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Abstract

An improved approach for increasing the multiplex level of single nucleotide polymorphism (SNP) typing by adapter ligation-medi-
ated allele-specific amplification (ALM-ASA) has been developed. Based on an adapter ligation, each reaction requires » allele-specific
primers plus an adapter-specific primer that is common for all SNPs. Thus, only 7+ 1 primers are used for an n-plex PCR amplification.
The specificity of ALM-ASA was increased by a special design of the adapter structure and PCR suppression. Given that the genetic
polymorphisms in the liver enzyme cytochrome P450 CYP2D6 (debrisoquine 4-hydroxylase) have profound effects on responses of indi-
viduals to a particular drug, we selected 17 SNPs in the CYP2D6 gene as an example for the multiplex SNP typing. Without extensive
optimization, we successfully typed 17-plex SNPs in the CYP2D6 gene by ALM-ASA. The results for genotyping 70 different genome
samples by the 17-plex ALM—ASA were completely consistent with those obtained by both Sanger’s sequencing and PCR restriction
fragment length polymorphism (PCR-RFLP) analysis. ALM-ASA is a potential method for SNP typing at an ultra-low cost because of
a high multiplex level and a simple optimization step for PCR. High-throughput SNP typing could be readily realized by coupling ALM—
ASA with a well-developed automation device for sample processing.
© 2006 Published by Elsevier Inc.
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Accompanied by the completion of the Human Genome  ing efficient, accurate, and inexpensive SNP typing

Project (HGP),! more than 2 million sequence-verified sin-
gle nucleotide polymorphisms (SNPs) have been clarified
[1,2]. In the field of detection of linkage disequilibrium
between SNP markers and potential alleles of disease or
environment susceptibility, genotyping of known SNPs
with high throughput is becoming more and more impor-
tant. Therefore, there is an increasing demand for develop-
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methods. To this point, many approaches based on various
principles have been developed for genotyping such as
sequence-specific hybridization [3-5], allele-specific exten-
sion [6,7] or ligation [8-10], pyrosequencing [11,12], and
structure-specific cleavage [13,14]. Most of them are based
on single SNP typing, but some of them can be used as a
multiplex format by coupling multiplex PCR with micro-
array [15,16], cytometry [17], or mass spectrometry [18,19]
platforms. Because the running cost and the amount of
required genomic DNAs for typing an SNP decrease dra-
matically along with the increase of a multiplex level, a high
level of multiplex SNP typing is required for inexpensive
and high-throughput genotyping.

Because most of the methods for multiplex SNP typing
rely on a multiplex PCR, the capability of multiplex PCR is
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of great importance to the accuracy and throughput of
SNP typing. The bottlenecks of multiplex PCR are mainly
primer—primer interactions and nonspecific amplifications
[20]. Several strategies have been developed to improve
multiplex PCR amplification, including a two-step amplifi-
cation (one step for preamplification of a long DNA and
the other step for reamplification of short amplicons) [21], a
two-round amplification (the first round for a gene-specific
amplification by anchored primers and the next round for a
uniform amplification by universal primers with the same
sequence as the anchored part in the anchored primers)
[22], and a PCR suppression (PS)-based amplification [23].
Using PS-based multiplex PCR, the multiplex level is
increased and the optimization procedure is simplified sig-
nificantly. However, the amplification efficiency for longer
targets is decreased greatly because the hairpin loops of
large size form stable secondary structures that inhibit the
annealing of the universal primer [23]. In addition, a non-
specific amplification by only the universal primer may
occur in PS-based PCR because the targets (hairpin loops)
contain the sequence complementary to the universal
primer, although there is no allele-specific extension prod-
uct. Moreover, the adapter in PS-based PCR has a very
high GC content, and this may increase the chance of non-
specific amplification. Although PS-based PCR has been
used for 30-plex PCR, only 9-plex PCR using nine allele-
specific primers were described [24]. In the current article,
we demonstrate an improved procedure for increasing the
level of multiplex allele-specific PCR termed adapter liga-
tion-mediated allele-specific amplification (ALM-ASA),
which is based on adapter ligation combined with allele-
specific amplification. The liver enzyme cytochrome P450
CYP2D6 (debrisoquine 4-hydroxylase) has a role in the
metabolism of many different types of pharmacotherapeu-
tic drugs. It shows a very high degree of interindividual and
interethnic variability due primarily to the extensive genetic
polymorphism that influences expression and function.
Hence, we selected 17 SNPs in the CYP2D6 gene as an
example for evaluating ALM-ASA.

Materials and methods
Reagents and genomic samples

LA Tag DNA polymerase, Taqg DNA polymerase, T4
DNA ligase, and restriction endonucleases Mbol were
obtained from TaKaRa BioTech (Dalian, China). Other
chemicals were of a commercially extra-pure grade. All
solutions were prepared with deionized and sterilized water.

A total of 70 Chinese volunteers participated in this
research after giving written informed consent. They all
were healthy individuals of Han nationality. Genomic
DNA was extracted according to the standard phenol/chlo-
roform method from whole blood collected in tubes con-
taining anticoagulant EDTA. The purity and concentration
of the extracted DNA were determined by a UV-Vis spec-
trophotometer (Naka Instruments, Japan). The extracted

DNA was stored at 4°C in TE buffer (10mM Tris-HCI,
I mM EDTA, pH 8.0).

Target sequences and primers

The nucleotide sequences and 17 SNPs in the CYP2D6
gene (GenBank Accession No. AY545216) were used for
the method validation. Based on the database in the public
domain (www.imm.ki.se/CYPalleles/cyp2d6.htm), these 17
SNPs are as follows: 100C>T, 138G>insT, 883G>C,
957C>T, 997C>G, 1023C>T, 1661G>C, 1707T>del,
1846G>A, 1973A>insG, 2470T>C, 2549A>del,
2613AGA>del, 2950G>C, 3198C>G, 3277T>C, and
3828G>A; however, they were renamed as those shown in
Table 1. All of the oligonucleotides were synthesized and
purified by Invitrogen (Shanghai, China).

Preparation of adapter-ligated DN A

To increase the sensitivity and specificity of SNP typing,
initial amplification of the entire CYP2D6 gene with 4682
bp was carried out using the primers complementary to
unique intronic sequences [25]. PCR was performed in a
reaction volume of 10l that contained 2.5mM MgCl,,
04mM of each dNTP, 04 uM of each outer primer, 5%
dimethyl sulfoxide (DMSO), 0.5U of LA Taqg DNA poly-
merase, and 10 to 20ng of genomic DNA. Thermal cycling
was performed in a PTC-225 Thermal Cycler (MJ
Research, Watertown, MA, USA) with an initial denatur-
ation of Smin at 94°C, followed by 30 cycles of 1 min at
94°C, 30s at 60°C, 5min at 68 °C, and a terminal extension
of 10min at 68 °C. Then 1 pl of long PCR products (~100-
500ng) was digested in Spl with SU of Mbol restriction
enzyme for 1h at 37°C. After heat inactivation for 15 min
at 70°C, 1l of the digested DNA was incubated in 5pul
with 1.0 uM of adapter for 1 h at 16 °C containing 5 U of T4
DNA ligase. The adapter was prepared by annealing oligo-
nucleotides of 5'-CCCCACTTCTTGTTCTCTCATCAG
GCG-CATCACTCG-3" and 5'-GATCCGAGTGATGC
GCTAAG-3'. The ligation was terminated by heating the
solution at 70 °C for 15 min.

Allele-specific amplification and detection

The adapter-ligated DNA was amplified in a 10-ul PCR
mixture consisting of 10mM of Tris—HCI (pH 8.0), S0 mM
of KCI, 1.5mM of MgCl,, 0.2mM of each dNTP, 1l of
adapter-ligated template solution, 1.0uM of universal
primer (5'-CCCCACTTCTTGTTCTCTCAT-3'), approxi-
mately 2.0 uM of allele-specific primers mixture (the final
concentrations are listed in Table 1), and 1 U of Tag DNA
polymerase. The PCR cycling was carried out in a PTC-225
Thermal Cycler as follows: 94 °C for 3min, followed by 30
cycles of 94°C for 30s, 55°C for 30s, and 72°C for 1 min.
Final extension was completed at 72°C for 10 min. After
amplification, 3 pl of allele-specific PCR products was ana-
lyzed by electrophoresis on a 2% agarose gel consisting of
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Table 1
SNPs used for the method evaluation
SNPcode  SNPidentifier®  Primer code®  Primer sequence (5’ — 3')° Melting Product Concentration in
temperature (°C)¢  size (bp) 17-plex PCR (umol/L)
SNP-1 4300 C>T PIW(M) CGCTGGGCTGCACGCTtCC(T) 66.6 (64.5) 704 0.050
SNP-2 4338G>insT P2W(M) TGCCCGGGCTGGGCAACETG(T)  68.6 (66.6) 667 (668) 0.050
SNP-3 5082G>C P3IW(M) CCTGACCCTCCCTCTGtAG(C) 64.5 (64.5) 202 0.250
SNP-4 5156C>T PAW(M) TCGTGCTCAATGGGCTcGC(T) 62.3 (60.2) 128 0.250
SNP-5 5196C>G PSW(M) TGACCCACGtCGAGGACtCC(G) 66.6 (66.6) 89 0.250
SNP-6 5222C>T P6W(M) GCCCGCCTGTGCCCATgAC(T) 66.6 (64.5) 62 0.250
SNP-7 5862G>C P7TW(M) GCAGAGGCGCTTCTCCcTG(C) 64.5 (64.5) 293 0.057
SNP-8 5908del T PSW(M) AAGAAGTCGCTGGAGCtGT(G) 59.9(62.3) 247 (246) 0.057
SNP-9 6047G>A POW(M) CCGCATCTCCCACCCCgAG(A) 66.6 (64.5) 108 0.286
SNP-10 6174A>insG PIOW(M) TGCTGGACCTAGCTCACcGA(G) 60.2 (60.2) 1012 (1013) 0.010
SNP-11 6671T>C P1IW(M) TGTCCCCGTCCTCCTGEAT(C) 62.3 (64.5) 515 0.050
SNP-12 6750del A PI2W(M) GAGCTGCTAACTGAGCtCA(G) 60.2 (62.3) 436 (435) 0.050
SNP-13 6814del AGA PI3W(M) TTCCTGGCAGAGATGGtGA(G) 62.5(62.3) 371 (368) 0.100
SNP-14 7151G>C P14W(M) TACATCCGGATGTGCAcCG(C) 60.2 (60.2) 164 0.100
SNP-15 7399C>G PISW(M) GACGTGATAGGtCAGGaGC(G) 62.3(62.3) 1182 0.025
SNP-16 7478T>C P16W(M) TGCAGCGCTTTGGGGALAT(C) 62.3(62.3) 1103 0.050
SNP-17 8029G>A P17W(M) CATCACCAACCTGTCAaCG(A) 60.2 (60.2) 552 0.125

% All SNPs are from the CYP2D6 gene with the Accession No. AY 545216 in GenBank. The nucleotide residue 1 is located at the start of the reference
sequence.

® The letter W represents the primer specific to the wild-type, and the letter M in parentheses represents the primer specific to the mutant.

¢ The uppercase letters (in bold) in the 3 terminus of the primer represent the base specific to the SNP type, and the lowercase letters represent the artifi-
cially mismatched base.

4 Melting temperatures were calculated according to the software of Primer Premier version 5.0 (www.premierbiosoft.com). Melting temperatures of
mutant-specific primers are in parentheses.

0.5 pg/ml of ethidium bromide (EtBr) at 100V for 25 min in
I1x TAE buffer. Images of the gels were taken using Gene-
Genius Biolmaging Systems (Syngene, UK).

labeled primers. To lower the detection cost, we used two
reaction tubes to type SNPs. For single SNP typing, two
primers (a universal primer and an allele-specific primer)
are needed in each of two reaction tubes (tube W and tube

Results M). However, only n+ 1 primers are required in each tube
to type n-plex SNPs because the universal primer is com-
ALM-ASA mon for all SNPs. Finally, the allele-specific amplification

The procedure of multiplex SNP typing by ALM-ASA

is illustrated in Fig. 1, which is based on preamplification,

Genomic DNA
enzymatic digestion, an adapter ligation, and an allele-spe- § preampiticaton
cific amplification. To increase the sensitivity and specificity ®
of SNP typing, first, a preamplification is carried out for ] Enaymatic digestion
producing a long target containing all SNPs of interest. —_— —

Second, the preamplified DNA fragments are digested by a
restriction endonuclease to form sticky ends. Third, the
adapter is ligated to either end of the digested fragment.
The adapter is designed as a “Y” shape to prevent the
extension reaction from the 3’ ends of the ligated frag-
ments. Usually, two or three uncomplementary bases in the
3’ ends are enough to block the primer extension. Fourth,
an allele-specific amplification is performed by allele-spe-
cific primers and a universal primer. To type a biallelic
SNP, in general, two allele-specific primers are required.
The amplification only occurs when the 3’ end of the allele-
specific primer matches the target sequence. There are two
ways to discriminate the allele-specific amplification prod-
ucts. One way is to label two allele-specific primers with
different dyes and then to detect the signals at different
wavelengths; the other way is to perform each of the allele-
specific amplifications separately without the use of dye-

+
b
a/_ l Adapter ligation
5 3

3’ s

Tube W

Tube M

Allele-specific amplification

_— e I

E o !

Fig. 1. Schematic of SNP genotyping by ALM-ASA. Two SNPs of het-
erozygote and mutant homozygote were used as an example for the illus-
tration. W, wild-type; M, mutant; Pu, universal primer.
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products are separated by electrophoresis such as agarose
gel electrophoresis, PAGE, and chip-based electrophoresis.
The type of each SNP is obtained by comparing the electro-
phoresis profile from each of two tubes.

As shown in Fig. 1, the sequence of the universal primer
corresponds to that of flap “a” (5'-terminal region of the
adapter-ligated fragments). Because the length of flap a
(uncomplementary to flap “b”) is longer than the length of
the universal primer, no template complementary to the
universal primer exists in the PCR mixture when no allele-
specific extension occurs. If the 3’ end of the allele-specific
primer is complementary to the target, an extension reac-
tion occurs and the template complementary to the univer-
sal primer is produced. Therefore, only allele-specific
amplification takes place in the current ALM—ASA system.

Adapter and allele-specific primers

In multiplex PCR, preferential amplification of certain
targets may occur because of the impaired rates of anneal-
ing and extension of different primers. If the difference
between each primer pair used for allele-specific amplifica-
tions is reduced, the preferential amplification will be mini-
mized. In this study, we used an adapter to ligate either end
of the enzymatically digested fragment before allele-specific
amplification for reducing the number of primers in multi-
plex PCR (Fig. 1). To type a biallelic SNP, in general, two
allele-specific primers are required. Because every PCR
shared a common primer whose sequence is the same as
that in the 5'-terminal region of the adapter-ligated frag-
ments, only n+1 primers were employed for n-plex PCR.
As a result, the preferential amplification caused by primers
was greatly minimized.

Another problem in multiplex PCR is the spurious
amplification that causes the consumption of reaction com-
ponents as well as nonspecific bands in an electrophoresis
profile. To suppress the spurious amplification, the adapter
is designed as a “Y” shape to prevent the production of
templates complementary to the universal primer. Because
the 3’ end of the adapter-ligated fragment is blocked for the
extension, no template complementary to the universal
primer exists in the PCR mixture when no allele-specific
extension occurs. If the 3’ end of the allele-specific primer is
complementary to the target, an extension reaction occurs
and the template complementary to the universal primer is
produced. Therefore, only allele-specific amplification
occurred in the current ALM-ASA system and there was
no linear amplification by the universal primer. In conse-
quence, nonspecific amplification was reduced by the struc-
ture of the adapter. To form the Y-shaped adapter for
preventing the nonspecific extension, four uncomplemen-
tary bases were put in the 3’ end of the adapter (flap b in
Fig. 1). Except to form a Y shape for the adapter, we can
modify the oligonucleotide at the 3’ end of the adapter
to block the nonspecific extension [26]. In the current
study, we employed the Y-shaped adapter because it is
inexpensive.

In ALM-ASA, the universal primer is adapter specific
and is common for all SNPs. Because there are two choices
for selecting the target DNA strand for the hybridization,
two sets of genotyping primers could be designed. The
sequences of the allele-specific primers were selected
according to the lengths of the amplified fragments in this
study that are listed in Table 1. A pair of allele-specific
primers is complementary to the target sequence and was
designed to differ by a 3’-terminal nucleotide that is specific
to one of the alleles of an SNP. Therefore, the location of
an allele-specific primer is fixed, and only the length of an
allele-specific primer can be regulated to get an optimal
melting temperature. In case allele discrimination by a sin-
gle base in the 3’ end of an allele-specific primer is not
enough to perfectly control the allele-specific extension, an
artificial mismatch base is introduced in the 3’-terminal
region to increase the allele specificity. For simplifying the
primer design, we only put the same base as that in the tar-
get in the third position from the 3’ end of the primer [27].

To check the performance of the adapter and the speci-
ficity of allele-specific primers in ALM-ASA, each of the
allele-specific amplifications was carried out separately
using the universal primer and an allele-specific primer. For
the rare alleles, “mock” templates were generated artifi-
cially by PCR as described previously by Roberts and
coworkers [25]. All of the allele-specific amplifications gave
a single band with the expected size. The length of the PCR
products ranges from 62 to 1182 bp.

Optimization of the proportion of allele-specific primers

For typical multiplex PCRs, one of the problems is the
impaired amplification efficiency of different targets. Even if
the equimolar allele-specific primers were employed, ampli-
fication efficiency might change at a different locus due pri-
marily to the different annealing efficiency of allele-specific
primers [28].

The following simple protocol for optimizing the pro-
portions of each allele-specific primer was proposed. First,
perform a uniplex PCR amplification for a single locus
using the universal primer and an allele-specific primer.
Second, perform multiplex PCR using equimolar allele-spe-
cific primers of interest. Third, increase the amount of prim-
ers for the weak loci and decrease the amount of primers
for the strong loci simultaneously. Fourth, change the posi-
tion of the artificial mismatch base in the 3’ end of an allele-
specific primer to adjust the extension efficiency if
necessary. Finally, lengthen or shorten allele-specific prim-
ers to adjust the melting temperature if all of the above
strategies are not effective. As an example, we used this pro-
tocol to optimize the primer concentration in a 7-plex PCR
for typing SNP-1, -3, -7, -8, -9, -11, and -12. When pooling
all 7 wild-type-specific primers and the universal primer
together with the same concentration for multiplex amplifi-
cation, an uneven strength of each band was observed.
Based on the concentration of each amplified product in
multiplex PCR, the concentration of allele-specific primers

Tecan Ex. 2132, Page 4 of 9
QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00029



244 Multiplex SNP genotyping by ALM-ASA | W. Wang et al. | Anal. Biochem. 355 (2006) 240-248

were adjusted until uniform band strength was achieved. It
is concluded that only an adjustment in the concentration
of the related primers is possible to get a satisfactory result
in many cases.

Optimization of PCR conditions _for multiplex amplification

It is well known that the optimization of PCR condi-
tions, including annealing temperature, extension time, the
concentration of ANTP and Mg?*, DNA polymerase, and
additives, can result in improvement in the specificity or
yield of PCR amplification. When a universal primer is
used in ALM-ASA, only the melting temperature of the
allele-specific primer needs to be optimized through the

selection of a suitable primer length. In this study,
the annealing temperature varied from 50 to 62°C, and the
temperature of 55°C was compromised for all allele-spe-
cific amplifications.

By trying various concentrations of dNTP and MgCl, for
17-plex PCR, the optimal concentrations of dNTP and
MgCl, were determined as 0.2 and 1.5mM, respectively,
which are similar to the concentrations suggested in the pro-
tocol of a PCR reagent kit. We also tested various 7ag DNA
polymerases, including 7ag DNA polymerase (GeneBase,
Shanghai, China), Tag DNA polymerase (Promega, Madi-
son, WI, USA), AccuPrime Tag DNA polymerase (Invitro-
gen Life Technologies, Carlsbad, CA, USA), and Platinum
Tag DNA polymerase (Invitrogen Life Technologies), for the
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Fig. 2. Electrophoretogram of multiplex amplicons from 4-plex SNP typing (A), 7-plex SNP typing (B), 9-plex SNP typing (C), 10-plex SNP typing (D),
11-plex SNP typing (E), 13-plex SNP typing (F), 15-plex SNP typing (G) and 17-plex SNP typing (H1, H2). In each of panels A, B, C, D, E, F, and G, the
left lane represents wild-types, the middle lane represents mutants, and the right lane represents the DNA marker. In panel H1, the left lane represents the
DNA marker, the middle lane represents mutants, and the right lane represents wild-types. In panel H2, the left lane represents wild-types and the right
lane represents mutants. The genotypes of the sample are wild-type homozygotes for SNP-2, -3, -4, -5, -6, -8, -9, -10, -12, -13, -14, -15, -16, and -17 and het-
erozygotes for SNP-1, -7, and -11.
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ALM-ASA and found that all of the tested 7ag DNA poly-
merases except for GeneBase Tuq polymerase produced reli-
able and reproducible results under the same PCR conditions.

Multiplex allele-specific amplification

Multiplexing of allele-specific amplification was achieved
by using the universal primer and allele-specific primers. Each
allele-specific primer corresponded to a PCR product with a
specific length that was used to identify the polymorphic
locus. To type n SNPs by allele-specific amplifications, two
separate n-plex PCR reactions were required to type wild-
type and mutant, respectively. In either reaction, a mixture of
primers corresponding to either wild-type or mutant together
with the universal primer specific to the adapter was added.

Fig. 2 shows the gel electrophoretic profiles of allele-spe-
cific amplicons of 4-, 7-, 9-, 10-, 11-, 13-, 15-, and 17-plex
PCRs from both wild-type-specific reaction and mutant-
specific reaction. All of the bands are completely resolved
over a range between 62 and 1182 bp. It is found that the
band intensity for different targets is uniform except for
several shorter fragments (Fig. 2H2). If some short bands
are not recognizable, we can perform an additional short
DNA-specific gel electrophoresis for achieving a good reso-
lution of shorter fragments (Fig. 2H1).

Because the determination of an allele is based on the
appearance of an allele-specific band in the electrophoreto-

SNP-15 — [ Bt SNP-15
SNP-10 [oa—— SNP-16
S S —] SNP-10
Sé\]p:z — —— _——  — SNP-1

; S—— SNP-2
SNP-11 —RE ey v SNP-17
SNP-12 — [S——
SNP-13 R e
SNP-7 R —
SNP-§ — SHp
i — SNP-3
ShiE-Td - SNP-14
SNP-9 SNP-9
Bhl-a SNP-3
#hik<g SNP-6

Fig. 3. Electrophoretograms of amplicons from 15-plex SNP typing (lanes
1 and 2) and 17-plex SNP typing (lanes 3 and 4) using allele-specific
primer mixtures consisting of wild-type-specific primers with high allele
frequency and mutant-specific primers with low allele frequency in either
reaction. Lane 1: amplicons of 15-plex PCR using wild-type-specific prim-
ers of SNP-1,-6,-8, -9, -11, -13, -14, and -15 and mutant-specific primers of
SNP-2, -3, -4, -5, -7, -10, and -12; lane 2: amplicons of 15-plex PCR using
wild-type-specific primers of SNP-2, -3, -4, -5, -7, -10, and -12 and mutant-
specific primers of SNP-1, -6, -8, -9, -11,-13, -14, and -15; lane 3: amplicons
of 17-plex PCR using wild-type-specific primers of SNP-2, -6, -7, -8, -9, -10,
-11, -14, and -15 and mutant-specific primers of SNP-1, -3, -4,-5,-12,-13, -16,
and -17; lane 4: amplicons of 17-plex PCR using wild-type-specific prim-
ers of SNP-1,-3,-4,-5,-12,-13, -16, and -17 and mutant-specific primers of
SNP-2, -6, -7, -8, -9, -10, -11, -14, and -15. The genotypes of the sample are
the same as those in Fig. 2.

gram, the readout is easy when the distance between two
close bands is large enough (e.g., 4-plex SNP typing in Fig. 2).
On the other hand, the readout becomes difficult when an
electrophoretogram contains bands with similar lengths (e.g.,
17-plex SNP typing in Fig. 2). Therefore, the multiplex level
in ALM-ASA is limited by the capability and resolution of
gel electrophoresis. To increase the multiplex level while
keeping an accurate readout, a new strategy is proposed by
assigning different allele-specific primer combinations to each
allele-specific amplification reaction. For example, we can
mix primers having high allele frequency (usually wild-type)
with primers having low allele frequency (usually mutant) in
each reaction instead of adding solely wild-type-specific
primer or mutant-specific primer in one reaction. As shown
in Fig. 3, the gel electrophoretograms of amplicons by
15- and 17-plex PCR become much simpler than those in Fig. 2.

Because microchip-based electrophoresis has the advan-
tages of high speed and low consumption of DNA samples,
the separation of allele-specific amplicons with different
multiplex levels was also carried out on an Agilent BioAna-
lyzer 2100 with commercially available DNA 1000 assay
sizing reagent kits. Microchip-based electrophoretograms
of 4- and 7-plex PCR products are shown in Fig. 4. It is
very easy to determine the genotype by comparing the
peaks in the pair of electrophoretograms. All four wild-
type-specific peaks were observed in electrophoretogram la
in Fig. 4, and only one peak corresponding to the mutant of
SNP-1 was observed in electrophoretogram 1b in Fig. 4, so
the genotypes of SNP-1, -8, -9, and -12 were discriminated
as CT, TT, GG, and AA, respectively. Based on the peaks in
electrophoretograms 2a and 2b in Fig. 4, the genotypes of
SNP-1, -3, -7, -8, -9, -11, and -12 were identified as CT, GG,
GC, TT, GG, TC, and AA, respectively. These results coin-

1500 bp
15bp
3 5 7
la ! / LL
2b
I I I I I I I I ]
& &8 & 8 & 8 & 3 d 8 & 8 8 §

Time (s)

Fig. 4. Microchip electrophoretograms of amplicons from 4-plex SNP typ-
ing (la,1b) and 7-plex SNP typing (2a,2b). Electrophoretograms la and
2a represent the wild-type-specific amplicons, and electrophoretograms 1b
and 2b represent the mutant-specific amplicons. Peaks 1,2, 3,4, 5, 6, and 7
correspond to amplicons from SNP-9, -3, -8, -7, -12, -11, and -1, respec-
tively. The lengths of the lower internal standard and the upper internal
standard are 15 and 1500 bp, respectively.

Tecan Ex. 2132, Page 6 of 9

QIAGEN Sciences, LLC v. Tecan Genomics - IPR2025-00029



246

Table 2

Allele frequencies (%) of 17 SNPs in the CYP2D6 gene in a Chinese population
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SNP code Garcia-Barcelo et al. [29] Garcia-Barcelo et al. [30] Jietal [31] Jietal [32] Wang et al. [33] In the current study
SNP-1 64.71 48 51.6 513 70.0 57.1

SNP-2 0 NA NA NA NA 0

SNP-7 7.98 26 NA 2.0 NA 350

SNP-8 NA NA 0 0 NA 0

SNP-9 0 NA 0.2 0.2 0.8 0.7

SNP-11 NA NA NA NA NA 13.6

SNP-12 NA NA 0 0 NA 0

Note. NA, not available. SNP-2, -3, -4, -5, -6, -10, -13, -14, -15, -16, and -17 were not available, and the allele frequencies of them were zero in this study.

cide with those obtained by the PCR restriction fragment
length polymorphism (PCR-RFLP) method.

Genotyping of different genome samples with ALM-ASA
assay

To demonstrate the applicability of the ALM-ASA
method in clinical diagnosis, DNA samples from 70 indi-
viduals were employed for the test. All 17 SNPs were
typed in two reactions. As described previously, we can
select allele-specific primers in either reaction to simplify
electrophoretograms. However, for the large scale of
genotyping on genomic samples with many rare alleles, it
is much more convenient to analyze the results by two
lanes: wild-type and mutant. If no band appears in a
mutant lane, all of the SNPs are of the wild-type, and if
some bands appear in the mutant lane, we only need to
check whether or not there is another band existing in the
corresponding position of the wild-type lane. A heterozy-
gote sample should have two bands with the same size in
both lanes. If the frequencies of most mutants are much
lower, an electrophoretogram with a wild-type lane and a
mutant lane can be rapidly interpreted without any diffi-
culties. Frequencies of some alleles in a Chinese popula-
tion are similar to those reported in Refs. [29-33], as
shown in Table 2.

To examine the specificity and reliability of ALM—ASA in
genotyping, the same samples were also genotyped by both
Sanger’s sequencing and PCR-RFLP. The typing results of
the 17 SNPs by Sanger’s sequencing and PCR-RFLP (see
Table 1-s and Fig. 1-s in the supplementary material) for 20
samples accorded with those by ALM—-ASA. In addition, the
reproducibility of ALM—-ASA was investigated by determin-
ing 17 SNPs in 10 different genomic samples in triplicate, and
the reproducibility was as good as 100%.

Discussion

In this study, an improved method (ALM-ASA) with
n+1 primers for n-plex allele-specific PCRs in a single
tube was developed for multiplex SNP genotyping. We
found that ALM-ASA is very accurate and inexpensive
for SNP typing. At the moment, preamplification was
used to increase the sensitivity and specificity. If pream-
plification is not performed, the sensitivity becomes very
low and the specificity of allele-specific amplification is

very poor, although a large amount of genomic DNA was
used for SNP detection. In most cases, the sample amount
is very limited and low genome consumption is prefera-
ble. Preamplification gave a significant decrease in the
amount of genomic DNA used for SNP typing. However,
preamplification limits the selection of SNPs on different
genes because a preamplified PCR product has a size
restriction. Usually one gene contains many SNPs, and it
will not be a problem for ALM-ASA to type a large
number of SNPs on one gene. If SNPs are on different
genes, we can simply employ allele-specific PCR (amplifi-
cation refractory mutation system [ARMS]) for single-
plex SNP typing directly. Therefore ALM-ASA is very
suitable for typing multiple SNPs in several disease-
related genes.

Unlike uniplex PCR, a competitive amplification may
occur in multiplex PCR when a single template is shared for
multiple allele-specific amplifications. In the current study,
we did not find a serious interaction between allele-specific
primers complementary to a common template. By adjust-
ing the concentration of allele-specific primers in PCR mix-
tures, all of the loci sharing a digested fragment as the
template of PCR were successfully discriminated by the size
of the amplified products.

Because the readout of ALM-ASA is based on a gel-
based size separation of allele-specific PCR products on
electrophoresis, a prerequisite for multiplex SNP typing is
that the difference in length between each two SNP-spe-
cific amplicons should be larger than the resolution of gel
electrophoresis. The length of an allele-specific amplicon
is dependent on the distance between the location of an
SNP and the cutting site proximal to the SNP. Because the
location of an SNP is fixed, the only way to alter the
length of an amplicon is to select a different cutting site
created by a restriction enzyme. For an SNP, there are
two proximal cutting sites (upstream and downstream), so
there are two possible amplicons (usually with different
lengths) specific to an SNP. If an allele-specific amplicon
has a length similar to others, we can select the other one.
For n-plex SNP typing, it is easy to pick out n allele-spe-
cific amplicons, each with appropriate size, from 2n candi-
dates. If it is still impossible for all allele-specific primers
to yield appropriately sized PCR products, another endo-
nuclease can be employed because the location of a cut-
ting site relies on the type of a restriction enzyme. Usually
we can use a four-base class II restriction enzyme, Mbol,
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for a default because this enzyme recognizes the 5'-
GATC-3" sequence that has a moderate frequency in the
human genome. In this study, all of the 17 SNPs of inter-
est can be discriminated by the length of allele-specific
PCR products with the use of Mbol for the digestion. As a
general protocol, software may be beneficial for the selec-
tion of a suitable restriction enzyme for a random target
sequence.

The switching performance of the 3" end in the allele-
specific primer is perfect by coupling the introduction of
an artificial mismatch base in the 3’-terminal region of an
allele-specific primer with the adapter-specific universal
primer. It is relatively flexible to customize the ALM-
ASA system by selecting allele-specific oligonucleotides
according to the SNPs of interest and by simply mixing
various allele-specific primers with a universal primer to
create a multiplexed assay. SNP typing by ALM-ASA
does not need any special optimization step for PCR, and
a default condition can be applied for any SNP typing.
Also, it is not necessary to spend much time on primer
design. The only parameter that should be optimized is
the concentration of each allele-specific primer in the mul-
tiplex amplification reaction.

The time-consuming steps in ALM—ASA are preampli-
fication of long fragments containing SNPs of interest,
enzymatic digestion, and adapter ligation. However, all of
these steps can be operated in parallel. It is an easy job for
one person to type 17-plex SNPs in 96 genomic samples
within the working hours of 1 day. The throughput can be
facilitated by adapting the ALM—-ASA system to 384-well
plate, microplate array diagonal gel electrophoresis
(MADGE) [34], and automated sample handling devices.
The bottleneck of the typing throughput by the method is
the capability of gel electrophoresis. When a 768- or 384-
well microplate gel [35] is coupled with ALM-ASA for
separating amplicons, the throughput will be increased
significantly. Compared with chip-based platforms, such
as the Affymetrix Gene Chip System [36] and the Illumina
Golden Gate Assay [37], the throughput of ALM-ASA is
much lower, but it is not necessary to use such expensive
platforms for routine diagnostic tests in hospitals. There-
fore, ALM-ASA is complementary to these high-through-
put systems. Moreover, ALM-ASA can be extended to
DNA diagnosis by simultaneously amplifying DNA frag-
ments specific to different types of a microbe.
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