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Recent  genome-wide  association  studies (GWAS)
demonstrated that genetic variation in intron 2 of fibroblast
growth factor receptor 2 (FGFR2) was a novel risk for
breast cancer. We investigated whether two SNPs rs 1219648
and rs2981582 in intron 2 of FGFR2 were associated with
the risk of breast cancer in Chinese women. A total of
340 female breast cancer patients and 400 normal age-
matched controls were recruited. Two SN Ps were genotyped
using matrix-assisted laser desorption/ionization mass
spectrometry. The two SNPs rs1219648 and rs2981582
showed no association with the risk of breast cancer. A
subgroup analysis by menopausal status demonstrated that
the distribution of rs2981582 T alleles, including CT and
TT genotypes, was significantly higher in premenopausal
patients compared with postmenopausal patients. The TT
genotype in rs2981582 was more strongly associated with
ER-positive than with ER-negative tumors by ER status
analysis. Analysis by haplotypes showed that no haplotypes
associated with breast cancer. The results showed no
association between two SNPs, rs1219648 and rs2981582
and breast cancer risk, although in a stratified analysis
r$2981582 strongly associated with premenopausal and ER-
positive breast cancer patients in Chinese women.

Key words: breast cancer, FGFR2 gene, single nucleotide
polymorphism, association analysis.

Introduction. Breast cancer is one of the most
common malignancies in women worldwide. It
was estimated that in the United States approxi-
mately 192,000 female patients would be diag-
nosed with breast cancer and 40,000 would die
from it in 2009 [1]. In China, breast cancer has
become one of the most common cancers among
women. Environment, genetics and immunologi-
cal defects are major factors in the etiology of
breast cancer [2].

Apart from rare high-penetrance mutations in a
small number of susceptibility genes such as breast
cancer 1, early onset (BRCAI) and BRCAZ2, more
common but lower risk genetic variants also account
for the increased risk of breast cancer. FGFR2 is
a member of the fibroblast growth factor receptor
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family and plays pro-oncogenic and anti-oncogenic
roles in a context-dependent manner [3]. Mutation,
amplification or over-expression of FGFR2 occurs
in breast, lung and gastric cancers [4, 5]. Addition-
ally, genetic variation of FGFR2 is a risk factor
for breast cancer. Genome-wide association studies
have revealed that SNPs in intron 2 of FGFR2 were
highly associated with breast cancer, and identified
as susceptibility loci. Fine-scale genetic mapping
and resequencing of intron 2 of FGFR2 identified
up to eight variants in a linkage disequilibrium (LD)
block that was strongly related to increased breast
cancer risk [6]. Other GWAS identified a set of
four SNPs (including rs1219648 and rs2981582)
in intron 2 of FGFR2 that were highly associated
with breast cancer and confirmed this association
in other studies [7, 8]. It was reported that the SNP
rs2981582 in the second intron of FGFRZ2 was sig-
nificantly associated with an increased risk of breast
cancer in a dose-dependent manner, with a higher
risk of breast cancer in homozygous compared with
heterozygous carriers. For rs2981582, the estimated
odds ratios were greater for a diagnosis of breast
cancer before 40 years of age [9].

Two different meta-analyses suggested that
FGFR2 polymorphisms are important markers for
breast cancer susceptibility among Caucasian, Asian
and mixed ethnicities [10, 11]. However, associa-
tion analyses between rs1219648 and rs2981582 and
breast cancer risk in Chinese women have shown
varying results. Chen et al. [12] reported that the
genotype frequencies of r1s1219648 were not signifi-
cantly different between breast cancer patients and
healthy controls. Liu et al. [13] investigated four
SNPs and found a statistically significant difference
only in the frequency of rs2981582 between case
and control groups. However, when subjects were
stratified by menopausal status the SNP rs1219648
CC was significantly associated with the risk of
breast cancer in postmenopausal patients.

Our case-control study investigated these two
SNPs (rs1219648 and rs2981582) in 340 cases and
400 controls of the same ethnic group to investigate
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the association between FGFR2 polymorphisms and
the risk of breast cancer.

Materials and methods. Study population. This
study was approved by the Ethics Committee of
Zhejiang Cancer Hospital. A total of 340 breast
cancer patients (aged 27—84 years; mean age 46
years) were recruited for this study from May 2011
to September 2013. All diagnoses were confirmed
based on pathological examination. Detailed clin-
icopathological information including tumor size,
histological grade, lymph node involvement, as well
as ER, progesterone receptor (PR), and human epi-
dermal growth factor receptor 2 (HER2) status were
obtained from patients’ medical records (Table 1).
Approximately 400 cancer-free women, matched to
the cases by age (* 5 years) and residential area,
were randomly selected for controls.

DNA extraction and genotyping. Genomic DNA
was extracted from peripheral blood samples us-
ing a blood Genomic DNA extraction kit (Xinjin
Genetech Ltd., Corp., Hangzhou, China) accord-
ing to the manufacturer’s protocol. Genotyping
for the two selected FGFR2 SNPs (rs1219648 and
rs2981582) was performed on these DNA samples
with Sequenom’s MassARRAY Iplex platform (San
Diego, CA 92121, USA) using an allele-specific
MALDI-TOF mass spectrometry assay [14]. Prim-
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ers for amplification and extension reactions were
designed according to the guidelines of Sequenom
and performed using MassARRAY Assay Design
software. All procedures were performed accord-
ing to Sequenom standard protocols. The average
genotype call rate for these SNPs was >99 % and
concordance rate for all the SNPs was 100 %.

Statistical analysis. Deviation from Hardy-
Weinberg equilibrium (HWE) was examined in
the controls by the chi-squared test. The following
statistical analyses were performed using SNPStats
software (http://bioinfo.iconcologia.net/SNPstats)
[15]. Using the logistic regression method, the
case-control association of genotypes tested, and
the odds ratio (OR) and 95 % confidence inter-
val (CI) were obtained. The association analysis
of haplotypes was similar to that of genotypes with
logistic regression, and results are shown as OR
and 95 % CI. The most frequent haplotype was
automatically selected as the reference category.
The significance level of these tests was 0.05. Het-
erogeneity between the associations of SNPs with
ER-positive and ER-negative diseases was assessed
using logistic regression analysis restricted to cases
(cases-only analysis).

Results. The genotype frequencies of rs1219648
were 36 % AA, 47 % AG, and 17 % GG, and for

Table 1. Clinicopathological characteristics of breast cancer patients and controls

Characteristics Cases (%) Characteristics Cases (%)

Age (years) Lymph node status

<50 200 (59.5) negative 116 (34.5)

controls 246 (63.1) positive 213 (63.4)

> 50 136 (40.5) missing 7 2.1)

controls 144 (36.9) ER status
Menopausal status negative 114 (33.9)

premenopausal 203 (60.4) positive 211 (62.8)

postmenopausal 133 (39.6) missing 11 (3.3)
Tumor size (cm) PR status

<2 59 (17.6) negative 135 (40.2)

>2 238 (70.8) positive 190 (56.5)
Missing 39 (11.6) missing 11 (3.3)
Histological grade HER?2 status

[+11 137 (40.8) negative 201 (59.8)

I11 82 (24.4) positive 114 (33.9)
Missing 117 (34.8) missing 21 (6.3)

Note. Missing the number (%) of cases for which the corresponding information was not available.
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rs2981582 were 44 % CC, 47 % CT, 9 % TT in
controls. The Hardy-Weinberg equilibrium analysis
of these two SNPs showed no significant deviations
from the control group (P > 0.05).

Logistic regression analysis showed that com-
pared with the AA genotype of rs1219648, those
with AG and GG genotype had a hazard ratio of
1.22 (95 % CI: 0.88—1.68) and 0.79 (95 % CI:
0.5—1.25) respectively, suggesting that the SNP
rs1219648 did not correlate with the risk of breast
cancer (P > 0.05). Similarly, the genotype distri-
butions of SNP rs2981582 were not significantly
different between cases and controls (P > 0.05)
(Table 2).

To further characterize the significance of
rs1219648 and rs2981582 in breast cancer, we ana-
lyzed their association with various clinicopatho-
logical characteristics including ER, PR, HER?2
and patient menopausal status. For rs2981582,
the CT and TT genotype presented a significantly
higher distribution in premenopausal patients com-
pared with postmenopausal patients with OR 1.65
(95 % CI: 1.05—2.61, P < 0.05). In the ER status
analysis, the TT genotype in rs2981582 was more
strongly associated with ER-positive tumors than
with ER-negative tumors, although the statistical
significance of this association was marginal (P =
0.05). No further significant associations were ob-
served between these two SNPs and other clinico-
pathological features (Table 3).

We also evaluated the association between the
haplotype of the two SNPs and breast cancer. As-
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sociation analysis showed that no haplotypes was

associated with breast cancer in Chinese (data not
shown).

Discussion. In this study, we genotyped two
SNPs, rs1219648 and rs2981582, in intron 2 of
FGFR2 that was associated with breast cancer in
previous GWAS study. Two previous GWAS stud-
ies showed that SNPs in intron 2 of FGFR2 were
significantly associated with breast cancer risk in
European women [7, 9]. These results were ex-
tended to include Ashkenazi and Sephardi Jews,
which appeared to have a modest risk of breast
cancer associated with these SNPs in Middle East-
ern populations [8].

A number of studies have focused on the risk
of breast cancer associated with SNPs in Chinese
women. Chen et al. [12] showed that rs1219648
was not associated with breast cancer risk in women
of the Chinese Han ethnic group. Liu et al. study
found that rs2981582 but not rs1219648 was sig-
nificantly associated with the risk of breast can-
cer. However, Long et al. [16] reported that both
rs2981582 and rs1219648 showed significant associ-
ations with breast cancer risk in Chinese women in
a large sample size study. Our results demonstrated
that these two SNPs rs1219648 and rs2981582 have
no association with breast cancer risk. This find-
ing was in agreement with Chen et al. [12], which
found no association between rs1219648 and the
risk of breast cancer.

A previous analysis by menopausal status, showed
that the two SNPs studied here were strongly associ-
ated with the risk of breast cancer in postmenopau-
sal patients, but there was no significant association

Table 2. Genotype frequencies of FGFR2 rs1219648 and rs2981582 in breast cancer patients and control groups

Genotype Controls (%) Cases (%) OR (95% CI) P value

rs1219648

A/A 142 (36.2) 114 (33.9) 1.00 -

A/G 184 (46.9) 180 (53.6) 1.22 (0.88—1.68) 142 (36.2)

G/G 66 (16.8) 42 (12.5) 0.79 (0.5—1.25) 0.32

A/G+G/G 250 (63.8) 222 (66.1) 1.11 (0.81—1.50) 0.52
1s2981582

C/C 169 (44) 148 (47.3) 1.00 —

C/T 180 (46.9) 143 (45.7) 0.91 (0.66—1.24) 0.54

T/T 35 (9.1) 22 (7) 0.72 (0.40—1.28) 0.29

C/T+T/T 215 (56.2) 165 (52.7) 0.88 (0.65—1.18) 0.39

Note. Here and Table 3 OR: odds ratio; 95%CI: 95 % confidence interval.
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Table 3. Stratified analysis between FGFR2 rs121964, rs2981582
and clinicopathological features of breast cancer patients

1219648
Characteristics
A/A A/G G/G A/G+G/G
Menopause
post/premenopausal 49/65 71/109 13/29 84/138
OR(95%CI) 1.00 1.16(0.72—1.86) 1.68(0.79—3.57) 1.24(0.78—1.96)
P value 0.54 0.17 0.36
ER status
Neg/pos 44/66 59/115 11/30 70/145
OR(95%CI) 1.00 1.30(0.79—2.13) 1.82(0.83—4.00) 1.38(0.86—2.22)
P value 0.29 0.13 0.18
PR status
Neg/pos 48/62 73/101 14/27 87/128
OR(95%CI) 1.00 1.07(0.66—1.74) 1.49(0.71-3.15) 1.14(0.72—1.81)
P value 0.78 0.29 0.58
HER?2 status
Neg/pos 67/40 107/62 27/12 134/74
OR(95%CI) 1.00 0.97(0.59—1.60) 0.74(0.34—1.63) 0.93(0.57—1.50)
P value 0.91 0.46 0.75
rs2981582
Characteristics
c/C C/T T/T C/T+T/T
Menopause
post/premenopausal 68/80 48/95 8/14 56/109
OR(95%CI) 1.00 1.68(1.05—2.70) 1.49(0.59—3.76) 1.65(1.05—2.61)
P value 0.03 0.39 0.03
ER status
Neg/pos 56/85 44/95 4/18 48/113
OR(95%CI) 1.00 1.42(0.87—2.33) 2.96(0.95—9.22) 1.55(0.96—2.50)
P value 0.16 0.05 0.07
PR status
Neg/pos 61/80 55/84 5/17 60/101
OR(95%CI) 1.00 1.16(0.72—1.87) 2.59(0.91—7.42) 1.28(0.81—2.04)
P value 0.53 0.06 0.29
HER?2 status
Neg/pos 85/54 87/46 15/6 102/52
OR(95%CI) 1.00 0.83(0.51—1.36) 0.63(0.23—1.72) 0.80(0.50—1.29)
P value 0.47 0.36 0.37

in premenopausal subjects [13]. However, another
report indicated that the association between three
SNPs (including the two studied here) and the risk
of breast cancer appeared to be strongest in pre-
menopausal Chinese women [17]. In our study,
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rs2981582 TT and CT genotypes were more sig-
nificantly associated with premenopausal patients
than the CC genotype. Although we found no sig-
nificant difference for the TT genotype between
premenopausal and postmenopausal patients, this
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study included only a few cases of premenopausal
status and we cannot exclude the possibility that
this masked any effect. Our results were similar
to Liang et al. [17], which showed a stronger as-
sociation in premenopausal women compared with
postmenopausal women.

Additional analysis by ER status has shown that
FGFR2 variants (rs1200014, rs1219648, rs2420946,
and rs2981582) were significantly associated with
risk of ER-positive early-onset breast cancer but not
with ER-negative breast cancer [18]. Other studies
have demonstrated that rs1219648 and rs2981582
were strongly associated with ER-/PR-positive tu-
mors and that rs2981582 appeared to have a much
stronger association with ER-positive than ER-
negative breast cancer [19]. A number of reports
on SNPs and clinicopathological features have
also confirmed that the two SNPs rs1219648 and
1s2981582 were associated with breast cancer risk
predominantly among ER-positive tumors [20—24].
In this study, rs2981582 was more strongly asso-
ciated with ER-positive breast cancer than with
ER-negative breast cancer, although the statistical
significance of this association is marginal.

A haplotype block is a distinct section of a chro-
mosome containing SNPs proven to be statistically
linked or inherited together. The SNP rs2981582
lies within a 25-kb LD block in intron2 of FGFR2
and has an r? of 1.0 with rs1219648 based on the
HapMap Central European-like Utahns sam-
ples [25]. We also confirmed that rs2981582 and
rs1219648 are in an LD block, which had an » of
0.9 (data not shown). By haplotype analysis, we
did not identified haplotype associated with breast
cancer risk in Chinese.

Conclusion. In summary, the study showed that
two SNPs, 151219648 and rs2981582, in intron 2 of
FGFR2 had no association with breast cancer risk
in Chinese women. A stratified analysis by clin-
icopathological characteristics demonstrated that
the distribution of rs2981582 T alleles (including
CT and TT genotypes) was significantly higher
in premenopausal patients compared with post-
menopausal patients. This analysis also showed
that the TT genotype was also strongly associated
with ER-positive tumors. The limitation in this
study is its relatively small sample size. A study
with a larger sample size is needed to confirm the
associations between these SNPs in FGFR2 and

Association of polymorphisms in intron 2 of FGFR2 and breast cancer risk in chinese women

breast cancer risk.
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3ABUCUMOCTbD [MTOJIMMOPOU3MA
WHTPOHA 2 U3 FGFR2 1 PUCKA PAKA T'PYIIN
Y KNTAMCKUX KEHIIWUH

Z. Pan, Y. Bao, X. Zheng, W. Cao, W. Cheng, X. Xu

HenaBHue wuccnenoBaHus c rnomoinbio GWAS moka-
3aJId, YTO TeHeTUYeCcKasi U3MEHYMBOCTh UHTPOHA 2 pe-
nentopa ¢akropa pocrta dubpoodnactoB FGFR2 sB-
JifeTcs elle OIHWM PUCKOM BO3HUKHOBEHMS paka
rpyau. Mbl uccaenoBaiu, accouuupoBaHbl Ju SNPs
rs1219648 w rs2981582 B wmHTpoHe 2 u3 FGFR2 ¢
PUCKOM paka Ipyau y KUTAWCKUX XeHIIWH. Bcero uc-
ciaenoBain 340 mauueHToK U 400 310pOBBIX KEHIIUMH
Takoro e Bo3pacta. JIsa SNPs ObuM reHOTUITMPOBaHbBI
C ucrnosib3oBaHMeM matrix-assisted laser desorption/
ionization macc-criekrpomerpun. O6a SNPs, 151219648
1 152981582, He moKa3aau CBS3U C pUCKOM paka Ipy/Iu.
AHaJIM3 TIOATPYIIIT IT0 CTaTyCy MEHOIAy3bl TTOKa3al, 4To
pacnpenenenue amtenein rs2981582 T, Bkiouass CT u
TT reHOTHIIBI, OBIJIO CYLIECTBEHHO BBIIIIE Y MAlMEHTOK
¢ TMPEeIMEHOITay30i 10 CPaBHEHMIO C TAIlUCHTKaMU C
noctmeHonaysoii. ['enorun TT y 152981582 6bu1 60J1b-
e accouuupoBaH ¢ ER-no3utuBHbIMU, yeM ¢ ER-He-
TraTUBHBIMU OITyXOJISIMU COIJIaCHO aHaiu3y ctatyca ER.
AHaJIM3 TaIJIOTUTIOB TTOKa3aJl, YTO OHU HE CBSI3aHBI C
pakoM rpyau. Pe3ynbTaThl He BbISIBUIM CBSI3W MEXIY IBY-
M SNPs, 151219648 u rs2981582, u puckoM paka
TPy, XOTS TO JAHHBIM CTPaTH(UIIMPOBAHHOTO aHa-
Jm3a 152981582 touHo cBs3aH ¢ ER-mo3utuBHBIMM Ma-
LIMEHTKAMM C PAaKOM TPYyOud M MPEMEHOIay30il y Ku-
TaCKUX XEHIMH.

REFERENCES

1. Jemal, A., Sieger, R., Ward, E., Hao, Y., Xu, J.,
and Thun, M.J., Cancer statistics 2009, CA Cancer
J. Clin., 2009, vol. 59, no. 4, pp. 225—249.

2. Pharoah, P.D., Dunning, A.M., Ponder, B.A., and
Easton, D.F., Association studies for finding can-
cer-susceptibility genetic variants, Nat. Rev. Cancer,
2004, vol. 4, no. 11, pp. 850—860.

3. Katoh, Y., and Katoh, M., FGFR2-related patho-
genesis and FGFR2-targeted therapeutics (Review),
Int. J. Mol. Med., 2009, vol. 23, no. 3, pp. 307—311.

4. Davies, H., Hunter, C., Smith, R. et al., Somatic
mutations of the protein kinase gene family in hu-
man lung cancer, Cancer Res., 2005, vol. 65, no. 17,
pp. 7591-7595.

5. Jang, J.H., Shin, K.H., and Park, J.G., Mutations
in fibroblast growth factor receptor 2 and fibroblast
growth factor receptor 3 genes associated with hu-
man gastric and colorectal cancers, Cancer Res.,
2001, vol. 61, no. 9, pp. 3541—3543.

6. Udler, M.S., Meyer, K.B., Pooley, K.A. et al.,
FGFR2 variants and breast cancer risk: fine-scale
mapping using African American studies and analysis

63



10.

11.

12.

13.

14.

15.

16.

64

Z. Pan, Y. Bao, X. Zheng et al.

of chromatin conformation, Hum. Mol. Genet., 2009,
vol. 18, no. 9, pp. 1692—1703.

Hunter, D.J., Kraft, P., Jacobs, K.B. et al., A ge-
nome-wide association study identifies alleles in
FGFR2 associated with risk of sporadic postmeno-
pausal breast cancer, Nat. Genet., 2007, vol. 39,
no. 7, pp. 870—874.

Raskin, L., Pinchev, M., Arad, C. et al., FGFR2
is a breast cancer susceptibility gene in Jewish and
Arab Israeli populations, Cancer Epidemiol. Biomark-
ers Prev., 2005, vol. 17, no. 5, pp. 1060—1065.
Easton, D.F., Pooley, K.A., Dunning, A.M. et al.,
Genome-wide association study identifies novel
breast cancer susceptibility loci, Nature, 2007, vol.
447, no. 7148, pp. 1087—1093.

Jia, C., Cai, Y., Ma, Y., and Fu, D., Quantitative
assessment of the effect of FGFR2 gene polymor-
phism on the risk of breast cancer, Breast Cancer
Res. Treat., 2010, vol. 124, no. 2, pp. 521—528.
Zhang, J, Qiu, L.X., Wang, Z.H. et al., Current
evidence on the relationship between three polymor-
phisms in the FGFR2 gene and breast cancer risk: a
meta-analysis, /bid, pp. 419—424.

Chen, X.H., Li, X.Q., Chen, Y., and Feng, Y.M.,
Risk of aggressive breast cancer in women of Han
nationality carrying TGFBI1 rs1982073 C allele and
FGFR2 rs1219648 G allele in North China, Breast
Cancer Res. Treat., 2011, vol. 125, no. 2, pp. 575—
582.

Liu, C.L., Hu, X.P., Guo, W.D., Yang, L., Dang, J.,
and Jiao, H.Y., Case-control study on the fibroblast
growth factor receptor 2 gene polymorphisms associ-
ated with breast cancer in chinese han women, J.
Breast Cancer, 2013, vol. 16, no. 4, pp. 366—371.
Long, J., Shu, X.0., Cai, Q. et al., Evaluation of
breast cancer susceptibility loci in Chinese women,
Cancer Epidemiol. Biomarkers Prev., 2010, vol. 19,
pp. 2357—2365.

Liang, J., Chen, P., Hu, Z. et al., Genetic vari-
ants in fibroblast growth factor receptor 2 (FGFR2)
contribute to susceptibility of breast cancer in Chi-
nese women, Carcinogenesis, 2008, vol. 29, no. 12,
pp. 2341—2346.

Fu, F., Wang, C., Huang, M., Song, C., Lin, S., and
Huang, H., Polymorphisms in second intron of the
FGFR2 gene are associated with the risk of early-
onset breast cancer in Chinese Han women, 7ohoku
J. Exp. Med., 2012, vol. 226, no. 3, pp. 221—229.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Garcia-Closas, M., Hall, P., Nevanlinna, H. et al.,
Heterogeneity of breast cancer associations with
five susceptibility loci by clinical and pathological
characteristics, PLoS Genet., 2008, vol. 4, no. 4,
¢1000054.

Slattery, M.L., John, E.M., Stern, M.C. et al., As-
sociations with growth factor genes (FGF1, FGF2,
PDGFB, FGFR2, NRG2, EGF, ERBB2) with
breast cancer risk and survival: the Breast Cancer
Health Disparities Study, Breast Cancer Res. Treat.,
2013, vol. 140, no. 3, pp. 587—601.

Cen, Y.L., Qi, M.L., Li, H.G. et al., Associations of
polymorphisms in the genes of FGFR2, FGF1, and
RBFOX2 with breast cancer risk by estrogen/proges-
terone receptor status, Mol. Carcinog., 2013, vol. 52,
Suppl 1, E52—59.

Chan, M., Ji, S.M., Liaw, C.S. et al., Association
of common genetic variants with breast cancer risk
and clinicopathological characteristics in a Chinese
population, Breast Cancer Res. Treat., 2012, vol. 136,
no. 1, pp. 209—220.

Tapper, W., Hammond, V., Gerty, S. et al., The
influence of genetic variation in 30 selected genes on
the clinical characteristics of early onset breast can-
cer, Breast Cancer Res., 2008, vol. 10, no. 6, R108.
Campa, D., Kaaks, R., Le Marchand, L. et al., In-
teractions between genetic variants and breast cancer
risk factors in the breast and prostate cancer cohort
consortium, J. Natl Cancer Inst., 2011, vol. 103,
no. 16, pp. 1252—1263.

Kawase, T., Matsuo, K., Suzuki, T., Hiraki, A., Wa-
tanabe, M., Iwata, H., Tanaka, H., and Tajima, K.,
FGFR2 intronic polymorphisms interact with repro-
ductive risk factors of breast cancer: results of a case
control study in Japan, Int. J. Cancer, 2009, vol. 125,
no. 8, pp. 1946—1952.

Jurinke, C., van den Boom, D., Cantor, C.R., and
Koster, H., Automated genotyping using the DNA
MassArray technology, Methods Mol. Biol., 2002,
vol. 187, pp. 179—192.

Sole, X., Guino, E., Valls, J., Iniesta, R., and More-
no, V., SNPStats: a web tool for the analysis of asso-
ciation studies, Bioinformatics, 2006, vol. 22, no. 15,
pp. 1928—1929.

Received 23.08.15

ISSN 0564—3783. Llumonoeusn u eenemura. 2016. T. 50. No 5




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


