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ABSTRACT Cardiovascular diseases (CVD) are worldwide threat to human health, resulting in the highest mortality
among all causes of death. The effect of therapeutic medicines for CVD varies greatly among people because of
their different genetic background. In order to evaluate the necessity of having genetic testing before taking
medicines in CVD patients, 19 SNPs influencing the metabolism of frequently-used anti-CVD drugs were selected
and detected in 237 CVD patients by PCR-LDR method. The results showed that the genotypic distribution of most
SNPs met the Hardy—Weinberg principle. The allelic distribution of the SNPs in the tested samples was similar to
that in Chinese population. 78 percent of these patients carried at least one allele that affected the efficacy of the
medicines. The accuracy of the PCR-LDR detection for the clinical samples was comparable to that of Sanger
sequencing, and with higher multiplexity and lower cost.

INTRODUCTION

Cardiovascular diseases (CVD) refer to is-
chemic or hemorrhagic diseases in the heart
(sometimes brain) caused by hyperlipidemia,
blood viscosity, atherosclerosis and hyperten-
sion etc. CVD are worldwide threat to human
health, resulting in the highest mortality among
all causes of death. In China, about 270 million
people suffer from CV D, and the death rate was
309.33/100,000intherurd and 265.11/100,000in
the urban area of China, representing above 43
percent of total mortality in 2016 (Hu et al. 2019).
Thecommon clinical medicinesfor CVD include
Aspirin, Clopidogrel, Warfarin, Nitroglycerin and
Statins. However, the same medicine may have
distinct effects on different patients, partly be-
cause of their different genetic background. The
genesof COX-1,GPII b/ 1T a CYP2C19, CY P2C9,
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VKORC1, ALDH2 have been reported to play a
role in the absorption, distribution, metabolism
and excretion of these medicines, and thesingle
nucleotide polymorphisms (SNPs) on these
genes affecting their functions have been
disclosed.

Warfarinisthe most widely-used anticoagu-
lantsin clinic, whileit causes bleeding and em-
bolismin some people (Cooper et a. 2008). The
polymorphisms on the gene of VKORCI and
CY P2C9 arethe main genetic factorsthat influ-
encetheindividual differencesintreatment dose
of warfarin (Rost et al. 2005). CY P2C9ishighly
genetic polymorphic, its two main mutant ver-
sionsare CY P2C9'2 and CY P2C9 3, which code
the enzymes with activities 30 and 80 percent
lower than thewild type CY P2C91, respective-
ly. Several SNPson VKORC1were found to be
related to individual differencein dose, two com-
monversionsare 1173C >T and 3730G >A. The
effective dosefor peoplewith 1173CC (6.2 mg/
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d) is much higher than those with 1173TT (4.8
mg/d) (Yuan et al. 2005).

Clopidogrel is an antiplatelet agent. Clopi-
dogrel is used in patients with acute coronary
syndrome (ACS) and percutaneous coronary
stent implantation for if reducestherisk of myo-
cardia infarction (MI) and stroke in these pa-
tients (Plosker et al. 2007). Clinical researchindi-
cated that some patients were Clopidogrel poor
metabolizers as they had no enzymatic activity
to activate Clopidogrel viathe CYP2C19 path-
way, therefore the drug had no effect. Approxi-
mately 14 percent of Chinese peopleare CY P2C19
poor metabolizers. CYP2C19'2,°3,4,’5,"7,"8 are
the mutant version of CY P2C19 that account for
thelower activity of theenzyme, CYP2C19°'17is
the only mutant with increased function (Frére
et al. 2009; Pettersen et al. 2011; Tantry et a.
2011).

Aspirinresistanceisusual in CVD patients,
which raises the risk of acute myocardial is-
chemia (ACS) and cardiovascular ischemia.
Mutationson GPbITaPLA2, PEAR1 and PTGS1
genes arerelated to Aspirin resistance (Li et al.
2014; Varenhorst et a. 2015; Li et a. 2016; Liu et
al. 2016; Peng et a. 2016). The metabolism of
nitroglycerin relies on ALDH2 (Aldehyde De-
hydrogenase 1), which helps to transfer nitro-
glycerinto Nitric Oxide. An SNP(G1510A) onits
coding region reduces the activity of the en-
zymesignificantly, andthe SNPcarriersare main-
ly distributed in East Asiaincluding Chinaythey
are not suitable for taking nitroglycerin in the
caseof anginapectoris(Zhang et al. 2013). More-
over, SNPson thegeneof SLCO1B1 (rs4149056)
and APOE (rs429358 and rs7412) influence the
metabolism of statin.

With increasing attention paid to the indi-
vidualized medication in clinic, various tech-
nigques have been used in clinical diagnosis for
SNPs. DNA sequencing, Tagman PCR and Re-
striction Fragment Length Polymorphism (RFLP)
used to be golden standard in traditional SNP
typing (Zhang et al. 2016). Allele-specific PCR,
molecular beacon and minisequencing (Seque-
nom) make SNP typing more accessibleand pop-
ular. However, these methodologies have dis-
tinct sensitivity, specificity and multiplexity, as
well as cost based on their respective princi-
ples. Tagman PCR and molecular beacon are of
satisfactory specificity, but limited multiplexity.
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The complicated procedure of RFLP makes it
tedious and time-consuming though it's cost
effective and can be manipulated in routine lab-
oratory. SNP typing can also be accomplished
by special instrument, such as Sequenom, which
is based on the technology of primer extension
and mass spectrometry. Sequenom can provide
satisfactory accuracy and multiplexity, but its
application is limited by expensive instrument
and consumables.

PCR-LDR (ligase detection reaction) is an
ideal solution for mediathroughput SNPtyping
(Li et al. 2009). Ligase-based technologiesrely
on the capacity of DNA ligaseto discriminate a
single nucleotide difference. A pair of DNA
probes is ligated if they are complementary at
the ligation site (SNP locus) to the PCR ampli-
cons. The LDR reaction can be multiplexed by
designing probes with different length for dis-
tinct loci. Thefluorescence-labeled products can
be easily separated and identified on aDNA se-
guencer. PCR-LDR is convenient to test tens of
SNPs in a single tube with relatively low cost,
that's why it was widely used in detecting the
polymorphism of several loci related to one or
two diseases or phenotypesin hundreds of sub-
jects(Cai et al. 2019; Wu et al. 2019; Zhang et al.
2019). Multiplex PCR-LDR can be an appropri-
ate option in testing a panel of SNPs related to
clinical medicationsfor CVD.

METHODOLOGY
SampleCollection and DNA Preparation

237 blood samples were collected from the
patients cameto Songjiang Central Hospital for
treatment because of cardiovascular diseases
including hypertension, Coronary heart disease,
chronic heart failure, Hyperlipidemiaor miocar-
dial infarction, etc. The information of the pa-
tients is listed in Table 1. The patients were
drawn 2ml of venousblood fromtheir arms, and
were informed that their blood would be used
for research besides normal inspection. The
blood sample was collected by using ethylene
diaminetetraacetic acid (EDTA) tubesand then
stored in a-80°C freezer for further investiga-
tion. This study was approved by the Ethics
Committee of Shanghai Songjiang Central Hos-
pital and every patient included signed written
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Table 1: The age and gender of the sampling patients

Subjects Male/female Oldest(y) Youngest(y) 50~59(y) 60~69(y) 70~79(y) 80~89(y) 90~100(y)
Number 106/131 98 53 10 105 71 48 3
consent. 200 uL blood was used to extract DNA PCR

using an Axygen DNA Extraction Kit according
to the manufacturer’sinstruction. The quality of
the DNA was checked by 0.8 percent agarose
electrophoresis and the concentration was esti-
mated by the value of OD260/280.

19 SNPs related to the metabolism of anti-
CVD medicinesarelistedin Table2. PCR primers
for each SNPlocus are listed in Table 3. Nine-
teen pairs of primers were divided into two

Table 2: 19 SNPs related to the metabolism of anti-CDD medicines

Application Medicine Gene S\P ID Alleles
antithrombosis Clopidogrel CYP2C19'2 rs4244285 G>A
CYP2C19'3 rs4986893 G>A
CYP2C19'17 rs12248560 C>T
Aspirin GPma PLA2 rs5918 T>C
PEAR1 rs12041331 G>A
PTGS1 rs10306114 A>G
Warfarin CYP2C9 "3 rs1057910 A>C
VKORC1 rs9923231 G>A
CYP4F2'3 rs2108622 T>C
antiangina Nitroglycerin ALDH2 rs671 G>A
lowering blood lipid statin SLCO1B1 rs4149056 T>C
APOE rs429358 T>C
APOE rs7412 C>T
antiarrhythmia Beta blockerymetoprolol CYP2D6°10 rs1065852 C>T
anti-hypertension Beta blockerymetoprolol CYP2D6"10 rs1065852 C>T
ADRB1 rs1801253 G
ACE inhibitor ACE rs4343 G>A
Calcium antagonist CYP3A5 rs776746 T>C
Diuretic/ Calcium antagonist NPPA rs5065 T>C
Angiotensin 11 AGTR1 rs5186 A>C
Receptor antagonist CYP2C9 "3 rs1057910 A>C
Table 3: Primers for PCR amplification of the 19 SNP loci
SNP ID f_primer r_primer
rs4149056 TGTTTAAAATGAAACACTCTC ATGTAAGAAAGCCCCAATGG
rs12248560 TTGGAAGTTGTTTTGTTTTGC AGGTCTTCTGATGCCCATCG
rs4986893 AGCAATTTCTTAACTTGATGG CTGTAAGTGGTTTCTCAGG
rs10306114 CAGCCCTGGAATCTGAGTTC CCATCCCAGAGGGTGGTTG
rs4343 GCTAAGGGCTGGAGCTCAAG AAAACTGGAGGATGGCTCTC
rs5186 GACATGTTCGAAACCTGTCC TCGGTTCAGTCCACATAATGC
rs4244285 ACCAGAGCTTGGCATATTGTATC ATATCACTTTCCATAAAAGCAAGG
rs1057910 CAGGAGCCACATGCCCTAC AACAAACTTACCTTGGGAATG
rs776746 ACCACCCAGCTTAACGAATG CACACAGGAGCCACCCAAG
rs2108622 TCCTCTAGGAGCCTTGGAATG TGACTGCTCCCTTCTCTCCC
rs429358 GGGCACGGCTGTCCAAGGAG CAGCTCCTCGGTGCTCTGGC
rs671 TGGTGGCTACAAGATGTCGG CCACCAGCAGACCCTCAAG
rs5918 CTGCAGGAGGTAGAGAGTCG GGGCACAGTTATCCTTCAGC
rs7412 CGCCTCGCCTCCCACCTGC CCAGGCGCTCGCGGATGGC
rs9923231 TGACCTCAAGTGATCCACCC CCTCTGGGAAGTCAAGCAAG
rs5065 GACAGGAGCCTCTTGCAGTC GACTTTTCCAGGACAGCCAG
rs1801253 TCTTCAACTGGCTGGGCTAC GTCTCCGTGGGTCGCGTGGC
rs1065852 TAGTGGCCATCTTCCTGCTC TCTGGAAGTCCACATGCAGC
rs12041331 AGGTGAGGGGTTATCCTATGC TTCCTGGTGGACAAGAGGATC
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groups. Primers in the same group were mixed
together for multiplex PCR. Group 1 contained
primers for 10 SNPs (rs4149056, rs12248560,
rs4986893, rs1 0306114, rsA343, rs5186, rsA244285,
rs1057910, rs776746, rs2108622), and group 2 for
9(rs429358, rs671, rs5918, rs7412, rs9923231,
rsb065, rs1801253, rs1065852, rs12041331).15 ul
PCR mixture contained 1.5mM MgCl,, 0.2mM
eachdNTR, 2 ul of primer mix, 2ul DNA template,
1U of HotStar Taq polymerase (TakaraCo. LTD).
PCR cycling conditionswere: 10 min of denatur-
ationa 95°C, 40cydesof 30sa 95°C, Msa 56 °C,1
minat 74 °C, and afinal 10 min extension step at
72 °C, 10 min at 98 °C to denature the Taq
polymerase.

LDR

LDR probes are listed in Table 4. For each
SNP site, three probes were provided: one was
the modify probe and the others were discrimi-
nating probesfor thetwo different alleles. Mod-
ify probe was composed of three parts: comple-
mentary sequence to the target region, stuffing
sequence with variable length and universal se-
guence for ligating to a Fam labeled universal
probe templated by a universal template. Dis-
criminating probes differed in thelength and the
last nucleotide complementary to the different
alleles. The probes for each SNP locus were
grouped according to the multiplex PCR group-
ing mentioned above. The oligonucleotides for
L DR weremixed together at theratio as. discrim-
inating probe (Allele 1): discriminating probe
(Allele 2): modify probe: universal probe: uni-
versal template=1: 1: 2: n: n (n referred to the
number of SNPstested in the samereaction, ex:
for groupl, n=10).

LDRwascarried outin 5 pl reaction mixture
consisting of 20 mM Tris-HCI (pH 8.5), 5 mM
MgCl,, 100mM KCl,20mM DTT, 1mM NAD+,
1 U of Taq DNA ligase (New England Biolabs,
USA) with 2ul probe mixture and 2 ul of PCR
product. The reaction program was performed
asfollows: aninitial heating at 94 °C for 2 min,
followed by 30 cyclesof 15sat 94 °C and 25s at
50°C.

The LDR products were loaded on ABI
3730XL sequencing instrument (Applied Biosys-
tems Incorporation, USA) and el ectrophoresed
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with 3 KV for 30 minutes and the data analysis
was conducted using GeneMapper software,
version 3.3 (Applied Biosystems Incorporation,
USA).

RESULTS
M ethod A ssessment

In order to do the genotyping for 19 SNPs
simultaneously, probesfor LDR detection were
designed with different lengths. Probes for the
same locus differed in 2nt, and those for differ-
ent locus differed in at least 3 nt. The results
showed that 19 SNPloci can beclarified clearly
inasinglelane at onetime (Fig. 1). 3 SNP loci
(rs1057910, rs776746 and rs4244285) were
checked by Sanger sequencing in 8 samples,
and the results confirmed those from the PCR-
LDR detection (Fig. 2).

TheGenotypesof the19 SNPin Clinical
SamplesDetected by PCR-LDR

237 patientsincluded in thisresearch all ac-
cepted antithrombotic therapy. The genotypic
distributions, alelic frequencies of 19 SNPsin
all subjects were listed and compared with the
datafrom public databases, the genotype distri-
bution of 17 SNPs except for rs4343 and
rs2108622 met the Hardy-Weinberg principle
(p<0.05) (Table 5). The results showed that the
genotypic distribution in the patients was simi-
lar to that of thelarge population. However, only
22 percent people had no variations affecting
drug metabolism, 78 percent people carried at
|east one variation: 99 people were affected by
one variation, representing 42 percent; another
25 percent people had 2 SNPs, and 3 people car-
ried as many asfour variations (Table 6).

DISCUSSION

Theresearchersapplied PCR-LDR to do the
genotyping for 19 SNPs, grouping them into two
panels. Each panel can be detected by multiplex
PCRand LDRinonetube. Both specific (discrim-
inating probe) and universal (modify probe) LDR
probeswere applied inthe multiplesL DR detec-
tion, and a universal ligation template was used
to help the ligation of the two kind of probes.
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Table 4: LDR probes

SNP ID Sequence Length Product
length

rs4149056_modify CATATATCCACATGTATGACTITTCGCAAACCTGTACTC 38

rs4149056_C TACGAAGCATATTACCCATGAACG 24 77

rs4149056_T TTTACGAAGCATATTACCCATGAACA 26 79

rs12248560_modify CTTTGAGAACAGAAGACACATTTTTTCGCAAACCTGTACTC 41

rs12248560_C TTTCATTATCTCTTACATCAGAGATG 26 82

rs12248560_T TTTTTCATTATCTCTTACATCAGAGATA 28 84

rs4986893_modify CAGGGGGTGCTTACAATCCTITTITTTTTITTCGCAAACCTGTACTC 44

rs4986893_A TTTTTAAAAACTTGGCCTTACCTGGATT 28 87

rs4986893_G TTTTTTTAAAAACTTGGCCTTACCTGGATC 30 89

rs10306114_modify CCAGCATGTAGTAGGTGCTCITITTTITTTITTITCG 47

CAAACCTGTACTC

rs10306114_A TTTTTTTACACAAATCTCCTGGTGCAGTGT 30 92

rs10306114_G TTTTTTTTTACACAAATCTCCTGGTGCAGTGC 32 94

rs4343R_modify TCCCGGAAATATGAAGACCITTITTTTTTTTTTTTT 50
CGCAAACCTGTACTC

rs4343R_C TTTTTTTTTATCTGACGAATGTGATGGCCACG 32 97

rs4343R_T TTTTTTTTTTTATCTGACGAATGTGATGGCCACA 34 99

rs5186_modify GCTCATTTGGTAGTGAAGTGITTITTTTTTTTTTTTTTT 53
CGCAAACCTGTACTC

rs5186_A TTTTTTTTTTTTTCAATTCTGAAAAGTAGCTAAT 34 102

rs5186_C TTTTTTTTTTTTTTTCAATTCTGAAAAGTAGCTAAG 36 104

rs4244285_modify GGGAAATAATCAATGATAGTITTTITTTTITTTTTTTTTTTTITT 56
CGCAAACCTGTACTC

rs4244285 A TTTTTTTTTTTTTTAAGTAATTTGTTATGGGTTCCT 36 107

rs4244285_G TTTTTTTTTTTTTTTTAAGTAATTTGTTATGGGTTCCC 38 109

rs1057910_modify GTATCTCTGGACCTCGTGCATTTTTTTTTTTTTTTTTTT 59
TTTTTCGC AAACCTGTACTC

rs1057910_A TTTTTTTTTTTTTTTAGGCTGGTGGGGAGAAGGTCAAT 38 112

rs1057910_C TTTTTTTTTTTTTTTTTAGGCTGGTGGGGAGAAGGTCAAG 40 114

rs776746_modify TGAAAGACAAAAGAGCTCTITTITTTTTTTTTTTTTTTTTT 59
TTTTTCG CAAACCTGTACTC

1s776746_A TTTTTTTTTTTTTTTTTTTTTGGTCCAAACAGGGAA 43 117
GAGATAT

1s776746_G TTTTTTTITTTTTTTTTTTTTTTTGGTCCAAACAGGGA
AGAGATAC 45 119

rs2108622_ modify TGTGGCCGGACCCTGAGGTGTTTTTTTTTTTTTTTTT 59 0
TTTTTTTCGCAAACCTGTACTC

rs2108622 _C TTTTTTTTTTTTTTTTTTTTTTTCGGAACCCAT 46 120
CACAACCCAGCTG

rs2108622_ T TTTTTTTTTTTTTTTTTTTTTTTTTCGGAACCCAT 48 122
CACAACCCAGCTA

rs429358_modify CACGTCCTCCATGTCCGCGCCCAGCTITTTTTTTTCGCAAA 59
CCTGTACTCGCATCACTCA

rs429358 _C GTACTGCACCAGGCGGCCGCG 21 150

rs429358_T TTGTACTGCACCAGGCGGCCGCA 23 152

rs671R_modify AAGTGAAAACTGTGAGTGTGGGACCTITITTTTTTT 59
CGCAAACCTGTACTCGCATCACTCA

rs671R_C TTTTACGGGCTGCAGGCATACACTG 25 154

rs671R_T TTTTTTACGGGCTGCAGGCATACACTA 27 156

rs5918R_modify GGGCTCACCTCGCTGTGACCTGAAGTITTTT
TTTTCGCAAACCTGTACTCGCATCACTCA 59

rs5918R_A TTTTCTCCTGTCTTACAGGCCCTGCCTCT 29 158

rs5918R_G TTTTTTCTCCTGTCTTACAGGCCCTGCCTCC 31 160

rs7412R_modify GCCTGGCAGTGTACCAGGCCGGGGCTITTTTTTTTCGCAAA 59
CCTGTACTCGCATCACTCA

rs7412R_A TTTTTTTTTTTTATGCCGATGACCTGCAGAAGT 33 162

1s7412R_G TTTTTTTTTTTTTTATGCCGATGACCTGCAGAAGC 35 164

Int J Hum Genet, 20(1): 1-10 (2020)
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SNP ID Sequence Length Product
length

rs9923231_modify GGTGCGGTGGCTCACGCCTATAATCITTTTTITTTC 59
GCAAACCTGTACTCGCATCACTCA

rs9923231 C TTTTTTTTTTTTAGACCTGAAAAACAACCATTGGCCG 37 166

rs9923231_ T TTTTTTTTTTTTTTAGACCTGAAAAACAACCATTGGCCA 39 168

rs5065_modify GAAGATAACAGCCAGGGAGGACAAGTITTTTTTTT
CGCAAACCTGTACTCGCATCACTCA 59

rs5065_A TTTTTTTTTTTTTTTTATGTCTGTGTTCTCTTTGCAGTACT 41 170

rs5065_G TTTTTTTTTTTTTTTTTTATGTCTGTGTTCTCTTTGCAGTACC 43 172

rs1801253_modify CTGGAAGGCCTTGCGGAAGTCGGGGTITITTTITTTITCG 59
CAAACCTGTACTCGCATCACTCA

rs1801253_C TTTTTTTTTTTTTTTTTTTTCCCTGCGCGCGCAGCA 45 174
GAGCAGTCG

rs1801253_G TTTTTTTTTTTTTTTTTTTTTTCCCTGCGCGCGCAG 47 176
CAGAGCAGTCC

rs1065852_modify GTAGCGTGCAGCCCAGCGTTGGCGCTTITTTITTTITCGCAAA 59
CCTGTACTCGCATCACTCA

rs1065852_C TTTTTTTTTTTTTTTTTTTTTTTTCGGGCAGTGGCA 49 178
GGGGGCCTGGTGG

rs1065852 T TTTTTTTTTTTTTTTTTTTTTTTTTTCGGGCAGTGGC 51 180
AGGGGGCCTGGTGA

rs12041331 _modify GGAAGTGAGACAGCAGAAGGGACTTTITTTTTTTT 59
CGCAAACCTGTACTCGCATCACTCA

rs12041331_A TTTTTTTTTTTTTTTTTTTTTTTTTTTTATAGAAAGCA
GAGAGTAAGGGTGAT 53 182

rs12041331_G TTTTTTTTTTTTTTTTTTTTTTTTTTTTTTATAGAAAGCA 55 184
GAGAGTAAGGGTGAC

Italic letters refer to the sequence complementary to the universal ligation template; underlined
letters refer to the stuffing sequence; and the letters in bold refer to the SNP to be detected.

Probes with different length were designed
to clarify different allele of a single SNP, as well
as different locus. The stuffing sequence could
be included in either modify probe or discrimi-
nating probe to widen the range of detection.
Only one probe needs to be fluorescent labeled
as it can be integrated in all of the LDR prod-
ucts. Comparing with labeling discriminating
probe for every SNP, this method is much more
economic. The results of this study showed that
the accuracy of PCR-LDR detection is compara-
ble to that of Sanger sequencing, while with high-
er multiplexity and lower cost. PCR-LDR method
is an efficient clinical detection tool with median
multiplex and low cost. Cai et al. (2019) detected
eight SNPs on Complement C3 gene in 1017 sub-
jects by using PCR-LDR method, and conclud-
ed that C3 gene polymorphisms were associat-
ed with the lipid levels, but not Coronary artery
disease susceptibility in Chinese population.
Multiplex LDR was also used in genotyping the
polymorphisms on the genes of interferon gam-
ma (IFNG) and IFNG receptor 1 (IFNGR1), six
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SNPs were detected in 565 subjects (Wu et al.
2019).

Clinical treatment has entered in the preci-
sion medicine era, after the successful applica-
tion in oncology and cystic fibrosis diagnosis
and treatment, precision medicine is playing an
increasingly important role in the treatment of
cardiovascular diseases (Dainis et al. 2018). Take
warfarin as an example, Pirmohamed et al. (2013)
reported that genetic testing in warfarin dosing
decisions significantly increased the amount of
time patients spent in a therapeutic indicator
range. A research in Asian patients showed that
genotype-guided warfarin dosing group required
fewer dose titrations during the first 2 weeks (Syn
et al. 2018). The researchers tested 237 people
for their genotype of 19 SNPs affecting the me-
tabolism of anti-CVD medicines. Most of the
patients needed this kind of detection to guide
their medicine selection, as 78 percent of them
carried at least one related allele of these SNPs.
Gene testing before medication can be helpful
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Table 5: The genotype distribution of 19 SNPs in 237 samples

SNP Genotype/Allele Number (%) +2 p value Percentage in
Chinese people
rs4244285 AA 16(6.7) 2.914844 0.086 6.8
AG 111(46.8) 43.2
GG 110((46.4) 50.0
rs4986893 AG 29(12.2) 1.004181 0.316 0.05
GG 208(87.8) 99.95
rs12248560 cC 235(99.1) 0.004273 0.948 99.6
CT 2(0.9) 0.4
rs5918 CT 2(0.9) 0.004273 0.948 2.4
TT 235(99.1) 97.6
rs12041331 AA 38(16.0) 1.077067 0.264 17
AG 124(52.3) 61.0
GG 75(31.7) 22.0
rs10306114 AA 237(100) 0 1.000 100.0
AG+GG 0 0
rs1057910 AA 221(93.2) 0.289906 0.590 87.8
AC 16(6.8) 12.2
rs2108622 CcC 132(55.7) 12.10064 0.000 61.0
CT 31(13.1) 36.6
TT 74(31.2) 2.4
rs9923231 cC 2(0.8) 0.098241 0.759 0
CT 44(18.6) 9.8
TT 191(80.6) 90.2
rs671 AA 8(3.4) 0.103667 0.758 24.4
AG 75(31.6) 17.1
GG 154(65.0) 80.5
rs4149056 cC 1(0.4) 3.722431 0.05 0
CT 64(27.0) 29.3
TT 172(72.6) 70.7
rs429358 cC 5(2.1) 0.043693 0.826 0
CT 56(23.6) 2.3
TT 176(74.3) 97.7
rs7412 cC 195(82.3) 0.483098 0.454 75.6
CT 41(17.3) 24.4
TT 1(0.4) 0
rs1065852 CcC 65(27.4) 0.265774 0.568 26.1
CT 114(48.1) 56.5
TT 58(24.5) 17.4
rs1801253 CcC 124(52.3) 0.042166 0.787 74.4
cG 96(40.5) 20.9
GG 17(7.2) 4.7
rs4343 AA 116(49.0) 11.97911 0.001 61.0
AG 83(35.0) 26.8
GG 38(16.0) 12.2
rs776746 AA 24(10.1) 1.433402 0.184 7.5
AG 89(37.6) 375
GG 124(52.3) 55.0
rs5065 AA 237(100) 0 1.000 97.7
AG 0 2.3
rs5186 AA 214(90.3) 0.277404 0.596 51.3"
AC 22(9.3) 40.9
CcC 1(0.4) 7.8

. Ensemble waston
" CASAgilent
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rs 4244285

Fig. 2. Sanger sequencing for rs1057910, rs776746 and rs4244285 from 8 samples

Table 6: The allelic distribution of the 19 SNPs in 237 samples

Number of SNPs carried by each patient 0 1 2 3 4
Number of patients 52 99 60 23 3
Percentage (%) 21.9 41.7 25.3 9.7 1.2
to guide these CVD patients and their doctors REFERENCES

to choose medicines to avoid side effect and
reduce economic burden caused by potential
wrong drugs or dosage.

CONCLUSON

PCR-LDR methodisanideal clinical solution
for CVD drug-related SNP detection for itsconve-
nient manipulation, high accuracy and time and
cost effectiveness, as well as satisfactory multi-
plicity. The 19 selected SNPsare ableto represent
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