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ABSTRACT
BACKGROUND: Vascular endothelial growth factor (VEGF) plays a main role in fetal and placental angiogen-
esis and is secreted by different cells of endometrium and placenta. 
OBJECTIVE: In the present study we investigated the association of VEGF gene polymorphisms with recurrent 
spontaneous abortion (RSA). 
METHODS: A case-control study of 100 women with at least two consecutive pregnancy losses before 20 
weeks of gestational age and 100 fertile controls was performed to evaluate four VEGF gene polymorphisms 
including + 936C/T (rs3025039), -154G>A (rs1570360), rs3025010 and +5092A/C (rs2146323). Genotyping was 
performed by PCR based restriction fragment length polymorphism (PCR-RFLP) analysis. Haplotype frequency 
was estimated for three SNPs’ genotypes. Analysis of genetic STRUCTURE and K means clustering were per-
formed to estimate genetic variation. 
RESULTS: We found an association between -154G/A heterozygous genotype (GA) and RSA. The VEGF single 
nucleotide polymorphism (SNP) in intron region (rs3025010) in different inheritance models was also associated 
with RSA. Linkage disequilibrium analysis revealed that VEGF SNP in intron 5 (rs3025010) was linked to pro-
moter region SNP (rs1570360). Cluster analysis including Neighbor Joining and K-means clustering supported 
genetic differentiation of women with RSA and controls. 
CONCLUSION: Allelic polymorphisms in common VEGF SNPs was associated with RSA samples and haplo-
types with at least one minor allele showing an association with RSA pathogenesis (Tab. 8, Fig. 2, Ref. 35). 
Text in PDF www.elis.sk.
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Introduction

A successful pregnancy requires several components that regu-
late the interaction between mother and fetus. Recurrent sponta-
neous abortion (RSA) is one of the reproductive problems which 
affects approximately 1 % of couples trying to conceive (1, 2). In 
literatures, several factors have been reported to contribute to RSA 
pathogenesis such as chromosomal abnormalities, autoimmune dis-
orders, endocrinopathies, women lifestyle like obesity, smoking and 
diet (3–6). Despite of these records, etiology of RSA (up to 50 % of 
cases) remains undetermined and it is likely to be multifactorial (7).

The vascular endothelial growth factor (VEGF) is a pivotal 
mediator of angiogenesis and vasculogenesis (8). VEGF plays a 
main role in fetal and placental angiogenesis and is secreted by 

different cells of endometrium, placenta as well as endothelial cells 
and vascular smooth muscle cells (9, 10). VEGF family consists 
of VEGF, VEGF-B, VEGF-C, VEGF-D and placental growth fac-
tor (PIGF), they bind to three receptors, VEGFR-1, VEGFR-2 and 
VEGFR-3, found on the vascular endothelium (10). The VEGF 
gene is located on human chromosome 6p21.3 and contains eight 
exons and seven introns forming several VEGF isoforms by alter-
native splicing in different cells (11). The several common VEGF 
polymorphism sites in promoter (-2578C/A, -1154G/A, -2549 18-
bp I/D, -460C/T, -1498T/C, -1190G/A), the 5´UTR (-634G/C, -7T/
C ), the 3´UTR (+936C/T and +1612G/A) and intron (rs3025010) 
regions have been reported by various studies on RSA women of 
differrent ethnicities (12–19).

With regard to the population’s genetic diversity, Ruggiero et 
al (20) carried out a genome–wide linkage analysis (77 SNPs in-
cluding 64 SNPs and 13 Ins/Del) in three Italian isolated popula-
tions and detected linkage between VEGF serum levels and 6p21.1 
VEGF region. Three common single nucleotide polymorphisms 
(SNPs) including rs3025039, rs25648, rs3025020 in one popula-
tion and rs41282644 in another population were found to affect 
the VEGF serum levels.

In the present study, our aim was to study genetic variation of 
VEGF gene and also the association of four common VEGF SNPs 
with RSA in Iranian women and fertile controls. 
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Materials and methods

Study design and participants
Our study was designed in two parts: 1 – case-control study 

design to compare VEGF polymorphism among individuals with 
RSA and controls, 2 – SNP genotyping to evaluate genetic diver-
sity of VEGF genein the studied female population. Women (age 
range, 17–45 years; mean age ± SD, 28 ± 5.22 years) who were 
diagnosed with idiopathic recurrent spontaneous abortion (RSA) 
with at least two consecutive pregnancy losses before 20 weeks of 
gestational age (range of abortion number 2–6; mean abortion No 
± SD, 2.2 ± 0.99) according to the ASRM defi nition (21) were se-
lected. Patients who suffered from chromosomal abnormality like 
translocation, trisomy and triploidy were excluded from the study 
group and fi nally 100 samples selected for further study. Hundred 
women with the same age range (17–45) with regular menstrual 
cycles and at least one natural pregnancy with normal karyotype 
were chosen as a control group. All samples were collected from 
Tehran Medical Genetic Center from 2010 to 2011 and patients 
provided written informed consent. This study was approved by a 
local ethical committee based on rules and regulations of Iranian 
Ministry of Health.

Analysis of VEGF polymorphism 
Genomic DNA was extracted from EDTA anticoagulated pe-

ripheral blood by using standard salting-out procedure. The quanti-
ty and quality of extracted DNA were examined by Nanodrop spec-
trophotometer and 0.8 % agaros gel electrophoresis, respectively. 

Four common VEGF SNPs located in 3´UTR region + 936C/T 
(rs3025039), promoter region -154G>A (rs1570360), and intron 
region (rs3025010, intron 5) and +5092A/C (rs2146323, intron 2) 
were selected and oligonucleotide primers were designed based 
on published sequence of human VEGF gene by using Gene Run-
ner ver. 3.05 software (Tab. 1). The genotyping was performed 
by PCR based restriction fragment length polymorphism (PCR-
RFLP) analysis. Restriction enzymes were selected for each SNP 
by using NEBcutter program (Tab. 1). 

PCR was carried out in a total of 25 μl volume containing 50 
ng of the genomic DNA, 1x PCR buffer, 0.23 mM dNTP-Mix, 6 
pmol of each primer, 1.3 mM MgCl2 and 1 U/μl Taq DNA poly-
merase. Thermal cycler program was performed for 5 min at 95 °C 
as initiation denaturation following 30 cycles of 1 min at 95 °C, 
1 min at annealing temperature based on primer pairs (Tab. 1)

and 1 min in 72 °C with fi nal extension at 72 °C for 10 min. PCR 
products were digested according to manufacturer procedures 
(Fermentas) and incubated at proper temperature and time. Al-
lele profi les were visualized by running on 12 % poly acryl am-
ide gel electrophoresis (PAGE) following staining with Syber 
Green gel stain. We used 100bp DNA Ladder Plus (Fermentas) 
as size marker.

Statistical analysis
Differences in three SNPs’ frequencies were evaluated between 

control and case samples by using χ2 or Fisher’s exact test. Gene 
polymorphisms were analyzed for Hardy–Weinberg equilibrium. 
We further used crude odds ratio (COR) and 95 % confi dence in-
terval (CI) for calculating the association between genotypes and 
recurrent spontaneous abortion by logistic regression analysis. 
We considered P value < 0.05 to be statistically signifi cant. Other 
inheritance models like Akaike’s Information Criterion (AIC) and 
Bayesian Information Criterion (BIC) were calculated for the se-
lection of the best model for a specifi c SNP. 

Haplotype frequency of four SNPs’ genotypes as well as haplo-
type association between control and case samples were estimated 
using SNPstats software (22). In the present study, for linkage 
disequilibrium (LD) of four SNPs studied, selected statistics (D´, 
Pearson’s r and associated p- value) between each pair of SNPs 
were analysed by SNPAlyze 7.0.Pro software (DYNACOM Co., 
Ltd., Yokohama, Japan).

In order to estimate genetic variation of VEGF gene, alleles 
of each genotype obtained were treated as binary characters and 
coded accordingly (presence = 1, absence = 0). The genetic di-
versity parameters were determined in population by using Ge-
nAlex Ver. 6.4 program. These parameters were percentage of 
allelic polymorphism, allele diversity (23), Nei’s gene diversity 
(H), Shannon information index (I) (23), the number of effective 
alleles and the percentage of polymorphism.

Dice as well as the Nei’s genetic distance (23), were deter-
mined among the studied case and control samples. These dis-
tances were used for the grouping of individuals by unweighted 
paired group method with arithmetic average (UPGMA) and 
Neighbor Joining (NJ) clustering methods after 100 times of 
bootstrapping (23). 

The AMOVA (Analysis of Molecular Variance) test was per-
formed to show the genetic difference among the studied groups 
(with 1000 permutations) as performed by GenAlex ver. 6.4.

KDR gene (SNP) Primer sequence (5´→3´) PCR product length (bp) Ta Restriction Enzyme
+936C/T
(rs3025039, 3´UTR region)

F-CACCACACCATCACCATCGAC
R-TATGTGGGTGGGTGTGTCTACAG-3’ 250 58 NlaIII

-1154G>A
rs1570360, up stream 
variant, promoter region)

F- GCGTGTCTCTGGACAGAGTTTC
R- ATATCAAATTCCAGCACCGAG 405 60 MnlI

intron 5 C/T (rs3025010) F- TTGGTGCTTTCTCCTAAGGG
R- AGCCTGCTACACCATCTCACC 250 58 HaeIII

+5092A/C
(rs2146323, intron 2),

F- CATGCCCTTGGAACTTGAGTAC
R- CGCTGATAGACATCCATGAACTTC 271 62 EcoRI

Tab. 1. Primer sequences designed for four SNPs of VEGF gene with their PCR length and annealing temperature (Ta).
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The genetic structure of case and control samples and k-means 
clustering were studied by STRUCTURE analysis and GenoDive 
ver.2 (2013). The STRUCTURE Harvester web site (24) was used 
to visualize the STRUCTURE results and also to perform Evanno 
method to identify proper number of K (25). We used two summary 
statistics to present K-Means clustering, 1– pseudo-F and 2– Bayes-
ian Information Criterion. Pseudo-F relates r2, the fraction of the to-
tal variance that is explained by the clustering. The clustering with 
the highest value for pseudo-F is regarded to provide the best fi t (26).

Results

Allele and genotypes distribution of four VEGF SNPs are 
listed in Table 2. The genotype distributions of rs3025039 (p = 

1.0), rs1570360 (p = 1.0) and rs3025010 (p = 1.0) polymorphisms 
were in Hardy–Weinberg equilibrium among controls and cases 
while latest SNP (rs3025010) in RSA cases showedsignifi cant dif-
ference between expected and observed frequencies (p = 0.005) 
which is explained by the supposed disease state in cases which 
affect the equilibrium. The VEGF SNP rs2146323 showed ho-
mozygotic genotype in both case and control samples with CC 
genotypes (ancestral allele) (Tab. 2) therefore, it was removed 
from association analysis.

Lower minor allele frequencies (MAF) of rs3025039 (0.08), 
rs1570360 (0.15), rs3025010 (0.32) and rs2146323 (0.00) were 
seen in cases of MAF reported by HAP MAP database (0.13, 0.18, 
0.35 and 0.28 respectively). The χ2 test showed signifi cant diffe-
rences between case and control allele frequencies of rs1570360 

VGEF SNP All subjects Case Control
Χ2 (p-value)

Allele/Genotype Count Proportion Count Proportion Count Proportion
rs3025039        
C 370 0.92 183 0.92 187 0.94

0.627(0.56)T* 30 0.08 17 0.08 13 0.06
CC 170 0.85 83 0.83 87 0.87
CT 30 0.15 17 0.17 13 0.13
rs1570360  
G 366 0.92 170 0.85 196 0.98

23.95 (<0.000)A* 34 0.08 30 0.15 4 0.02
GA 34 0.17 30 0.3 4 0.04
GG 166 0.83 70 0.7 96 0.96
 rs3025010  
T 283 0.71 136 0.68 147 0.74

5.945 (0.049)
C* 117 0.29 64 0.32 53 0.26
CC 11 0.06 4 0.04 7 0.07
TC 95 0.48 56 0.56 39 0.39
TT 94 0.47 40 0.4 54 0.54
rs2146323
C 400 1 200 1 200 1 --
A* 0 0 0 0 0 0

Tab. 2. Allele and genotype frequencies in case and control samples in four VEGF SNPs studied. *MAF = minor allele frequency.

Model Genotype Case Control OR (95% CI) P-value AIC BIC
rs3025039      
--- CC 83 (83%) 87 (87%) 1.00 0.43 280.6 287.2
 CT 17 (17%) 13 (13%) 0.73 (0.33-1.60)
rs1570360      
--- GG 70 (70%) 96 (96%) 1.00 <0.0001 254.7 261.3
 AG 30 (30%) 4 (4%) 0.01 (0.03-0.29)
rs3025010
Codominant TT 40 (40%) 54 (54%) 1.00 0.05 277.3 287.2
 CT 56 (56%) 39 (39%) 0.52 (0.29-0.92)
 CC 4 (4%) 7 (7%) 1.30 (0.36-4.73)
Dominant TT 40 (40%) 54 (54%) 1.00 0.047 277.3 287.2

CT-CC 60(60%) 46(46%) 0.54 (0.32-1)
Recessive TT-CT 96 (96%) 93 (93%) 1.00 0.35 280.4 287.0
 CC 4 (4%) 7 (7%) 1.81 (0.51-6.31)
Overdominant TT-CC 44 (44%) 61(61%) 1.00 0.016 275.4 283-0
 CT 56(56%) 39 (39%) 0.5 (0.29-0.88)
Log-additive --- --- --- 0.73 (0.46-1.17) 0.19 279.5 286.1

Tab. 3. inheritance models of VEGF SNPs and odds ratio (OR) with 95% confi dential interval between case and controls. Akaike’s Informa-
tion Criterion (AIC) and Bayesian Information Criterion (BIC).
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and rs3025010 VEGF gene SNPs (p < 0.05) (Tab. 2) while, 
rs3025039 showed no signifi cant difference (p = 0.56). The sus-
ceptibility of genotype frequencies was estimated by univariate and 
multivariate logistic regression analysis. In VEGF SNP rs1570360, 
homozygous wild-type genotype (GG) was considered as reference 
(OR = 1.00) and heterozygous genotype (AG) increased RSA risk 
(OR (95% CI) = 0.01 (0.03–0.29); p < 0.0001)) (Tab. 3). Logistic 
regression analysis confi rmed an independent associations with 
RSA with rs3025010 under co-dominant (p = 0.05), dominant (p 
= 0.047) and over-dominant (p = 0.016) inheritance models (Tab. 
3). The association was not signifi cant in rs3025039 (OR (95% CI) 
= 0.73 (0.33–1.60); p < 0.43] in heterozygous genotype.

Linkage disequilibrium (LD) based on D and D´ value, r and 
chi square and associated p- value was analyzed between SNP 
pairs. These three SNPs and the LD block of the two genes are 
shown in Table 4. The VEGF SNP in intron 5 (rs3025010) showed 
to be linked to promoter region SNP (rs1570360) (D´ value = 
0.218; χ2 = 4.264, p = 0.03) while no linkage was estimated in 
other SNP pairs. 

Among seven estimated haplotype loci of VEGF gene, C-G-
T-C was considered as wild-type haplotype with OR = 1.00. The 
estimated risk of 95% CI for C-G-C-C haplotype was not shown 
to have signifi cant association with RSA patients [OR (95% CI) = 
0.76 (0.44–1.32), p = 0.33] while the rest haplotypes showed rare 
frequencies in both cases and controls with OR (95% CI) = 0.23 
(0.11–0.45) and p < 0.0001 (supplemental Tab. 1).

PairA PairB Allele count D-value D´-value r-square Chi-square df p-value
rs3025039 rs1570360 400 -0.003 0.530 -0.046 0.846 1 0.357
rs3025039 rs3025010 400 0.010 0.189 0.083 2.789 1 0.094
rs3025010 rs1570360 400 0.013 0.218 0.103 4.264 1 0.038

Tab. 4. linkage disequilibrium analysis between pair VEGF SNPs studied.

Source df SS MS Est. Var. %
Among Pops 1 10.770 10.770 0.097 8%
Within Pops 198 208.740 1.054 1.054 92%
Total 199 219.510 1.151 100%
Stat Value P(rand≥data)
PhiPT 0.084 0.001

Tab. 5. Analysis of molecular variance (AMOVA) based on VEGF 
gene polymorphism between two groups (cases and controls). df= de-
gree of freedom, SS= sum of square, MS= mean of square, Est. Var= 
estimated variance.

Fig. 1. Neighbouring Joining cluster based on VEGF gene SNPs. Blue 
numbers on branches indicate bootstraps. Red and black numbers 
indicate case and control sample numbers, respectively.

Fig. 2. STRUCURE plot based on four VEGF SNP sites. Different alleles showed in different colors. 1 to 100 = patient individuals; 101 to 200 
= control individuals.
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The study of genetic variation based on four nucleotide sites 
in VEGF gene resulted in high genetic polymorphism (70 %) in 
both sample groups (case and control). Genetic parameters con-
sisted of a number of effective alleles (Ne), Shannon index (I) and 
Nei’s genetic diversity (He) were calculated based on four SNP 
genotype frequencies in both cases and control (supplemental Tab. 
2). Women with RSA showed higher genetic variation compared 
to control samples. 

Analysis of molecular variance (AMOVA) was performed to 
estimate genetic differentiation between the two groups. In total, 
92 % of total variance was due to group variation and 8 % variance 
between the case and control groups was observed with signifi cant 
differences (p = 0.001) (Tab. 5).

Grouping of genotypes by using Neighbor Joining clustering 
method is depicted in Figure 1. In general 6 distant groups were 
formed. Except for one cluster, the others showed no distinct sepa-
ration between case and control samples. In the fi rst cluster 32 case 
samples grouped together and separated from other samples except 
for four control samples (No. 109, 112, 117 and 200).

STRUCTURE result and Evano test also partitioned the studied 
case and controls samples in 6 genetically distinct clusters. The 
STRUCTURE plot of 200 individuals showed the presence of 2 
kinds of allelic composition of two groups studied (different color 
in Figure 2). This result indicated that case and control samples 
gained similar combinations of alleles. In detail, the proportion of 
alleles in red color showed higher in control than in case samples. 

The result of K-Means clustering is presented in Table 6. It 
showed the highest value of pseudo-F (333.482) for k = 6, and 
the lowest value of BIC (657.823) for k = 6. Therefore it showed 
k = 6 as the best fi t for the optimal number of genetic subgroups 
in our studied materials. 

Discussion

In the present study, association for the VEGF gene polymor-
phisms and the occurrence of idiopathic recurrent spontaneous 
abortion was studied by using four VEGF SNPs. The comparison 
of minor allele frequencies of both case and control samples and 
the global MAF revealed lower frequencies in all SNPs, although 
in HAPMAP database, Asian ethnicities including East Asia, Chi-
nese and Japanese shows compatibility with frequencies in two 
SNPs studied (rs1570360 and rs3025010). The SNP +5092A/C 
located in intron region showed monomorphic genotype (CC) in 
our population study while in other ethnic populations the minor 
allele frequency (A allele) varied from 0.16 to 0.37. Inconsistent 

results of different fi ndings may stem from genetic variation in 
different populations and ethnicities. 

The lack of the association with RSA and +936C/T (rs3025039, 
3´UTR region) in the current study was also reported in Bahraini 
(Brazilian, 27), Greek (28) and Korean (29) population studies 
while Aggarwal et al (19) studied North Indians and it was in 
disagreement with previous studies and our fi ndings. In the pres-
ent study, we did not report +936 T allele frequency of both case 
and controls. Homozygosity for this allele is also rare (0.8–4 %) 
in different populations (19, 28). The +936C/T SNP is located in 
3´UTR region and was linked to altered VEGF expression in dif-
ferent studies (12, 30, 31). Galazios et al (32) and Magdoud et al 
(13) also reported that homozygotes carry the greatest risk of RSA 
patients because of VEGF protein levels. 

For -1154G/A, our results showed heterozygous genotype 
(GA) association with RSA. It was in agreement with the previ-
ous studies in Greek, American and Indian populations (19, 28, 
32, 33). It seems that the presence of allele (A) at +1154 produces 
the possibly of insuffi cient VEGF level because of low gene ex-
pression (34, 35). Furthermore, previous results and our fi ndings 
are in disagreement with those of Eller et al (12). They reported 
no difference between homozygous genotype frequency (AA) in 
American women from Utah with RSA and controls. The same 
is true of Xing et al (18) the fi ndings in Chinese Han population. 

The VEGF SNP rs3025010 in different inheritance models 
were associated with RSA in our study, but no association was 
reported by Su et al (15), who studied Taiwanese Han women.

 These obvious discrepancies may be attributed to differences 
in population ethnic background, sample size of study subjects, 
genetic diversity and lack of knowledge about the function of the 
gene and possible selection bias. Furthermore, the regulation of 
VEGF serum levels depends on local factors and systemic infl am-
matory molecules and they may be more signifi cant than genetic 
factors (14). The RSA with multifactorial inheritance nature may 
be affected by different genetic factors which contribute to RSA 
pathogenesis including the VEGF SNPs identifi ed, copy number 
variations, upstream promoter methylation, unknown regulatory 
factors and epistatic genes (14).

At the haplotype level, wild-type haplotype (C-G-T-C) showed 
the highest frequency among other 7 haplotypes. In our popula-
tion, haplotypes with at least one minor allele among four SNPs 
showed signifi cant associations (P<0.0001) with RSA pathogen-
esis except for C-G-C-C haplotype (P=0.33). Magdoud et al (13) 
reported that homozygosity for some of the haplotypes in Bahraini 
population were associated with the lowest RSM risk in compari-

k SSD(T) SSD(AC) SSD(WC) r-squared pseudo-F AIC BIC Rho
1 219.51 0 0 0 0 20.636 1083.578 0
2 219.51 90.435 129.075 0.412 138.726 -83.523 982.676 0.58
3 219.51 134.22 85.29 0.611 155.009 -164.33 905.106 0.71
4 219.51 166.584 52.926 0.759 205.637 -257.68 814.972 0.811
5 219.51 181.883 37.627 0.829 235.652 -323.811 752.035 0.866
6&* 219.51 196.632 22.878 0.896 333.482 -421.195 657.823 0.917

Tab. 6. K- means clustering based on VEGF gene polymorphisms. Clustering statistics from k = 1 to k = 6. * Best clustering according to Calin-
ski & Harabasz’ pseudo-F: k = 6, & Best clustering according to Bayesian Information Criterion: k = 6.
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son to other haplotype pairs studied. Other haploview analyses in 
different ethnic populations introduced protective haplotypes in 
VEGF SNPs studied (19, 29). However, these fi ndings are based 
on haplotypes with different VEGF SNPs combinations and we 
cannot provide exact comparison of our data.

In order to evaluate genetic variations in VEGF gene among 
population studied, genetic parameters were analyzed. Base on our 
data, high genetic variation was observed among both case and 
controls. In more detail, women with RSA showed higher hetero-
zygosity compared to control samples. These results were also sup-
ported by haploview analysis. Neighbour Joining method grouped 
individuals to distinct groups. In cluster, some RSA individuals 
grouped distinctively because of their rare haplotypes (includ-
ing one or more minor allele in profi le). The K means clustering 
also estimated 6 groups as the best fi t of genetic variations. It is 
similar to a number of haplotypes a well as groups in NJ analysis. 
AMOVA also supported differentiation between case and controls 
by using VEGF SNPs frequencies. In total, study of genetic varia-
tion in VEGF gene should be considered in association studies to 
provide more information about genetic pool of populations of 
different ethnic backgrounds and genetic variations. 

In conclusion, our data have supported the fi ndings of the 
previous studies by reporting increased risk of RSA in carriers of 
-1154A allele in promoter region. We also found that C allele in 
rs3025010 (intron 5) has an association with RSA pathogenesis. 
In haploview analysis, haplotypes with at least one minor allele 
were associated with the disease. In the current study, for the fi rst 
time, genetic variation and genetic structure of VEGF gene has 
been reported among Iranian women population. Finally, we are 
aware that our data have some limitations. One of them is the lack 
of comprehensive evaluation of RSA subjects due to self-reported 
and economic limitations. The sample size is another common 
limitation of this kind of researches. 
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Haplotype Total Case Control Cumulative
frequency

OR 
(95% CI)

p value

C-G-T-C 0.616 0.547 0.681 0.616 1.00 ---
C-G-C-C 0.230 0.223 0.237 0.846 0.76 (0.44–1.32) 0.33
C-A-T-C* 0.047 0.082 0.015 0.893 0.23 (0.11–0.45) <0.0001
T-G-T-C* 0.044 0.050 0.037 0.937 - -
C-A-C-C* 0.031 0.062 0.0001 0.969 - -
T-G-C-C* 0.024 0.029 0.022 0.994 - -
T-A-C-C* 0.006 0.005 0.004 1 - -

Global haplotype association p- Value: >0.0001
*rare haplotypes frequency 

Supplemental Table 1. Haplotype patterns with their frequencies in case and control samples, Odd ratio and p value.
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control Mean
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(0.059)

Total Mean
(SE)

1.336
(0.081)

0.310
(0.062)

0.202
(0.044)

Supplemental Table 2. Genetic parameters based on four VEGF SNPs 
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