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Abstract:

Objective: Non-syndromic orofacial cleft (NSOFC), including cleft lip with/or without cleft
palate (CL+P) and cleft palate (CP) are multifactorial developmental disorders with both
genetic and environmental aetiological factors. This study investigated the association
between (CL£P) and (CP), and two polymorphisms previously determined using GWAS, as
well as, the association between consanguinity and (CL£P) and (CP).

Methods: DNA using saliva was extracted from 171 affected individuals and 189 control
group (age, gender and location) infant-parental triads, recruited from eleven referral-
hospitals in Saudi Arabia. Two polymorphisms, rs4752028 and rs7078160, located on VAXI
gene were genotyped using real-time polymerase chain reaction (qQPCR). A transmission
disequilibrium test was carried out using Family Based Association Test and PLINK to
measure the parents-of-origin effect.

Results: Significant differences were found between affected individuals versus the control
group. In the case of rs4752028 risk allele in cleft, the phenotypes were: CL£P (fathers:
OR:2.16(1.38 -3.4); mothers: OR:2.39(1.53 -3.71); and infants: OR:2.77(1.77 -4.34)); and
CP (fathers: OR:2.24(1.15 -4.36); and infants: OR:2.43(1.25 -4.7). For CL£P and the
rs7078160 risk allele, the phenotypes were: (fathers: OR:1.7(1.05 -2.86), mothers:
OR:2.43(1.49-3.97); and infants: OR:2.34(1.44 -3.81)). In terms of consanguinity, we found
significant association between consanguinity and the rs4752028 polymorphism minor allele
among CL£P compared to controls (P=0.001).

Conclusion: This is the first study to find a relationship between the two loci on 10g25
(rs4752028 and rs7078160 ) and NSOFC in a population with high consanguinity.

Key words: Cleft lip, cleft palate, 1025V AX1, consanguinity, aetiology

Introduction:

Sabbagh 4
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The aetiology of nonsyndromic orofacial cleft (NSOFC) includes cleft lip with/or without
cleft palate (CL£P) and isolated cleft palate (CP) is complex. A combination of risk factors
contributes to its aetiology; genetics, environmental and gene-environmental interaction
(Mossey et al., 2009). Reeenthy—two—large—genome—Genome wide association studies
(GWAS) identified 10925 as a risk locus for CL£P (Beaty et al., 2010; Mangold et al., 2010).
Ventral anterior homeobox 1 (VAXI), a gene that codes for a protein that plays a role in the
regulation of the body’s developmental and morphogenesis processes, was reported to be
associated with infants (product of consanguinity) affected by multiple craniofacial defects
(Slavotinek et al., 2012). In Saudi Arabia, a meta-analysis conducted in 2014 revealed that
consanguinity is a risk factor for NSOFC (Sabbagh et al, 2014). Therefore, two single
nucleotide polymorphisms (SNPs) (rs4752028 and rs7078160) were considered plausible
candidates for investigation of NSOFC in a community with a high prevalence of parental
consanguinity as Saudi Arabia (el-Hazmi et al., 1995).

The aim of this case triad-control triad study was to investigate the association between
infant-parental rs4752028 and rs7078160 SNPs polymorphisms and both CL+P and CP in a
Saudi population. We also investigated their relationships with risk of NSOFC phenotypes in

the presence of parental consanguinity.

Materials and method:

Recruitment of Clinical Subjects

This paper is part of a series of studies on the prevalence of NSOFC (Abdulhameed et al.,
2014) and the aetiology of CL£P and CP in Saudi Arabia. Participants were recruited from
three main cities; Riyadh (the capital city), Jeddah (the second largest city in Saudi Arabia),

and Madina (one of the main cities in Saudi Arabia). Cases were recruited from neonatal
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units, the plastic surgery departments and/or orthodontic clinics; all cases were examined in
the department of genetic medicine. Criteria for subject selection included: 18 months or
younger infants recruited from participating hospitals between January 1%, 2010 and
December 315, 2011. The total case-control study sample included 171 case triads and 189
control triads. The age, gender, and recruiting hospitals were matched in both the cases and
control groups. The controls were healthy non-cleft infants that were selected at random from
the neonatal or vaccination units. The control group, including parents and infants, were not

affected by clefting of the lip and/or palate.

Triads with missing information or those who failed to give saliva samples were excluded

from the analysis. In addition; infants with syndromes_in case or control groups were

excluded from the study.;

orofactal clefts, were excluded from the study.

Ethical approval for this study was granted by King Abdulaziz University Hospital (359-10),
Ministry of Health (C/47/302/38430), the Military Hospitals Institutional Research Review
Board (IRB) (429/2011), and King Fahad Medical City (10-079). A questionnaire using

yes/no questions was distributed to participants to collect personal information_and ;

consanguinity information_the details shown in supplementary table S1 and S2;—and

environmental-factors-asseeiated. Interviews were conducted with parents to understand the

type of consanguinity.

Clinical Sampling

Saliva samples were collected from infants and parents in both groups (case and control).
Oragene kits were used for both samples; from the parents we used (OG-500), however, for
the infants we used (OG-575).A consent form for both groups was signed by one of the

parents.

Sabbagh 6
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Genetic Analysis

DNA was extracted by using QIAamp DNA Mini Kit (Catalogue # 51306). Quality and
quantity measurement were evaluated using Qubit® 2.0 Fluorometer. Amplification of the
two polymorphism, rs4752028 and rs7078160, was done using 7500 FAST Real-Time PCR
(Applied Biosystem, Int.) by TagMan®Genotyping assay and TagMan Genotyping master
mix (Applied Biosystem, int.). Samples were analysed by TagMan® Genotyper Software
(Applied Biosystem, int.) for scatter plot analysis. Supplementary Table S+-S3 shows the

characteristics of the two polymorphisms.

Statistical analysis
Hardy-Weinberg Equilibrium (HWE) tests were carried out using an online program

(www.dr-petrek.eu/documents/HWE.xIs)

to look for

indications of inbreeding, population stratification, and problems in genotyping. This was
carried out using chi-squared goodness of fit test with P-values of 0.05 to compare
differences between the observed and expected values of the included homozygous and
heterozygous genotype frequencies (Wigginton et al.,, 2005). A transmission disequilibrium
test (TDT) was carried out using Family Based Association Test (FBAT), and PLINK which
was also used to measure the parents of origin effect. Comparison of polymorphism
frequencies among CL+P and CP cases compared to controls were analysed using Chi Square
test.

In addition, to detect which of the three types of polymorphisms provided the significant

relationship, and to acknowledge the burden on type-1 error rate the threshold for declaring
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statistical significance based on Bonferroni correction was determined to be p = 0.00056
using SPSS version 16.0 (SPSS Inc., Chicago, IL, USA).

The degree of association between allele frequency with CL£P and CP and also with parental
consanguinity, compared to controls, were estimated by measuring the odds ratio (OR) and
95% confidence intervals (95% CD using an online program

(http://www.quantpsy.org/chisqg/chisq.htm). OR and 95% CI were also used to measure the

degree of association between rs4752028 and rs7078160 SNPs polymorphisms variants and
parental consanguinity among oral cleft infants compared to controls. In addition,
multinomial logistic regression was carried out to measure the interaction between

consanguinity and genotype variant among NSOFC compared to control.

Results:

Out of the 171 NSOFC case-parental triads, 10 cases could not be grouped to a cleft
phenotype because of missing information, resulting in; 161 nsOFC (127 CL£P; and 34 CP)
cases for our analysis. In addition, 16 fathers out of the 189 control parental triads did not
provide a saliva sample. First cousin marriages accounted for 55/86 (64%) of the NSOFC and

60/92 (65.2%) of the controls, out of the total parental consanguinity in these triads.

The case and control parental homozygous and heterozygous polymorphism frequencies in

154752028 were aligned to HWE_except for paternal control (0.039) . However, there were

significant differences between the observed and expected values for both parental cases and

controls at rs7078160 locus with p< 0.00105.-exeept—for NSOECfathers{(p—=0-060)—See

Supplementary Table (S32).

The transmission disequilibrium test (TDT) for rs4752028 and rs7078160, using FBAT and

PLINK tests (Tables 1 and 2). No statistically significant over-transmission of the minor

Sabbagh 8

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801


http://www.quantpsy.org/chisq/chisq.htm

oNOYTULT D WN =

Genetic Testing and Molecular Biomarkers

allele (C in rs4752028 and A in rs7078160) was found in CL£P or CP families. In addition,
PLINK tests found no parents of origin relationship (Supplementary Table S53). For CP, the
number of heterozygous alleles was insufficient to produce a P-value in FBAT analysis and

the data were not included in Table S3S5.

Comparison between case and control rs4752028 and rs7078160 genotypes and alleles

Table 3 shows the distribution of rs4752028 and rs7078160 genotypes in case and control
infant-parental triads. There were statistically significant differences between cases and
controls in (rs4752028 and rs7078160) genotypes in infant-parental triads for CL+P and CP

cascs.

After Chi Square adjustment using Bonferroni correction in infant-parent triads for
rs4752028 SNP, in fathers; the homozygous TT common allele genotype was detected
significantly more often in controls than in cases for CL£P and CP (P< 0.05). Furthermore,
the heterozygous CT genotype was significantly more prevalent in cases than in controls for
the different cleft phenotypes (p< 0.05). For mothers and infants, the homozygous CC minor
allele genotype was significantly associated with CL+P cases compared to controls; the
homozygous TT common allele genotype was detected significantly more often in controls
compared to CL£P; and the heterozygous CT genotype was present significantly more often

in CL£P and CP except in mothers of CP infants.

For rs7078160 SNP frequencies after Chi Square adjustment using Bonferroni correction, the
homozygous AA minor allele genotype was significantly more frequent in CL£P infants
compared to controls (p<0.0056). The heterozygous AG genotype was significantly more

frequent in control infants compared to CL+P infants (p< 0.0056).

Sabbagh 9
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The frequency of the rs4752028 and rs7078160 minor alleles in case and control infant-
parental triads CL£P and CP was compared. Significant differences between cases versus
controls for rs4752028 risk allele in cleft phenotypes were: CL£P (fathers: OR:2.16 (1.38 -
3.4); mothers: OR:2.39 (1.53 - 3.71); and infants: OR:2.77 (1.77 - 4.34)); and CP (fathers:
OR:2.24 (1.15 - 4.36); and infants: OR:2.43 (1.25 - 4.7). For CL+P and rs7078160, these
were: fathers: OR: 1.7 (1.05 - 2.86), mothers: OR: 2.43 (1.49 - 3.97); and infants: OR: 2.34
(1.44 - 3.81). Consanguinity was significantly related to the rs4752028 polymorphism minor
allele among CL+P compared to controls (P= 0.001, OR: 2.97 (1.54 - 5.76)). See

supplementary S4S6.

For rs7078160 SNP, there were statistically significant differences between CL£P cases and
controls; fathers with significantly greater frequency of the minor A allele in CL£P cases
compared to controls (P<0.05). However, this relationship was not statistically significant for

CP.

Paternal consanguinity and infant rs4752028 and rs7078160 genotype variants as risk

factors for CLEP and CP

CL+P, CP cases and controls were distributed according to parental consanguinity and then
compared according to rs4752028 and rs7078160 infant-parental triad genotype variance.
There were no statistically significant differences found in either analysis (p>0.05)
(Supplementary Tables S5-S7 and S6S8). In addition, multinomial logistic regression with
nsOFC as an outcome variable, consanguinity as main effect and phenotype as main effect
with interaction term of the last two variables was carried out. It indicated significant main
effect of genotype (P=0.0001 for rs4752028 and P=0.05 rs7078160) with no significant effect

of consanguinity or interaction between them (P=0.5 for rs4752028 and P=0.2 for rs7078160)

Sabbagh 1
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Finally, when infants’ rs4752028 and rs7078160 minor allele frequencies in CL£P and CP
cases were compared to controls, there were more CL+P and CP cases with consanguineous
parents and the minor C allele at rs4752028, but this was statistically significant for CL£P
only (P= 0.001, OR: 2.97 (1.54 to 5.76). However, for rs7078160, although the minor A
allele prevalence was higher in CL£P (13.4%) compared to controls (7.7%), the difference

was not statistically significant (P=0.081, OR: 1.93 (0.92 to 4.04). See Table 4.

Discussion:

Our study showed statistically significant differences in the genotype variance and allele
frequencies between CL+P and CP cases compared to control infant-parental triads.
However, the FBAT and PLINK analysis did not show significant over-transmission of the

rs4752028 and rs7078160 SNP alleles and parents of origin effect in NSOFC cases.

In this study, we selected cases and controls from the same hospitals, however, it was not
possible to match ethnicity. Saudis, especially in the Western Region, have been of mixed
ethnicity for hundreds of years. People from all over the world, of different ethnic origins,
have travelled to Makkah and Madina on pilgrimage, then settled and mixed races through
marriage. Additionally, Saudi Arabia has a unique geographic location between the three
continents Asia, Africa and Europe, as a result of this, it can be difficult to group people
according to their ethnicity in Saudi Arabia. Although they are generally considered
Caucasian (Risch ef al., 2002). Moreover, Lewonin (2006) reported that every population has
a separate geographic race and that they differ genetically to some degree from every other

population. This emphasizes the need to carry out genetic research for each population.
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Our sample met the HWE in rs4752028 SNP suggesting that our sample resembled expected
population genotype frequencies for this study (Pritchard and Korf, 2008). However, both
cases and controls at rs7078160 had significant differences between the observed and
expected values of the included homozygous and heterozygous genotype frequencies
suggesting the absence of random mating. This could be explained by the high prevalence of

paternal consanguinity in the target population (el-Hazmi et al., 1995).

The infant case-control results do not represent independent replication of the results from
parental groups. Moreover, due to consanguineous mating, the maternal and paternal case-
controls results are not fully independent of each other. Therefore, this study examined and
explained two methods of transmission of the alleles in question, the TDT and case-control
analysis; and (TDT) remains robust for linkage in the presence of consanguineous
populations. Autozygosity mapping might have been another consideration, which assumes
the identical-by-descent co-transmission of mutations (Oliveira et al., 2017), and this (also
called consanguinity mapping) has not been applied to nonsyndromic OFC, in part because
parental consanguinity is uncommon in places where research efforts have historically been
carried out. This would assume no genetic heterogeneity and tight linkage of a disease gene

with DNA markers.

An association between 10q25 locus and CL+P was supported by Leslie et al., (2017) who
reported in their Genome-wide meta-analyses of nonsyndromic orofacial clefts that SNPS on

10925 approached genome wide significance in NSOFC and CL+P groups among Asians.

Our rs4752028 and rs7078160 SNPs polymorphisms association finding was further
supported by the results of Butali ef al., (2013) (15) in their replication of GWAS signals on
651 case-parental triads (Asian (494 infant-parent triads) and European (157 infant-parent

triads) populations). FBAT analysis revealed a statistically significant strong association in
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the transmission of the rs7078160 SNP among the Asian population (p< 0.001) but found no
significant association in the European population, similar to our findings. However, their
comparison of cases with controls in the Asian population showed an increased frequency of
the common G allele compared to controls, which differed from our findings. Such
differences could indicate ethnic and geographic variation between the Saudi population,

which are Caucasians, and the Asian population in the genetic aetiology of CL£P.

Although the CP sample was small, it was still interesting to study a possible link with the
included variants that could give preliminary information for planning future research.
Rs4752028 was the only SNP examined that showed association with CP compared to
controls (p= 0.015 for father, p=0.049 for mothers and p= 0.009 for infants). However, as the
sample of CP in this study is considered small (34), this finding could only suggest a trend of
association. Furthermore, Butali e al., (2013) reported no significant association between
rs4752028 and CP. Also, Duan et al, (2017) reported parents of origin effect and no
association between rs7078160 and rs4752028 SNPs and CP. However, their finding was
concluded from TDT (FBAT) analysis and not from a case-control design. As 10g25 is a
recently discovered locus in terms of risk for CL£P and CP, studies that clarify the
relationship between NSOFC and rs7078160 and rs4752028 polymorphisms are still

required.

A systematic review of parental consanguinity and NSOFC revealed a significant association
(Sabbagh et al., 2014). At the same time, VAX/ mutation was previously reported to be
associated with birth defects in a sample with consanguineous parental marriages (Slavotinek
et al., 2012). The relationship between rs7078160 and rs4752028 and consanguinity in case

compared to control infants was analysed. For both SNPs, the minor allele was found more

Sabbagh 1

Mary Ann Liebert, Inc., 140 Huguenot Street, New Rochelle, NY 10801

Page 14 of 29



Page 15 of 29

oNOYTULT D WN =

Genetic Testing and Molecular Biomarkers

often in CL+P cases with consanguineous parents compared to controls (Table 5). However,

it was only statistically significant for rs4752028 (p=0.001, OR: 2.97 (1.54 to 5.76).

Conclusion:

This is the first study to describe the relationship between two SNPS, rs4752028 and
rs7078160, and NSOFC in a population with a high rate of consanguinity. There is an
apparent association between rs4752028 and rs7078160 SNPs polymorphisms and both
CL+P and CP in the Saudi population, but larger samples are needed for confirmation and
definitive evidence. In addition, further investigation in the Saudi population, as well as,
other populations is required to ensure consistency, and confirm the limits of the association
study. Furthermore, it is not possible to expand this study to include other variants in or near
the 10925 loci or other genes, but due to resources limitations, it will be postponed.
Therefore, future genome wide study, gene-gene interaction and gene-environmental
interaction / epigenetics research is recommended to further clarify the aetiology of CL+P
and CP. Confirmation of a positive association between consanguinity, NSOFC, and genetics

will have a great implication for parental counselling and public health.

Sabbagh 1
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Table 1 Transmission Disequilibrium Test (TDT) results for rs4752028 and rs7078160 variants
among nsOFC infant parental triads and its phenotypes (CL+Pand CP) using Family Based
Association Test (FBAT) analysis.

oNOYTULT D WN =

Type of nsOFC Allele afreq fam# | P-value OR and 95% CI

10 rs4752028

12 CL+P C 0.233 53 0.651 1.1 (0.71 to 1.71)

14 CP C 0.221 14 1.00 1(0.4to 2.3)

16 rs7078160

18 CLLP A 0.128 | 45 | 0327 | 0.76 (0.44 to 1.32)

20 afreq: Estimating allele frequencies

26 The transmission disequilibrium test (TDT) for rs4752028 and rs7078160, using FBAT and
PLINK tests Table 1
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Table 1 : Testing rs4752028 and rs7078160 for transmission disequilibrium using PLINK
analysis for nsOFC infant-parental triads and cleft phenotypes (CL+Pand CP).

Transmitted/ Combined
nsOFC Untransmitted | P-value OR A:U PAR |P-value statistics
minor alleles P-value
rs4752028
CL+P 41/37 0.651 1.11 01:01 1 0.655
CP 11/11 1 1 00:00 NA 1
rs7078160
CL+P 22/29 0.327 0.759 02:01 0.564 0.414
CP 2/5 0.257 0.4 00:00 NA 0.257

A:U_PAR: Parental discordance counts by counting the number of alleles in affected versus
unaffected parents

OR: Odd ratio

CL#P: Cleft lip with or without cleft palate

CP: Cleft palate

transmission disequilibrium test (TDT) for rs4752028 and rs7078160, using FBAT and PLINK
tests Table 7).
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1

2

3 Table 1 Distribution of rs4752028 and rs7078160 infant-parental triad genotypes according to
g nsOFC phenotypes (CL+Pand CP) and compared to controls.

6

7

g Genotype ‘ CL+£P CP ‘ Control
10 rs4752028"

1; Paternal genotype (frequency (%))

13 Total 122 33 168

1‘5‘ TT* 73 (59.8) 18 (54.5) | 134(79.8)
16 CT 44 (36.1) 15 (45.5) 29 (17.3)
17 CcC 5(4.1) 0 5(2.9)
o P-value 0.001%* [ 0.001*

20 Maternal genotype (frequency (%))

21 Total 126 34 187

- TT* 80 (63.5) | 23(67.6) | 151 (80.7)
24 CT 36 (28.6) 9 (26.5) 32 (17.1)
;2 CC 10 (7.9) 2(5.9) 4(2.1)
27 P-value 0.001%* 0.180

28 Infant genotype (frequency (%))

> Total 120 35 188

31 TT* 72 (60) 21 (60) 153 (81.4)
§§ CT 39 (32.5) 13 (37.1) 32 (17)
34 CcC 9(7.5) 1(2.9) 3(1.6)
35 P-value <0.001** 0.020**

2 rs7078160°

38 Paternal genotype (frequency (%))

39 Total 119 34 167

j? GG* 86 (72.3) 26 (76.5) | 141 (84.4)
42 AG 28 (23.5) 5(14.7) 19 (11.4)
43 AA 5(4.2) 3(8.8) 7 (4.2)
P P-value 0.150 0.320

46 Maternal genotype (frequency (%)

47 GG* 90 (71.4) 29 (85.3) | 164 (86.8)
P AG 27 (21.4) 38.8) | 19(10.1)
50 AA 9(7.1) 2(5.9) 6(3.2)
g; Total 126 34 189

53 P-value 0.004%** 0.730

54 Infant genotype (frequency (%))

o Total 122 35 186

57

58

59
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GG* 90 (73.8) | 32(91.4) | 157 (84.4)
AG 20 (16.4) 3 (8.6) 26 (14)
AA 12 (9.8) 0 3(1.6)

P-value 0.003%* 0.490

* The homozygous common allele genotype
**The P value is significant at the 0.05 level.

* Eleven (6 cases and 5 controls) paternal samples, 5 (3 cases and two controls) maternal samples
and 7 infant samples (6 cases and one control) did not produce genotyping values for rs4752028.
The phenotype diagnosis for ten nsOFC cases are missing

® Fourteen (8 cases and 6 controls) paternal samples, one maternal sample and 7 infant samples
(5 cases and 3 controls) did not produce genotyping values for rs7078160. The phenotype
diagnoses for ten nsOFC cases are missing,

CL4P: Cleft lip with or without cleft palate, CP: Cleft palate

Table 7 shows the distribution of rs4752028 and rs7078160 genotypes in case and control infant-
parental triads. There were statistically significant differences between cases and controls in

(rs4752028 and rs7078160) genotypes in infant-parental triads for CL+P and CP cases.
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Table 1 Distribution of infant rs4752028 alleles in cases and controls with consanguineous
parents.

Allele type CL+P CP Control

oNOYTULT D WN =

9 rs4752028 (X2=28.28, df=2, P<0.0001*%*)

10 Total 130 43 182

12 T* 101 (77.7) 34 (81.4) 166 (91.2)

14 C 29 (22.3) 8 (18.6) 16 (8.8)

16 P-value 0.001%* 0.059
18 OR (CI) 2.97 (1.54, 5.76) 2.44 (0.97, 6.16)

20 rs7078160 (X°=6.11, df=2, P=0.047**)

- Total 134 D) 182

” G* 112 (86.6) 41 (97.7) 168 (92.3)

e A 18 (13.4) 1(2.3) 14 (7.7)

58 P-value 0.081 0.290
3 OR (CI) 1.93 (0.92, 4.04) 0.29 (0.04, 2.29)

32 **The P value is significant at the 0.05 level

33 * Common allele

34 CL4P: Cleft lip with or without cleft palate

35 CP: Cleft palate

36 OR (CI): Odd ratio and 95% Confidence interval

38 See Table 1
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Demographic variable | NSOFC/ N=171 Control / N=189 P value
Location:
Riyadh 62 (36.2%) 68 (36%) 0.83
Jeddah 71 (41.5%) 82 (43.4)%
Maddina 38 (22.2%) 39 (20.6%)
Child gender:
Male 105 (61.4%) 114 (60.3) 0.441
Female 66 (38.6%) 75 (39.7)
Age:
Child Mean: 6.39months Mean: 7.99 0.008*
SD:5.485 SD: 5.542
Father Mean: 35.83 years | Mean 34.79 years
0.211
SD: 8.545 SD: 6.870
Mother Mean: 29.38 years | Mean: 28.89 years 0.442
SD: 6.02 SD: 5.6

N: total number of families

n: total number of children

Significant at 0.05
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Table S2: Distribution of the sample according to location, parental age and consanguinity

Variable NSOFC/ N=171 Control / N=189 P value
Sample location:
Riyadh 62 (36.2%) 68 (36%) 0.83
Jeddah 71 (41.5%) 82 (43.4)%
Maddina 38 (22.2%) 39 (20.6%)
Consanguinity
Yes 86 (50.3%) 92 (49.5%) 0.76
1* cousins 55 (32.2%) 60 (31.7%) 0.93
Mean parental Age:
Father Mean: 35.83 years | Mean 34.79 years
0.211
SD: 8.545 SD: 6.870
Mother Mean: 29.38 years | Mean: 28.89 years 0.442
SD: 6.02 SD: 5.6
N: total number of families
SD: Stander of deviation
Table S3. Polymorphism characteristics investigated
Gene Symbol SNP ID Chromosomal position | Variation TagqMan Assay ID | [VIC/FAM]
VAX1 rs4752028 10:117075480 T>C C_ 27883342 10 | [C/T]
rs7078160 10:117068049 G>A C 31975118 10 | [A/G]
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Table S4. The observed frequency (OF) and expected frequency (EF) for rs4752028 and
rs7078160 genotypes using the Hardy-Weinberg frequency calculation.
Groups Cases Controls
Genotype | Common | Heterozygous Rare Common | Heterozygous Rare
homozygous homozygous | homozygous homozygous
Paternal rs4752028 cases=165, controls=168
Observed 95 65 5 134 29 5
Expected 98.5 58 8.5 131.3 34.47 2.26
X, P 2.44,0.12 4.23,0.039%*
value
Maternal rs4752028 cases=168, controls=187
Observed 104 52 12 151 32 4
Expected 100 58.8 8.6 149 35.7 2.14
X, P 2.25,0.133 2.03,0.154
value
Paternal rs7078160 cases=163, controls=165
Observed 120 35 8 141 18 6
Expected 116 43 4 135.6 29.7 1.63
X, P 5.666, 0.017** 19.07, 0.000013**
value
Maternal rs7078160 cases=170, controls=189
Observed 127 31 12 164 19 6
Expected 119.45 46.1 4.45 159.27 28.46 1.27
X°(df), P 18.24, 0.000019** 20.9, 0.000005**
value

**The Chi-square statistic was considered significant at the 0.05 level
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Table SS5. Testing rs4752028 and rs7078160 for parent of origin using PLINK analysis for
CL/P infant-parental triads and -phenotypes (CL+Pand CP).

Paternal Maternal POO POO
T-U_PAT P-value TU_MAT P-value Z test P-value
rs4752028
CL+tP 22.5:20.5 0.760 18.5:16.5 0.735 -0.047 0.962
CP 07:07 1 04:04 1 0 1
rs7078160
CL+P 10:15 0.317 12:14 0.695 -0.443 0.658
CP 1.5:2.5 0.617 0.5:2.5 1 0.59 0.555

POO: Parents of Origin
T:U PAT: Paternal transmitted: untransmitted counts
T:U MAT: Maternal transmitted: untransmitted counts

OR: Odd ratio

CL4P: Cleft lip with or without cleft palate
CP: Cleft palate
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Table S6. Distribution of rs4752028 and rs7078160 infant-parental triad allele frequencies in
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nsOFC, CL+Pand CP cases compared to controls.

Allele type CL+P Cp Control
rs4752028
Paternal allele (frequency (%))
Total 244 66 336
T* 190 (77.9) 51(77.3) 297 (87.9)
C 54 (22.1) 15 (22.7) 39(2.9)
P-value 0.001** 0.015%*
OR (CD 2.16 (1.38, 3.40) 2.24 (1.15,4.36)
Maternal allele (frequency (%))
Total 252 68 374
T* 196 (77.7) 55 (80.8) 334 (89.3)
C 56 (22.2) 13 (19.1) 40 (10.7)
P-value <0.001%** 0.049%*
OR (CD 2.39(1.53,3.71) 1.97 (0.99, 3.93)
Infant allele (frequency (%))
Total 240 70 376
T* 183 (68.8) 55 (78.6) 338 (89.9)
C 57 (31.2) 15(21.4) 38 (10.1)
P-value <0.001%** 0.009%*
OR (CD 2.77 (1.77,4.34) 2.43(1.25,4.7)
rs7078160
Paternal allele (frequency (%))
Total 238 68 334
G* 200 (84) 57 (83.8) 301 (90.1)
A 38 (16) 11(16.2) 33(9.9)
P-value 0.030%* 0.129
OR (CD 1.73 (1.05, 2.86) 1.76 (0.84, 3.68)
Maternal allele (frequency (%))
Total 252 68 378
G 207 (82.1) 61 (89.7) 347 (87.8)
A 45 (17.9) 7(10.3) 31(8.2)
P-value <0.001%** 0.569
OR (CD 2.43(1.49,3.97) 1.28 (0.54, 3.05)
Infants allele (frequency (%))
Total 244 70 372
G 200 (82) 67 (95.7) 340 (91.4)
A 44 (18) 3 (8.6) 32 (1.6)
P-value <0.001%** 0.230
OR (CD 2.34(1.44,3.81) 0.48 (0.14,1.6)

* The homozygous common allele genotype
**The P value is significant at the 0.05 level.

CL+P: Cleft lip with or without cleft palate, CP: Cleft palate, OR (CI): Odd ratio and 95% Confidence interval
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Table S7. Distribution of infant rs4752028 and rs7078160 genotypes in cases and controls
according to parental consanguinity.

Consanguinity CL/P Cp Control
rs4752028
Total infants 118° 33¢ 167°
Genotype TT* CcC CT TT* cC CT TT* cC CT
Total 70 9 39 20 1 12 138 3 26 %
Yes% 60 66.7 436 70 100 50 55.8 100 46.2
No % 40 333 56.4 30 0 50 54.2 0 55.8
OR (95%CI) 1.35(%31, 0.5?(1(2‘.23, N 0.413'25(9).)10, N 0618§(;3
X (df), P-value 4.88 (2), 0.087 1.89 (2), 0.390 3.31(2),0.190
rs7078160
Total infants 116° 33¢ 166°
Genotype GG* AA AG GG* AA AG GG* AA AG
Total N 87 11 18 30 0 3 140 2 24
Yes % 60.9 54.4 333 66.7 0 333 56.4 100 41.7
No % 39.1 45.5 66.7 333 0 66.7 43.6 0 583
OR (€D Ty | oear " e ¢ | 026150

X (df), P-value

4.62 (2), 0.099

1.31 (1), 0.252

2.55(2),0.279

* Homozygous common allele genotype
**Significant level at P< 0.05
a. Not possible to analyze because the groups contain zero values

€ Among rs4752028: two CL/P, two CP and 22 controls did not have their genotyping and/or paternal
consanguinity information completed' Among rs7078160 © 10 nsOFC, 3 CL/P, one CP, and one control did not
have their genotype and/or their paternal consanguinity information completed.

d Among rs4752028: there were two undiagnosed phenotypes. Among rs7078160: there were four undiagnosed

nsOFC cases
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Table S8. Comparison between case and control infant rs4752028 genotypes and their relationship
to parental consanguinity.
TT* CC CT
Consanguinity Contro
CL/P Cp Control | CL/P Cp ] CL/P Cp Control
rs4752028
Total N 70 22 138 9 1 3 39 12 26
Yes % 60 63.6 55.8 66.7 100 100 43.6 50 46.2
No % 40 36.4 54.2 333 0 0 56.4 50 55.8
1.9 1.3 (0.5- a a 0.9 (0.33- |1.17 (0.3-
OR®5%CD | 966- | 3.5) 2.44) 4.6)
2.13)
X’ (df), P-value| 1.17(3), 0.770 1.33(1), 0.514 0.41(2), 0.813
r rs7078160
Total N 87 30 138 11 0 2 18 3 24
Yes % 60.9 66.7 56.4 54.4 0 100 333 333 41.7
No % 39.1 333 43.6 45.5 0 0 66.7 66.7 58.3
1.2 (0.7-/1.29 (0.5- a a 0.6 (0.16- 0.6 (0.04-
0
ORO5% CD 175 08y | 2.84) 2.18) | 7.63)
X°(df), P-value | 1.24(2), 0.537 1.48 (1), 0.224 0.66 (2), 0.719

* Homozygous common allele genotype
a. Not possible to analyze because the groups contain zero values

**Significant level at P <0.05
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