known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]); d. a second forward 
oligonucleotide primer (the method further comprises identifying the second target nucleic acid by providing a second set of paired 
oligonucleotides; paragraph [008]) comprising: a first region with complementarity to a second member of the plurality of target nucleic 
acids (a. second competitive oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it is well 
known that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]); and e. a second 
reverse oligonucleotide primer comprising a region with complementarity to the second member of the plurality of target nucleic acids (a. 
second competitive oligonucleotides to b. second signal oligonucleotides comprising a second signal tag acid wherein it is well known 
that PCR requires a forward primer and reverse primer to bind to the target nucleic acid; paragraph [008]). Chromacode does not 
disclose a kit, and a second region complementary or homologous to the signal oligonucleotide probe. However, Robin discloses a kit 
for DNA quantification (page 3, 2nd paragraph), and a second region complementary or homologous to the signal oligonucleotide probe 
(at the 5’ end of the forward primer, a short sequence complementary to a UPL(R), Roche, (signa! oligonucleotide probe) was added; 
figure 1). It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified the system as 
disclosed by Chromacode, to also include a region in the forward primer complementary to a signal probe, as disclosed by Robin, as the 
previous disclosure by Chromacode discloses the use of a PCR reaction to detect multiple targets in a sample reaction, and the Robin 
reference discloses the use of a primer with a region complementary to the target and a region complementary to a signal probe and 
this would provide the capability to use the forward primers together with a reverse primer to accurately quantify the presence or 
absence of a target analyte in a single reaction. Further, it would have been obvious to a person of ordinary skill in the art, at the time of 
the invention, to have packaged the components of the system disclosed by Chromacode into a kit, as commercial kits for quantification 
of nucleic acids are well known in the art, as shown by the use of such kits disclosed by Robin, and this would provide an improvement 

to ease of use for the user of the system. 

Claims 9 and 10/9 lack an inventive step under PCT Article 33(3) as being obvious over Chromacode in view of the publication entitled 
“MNAzyme qPCR with Superior Multiplexing Capacity” by Mokany, E et al. (hereinafter “Mokany”). 

As per Claim 9, Chromacode discloses the method of claim 8, but Chromacode does not disclose wherein the mixture further comprises 
a nucleic acid enzyme. However, Mokany discloses wherein the mixture further comprises a nucleic acid enzyme (MNAzymes, nucleic 
acid enzymes formed from multiple partial enzymes, can be linked to PCR to provide a highly specific method for target detection and 
quantification; abstract). It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have modified 
the PCR reaction as disclosed by Chromacode, to also include a region in the forward primer complementary to a signal probe, as 
disclosed by Mokany, as the previous disclosure by Chromacode discloses the use of a PCR reaction to detect multiple targets in a 
sample reaction, and the Mokany reference discloses the use of nucleic acid enzyme in PCR reactions and this would provide the 
capability to use the nucleic acid enzymes in a qPCR assay to enable multiple target identification. 

As per Claim 10/9, Chromacode and Mokany, in combination, disclose the method of claim 9, and Chromacode further discloses 

wherein the first forward oligonucleotide primer further comprises an additional region with complementarity or homology to the signal 

oligonucleotide probe. 

Claims 10/8 and 20 lack an inventive step under PCT Article 33(3) as being obvious over Chromacode and in view of the WO 

2008/1 18998 A2 to Primera Biosystems, Inc. (hereinafter “Primera’”). 

As per Claim 10/8, Chromacode discloses the method of claim 8, but Chromacode does not disclose wherein the first forward 
oligonucleotide primer further comprises an additional region with complementarity or homology to the signal oligonucleotide probe. 
However, Primera discloses wherein the first oligonucleotide primer further comprises an additional region with complementarity to a 
second region of the template nucleic acid (a 3' end and a 5' end, wherein a segment of the 3’ end is complementary to at least a first 
segment of a target sequence for probe annealing, and a segment of the 5' end is complementary to at least a second segment of the 
target sequence for probe annealing; claim 1). It would have been obvious to a person of ordinary skill in the art, at the time of the 
invention, to have modified the PCR reaction as disclosed by Chromacode, to also include a region in the forward primer 

complementary to another region of the template nucleic acid, as disclosed by Primera, as the previous disclosure by Chromacode 
discloses the use of a PCR reaction to detect multiple targets in a sample reaction, and the Primera reference discloses the use of 
primers with two complementary regions to the template nucleic acid and this would provide the capability to use the primers for 

accurate quantification of the template nucleic acid in the PCR reaction. 
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As per Claim 20, Chromacode discloses the method of claim 19, but Chromacode does not disclose wherein the first oligonucleotide 

primer further comprises an additional region with complementarity to a second region of the template nucleic acid. However, Primera 

discloses wherein the first oligonucleotide primer further comprises an additional region with complementarity to a second region of the 

template nucleic acid (a 3' end and a 5' end, wherein a segment of the 3' end is complementary to at least a first segment of a target 

sequence for probe annealing, and a segment of the 5 end is complementary to at least a second segment of the target sequence for 

probe annealing; claim 1). It would have been obvious to a person of ordinary skill in the art, at the time of the invention, to have 

modified the PCR reaction as disclosed by Chromacode, to also include a region in the forward primer complementary to another region 

of the template nucleic acid, as disclosed by Primera, as the previous disclosure by Chromacode discloses the use of a PCR reaction to 

detect multiple targets in a sample reaction, and the Primera reference discloses the use of primers with two complementary regions to 

the template nucleic acid and this would provide the capability to use the primers for accurate quantification of the template nucleic acid 

in the PCR reaction. 

Claims 2, 3/2, 4/3/2, and 5/4/3/2 lack an inventive step under PCT Article 33(3) as being obvious over Chromacode and Robin and in 

further view of Mokany. 

As per Claim 2, Chromacode and Robin, in combination, discloses the method of claim 1, but Chromacode does not disclose wherein 

the mixture further cornprises a nucleic acid enzyme. However, Mokany discloses wherein the mixture further comprises a nucleic acid 

enzyme (MNAzymes, nucleic acid enzymes formed from multiple partial enzymes, can be linked to PCR to provide a highly specific 

method for target detection and quantification; abstract). It would have been obvious to a person of ordinary skill in the art, at the time of 

the invention, to have modified the PCR reaction as disclosed by Chromacode, to also include a region in the forward primer 

complementary to a signal probe, as disclosed by Mokany, as the previous disclosure by Chromacode discloses the use of a PCR 

reaction to detect multiple targets in a sample reaction, and the Mokany reference discloses the use of nucleic acid enzyme in PCR 

reactions and this would provide the capability to use the nucleic acid enzymes in a qPCR assay to enable multiple target identification. 

As per Claim 3/2, Chromacode, Robin and Mokany, in combination, disclose the method of claim 2, and Chromacode further discloses 

wherein the signal oligonucleotide probe comprises a signal tag (a. first competitive oligonucleotides to b. first signal oligonucleotides 

comprising a first signal tag; paragraph [008)). 

As per Claim 4/3/2, Chromacode, Robin and Mokany, in combination, disclose the method of claim 3/2, and Chromacode further 

discloses wherein, in c, the signal is generated by the signal tag (generating the signal comprises exciting the signal tag; paragraph 

[008]). 

As per Claim 5/4/3/2, Chromacode, Robin ‘and Mokany, in combination, disclose the method of claim 4/3/2, and Chromacode further 

discloses wherein the signal tag generates the signal upon degradation of the signal oligonucleotide probe (degrading the first signal 

oligonucleotide and permitting generation of a first signal; claim 1). 

Claims 21/19-20 and 22/21/19-20 meet the criteria set out in PCT Article 33(2}-(3). 

Claims 21/19-20 meets the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest the method of 

claim 19 or 20, wherein the second oligonucleotide primer further comprises an additional region with complementarity to a third region 

of the template nucleic acid. 

Primera discloses wherein the an oligonucleotide primer further comprises an additional region with complementarity to a region of the 

template nucleic acid (a 3' end and a 5' end, wherein a segment of the 3' end is complementary to at least a first segment of a target 

sequence for probe annealing, and a segment of the 5' end is complementary to at least a second segment of the target sequence for 

probe annealing; claim 1). Primera does not disclose wherein the second oligonucleotide primer further comprises an additional region 

with complementarity to a third region of the template nucleic acid. 

the publication entitied “Two-tailed RT-qPCR: a novel method for highly accurate miRNA quantification” by Androvic, P et al. 

(hereinafter “Androvic”) discloses , wherein the oligonucleotide primer further comprises an additional region with complementarity to a 

region of the template nucleic acid (it takes advantage of novel, target-specific primers for reverse transcription composed of two 

hemiprobes complementary to two different parts of the targeted miRNA, connected by a hairpin structure; abstract). Androvic does not 

disclose wherein the second oligonucleotide primer further comprises an additional region with complementarity to a third region of the 

template nucleic acid. 

The publication entitled “An improved protocol with a highly degenerate primer targeting copper-containing membrane-bound 

monooxygenase genes for community analysis of methane- and ammonia-oxidizing bacteria” by Wang, JG (hereinafter "Wang ) 

discloses a primer further comprises an additional region with complementarity to a region of the template nucleic acid (based on 

sequence alignment of pmoA and amoA genes, a new highly degenerate reverse primer, HD616 (Table 1), was designed at a highly 

conserved region to cover most of MOB and AOB; page 3, 1st column, 2nd paragraph). Wang does not disclose wherein the second 

oligonucleotide primer further comprises an additional region with complementarity to a third region of the template nucleic acid. 

-***_Continued Within the Next Supplemental Box-***-     
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAT. SEARCHING AUTHORITY PCT/US18/55927 

  
  

Supplemental Box 

  

ln case the space in any of the preceding boxes is not sufficient. 

Continuation of: 

-***_Continued from Previous Supplemental! Box-***- 

Thus, the prior art does not teach or fairly suggest the method of claim 19 or 20, wherein the second oligonucleotide primer further 

comprises an additional region with complementarity to a third region of the template nucleic acid, and sufficient motivation, based upon 

the previous disclosures of the Primera, Androvic and Wang references, does not exist to have determined and implemented the 

compositions as described in claim 21/19-20 of the instant PCT application. 

Claims 22/21/19-20 meet the criteria set-out in PCT Article 33(2}-(3), due to their dependency upon positive Claims 21/19-20. 

Claim 1-2, 3/1-2, 4/3/1-2, 5/4/3/1-2, 8-9, 10/8-9, 18-20, 21/19-20, 22/21/19-20, 28-29, 30/28-29 have industrial applicability as defined by 

PCT Article 33(4) because the subject matter can be made or used in industry. 
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PATENT COOPERATION TREATY 

From the INTERNATIONAL SEARCHING AUTHORITY 
  

To: KYLE BRUNER 
WILSON SONSINI GOODRICH & ROSATI 
650 PAGE MILL ROAD 
PALO ALTO, CA 94304 

PCT 

NOTIFICATION OF TRANSMITTAL OF 

THE INTERNATIONAL SEARCH REPORT AND 

THE WRITTEN OPINION OF THE INTERNATIONAL 

SEARCHING AUTHORITY, OR THE DECLARATION 

(PCT Rule 44.1) 
      

Date of mailing 
(day/month/year) 14 SEP 2018 

  

Applicant’s or agent’s file reference 

44158-709601 FOR FURTHER ACTION — See paragraphs 1 and 4 below 

  

International application No. 

PCT/US 18/39846   International filing date 

(day/month/year) 27 June 2018 (27.06.2018) 
  

Applicant CHROMACODE, INC. 

  

  

1. The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rute 46): 
When? = The time limit for filing such amendments is normally two months from the date of transmittal of the international 

search report. 

Directly to the International Bureau of WIPO preferably through ePCT or on paper to, 34 chemin des Colombettes 
1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70 

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 - 9.011. 

How? 

2. 口 The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

3. C] With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 
the protest together with the decision thereon has been transmitted to the International Bureau together with any 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 
no decision has been made yet on the protest, the applicant will be notified as soon as a decision is made. 

4. Reminders 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority 
to the International Bureau. These comments will be made available to the public after international publication. The 
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary 
examination report has been or is to be established. 

Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
Intemational Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for 
international publication (Rules 90bis.1 and 90bis.3). 

Within 19 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed ifthe applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the 
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the 
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time 
limits, Office by Office, see www.wipo.int/pct/en/texts/time_limits.html and the PCT Applicant's Guide, National Chapters. 
Within 22 months from the priority date, the applicant may request that a supplementary international search be carried 
out by a different International Searching Authority that offers this service (Rule 45bis.1). The procedure for requesting 
supplementary international search is described in the PCT Applicant’s Guide, International Phase, paragraphs 8.006-8.032. 
  

  

KBRU | LMI | Aree] Arad 

Name and mailing address of the ISA/US 
Mail Stop PCT, Attn: iSA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No, 571-273-8300   Authorized officer 

  PCT Helpdesk: 574-272-4300 
Telephone No. per ose: 571-272-774 ~ 

Lee W. Young     
  

Form PCT/ISA/220 (July 2014) WSGR PATENT ODOCAET 

  

U.S.___FORE]GN: ww 
DOSE BY: & 
ACTION: 4/f 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL SEARCH REPORT 

(PCT Article 18 and Rules 43 and 44) 

  

  

  

Applicant’s or agent’s file reference FOR FURTHER see Form PCTASA/220 
44158-709601 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US 18/39846 27 June 2018 (27.06.2018) 28 June 2017 (28.06.2017)     

Applicant 

CHROMACODE, INC. 

  

  

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 
according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 3 sheets. 

加] It is also accompanied by a copy of each prior art document cited in this report. 

  

1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

[x] the international application in the language in which it was filed. 

[] a translation of the international application into which is the language of 
a translation furnished for the purposes of international search (Rules 12.3(a) and 23. 1¢b)). 

  

b. 器] This international search report has been established taking into account the rectification of an obvious mistake 
authorized by or notified to this Authority under Rule 91 (Rule 43.6dis(a)). 

C. LC] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. _ 

2. Certain claims were found unsearchable (see Box No. II). 

3. L] Unity of invention is lacking (see Box No. III). 

4, With regard to the title, 
SZ 

the text is approved as submitted by the applicant. 

[L the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

the text is approved as submitted by the applicant. 

C] the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant 
may, within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. 1 

as suggested by the applicant. 

C] as selected by this Authority, because the applicant failed to suggest a figure. 

C] as selected by this Authority, because this figure better characterizes the invention. 

b. CJ none of the figures is to be published with the abstract.   
  

Form PCT/SA/210 (first sheet) (January 2015) 
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INTERNATIONAL SEARCH REPORT International application No. 

PCT/US 18/39846     

Box No. I Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 
  

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1, [| Claims Nos.: 

because they relate to subject matter not required to be searched by this Authority, namely: 

2. [ ] Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 
extent that no meaningful international search can be carried out, specifically: 

41 3. XX] claims Nos.: 4-13, 18-29, 33-50, 54-69 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

  

Box No.JII = Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

  

This International Searching Authority found multiple inventions in this international application, as follows: 

1, [] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 
claims. 

2. 口 ] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 
additional fees. 

3. [| As only some of the required additional search fees were timely paid by the applicant, this international search report covers 
only those claims for which fees were paid, specifically claims Nos.: 

4, [ No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is 
restricted to the invention first mentioned in the claims; it is covered by claims Nos.: 

Remark on Protest [ | The additional search fees were accompanied by the applicant’s protest and, where applicable, the 

payment of a protest fee. 

L The additional search fees were accompanied by the applicant's protest but the applicable protést 

fee was not paid within the time limit specified in the invitation. 

[| No protest accompanied the payment of additional search fees.       

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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INTERNATIONAL SEARCH REPORT 
  

International application No. 

PCT/US 18/39846 

    

A. CLASSIFICATION OF SUBJECT MATTER 
IPC(8) - C12Q 1/70, C12Q 1/70 (2018.01) 
CPC - C12Q 1/701, C12Q 1/6818, C12Q 1/68, C12Q 1/6851, C12Q 1/686, C12Q 1/703, Y10T 

436/143333, C12Q 2563/103, C12Q 2563/159 

According to International Patent Classification (IPC) or to both national classification and IPC 
  

B. FIELDS SEARCHED 
  

See Search History Document 

Minimum documentation searched (classification system followed by classification symbols) 

  

See Search History Document 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

  

See Search History Document 

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 

  

C. DOCUMENTS CONSIDERED TO BE RELEVANT 
  

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

  

[0068]; para [0196]; para [0198]; para [0201] 

  

  

x US 2014/0213471 A1 (CALIFORNIA INSTITUTE OF TECHNOLOGY) 31 July 2014 1-3, 30-32, 51-53 
一 -一 (31.07.2014) Claim 3; para [0003]; para [0007]; para [0010-0011]; para [0030]; para [0035]; para 
Y [0048-0049]; para [0105] ; para [0154}; para [0176] 14-17 

Y US 2016/0108464 A1 (BIO-RAD LABORATORIES INC.) 21 April 2016 (21.04.2016) para 14-17 

    

[ Further documents are listed in the continuation of Box C. [] See patent family annex. 
  

* Special categories of cited documents: 

the priority date claimed 

“A” document defining the general state of the art which is not considered 
to be of particular relevance 

“E” earlier application or patent but published on or after the international 
filing date 

“L” document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other .., 
special reason (as specified) 

“OQ” document referring to an oral disclosure, use, exhibition or other 
means 

“p” document published prior to the international filing date but later than 

“T” later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

“xX” document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

“&” document member of the same patent family 

  

Date of the actual completion of the international search 

21 August 2018 

Date of mailing of the international search report 

14 SEP 2018 
  

Name and mailing address of the ISA/US 

Mail Stop PCT, Attn: [SA/US, Commissioner for Patents 

P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300     
Authorized officer: 

Lee W. Young 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774 
  

Form PCT/ISA/210 (second sheet) (January 2015) 
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From the 

PATENT COOPERATION TREATY 

INTERNATIONAL SEARCHING AUTHORITY 
  

To: KYLE BRUNER 
WILSON SONSINI GOODRICH & ROSATI 
650 PAGE MILL ROAD 
PALO ALTO, CA 94304 

PCT 

WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43 dis.1) 

      

  
  

  
  

PCT/US 18/39846 27 June 2018 (27.06.2018)   

Date of mailing 
(day/month/year) ] 4 S E P 201 8 

Applicant’s or agent’s file reference FOR FURTHER ACTION 

44158-709601 See paragraph 2 below 

International application No. International filing date (day/month/vear) Priority date (day/month/year) 

28 June 2017 (28.06.2017)   
  

Internationa! Patent Classification (IPC) or both national classification and IPC 

IPC(8) - C12Q 1/70, C12Q 1/70 (2018.01) 
cpc- ©12Q 1/701, C12Q 1/6818, C12Q 1/68, C12@ 1/6851, C12Q 1/686, C12Q 1/703, Y10T 

436/143333, C12Q 2563/103, C12Q 2563/159 

  

» Applicant CHROMACODE, INC. 

  

  

Box No. | 

Box No. II 

Box No. Hl 

Box No. IV 

Box No. V 

Box No. VI 

Box No. VII 

O
O
O
 
W
O
R
 

1. This opinion contains indications relating to the following items: 

Basis of the opinion 

Priority 

Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Lack of unity of invention 

Reasoned statement under Rule 43bis. 1(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

Certain documents cited 

Certain defects in the international application 

Box No. VIH Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 
International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority 
other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1 /s(b) that written 
opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. ~ 

  

  

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents   P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300 

Name and mailing address of the ISA/US | Date of completion of this opinion 

21 August 2018 

  

Authorized officer 

Lee W. Young 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774   
  

Form PCT/ISA/237 (cover sheet) (January 2015) 
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846   

  

Box No. I Basis of this opinion 

  

1, With regard to the language, this opinion has been established on the basis of: 

[x] the international application in the language in which it was filed. 

a translation of the international application into which is the language of a translation 
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 

  

2, 器] This opinion has been established taking into account the reetification ofan obvious mistake authorized by ornotified to 
this Authority under Rule 91 (Rule 43p018.1(a)). 

3. C] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 
been established on the basis of a sequence listing: 

a. 口 ] forming part of the international application as filed: 

[__] in the form of an Annex C/ST.25 text file. 

[] on paper or in the form of an image file. 

b. [] furnished togcthcr with the international application under PCT Rule 13ser.1(a) for the purposes of international 
search only in the form of an Annex C/ST.25 text file. : 

C. [J furnished subsequent to the intemational filing date for the purposes of international search only: 

[] in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)). 

[] on paper or in the form of an image file (Rule 13/er.1(b) and Administrative Instructions, Section 713). 

4. ] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
statements that the information in the subsequent or additional copies is identical to that forming part of the application as 
filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

  

      

Form PCT/ISA/237 (Box No. D (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846   

  

Box No. III Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 
applicable have not been examined in respect of 

[| the entire international application. 

DX] claims Nos. 4-13, 18-29, 33-50, 54-69 
  

because: 

the said international application, or the said claims Nos. relate to the following 
subject matter which does not require an international search (specify): 

  

  

the description, claims or drawings (indicate particular elements below) or said claims Nos. 4-13, 18-29, 33-50, 54-69 
are so unclear that no meaningful opinion could be formed (specify): 

Ciaims 4-13, 18-29, 33-50, 54-69 are dependent claims and are not drafted in accordance with the second and third sentences of Rule 
6.4(a). 

[| the claims, or said claims Nos. are so inadequately supported 
by the description that no meaningful opinion could be formed (specify): 
  

DX] no intemational search report has been established for said claims Nos. 4-13, 18-29, 33-50, 54-69 
  

[ ] a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[] furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the 
International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not 
comply with the standard provided for in Annex C of the Administrative Instructions. 

[| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 
C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 
form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in 
Annex C of the Administrative Instructions. 

[] pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 
Rule 13¢er.1(a) or (b). 

[| See Supplemental Box for further details.       
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCTIUS 18/39846 

    

Box No. V Reasoned statement under Rule 435is.1(a)(i) with regard to novelty, inventive step or industrial applicability; 

citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

Novelty (N) Claims 1-3, 14-17, 30-32, 51-53 YES 

Claims None NO 

Inventive step (IS) Claims None YES 

Claims 1-3, 14-17, 30-32, 51-53 NO 

Industrial applicability (IA) Claims 1-3, 14-17, 30-32, 51-53 YES 
  

  

Claims None NO 

  

2. Citations and explanations: 

Claims 1-3, 30-32 and 51-53 lack an inventive step under PCT Article 33(3) as heing obvious aver US 2014/0213471 Al to California 
Institute of Technology (hereinafter 'Caltech'). 

Regarding claim 1, Caltech teaches a method for performing a digital assay, comprising: 
{a) (i) three or more nucleic acid targets and (li) a set of nucleic acid probes comprising a first nucleic acid probe, a second nucleic acid 
probe, and a third nucleic acid probe (para [0154] - 'In some cases, compositions comprise a first and a second primer or probe for the 
detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5' end... . In some cases 
the compositions comprise multiple pairs of first and second primers, wherein each pair of first and second primers comprise either a 
fluorophore or a quencher at the 5 end. In some cases each pair of first and second primers comprise a different fluorophore and 
quencher from the remaining set of primers. In some cases the compositions comprise at least 1, 2,3, 4... or 10000 pairs of first and 
second primers.; para [0048] - ‘Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. in 
some cases, a primer is used with a probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . 
.In some cases, a primer and a probe is used to detect multiple analytes . . . a combination of primers and probes is used to detect 
multiple analytes. In some cases, a probe is used to detect an analyte. In some cases, a probe is used to detect multiple analytes. In some 
cases, multiple probes are used to detect an analyte.'); 
(b) amplifying the three or more nucleic acid targets (para [0003] ‘using oligonucleotides (e.g., primers, probes) attached to chromophores 
(2.g., fluorophores, quenchers, etc.) in amplification or polymerization reactions in order to detect a polynucleotide analyte’; [0035] - ‘the 
polymerase chain reaction process’); 
(c) generating N signals from the set of nucleic acid probes, each of which N signals corresponds to the presence of a unique combination 
of nucleic acid targets of the three or more nucleic acid targets (para [0105] - ‘The incorporation of the quencher and the fluorophore in the 
newly generated amplicon can lead to signal generation (e.g., quenching of fluorescence intensity from the fluorophore). With each 
iterative amplification or polymerization reaction, the fluorescence intensity is reduced by a factor of about 2. The amount of fluorescence 
detected can be used to directly determine the amount of analyte present’, para [0003] - '(b) measuring a first signal generated by the first 
and second chromophores; (c) performing at least one polymerization reaction with the first primer using the first polynucleotide analyte as 
a template; and (d) measuring a second signal generated by the first and second chromophores . . . | para [0007] - ‘further comprises 
combining the sample with a third primer . . . ; para [0010]-[0011] - the PCR process is an end-point PCR process, a digital PCR process, 
a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process . . . methods of detecting a plurality of analytes, ... 
b) measuring a first set of signals generated by the chromophores; c) performing at least one polymerization reaction with the plurality of 
primer pairs using the plurality of analytes as templates; and d) measuring a second set of signals generated by the chromophores; 
wherein the first and second set of signals are used to detect each analyte of the plurality of analytes . . . generating a set of signature 
profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to a control 
set of signature profiles’); and 
(d) detecting the N signals in a single optical channel (Claim 3 - 'method of detecting multiple nucleic acid targets of differing lengths ... 
.b) conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.'; para [0010] - In some cases, the PCR process is an end-point PCR process . . . or a quantitative 
PCR process. In some cases, the polymerization reaction is a quantitative PCR process . , . the second method is a digital PCR process’: 
para [0049] - in some cases, a single chromophore pair is used to detect an analyte’; para [0176] - ‘Analytes of differing lengths (e.g., 40 
bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher combination . . . By measuring fluorescence as a function of 
increasing temperature, multiple analytes in a single color channel are quantified.'); 
wherein in (a), the concentration of the second nucleic acid probe is at least about 2X, and the concentration of the third nucleic acid probe 
is at least about 4X (para [0030] - ‘FIG. 9 exemplifies the binary coding of analytes. Analytes in a 3-plex CY3 assay were coded using 
binary spaced primer concentrations.’; [0173] 'Analytes in a 3-plex CY3 assay were coded using binary spaced primer concentrations’; see 
Figure 9). 

Caltech does not expressly teach the method comprising (a) partitioning into a plurality of partitions the three or more nucleic acid targets, 
wherein the amplifying and generating signals steps are performed in the partitions. However, since Caltech teaches droplet digital PCR 
(para [0010}), it would have been obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process 
involves (a) partitioning the nucleic acid targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, 
and it further would have been obvious that amplifying and signal generation would be in a partition of the plurality of partitions, in order to 
correctly perform the taught method using a droplet digital PCR process. 

----Please see continuation in first supplemental box--—-~------—---       
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY 
PCT/US 18/39846   

  

Supplemental Box 

  

In case the space in any of the preceding boxes is not sufficient. 
Continuation of 
Box No. V2. Citations and Explanations 

Regarding claim 2, Caltech makes obvious the method of claim 1, and further teaches wherein N is 3 or more (para [0072] "In some cases, 
multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3, 4,5... color codes or 
chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at most 1, 2, 3, 
4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes)"). 

Regarding claim 3, Caltech makes obvious the method of claims 1-2, and further teaches wherein N is 4 or more (para [0072] “in some 
cases, muitiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1,2, 3, 4,5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 
most 1, 2, 3, 4,5... color codes or chromophore-combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 
analytes)*). 

Regarding claim 30, Caltech teaches a method for performing a digital assay, comprising: 
(a) three or more nucleic acid targets (para [0154] - 4n some cases, compositions comprise a first and a second primer or probe for the 
detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5' end... . In some cases 
the compositions comprise multiple pairs. of first and second primers, wherein each pair of first and second primers comprise either a 
fluorophore or a quencher at the 5' end. in some cases each pair of first and second primers comprise a different fluorophore and 
quencher from the remaining set of primers. In some cases the compositions comprise at least 1, 2, 3, 4, 5, . . . or 10000 pairs of first and 
second primers.’ para [0048] - ‘Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In 
some cases, a primer is used with a probe or a plurality of probes. in some cases, a plurality of primers is used with a plurality of probes. . . 
.In some cases, a primer and a probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to 
detect an analyte. In some cases, a combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used 
to detect an analyte. In some cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an 
analyte.'); 

(b) amplifying the three or more nucleic acid targets (para [0005] - ‘In some cases, the polymerase chain reaction process is an end-point 
polymerase chain reaction process, a real-time polymerase chain reaction process, a digital polymerase chain reaction process, a droplet 
digital polymerase chain reaction process’); 
(c) generating N signals each of which corresponds to the presence of a unique combination of nucleic acid targets of the three or more 
nucleic acid targets (para [0003] - '(b) measuring a first signal generated by the first and second chromophores . .. wherein the first and 
second signals are used to detect the first polynucleotide analyte.'; para [0007] - ‘in some cases, step a) of the method described herein 
further comprises combining the sample with a third primer and a second oligonucleotide .. . step b) further comprises measuring a fifth 
signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signal generated by the third and 
fourth chromophores’; para [0011] - ‘methods of detecting a plurality of analytes, . . . b) measuring a first set of signals generated by the 
chromophores . . . generating a set of signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by 
comparing the set of signature profiles to a control set of signature profiles’); and 
(d) detecting the signals in a single optical channel (Claim 3 - ‘method of detecting rnultiple nucleic acid targets of differing lengths . . . .b) 
conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.'; para [0010] - 'In some cases, the PCR process is an end-point PCR process, a digital PCR 
process, a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process. In some cases, the polymerization 
reaction is a quantitative PCR process. In some cases, the detecting comprises a quantitative PCR method. In some cases, the detecting 
comprises a quantitative PCR method and a second method. In some cases, the second method is a digital PCR process’; para [0049] - ‘In 
some cases, a single chromophore pair is used to detect an analyte. In some cases, a single chromophore pair is used to detect multiple 
analytes.'; para [0072] ‘at most 1, 2, 3, 4, 5, 6, 7, 8, 9, 10. . . color codes or chromophore combinations are assigned to one or more 
analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes)’; para [0176] - ‘Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected 
using a single fluorophore/quencher combination . . ..By measuring fluorescence as a function of increasing temperature, multiple 
analytes in a single color channel are quantified’). 
Caltech does not expressly teach (a) partitioning into a plurality of partitions and amplifying in the partitions wherein N signals are 
generated in a partition of the plurality of partitions. However, since Caltech teaches droplet digital PCR (para [0010)), it would have been 
obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process involves (a) partitioning the nucleic acid 
targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, and it further would have been obvious 
that amplifying and signal generation would be in a partition of the plurality of partitions, in order to correctly perform the taught method 
using a droplet digital PCR process. 

Regarding claim 31, Caltech makes obvious the method of claim 30, and further teaches wherein N is 3 or more (para [0072] "In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3,4, 5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes}. In some cases, at 
most 1, 2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 
analytes)"), 
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Regarding claim 32, Caltech makes obvious the method of claims 30-31, and further teaches wherein N is 4 or more (para [0072] "In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2,3, 4,5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 
most 1, 2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 
analytes)’). 

Regarding claim 51, Caltech teaches a method of performing a digital assay, comprising: 
(a) amplifying at least three nucieic acid targets from a sample comprising a set of nucleic acid probes comprising three or more nucleic 
acid probes labeled with fluorophores capable of being detected in a single optical channel, wherein each nucleic acid probe is 
complementary to a target of the at least three nucieic acid targets (para [0154] - ‘compositions comprise a first and a second primer or 
probe for the detection of at least one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5'end ... In 
some cases each pair of first and second primers comprise a different fluorophore and quencher from the remaining set of primers. in 
some cases the compositions comprise at least 1, 2, 3, 4,5, 6... or 10000 pairs of first and second primers.'; para [0048] - ‘Various 
combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In some cases, a primer is used with a 
probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . . . In some cases, a primer and a 
probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to detect an analyte. In some cases, 
a combination of primers and prohes is used to detect multiple analytes. in some cases, a probe is used to detect an analyte. in some 
cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an analyte.'; para [0005] - the 
polymerase chain reaction process is . . , a droplet digital polymerase chain reaction process’); 
(b) detecting N signals if one or more of the at least three nucleic acid targets is present, wherein each of the N signals corresponds to a 
unique combination of one or more of the at least three nucleic acid targets (para [0003] - '(b) measuring a first signal generated by the first 
and second chromophores; (c) performing at least one polymerization reaction with the first primer using the first polynucleotide analyte as 
a tempiate; and (d) measuring a second signal generated by the first and second chromophores; wherein the first and second signals are 
used to detect the first polynucleotide analyte.'; para [0007] - ‘further comprises measuring a fifth signal generated by the third and fourth 
chromophores; step d) further comprises measuring a sixth signal generated by the third and fourth chromophores’, para [0011] - ‘Also 
disclosed herein are methods of detecting a plurality of analytes, .. . b) measuring a first set of signals generated by the chromophores; c) 
performing at least one polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates . .. generating 
a set of signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature 
profiles to a control set of signature profiles’; Claim 3 - ‘method of detecting multiple nucleic acid targets of differing lengths . . . b) 
conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.’; para [0010] - ‘in some cases, the PCR process is an end-point PCR process, a digital PCR 
process, a real-time PCR process, a droplet digital PCR process’; para [0049] - 'In some cases, a single chromophore pair is used to 
detect an analyte. In some cases, a single chromophore pair is used to detect multiple analytes.", para [0072] ‘at most 1, 2, 3, 4, 5, 6, 7, 8, 
9, 10... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes)’; 
[0176] - Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fiuorophore/quencher combination . . . By 
measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are quantified.’); and 
(c) determining, from the N signals, the presence or absence of each of the at least three nucleic acid targets in the sample (para [0045] - 
‘Described herein are methods for detecting the presence or absence of at least one polynucleotide analyte in a sample . . . .In some 
cases, the first and second signals are used to detect the presence or absence of the amplified product (e.g. the palynucleotide analyte)’. 
Caltech does not expressly teach (a) partitioning into a plurality of droplets and amplifying in the droplets wherein N signals are generated 
in a droplet of the plurality of droplets. However, since Caltech teaches droplet digital PCR (para [0010)]), it would have been obvious to 
one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process involves (a) partitioning the nucleic acid targets into 
a plurality of droplet partitions since this is a required step for carrying out droplet digital PCR, and it further would have been obvious that 
amplifying and signal generation would be in a partition of the plurality of droplet partitions, in order to correctly perform the taught method 
using a droplet digital PCR process. 

Regarding claim 52, Caltech makes obvious the method of claim 51, and further teaches wherein N is 3 or more (para [0072] "In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 2, 3,4, 5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 
most 1, 2, 3, 4, 5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 
analytes)"). 

Regarding claim 53, Caltech makes obvious the method of claims 51-52, and further teaches wherein N is 4 or more (para [0072] "In some 
cases, multiple color codes or chromophore combinations are assigned to one or more analytes. in some cases, 1, 2, 3, 4,5... color 
codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In some cases, at 
most 1, 2, 3, 4, 5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 
analytes)’). 
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Claims 14-17 lack an inventive step under PCT Article 33(3) as being obvious over Caltech in view of US 2016/0108464 A1 to Bio-Rad 
Laboratories, inc. (hereinafter 'Bio-rad’). 

Regarding claim 14, Caltech teaches a method for performing a digital assay, comprising: 
(a) (i) three or more nucleic acid targets and (ii) a set of nucleic acid probes comprising a first nucleic acid probe, a second nucleic acid 
probe, and a third nucleic acid probe (para [0154] - ‘compositions comprise a first and a second primer or probe for the detection of at least 
one analyte wherein the primers are attached to either a fluorophore or a quencher at the 5' end . . . In some cases the compositions 
comprise multiple pairs of first and second primers, wherein each pair of first and second primers comprise either a fluorophore or a 
quencher at the 5' end. In some cases each pair of first and second primers comprise a different fluorophore and quencher from the 
remaining set of primers. In some cases the compositions comprise at least 1, 2, 3, 4,5... or 10000 pairs of first and second primers.’; 
para [0048] - ‘Various combinations of oligonucleotides (e.g. primers and/or probes) can be used to detect an analyte. In some cases, a 
primer is used with a probe or a plurality of probes. In some cases, a plurality of primers is used with a plurality of probes. . . . in some 
cases, a primer and a probe is used to detect multiple analytes. In some cases, a combination of primers and probes is used to detect an 
analyte. In some cases, a combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used to detect 
an analyte. In some cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an analyte.’); 
(bj amplifying the three or more nucleic acid targets (para [0005] - 4n some cases, the polymerase chain reaction process is an end-point 
polymerase chain reaction process, a real-time polymerase chain reaction process. a digital polymerase chain reaction process, a droplet 
digital polymerase chain reaction process’); : 
(c) generating N signals each of which corresponds to the presence of a unique combination of nucleic acid targets of the three or more 
nucleic acid targets (para [0003] - '(b) measuring a first signal generated by the first and second chromophores; (c) performing at least one 
polymerization reaction with the first primer using the first polynucleotide analyte as a template; and (d) measuring a second signal 
generated by the first and second chromophores; wherein the first and second signals are used to detect the first polynucleotide analyte.; 
para [0007] - ‘In some cases, step a) of the method described herein further comprises combining the sample with a third primer and a 
second oligonucleotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 
oligonucleotide, . . . step b) further comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further 
comprises measuring a sixth signal generated by the third and fourth chromophores’; para [0011] - Also disclosed herein are methods of 
detecting a plurality of analytes, . . . b) measuring a first set of signals generated by the chromophores: c) performing at least one 
polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates; and d) measuring a second set of 
signals generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of 
analytes. in some cases, the method described herein further comprises: @) repeating step c and d at least once; and f) generating a set of 
signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to 
a control set of signature profiles’); and . 
(d) detecting the signals in a single optical channel (Claim 3 - 'method of detecting multiple nucleic acid targets of differing lengths . . . b) 
conducting a polymerase chain reaction (PCR); and c) measuring an endpoint fluorescence of each target, wherein the endpoint 
fluorescence for each target is different.'; para [0010] - ‘In some cases, the PCR process is an end-point PCR process, a digital PCR 
process, a real-time PCR process, a droplet digital PCR process, or a quantitative PCR process. in some cases, the polymerization 
reaction ls a quantitative PCR process. in some cases, the detecting comprises a quantitative PCR method. In some cases, the detecting 
comprises a quantitative PCR method and a second method. In some cases, the second method is a digital PCR process’; para [0049] - ‘in 
some cases, a single chromophore pair is used to detect an analyte. In some cases, a single chromophore pair is used to detect multiple 
analytes."; para [0176] - Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher 
combination . . . By measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are 
quantified.’). Caltech does not expressly teach (a) partitioning into a plurality of partitions and amplifying in the partitions wherein N signais 
are generated in a partition of the plurality of partitions. However, since Caltech teaches droplet digital PCR (para [0010)), it would have 
been obvious to one of ordinary skill in the art that Caltech's assay using a droplet digital PCR process involves (a) partitioning the nucleic 
acid targets into a plurality of partitions since this is a required step for carrying out droplet digital PCR, and it further would have been 
obvious that amplifying and signal generation would be in a partition of the plurality of partitions, in order to correctly perform the taught 
method using a droplet digital PCR process. 
Caltech also does not expressly teach wherein, in (a), the first nucleic acid probe has an intensity level of about Y, the second nucleic acid 
probe has an intensity level of at least about 2Y, and the third nucleic acid probe has an intensity level of at least about 4Y. 
Bio-rad teaches combinatorial use of signals in a multiplexed digital assay using probes with different intensity levels on a per-probe basis 
(para [0196] - ‘This example describes exemplary multi-labeled probes and methods of using the probes in a multiplexed digital 
amplification assay . . . the multi-labeled probes may be utilized for intensity-based multiplexing’: para [0198] - ‘Attaching multiple 
fluorophores to one oligonucleotide probe allows creation of a wider range of probes, which can be used to enhance multiplexing 
capabilities. The ability to put multiple fluors on one probe allows the resulting emission fluorescence to be "tuned" to achieve more 
fluorescence signatures than are possible through single fluorophores. Probe spectra will generally be a composite result of the multiple 
fluorophores included . .. Addition of multiple molecules of the same fluor also may allow different fluorescence output on a per-probe 
basis ... That way, when the quencher is cleaved off, the same signal is obtained from the probe, but each probe could have a different 
signature (e.g., probe 1-FAM; probe 2-FAM+Cy3; probe 3-FAM+HEX: probe 4-FAM+FAM: etc.) para [0204] - ‘The multi-labeled probes of 
FIG. 17 are as follows: B) oligonucleotide with a 5' quencher and fluorophores (F1 and F2) at respective internal and 3'-end positions... . 
D) oligonucleotide with a 5 quencher moiety and fluorophores (3 x F1, F2) at 3' and multiple internal positions’). It would have been 
obvious to one of ordinary skill in the art that by using probes with different fluorescence output on a per-probe basis according to Bio-rad, 
a combination of probes could be established wherein the first nucleic acid probe has an intensity level of about Y, the second nucleic acid 
probe has an intensity level of at least about 2Y, and the third nucleic acid probe has an intensity level of at least about 4Y, to perform the 
assay of Caltech, providing enhanced multiplexing capability as taught by Bio-rad. 
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Regarding ciaim 15, Caltech in view of Bio-rad teaches the method of claim 14, yet does not expressly teach wherein the first nucleic acid 
probe comprises one fluorophore with an intensity level of about Y, the second nucleic acid probe comprises at least two fluorophores 
each with an intensity level of about Y, and the third nucleic acid probe comprises at least four fluorophores each with an intensity level of 
about Y. Since Bio-rad teaches use of multiple fluorophores to a single probe molecule (para [0198] - ‘Attaching multiple fluorophores to 
one oligonucleotide probe allows creation of a wider range of probes, which can be used to enhance multiplexing capabilities. The ability to 
put multipie fluors on one probe allows the resulting emission fluorescence to be “tuned” to achieve more fluorescence signatures than are 

possible through single fluorophores. Probe spectra will generally be a composite result of the multiple fluorophores included ... Addition 
of multiple molecules of the same fluor also may allow different fluorescence output on a per-probe basis’), it would have been obvious to 
one of ordinary skill in the art that by using a single kind of fluorophore, the method of Bio-rad could provide a first nucleic acid probe that 
comprises one fluorophore with an intensity level of about Y, the second nucleic acid probe that comprises at least two fluorophores each 

with an intensity level of about Y, and the third nucleic acid probe that comprises at least four fluorophores each with an intensity level of 
about Y. 

Regarding claim 16, Caltech in view of Bio-rad teaches the method of claim 14, yet does not expressly teach wherein the first nucleic acid 
probe comprises a fluorophore with an intensity level of about Y, the second nucleic acid probe comprises a fluorophore with an intensity 
level of at least about 2Y, and the third nucleic acid probe comprises a fluorophore with an intensity level of at least about 4Y. Since Bio- 
rad teaches probes for intensity-based multiplexing and further teaches a variety of fluorophores known in the art to generate different 
fluorescent signals (para [0196] - This example describes exemplary multi-labeled probes and methods of using the probes ina - 
multiplexed digital amplification assay; see FIGS. 17-22. The muiti-labeled probes may be utilized for the color-based multiplexed assays 
described in Section | and in Examples 6 and 7. Alternatively, or in addition, the multi-labeled probes may be utilized for intensity-based 
multiplexing’; para [0068] - ‘Exemplary fluorophores that may be suitable include FAM, VIC, HEX, ROX, TAMRA, JOE, etc.’), it would have 
been obvious to one of ordinary skill in the art that by appropriate selection of fluorophores, intensity-based multiplexing according to Bio- 
rad could be accomplished by using a combination of probes wherein the first nucleic acid probe comprises a fluorophore with an intensity 
level of about Y, the second nucleic acid probe comprises a fluorophore with an intensity level of at least about 2Y, and the third nucleic 
acid probe comprises a fluorophore with an intensity level of at least about 4Y, for the method of Caltech. 

Regarding claim 17, Caltech in view of Bio-rad teaches the method of claims 14-16, and Caltech further teaches wherein N is 3 or more 
(para [0072] “In some cases, multiple color codes or chromophore combinations are assigned to one or more analytes. In some cases, 1, 
2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 500, 10,000 analytes). In 
some cases, at most 1, 2, 3, 4,5... color codes or chromophore combinations are assigned to one or more analytes (e.g. 1, 5, 10, 100, 
500, 10,000 analytes)”). 

Claims 1-3, 14-17, 30-32 and 51-53 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made 
or used in industry. ， 
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droplet pcr probes signal intensity gradation fluorophores 

About 11,900 results (0.34 seconds) 

digital PCR multiplexed fluorometric signals 
About 8,150 results (0.32 seconds) 

digital PCR fluorophore intensity gradient 

About 18,000 results (0.30 seconds) 

digital PCR multiple probe concentrations 
About 62,400 results (0.29 seconds) 

digital PCR probe intensity gradient 

About 19,700 results (0.27 seconds) 

multiplexed digital PCR three targets 

About 29,400 results (0.30 seconds) 

multiplexed digital PCR three probes 
About 53,900 results (0.38 seconds) 

multiplexed digital PCR single optical channel 

About 34,600 results (0.37 seconds) 

multiplexed digital PCR target detection 

About 59,300 results (0.35 seconds) 

droplet PCR multiple targets in a single droplet 

About 71,700 results (0.40 seconds) 

droplet PCR multiple probes in a single droplet 

About 41,000 results (0.35 seconds) 

droplet PCR multiple targets and probes in a single droplet 

About 37,900 results (0.31 seconds)   
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Electronic Database Searched | Google 
  

ee Files Searched | Scholar 
  

  

‘Date Conducted | 21 August 2018 (21.08.2018)     

  

Search Logic: 

droplet PCR with different intensity probes 

About 32,800 results (0.13 sec) 

droplet per with different intensity probes multiple chromophores 

About 10,600 results (0.10 sec) 

droplet per probes multiple copies of chromophores 

About 7,600 results (0.09 sec) 

droplet pcr probes multiple copies of fluorophores 
About 17,500 results (0.10 sec) 

droplet per probes signal intensity gradation fluorophores 
About 11,900 results (0.08 sec) 

digital PCR multiplexed fluorometric signals 

About 8,460 results (0.07 sec) 

digital PCR fluorophore intensity gradient 
About 20,800 results (0.10 sec) 

digital PCR multiple probe concentrations 

About 104,000 results (0.12 sec) 

digital PCR probe intensity gradient 

About 32,600 results (0.12 sec) 

multiplexed digital PCR three targets 

About 24,300 results (0.09 sec) 

multiplexed digital PCR three probes 
About 30,800 results (0.15 sec) 

multiplexed digital PCR single optical channel 

About 23,300 results (0.41 sec) 

multiplexed digital PCR target detection 

About 38,200 results (0.13 sec) 

droplet PCR multiple targets in a single droplet 
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About 42,300 results (0.15 sec) 

droplet PCR multiple probes in a single droplet 

About 39,700 results (0.13 sec) 

droplet PCR multiple targets and probes in a single droplet 

About 30,100 results (0.15 sec) 

  

SAO SUPPLEMENTAL SEARCH HISTORY 

  

. Database Searched Patbase 

     
Files Searched 

  

Full-text. AU BE BR CA CH CN DE DK EP ES FI FR GB 

IN JP KR SE TH TW US WO 
Bibliographic: (Europe) AT BA BE BG CH CS CY CZ DD 

DK EE ES FI GE GR HR HU IE IS ITLT LU LV MC MD 

MT NL NO PL PT RO RS SE SI SK SM TR UA YU (Asia) 

EA GC HK ID IL IN KZ MN MY PH RU SG SU TH TJ TW 

UZ VN (North America) CA CR CU DO GT HN MX NI PA 

SV TT (South America) AR BR CL CO EC PE UY 

(Australasia) AU NZ (Africa) AP DZ EG KE MA MW OA ZA 

ZM ZW 
  

Date Conducted   21 August 2018 (21.08.2018) 
  

  
Search Logic: 

Search 14: pn=(US20140213471 or US20160108464) (Results 2) 

Search 15: TAC=((analyte* or nucleot* or nucleic) W4 (detec* or measur* or assay )) (Results 

30243) 
Search 16: TAC=((partition* or droplet*) W5 (analyte* or nucleot* or nucleic)) (Results 663) 

Search 17: 15 and 16 (Results 172) 

Search 18: TAC=((probe* or primer* or label*) W9 intensit*) (Results 5318) 

Search 19: 17 and 18 (Results 5) 
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PATENT COOPERATION TREATY 

PCT 
INTERNATIONAL PRELIMINARY REPORT ON PATENTABILITY 

(Chapter I of the Patent Cooperation Treaty) 

(PCT Rule 44bis) 

  

  

Applicant’s or agent’s file reference FOR FURTHER ACTION See item 4 below 
44158-713601 

International application No. International filing date (day/month/year) Priority date (day/month/year) 
PCT/US2019/019906 27 February 2019 (27.02.2019) 28 February 2018 (28.02.2018)       

International Patent Classification (8th edition unless older edition indicated) 
See relevant information in Form PCT/ISA/237 
  

Applicant 
CHROMACODE, INC.       

  

1. ‘This international preliminary report on patentability (Chapter D is issued by the International Bureau on behalf of the 
International Searching Authority under Rule 44 bis.1(a). 

2. This REPORT consists of a total of 14 sheets, including this cover sheet. 

In the attached sheets, any reference to the written opinion of the International Searching Authority should be read as a 
reference to the international preliminary report on patentability (Chapter D instead. 

  

3. This report contains indications relating to the following items: 

Box No. I Basis of the report 

Box No. II Priority 

Box No. II Non-establishment of opinion with regard to novelty, inventive step and industrial 
applicability 

Box No. IV Lack of unity of invention 

Box No. V Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
industrial applicability; citations and explanations supporting such statement 

Box No. VI Certain documents cited 

Box No. VII Certain defects in the international application 

Box No. VIII Certain observations on the international application K
X
L
 

K
L
 
W
U
 

4. ‘The International Bureau will communicate this report to designated Offices in accordance with Rules 44bis.3(c) and 93bis.1 
but not, except where the applicant makes an express request under Article 23(2), before the expiration of 30 months from 
the priority date (Rule 44bis .2).     
  
Date of issuance of this report 
01 September 2020 (01.09.2020) 

  

The International Bureau of WIPO Authorized officer 

34, chemin des Colombettes . 

1211 Geneva 20, Switzerland Xiaofan Tang 

Facsimile No. +41 22 338 82 70 e-mail: pct.team2@wipo.int         

Form PCTVIB/373 (January 2004)
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PATENT COOPERATION TREATY 

From the 

INTERNATIONAL SEARCHING AUTHORITY 
  

To: Kyle Bruner 
Wilson Sonsini Goodrich & Rosati 

650 Page Mill Road 
Palo Alto, California 94304 

PCT 

WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

(PCT Rule 43bis.1) 

    
  

Co 0-6 MAY 2019 
    

Applicant’s or agent’s file reference 

44158-713601   
FOR FURTHER ACTION 

See paragraph 2 below 

  

  

International application No. International filing date (day/month/year} Priority date (day/month/year) 

PCT/US19/19906 27 February 2019 (27.02.2019) 28 February 2018 (28.02.2018)   
  

CPC - 

International Patent Classification (IPC) or both national classification and IPC 

IPC - €12Q 1/6846, 1/6851, 1/6872, 1/6876; GO1N 33/48 (2019.01) 

C12Q 1/6846, 1/6851, 1/6872, 1/6876; GO1N 33/48 

  

Applicant CHROMACODE, INC, 

  

  

Box No. | Basis of the opinion 

Box No. Il Priority 

X
X
L
 
K
U
R
U
 

2. FURTHER ACTION 

For further options, see Form PCT/ISA/220. 

1. This opinion contains indications relating to the following items: 

Box No. II] | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

Box No. IV __ Lack of unity of invention 

Box No. V “Reasoned statement under Rule 436is. 1(a)(i) with regard to novelty, inventive step and industrial applicability; 
citations and explanations supporting such statement 

Box No. VE Certain documents cited 

Box No. VII Certain defects in the international application 

Box No. VIII Certain observations on the international application 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 

International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority 

other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.15/s(b) that written 

opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 

a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

  

  

Mail Stop PCT, Attn: ISA/US 

P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300     Name and mailing address of the ISA/US | Date of completion of this opinion Authorized officer 

Commissioner for Patents 17 April 2019 (1 7.04.201 9) Shane Thomas 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774     
  

Form PCT/ISA/237 (cover sheet) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

Box No. I Basis of this opinion 
  

1. With regard to the language, this opinion has been established on the basis of. 

区 | the international application in the language in which it was filed. 

a translation of the international application into which is the language of a translation 
furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 

  

2. L] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 

this Authority under Rule 91 (Rule 43 dis. 1(a)). 

3. [ ] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 

been established on the basis of a sequence listing: 

a. C forming part of the international application as filed: 

[J in the form of an Annex C/ST.25 text file. 

C] on paper or in the form of an image file. 

b. [ furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international 

search only in the form of an Annex C/ST.25 text file. 

C. {_] furnished subsequent to the international filing date for the purposes of international search only: 

[_] in the form of an Annex C/ST.25 text file (Rule 13¢er.1(a)). 

[J on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713). 

4, CT] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that forming part of the application as 

filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

      
Form PCT/ISA/237 (Box No. I) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

    

Box No.II[ Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 

applicable have not been examined in respect of: 

[| the entire international application. 

  

[| claims Nos. 18-27, 30-37, 45-56, 73-93, 97-108, 112-113, 116-117 

because: 

the said international application, or the said claims Nos. relate to the following 

subject matter which does not require an international search (specify): 
  

区 the description, claims or drawings (indicate particular elements below) or said claims Nos. -Please See Below-***- 
are so unclear that no meaningful opinion could be formed (specify): 

  

Claims 18-27, 30-37, 45-56, 73-93, 97-108, 112-113, and 116-117 are dependent claims and are not drafted in accordance with the 

second and third sentences of Rule 6.4(a). 

[ the claims, or said claims Nos. are so inadequately supported 

by the description that no meaningful opinion could be formed (specify): 
  

  SX] _ no international search report has been established for said claims Nos. -Please See Above-***- 

[] a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[ furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the 

International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not 

comply with the standard provided for in Annex C of the Administrative Instructions. 

[| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 

C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 

form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in 

Annex C of the Administrative Instructions. 

[] pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 

Rule 13¢er.1(a) or (b). 

[ See Supplemental Box for further details.       
Form PCT/ISA/237 (Box No. II) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

  
  

Box No. V Reasoned statement under Rule 43is.1(a)(i) with regard to novelty, inventive step and industrial applicability; 

citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

  

Novelty (N) Claims -Please See Below YES 
Claims NONE NO 

Inventive step (IS) Claims NONE YES 

Claims -***-Please See Below-***- NO 

Industrial applicability (IA) Claims -Please See Below-***- YES 

Claims NONE NO 
  

  

2. Citations and explanations: 

-Continued from Box No. V: 1. Statement: 

Novelty (N): YES: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 94-95, 
96/60-66, 109-111, 114-115, 118-125 

Inventive step (IS): NO: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 94-95, 
96/60-66, 109-111, 114-115, 118-125 

Industrial applicability (IA): YES: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/7 1/67-70, 
94-95, 96/60-66, 109-111, 114-115, 118-125 

-Continued from Box No. V. 2: Citations and Explanations: 

Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 94-95, 96/60-66, 109-111, 114-115 and 
118-125 lack an inventive step under PCT Article 33(3) as being obvious over US 2013/0288244 A1 to SEQUENOM, INC., (hereinafter 

‘Sequenom’) in view of US 2013/0078626 A1 to Wasserstrom et al. (hereinafter ‘Wasserstrom’)). 

As per claim 1, Sequenom discloses a method for analyzing a size distribution of nucleic acids (method for analyzing a size distribution of 

nucleic acids based on amplification reactions; figure 148; paragraph [0099]), the method comprising: (A) providing a sample (DNA 

samples isolated from the blood; paragraph [0100]) comprising: (i) a first plurality of nucleic acids and a second plurality of nucleic acids 

(mixture of maternal and fetal nucleic acids; paragraph [0098]), wherein said first plurality of nucleic acids each comprise a first nucleic 
acid sequence of a given length and said second plurality of nucleic acids each comprise a second nucleic acid sequence longer than 

said given length (mixture of maternal and fetal nucleic acids, where the nucleic acids are of a given length and size-specific amplification 
reactions are used to enrich the fetal nucleic acids by digesting the maternal nucleic acids (longer than fetal nucleic acids); paragraphs 
[0098]-[0099], [0277], [0279] [0290}); (ii) a first set of paired amplification oligomers configured to amplify said first nucleic acid sequence 
(maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], {0302], [1166}); (iii) a second set of paired 
amplification oligomers, configured to amplify said second nucleic acid sequence (fetal nucleic acids can be amplified using a second set 
of primers; paragraphs [0099], [0281], [0294]); (iv) a first detection probe configured to anneal to a region of said first nucleic acid 

sequence (Taqman probe can be annealed to the nucleic acid sequence; paragraph [0230}, [0232]); and (v) a second detection probe 
configured to anneal to a region of said second nucleic acid sequence (Taqman probe can be annealed to the nucleic acid sequence; 

paragraph [0230], [0232]); (B) performing an amplification reaction on (a) said first nucleic acid sequence to generate a first signal from 

said first detection probe (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during which the 

taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched signal using 

a real-time fluorescent detection system; paragraph [0230], {0232]) and (b) said second nucleic acid sequence to generate a second 
signal from said second detection probe (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, 
during which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now 
unquenched signal using a real-time fluorescent detection system; paragraph [0230], [0232]); thereby analyzing said size distribution 

(analyzing the size distribution based on size specific amplification reactions; paragraph [0099]). Sequenom does not disclose (C) 
determining a ratio of a first value derived from said first signa! to a second value derived from said second signal. Wasserstrom 
discloses (C) determining a ratio of a first value derived from said first signal to a second value derived from said second signal 
(catculating at least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference 
values; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of 
Sequenom, by including a ratio of amplification signals and comparing to a reference level, as disclosed by Wasserstrom, for providing 
the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of 

trisomy 21 based on size distributions (Sequenom; paragraph [0099]). 

-***-Continued Within the Next Supplemental Box-***-   
  

Form PCT/ISA/237 (Box No. V) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

  
  Box No. VH Certain defects in the international application 

  
The following defects in the form or contents of the international application have been noted: 

Claim 60 objected to under PCT Rule 66.2(a)(iii) as containing the following defect(s) in the form or contents thereof: in claim 60, the 
word ‘said’ was repeated twice. 

    
  Form PCT/ISA/237 (Box No. VII) (January 2015)
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‘ International application No. 

WRITTEN OPINION OF THE 

PCT/US19/19906 INTERNATIONAL SEARCHING AUTHORITY 

  
  Box No. VIII. Certain observations on the international application 

  The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 

supported by the description, are made: 

Claim 124 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claim [124] is indefinite for the 
following reason(s): [in claim 124, the trademarks “SYBR Green” and “EvaGreen” are used which makes the claim indefinite where 

trademarks characterize the commercial origin of goods, rather than the properties of the goods (which may change from time to time) 
relevant to the invention. For the purposes of this opinion, “SYBR Green" and “EvaGreen’” are interpreted to mean an intercalating dye]. 

    
  Form PCT/ISA/237 (Box No. VIII) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

  
  

Supplemental Box 
  

In case the space in any of the preceding boxes is not sufficient. 

Continuation of: 

-***.Continued from Box V: Citations and Explanations-***- 

As per claim 2, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 
said first set of paired amplification oligomers (maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294), 
[0302], [1166]) comprises: a first forward amplification oligomer (forward primers; paragraphs [0232], [0294], [0302], (1166]); and a first 
reverse amplification oligomer (reverse primers; paragraphs [0232], [0294], [0302], [1166]). 

As per claim 3, Sequenom and Wasserstrom, in combination, disclose the method of claim 2, and Sequenom further discloses wherein 
said first set of paired amplification oligomers (maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], 
[0302], [1166]) comprises: a plurality of first forward amplification oligomers (forward primers; paragraphs [0232], [0294], [0302], [1166]); 

and a plurality of first reverse amplification oligomers (reverse primers; paragraphs [0232], [0294], [0302], [1166]). 

As per claim 4, Sequenom and Wasserstrom, in combination, disclose the method of claim 3, and Sequenom further discloses wherein 

each of said plurality of first forward amplification oligomers has a different nucleic acid sequence (forward primers can be different for 

targeting methylated and unmethylated DNA in the maternal nucleic acids; paragraphs [0232], (0236}, [0294], [0302], [1166]). 

As per claim 5, Sequenom and Wasserstrom, in combination, disclose the method of claim 4, and Sequenom further discloses wherein a 

first forward amplification oligomer of said plurality of first forward amplification oligomers is configured to hybridize to a region of said 
first sequence (forward primers specifically hybridize the CpG island of methylated DNA in the maternal nucleic acids; paragraphs 
[0232}, [0236], [0294], (0302), [1166]). 

As per claim 6, Sequenom and Wasserstrom, in combination, disclose the method of claim 3, and Sequenom further discloses wherein 

each of said plurality of first reverse amplification oligomers has a different nucleic acid sequence (reverse primers can be different for 

targeting methylated and unmethylated DNA in the maternal nucleic acids; paragraphs [0232], [0236], [0294], [0302], [1166)]). 

As per claim 7, Sequenom and Wasserstrom, in combination, disclose the method of claim 6, and Sequenom further discloses wherein a 

first reverse amplification oligomer of said plurality of first reverse amplification oligomers is configured to hybridize to a region of said 

first sequence (reverse primers specifically hybridize the CpG island of methylated DNA in the maternal nucleic acids; paragraphs 

{0232}, [0236], [0294], [0302], [1166}). 

As per claim 8, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said second set of paired amplification oligomers (fetal nucleic acids can be amplified using a second set of primers; paragraphs [0099], 
[0281], [0294]) comprises: a second forward amplification oligomer (forward primers; paragraphs [0099], [0232], [0281], [0294]); and a 
second reverse amplification oligomer (reverse primers; paragraphs [0099], [0232], [0281], [0294)]). 

As per claim 9, Sequenom and Wasserstrom, in combination, disclose the method of claim 8, and Sequenom further discloses wherein 

said second set of paired amplification oligomers (fetal nucleic acids can be amplified using a second set of primers; paragraphs [0099], 

[0281], [0294]) comprises: a plurality of second forward amplification oligomers (forward primers; paragraphs (0099}, [0232], [0236], 
[0281], [0294]) and a plurality of second reverse amplification oligomers (reverse primers; paragraphs [0099], (0232), [0236], [0281}, 

[0294}). 

As per claim 10, Sequenom and Wasserstrom, in combination, disclose the method of claim 9, and Sequenom further discloses wherein 

each of said plurality of second forward amplification oligomers has a different nucleic acid sequence (forward primers can be different 

for targeting methylated and unmethylated DNA in the fetal nucleic acids; paragraphs [0099], [0232], [0236], [0281], [0294]). 

As per claim 11, Sequenom and Wasserstrom, in combination, disclose the method of claim 10, and Sequenom further discloses 
wherein a second forward amplification oligomer of said plurality of second forward amplification oligomers is configured to hybridize to a 
region of said second sequence (forward primers specifically hybridize the CpG island of methylated DNA in the fetal nucleic acids; 
paragraphs [0099], [0232], [0236], (0281), {0294)). 

As per claim 12, Sequenom and Wasserstrom, in combination, disclose the method of claim 9, and Sequenom further discloses wherein 

each of said plurality of second reverse amplification oligomers has a different nucleic acid sequence (reverse primers can be different 

for targeting methylated and unmethylated DNA in the fetal nucleic acids; paragraphs [0099}, [0232], [0236], [0281], [0294)). 

As per claim 13, Sequenom and Wasserstrom, in combination, disclose the method of claim 12, and Sequenom further discloses 

wherein a second reverse amplification oligomer of said plurality of second reverse amplification oligomers is configured to hybridize to a 
region of said second sequence (reverse primers specifically hybridize the CpG island of methylated DNA in the fetal nucleic acids; 

paragraphs [0099], [0232], [0236], [0281], [0294)). 

As per claim 14, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose wherein 

said first value and said second value provide a quantitative ratio measurement corresponding to an abundance of said first plurality of 
nucleic acids and said second plurality of nucleic acids in said sample. Wasserstrom discloses wherein said first value and said second 
value provide a quantitative ratio measurement corresponding to an abundance of said first plurality of nucleic acids and said second 

plurality of nucleic acids in said sample (calculating at least one signal ratio between signal intensities of amplification products and 

comparing the signal ratios to reference values; claim 1). It would have been obvious to one of ordinary skill in the art at the time of 
invention to have modified the disclosure of Sequenom, by including a ratio of amplification signals and comparing to a reference level, 
as disclosed by Wasserstrom, for providing the advantage of testing the nucleic acid sample obtained from a mother and categorizing 
the fetal nucleic acids for presence/absence of trisomy 21 based on size distributions (Sequenom; paragraph [0099)). 

-***.Continued Within the Next Supplemental Box-***-       
Form PCT/ISA/237 (Supplemental Box) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

    

Supplemental Box 
  

In case the space in any of the preceding boxes is not sufficient. 

Continuation of 

-***-Continued from Previous Supplemental Box-***- 

As per claims 15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 1-14, and Sequenom further 

discloses wherein said first detection probe or said second detection probe comprises a non-target-hybridizing sequence (detection 
probes can be molecular beacons; paragraph (0319)). 

As per claims 16/15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 15/1-14, and Sequenom further 
discloses wherein said first detection probe or said second detection probe is a hairpin detection probe (detection probes can be 

molecular beacons; paragraph [0319}). 

As per claims 17/16/15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 16/15/1-14, and Sequenom 

further discloses wherein said hairpin detection probe is a molecular beacon (detection probes can be molecular beacons; paragraph 

[0319]). 

As per claim 28, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses said 
second nucleic acid sequence comprises at least a portion of said first nucleic acid sequence (where fetal nucleic acids are obtained 

from maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claim 29, Sequenom and Wasserstrom, in combination, disclose the method of claim 28, and Sequenom further discloses 

wherein said second nucleic acid sequence comprises said first nucleic acid sequence (where fetal nucleic acids are obtained from 
maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claim 38, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose comprising 

comparing said ratio to a reference value. Wasserstrom discloses comprising comparing said ratio to a reference value (calculating at 

least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference values; claim 1). It 

would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by 
including a ratio of amplification signals and comparing to a reference !evel, as disclosed by Wasserstrom, for providing the advantage 

of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 
based on size distributions (Sequenom; paragraph [0099]). 

As per claim 39, Sequenom and Wasserstrom, in combination, disclose the method of claim 38, and Sequenom further discloses 
comparing identifies the presence or absence of a genetic abnormality in said sample (identifying the presence or absence of a genetic 

abnormality like trisomy 21 in said sample based on comparing the size distribution; paragraph [0099)). 

As per claim 40, Sequenom and Wasserstrom, in combination, disclose the method of claim 39, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a ratio of a third 

value generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. Wasserstrom 

discloses wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid sequence and a fourth 

value generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category (can be third and fourth); 

paragraph [0050]; claim 1). it would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 

disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei 

acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference 

ratio. 

As per claim 41, Sequenom and Wasserstrom, in combination, disclose the method of claim 40, and Sequenom further discloses contro! 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said third nucleic acid sequence and said fourth nucleic 

acid sequence each correspond to a region of nucleic acid not associated with said genetic abnormality. Wasserstrom discloses 

wherein said third nucleic acid sequence and said fourth nucleic acid sequence each correspond to a region of nucleic acid not 

associated with said genetic abnormality (values of reference ratios of a particular DNA category (can be third and fourth), wherein the 

DNA sample can be from control DNA; paragraph [0050]; claims 1, 31). It would have been obvious to one of ordinary skill in the art at 

the time of invention to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for 

providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for 

presence/absence of trisomy 21 based on a reference ratio. 

As per claim 42, Sequenom and Wasserstrom, in combination, disclose the method of claim 41, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value is derived from a plurality of third 

values generated from a plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth 

nucleic acid sequences. Wasserstrom discloses wherein said reference value is derived from a plurality of third values generated from a 

plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth nucleic acid sequences 

(values of plurality of reference ratios of a particular DNA category (can be third and fourth); paragraph [0050]; claim 1). It would have 

been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 

reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 

categorizing the fetal nucleic acids for presence/absence of trisomy 21 based ona reference ratio. 
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As per claim 43, Sequenom and Wasserstrom, in combination, disclose the method of claim 42, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said plurality of third nucleic acid sequences and said 

plurality of fourth nucleic acid sequences each correspond to a region of nucleic acid not associated with said genetic abnormality. 

Wasserstrom discloses wherein said plurality of third nucleic acid sequences and said plurality of fourth nucleic acid sequences each 
correspond to a region of nucleic acid not associated with said genetic abnormality (values of plurality of reference ratios of a particular 
DNA category (can be third and fourth), wherein the DNA sample can be from control ONA; paragraph [0050]; claims 1, 31). It would 

have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 

reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference ratio. 

As per claims 44/39-43, Sequenom and Wasserstrom, in combination, disclose the method of claims 39-43, and Sequenom further 
discloses wherein said genetic abnormality is a fetal aneuploidy (fetal sex chromosome aneuploidy; paragraph [0214]). 

As per claim 57, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said first value is a quantity of said first plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic acids can 
be maternal! nucleic acids (first plurality of nucleic acids); paragraphs [0242], [0246]). 

As per claim 58, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said second value is a quantity of said second plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic 

acids can be fetal nucleic acids (second plurality of nucleic acids); paragraphs [0242], [0246)). 

As per claim 59, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose wherein 

said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids. Wasserstrom 
discloses wherein said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic 
acids (calculating at least one signal ratio between signal intensities (not quantities) of amplification products; claim 1). It would have 
been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
signal ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a signal ratio. 

As per claim 60, Sequenom discloses a method for identifying the presence or absence of a fetal aneuploidy (method for identifying the 
presence or absence of a fetal aneuploidy; paragraph [0248]), comprising: (A) providing a sample (DNA samples isolated from the 
blood; paragraph [0100}) comprising: (i) a plurality of fetal nucleic acids, each comprising a first nucleic acid sequence of a given length 
(plurality of fetal nucteic acids of a particular length; paragraph [0277]); (ii) a plurality of maternal nucleic acids, each comprising a 
second nucleic acid sequence longer than said given length (plurality of maternal nucleic acids of a particular length, where fetal nucleic 

acids are obtained from maternal nucleic acids (longer than fetal nucleic acids) by digestion; paragraphs [0277], [0279)); (iii) a first set of 
oligonucleotide primers configured to amplify said first nucleic acid sequence (fetal nucleic acids can be amplified using a first set of 

primers; paragraphs [0099], [0281], [0294]); (iv) a second set of oligonucleotide primers configured to amplify said second nucleic acid 

sequence (maternal nucleic acids can be amplified using a second set of primers; paragraphs [0294], [0302], [1166)]); (v) a first 

oligonucleotide probe configured to hybridize to said first nucleic acid sequence (Taqman probe can be annealed to the nucleic acid 

sequence; paragraph [0232]); and (vi) a second oligonucleotide probe configured to hybridize to said second nucleic acid sequence 

(Taqman probe can be annealed to the nucleic acid sequence; paragraph [0232]); (B) amplifying (a) said first nucleic acid sequence to 

generate a first signal from said first oligonucleotide probe (amplification of nucleic acid sequence using specific biased primers and the 
Taqman probe, during which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection 
of its now unquenched signal using a real-time fluorescent detection system; paragraph [0232]) and (b) said second nucleic acid 
sequence to generate a second signal from said second oligonucleotide probe (amplification of nucleic acid sequence using specific 
biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a fluorescent reporter molecule for 
quantitative detection of its now unquenched signal using a real-time fluorescent detection system; paragraph [0232]); identifying said 
presence or absence of said fetal aneuploidy (method for identifying the presence or absence of a fetal aneuploidy; paragraph [0248)). 
Sequenom does not disclose (C) determining a ratio of a value derived from said first signal to a second value derived from said second 

signal; and (D) comparing said ratio to a reference value. Wasserstrom discloses (C) determining a ratio of a value derived from said 
first signal to a second value derived from said second signal (calculating at least one signal ratio between signal intensities of 
amplification products and comparing the signal ratios to reference ratios; claim 1); and (D) comparing said tatio to a reference value 

(calculating at least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference 

ratios; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of 

Sequenonm, by including a ratio of amplification signals and comparing to a reference level, as disclosed by Wasserstrom, for providing 
the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of 
trisomy 21 based on size distributions (Sequenom; paragraph [0099)). 
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As per claim 61, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 

wherein said first nucleic acid sequence corresponds to a region of nucleic acid potentially associated with said fetal aneuploidy (method 
for identifying the presence or absence of a fetal aneuploidy based on maternal and fetal nucleic acids; paragraph [0248], [0294]). 

As per claim 62, Sequenom and Wasserstrom, in combination, disclose the method of claim 61, and Sequenom further discloses 
wherein said region comprises a region of chromosome 21 (paragraph [0269}), chromosome 18 (paragraph [0269]), chromosome 13 
(paragraph [0269]}), X chromosome (paragraph [0269)). 

As per claim 63, Sequenom and Wasserstrom, in combination, disclose the method of claim 61, and Sequenom further discloses 

wherein said region comprises a region of chromosome 21 (paragraph [0269}). 

As per claim 64, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 

wherein said region comprises a region of chromosome 18 (paragraph [0269]). 

As per claim 65, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 

wherein said region comprises a region of chromosome 13 (paragraph [0269]). 

As per claim 66, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 

wherein said region comprises a region of an X chromosome (paragraph [0269]). 

As per claim 67, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a ratio of a third value 

generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. Wasserstrom discloses 

wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid sequence and a fourth value 

generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category (can be third and fourth); 

paragraph [0050]; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 
disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei 
acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference 
ratio. 

As per claim 68, Sequenom and Wasserstrom, in combination, disclose the method of claim 67, and Sequenom further discloses control 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said third nucleic acid sequence and said fourth nucleic 

acid sequence each correspond to a region of nucleic acid not associated with said fetal aneuploidy. Wasserstrom discloses wherein 
said third nucleic acid sequence and said fourth nucleic acid sequence each correspond to a region of nucleic acid not associated with 

said fetal aneuploidy (values of reference ratios of a particular DNA category (can be third and fourth), wherein the DNA sample can be 
from contro! DNA; paragraph [0050]; claims 1, 31). It would have been obvious to one of ordinary skill in the art at the time of invention 

to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage 
of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of fetal 

aneuploidy based on a reference ratio. 

As per claim 69, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses control 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value is derived from a plurality of third 
values generated from a plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth 
nucleic acid sequences. Wasserstrom discloses wherein said reference value is derived from a plurality of third values generated from a 
plurality of third nucleic acid sequences and a plurality of fourth vatues generated from a plurality of fourth nucleic acid sequences 
(values of plurality of reference ratios of a particular DNA category (can be third and fourth); paragraph [0050]; claim 1). It would have 
been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference ratio. 

As per claim 70, Sequenom and Wasserstrom, in combination, disclose the method of claim 69, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said plurality of third nucleic acid sequences and said 

plurality of fourth nucleic acid sequences each correspond to a region of nucleic acid not associated with said fetal aneuploidy. 
Wasserstrom discloses wherein said plurality of third nucleic acid sequences and said plurality of fourth nucleic acid sequences each 

correspond to a region of nucleic acid not associated with said fetal aneuploidy (values of plurality of reference ratios of a particular DNA 

category (can be third and fourth), wherein the DNA sample can be from contro! DNA; paragraph [0050]; claims 1, 31). It would have 
been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 

categorizing the fetal nucleic acids for presence/absence of fetal aneuploidy based on a reference ratio. 
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As per claims 71/67-70, Sequenom and Wasserstrom, in combination, disclose the method of claims 67-70, and Sequenom further 

discloses wherein said region is a region of a housekeeping gene (targets are selected in a housekeeping gene; paragraph [1103}). 

As per claim 94, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses said 

second nucleic acid sequence comprises at least a portion of said first nucleic acid sequence (where fetal nucleic acids are obtained 

from maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claim 95, Sequenom and Wasserstrom, in combination, disclose the method of claim 94, and Sequenom further discloses 

wherein said second nucleic acid sequence comprises said first nucleic acid sequence (where fetal nucleic acids are obtained from 

maternal nucleic acids by digestion; paragraph [0277], {0279]). 

As per claims 96/60-66, Sequenom and Wasserstrom, in combination, disclose the method of claims 60-66, and Sequenom further 
discloses control sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a 
ratio of a third value generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. 
Wasserstrom discloses wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid 
sequence and a fourth value generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category 

(can be third and fourth); paragraph [0050]; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention 

to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage 
of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 

based on a reference ratio. 

As per claim 109, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 

wherein said first value is a quantity of said first plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic 

acids can be maternal nucleic acids (first plurality of nucleic acids); paragraphs [0242], [0246]). 

As per claim 110, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 
wherein said second value is a quantity of said second plurality of nucleic acids (nucleic acid quantification from a sample, where the 
nucleic acids can be fetal nucleic acids (second plurality of nucleic acids); paragraphs [0242], [0246)). 

As per claim 111, Sequenom and Wasserstrom, in combination, disclose the method of claim 60. Sequenom does not disclose wherein 

said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids. Wasserstrom 
discloses wherein said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids 

(calculating at least one signal ratio between signal intensities (not quantities) of amplification products; claim 1). It would have been 

obvious to one of ordinary skili in the art at the time of invention to have modified the disclosure of Sequenom, by including a signal ratio, 

as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the 

fetal nucleic acids for presence/absence of trisomy 21 based on a signal ratio. 

As per claim 114, Sequenom and Wasserstrom, in combination, disclose the method of claim 59, and Sequenom further discloses 
wherein said plasma is subjected to conditions sufficient to enrich for fetal nucleic acids (digestion of maternal nucleic acids in the 

plasma to enrich the fetal nucleic acids; paragraphs [0099], [0130)). 

As per claim 115, Sequenom and Wasserstrom, in combination, disclose the method of claim 59, and Sequenom further discloses 

wherein said plasma is not subjected to conditions sufficient to enrich for fetal nucleic acids (whole genome from the sample can be 
mapped without enrichment, wherein the sample can be plasma; paragraphs [0130], [0409)). 
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As per claim 118, Sequenom discloses a method for analyzing a size distribution of nucleic acids (method for analyzing a size 
distribution of nucleic acids based on amplification reactions; figure 148; paragraph [0099]), the method comprising: (A) providing a 
sample (DNA samples isolated from the blood; paragraph [0100]) comprising: (i) a first plurality of nucleic acids and a second plurality of 
nucleic acids (mixture of maternal and fetal nucleic acids can be amplified using a first and second set of primers; paragraphs [0099], 
[0281], [0294], [0302], [1166]), wherein said first plurality of nucleic acids each comprise a first nucleic acid sequence of a given length 

and said second plurality of nucleic acids each comprise a second nucleic acid sequence longer than said given length (mixture of 

maternal and fetal nucleic acids, where the nucleic acids are of a given length and size-specific amplification reactions are used to 
enrich the fetal nucleic acids by digesting the maternal nucleic acids (longer than fetal nucleic acids); paragraphs [0098]-[0099], [0290]); 
(ii) a first set of paired oligonucleotide primers configured to amplify said first nucleic acid sequence (fetal nucleic acids can be amplified 
using a second set of primers; paragraphs [0099], [0281], [0294}); and (iii) a second set of paired oligonucleotide primers, configured to 
amplify said second nucleic acid sequence (maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], 

[0302], [1166]); (B) performing an amplification reaction on (a) said first nucleic acid sequence to generate a first signal (amplification of 

nucleic acid sequence using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to 

release a fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection 
system; paragraph [0232]) and (b) said second nucleic acid sequence to generate a second signal (amplification of nucleic acid 
sequence using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a 
fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; 
paragraph [0232]); thereby analyzing said size distribution (analyzing the size distribution based on size specific amplification reactions; 
paragraph [0099]). Sequenom does not disclose (C) determining a ratio of a first value derived from said first signal to a second value 

derived from said second signal. Wasserstrom discloses (C) determining a ratio of a first value derived from said first signal to a second 

value derived from said second signal (calculating at least one signal ratio between signal intensities of amplification products and 

comparing the signa! ratios to reference values; claim 1). !t would have been obvious to one of ordinary skill in the art at the time of 
invention to have modified the disclosure of Sequenom, by including a ratio of amplification signals and comparing to a reference level, 

as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the 
fetal nucleic acids for presence/absence of trisomy 21 based on size distributions (Sequenom; paragraph [0099]). 

As per claim 119, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses 
wherein said sample further comprises (iv) a first oligonucleotide probe configured to hybridize to a region of said first nucleic acid 
sequence (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during which the taq polymerase 
digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time 
fluorescent detection system; paragraph [0232]) and (v) a second oligonucleotide probe configured to hybridize to a region of said 
second nucleic acid sequence (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during 
which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched 

signal using a real-time fluorescent detection system; paragraph [0232)}). 

As per claim 120, Sequenom and Wasserstrom, in combination, disclose the method of claim 119, and Sequenom further discloses 

wherein said first signal is generated from said first oligonucleotide probe and said second signal is generated from said second 
oligonucleotide probe (amplification of each nucleic acid sequence using specific biased primers and the Taqman probe, during which 
the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched signal 

using a real-time fluorescent detection system; paragraph [0232]). 

As per claim 121, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses, ina 

longer list of options, wherein said sample comprises an intercalating dye (paragraph [0295]). Sequenom does not explicitly disclose 
wherein said sample further comprises an intercalating dye. Wasserstrom discloses wherein said sample further comprises an 
intercalating dye (SYBR green staining; paragraph [0029]). It would have been obvious to one of ordinary skill in the art at the time of 
invention to have modified the disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing 
the advantage of detecting the PCR amplification signal based on staining with the dye. 

As per claim 122, Sequenom and Wasserstrom, in combination, disclose the method of claim 121, and Sequenom further discloses 

wherein said first signal or said second signal is generated from fluorescent reporter molecule (amplification of nucleic acid sequence 
using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a fluorescent 

reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; paragraph 
[0232]). Sequenom does not disclose an intercalating dye. Wasserstrom discloses an intercalating dye (SYBR green staining; 

paragraph [0029]). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure 
of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of detecting the PCR 
amplification signal based on staining with the dye. 

As per claim 123, Sequenom and Wasserstrom, in combination, disclose the method of claim 121, and Sequenom further discloses 
wherein said first signal and said second signal is generated from fluorescent reporter molecule (amplification of multiple nucleic acid 
sequences using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a 
fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; 
paragraphs [0232], [0294]). Sequenom does not disclose an intercalating dye. Wasserstrom discloses an intercalating dye (SYBR green 

staining; paragraph [0029)}). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 

disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of detecting the 

PCR amplification signal based on staining with the dye. 
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As per claim 124, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses, in 

a longer list of options, wherein said sample comprises an intercalating dye (paragraph [0295]). Sequenom does not explicitly disclose 
wherein said intercalating dye is SYBR Green or EvaGreen. Wasserstrom discloses wherein said intercalating dye is SYBR Green 
(SYBR green staining; paragraph [0029]). It would have been obvious to one of ordinary skill in the art at the time of invention to have 
modified the disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of 
detecting the PCR amplification signal based on staining with the dye. 

As per claim 125, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses 

wherein said first signal or said second signal are generated by mass spectrometry (amplification signal can be detected using mass 

spectrometry; paragraph [0294]). 

Claims 72/71/67-70 lack an inventive step under PCT Article 33(3) as being obvious over Sequenom and Wasserstrom in view of US 
2016/0273048 A1 to ONCODIAG. 

As per claims 72/71/67-70, Sequenom and Wasserstrom, in combination, disclose the method of claims 71/67-70, and Sequenom 

further discloses wherein said region is a region of a housekeeping gene (targets are selected in a housekeeping gene; paragraph 
[1103]). Sequenom does not disclose wherein said housekeeping gene is beta-globin. Oncodiag discloses disclose wherein said 
housekeeping gene is beta-globin (paragraph [0108]). It would have been obvious to one of ordinary skill in the art at the time of 
invention to have modified the disclosure of Sequenom, by including a housekeeping gene, as disclosed by Oncodiag, for providing the 
advantage of verifying that the PCR conditions are optimum, and hence as amplification controls. 

Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 94-95, 96/60-66, 109-111, 
114-115 and 118-125 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used in 

industry. 
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THE WRITTEN OPINION OF THE INTERNATIONAL 

SEARCHING AUTHORITY, OR THE DECLARATION 

Wilson Sonsini Goodrich & Rosati 
650 Page Mill Road 
Palo Alto, California 94304 

(PCT Rule 44.1) 
  

Date of mailing 
(day/month/year)   06 MAY 2019 

  

  

Applicant’s or agent’s file reference 

44158-713601 
FOR FURTHER ACTION _ See paragraphs 1 and 4 below 

  

International application No. 

PCT/US19/19906 

Internationa! filing date 

(day/month/year) 27 February 2019 (27.02.2019)   
  

Applicant 
CHROMACODE, INC. 

  

  

1. kK] The applicant is hereby notified that the international search report and the written opinion of the International Searching 
Authority have been established and are transmitted herewith. 

Filing of amendments and statement under Article 19: 
The applicant is entitled, if he so wishes, to amend the claims of the international application (see Rule 46): 

When? The time limit for filing such amendments is normally two months from the date of transmittal of the international 
search report. 

How? _ Directly to the International Bureau of WIPO preferably through ePCT or on paper to, 34 chemin des Colombettes 

1211 Geneva 20, Switzerland, Facsimile No.: +41 22 338 82 70 

For more detailed instructions, see PCT Applicant's Guide, International Phase, paragraphs 9.004 — 9.011. 

The applicant is hereby notified that no international search report will be established and that the declaration under 
Article 17(2)(a) to that effect and the written opinion of the International Searching Authority are transmitted herewith. 

CI With regard to any protest against payment of (an) additional fee(s) under Rule 40.2, the applicant is notified that: 

the protest together with the decision thereon has been transmitted to the International Bureau together with any 
request to forward the texts of both the protest and the decision thereon to the designated Offices. 

no decision has been made yet on the protest; the applicant will be notified as soon as a decision is made. 

2. 

3. 

4. Reminders 

The applicant may submit comments on an informal basis on the written opinion of the International Searching Authority 
to the International Bureau. These comments will be made available to the public after international publication. The 
International Bureau will send a copy of such comments to all designated Offices unless an international preliminary 
examination report has been or is to be established. 

Shortly after the expiration of 18 months from the priority date, the international application will be published by the 
International Bureau. If the applicant wishes to avoid or postpone publication, a notice of withdrawal of the international 
application, or of the priority claim, must reach the International Bureau before the completion of the technical preparations for 
international publication (Rules 90d/s.1 and 90bis.3). 

Within L9 months from the priority date, but only in respect of some designated Offices, a demand for international preliminary 
examination must be filed if the applicant wishes to postpone the entry into the national phase until 30 months from the priority 
date (in some Offices even later); otherwise, the applicant must, within 20 months from the priority date, perform the 
prescribed acts for entry into the national phase before those designated Offices. In respect of other designated Offices, the 
time limit of 30 months (or later) will apply even if no demand is filed within 19 months. For details about the applicable time 
limits, Office by Office, see www.wipo.int/pcv/en/texts/time_limits.html and the PCT Applicant's Guide, National Chapters. 

Within 22 months from the priority date, the applicant may request that a supplementary international search be carried 
out by a different International Searching Authority that offers this service (Rule 45is.1). The procedure for requesting 
supplementary international search is described in the PCT Applicant's Guide, International Phase, paragraphs 8.006-8.032. 
  

  

Name and mailing address of the ISA/US 

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450     Facsimile No. 571-273-8300 

Authorized officer 

Shane Thomas 

PCT Helpdesk: 571-272-4300 

Telephone No. pcr osp; 571-272-7774   
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(PCT Article 18 and Rules 43 and 44) 

  

  

      

Applicant's or agent’s file reference FOR FURTHER see Form PCT/ISA/220 
44158-713601 ACTION as well as, where applicable, item 5 below. 

International application No. International filing date (day/month/year) (Earliest) Priority Date (day/month/year) 

PCT/US19/19906 27 February 2019 (27.02.2019) 28 February 2018 (28.02.2018) 

Applicant 

CHROMACODE, INC. 

  

  

This international search report has been prepared by this International Searching Authority and is transmitted to the applicant 

according to Article 18. A copy is being transmitted to the International Bureau. 

This international search report consists of a total of 3 sheets. 

T] It is also accompanied by a copy of each prior art document cited in this report. 

  

1. Basis of the report 

a. With regard to the language, the international search was carried out on the basis of: 

多 the international application in the language in which it was filed. 

[| a translation of the international application into which is the language of 

a translation furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 
  

b. C] This international search report has been established taking into account the rectification of an obvious mistake 

authorized by or notified to this Authority under Rule 91 (Rule 43.6d/s(a)). 

c. LJ With regard to any nucleotide and/or amino acid sequence disclosed in the international application, see Box No. I. 

2. [xX] Certain claims were found unsearchable (see Box No. II). 

3. LC] Unity of invention is lacking (see Box No. III). 

4. With regard to the title, 

the text is approved as submitted by the applicant. 

C] the text has been established by this Authority to read as follows: 

5. With regard to the abstract, 

区 | the text is approved as submitted by the applicant. 

the text has been established, according to Rule 38.2, by this Authority as it appears in Box No. IV. The applicant may, 

within one month from the date of mailing of this international search report, submit comments to this Authority. 

6. With regard to the drawings, 

a. the figure of the drawings to be published with the abstract is Figure No. 1 

办 as suggested by the applicant. 

[J as selected by this Authority, because the applicant failed to suggest a figure. 

[J as selected by this Authority, because this figure better characterizes the invention. 

b. C] none of the figures is to be published with the abstract.       
Form PCT/ISA/210 (first sheet) (January 2015)

IPR2024-01451 
California Institute of Technology - Ex. 2003 Page 4225



PCT/US2019/019906 06.05.2019 

  

  
  

INTERNATIONAL SEARCH REPORT International application No. 

PCT/US19/19906 

Box No. II Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet) 
  

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons: 

1. [_] Claims Nos.: 
because they relate to subject matter not required to be searched by this Authority, namely: 

2. [ Claims Nos.: 

because they relate to parts of the international application that do not comply with the prescribed requirements to such an 

extent that no meaningful international search can be carried out, specifically: 

3. Claims Nos.: 18-27, 30-37, 45-56, 73-93, 97-108, 112-113, 116-117 
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a). 

  

Box No. HI Observations where unity of invention is lacking (Continuation of item 3 of first sheet) 

  

This International Searching Authority found multiple inventions in this international application, as follows: 

1. C] As all required additional search fees were timely paid by the applicant, this international search report covers all searchable 

claims. 

2. [] As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of 

additional fees. 

3. CJ As only some of the required additional search fees were timely paid by the applicant, this international search report covers 

only those claims for which fees were paid, specifically claims Nos.: 

4. [] No required additional search fees were timely paid by the applicant. Consequently, this international search report is 

restricted to the invention first mentioned in the claims, it is covered by claims Nos.: 

The additional search fees were accompanied by the applicant’s protest and, where applicable, the 

payment of a protest fee. 

The additional search fees were accompanied by the applicant’s protest but the applicable protest 

fee was not paid within the time limit specified in the invitation. 

Remark on Protest 

DU 
D 

No protest accompanied the payment of additional search fees.       
Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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INTERNATIONAL SEARCH REPORT 
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International application No. 

PCT/US19/19906 

  
  

A. CLASSIFICATION OF SUBJECT MATTER 

IPC - €12Q 1/6846, 1/6851, 1/6872, 1/6876; GOIN 33/48 (2019.01) 
CPC - 

C12Q 1/6846, 1/6851, 1/6872, 1/6876; GO1N 33/48 

According to International Patent Classification (IPC) or to both national classification and IPC 
  

B. FIELDS SEARCHED 
  

Minimum documentation searched (classification system followed by < 

See Search History document 

lassification symbols) 

  

See Search History document 

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 

  

Electronic data base consulted during the international search (name of 

See Search History document 

data base and, where practicable, search terms used) 

  

C. DOCUMENTS CONSIDERED TO BE RELEVANT 
  

  

31 

  

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No. 

Y US 2013/0288244 A1 (SEQUENOM, INC.) 31 October, 2013; paragraphs [0098]-[0100], [0232), | 1-14, 15/1-14, 
[0236], [0277], [0279], [0290], [0294], [0302], {1103}, [1166] 16/15/1-14, 

US 2013/0078626 A1 (WASSERSTROM, A et al.) 28 March, 2013; paragraph [0050]; claims 1, 

US 2016/0273048 A1 (ONCODIAG) 22 September, 2016; paragraph [0108] 

17/16/+5/1-14, 28-29, 
38-43, 44/39-43, 57-70, 
71/67-70, 72/7 1/67-70, 
94-95, 96/60-66, 
109-111, 114-155, 
118-125 

1-14, 15/1-14, 
16/15/1-14, 
17/16/15/1-14, 28-29, 
38-43, 44/39-43, 57-70, 
71/67-70, 72/7 1/67-70, 
94-95, 96/60-66, 
109-111, 114-115, 
118-125 

72/7 1/67-70   
  

[ Further documents are listed in the continuation of Box C. [] See patent family annex. 
  

* Special categories of cited documents: 

“A” document defining the general state of the art which is not considered 
to be of particular relevance 

“E” earlier application or patent but published on or after the international 
filing date 

“L” document which may throw doubts on priority claim(s) or which is 
cited to establish the publication date of another citation or other 
special reason (as specified) 

“OQ” document referring to an oral disclosure, use, exhibition or other 
means 

“Pp” document published prior to the international filing date but later than 
the priority date claimed 

“T” later document published after the international filing date or priority 
date and not in conflict with the application but cited to understand 
the principle or theory underlying the invention 

“x” document of particular relevance; the claimed invention cannot be 
considered novel or cannot be considered to involve an inventive 
step when the document is taken alone 

“Y” document of particular relevance; the claimed invention cannot be 
considered to involve an inventive step when the document is 
combined with one or more other such documents, such combination 
being obvious to a person skilled in the art 

“&" document member of the same patent family 

  

Date of the actual completion of the international search 

17 April 2019 (17.04.2019) 

Date of mailing of the international search report 

0.6 MAY 2019 
  

Name and mailing address of the ISA/ 

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents 

P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300     Authorized officer 

Shane Thomas 

PCT Helpdask: 571-272-4300 

PCT OSP: 571-272-7774   
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From the 

INTERNATIONAL SEARCHING AUTHORITY 
  

PCT 

WRITTEN OPINION OF THE 

INTERNATIONAL SEARCHING AUTHORITY 

To: Kyle Bruner 
Wilson Sonsini Goodrich & Rosati 

650 Page Mill Road 
Palo Alto, California 94304 

(PCT Rule 43bis.1) 

  

an 
Lv 

Date of mailing 
(day/month/year) 06 MAY   

  

    

Applicant’s or agent’s file reference 

44158-713601   
FOR FURTHER ACTION 

See paragraph 2 below 

  

International application No. 

PCT/US19/19906 

International filing date (day/month/year) 

27 February 2019 (27.02.2019) 

Priority date (day/month/year) 

28 February 2018 (28.02.2018)     
  

International Patent Classification (IPC) or both national classification and IPC 

IPC - C12Q 1/6846, 1/6851, 1/6872, 1/6876; GO1N 33/48 (2019.01) 

CPC - 
C12Q 1/6846, 1/6851, 1/6872, 1/6876; GO1N 33/48 

  

Applicant CHROMACODE, INC， 

  

  

1. This opinion contains indications relating to the following items: 

区 | Box No. | 

[] Box No. I 

Basis of the opinion 

Priority 

x! Box No. [Il | Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

[ ] Box No. IV Lack of unity of invention 

Box No. V ”Reasoned statement under Rule 43dis. 1(a)(i) with regard to novelty, inventive step and industrial applicability; 

citations and explanations supporting such statement 

[] Box No. VI Certain documents cited 

Box No. VII Certain defects in the international application 

Xx] Box No. VIIE Certain observations on the international application 

2. FURTHER ACTION 

If a demand for international preliminary examination is made, this opinion will be considered to be a written opinion of the 

International Preliminary Examining Authority (“IPEA”) except that this does not apply where the applicant chooses an Authority 

other than this one to be the IPEA and the chosen IPEA has notified the International Bureau under Rule 66.1 dis(b) that written 

opinions of this International Searching Authority will not be so considered. 

If this opinion is, as provided above, considered to be a written opinion of the IPEA, the applicant is invited to submit to the IPEA 
a written reply together, where appropriate, with amendments, before the expiration of 3 months from the date of mailing of Form 
PCT/ISA/220 or before the expiration of 22 months from the priority date, whichever expires later. 

For further options, see Form PCT/ISA/220. 

  

  

Name and mailing address of the ISA/US 

Mail Stop PCT, Attn: ISA/US 
Commissioner for Patents 
P.O. Box 1450, Alexandria, Virginia 22313-1450 

Facsimile No. 571-273-8300   Date of completion of this opinion 

17 April 2019 (17.04.2019) 

  

Authorized officer 

Shane Thomas 

PCT Helpdesk: 571-272-4300 

PCT OSP: 571-272-7774     
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

Box No. I Basis of this opinion 
  

!. With regard to the language, this opinion has been established on the basis of 

[x] the international application in the language in which it was filed. 

  

[] a translation of the international application into which is the language of a translation 

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 

2. CL] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 

this Authority under Rule 91 (Rule 43 dis. 1(a)). 

3. 六] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 

been established on the basis of a sequence listing: 

a. C] forming part of the international application as filed: 

[] in the form of an Annex C/ST.25 text file. 

Cc] on paper or in the form of an image file. 

b. a furnished together with the international application under PCT Rule 13ier.1(a) for the purposes of international 

search only in the form of an Annex C/ST.25 text file. 

c. [J furnished subsequent to the international filing date for the purposes of international search only: 

图 in the form of an Annex C/ST.25 text file (Rule 13¢er. 1(a)). 

[ ] on paper or in the form of an image file (Rule 13¢er.1(b) and Administrative Instructions, Section 713). 

4, 请 ] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 

statements that the information in the subsequent or additional copies is identical to that forming part of the application as 

filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 

      
Form PCT/ISA/237 (Box No. I) (January 2015)
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

    

Box No. II[ = Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 
  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 

applicable have not been examined in respect of: 

[J the entire international application. 

  

[| claims Nos. 18-27, 30-37, 45-56, 73-93, 97-108, 112-113, 116-117 

because: 

the said international application, or the said claims Nos. relate to the following 

subject matter which does not require an international search (specify): 
  

| the description, claims or drawings (indicate particular elements below) or said claims Nos. -Please See Below-***- 
are so unclear that no meaningful opinion could be formed (specify): 

  

Claims 18-27, 30-37, 45-56, 73-93, 97-108, 112-113, and 116-117 are dependent claims and are not drafted in accordance with the 

second and third sentences of Rule 6.4(a). 

[ the claims, or said claims Nos. are so inadequately supported 
by the description that no meaningful opinion could be formed (specify): 
  

  
x] no international search report has been established for said claims Nos. -"""-Please See Above- 

[| a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[ furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the 

International Searching Authority in the form and manner acceptable to it, or the sequence listing furnished did not 

comply with the standard provided for in Annex C of the Administrative Instructions. 

[| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 

C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 

form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in 

Annex C of the Administrative Instructions. 

[] pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 

Rule 13¢er.}(a) or (b). 

[ See Supplemental Box for further details.       
Form PCT/ISA/237 (Box No. IH) January 2015)
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Box No. V Reasoned statement under Rule 436is.1(a)(i) with regard to novelty, inventive step and industrial applicability; 

citations and explanations supporting such statement 
  

1. Statement 

  

  

  

  

  

Novelty (N) Claims ”Please See Below YES 

Claims NONE NO 

Inventive step (IS) Claims NONE YES 

Claims -***-Please See Below-***- NO 

Industrial applicability (IA) Claims -***-Please See Below-***- YES 

Claims NONE NO 
  

  

2. Citations and explanations: 

-Continued from Box No. V: 1. Statement: 

Novelty (N): YES: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 94-95, 
96/60-66, 109-111, 114-115, 118-125 

Inventive step (IS): NO: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/7 1/67-70, 94-95, 
96/60-66, 109-111, 114-115, 118-125 

Industrial applicability (IA): YES: Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 
94-95, 96/60-66, 109-111, 114-115, 118-125 

-Continued from Box No. V. 2: Citations and Explanations: 

Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 94-95, 96/60-66, 109-111, 114-115 and 
418-125 lack an inventive step under PCT Article 33(3) as being obvious over US 2013/0288244 A1 to SEQUENOM, INC., (hereinafter 

‘Sequenom’) in view of US 2013/0078626 A1 to Wasserstrom et al. (hereinafter ‘Wasserstrom’)). 

As per claim 1, Sequenom discloses a method for analyzing a size distribution of nucleic acids (method for analyzing a size distribution of 
nucleic acids based on amplification reactions; figure 148; paragraph {0099]), the method comprising: (A) providing a sample (DNA 
samples isolated from the blood; paragraph [0100]) comprising: (i) a first plurality of nucleic acids and a second plurality of nucleic acids 
(mixture of maternal and fetal nucleic acids; paragraph (0098]), wherein said first plurality of nucleic acids each comprise a first nucleic 
acid sequence of a given length and said second plurality of nucleic acids each comprise a second nucleic acid sequence longer than 
said given length (mixture of maternal and fetal nucleic acids, where the nucleic acids are of a given length and size-specific amplification 
reactions are used to enrich the fetal nucleic acids by digesting the maternal nucleic acids (longer than fetal nucleic acids); paragraphs 

[0098]-(0099}], [0277], [0279] [0290}); (ii) a first set of paired amplification oligomers configured to amplify said first nucleic acid sequence 
(maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], [0302], [1166j): (iii) a second set of paired 

amplification oligomers, configured to amplify said second nucleic acid sequence (fetal nucleic acids can be amplified using a second set 
of primers; paragraphs [0099], {028 1], [0294)): (iv) a first detection probe configured to anneal to a region of said first nucleic acid 

sequence (Taqman probe can be annealed to the nucleic acid sequence; paragraph [0230], [0232]), and (v) a second detection probe 

configured to anneal to a region of said second nucleic acid sequence (Taqman probe can be annealed to the nucleic acid sequence; 

paragraph [0230], [0232]); (B) performing an amplification reaction on (a) said first nucleic acid sequence to generate a first signal from 

said first detection probe (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during which the 
taq polymerase digests the probe to release a ftuorescent reporter molecule for quantitative detection of its now unquenched signal using 

a real-time fluorescent detection system; paragraph [0230], {0232)) and (b) said second nucleic acid sequence to generate a second 
signal from said second detection probe (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, 

during which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now 
unquenched signal using a real-time fluorescent detection system; paragraph [0230], [0232]); thereby analyzing said size distribution 
(analyzing the size distribution based on size specific amplification reactions; paragraph (0099]). Sequenom does not disclose (C) 
determining a ratio of a first value derived from said first signal to a second value derived from said second signal. Wasserstrom 
discloses (C) determining a ratio of a first value derived from said first signal to a second value derived from said second signal 
(catculating at least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference 
values; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of 
Sequenom, by including a ratio of amplification signals and comparing to a reference level, as disclosed by Wasserstrom, for providing 
the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of 
trisomy 21 based on size distributions (Sequenom;, paragraph [0099)). 

-"**.Continued Within the Next Supplemental Box-***-   
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WRITTEN OPINION OF THE International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 
  

  Box No. VHT Certain defects in the international application 

  
The following defects in the form or contents of the international application have been noted: 

Claim 60 objected to under PCT Rule 66.2(a)(iii) as containing the following defect(s) in the form or contents thereof: in claim 60, the 
word ‘said’ was repeated twice. 
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WRITTEN OPINION OF THE ‘ International application No. 

INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

  
  Box No. VIII Certain observations on the international application 

  The following observations on the clarity of the claims, description, and drawings or on the question whether the claims are fully 
supported by the description, are made: 

Claim 124 is objected to under PCT Rule 66.2(a)(v) as lacking clarity under PCT Article 6 because claim [124] is indefinite for the 
following reason(s): [in claim 124, the trademarks “SYBR Green” and “EvaGreen” are used which makes the claim indefinite where 

trademarks characterize the commercial origin of goods, rather than the properties of the goods (which may change from time to time) 
relevant to the invention. For the purposes of this opinion, “SYBR Green" and “EvaGreen’” are interpreted to mean an intercalating dye]. 
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INTERNATIONAL SEARCHING AUTHORITY PCT/US19/19906 

  
  

Supplemental Box 
  

In case the space in any of the preceding boxes is not sufficient. 

Continuation of: 

-***_Continued from Box V: Citations and Explanations-***- 

As per claim 2, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said first set of paired amplification oligomers (maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], 
(0302), [1166]) comprises: a first forward amplification oligomer (forward primers; paragraphs [0232], [0294], [0302], [1166]); and a first 
reverse amplification oligomer (reverse primers; paragraphs [0232], [0294], [0302], [1166]). 

As per claim 3, Sequenom and Wasserstrom, in combination, disclose the method of claim 2, and Sequenom further discloses wherein 
said first set of paired amplification oligomers (maternal nucleic acids can be amplified using a first set of primers; paragraphs [0294], 
[0302], [1166]) comprises: a plurality of first forward amplification oligomers (forward primers; paragraphs [0232], [0294], [0302], [1166]); 
and a plurality of first reverse amplification oligomers (reverse primers; paragraphs [0232], [0294], [0302], [1166]). 

As per claim 4, Sequenom and Wasserstrom, in combination, disclose the method of claim 3, and Sequenom further discloses wherein 

each of said plurality of first forward amplification oligomers has a different nucleic acid sequence (forward primers can be different for 
targeting methylated and unmethylated DNA in the maternal nucleic acids; paragraphs [0232], (0236), [0294], [0302], [1166])- 

As per claim 5, Sequenom and Wasserstrom, in combination, disclose the method of claim 4, and Sequenom further discloses wherein a 

first forward amplification oligomer of said plurality of first forward amplification oligomers is configured to hybridize to a region of said 
first sequence (forward primers specifically hybridize the CpG island of methylated DNA in the maternal nucleic acids; paragraphs 
(0232}, [0236], [0294], [0302], [1166]). 

As per claim 6, Sequenom and Wasserstrom, in combination, disclose the method of claim 3, and Sequenom further discloses wherein 

each of said plurality of first reverse amplification oligomers has a different nucleic acid sequence (reverse primers can be different for 

targeting methylated and unmethylated DNA in the maternal nucleic acids; paragraphs [0232], [0236], [0294], [0302], [1166)]). 

As per claim 7, Sequenom and Wasserstrom, in combination, disclose the method of claim 6, and Sequenom further discloses wherein a 

first reverse amplification oligomer of said plurality of first reverse amplification oligomers is configured to hybridize to a region of said 
first sequence (reverse primers specifically hybridize the CpG island of methylated DNA in the maternal nucleic acids; paragraphs 

{0232}, [0236], [0294], [0302], [1166]). 

As per claim 8, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said second set of paired amplification oligomers (fetal nucleic acids can be amplified using a second set of primers, paragraphs [0099], 

[0281], [0294]) comprises: a second forward amplification oligomer (forward primers; paragraphs [0099], (0232), [0281], [0294]); anda 

second reverse amplification oligomer (reverse primers; paragraphs [0099], [0232], (0281}, [0294]). 

As per claim 9, Sequenom and Wasserstrom, in combination, disclose the method of claim 8, and Sequenom further discloses wherein 

said second set of paired amplification oligomers (fetal nucleic acids can be amplified using a second set of primers; paragraphs [0099], 

(0281), [0294]) comprises: a plurality of second forward amplification oligomers (forward primers; paragraphs [0099], [0232], [0236], 
[0281], [0294]) and a plurality of second reverse amplification oligomers (reverse primers; paragraphs [0099}, [0232], [0236], [0281), 

[0294])- 

As per claim 10, Sequenom and Wasserstrom, in combination, disclose the method of claim 9, and Sequenom further discloses wherein 

each of said plurality of second forward amplification oligomers has a different nucleic acid sequence (forward primers can be different 

for targeting methylated and unmethylated DNA in the fetal nucleic acids; paragraphs [0099], [0232], [0236], [0281], [0294]). 

As per claim 11, Sequenom and Wasserstrom, in combination, disclose the method of claim 10, and Sequenom further discloses 
wherein a second forward amplification oligomer of said plurality of second forward amplification oligomers is configured to hybridize to a 

region of said second sequence (forward primers specifically hybridize the CpG island of methylated DNA in the fetal nucleic acids; 

paragraphs [0099], [0232], [0236], [0281], [0294}). 

As per claim 12, Sequenom and Wasserstrom, in combination, disclose the method of claim 9, and Sequenom further discloses wherein 

each of said plurality of second reverse amplification oligomers has a different nucleic acid sequence (reverse primers can be different 

for targeting methylated and unmethylated DNA in the fetal nucleic acids; paragraphs [0099], [0232], [0236], [0281], [0294]). 

As per claim 13, Sequenom and Wasserstrom, in combination, disclose the method of claim 12, and Sequenom further discloses 

wherein a second reverse amplification oligomer of said plurality of second reverse amplification oligomers is configured to hybridize to a 

region of said second sequence (reverse primers specifically hybridize the CpG island of methylated DNA in the fetal nucleic acids; 

paragraphs [0099], [0232], [0236], [0281], [0294]). 

As per claim 14, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose wherein 

said first value and said second value provide a quantitative ratio measurement corresponding to an abundance of said first plurality of 

nucleic acids and said second plurality of nucleic acids in said sample. Wasserstrom discloses wherein said first value and said second 
value provide a quantitative ratio measurement corresponding to an abundance of said first plurality of nucleic acids and said second 

plurality of nucleic acids in said sample (calculating at least one signal ratio between signal intensities of amplification products and 

comparing the signal ratios to reference values; claim 1). It would have been obvious to one of ordinary skill in the art at the time of 

invention to have modified the disclosure of Sequenom, by including a ratio of amplification signals and comparing to a reference level, 
as disclosed by Wasserstrom, for providing the advantage of testing the nucleic acid sample obtained from a mother and categorizing 
the fetal nucleic acids for presence/absence of trisomy 21 based on size distributions (Sequenom; paragraph [0099)). 
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As per claims 15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 1-14, and Sequenom further 

discloses wherein said first detection probe or said second detection probe comprises a non-target-hybridizing sequence (detection 

probes can be molecular beacons; paragraph [0319)). 

As per claims 16/15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 15/1-14, and Sequenom further 

discloses wherein said first detection probe or said second detection probe is a hairpin detection probe (detection probes can be 
molecular beacons; paragraph [0319)}). 

As per claims 17/16/15/1-14, Sequenom and Wasserstrom, in combination, disclose the method of claims 16/15/1-14, and Sequenom 

further discloses wherein said hairpin detection probe is a molecular beacon (detection probes can be molecular beacons; paragraph 
[0319]). 

As per claim 28, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses said 

second nucleic acid sequence comprises at least a portion of said first nucleic acid sequence (where fetal nucleic acids are obtained 

from maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claim 29, Sequenom and Wasserstrom, in combination, disclose the method of claim 28, and Sequenom further discloses 

wherein said second nucleic acid sequence comprises said first nucleic acid sequence (where fetal nucleic acids are obtained from 
maternal nucleic acids by digestion; paragraph [0277], (0279]). 

As per claim 38, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose comprising 

comparing said ratio to a reference value. Wasserstrom discloses comprising comparing said ratio to a reference value (calculating at 

least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference values; claim 1). It 

would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by 

including a ratio of amplification signals and comparing to a reference Jevel, as disclosed by Wasserstrom, for providing the advantage 

of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 

based on size distributions (Sequenom; paragraph [0099)). 

As per claim 39, Sequenom and Wasserstrom, in combination, disclose the method of claim 38, and Sequenom further discloses 
comparing identifies the presence or absence of a genetic abnormality in said sample (identifying the presence or absence of a genetic 

abnormality like trisomy 21 in said sample based on comparing the size distribution; paragraph [0099)). 

As per claim 40, Sequenom and Wasserstrom, in combination, disclose the method of claim 39, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a ratio of a third 

value generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. Wasserstrom 

discloses wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid sequence and a fourth 

value generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category (can be third and fourth), 

paragraph [0050]; claim 1). !t would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 
disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei 
acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference 

ratio. 

As per claim 41, Sequenom and Wasserstrom, in combination, disclose the method of claim 40, and Sequenom further discloses contro! 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said third nucleic acid sequence and said fourth nucleic 

acid sequence each correspond to a region of nucleic acid not associated with said genetic abnormality. Wasserstrom discloses 

wherein said third nucleic acid sequence and said fourth nucleic acid sequence each correspond to a region of nucleic acid not 

associated with said genetic abnormality (values of reference ratios of a particular DNA category (can be third and fourth), wherein the 

DNA sample can be from control DNA; paragraph [0050]; claims 1, 31). It would have been obvious to one of ordinary skill in the art at 
the time of invention to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for 

providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for 

presence/absence of trisomy 21 based on a reference ratio. 

As per claim 42, Sequenom and Wasserstrom, in combination, disclose the method of claim 41, and Sequenom further discloses control 

sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value is derived from a plurality of third 

values generated from a plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth 

nucleic acid sequences. Wasserstrom discloses wherein said reference value is derived from a plurality of third values generated from a 

plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth nucleic acid sequences 

(values of plurality of reference ratios of a particular DNA category (can be third and fourth); paragraph [0050]; claim 1). It would have 

been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference ratio. 
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As per claim 43, Sequenom and Wasserstrom, in combination, disclose the method of claim 42, and Sequenom further discloses control 

sequences (paragraph [0156], (0218]). Sequenom does not disclose wherein said plurality of third nucleic acid sequences and said 
plurality of fourth nucleic acid sequences each correspond to a region of nucleic acid not associated with said genetic abnormality. 

Wasserstrom discloses wherein said plurality of third nucleic acid sequences and said plurality of fourth nucleic acid sequences each 
correspond to a region of nucleic acid not associated with said genetic abnormality (values of plurality of reference ratios of a particular 
DNA category (can be third and fourth), wherein the DNA sample can be from control DNA; paragraph [0050]; claims 1, 31). It would 
have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 

reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference ratio. 

As per claims 44/39-43, Sequenom and Wasserstrom, in combination, disclose the method of claims 39-43, and Sequenom further 

discloses wherein said genetic abnormality is a fetal aneuploidy (fetal sex chromosome aneuploidy; paragraph [0214)). 

As per claim 57, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said first value is a quantity of said first plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic acids can 
be materna! nucleic acids (first plurality of nucleic acids); paragraphs [0242], [0246]). 

As per claim 58, Sequenom and Wasserstrom, in combination, disclose the method of claim 1, and Sequenom further discloses wherein 

said second value is a quantity of said second plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic 

acids can be fetal nucleic acids (second plurality of nucleic acids); paragraphs [0242], [0246]). 

As per claim 59, Sequenom and Wasserstrom, in combination, disclose the method of claim 1. Sequenom does not disclose wherein 

said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids. Wasserstrom 
discloses wherein said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic 
acids (calculating at least one signal ratio between signal intensities (not quantities) of amplification products; claim 1). it would have 
been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
signal ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a signal ratio. 

As per claim 60, Sequenom discloses a method for identifying the presence or absence of a fetal aneuploidy (method for identifying the 
presence or absence of a fetal aneuploidy; paragraph [0248]), comprising: (A) providing a sample (DNA samples isolated from the 
blood; paragraph [0100)) comprising: (i) a plurality of fetal nucleic acids, each comprising a first nucleic acid sequence of a given length 
(plurality of fetal nucleic acids of a particular length; paragraph [0277]); (ii) a plurality of maternal nucleic acids, each comprising a 
second nucleic acid sequence longer than said given length (plurality of maternal nucleic acids of a particular length, where fetal nucleic 
acids are obtained from maternal nucleic acids (longer than fetal nucleic acids) by digestion; paragraphs [0277], [0279)); (iii) a first set of 
oligonucleotide primers configured to amplify said first nucleic acid sequence (fetal nucleic acids can be amplified using a first set of 
primers; paragraphs [0099), [0281], [0294]); (iv) a secand set of oligonucleotide primers configured to amplify said second nucleic acid 
sequence (maternal nucleic acids can be amplified using a second set of primers; paragraphs [0294], [0302], [1166]); (v) a first 

oligonucleotide probe configured to hybridize to said first nucleic acid sequence (Taqman probe can be annealed to the nucleic acid 

sequence; paragraph [0232]); and (vi) a second oligonucleotide probe configured to hybridize to said second nucleic acid sequence 

(Taqman probe can be annealed to the nucleic acid sequence; paragraph [0232]); (B) amplifying (a) said first nucleic acid sequence to 
generate a first signal from said first oligonucleotide probe (amplification of nucleic acid sequence using specific biased primers and the 
Taqman probe, during which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection 
of its now unquenched signal using a real-time fluorescent detection system; paragraph [0232]) and (b) said second nucleic acid 
sequence to generate a second signal from said second oligonucleotide probe (amplification of nucleic acid sequence using specific 

biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a fluorescent reporter molecule for 

quantitative detection of its now unquenched signal using a real-time fluorescent detection system; paragraph [0232]); identifying said 
presence or absence of said fetal aneuploidy (method for identifying the presence or absence of a fetal aneuploidy; paragraph [0248)). 

Sequenom does not disclose (C) determining a ratio of a value derived from said first signal to a second value derived from said second 

signal; and (D) comparing said ratio to a reference value. Wasserstrom discloses (C) determining a ratio of a value derived from said 
first signal to a second value derived from said second signal (calculating at least one signal ratio between signal intensities of 
amplification products and comparing the signal ratios to reference ratios; claim 1); and (D) comparing said ratio to a reference value 
(calculating at least one signal ratio between signal intensities of amplification products and comparing the signal ratios to reference 
ratios; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of 

Sequenom, by including a ratio of amplification signals and comparing to a reference level, as disclosed by Wasserstrom, for providing 
the advantage of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of 
trisomy 21 based on size distributions (Sequenom; paragraph [0099)). 
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As per claim 61, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 

wherein said first nucleic acid sequence corresponds to a region of nucleic acid potentially associated with said fetal aneuploidy (method 
for identifying the presence or absence of a fetal aneuploidy based on maternal and fetal nucleic acids; paragraph [0248], [0294)). 

As per claim 62, Sequenom and Wasserstrom, in combination, disclose the method of claim 61, and Sequenom further discloses 
wherein said region comprises a region of chromosome 21 (paragraph [0269]), chromosome 18 (paragraph [0269]), chromosome 13 

(paragraph [0269]), X chromosome (paragraph [0269)). 

As per claim 63, Sequenom and Wasserstrom, in combination, disclose the method of claim 61, and Sequenom further discloses 

wherein said region comprises a region of chromosome 21 (paragraph [0269]). 

As per claim 64, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 

wherein said region comprises a region of chromosome 18 (paragraph [0269]). 

As per claim 65, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 

wherein said region comprises a region of chromosome 13 (paragraph [0269]). 

As per claim 66, Sequenom and Wasserstrom, in combination, disclose the method of claim 62, and Sequenom further discloses 
wherein said region comprises a region of an X chromosome (paragraph [0269)). 

As per claim 67, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses control 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a ratio of a third value 

generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. Wasserstrom discloses 

wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid sequence and a fourth value 

generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category (can be third and fourth); 
paragraph [0050]; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 
disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei 
acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference 
ratio. 

As per claim 68, Sequenom and Wasserstrom, in combination, disclose the method of claim 67, and Sequenom further discloses control 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said third nucleic acid sequence and said fourth nucleic 
acid sequence each correspond to a region of nucleic acid not associated with said fetal aneuploidy. Wasserstrom discloses wherein 

said third nucleic acid sequence and said fourth nucleic acid sequence each correspond to a region of nucleic acid not associated with 

said fetal aneuploidy (values of reference ratios of a particular DNA category (can be third and fourth), wherein the DNA sample can be 
from contro! DNA; paragraph [0050]; claims 1, 31). It would have been obvious to one of ordinary skill in the art at the time of invention 
to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage 
of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of fetal 
aneuploidy based on a reference ratio. 

As per claim 69, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses contro! 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value is derived from a plurality of third 
values generated from a plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth 

nucleic acid sequences. Wasserstrom discloses wherein said reference value is derived from a plurality of third values generated from a 

plurality of third nucleic acid sequences and a plurality of fourth values generated from a plurality of fourth nucleic acid sequences 

(values of plurality of reference ratios of a particular DNA category (can be third and fourth); paragraph [0050]; claim 1). It would have 
been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 
reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 
categorizing the fetal nucleic acids for presence/absence of trisomy 21 based on a reference ratio. 

As per claim 70, Sequenom and Wasserstrom, in combination, disclose the method of claim 69, and Sequenom further discloses control 
sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said plurality of third nucleic acid sequences and said 
plurality of fourth nucleic acid sequences each correspond to a region of nucleic acid not associated with said fetal aneuploidy. 
Wasserstrom discloses wherein said plurality of third nucleic acid sequences and said plurality of fourth nucleic acid sequences each 

correspond to a region of nucleic acid not associated with said fetal aneuploidy (values of plurality of reference ratios of a particular DNA 

category (can be third and fourth), wherein the DNA sample can be from control DNA; paragraph [0050]; claims 1, 31). It would have 

been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a 

reference ratio, as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and 

categorizing the fetal nucleic acids for presence/absence of fetal aneuploidy based on a reference ratio. 
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As per claims 71/67-70, Sequenom and Wasserstrom, in combination, disclose the method of claims 67-70, and Sequenom further 

discloses wherein said region is a region of a housekeeping gene (targets are selected in a housekeeping gene; paragraph [1103}). 

As per claim 94, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses said 

second nucleic acid sequence comprises at least a portion of said first nucleic acid sequence (where fetal nucleic acids are obtained 
from maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claim 95, Sequenom and Wasserstrom, in combination, disclose the methad of claim 94, and Sequenom further discloses 

wherein said second nucleic acid sequence comprises said first nucleic acid sequence (where fetal nucleic acids are obtained from 

maternal nucleic acids by digestion; paragraph [0277], [0279]). 

As per claims 96/60-66, Sequenom and Wasserstrom, in combination, disclose the method of claims 60-66, and Sequenom further 
discloses control sequences (paragraph [0156], [0218]). Sequenom does not disclose wherein said reference value corresponds to a 

ratio of a third value generated from a third nucleic acid sequence and a fourth value generated from a fourth nucleic acid sequence. 

Wasserstrom discloses wherein said reference value corresponds to a ratio of a third value generated from a third nucleic acid 

sequence and a fourth value generated from a fourth nucleic acid sequence (values of reference ratios of a particular DNA category 

(can be third and fourth); paragraph [0050]; claim 1). It would have been obvious to one of ordinary skill in the art at the time of invention 

to have modified the disclosure of Sequenom, by including a reference ratio, as disclosed by Wasserstrom, for providing the advantage 
of testing the nuclei acid sample obtained from a mother and categorizing the fetal nucleic acids for presence/absence of trisomy 21 
based on a reference ratio. 

As per claim 109, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 
wherein said first value is a quantity of said first plurality of nucleic acids (nucleic acid quantification from a sample, where the nucleic 
acids can be maternal nucleic acids (first plurality of nucleic acids); paragraphs [0242], [0246)). 

As per claim 110, Sequenom and Wasserstrom, in combination, disclose the method of claim 60, and Sequenom further discloses 
wherein said second value is a quantity of said second plurality of nucleic acids (nucleic acid quantification from a sample, where the 
nucleic acids can be fetal nucleic acids (second plurality of nucleic acids); paragraphs [0242], [0246]). 

As per claim 111, Sequenom and Wasserstrom, in combination, disclose the method of claim 60. Sequenom does not disclose wherein 

said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids. Wasserstrom 

discloses wherein said ratio is determined without quantifying said first plurality of nucleic acids and said second plurality of nucleic acids 

(calculating at least one signal ratio between signal intensities (not quantities) of amplification products; claim 1). It would have been 
obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure of Sequenom, by including a signal ratio, 
as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the 
fetal nucleic acids for presence/absence of trisomy 21 based on a signal ratio. 

As per claim 114, Sequenom and Wasserstrom, in combination, disclose the method of claim 59, and Sequenom further discloses 
wherein said plasma is subjected to conditions sufficient to enrich for fetal nucteic acids (digestion of maternal nucleic acids in the 
plasma to enrich the fetal nucleic acids; paragraphs [0099], [0130]). 

As per claim 115, Sequenom and Wasserstrom, in combination, disclose the method of claim 59, and Sequenom further discloses 

wherein said plasma is not subjected to conditions sufficient to enrich for fetal nucleic acids (whole genome from the sample can be 

mapped without enrichment, wherein the sample can be plasma; paragraphs [0130], [0409)). 
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As per claim 118, Sequenom discloses a method for analyzing a size distribution of nucleic acids (method for analyzing a size 
distribution of nucleic acids based on amplification reactions; figure 148; paragraph [0099]), the method comprising: (A) providing a 
sample (DNA samples isolated from the blood; paragraph {0100]) comprising: (i) a first plurality of nucleic acids and a second plurality of 
nucleic acids (mixture of maternal and fetal nucleic acids can be amplified using a first and second set of primers; paragraphs [0099], 

[0281], [0294], [0302], [1166]), wherein said first plurality of nucleic acids each comprise a first nucleic acid sequence of a given length 

and said second plurality of nucleic acids each comprise a second nucleic acid sequence longer than said given length (mixture of 
maternal and fetal nucleic acids, where the nucleic acids are of a given length and size-specific amplification reactions are used to 
enrich the fetal nucleic acids by digesting the maternal nucleic acids (longer than fetal nucleic acids); paragraphs [0098]-[0099], [0290]); 
(ii) a first set of paired oligonucleotide primers configured to amplify said first nucleic acid sequence (fetal nucleic acids can be amplified 

using a second set of primers; paragraphs [0099], [0281], [0294]); and (iii) a second set of paired oligonucleotide primers, configured to 

amplify said second nucleic acid sequence (maternal nucleic acids can be amplified using a first set of primers: paragraphs [0294], 

[0302], [1166]); (B) performing an amplification reaction on (a) said first nucleic acid sequence to generate a first signal (amplification of 

nucleic acid sequence using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to 
telease a fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection 
system; paragraph (0232]) and (b) said second nucleic acid sequence to generate a second signal (amplification of nucleic acid 
sequence using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a 
fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; 
paragraph [0232]); thereby analyzing said size distribution (analyzing the size distribution based on size specific amplification reactions; 
paragraph [0099]). Sequenom does not disclose (C) determining a ratio of a first value derived from said first signal to a second value 

derived from said second signal. Wasserstrom discloses (C) determining a ratio of a first value derived from said first signal to a second 
value derived from said second signal (calculating at feast one signal ratio between signal intensities of amplification products and 
comparing the signal ratios to reference values; claim 1). !t would have been obvious to one of ordinary skill in the art at the time of 
invention to have modified the disclosure of Sequenom, by including a ratio of amplification signals and comparing to a reference level, 

as disclosed by Wasserstrom, for providing the advantage of testing the nuclei acid sample obtained from a mother and categorizing the 

fetal nucleic acids for presence/absence of trisomy 21 based on size distributions (Sequenom; paragraph (0099)). 

As per claim 119, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses 
wherein said sample further comprises (iv) a first oligonucleotide probe configured to hybridize to a region of said first nucleic acid 
sequence (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during which the taq polymerase 
digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time 

fluorescent detection system; paragraph [0232]) and (v) a second oligonucleotide probe configured to hybridize to a region of said 
second nucleic acid sequence (amplification of nucleic acid sequence using specific biased primers and the Taqman probe, during 

which the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its now unquenched 

signal using a real-time fluorescent detection system; paragraph [0232]). 

As per claim 120, Sequenom and Wasserstrom, in combination, disclose the method of claim 119, and Sequenom further discloses 

wherein said first signal is generated from said first oligonucleotide probe and said second signal is generated from said second 
oligonucleotide probe (amplification of each nucleic acid sequence using specific biased primers and the Taqman probe, during which 
the taq polymerase digests the probe to release a fluorescent reporter molecule for quantitative detection of its mow unquenched signal 
using a real-time fluorescent detection system; paragraph [0232)). 

As per claim 121, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses, in a 
longer list of options, wherein said sample comprises an intercalating dye (paragraph [0295]). Sequenom does not explicitly disclose 

wherein said sample further comprises an intercalating dye. Wasserstrom discloses wherein said sample further comprises an 

intercalating dye (SYBR green staining; paragraph [0029}). It would have been obvious to one of ordinary skill in the art at the time of 

invention to have modified the disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing 
the advantage of detecting the PCR amplification signal based on staining with the dye. 

As per claim 122, Sequenom and Wasserstrom, in combination, disclose the method of claim 121, and Sequenom further discloses 
wherein said first signal or said second signal is generated from fluorescent reporter molecule (amplification of nucleic acid sequence 
using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a fluorescent 
reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; paragraph 

[0232]). Sequenom does not disclose an intercalating dye. Wasserstrom discloses an intercalating dye (SYBR green staining; 
paragraph [0029)). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the disclosure 
of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of detecting the PCR 
amplification signal based on staining with the dye. 

As per claim 123, Sequenom and Wasserstrom, in combination, disclose the method of claim 121, and Sequenom further discloses 

wherein said first signal and said second signal is generated from fluorescent reporter molecule (amplification of multiple nucleic acid 
sequences using specific biased primers and the Taqman probe, during which the taq polymerase digests the probe to release a 
fluorescent reporter molecule for quantitative detection of its now unquenched signal using a real-time fluorescent detection system; 

paragraphs [0232], [0294]). Sequenom does not disclose an intercalating dye. Wasserstrom discloses an intercalating dye (SYBR green 
staining; paragraph [0029]). It would have been obvious to one of ordinary skill in the art at the time of invention to have modified the 
disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of detecting the 
PCR amplification signal based on staining with the dye. 
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As per claim 124, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses, in 

a longer list of options, wherein said sample comprises an intercalating dye (paragraph [0295]). Sequenom does not explicitly disclose 
wherein said intercalating dye is SYBR Green or EvaGreen. Wasserstrom discloses wherein said intercalating dye is SYBR Green 
(SYBR green staining; paragraph [0029]). It would have been obvious to one of ordinary skill in the art at the time of invention to have 
modified the disclosure of Sequenom, by including an intercalating dye, as disclosed by Wasserstrom, for providing the advantage of 
detecting the PCR amplification signal based on staining with the dye. 

As per claim 125, Sequenom and Wasserstrom, in combination, disclose the method of claim 118, and Sequenom further discloses 

wherein said first signal or said second signal are generated by mass spectrometry (amplification signal can be detected using mass 

spectrometry; paragraph [0294]). 

Claims 72/71/67-70 lack an inventive step under PCT Article 33(3) as being obvious over Sequenom and Wasserstrom in view of US 
2016/0273048 A1 to ONCODIAG. 

As per claims 72/71/67-70, Sequenom and Wasserstrom, in combination, disclose the method of claims 71/67-70, and Sequenom 
further discloses wherein said region is a region of a housekeeping gene (targets are selected in a housekeeping gene; paragraph 
[1103]). Sequenom does not disclose wherein said housekeeping gene is beta-globin. Oncodiag discloses disclose wherein said 

housekeeping gene is beta-globin (paragraph [0108}). It would have been obvious to one of ordinary skill in the art at the time of 

invention to have modified the disclosure of Sequenom, by including a housekeeping gene, as disclosed by Oncodiag, for providing the 
advantage of verifying that the PCR conditions are optimum, and hence as amplification controls. 

Claims 1-14, 15/1-14, 16/15/1-14, 17/16/15/1-14, 28-29, 38-43, 44/39-43, 57-70, 71/67-70, 72/71/67-70, 94-95, 96/60-66, 109-111, 
114-115 and 118-125 have industrial applicability as defined by PCT Article 33(4) because the subject matter can be made or used in 
industry. 
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INTERNATIONAL SEARCHING AUTHORITY 
PCT/US2019/027751 

Box No. I Basis of this opinion 

1. With regard to the language, this opinion has been established on the basis of: 

[xX] the international application in the language in which it was filed. 

a translation of the international application into which is the language of a translation 
  

furnished for the purposes of international search (Rules 12.3(a) and 23.1(b)). 

2. 六] This opinion has been established taking into account the rectification of an obvious mistake authorized by or notified to 
this Authority under Rule 91 (Rule 437s. I(a)). 

3. L] With regard to any nucleotide and/or amino acid sequence disclosed in the international application, this opinion has 
been established on the basis of a sequence listing: 

a. C] forming part of the international application as filed: 

广 ] in the form of an Annex C/ST.25 text file. 

[J on paper or in the form of an image file. 

b. [] furnished together with the international application under PCT Rule 13¢er.1(a) for the purposes of international 
search only in the form of an Annex C/ST.25 text file. 

C. LJ furnished subsequent to the international filing date for the purposes of international search only: 

[_] in the form of an Annex C/ST.25 text file (Rule 13¢er. 1(a)). 
[] on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713). 

4. ] In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required 
Statements that the information in the subsequent or additional copies is identical to that forming part of the application as 
filed or does not go beyond the application as filed, as appropriate, were furnished. 

5. Additional comments: 
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Box No. II] =Non-establishment of opinion with regard to novelty, inventive step and industrial applicability 

  

The questions whether the claimed invention appears to be novel, to involve an inventive step (to be non obvious), or to be industrially 
applicable have not been examined in respect of: 

[] the entire international application. 

  

SZ] claims Nos, 21-33, 38-51, 55-64, 71-78, 82-110 

because: 

the said international application, or the said claims Nos. relate to the following 
subject matter which does not require an international search (specify): 

  

<I the description, claims or drawings (indicate particular elements below) or said claims Nos. see claims below 
are so unclear that no meaningful opinion could be formed (specify): 

  

Claims 21-33, 38-51, 55-64, 71-78, and 82-110 are multiple dependent claims not drafted in accordance with the second and third 
sentences of Rule 6.4(a). 

  

[] the claims, or said claims Nos. are so inadequately supported 

by the description that no meaningful opinion could be formed (specify): 

  

x] no international search report has been established for said claims Nos. 21-33, 38-51, 55-64, 71-78, 82-110 

[] a meaningful opinion could not be formed without the sequence listing; the applicant did not, within the prescribed time limit: 

[J furnish a sequence listing in the form of an Annex C/ST.25 text file, and such listing was not available to the 

International Searching Authority in the form and manner acceptable to it; or the sequence listing furnished did not 

comply with the standard provided for in Annex C of the Administrative Instructions. 

[| furnish a sequence listing on paper or in the form of an image file complying with the standard provided for in Annex 

C of the Administrative Instructions, and such listing was not available to the International Searching Authority in the 

form and manner acceptable to it; or the sequence listing furnished did not comply with the standard provided for in 
Annex C of the Administrative Instructions. 

[ pay the required late furnishing fee for the furnishing of a sequence listing in response to an invitation under 

Rule 13¢er.1(a) or (b). 

[ ] See Supplemental Box for further details.     
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citations and explanations supporting such statement 
  

  

  

  

  

  

1. Statement 

Novelty (N) Claims 1-20, 34-37, 54, 65-70, 79-81 VES 

Claims 52, 53 NO 

Inventive step (IS) Claims 54 YES 
Claims 1-20, 34-37, 52, 53, 65-70, 79-81 NO 

Industrial applicability (IA) Claims 1-20, 34-37, 52-54, 65-70, 79-81 YES 

Claims None NO 
  

  

  

2. Citations and explanations: 

Claims 52 and 53 lack novelty under PCT Article 33(2) as being anticipated by University Of Washington Through Its Center For 
Commercialization (hereinafter Washington). 

Regarding Claim 52, Washington discloses a method of quantifying target nucleic acid molecules in a sample (Paras. [0065]-[0067}, 
methods for using digital measurements to determine a concentration of a sample...a sample can include an aqueous solution that 
includes a molecule of interest (e.g., a nucleic acid molecule)), the method comprising: (a) partitioning a plurality of nucleic acid molecules 
into a plurality of partitions (Paras. [0066]-[0067], droplets of different volumes (diameters) can be generated...a sample can include an 

aqueous solution that includes a molecule of interest (e.g., a nucleic acid molecule)); (b) amplifying said plurality of nucleic acid molecules 

in said plurality of partitions (Paras. [0066)-[0067], amplification of analyte (e.g. digital PCR) can be carried out simultaneously in all 

droplets of different volumes (sizes)...a sample can include an aqueous solution that includes a molecule of interest (e.g., a nucleic acid 
molecule)), thereby generating a plurality of signals (Paras. (0066]-[0067]); (c) detecting said plurality of signals (Para. [0066], presence of 

amplification product in each droplet is determined based on fluorescence and the size (volume) of each droplet is determined based on 

the scattering signal from the droplet); (d) based on said detecting, determining for each partition of said plurality of partitions a probability 
that one or more nucleic acid molecule(s) of said plurality of nucleic acid molecules is present in said partition (Para. [0066], presence of 
amplification product in each droplet is determined based on fluorescence and the size (volume) of each droplet is determined based on 
the scattering signa! from the droplet; Para. [0075], sample can be distributed into droplets of variable volumes that can be analyzed. The 
individual! volumes of the droplets (all or just some) can be determined by methods provided herein. In addition, using detection methods 
described herein, droplets can be analyzed for containing a detectable agent or not. For a given sample concentration, some of the 

variable volume droplets may contain a detectable agent and some may not. For higher sample concentrations, generally more droplets of 

a plurality may contain detectable agents and vice versa; for low sample concentrations, fewer droplets of a plurality may be occupied by a 

detectable agent. As further described herein, the probabilities of occupancy by a detectable agent in a particular volume distribution), 

thereby generating a plurality of probabilities (Para. [0075], probabilities of occupancy by a detectable agent in a particular volume 
distribution can be defined for a wide range of sample concentrations); and (e) quantifying said target nucleic acid molecules in said 
sample based on a function of said plurality of probabilities (Para. [0075], probabilities of occupancy by a detectable agent in a particular 

volume distribution can be defined for a wide range of sample concentrations, which can then be compared to real data to determine the 

concentration of an unknown sample; Para. [0067], a sample can include an aqueous solution that includes a molecule of interest (e.g., a 
nucleic acid molecule)). 

Regarding Claim 53, Washington discloses the method of claim 52, wherein said method does not include a step of determining a number 
of nucleic acid molecules in any individual member of said plurality of partitions (Para. [0100], This example describes a non-limiting 
theoretical framework that can be used to describe certain aspects of the present invention described herein. it will be understood that the 
method described in this example is one of many ways to determine concentrations of sample using the present invention. Under this 

theoretical framework, it is assumed that the target molecules are present in the sample at a concentration Cs in units of 

molecules/volume. The sample is distributed into digital volumes of variable volumes; the distribution of target molecules into the droplets 

follows Poisson statistics...the amplification reaction will cause a droplet containing one or more molecules to be distinguishable from 
empty droplets, e.g. by its fluorescence intensity. In this method we know only whether a droplet is empty or occupied...in order to 

determine the concentration CS of target molecules, P(n>0, CSVi) needs to be summed over a sufficiently large number of droplets with 
respective volumes Vi).     
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Claims 1-6, 9, 10, 13-15, 18-20, and 34-37 lack an inventive step under PCT Article 33(3) as being obvious over California Institute Of 
Technology (hereinafter California). 

Regarding Claim 1, California discloses a method of quantifying (Para. [0036], methods described herein can provide for the direct 

detection of one or more analytes in a single reaction...allows for more accurate quantification of the analyte) a nucleic acid target ina 
sample (Para. [0083], analyte is referred to as a nucleic acid analyte), the method comprising: (a) providing a mixture (Para. [0003], 

combining the sample with a first primer and a first oligonucleotide) comprising: i. a plurality of nucleic acid molecules derived from, 
and/or corresponding with, said nucleic acid target; and ii. a plurality of oligonucleotide probes (Para. [0154], In some cases, 
compositions comprise a first and a second primer or probe for the detection of at least one analyte wherein the primers are attached to 
either a fluorophore or a quencher at the 5' end...In some cases the compositions comprise multiple pairs of first and second primers, 

wherein each pair of first and second primers comprise either a fluorophore or a quencher at the 5' end. In some cases each pair of first 
and second primers comprise a different fluorophore and quencher from the remaining set of primers. In some cases the compositions 
comprise at least 1, 2, 3, 4...or 10000 pairs of first and second primers; Para. [0048], Various combinations of oligonucleotides (e.g. 
primers and/or probes) can be used to detect an analyte. In some cases, a primer is used with a probe or a plurality of probes. In some 

cases, a plurality of primers is used with a plurality of probes...In some cases, a primer and a probe is used to detect multiple analytes...a 

combination of primers and probes is used to detect multiple analytes. In some cases, a probe is used to detect an analyte. In some 

cases, a probe is used to detect multiple analytes. In some cases, multiple probes are used to detect an analyte; Para. [0083], analyte is 

referred to as a nucleic acid target; the primers and probes are in a mixture), each of which corresponds to a different region of said 

nucleic acid target (Para. [0013], the first primer and the second primer are specific for the polynucleotide analyte; Para. [0045], primers 

to bind to specific regions of the individual template); (c) generating a plurality of signals (Para. [0011], each primer of the primer pair is 
attached to at least one chromophore; b) measuring a first set of signals generated by the chromophores), wherein said plurality of 

signals are detectable in one color channel (Para. [0049], In some cases, a single chromophore pair is used to detect an analyte; Para. 

[0176], Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher combination...By 
measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are quantified), and wherein 
at least one signal of said plurality of signals corresponds with a unique combination of two or more of said plurality of nucleic acid 
molecules (Para. [0011}, methods of detecting a plurality of analytes, comprising: a) combining the plurality of analytes with a plurality of 
primer pairs, wherein each primer pair is specific to a single analyte and each primer of the primer pair is attached to at least one 

chromophore; b) measuring a first set of signals generated by the chromophores...d) measuring a second set of signals generated by the 

chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of analytes...the presence of 

each analyte of the plurality of analytes is detected by comparing the set of signature profiles to a control set of signature profiles); (d) 

detecting from said plurality of signals in said color channel (Para. [0049], In some cases, a single chromophore pair is used to detect an 

analyte; Para. [0176], Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher 
combination...By measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are 

quantified); and (e) based on said detecting, quantifying said nucleic acid target in said sample (Para. [0011], measuring a second set of 

signals generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of 

analytes...the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to a control set 
of signature profile; Para. [0083], analyte is referred to as a nucleic acid analyte; Para. [0036}), but fails to explicitly disclose (b) 
partitioning said mixture into a plurality of partitions; (c) generating signals in said plurality of partitions, and signals in a partition of said 
plurality of partitions; (d) detecting from multiple partitions of said plurality of partitions in the same embodiment. However, since in an 
altemate embodiment California teaches droplet digital PCR (Para. [0010)), it would have been obvious to one of ordinary skill in the art 
to modify the method of the primary embodiment of California with the teaching of an alternate embodiment of California so that 
California's assay using a droplet digital PCR process involves (b) partitioning said mixture into a plurality of partitions; (c) generating 

signals in said plurality of partitions, and signals in a partition of said plurality of partitions; (d) detecting from multiple partitions of said 

plurality of partitions, in order to correctly perform the taught method using a droplet digital PCR process. 

Regarding Claim 2, modified California discloses the method of claim 1. California further discloses at least a portion of said plurality of 
signals is generated by said plurality of oligonucleotide probes (Para. [0003], (a) combining the sample with a first primer and a first 

oligonucleotide, wherein a first chromophore is attached to the first primer, a second chromophore is attached to the first oligonucleotide, 

the first primer and the first oligonucleotide are specific for a first polynucleotide analyte and the first chromophore is different from the 
second chromophore; (b) measuring a first signal generated by the first and second chromophores). 

Regarding Claim 3, modified California discloses the method of claim 1. California further discloses said sample further comprises (iii) an 
additional plurality of nucleic acid molecules derived from, and/or corresponding with, an additional nucleic acid target and (iv) an 

additional plurality of oligonucleotide probes, each of which corresponds to a different region of said additional nucleic acid target (Para. 

[0007], In some cases, step a) of the method described herein further comprises combining the sample with a third primer and a second 

oligonucleotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 

oligonucleotide, and the third primer and the second oligonucleotide are specific for a second polynucleotide analyte; step b) further 

comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signal 
generated by the third and fourth chromophores; wherein the fifth and sixth signals are used to detect the second polynucleotide analyte. 

In some cases, the methods disclosed herein further comprising comparing the fifth and sixth signals, wherein a change in the fifth and 

sixth signals indicates the presence of the second polynucleotide analyte; Paras. (0044)-[0045), terms “polynucleotide," "oligonucleotide," 
or “nucleic acid," as used herein, are used herein to refer to biological molecules comprising a plurality of nucleotides...primers to bind to 
specific regions of the individual template).     
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Regarding Claim 4, modified California discloses the method of claim 3. California further discloses at least a portion of said plurality of 
signals is generated by said plurality of oligonucleotide probes and said additional plurality of oligonucleotide probes (Para. [0007], In 
some cases, step a) of the method described herein further comprises combining the sample with a third primer and a second 
oligonucteotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 
oligonucleotide, and the third primer and the second oligonucleotide are specific for a second polynucleotide analyte; step b) further 
comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signa! 
generated by the third and fourth chromophores; wherein the fifth and sixth signals are used to detect the second polynucleotide analyte. 
In some cases, the methods disclosed herein further comprising comparing the fifth and sixth signals, wherein a change in the fifth and 
sixth signals indicates the presence of the second polynucleotide analyte; Para. [0011], methods of detecting a plurality of analytes, 
comprising: a) combining the plurality of analytes with a plurality of primer pairs, wherein each primer pair is specific to a single analyte 
and each primer of the primer pair is attached to at least one chromophore; b) measuring a first set of signals generated by the 
chromophores; Para. [0044], terms "polynucleotide," “oligonucleotide,” or "nucleic acid," as used herein, are used herein to refer to 
biological molecules comprising a plurality of nucleotides). 

Regarding Claim 5, modified California discloses the method of claim 1. California further discloses said sample is derived from a 
biological sample (Para. [0152], sample can be a blood sample). 

Regarding Claim 6, modified California discloses the method of claim 5. California further discloses said biological sample is blood 
(Para. [0152], sample can be a blood sample) or plasma (optionally not included). 

Regarding Claim 9, modified California discloses the method of claim 1. California further discloses (c) comprises amplifying said 
plurality of nucleic acid molecules, thereby generating said plurality of signals (Para. [0036], methods described herein can provide for 
the direct detection of one or more analytes in a single reaction (such as an amplification reaction...)...once the analyte has been 
amplified to incorporate two different chromophores, upon excitation of one chromophore, an electron may travel through the pi-bond 
network of a DNA backbone to interact with a second chromophore, thereby generating a detectable signal; Para. [0003], methods 
generally involve using oligonucleotides (e.g., primers, probes) attached to chromophores (e.g., fluorophores, quenchers, etc.) in 
amplification or polymerization reactions in order to detect a polynucleotide analyte. In some embodiments, provided herein are methods 
of detecting at least one polynucleotide analyte in a sample, comprising: (a) combining the sample with a first primer and a first 
oligonucleotide, wherein a first chromophore is attached to the first primer...measuring a first signal generated by the first and second 
chromophores...first and second signals are used to detect the first polynucleotide analyte). 

Regarding Claim 10, modified California discloses the method of claim 9. California further discloses said amplifying comprises 

polymerase chain reaction (Para. [0036], amplification reaction (such as a PCR reaction or PCR reaction process)). 

Regarding Claim 13, modified California discloses the method of claim 1. California further discloses said plurality of signals is a plurality 
of fluorescent signals (Para. [0005], change in the first and second signals is a decrease in fluorescent intensity) or a plurality of 
chemiluminescent signals (optionally not included). 

Regarding Ciaim 14, California discloses the method of claim 1. California further discloses said plurality of oligonucleotide probes each 
bind to a different region of said nucleic acid target (Para. [0013], the first primer and the second primer are specific for the 
polynucleotide analyte; Paras. [0044)-(0045], terms "polynucleotide," "oligonucleotide," or “nucleic acid,” as used herein, are used herein 
to refer to biological molecules comprising a plurality of nucleotides. ..primers to bind to specific regions of the individual template). 

Regarding Claim 15, modified California discloses the method of claim 1. California further discloses said at least one of said plurality of 
signals uniquely corresponds with a presence of exactly two of said plurality of nucleic acid molecules (Para. [0011], c) performing at 

least one polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates; and d) measuring a second 
set of signals generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality 
of analytes. In some cases, the method described herein further comprises: e) repeating step c and d at least once; and f) generating a 
set of signature profiles; Para. [0080], A signature profile is unique for each nucleotide mismatch, UU), but fails to explicitly disclose in 
said partition in the same embodiment. However, since in an alternate embodiment California teaches droplet digital PCR (Para. [0010])， 
it would have been obvious to one of ordinary skill in the art to modify the method of the primary embodiment of California with the 
teaching of an alternate embodiment of California so that California's assay using a droplet digital PCR process involves in said partition, 
in order to correctly perform the taught method using a droplet digital PCR process. 

Regarding Claim 18, modified California discloses the method of claim 3. California further discloses at least a portion of said plurality of 
signals is generated by said plurality of oligonucleotide probes (Para. [0003], (a) combining the sample with a first primer and a first 

oligonucleotide, wherein a first chromophore is attached to the first primer, a second chromophore is attached to the first oligonucleotide, 

the first primer and the first oligonucleotide are specific for a first polynucleotide analyte and the first chromophore is different from the 
second chromophore; (b) measuring a first signal generated by the first and second chromophores).     
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Regarding Claim 19, modified California discloses the method of claim 18. California further discloses said sample further comprises (iii) 
an additional plurality of nucleic acid molecules derived from, and/or corresponding with, an additional nucleic acid target and (iv) an 
additional plurality of oligonucleotide probes, each of which corresponds to a different region of said additional nucleic acid target (Para. 
[0007], In some cases, step a) of the method described herein further comprises combining the sample with a third primer and a second 
oligonucleotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 
oligonucleotide, and the third primer and the second oligonucleotide are specific for a second polynucleotide analyte; step b) further 
comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signal 
generated by the third and fourth chromophores; wherein the fifth and sixth signals are used to detect the second polynucleotide analyte. 
In some cases, the methods disclosed herein further comprising comparing the fifth and sixth signals, wherein a change in the fifth and 
sixth signals indicates the presence of the second polynucleotide analyte; Paras. [0044]-[0045], terms "polynucleotide," "oligonucleotide," 
or "nucleic acid," as used herein, are used herein to refer to biological molecules comprising a plurality of nucleotides...primers to bind to 
specific regions of the individual template). 

Regarding Claim 20, modified California discloses the method of claim 19. California further discloses at least a portion of said plurality 
of signals is generated by said plurality of oligonucleotide probes and said additional plurality of oligonucleotide probes (Para. [0007], In 
some cases, step a) of the method described herein further comprises combining the sample with a third primer and a second 
oligonucleotide, wherein a third chromophore is attached to the third primer and a fourth chromophore is attached to the second 
oligonucleotide, and the third primer and the second oligonucleotide are specific for a second polynucleotide analyte; step b) further 
comprises measuring a fifth signal generated by the third and fourth chromophores; step d) further comprises measuring a sixth signal 
generated by the third and fourth chromophores; wherein the fifth and sixth signals are used to detect the second polynucleotide analyte. 
In some cases, the methods disclosed herein further comprising comparing the fifth and sixth signals, wherein a change in the fifth and 
sixth signals indicates the presence of the second polynucleotide analyte; Para. {0011}, methods of detecting a plurality of analytes, 
comprising: a) combining the plurality of analytes with a plurality of primer pairs, wherein each primer pair is specific to a single analyte 
and each primer of the primer pair is attached to at least one chromophore; b) measuring a first set of signals generated by the 
chromophores; Para. [0044], terms "polynucleotide," "oligonucleotide," or “nucleic acid,” as used herein, are used herein to refer to 
biological molecules comprising a plurality of nucleotides). 

Regarding Claim 34, California discloses a method of quantifying (Para. [0036], methods described herein can provide for the direct 
detection of one or more analytes in a single reaction...allows for more accurate quantification of the analyte) a first nucleic acid target 
and a second nucleic acid target (Para. [0011], wherein the first and second set of signals are used to detect each analyte of the plurality 
of analytes; Para. [0044], terms “polynucleotide,” "oligonucleotide," or "nucleic acid,” as used herein, are used herein to refer to biological 
molecules comprising a plurality of nucleotides) in a sample (Para. [0003}, the sample), the method comprising: (a) providing a mixture 
comprising: i. a first plurality of nucleic acid molecules derived from, and/or corresponding with, said first nucleic acid target; ii. a second 
plurality of nucleic acid molecules derived from, and/or corresponding with, said second nucleic acid target (Para. [0011], a) combining 
the plurality of analytes with a plurality of primer pairs; Para. {0044}, terms "polynucleotide," "oligonucleotide," or "nucleic acid," as used 
herein, are used herein to refer to biological molecules comprising a plurality of nucleotides); iii. a first plurality of oligonucleotide probes, 
each of which corresponds to a different region of said first nucleic acid target (Para. [001 1}, the presence of each analyte of the plurality 
of analyte; Para. [0019], first primer or probe is a primer...in some cases, the second primer or probe comprises an oligonucleotide 
sequence complementary to the sequence of a target analyte); and iv. a second plurality of oligonucleotide probes, each of which 
corresponds to a different region of said second nucleic acid target (Para. [0011], the presence of each analyte of the plurality of analyte; 
Para. [0019], the second primer or probe is a primer...In some cases, the second primer or probe comprises an oligonucleotide 
sequence complementary to the sequence of a target analyte); (c) generating a plurality of signals (Para. [0011], each primer of the 
primer pair is attached to at least one chromophore; b) measuring a first set of signals generated by the chromophores), wherein said 
plurality of signals are detectable in one color channel (Para. [0049], in some cases, a single chromophore pair is used to detect an 
analyte; Para. [0176], Analytes of differing lengths (e.g., 40 bp, 60 bp, and 80 bp) are detected using a single fluorophore/quencher 
combination...By measuring fluorescence as a function of increasing temperature, multiple analytes in a single color channel are 
quantified); (d) detecting said plurality of signals in said color channel (Para. [0049]; Para. [0176]); and (e) based on said detecting, 
quantifying said first nucleic acid target and said second nucleic acid target in said sample (Para. [0011], measuring a second set of 
signals generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of 
analytes...the presence of each analyte of the plurality of analytes is detected by comparing the set of signature profiles to a control set 
of signature profile; Para. [0044], terms “polynucleotide,” “oligonucleotide," or “nucleic acid," as used herein, are used herein to refer to 
biological molecules comprising a plurality of nucleotides; Para. [0036)), but fails to explicitly disclose (b) partitioning said mixture into a 
plurality of partitions; (c) signals in said plurality of partitions; (d) detecting from multiple partitions of said plurality of partitions in the same 
embodiment. However, since in an alternate embodiment California teaches droplet digital PCR (Para. [0010]), it would have been 
obvious to one of ordinary skill in the art to modify the method of the primary embodiment of California with the teaching of an alternate 
embodiment of California so that California's assay using a droplet digital PCR process involves (b) partitioning said mixture into a 
plurality of partitions; (c) signals in said plurality of partitions; (d) detecting from multiple Partitions of said plurality of partitions, in order to 
correctly perform the taught method using a droplet digital PCR process. 

Regarding Claim 35, modified California discloses the method of claim 34. California further discloses said plurality of signals is 
generated by said first plurality of oligonucleotide probes and said second plurality of oligonucleotide probes (Para. [0011], measuring a 
first set of signals generated by the chromophores...and d) measuring a second set of signals generated by the chromophores; Para. 
[0019], first primer or probe is a primer...In some cases, the second primer or probe comprises an oligonucleotide sequence 
complementary to the sequence of a target analyte).     
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Regarding Claim 36, modified California discloses the method of claim 34. California further discloses at least one of said plurality of 
signals corresponds with a unique combination of two or more of said plurality of first nucleic acid molecules and/or said plurality of 
second nucleic acid molecules (Para. [0011], the first and second set of signals are used to detect each analyte of the plurality of 
analytes. In some cases, the method described herein further comprises: e) repeating step c and d at least once; and f) generating a set 
of signature profiles; wherein the presence of each analyte of the plurality of analytes is detected by comparing the set of signature 
profiles to a control set of signature profiles; Para. [0044], terms "polynucleotide," “oligonucleotide,” or "nucleic acid,” as used herein, are 
used herein to refer to biological molecules comprising a plurality of nucleotides; Para. [0080]), but fails to explicitly disclose in a partition 
of said plurality of partitions in the same embodiment. However, since in an alternate embodiment California teaches droplet digital PCR 
(Para. [0010]), it would have been obvious to one of ordinary skitl in the art to modify the method of the primary embodiment of California 
with the teaching of an alternate embodiment of California so that California's assay using a droplet digital PCR process involves in a 
partition of said plurality of partitions, in order to correctly perform the taught method using a droplet digital PCR process. 

Regarding Claim 37, modified California discloses the method of claim 36. California further discloses said at least one of said plurality 
of signals uniquely corresponds with a presence of exactly two of said first plurality of nucleic acid molecules or said second plurality of 
nucleic acid molecules (Para. [0044], terms “polynucleotide,” "oligonucleotide," or "nucleic acid,” as used herein, are used herein to refer 
to biological molecules comprising a plurality of nucleotides; Para. [0011], c) performing at least one polymerization reaction with the 
plurality of primer pairs using the plurality of analytes as templates; and d) measuring a second set of signals generated by the 
chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of analytes. In some cases, the 
method described herein further comprises: e) repeating step c and d at least once; and f) generating a set of signature profiles; Para. 
{0080}. A signature profile is unique for each nucleotide mismatch, UU), but fails to explicitly disclose molecules in said partition in the 
same embodiment. However, since in an aiternate embodiment California teaches droplet digital PCR (Para. [0010)), it would have been 
obvious to one of ordinary skill in the art to modify the method of the primary embodiment of California with the teaching of an alternate 
embodiment of California so that California's assay using a droplet digital PCR process involves molecules in said partition, in order to 
correctly perform the taught method using a droplet digital PCR process. 

Claims 7 and 8 lack an inventive step under PCT Article 33(3) as being obvious over California Institute Of Technology (hereinafter 
California) in view of Lifecodexx AG (hereinafter Lifecodexx). 

Regarding Claim 7, modified California discloses the method of claim 1. California fails to explicitly disclose said nucleic acid targetis a 
chromosome. Lifecodexx is in the field of DNA detection (Lifecodexx Abstract) including with amplification (Lifecodexx Para. [0065]) and 
teaches said nucleic acid target is a chromosome (Lifecodexx Para. [0121], detection (or amount) of the first species of DNA (for 
example, from a chromosome, or part thereof, related to a chromosomal aneuploidy such as human chromosome 21)). It would have 
been obvious to one of ordinary skill in the art at the time of the invention to further modify California with the teaching of Lifecodexx to 
detail said nucleic acid target is a chromosome. The motivation for doing so would have been to identify and quantify chromosomes and 
thereby identify if a fetus has Downs Syndrome prior to birth (presence of an extra chromosome 21) during non-invasive pre-natal testing 
(Lifecodexx Para. [0081]) and thereby allow families to prepare additional resources if needed prior to birth. 

Regarding Claim 8, modified California discloses the method of claim 7. California fails to explicitly disclose said chromosome is 
chromosome 21, chromosome 18, chromosome 15, chromosome 13, an X chromosome, or a Y chromosome. Lifecodexx teaches said 
chromosome is chromosome 21 (Lifecodexx Para. [0121], human chromosome 21). tt would have been obvious to one of ordinary skill 
in the art at the time of the invention to further modify California with the teaching of Lifecodexx to detail said chromosome is 
chromosome 21. The motivation for doing so would have been to identify if a fetus has Downs Syndrome prior to birth (presence of an 
extra chromosome 21) during non-invasive pre-natal testing (Lifecodexx Para. [0081]) and thereby allow families to prepare additional 
resources if needed prior to birth. 

Claims 11 and 12 lack an inventive step under PCT Article 33(3) as being obvious over California Institute Of Technology (hereinafter 
California) in view of Chromacode Inc. (hereinafter Chromacode). 

Regarding Claim 11, modified California discloses the method of claim 9. California fails to explicitly disclose said amplifying degrades 
said plurality of oligonucleotide probes, thereby generating said plurality of signals. Chromacode is in the field of identifying nucleic acid 
targets with oligonucleotides by generating signals (Chromacode Abstract) and teaches said amplifying degrades said plurality of 
oligonucleotide probes, thereby generating said plurality of signals (Chromacode Para. [008], amplifying the up to thirty target nucleic 
acid sequences with the polymerase chain reaction, thereby degrading the signal oligonucleotides and permitting generation of up to 
thirty signals, generating up to thirty signals). It would have been obvious to one of ordinary skill in the art at the time of the invention to 
further modify California with the teaching of Chromacode to detail said amplifying degrades said plurality of oligonucleotide probes, 
thereby generating said plurality of signals. The motivation for doing so would have been to amplify the nucleic acid sequences 
(Chromacode Para. [008}) and thereby provide measurable signal intensities for the nucleic acid target identification (Chromacode 
Abstract).     
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Regarding Claim 12, modified California discloses the method of claim 1. California fails to explicitly disclose said plurality of 
oligonucleotide probes are degraded by a nucleic acid enzyme, thereby releasing a signal tag from each of said plurality of 
oligonucleotide probes and generating said plurality of signals. Chromacode is in the field of identifying nucleic acid targets with 
oligonucleotides by generating signals (Chromacode Abstract) and teaches said plurality of oligonucleotide probes are degraded bya 
nucleic acid enzyme, thereby releasing a signal tag from each of said plurality of oligonucleotide probes and generating said plurality of 
signals (Chromacode Claims 8-10, signal oligonucleotides comprise a signal tag and a signal quenching tag...signal quenching tag is 
separated from the signal tag by oligonucleotide degradation during the polymerase chain reaction, thereby permitting the signal to be 
generated; Para. [008], degrading the signal oligonucleotides and permitting generation of up to thirty signals, generating up to thirty 
signals; polymerase is an enzyme that degrades nucleic acids). It would have been obvious to one of ordinary skill in the art at the time 
of the invention to further modify California with the teaching of Chromacode to detail said plurality of oligonucleotide probes are 
degraded by a nucleic acid enzyme, thereby releasing a signal tag from each of said plurality of oligonucleotide probes and generating 
said plurality of signals. The motivation for doing so would have been to define a pathway for the signal generation (Chromacode Para. 
[008]) and thereby provide measurable signal intensities for the nucleic acid target identification (Chromacode Abstract). 

Claims 16 and 17 lack an inventive step under PCT Article 33(3) as being obvious over California Institute Of Technology (hereinafter 
California) in view of Macevicz. 

Regarding Claim 16, modified California discloses the method of claim 1. California further discloses at least one signal of said plurality 
of signals corresponds with combinations of said plurality of nucleic acid molecules (Para. [0011], c) performing at least one 
polymerization reaction with the plurality of primer pairs using the plurality of analytes as templates; and d) measuring a second set of 
signals generated by the chromophores; wherein the first and second set of signals are used to detect each analyte of the plurality of 

analytes. In some cases, the method described herein further comprises: e) repeating step c and d at least once; and f) generating a set 
of signature profiles), but fails to explicitly disclose at least one signal corresponds with two or more unique combinations. Macevicz is in 
the field of signature sequences of polynucleotides determined by signals (Macevicz Abstract) and teaches at least one signal 
corresponds with two or more unique combinations (Macevicz Para. [0047], An important aspect of the present invention is based on the 
observation that when oligonucleotide tags representing different events, e.g. different nucleotides at the same locus of a template, have 
distinguishable labels, then the occurrence of so-called “doubles” (i.e., two different polynucleotides having the same oligonucleotide tag) 
can be detected by the presence of two distinct labels at the same hybridization site. Thus, the sample size may be much larger than that 

taught in the above references because “doubles” can simply be discarded or ignored during a detection step). It would have been 

obvious to one of ordinary skill in the art to further modify California with the teaching of Macevicz to detail at least one signal 
corresponds with two or more unique combinations. The motivation for doing so would have been to increase the sample size and 
thereby increase the sequencing efficiency (Macevicz Para. [0047]). 

Regarding Claim 17, modified California discloses the method of claim 16. California further discloses said at least one signal of said 

plurality of signals (A) corresponds with a presence of one of said plurality of nucleic acid molecules (Para. [0011], methods of detecting 
a plurality of analytes, comprising: a) combining the plurality of analytes with a plurality of primer pairs, wherein each primer pair is 
specific to a single analyte and each primer of the primer pair is attached to at least one chromophore; b) measuring a first set of signals 
generated by the chromophores...d) measuring a second set of signals generated by the chromophores; wherein the first and second set 
of signals are used to detect each analyte of the plurality of analytes) and (B) corresponds with a presence of two of said plurality of 
nucleic acid molecules (Para. [0011], c) performing at least one polymerization reaction with the plurality of primer pairs using the 
plurality of analytes as templates; and d) measuring a second set of signals generated by the chromophores; wherein the first and 
second set of signals are used to detect each analyte of the plurality of analytes. In some cases, the method described herein further 

comprises: e) repeating step c and d at least once; and f) generating a set of signature profiles; Para. [0080}, A signature profile is unique 
for each nucleotide mismatch, UU). 
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Claims 65, 66, and 70 lack an inventive step under PCT Article 33(3) as being obvious over Ching et al. (hereinafter Ching) in view of 
University Of Washington Through Its Center For Commercialization (hereinafter Washington). 

Regarding Claim 65, Ching discloses a method of quantifying target nucleic acid molecules in a sample (Para. [00142], a method for 
determining relative amounts of one or more target polynucleotides in a sample), the method comprising: (b) amplifying said plurality of 

nucleic acid molecules (Para. [0012], amplifying in the sample the one or more target polynucleotides), thereby generating a plurality of 
signals (Para. [0016], reading values of an optical signal from a first-stage amplification reaction, the optical signa! being monotonically 

related to a concentration of an amplicon in the first-stage amplification reaction); (c) detecting said plurality of signals; (Para. [0016], 

reading values of an optical signal from a first-stage amplification reaction) (d) comparing members of said plurality of signals to one 
another (Para. [0016], computing a predetermined level from the values of the optical signal; (d) comparing the predetermined value with 

the most recent value of the optical signal; Para. [0012], (iii) comparing second amplicons of the second amplification reaction to 

amplicons of the at least one reference sequence in the first amplification reaction to determine relative amounts of the one or more 
target polynucleotides in the sample); and (e) quantifying said target nucleic acid molecules in said sample based on said comparing 
(Para. [0012], (iii) comparing second amplicons of the second amplification reaction to amplicons of the at least one reference sequence 
in the first amplification reaction to determine relative amounts of the one or more target polynucleotides in the sample), but fails to 
explicitly disclose (a) partitioning a plurality of nucleic acid molecules into a pluratity of partitions; (b) amplifying in said plurality of 
partitions, said method not including a step of quantifying said plurality of nucleic acid molecules in any individual member of said 
plurality of partitions. Washington is in the field of digital measurements of nucleic acids (Washington Para. [0013]) and teaches (a) 

Partitioning a plurality of nucleic acid molecules into a plurality of partitions (Washington Paras. [0066]-[0067], droplets of different 

volumes (diameters) can be generated...a sample can include an aqueous solution that includes a molecule of interest (e.g., a nucleic 
acid molecule)); (b) amplifying in said plurality of partitions (Washington Paras. [0066]-[0067], amplification of analyte (e.g. digital PCR) 

can be carried out simultaneously in all droplets of different volumes (sizes)...a sample can include an aqueous solution that includes a 

molecule of interest (e.g., a nucleic acid molecule)), and a method not including a step of quantifying a plurality of nucleic acid molecules 

in any individual member of said plurality of partitions (Washington Para. [0100], This example describes a non-limiting theoretical 

framework that can be used to describe certain aspects of the present invention described herein. It will be understood that the method 

described in this example is one of many ways to determine concentrations of sample using the present invention. Under this theoretical 
framework, it is assumed that the target molecules are present in the sample at a concentration Cs in units of molecules/volume. The 
sample is distributed into digital volumes of variable volumes; the distribution of target molecules into the droplets follows Poisson 
statistics...the amplification reaction will cause a droplet containing one or more molecules to be distinguishable from empty droplets, e.g. 

by its fluorescence intensity. tn this method we know only whether a droplet is empty or occupied...in order to determine the 

concentration CS of target molecules, P(n>0, CSVi) needs to be summed over a sufficiently large number of droplets with respective 

volumes Vi; Para. [0067], a sample can include an aqueous solution that includes a molecule of interest (e.g., a nucleic acid molecule)). 

It would have been obvious to one of ordinary skill in the art at the time the invention was made to modify Ching with the teaching of 

Washington to detail (a) partitioning a plurality of nucleic acid molecules into a plurality of partitions; (b) amplifying in said plurality of 
partitions, said method not including a step of quantifying said plurality of nucleic acid molecules in any individual member of said 

plurality of partitions. The motivation for doing so would have been to divide the sample up and allow for repetitive tests for comparison 

and thereby ensure testing accuracy. 

Regarding Claim 66, modified Ching discloses the method of claim 65. Ching further discloses said comparing comprises generating 
one or more signal distribution curves from said plurality of signals (Para. [0056], FIGS. 1A and 1B, curves (1000) and (1002) represent 
accumulated amplicon of for example, a reference sequence and target polynucleotide, respectively, as determined by two different 
fluorescent signals generated by amplicon-specific probes) and analyzing said one or more signal distribution curves (Para. [0056] FIGS. 
1A and 1B, a second-stage reaction is initiated when curve (1002) of the target amplicon reaches or exceeds a predetermined level 
(1006)). 

Regarding Claim 70, modified Ching discloses the method of claim 65. Ching further discloses said plurality of nucleic acid molecules 

are derived from, correspond with, or are members of, said target nucleic acid molecules (Para. [0012], a method for determining relative 
amounts of one or more target polynucleotides in a sample). 

Claims 67-69 lack an inventive step under PCT Article 33(3) as being obvious over Ching et al. (hereinafter Ching) in view of University 
Of Washington Through Its Center For Commercialization (hereinafter Washington) and Morgan et al. (hereinafter Morgan). 

Regarding Claim 67, modified Ching discloses the method of claim 66. Ching further discloses said analyzing comprises for each of said 
one or more signal distribution curves (Para. [0056] FIGS. 1A and 1B, a second-stage reaction is initiated when curve (1002) of the target 
amplicon reaches or exceeds a predetermined level (1006)), but fails to explicitly disclose measuring an area under the curve (AUC). 

Morgan is in the field of molecular detection (Morgan Abstract) and teaches measuring an area under the curve (AUC) (Morgan Pg. 3 

Col. 2 Para. [1] Lns. 4-5, area under the curve (AUC) represents an overall summary measure of the curve). It would have been obvious 

to one of ordinary skill in the art at the time of the invention to further modify Ching with the teaching of Morgan to detail measuring an 
area under the curve (AUC). The motivation for doing so would have been to detail the diagnostic performance of the test (Morgan Pg. 3 
Col. 2 Para. {1] Lns. 1-5) and thereby best identify a target nucleic acid for treatment and/or diagnosis of a subject (Morgan Abstract).       
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Regarding Claim 68, modified Ching discloses the method of claim 67. Ching further discloses (d) comprises comparing to a reference 
value (Para. [0059] FIG. 1B, closed-loop contro!, microprocessor (1080) may calculate values of characteristics of curves, such as (1013) 
or (1015) of FIG. 1B, at predetermined intervals so that they may be compared to a predetermined level), but fails to explicitly disclose 
comparing said AUC. Morgan teaches comparing said AUC (Morgan Pg. 3 Col. 2 Para. [1] Lns. 4-13, The area under the curve (AUC) 
represents an overall summary measure of the curve and the test's overall ability to accurately distinguish cases from non-cases. The Q* 

index, the highest point on the SROC curve that intersects the anti-diagonal, represents a summarization of test performance where 

sensitivity and specificity are equal (so the probability of an incorrect test result is the same for cases and non-cases). An AUC of one 

represents perfect discriminatory ability, while a Q* index of one represents perfect accuracy). It would have been obvious to one of 
ordinary skill in the art at the time of the invention to further modify Ching with the teaching of Morgan to detail comparing said AUC. The 
motivation for doing so would have been to detail the diagnostic performance of the test (Morgan Pg. 3 Col. 2 Para. [1] Lns. 1-5) and 
thereby best identify a target nucleic acid for treatment and/or diagnosis of a subject (Morgan Abstract). 

Regarding Claim 69, modified Ching discloses the method of claim 67. Ching further discloses said one or more signal distribution 
curves comprises a plurality of signa! distribution curves (Para. [0057] FIGS. 1A and 1B, “amplicon growth curve’ means a curve, such as 
curves (1000), (1002), (1013), or (1015)), wherein (d) comprises comparing for each of said one or more signal distribution curves to one 
another (Para. [0057] FIGS. 1A and 1B, “amplicon growth curve’ means a curve, such as curves (1000), (1002), (1013), or (1015); Para. 

[0075], it is desirable to compare readouts from different assays), but fails to explicitly disclose comparing an AUC to one another. 

Morgan teaches comparing an AUC to one another (Morgan Pg. 3 Col. 2 Para. [1] Lns. 4-13, The area under the curve (AUC) represents 

an overall summary measure of the curve and the test's overall ability to accurately distinguish cases from non-cases. The Q” index, the 

highest point on the SROC curve that intersects the anti-diagonal, represents a summarization of test performance where sensitivity and 

specificity are equal (so the probability of an incorrect test result is the same for cases and non-cases). An AUC of one represents perfect 

discriminatory ability, while a Q* index of one represents perfect accuracy). It would have been obvious to one of ordinary skill in the art 
at the time of the invention to further modify Ching with the teaching of Morgan to detail comparing an AUC to one another. The 
motivation for doing so would have been to detail the diagnostic performance of the test (Morgan Pg. 3 Col. 2 Para. [1] Lns. 1-5) and 
thereby best identify a target nucleic acid for treatment and/or diagnosis of a subject (Morgan Abstract). 
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Claims 79-81 lack an inventive step under PCT Article 33(3) as being obvious over Lifecodexx AG (hereinafter Lifecodexx) in view of 
University Of Washington Through Its Center For Commercialization (hereinafter Washington). 

Regarding Claim 79, Lifecodexx discloses a method of determining a quantity of a first target nucleic acid relative to a quantity of a 
second target nucleic acid in a sample (Paras. [0124]-[0125], detect a plurality (such as two or more) species of DNA in the sample, such 
methods can further comprise the steps of: determining the relative amount, preferably a ratio, of: (x) said first species of DNA detected 
with the first DMR (or first set of two or more DMR); and (y) said second species of DNA detected with the second DMR (or first set of 
two or more DMRs)), the method comprising: (a) providing a mixture comprising: i. a first plurality of nucleic acid molecules derived from, 
and/or corresponding with, said first target nucleic acid; and ii. a second plurality of nucleic acid molecules derived from, and/or 
corresponding with, said second target nucleic acid (Paras. [0016]-[0017], a first aspect, and as may be further described, defined, 
claimed or otherwise disclosed herein, the invention relates to a method for detecting in a sample from an individual an amount of a 
species of DNA originating from cells of a given type, which sample comprises said species of DNA in admixture with differently 
methylated DNA not originating from cells of said type; said method comprising the steps: (a) treating the DNA present in said sample 
with a reagent that differentially modifies methylated and nonmethylated DNA); (c) amplifying said first plurality of nucleic acid molecules 
and said second plurality of nucleic acid molecules (Para. [0065], In certain embodiments, prior to or as part of the detection that occurs 
as part of a step (b) and/or a step ( c) of any method of present invention, each DNA region comprising said DMR(s) and/or said other 
region(s), respectively, is(are) amplified), thereby generating a plurality of signals; (d) detecting said plurality of signals (Para. [0123], said 
detected amount of each of said species of DNA is expressed as a relative concentration of said species of DNA to the respective 
amount of total DNA detected in said sample from the respective other region. In further of such embodiments, the methods of the 
present invention can further comprise the steps of detecting an amount of total DNA in a standard sample of DNA of known amount 
using the same other regions as used in step (c); and comparing the signa! detected from said standard sample of DNA to the respective 
signal detected in step (c) for each of the other regions); and (e) based on said detecting, determining a ratio representative of a quantity 
of said first target nucleic acid relative to a quantity of said second target nucleic acid in said sample (Paras. (0124]-[0125], In those 
embodiments of the present invention that quantitatively detect a plurality (such as two or more) species of DNA in the sample, such 
methods can further comprise the steps of: determining the relative amount, preferably a ratio, of: (x) said first species of DNA detected 
with the first DMR (or first set of two or more DMR); and (y) said second species of DNA detected with the second DMR (or first set of 
two or more DMRs)), but fails to explicitly disclose (b) partitioning said mixture into a plurality of partitions; (c) amplifying in said plurality 
of partitions, or said method not including a step of quantifying, in any individual member of said plurality of partitions, said first piurality of 
nucleic acid molecules or said second plurality of nucleic acid molecules. Washington is in the field of digital measurements of nucleic 
acids (Washington Para. [0013]) and teaches (b) partitioning said mixture into a plurality of partitions (Washington Paras. [0066]-[0067], 
droplets of different volumes (diameters) can be generated...a sample can include an aqueous solution that includes a molecule of 
interest (e.g., a nucleic acid molecule)); (c) amplifying in said plurality of partitions (Washington Paras. [0066]-[0067}, amplification of 
analyte (e.g. digital PCR) can be carried out simultaneously in all droplets of different volumes (sizes)...a sample can include an aqueous 
solution that includes a motecule of interest (e.g., a nucleic acid molecule)), and a method not including a step of quantifying, in 
any individual member of said plurality of partitions, a first plurality of nucleic acid molecules or a second plurality of nucleic acid 
molecules (Washington Para. [0100], This example describes a non-limiting theoretical framework that can be used to describe certain 
aspects of the present invention described herein. It will be understood that the method described in this example is one of many ways to 
determine concentrations of sample using the present invention. Under this theoretical framework, it is assumed that the target molecules 
are present in the sample at a concentration Cs in units of molecules/volume. The sample is distributed into digital volumes of variable 
volumes; the distribution of target molecules into the droplets follows Poisson statistics...the amplification reaction will cause a droplet 
containing one or more molecules to be distinguishable from empty droplets, e.g. by its fluorescence intensity. In this method we know 
only whether a droplet is empty or occupied...in order to determine the concentration CS of target molecules, P(n>0, CSVi) needs to be 
summed over a sufficiently large number of droplets with respective volumes Vi; Para. [0067], a sample can include an aqueous solution 
that includes a molecule of interest (e.g., a nucleic acid molecule)). It would have been obvious to one of ordinary skill in the art at the 
time the invention was made to modify Lifecodexx with the teaching of Washington to detail (b) partitioning said mixture into a plurality of 
partitions; (c) amplifying in said plurality of partitions, and said method not including a step of quantifying, in any individual member of 

said plurality of partitions, said first plurality of nucleic acid molecules or said second plurality of nucleic acid molecules. The motivation 
for doing so would have been to divide the sample up and allow for repetitive tests for comparison and thereby ensure testing accuracy. 

Regarding Claim 80, modified Lifecodexx discloses the method of claim 79. Lifecodexx further discloses further comprising, based on 
said ratio, quantifying said first target nucleic acid and said second target nucleic acid in said sample (Paras. {0123]-[0125)], In alterative 
certain embodiments, one or more (preferably each) of said detection steps comprises quantitative detection and said detected amount 
of said species of DNA is expressed as an absolute amount of each or said species of DNA in said sample. In those embodiments of the 
present invention that quantitatively detect a plurality (such as two or more) species of DNA in the sample, such methods can further 
comprise the steps of: determining the relative amount, preferably a ratio, of: (x) said first species of DNA detected with the first DMR (or 
first set of two or more DMR); and (y) said second species of DNA detected with the second DMR (or first set of two or more DMRs); 
Para. [0198], a relative and/or absolute amount of foetal cfONA and total cfONA present in the plasma is determined). 

Regarding Claim 81, modified Lifecodexx discloses the method of claim 79. Lifecodexx further discloses said ratio is representative of a 
fetal fraction (Para. [0106], cfONA fraction is...of total cfDNA present in maternal plasma; Para. [0198]).     
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Claim 54 meets the criteria set out in PCT Article 33(2)-(3), because the prior art does not teach or fairly suggest: 

Regarding claim 54, the prior art of record, individually or in combination, does not teach or fairly suggest the method of claim 52, 
wherein said method does not include a step of determining a number of partitions comprising a nucleic acid sequence corresponding to 
said target nucleic acid molecules. 

The following prior art is made of record to support and further define the reasons for meeting the criteria set out in PCT Article 33(2)-(3) 
for claim 54: 

(i) Washington discloses determining a number of partitions comprising a nucleic acid sequence corresponding to said target nucleic acid 
molecules (Paras. {0103}-[0108], The total number of occupied droplets in a simulation, NS, is counted...Results for a typical set of 
simulations are shown in FIG. 4. Simulations were performed with 10,000 droplets and six different concentrations... The droplet sizes 
were drawn from a uniform distribution of diameters between 4.0 and 190 microns. For each simulation, the droplets were sorted by 
volume, the droplet with the smallest volume was number 1 and the droplet with the largest volume was number 10,000. FIG. 4 plots the 
cumulative number of occupied droplets. The cumulative number occupied for the ith droplet is the sum of the occupied droplets for all 
droplet; Para. [0067], a sample can include an aqueous solution that includes a molecule of interest (e.g., a nucleic acid molecule)). 
Washington fails to fairly teach or suggest, either alone or in combination with the art, a method does not include a step of determining a 
number of partitions comprising a nucleic acid sequence corresponding to said target nucleic acid molecules. 

Claims 1-20, 34-37, 52-54, 65-70, and 79-81 meet the criteria set out in PCT Article 33(4), and thus have industrial applicability because 
the subject matter claimed can be made or used in industry. 
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