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Adapter-ligation Mediated Allele-specific Amplification
(ALM-ASA) for Multiplex SNP Genotyping
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(1. Department of Analytical Chemistry , China Pharmaceutical University , Nanjing 210038, China ;
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Abstract : To establish adapter-ligation mediated allele-specific amplification (“ALM-ASA” for short) for multiplex SNP
genotyping, five SNPs, 100C>T, 1661G>C, 1758G>T, 2470T>C and 2850C>T in CYP2D6 gene were used as
an example for evaluating the method. Firstly, a preamplification was carried out for producing a long target containing
all SNPs of interest. Secondly. the preamplified DNA fragments were digested with a restriction endonuclease to form
sticky ends. Thirdly, an adapter was ligated to either end of the digested fragment. One end of the adapter was de-
signed as a sequence sticky to the ends of the enzymatically digested fragments, and the other end had a common se-
quence. Fourthly, an allele-specific amplification was performed by allele-specific primers and a universal primer in
one tube by using the adapter-ligated fragments as templates. Finally, the allele-specific amplification products were

separated by agarose gel electrophoresis. Because each tube corresponds to one kind of allele-specific primers. the
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genotype of an SNP can be easily discriminated by the length of the amplified products in each tube. The products of 5-

plex allele-specific amplification can be separated by agarose gel electrophoresis. Five SNPs in the CYP2D6 gene

were successfully typed for 20 healthy Mainland Chinese and the results were in agreement with those by RFLP. By

ALM-ASA, n+ 1 primers (n SNP allele-specific primers and a universal primer) can be used for an n-plex PCR amplifi-

cation; the specificity of PCR is thus enhanced significantly. It is concluded that ALM-ASA can be used for typing multi-

ple SNPs simultaneously.
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30 s,70C 3 min, 35 ;
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Tag DNA ( TaKaRa Biotechnology . 100 Vv, 15min) ,
(Dalian) Co., Ltd.);PCR ( o
.PAGE ); N 2 . o 1 uL 1
(EB) Sangong ; . Mbo 1 (TaKaRa Bio-
GeneRuler™ 100 bp DNA Ladder plus (80 ~ 1 031 technology (Dalian) Co. . Ltd.) 10 U,
bp, 100 ~ 3 000), MBI . PTC-225 PCR (10 H1 L, 10 uL, 37T
(MJ Research, Inc., Massachusetts, USA); POW- 2 h, 70C 15 min, .
ER PAC1000 (Bio-Rad Laboratories, Inc. , DNA ( adp-1:5"-ccccact-
CA, USA) ; GeneGenius (SYNGENE, tcttgttctctcatcaggegeatcactcg-3° adp-3: 5’ -gatc-
Co., Ltd. , Cambridge, UK) ; Gene Spec llI cgagtgatgcgctaag-3° 50 pmol ) s
(Naka Instruments, Co., Ltd., To- (10 )5 uL.T4 DNA (TaKaRa Bio-
kyo, Japan), technology (Dalian) Co., Ltd.)50 U, 50 uL.
2.2 DNA 16C 2 h, 4T .
EDTA 20 1 mL, 3 . PCR . 25 L
/ DNA., TE ( ,
(10 mmol/L Tris-HCI, 1 mmol/L EDTA, pH 8.0)50 ; 1 40 pmol

1 CYP2D6 5 SNP
Table 1

Sequences of allele-specific primers used for typing five SNPs in CYP2D6 gene and the

corresponding length of allele-specific amplification products

SNPa Primer code Primer sequence (5'—>3")° Tm (C)H° Product length(bp)¢
100C>T 100C(T) CGCTGGGCTGCACGCTCC(T) 66.6(64.5) 704
1661G>C 1661G(C) GCAGAGGCGCTTCTCCcTG(C) 64.5(64.5) 293
1758G>T 1758G(T) GCCTTCGCCAACCACTQCG(T) 64.5(62.3) 196
2470T>C 2470T(C) TGTCCCCGTCCTCCTGgAT(C) 62.3(64.5) 515
2850C>T 2850C(T) CTTCAATGATGAGAACCaGC(T) 62.6(62.9) 140
a: SNP http: //www. imm. ki. se/CYPalleles/CYP2D6. htm;b 3 SNP

35C:

3d:

a: All SNPs are derived from the public domain Chttp://www.imm.Kki. se/CYPalleles/CYP2D6. htm) ; b:The capital letters (in bold) in the 3-

terminus of the primer represent the base specific to the SNP type, and the lowercases represent the artificially mismatched base; c: The number in

the brackets represents melting temperature of the mutant-specific primer; d:This column represents the length of allele-specific PCR products.
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o . 3ub 2.0% :94C 3 min; 94T 20 s,
(1 X TAE , 58C 30 s.72TC 30 s, 30 ;
100 Vv, 15 min) , 72C 7 min o s
. 5uL, (10 H2 L,
4 DNA 10 U, 20 yL, 37T
° 3 ° 10 UL, 2.5%
s SNP (1 XTAE s 100 Vv,
(W/W); 15 m|n)9 D) DNA
, SNP SNP 0
RFLP 1 SNP PCR .
Table 2 Primer sequences, restriction enzymes and the length of enzymatically
digested fragments for typing SNPs in Table 1 by PCR-RFLP
Fragment length (bp)®
SNP Restriction enzyme PCR primer sequences (5"—>3")2
Wild-type Mutant
100F: TCAACACAGCAGGTTCACTCACAGCA
100C>T Hph 1 433 262/171
100R: CTGTGGTTTCACCCACCATCCAT
1661F: CTAATGCCTTCATGGCCAC
1661G>C BsmA 1 145 103/42
1661R: CTGCTCCAGCGACTTCTTG
1758F . TGGGCAAGAAGTCGCTGGAGCAG
1758G>T Msp 1 73/79 152
1758R: AGATGCGGGTAAGGGGTCGCCTT
2470F . ACTTGGTGAGGTCAGTGGT
2470T>C Fok 1 225 141/84
2470R: TTAGCAGCTCATCCAGCTG
2850F : TTGAGCGTCCCAGGAGGAATG
2850C>T Hha 1 195/97 292
2D6-RP: CTGCACATCCGGATGTAGGATC
a:F R ;b . PCR

a:F and R represent forward and reverse primer, respectively; b:The two numbers separated by a virgule represent the sizes of two fragments

digested with the enzyme listed in the second column. The single number means the size of the PCR fragment amplified by the primers listed in the

third column.
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Fig.3 The gel electrophoretogram of

2 DMSO PCR ) .
16 : 10.0.5.0.2. 5. PCR products from single SNP typing
1.0.0.5.0 mol/LsM  markers7~ 12 with each of allele-specific primers
DMSO : 10,7.5.5.0,2.0,1.0.0%., and the universal primer

1:100C, 2:100T, 3:1661G, 4:1661C, 5:1758G,
6:1758T, 7:2470T, 8.:2470C, 9:2850C, 10.:2850T.

Fig.2 Effect of DMSO and betaine on the
preamplification of a long fragment
1~6: PCR with the following betaine concentrations:
10.0, 5.0, 2.5, 1.0, 0.5 and 0 mol/L; M, GeneRuler TM
100 bp DNA Ladder plus (100~3 000 bp); 7~12. PCR with the ’ ’
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Fig.4 Effect of the concentration of an allele-specific
primer on other PCR with the same template
The concentration ratio of primer 1661G to primer
1758G is 1/1, 1/2, 1/5 and 1/10 for lanes 1~4,
and the concentration ratio of primer 1661C
to primer 1758T is 1/1, 1/2, 1/5 and 1/10

for lanes 5~8, respectively.
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Fig.5 Agarose gel electrophoretograms of
5-plex genotyping of 4 typical genomic samples
Each pair of lanes contains the products from wild

type primers (left lane) and mutant primers (right lane) .
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