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Patrick,

Our team is looking forward to meeting with you next Wednesday and talking in greater detail about our
provisional patent applications, and about our royalty/ licensing strategy around certain disorders.

Below is an email from Greg Porreca, our Director of Technology, outlining thoughts/ questions we'd like
to consider. Please feel free to reach out to Greg directly if you have any questions in advance of the
meeting.

Thank you,
Eric

Eric Boutin
Good Start Genetics I Founder
Mobile (646) 382-4427
eboutin@gsgenetics.com

From : Gregory Porreca [mailto : g reg. porreca@gmai Lcom]
Sent: Friday, March 06, 2009 2:37 PM

Hello Patrick-

Please find drafts of our three provisional patent applications attached. Below is also a list of
papers and patents associated with the drafts.

Aside from next steps working with you to refine the document and add information where
needed, we'd like to discuss several topics on Wednesday:
1) have we defined the inventions broadly enough (or, is it possible to increase breadth
further)?
2) how much overlap do you see in the "Bias-detecting barcodes" application with the patent

reference called out in Note I on page I (McCloskey et al.)
3) how clear are the figures?
McCloskey et al., US Patent Application Publication number: US 2007/0020640 A1
Miner etal.2004 Nucl. Acids Res.32:e135
McCloskey et al.2007 Biochemical Genetics 45:l-6
Olson 2007 Nature Meth 4:891
Hardenbol et al. 2005 Genome Res 15:269-75
Porreca et al.2007 Nat Methods 4:931-6
Krishnakumar et a1.2008 Proc Natl Acad Sci USA 105:9296-301
Shendure & Ji 2008 Nature Biotech 26:1135-45
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Gregory Porreoa, Ph.D.
Lecturer on Genetics

Church Laboratory
Dept. of Genetics, Harvard Medical School
New Research Building 260
77 Avenue Louis Pasteur
Boston, MA 02115

tel: (617) 432-7172
fax: (617) 432-6513

cv: http://arep.med-harvard.edu/CVs/PorrecaJVO6-pdf
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HETHIDS FOR REDU[ING BIftS IN PREPffRfiTIINS IF NUCLEII A[IDS

Field nf the fnvention

The invention relates to pneparative steps in DNff sequencing-related
technologies that reduce hias and incnease the reliabilitU and accuracg

of dorrrnstream quantitative applications.

Eackgraund af the fnttention

There anE f,urrEntlU manU genomics assaUS that utilize next-generation
(polonU-hasedJ sequencing to generate data, including genome

resequencing, Rl'.lA-seq fnn gene expression, hisulphitB sequEnrling for
methUlation, and Immune-seq, amgng others. In onder to make

quantitative measunements (including genotUpe calling and gene

expression profiling), these methods utilize the counts of sequencing

neads of a given genomic ]ocus as a pnoxu for the nepresentation of that
sequence in the original sample of nucleic acids.

All of these techniques require a ppepanative step tE construf,t a

high-complexitu Iibrar^U of DNA molecules that is repnesentative of the
sample of interest. This mag include chemical or biochemical treatment
o{ the DNft (e.g., revensE transf,Fiption, bisulphite treatmentJ, capture
nf a specific subset of the gEnome (e.9., padlsck pnobe captune,
solutinn hUhnidization), and a varietg of amplification techniques
(e. g. , polumenase chain react ion, uhole genome amplif icat ion, nolling
cincle amplif icat ion) .

A common pnoblem t0 ovencome is that these techniques commonlg

introduse biases into the sequencing libranies, genenallU due tc biases
in enzume function or tn the exponential and stochastic nature of
amplification methods ]ike PCR. ffs most of the dounstneam
quantification techniques depend on stochastic counting processes, these
problems are tgpicallU ouercome thnough a brute-force approach: sampling
enough to ohtain the minimum number of observations necessanu tn make

statisticallu significant decisions. This strategU of oversampling is
generallU limited to elimination of loru-count Poisson noise. Ftt hest,
this approach urastes resrrurEEE and increases the expense nequired tn
penfonm an experiment; at uorst, it reduces the statistical confidence
in the conclusions that are reached based on the data.

fls part of the librarg prepanation process, adaptens arB commonlU

Iigated onto the ends of the molecules of interest. The adapters
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tupicallu contain anu of PIR primer sites (fnr amp]ification r:r emulsion
FtlR), sequencing primer sites, and molecular hancodes that uniquelU
identiiU indiuidual samples that mau be mixed together. Barcudes uith
defined sequences have heen used in multiple contexts to simplifg
expeniments or increase the cost-effectiveness. Common examples include
multiplexing multiple samples together in a single neactinn and

barcoding features that need to be identified later (e.9., rhromosome

confonmation capture) bU sequencing shont defined segments.

[N0TE1: ThErE is some pnion art associated uith random bancndes, but I'm
not sure if it anticipates the applications ue ane interested in. See,

mainIU, USPTCI Publication Number US 2007/008864S A1 (HcCloskeu et aI.).1

[N0IE2: HE can put a ]ot more detail here reganding the specific hiasing
problems descrihed, such as hoLu this uill affect genotUpe calling, RNff

expression level quantitation, Etc., and exactlU uhU biasing Eauses a
pnohlem hene.l

Sumnarg nf the fnvention,rDetailed ttescription LHe can hreak it up

later.l
The invention is the compositisn and use of a ]arge libraru of unique
moleculan barcodes in preparatiue steps fnr reducing the effects of the
bias described above. During the Iibnanu preparation process, eaf,h

molecule is tagged uith a unique in such a csnfigunation such that the
harcode is sequenced along uith the infonmation of interest fsr LUhich

the ]ibranu is heing pnepared. The incorporation o{ the barcode at a

g iven st ep a I lorL-rs t he det ect ion and correct ion of b iases in ang of t he

follouing steps of the protocol.

tJne possible method to cneate a large librarg of unique barcodes is to
use degeneratE, random-sequence hancodes r:f defined length. The

sEquEncES of the barcodes uiII be read at the final stage of the
sequencing. The observations of the random harcode sequencEs are used

to detect and correct biases in the final read-out of the ]ihrarU. The

total possible numher of such random barcodes is 4N, Luhere N is the
Iength of the bancode. The length of the barcode is adjusted such that
the size of the population nf unique barcodes causes anu giuen molecule-
harcrde combination to be veru rane; since the bancodes ape nandomlu

incorporated, the probabilitg that tuo individual molecules receiue the
same barcode sequence is verg smaIl. (In fact, the Likelihood that the
same molecule bancode-combinatinn occuns more than once is euen

smaller. )
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In the final readout of the sequencing process, each read has an

additional unique harcode sequEnce. Since the harcodes ulere distnibuted
randomlU, ue should expect that aII the unique barcode sEquences should
he observed about an equal number of times. (In fact, the number of
counts of a given barcode should haue a Poisson distrihution tRight?
ftssuming ue had a uniform distribution of barcodes that uere amplified,
uhat happens tn thein distrihution post-PCR if the efficiencies are

unequal? I suppuse this alsn depends on the distnibution of the
efficiencies.l ). If anu barcndes nr harcode-molecule comhinations are

statisticallU ovErrEFresented, it is a sign that there LUas sEmE kind of
bias in the prntocol hetrrreen the incorporation of the nandom harcodes

and the actual sequencing.

The number nf reads of a given sequence is tupicallu taken as a proxu

for the amount of that sEquEnEE pnesent in the originating sample. The

distribution of sequences in the originating sample is the quantitU of
interest. Houever, as the prepanative steps taken during the protncol
ane knoun to cause hiases and changes in the distribution (t:articularlU
for relativelu rare events), the fidelitU of using the count numbers is
often questionahle. Using the random barcode method, the distribution
of the random barcodes is uell knorL-rn at the time of inconporation {it is
uniform); bU obseruing hou the distribution of random barcodes changes

after the sequencing is performed, ue have collected the informatinn
that is nef,essaru to currect the hiases. BU undoing the distril:utinn
changes that are measuned fnr the nandom harcodes, the cnrnesponding
changes in the counts fnr the sEquenf,es of interest utill provide a

highen fidelitg FepresEntation of the cnmpnsition of the original
complex pool. Furthermore, the distrihution o{ the unique librarg nf
barcodes mag be hiased as ueIl. Horlreuer, the librarU is designed to be

significantlU larger than the pnnl of molecules of intenest; this
ensunes that the incorporation of the barcodes is significantlU
undensampling the pr:pulation of unique bancodes, ensuring that
distribution of unique harcodes that Luas actuallU incorporated is
effect ivelU uniform.

For example, a tgpical experiment utiLizing 1 pg of gDNff tr:iI1 contain
about *150,000 copies of a diploid genome. If tr-te inconporate a libraru
of random 12-mer barcodes (-1.6 million barcodes), there utould he more

than 100 unique sequences per genomic copg. If ue inconponate random

15-mens (-1 billion harcodes), thene are more than ?,000 unique
sequences pen genomic r:r]pu. Therefnre, the pnobahilitU of the same

barcode getting inconponated multiple times is incredihlU smalI.

ML-rPR-000007

Petitioner Illumina, Inc., Ex. 1053, p. 7 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



The actual incorporation of the nandom barcodes can he performed through
vanious methods. Une method is to incorponate the tags bU ligation.
This is venu flexihle as the molecules can be ligated to anu blunt-ended
nucleic acids. The sequencing primers must be incorporated afteruards
such that theu sequence both the barcode and the molecule of interest.
ffItennativelg, the sequencing adaptons can he sUnthesized uith the
random barcodes at their 3' end (as degenenate bases), so that onIU one

Iigation must be penfnrmed. Another method is to incorporate the
harcode into a PtlE primer, such that the primer stnuctune is annanged

uith the common adaptr:r sequEnf,E folloued bU the randnm harcode folloued
bg the PIR priming sequEnr]E (in 5' to 3' order). The random harcode and

adaptor sequEnrlE (ulhich mau cnntain the sequencing pnimen site) get

incorporated as tags. tinrrtl'er method to incorporate the harcndes is to
sunthesize them intn a padlock probe prion to penfonming a gene capture
reaction. The random barcode is inconporated 3' to the targeting arm

hut 5'to the amplification primer that Luill he used dounstream in the
pnotocol. Ftnother method tn incorporate the random barcodes is as a tag
0n a gene-specif ic on polU-dT revense-transcniption primer. This aIlorr.rs

the barcodes to be inconporated directlg at the cDNA leve].

At the incorporation step, the distnibution of barcodes can he assumed

to be unifonm. At that point, dflU biases in anu pant of the pnotocol
uould change the uniformitg of this distribution, rLLhich can he observed
after sequencing. This allours the random bancodes to be used in anu

preparative prncess u-rhere the ultimate DUtput is sequencing of manu

molecules in paralIeI. IIs that the most genenal statement I can make?

Is there snmething more inclusiue ue cuuld sag instead?J

There mau he crncern that hiasing in the pool of unique harcodes rL-riIl

render this methnd invalid. Houreuer, the inconporation of the barcodes
can be penf onmed perf omed in a rrrau that minimizes this nisk. For
example, if the harcodes are incorporated into prohes urhen theu are
sUnthesized on-chip in parallel, then the degenenacU of the incorporated
nucleotides should he enough to ensure near-unifonm distribution. The

real concern is uhen the incorporation occurs as a sepanate step. The

main concern is that the ponl of unique bancodes mau itself haue been

amplified, inducing hiases in the initial pool. Hourever, in most
pnactical cases, the scale of the column sqntheses is ]ange enough s0

that amplification rrf this pool is not necessarg. Bg avoiding anu tUpe
r:f amplif ication or selection step on the ponl of unique hancodes, Lrre

can minimize potential hiases.
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0ne example of the use nf the harcodes is in genome resequencing.
Ions ider ing t hat t he narrr accurfff,U of must nEHt - generat ion sequenc ing
instruments is relativelU lorrl, it is crucial tn oversample the genomic

loci nf interest. FurthermonE, since there are tuo aIIeIes at euerg
locus, it is important to sample ennugh tn ensure that hoth alleles have

heen nhsenved a sufficient numher nf times to confidentlU detenmine
rLrhether the sample is hsmozugous 0t'heterozggous, Indeed, the
sequencing is penfonmed to sample the compositirn nf mnlecules in the
originating sample. Houever, aften multiple neads have heen collected
for a given ]ocus, it is pussihle that due to hias (e.9., caused hU PIR

amplification steps), a lange fraction of the reads deriue from a single
oniginating molecule. This rlould skeu the pspulatinn of genotUpes

ohserued, and uould affect the outcnme o{ the genotupe call. For
example, it is possible that a locus that is heterozggous is called as

homozUgous, hecause thene ane nnIU a feur observatir:ns of the second
al]ele out nf manu ohservations of that locus. Houever, if ue also have

infonmation on random harcodes, this situation could he auerted, hecause
the over-represented allele rrruuld he seen to also haue an rrueF-

represented random harcode (i.e., the sequences uith the overrepresented
hancode all originated fnnm the same single molecule). Therefore, the
sequences and corresFnnding distnihution of nandnm harcodes can be used

as an additinnal input to the genotupe-calling algorithm to
signifiuantlU improve the accuracg and cnnfidence of the genotUpe caIIs.

Ftnothen embodiment nf the inuention is in the quantitative analusis nf
gEne expression. Hhen Rl,,lft is sequenced, the relative numbers of counts
fnn different transcripts is used as a prnxu for the relative ahundance
of the transcript in the original sample nf RNA. lls descnihed aboue,
the librarg pneparation protocols mau introduce hiases that change the
re lat iue amaunt s of t he Hl,{A spec ies in t he samp Ie t hat act ua I lU get s
sequenced (post-pnocessing). HoUJEVET', if each RNH/cDNft mnlecule is
coupled to a unique random barcode sequencE, then anu repeated harcodes
in the sequencing neactions can simplU he cullaFsed into each nther. EU

collapsing similar clones in such a uJaU that the sequenring data onlu
inrludes a single representatiue for each barcode (or harcode-mnlecule
combination), the hiases that uere introduced in pnepanation are
essent iallg eliminated.

FinalIU, there is an approach tu utilize this nandom hancnde methodologg
nEtnrspEf,tivelg on samliles that do not explicitlU incorporate unique
barcodes. Host oligonucleotide sunthesis methcds are Error-prone. The

fraction of oligos rrrith ennons depends un the length of the

ML-tPR-000009

Petitioner Illumina, Inc., Ex. 1053, p. 9 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



oligonucleotide and the sunthesis method emploued. Fur example, using

traditinnal column sgnthesis uf Z$-mens, rrte rrtould expect that 1 in 4B

P[R primers rr:ouId contain a sUnthesis Et-F0r (assuming 0nB error EVErU

1,008 hases). These ernor-containing primers are also incorporated in
the FIR neaction. Since the errnrs are distnihuted in a nandom fashion,
theu ane unique and rare; therefore, the error-containing PIR primers

can be considered as unique random hancodes as urell. Since these
primers tUpicallU gEt sequenced as rrrell, the errors can be detected and

used as random harcodes tn look fon hiases in the sarre u,au described
ahoue.
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Method for reducing representational bias in multiplex amplification of
nucleic acids

Field of the invention
The invention relates to methods that reduce bias and increase reproducibility in
multiplex amplification of nucleic acids by 'molecular inversion probe' methods.

Background of invention
Molecular inversion probe technology is used to detect or amplify particular nucleic
acid sequences in potentially complex mixtures. However, ampliftcation efficiency is

non-unifurm and not highly reproducible,limiting the preparative utility of the
method in research and diagnostic settings.

Use of molecular inversion probes has been demonstrated for detection of single
nucleotide polymorphisms (Hardenbol et al. 2005 Genome Res 75:269-75) and for
preparative amplification of large sets of exons (Porreca et al. 2007 Nat Methods
4:937-6, Krishnakumar et al. 2008 Proc Natl Acad Sci USA 105:9296-301). In both
cases, oligonucleotide probes are designed which have ends ('targeting arms') that
hybridize up-stream and down-stream of the locus that is to be amplifted. Following
hybridization, polymerase fill-in and ligation reactions are performed to convert the
hybridized probe to a covalently-closed, circular molecule containing the desired
target. PCR or rolling circle ampliftcation plus exonuclease digestion of non-
circularized material is performed to isolate and amplify the circular targets from the
starting nucleic acid pool. Since one of the main benefits of the method is the potential

for a high degree of multiplexing, generally thousands of targets are captured in a
single reaction containing thousands of probes.

Summary / detailed description
The invention consists of 1) methods to increase the unifurmity of amplification
efftciency when multiple targets are amplified in parallel; 2) methods to increase the
reproducibiliqt of amplification efficiency; 3) methods to reduce the contribution of
targeting oligonucleotide variability to amplification fficiency; 4) methods to reduce
the effect on a given target of polymorphrsms in probe hybridization regions; 5)
methods to simplify downstream workJlows when multiplex amplificotion by MIPs is
used as a preparative step for analysis by nucleic acid sequencing.

Current methods design a single probe for each target (a target can be as small as a

single base or as large as a kilobase or more of contiguous sequence). While probes
are generally designed to meet certain constraints (e.9. melting temperature, G/C
content etc) known to partially affect capture/amplification efficiency, no known set
of constraints is sulficient to guarantee either largely uniform or highly reproducible
capture/amplification efficiency. Unifurmity and reproducibility can be increased by
designing multiple probes per target, such that each base in the target is captured by
more than one probe. We design multiple MIPs per target to be captured, where each
MIP in a set designed for a given target has 'targeting erms' which hybridize to (at
least partially) dffirent sequence in (or immediately flanking) the target. In this way,
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dffirences in efftciency between dffirent targeting arms and ftll-in sequences are
averaged across multiple MIPs for a single target, which results in more unifurm and
reproducible capture fficiency.

Polymorphisms in the target sample under the regions flanking the target (i.e., the
regions to which the probes hybridize) can interfere with hybridization, polymerase

fill-in, and/or ligation. Furthermore, this may occur for only one allele, resulting in
allelic drop-out, which ultimately decreases downstream sequencing accuracy. By
using a set of MlPs having multiple hybridization sites for the capture of any given
target, the probability of loss from polymorphism is substantially decreased because
not all targeting arms in the set of MIPs will cover the location of the mutation.

Probes for MIP capture reactions are generally synthesized on programmable
microarrays because of the large number of sequences required. Because of the low
synthesis yields of these methods, a subsequent ampliftcation step is required to
produce sufficient probe for the MIP amplification reaction. The combination of
multiplex oligonucleotide synthesis and pooled ampliftcation results in uneven
synthesis error rates and representational biases. By synthesizing multiple probe
sequences for each target, variation from these sources should be averaged out
because not all MIPs for a given target will have the same error rates and biases.

Allfive aspects of the invention involve using multiple MIPs (and therefore, multiple
probes) to amplifu each target. The set of probes for a given target can be designed to
'tile' across the target, capturing the target as a series ofshorter sub-targets.
Alternately, the set can be designed to 'stagger' the exact positions of the hybridization
regions flanking the target, capturing the full tqrget (and in some cases capturing
flanking non-target sequence) with multiple MIPs having dffirent targeting arms,
obviating the need for tiling. The particular approach chosen will depend on the
nature of the target set. For example, if small regions are to be captured, a staggered-
end approach might be appropriate, whereas if longer regions are desired, tiling might
be chosen. ln all cases, the amount of bias-tolerance for pathological MlPs can be
'dialed in' by changing the number of dffirent MIPs used to capture a given targeL

The 'coverage factor', or number of MIPs used to capture a basepair in the targel is
the most critical parameter to specify, and implies a dffirent number of MIPs per
target depending on whether one is using the tiling approach (Figure 1) or one of the
staggered approaches (Figures 2,3). ln the tiling approach,for a desired coverage

factor, the number of MlPs per target is a function of target length, sub-target length,
and spacing between adjacent sub-target start locations. For example, for a desired
coverage factor of 3, a 200 bp target with a start-site separation of 20 bp and sub-
target length of 60 bp necessitates 70 MIPs (Figure 1). Itfollows that an arbitrary
coverage factor can be achieved by varying the number of probes per target and the
length of the subtargets captured. In the staggered approach, a fixed-length target is
captured as several targets and super-targets of varying lengths. For example, a
target of 50 bp can be captured at a coveragefactor of3 with 3 probes in either a
'stag g ered' (Figure 2 ) or'alternating stag g ered' conftguration (Fig ure 3).
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Multiplex amplification strategies like MlPs are used either analytically, as in detection
of SNPs, or preparatively, often for next-generation sequencing. In the preparative
setting, the output of the MIP amplification reaction is generally the input to o shotgun
library protocol, which then becomes the input to the sequencing platform. The
shotgun library is necessary in part because next-generation sequencing yields reads
signiftcantly shorter than amplicons such as exons. In addition to the bias-reduction
afforded by the multi-tiled approach described here, tiling also obviates the need for
shotgun library preparation. Since the length of the sub-target can be specified when
the MIPs are designed, it can be chosen to match the readlength of the sequencer. In
this way, reads can 'walk' across an exon by virtue of the start position of each sub-
target in the MIP setfor that exon.
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Claims
1. A method for reducing bias (increasing unifurmity) in a set of targets produced

in a multiplex MIP reaction by designing multiple MIPs for each target
2. A method for increasing reproducibility of target abundance in a MIP reaction

(both muitiplex and uniplex) by designing multiple MIPs for each target
3. A method for reducing the effect of polymorphisms in flanking sequence on

target abundance in a MIP reaction (both multiplex and uniplex) by designing
multiple MlPs for each target

4. A method for reducing the effect of probe synthesis / probe amplification
variability on unifurmity/reproducibility in a MIP reaction (both multiplex and
uniplex) by designing multiple MIPs for each target

5. A method for sequencing a target/set of targets captured in a MIP reaction
without preparing a shotgun library by designing a set of MIPs for a target that
tile across the target
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Figures

t. probe showing ten captured sub-targets acnoss a target.
in the target is covered by three sub-targets such that MIP performance per basepair is averaged across
three probes.

Tiled probe layout
(coverage factor = 3)

- 
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200 p tarE.t cilptu ege sEt
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Staggered probe layout
(coverage factor = 3)

Varying length target/suptr-tsrgrt captured by e singlc

MIP; all MlPs capture at least the ftrll tsrgpt, and sorne
capture additionel flanking sequcflre {shotlrn in gray} so

thet multiple, differcnt targeting rrmr erp ur*d b
cepture eech target

I V) bp terg€t captured by a spt of 3 probes; flanking sequence

I capturcd by some probes shown in gray. Eacft basepeir ln the
tsrg€t region ls captured in 3 sub-targets - a singh such

I

is ightcd with e vertical reetengle

Figure 2. Staggered probe layou! showing the targets captured by a set of three MIPs. Each MIP captures
the full target, shown in black, plus (in some cases) additional extra-target sequence, shown in gray, such
that the targeting arms of each MIP falt on different sequence. Each position in the target is covered by
three sub-targets such that MIP perfonnance per basepair is averaged across three probes'
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Alternati ng staggered probe layout
(coverage factor = 3)

Varying length targetlsup*r-terget captured by a lingle
MIP; gll MlPr captur: et lsesl the full terE*t, end some
capturc addltanal flantlrg stqdanre {rhouln in grey} so
thst multiple, diff€ran! trrgattng rrris erc ussd ts
.3pturo Erch terErt

I raptur*d hy:omr probrc rhswn ln graf- [ee& barepeir in thp
tergst rugi,sn ix erptured in 3 cub-txrgxt*: e eingla s***

porition ls hlghlighted with x vsrtice{ rxriengk

I I

I 5fi bp tc,rgEt csptur8d by e s*t nfI prr&ss; lI*nklng gtquaaf* I

Figure 3. Alternating staggered probe layout showing the targets captured by a set of three MIPs. Each
MIP captures the full targe! shown in blacls plus (in some cases) additional extra-target sequence,
shown in gray, such that the targeting arms of each MIP fall on different sequence. Each position in the
target is covered by three sub-targets such that MIP performance per basepair is averaged across three
probes.
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Estimate of Target Length in Amplification-Based Assays

Drafted by Jin Billy Li, Ph.D., scientiftc advisor at Good Start Genetics, Inc.

Background:

7. Fragile X

From * * * * * * * 
e n.w iki p e di a.org /w iki/ F r ag ile X slt ndrome :

"Fragile X syndrome, or Martin-Bell syndrome, is a genetic syndrome which results in a
spectrum of characteristic physical, intellectual, emotional and behavioural features
which range from severe to mild in manifestation. The syndrome is associated with the
expansion of a single trinucleotide gene sequence (CGG) an the X chromosome, and
results in a failure to express the FMR-1 protein which is required for normal neural
development. There are four generally accepted forms of Fragile X syndrome which
relate to the length of the repeated CGG sequence; Normal (29-31 CGG repeats),
Premutation (55-200 CGG repeats), Full Mutation (more than 200 CGG repeats), and
Intermediate or Gray Zone Alleles (40 - 60 repeats)."

2, Generally. the capture eflicienqt is dependent on the target size.
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Figure 1, [Supplemental Fig. 3B from Porceca et al [Nature Methods 2007): "The rate
of failed capture is shown as a function of the length of the gap-ftll sequence itself
(range = 60 - 191 bp; -10 bp bins). We obserue that shorter gapfill lengths are
associated with a modestly higher rate of 'dropout'."1
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Description of invention:

This invention aims to estimate the size of genomic (or transcriptomic) regions that
are hard to be accessed, such as repetitive elements, In this attempt, fragile X will be
used as an example, where the size of trinucleotide repeats (genotype) is linked to the
symptom (phenotype).

Repetitive regions are always surrounded by non-repetitive unique sequences, which
can be used to amplifu the repeat-containing regions using, for example, PCR or
padlo ck (M I P) -b ased method.

In addition to the repetitive regions, the padlock probe is designed to include at least a
sequence that is sufficient to be uniquely identified in the genome (or target pool).
After the probe is circularized and amplified, the amplicon can be end-sequenced so
that the unique sequence can be identifted and served as the "representative" ofthe
repetitive region (Fig. 3). Although capturing efficiency is overall positively coruelated
with target length, dffirent probe sequences may have unique features, Therefore,
multiple probes should be designed and tested so that the optimol one is chosen to be
sensitive enough to dffirentiate repetitive sizes of roughly 0-150bp, 150-600bp, and
beyond, which represent normal, premutation and full mutation of fragile X syndrome,
respectively.

padlock robe I

+ polymerase + dNTP + ligase

2

seq pilmer

+ PCR, then sequencing
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Figure 3. Scheme of padlock capture of a region that includes bath repetitive regions
(in red) and the adjacent unique sequence (in black). After the padlock is circularized
and amplifted, it can be end-sequenced to obtain the sequence of the unique sequence,

which represents the repetitive region of interest.

The number of reads obtained for the "representative" of the repetitive region is not
informative to estimate the target length because it is dependent on the total number
of reads obtained. To overcame this, it is useful to include one or more probes that
target other "control" regions where no or minimal polymorphism exists among
populations. Because of the systemqtic consistency of capturing efftciency (Fig. 2), the
ratio ofreads obtainedfor the repetitive "representative" to reads obtainedfor the
control region(s) will be tuned using DNAwith defined numbers of repeats. Ultimately,
the ratio can serve as a measure of the repeat length (Fig. a).
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Figure 4. The hypothetical relationship between target gap size and the relative
number of reads of the repetitive region, which is measured by the ratio of the repeat
"representative" reads vs. the "control" region reads. The unit of y'axis is arbitrary'

To better tell targets with similar size range apart the whole repetitive region can be

sequenced by making a shotgun library, The longer the repeat is, the more short reads

of repeats will be obtained. Therefore, the target length will contribute twice to the
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target length [bp)

3

ML-rPR-000020

Petitioner Illumina, Inc., Ex. 1053, p. 20 
Illumina Inc. v. Molecular Loop Biosciences, Inc. 

IPR2024-01419



relative number of "repetitive" reads, which will gainer better resolution of
dffirentiating targets.

4
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