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Abstract

Background—Nonsyndromic cleft lip with or without cleft palate is a debilitating condition that
not only affects the individual, but the entire family. The purpose of this study was to investigate
the association of BRCA1 and BRCAZ genes with NSCL/P.

Methods—Twelve polymorphisms in/nearby BRCAI and BRCAZ were genotyped using
Tagman chemistry. Our data set consisted of 3,473 individuals including 2,191 nonHispanic white
(NHW) individuals (from 151 multiplex and 348 simplex families) and 1,282 Hispanic individuals
(from 92 multiplex and 216 simplex families). Data analysis was performed using Family-Based
Association Test (FBAT), stratified by ethnicity and family history of NSCL/P.

Results—Nominal associations were found for BRCAI in Hispanics and for BRCAZin NHW
and Hispanics (P<0.05). Significant haplotype associations were found for both BRCA1 and
BRCAZ2 (P<0.004).

Conclusions—Our results suggest a modest association between BRCA1 and BRCAZand
NSCL/P. Further studies in additional populations and functional studies are needed to elucidate
the role of these genes in developmental processes and signaling pathways contributing to
NSCL/P.
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Introduction

Nonsyndromic cleft lip with or without cleft palate (NSCL/P) is a common birth defect with
genetic and environmental factors playing etiologic roles. While numerous gene variants
have been suggested to confer an increased risk of NSCL/P, it is estimated that only ~20% of
the underlying etiology of NSCL/P has been identified, leaving additional causal genes to be
identified (Dixon et al. 2011). This is supported by the fact that most of the NSCL/P cases
reflect isolated forms, and when familial, the inheritance models are not always clear.
Additionally, genetic factors of modest effects may have different contributions depending
on the presence of specific environmental factors, thereby complicating the discovery of true
etiologic variants. Moreover, in genome-wide association studies of NSCL/P, variants in
IRF6, and in the chromosome regions 8924 and 10q25 (VAXI), were suggested as strongly
associated with NSCL/P, however the association signals were seemed to be more
population-specific (Dixon et al. 2011).

Studies have demonstrated that the consequences of being born with NSCL/P extend beyond
functional and esthetic complications. Individuals with NSCL/P were reported to have
shorter lifespan and increased risk for all major causes of death, particularly cancer, when
compared with individuals born without clefts (Christensen et al. 2004; Steinwachs et al.
2000; Vieira 2008). Studies in different populations also suggest that families with recurrent
NSCL/P have increased susceptibility to cancer (Bille et al. 2005; Menezes et al. 2009; Zhu
et al. 2002). A large epidemiological study in Denmark showed an increased occurrence of
breast and brain cancer among adult females born with NSCL/P, and of primary lung cancer
among adult males with NSCL/P (Bille et al. 2005). While additional studies did not
confirm a general increase in the risk of breast cancer among female subjects in NSCL/P
families (Dietz et al. 2012; Martelli et al. 2014), a higher frequency in family history of
cancer (colon, brain, leukemia, breast, prostate, skin, lung, and liver) was found in NSCL/P
families when compared to control families (Menezes et al. 2009). Interestingly,
dysregulation of genes in networks associated with DNA double-strand break repair and cell
cycle control, including BRCA1 and BRCAZ, was observed in dental pulp stem cells of
NSCL/P patients, meanwhile the expression of BRCAI and BRCAZ genes was significantly
downregulated in NSCL/P dental pulp cells compared to controls (Kobayashi et al. 2013).
These observations led us to investigate whether variations in BRCA1 and/or BRCAZ genes
were associated with NSCL/P, since the association between NSCL/P and cancer raises
interesting possibilities to identify risk markers for cancer. In this study, we tested the
association of BRCAI and BRCAZ genes with nonsyndromic NSCL/P.

Study population

This study was approved by the University of Texas Health Science Center Committee for
Protection of Human Subjects. Our study population consisted of a total of 3,473 individuals
including 2,191 nonHispanic white (NHW) individuals (from 151 multiplex and 348
simplex families) and 1,282 Hispanic individuals (from 92 multiplex and 216 simplex
families). Families were recruited at the University of Texas Health Science Center
Craniofacial Clinics. Families were ascertained through probands, and additional relatives
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were recruited. Multiplex families are families with 2 or more individuals affected with
NSCL/P. Simplex families (trios) are families in which the only the proband is affected with
NSCL/P and parents are unaffected. Individuals presenting with syndromic clefts, cleft
palate only, or unknown cleft types were excluded. Complete demographic and medical
history, and DNA samples from peripheral blood were available for all individuals in the
study.

Selection of single nucleotide polymorphisms and genotyping

Twelve single-nucleotide polymorphisms (SNPs) in/nearby BRCA1 and BRCAZ genes
(Table 1) were selected for genotyping using a tag-SNP approach, considering
heterozygosity values, gene structure, and the linkage disequilibrium (LD) block
surrounding each gene, as previously described (Carlson et al. 2004) (Supplementary Figure
1). This approach allows for selection of a minimum number of SNPs ensuring maximum
coverage within a LD block. Genotyping was performed using Tagman chemistry (Ranade et
al. 2001) in a ViiA7 RealTime PCR System (Applied Biosystems, Foster City, CA).

Statistical analyses

Family-based single SNP association tests were performed using Family-Based Association
Test (FBAT), with the ‘—e’ option for extended families. Analyses were performed for all
families stratified by ethnicity (NHW or Hispanic) and family history of NSCL/P (multiplex
and simplex). Pairwise haplotype analyses were performed using the ‘hbat’ function in
FBAT. Bonferroni correction was used to adjust for multiple testing and P-values <0.004,
considering the number of SNPs tested (0.05/12), were considered statistically significant.

In Silico Prediction of SNP Function

Results

In silico analysis of SNP function was performed using miRaSNPv.11.03 (Bruno et al.
2012) for BRCA1rs8176318, and using PATCH v.1.0 (Wingender et al. 2000), and PROMO
v.3.0 (Messeguer et al. 2002) for BRCAZ2rs206115.

No SNPs met the Bonferroni correction, however, nominal associations (p<0.05) were found
between NSCL/P and individual SNPs in BRCAI and BRCAZ. While SNPs in BRCAZ
showed nominal associations in NHW and Hispanic datasets, SNPs in BRCAI were
associated with NSCL/P in Hispanics only. BRCAZ SNPs rs16941 and rs8176318, a
missense variant and a 3’ UTR variant, respectively, showed modest association in Hispanics
(p=0.02 and p=0.04, respectively) (Table 2). For BRCAZ, the promoter variant rs206115 was
also modestly associated with NSCL/P in both NHW and Hispanic multiplex families
(p=0.01). Additional BRCAZ SNPs (rs144848 and rs9534342) showed borderline
associations with NSCL/P (p < 0.05) (Table 2).

Haplotype analyses showed a few significant associations in 2-, 3- and 4-SNP haplotype
windows for both BRCA1 and BRCA?Z, and suggest that the combination of specific alleles
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in an additive model may contribute to NSCL/P in those families (p < 0.004)
(Supplementary Table 1).

Of note, although the individual SNP associations did not reach the strict Bonferroni criteria
significance threshold, the nominal associations and the specific haplotype associations
found for BRCA1 and BRCAZ variants in our NSCL/P families warrant discussions of the
potential biological implications of these variants in NSCL/P phenotypes. For example,
BRCA1rs8176318 and BRCAZ2rs206115 are located in gene regulatory regions and harbor
allele-specific microRNA or transcription factor binding sites, respectively, that may have an
impact on gene expression (data not shown). Moreover, BRCAI1rs8176318 is predicted to
bind to hsa-miR-205, known to be involved in epithelial to mesenchymal transformation
(EMT) and tumor invasion. During palatogenesis, EMT is an important event contributing to
the disappearance of the medial edge epithelia (MEE) and continuous mesenchymal
confluence required for palatal fusion (Warner et al. 2015). Interestingly, the expression of
miR-205 was found to be significantly downregulated (6-fold) in isolated MEE from wild
type murine fetuses on gestational day 13.5 to 14.5 (prior to and during epithelial fusion of
the palatal processes, respectively) (Warner et al. 2015). While these are intriguing findings,
additional studies elucidating the biological roles of BRCA1 and BRCAZ during embryonic
development might provide valuable insights into the underlying etiology of birth defects
including NSCL/P.

NSCL/P is a complex disorder in which genes and environmental factors may have
individual and interactive roles (Dixon et al. 2011). Disruptions of early developmental
processes such as cell migration, proliferation, transdifferentiation and apoptosis due to
variations in developmental genes have been shown to be closely related to the occurrence of
NSCL/P (Greene and Pisano 2010) and cancer as well (Vieira 2008). Furthermore, variations
in genes with critical roles in DNA damage repair, including BRCAI, have also been
assessed and implicated in increased susceptibility to NSCLP and reinforced the hypothesis
of etiological overlap between this common birth defect and cancer (Kobayashi et al. 2013;
Mostowska et al. 2014). It is intriguing, however, that the available GWAS on NSCL/P
(Birnbaum et al. 2009; Grant et al. 2009; Mangold et al. 2010) have not identified variants in
BRCAI or BRCA2 meanwhile numerous association studies in independent populations
have reported the association of cancer-related genes with NSCL/P (Han et al. 2014; Letra et
al. 2012; Letra et al. 2009; Menezes et al. 2009; Suzuki et al. 2009; Vieira 2008).
Discrepancies among the results of previous studies may reflect genetic/allelic heterogeneity
as well as differences in study design (family-based or case-control), sample sizes, and
selection of SNPs to be studied (or specific genotyping arrays used in GWAS). A major
GWAS finding is that the majority of risk variants for complex traits map to noncoding
regions. For NSCLP, GWAS have identified around 40 risk loci, the majority of which are
located in noncoding regions (Beaty et al. 2010; Birnbaum et al. 2009; Grant et al. 2009;
Ludwig et al. 2012; Mangold et al. 2010; Yu et al. 2017), and for which the functional
effects of on NSCLP phenotypes remain to be elucidated.

Recently, studies using whole exome sequencing of NSCLP families have also identified
rare mutations in developmental and cancer-related genes as likely contributing to the cleft
phenotypes (Fu et al. 2017; Liu et al. 2015). A frameshift variant caused by a 2bp insertion
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mutation (c.819_820dupCC; p.GIn274fs) in TP63, was found in a father-proband duo with
NSCLP. Further, mRNA studies demonstrated that the mutant allele underwent nonsense-
mediated-mRNA decay (NMD) as only the wild-type allele observed in mRNA obtained
from the patient’s lymphocytes and lymphoblasts (Basha et al. 2018). 7P63encodes a
transcription factor and a master regulator of epithelial lineage commitment during
embryonic development, and was previously implicated in syndromic and NSCLP (Leslie et
al. 2017; Scapoli et al. 2008). Interestingly, exome sequencing has also identified variations
in 7P63in patients and tumor tissues of oral squamous cell carcinoma (Al-Hebshi et al.
2016; Stransky et al. 2011). Additional large-scale next-generation sequencing studies have
the ability to reveal fundamental mechanisms underlying developmental and tumorigenic
events and potential overlaps in disease pathways. These studies also have the potential to
elucidate the full spectrum of genetic variation contributing to NSCLP. Corroborating
previous findings, our study highlights the need to conduct a thorough medical and family
history questionnaire, to identify families showing both NSCLP and cancer appearing
together, and for which a same genetic variant may be contributing to the phenotype.

In summary, our results suggest a modest role for BRCA1 and BRCAZin NSCL/P
susceptibility. While the findings of our study may represent private mutations within private
families, they continue to support the notion that genes involved at early stages of embryonic
development may also have roles in cancer development later in life. Additional studies in
other populations and functional studies are necessary to elucidate the role of BRCAI and
BRCAZ genes in the developmental processes and signaling pathways contributing to
NSCL/P. Nonetheless it is possible that these genes may act through more than one signaling
pathway to elicit numerous cellular responses that are cell- and tissue-dependent to
contribute to birth defects and cancer later in life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments

We thank the study families. This study was supported by NIH/NIDCR R01-DE011931 (to JTH). NR was
supported by UTSD Summer Research Program.

References

Al-Hebshi NN, Li S, Nasher AT, El-Setouhy M, Alsanosi R, Blancato J, Loffredo C. Exome
sequencing of oral squamous cell carcinoma in users of arabian snuff reveals novel candidates for
driver genes. International journal of cancer. 2016; 139(2):363-372. [PubMed: 26934577]

Basha M, Demeer B, Revencu N, Helaers R, Theys S, Bou Saba S, Boute O, Devauchelle B, Francois
G, Bayet B, et al. Whole exome sequencing identifies mutations in 10% of patients with familial
non-syndromic cleft lip and/or palate in genes mutated in well-known syndromes. Journal of
medical genetics. 2018

Beaty TH, Murray JC, Marazita ML, Munger RG, Ruczinski |, Hetmanski JB, Liang KY, Wu T,
Murray T, Fallin MD, et al. A genome-wide association study of cleft lip with and without cleft
palate identifies risk variants near mafb and abca4. Nature genetics. 2010; 42(6):525-529.
[PubMed: 20436469]

Birth Defects Res. Author manuscript; available in PMC 2019 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rodriguez et al.

Page 6

Bille C, Winther JF, Bautz A, Murray JC, Olsen J, Christensen K. Cancer risk in persons with oral
cleft--a population-based study of 8,093 cases. American journal of epidemiology. 2005; 161(11):
1047-1055. [PubMed: 15901625]

Birnbaum S, Ludwig KU, Reutter H, Herms S, Steffens M, Rubini M, Baluardo C, Ferrian M, Almeida
de Assis N, Alblas MA, et al. Key susceptibility locus for nonsyndromic cleft lip with or without
cleft palate on chromosome 8g24. Nature genetics. 2009; 41(4):473-477. [PubMed: 19270707]

Bruno AE, Li L, Kalabus JL, Pan Y, Yu A, Hu Z. Mirdsnp: A database of disease-associated snps and
microrna target sites on 3'utrs of human genes. BMC genomics. 2012; 13:44. [PubMed: 22276777]

Carlson CS, Eberle MA, Rieder MJ, Yi Q, Kruglyak L, Nickerson DA. Selecting a maximally
informative set of single-nucleotide polymorphisms for association analyses using linkage
disequilibrium. American journal of human genetics. 2004; 74(1):106-120. [PubMed: 14681826]

Christensen K, Juel K, Herskind AM, Murray JC. Long term follow up study of survival associated
with cleft lip and palate at birth. Bmj. 2004; 328(7453):1405. [PubMed: 15145797]

Dietz A, Pedersen DA, Jacobsen R, Wehby GL, Murray JC, Christensen K. Risk of breast cancer in
families with cleft lip and palate. Annals of epidemiology. 2012; 22(1):37-42. [PubMed: 22037380]

Dixon MJ, Marazita ML, Beaty TH, Murray JC. Cleft lip and palate: Understanding genetic and
environmental influences. Nat Rev Genet. 2011; 12(3):167-178. [PubMed: 21331089]

Fu J, Beaty TH, Scott AF, Hetmanski J, Parker MM, Wilson JE, Marazita ML, Mangold E, Albacha-
Hejazi H, Murray JC, et al. Whole exome association of rare deletions in multiplex oral cleft
families. Genet Epidemiol. 2017; 41(1):61-69. [PubMed: 27910131]

Grant SF, Wang K, Zhang H, Glaberson W, Annaiah K, Kim CE, Bradfield JP, Glessner JT, Thomas
KA, Garris M, et al. A genome-wide association study identifies a locus for nonsyndromic cleft lip
with or without cleft palate on 8q24. J Pediatr. 2009; 155(6):909-913. [PubMed: 19656524]

Greene RM, Pisano MM. Palate morphogenesis: Current understanding and future directions. Birth
defects research Part C, Embryo today : reviews. 2010; 90(2):133-154.

Han'Y, Zhou L, Ma L, Li D, Xu M, Yuan H, Ma J, Zhang W, Jiang H, Wu Y, et al. The axis inhibition
protein 2 polymorphisms and non-syndromic orofacial clefts susceptibility in a chinese han
population. Journal of oral pathology & medicine : official publication of the International
Association of Oral Pathologists and the American Academy of Oral Pathology. 2014; 43(7):554—
560.

Kobayashi GS, Alvizi L, Sunaga DY, Francis-West P, Kuta A, Almada BV, Ferreira SG, de Andrade-
Lima LC, Bueno DF, Raposo-Amaral CE, et al. Susceptibility to DNA damage as a molecular
mechanism for non-syndromic cleft lip and palate. PloS one. 2013; 8(6):€65677. [PubMed:
23776525]

Leslie EJ, Carlson JC, Shaffer JR, Butali A, Buxo CJ, Castilla EE, Christensen K, Deleyiannis FW,
Leigh Field L, Hecht JT, et al. Genome-wide meta-analyses of nonsyndromic orofacial clefts
identify novel associations between foxel and all orofacial clefts, and tp63 and cleft lip with or
without cleft palate. Human genetics. 2017; 136(3):275-286. [PubMed: 28054174]

Letra A, Bjork B, Cooper ME, Szabo-Rogers H, Deleyiannis FW, Field LL, Czeizel AE, Ma L, Garlet
GP, Poletta FA, et al. Association of axin2 with non-syndromic oral clefts in multiple populations.
Journal of dental research. 2012; 91(5):473-478. [PubMed: 22370446]

Letra A, Menezes R, Granjeiro JM, Vieira AR. Axin2 and cdhl polymorphisms, tooth agenesis, and
oral clefts. Birth defects research Part A, Clinical and molecular teratology. 2009; 85(2):169-173.
[PubMed: 18683894]

Liu YP, Xu LF, Wang Q, Zhou XL, Zhou JL, Pan C, Zhang JP, Wu QR, Li YQ, Xia YJ, et al.
Identification of susceptibility genes in non-syndromic cleft lip with or without cleft palate using
whole-exome sequencing. Med Oral Patol Oral Cir Bucal. 2015; 20(6):e763-770. [PubMed:
26449438]

Ludwig KU, Mangold E, Herms S, Nowak S, Reutter H, Paul A, Becker J, Herberz R, AlChawa T,
Nasser E, et al. Genome-wide meta-analyses of nonsyndromic cleft lip with or without cleft palate
identify six new risk loci. Nature genetics. 2012; 44(9):968-971. [PubMed: 22863734]

Mangold E, Ludwig KU, Birnbaum S, Baluardo C, Ferrian M, Herms S, Reutter H, de Assis NA,
Chawa TA, Mattheisen M, et al. Genome-wide association study identifies two susceptibility loci

Birth Defects Res. Author manuscript; available in PMC 2019 July 17.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Rodriguez et al.

Page 7

for nonsyndromic cleft lip with or without cleft palate. Nature genetics. 2010; 42(1):24-26.
[PubMed: 20023658]

Martelli DR, Vieira AR, Fonseca AT, Coletta RD, Soares PB, Martelli-Junior H. Risk of nonsyndromic
cleft lip and palate in relatives of women with breast cancer. American journal of medical genetics
Part A. 2014; 164A(1):270-271. [PubMed: 24259269]

Menezes R, Marazita ML, Goldstein McHenry T, Cooper ME, Bardi K, Brandon C, Letra A, Martin
RA, Vieira AR. Axis inhibition protein 2, orofacial clefts and a family history of cancer. J Am
Dent Assoc. 2009; 140(1):80-84. [PubMed: 19119171]

Messeguer X, Escudero R, Farre D, Nunez O, Martinez J, Alba MM. Promo: Detection of known
transcription regulatory elements using species-tailored searches. Bioinformatics. 2002; 18(2):
333-334. [PubMed: 11847087]

Mostowska A, Hozyasz KK, Wojcicki P, Galas-Filipowicz D, Lasota A, Dunin-Wilczynska I, Lianeri
M, Jagodzinski PP. Genetic variants in bripl (bachl) contribute to risk of nonsyndromic cleft lip
with or without cleft palate. Birth defects research Part A, Clinical and molecular teratology. 2014;
100(9):670-678. [PubMed: 25045080]

Ranade K, Chang MS, Ting CT, Pei D, Hsiao CF, Olivier M, Pesich R, Hebert J, Chen YD, Dzau VJJ,
et al. High-throughput genotyping with single nucleotide polymorphisms. Genome Res. 2001;
11(7):1262-1268. [PubMed: 11435409]

Scapoli L, Martinelli M, Arlotti M, Palmieri A, Masiero E, Pezzetti F, Carinci F. Genes causing
clefting syndromes as candidates for non-syndromic cleft lip with or without cleft palate: A
family-based association study. European journal of oral sciences. 2008; 116(6):507-511.
[PubMed: 19049519]

Steinwachs EF, Amos C, Johnston D, Mulliken J, Stal S, Hecht JT. Nonsyndromic cleft lip and palate
is not associated with cancer or other birth defects. American journal of medical genetics. 2000;
90(1):17-24. [PubMed: 10602112]

Stransky N, Egloff AM, Tward AD, Kostic AD, Cibulskis K, Sivachenko A, Kryukov GV, Lawrence
MS, Sougnez C, McKenna A, et al. The mutational landscape of head and neck squamous cell
carcinoma. Science. 2011; 333(6046):1157-1160. [PubMed: 21798893]

Suzuki S, Marazita ML, Cooper ME, Miwa N, Hing A, Jugessur A, Natsume N, Shimozato K,
Ohbayashi N, Suzuki Y, et al. Mutations in bmp4 are associated with subepithelial, microform, and
overt cleft lip. American journal of human genetics. 2009; 84(3):406-411. [PubMed: 19249007]

Vieira AR. Unraveling human cleft lip and palate research. Journal of dental research. 2008; 87(2):
119-125. [PubMed: 18218836]

Warner D, Ding J, Mukhopadhyay P, Brock G, Smolenkova IA, Seelan RS, Webb CL, Wittliff JL,
Greene RM, Pisano MM. Temporal expression of mirnas in laser capture microdissected palate
medial edge epithelium from tgfbeta3(—/-) mouse fetuses. Microrna. 2015; 4(1):64-71. [PubMed:
26159804]

Wingender E, Chen X, Hehl R, Karas H, Liebich I, Matys V, Meinhardt T, Pruss M, Reuter I,
Schacherer F. Transfac: An integrated system for gene expression regulation. Nucleic acids
research. 2000; 28(1):316-319. [PubMed: 10592259]

Yu'Y, Zuo X, He M, Gao J, Fu Y, Qin C, Meng L, Wang W, Song Y, Cheng Y, et al. Genome-wide
analyses of non-syndromic cleft lip with palate identify 14 novel loci and genetic heterogeneity.
Nat Commun. 2017; 8:14364. [PubMed: 28232668]

Zhu JL, Basso O, Hasle H, Winther JF, Olsen JH, Olsen J. Do parents of children with congenital
malformations have a higher cancer risk?. A nationwide study in denmark. British journal of
cancer. 2002; 87(5):524-528. [PubMed: 12189550]

Birth Defects Res. Author manuscript; available in PMC 2019 July 17.



Page 8

Rodriguez et al.

Author Manuscript

T alqeL

Author Manuscript

Aouanbaly aj|fe Joutw ‘4IN

151l paisi] ajaie [enseuy,

LT PIINg INSAP 190N 03 Buipiodoy
*

120 120 o dLN.£  ZOE66EZEIET JUd  9EBT.GTTS!
90 8v0 10 uonul  09ZTBETZEET IUd  ZHEVESES!
L0 820 o uonul  G90VSEZEIET IU0  888EVEES!
Zvoug
wo o 9r0 o uonul  T8YIYEZEIET YO 609028/
120 620 19 SUBSSIN  ZBGZEETEETIY 8v8yYTs
620 20 O/v ousbiesu.§ 9EEYTECEET YD GTT902S!
610  2€0 19 dLN.£  /SZSYOSY:LT JYd  8TE9LT8S
G20  €€0 o uonul  TZ90SOEV:LT MU0 6LT0L08S!
€0 920 19 uonul  $OZBLOEY:LT U0 ¥6T9LT8S!
Tvoyg
120 €0 oN BSUSSSIN  8TYZ60EY:LT IYD T¥69TS!
€0 €€0 o SUBSSIN  6T6Z60EY:LT IY0 L1666
G€0 €0 10 dlN.S  66092TEY:LT U0 906665/
dsiH  MHN
YW dvn  §EPRIV uo12007 Jousodeseg  PIANSAP  gueg

's3Usb 204G pue 704 Ul padAioush sdNS o s|rered

Author Manuscript

Author Manuscript

Birth Defects Res. Author manuscript; available in PMC 2019 July 17.



Page 9

Rodriguez et al.

Author Manuscript

"¥00°05d # ueoyubIS

(xa)dwis + xa|dnnw) paulquwod saljiwey |je = ||V
8)IyM djuedsIHUOU ‘MHN
uondo saibipad papusixa ‘o— 1\g4 {1591 UOIRID0SSY paseq Ajiwe ‘1vd4

€50 920 €0 G50 G50 120 ve0 1€0 080 6.0 9£8T/GTTS!
680 900 500 09°0 09°0 050 900 500 ¥50 ¥5°0 ZYErESES)
160 250 €50 160 160 8€0 250 €50 8.0 8.0 88876651
870 ST0 010 o o 60 ST0 0T0 z€0 620 620902s!
260 v2°0 120 88°0 680 500 v20 120 70 o 8Y8yyTs
150 200 100 aT'0 ST 60 200 100 €10 110 GTT90ZS!
lvad 9-lvad lvad o-lvad lvead lvad o-lvad lvad o-lvad lvad
(91z=U) xo|dwis  (z6=U) XN (8oe=U) IV (8ve=u) ¥oldwis  (15T=U)>0|dBINA (6617=U) 11V
oluedsiH MHN SANS ¢vodd
120 80°0 100 ¥0'0 500 920 670 Sv'0 69°0 89°0 8T€9/T8S!
€L°0 900 500 Ge0 Ge0 €50 €80 280 ¥50 ¥5°0 6.T0.08S!
00T 900 800 v2°0 920 9,0 120 920 290 290 ¥6T9.T8S!
€L0 200 Y00 600 ZT0 8€0 6.0 110 790 290 TY69TS!
v2°0 LT0 8T°0 660 660 80 190 ¥9°0 0.0 89°0 LT666.S1
50 070 600 150 950 €0 190 ¥9°0 G9°0 ¥9°0 90666.51
lvad 8-lvgd 1vdd eo-lvad lvad Lvad a-lvdd 1lvdd eo-lvdd Llvad
(9T2=U) (c6=V) (8og=u) (8ve=u) (TgT=U) (661=U)
xe[duwis xedniniy 1% xo|dwis xedninin 1%
SdANS
oluedsiH MHN TvOod4g

¢ dlqeL

Author Manuscript

"sasAeue uoneId0sse dNS a1buls Jo s)nsey

Author Manuscript Author Manuscript

Birth Defects Res. Author manuscript; available in PMC 2019 July 17.



	Abstract
	Introduction
	Study population
	Selection of single nucleotide polymorphisms and genotyping
	Statistical analyses
	In Silico Prediction of SNP Function
	Results
	References
	Table 1
	Table 2

