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ABSTRACT

The project “Searching for new genes and loci involved in cleft lip and palate in the Polish population -
genome-wide association study” is a case-control study in a group of unrelated subjects with non-syndromic
cleft lip with or without cleft palate (NSCL/P) and healthy individuals with no family history of clefting or other
congenital disorders. The overall goal of this grant proposal is to identify novel genetic factors, which can play
a significant role in the pathogenesis of orofacial clefts in the Polish population. To accomplish the proposed aim,
a two stage genome-wide association study will be performed. In the first stage, lllumina’'s HumanOmni Express
BeadChips arrays will be used to genotype over 700,000 polymorphisms in NSCL/P patients and controls. In the
second stage, SNPs showing the most compelling association with the risk of orofacial clefts will be tested in an
independent sample set using standard genotyping methods. This research project is expected to be completed
in July 2015.
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General information Poznqn University of Medical Sciences (PUMS), Poland,
was signed on 2 July 2013.

The project “Searching for new genes and loci involved
in cleft lip and palate in the Polish population —

Management
genome-wide association study” was awarded by the 9

Polish National Science Center (NCN) under project
number: 2012/07/B/NZ2/00115 (OPUS 7 competition).
The duration of the grant is 24 months, from 2 July
2013 to T July 2015. The contract between NCN and

The Principal Investigator of the grant is Dr Adrianna
Mostowska, Assistant Professor in the Department
of Biochemistry and Molecular Biology at PUMS.
Main Co-Invetigators in the grant are Prof. Pawet P.
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Jagodzinski from PUMS and Prof. Konrad K. Hozyasz
from the Institute of Mother and Child in Warsaw.
In addition, Co-Invetigators are: Prof. Piotr Wojcicki
(University Clinic of Medical Academy in Wroclaw and
Department of Plastic Surgery Specialist Medical Center
in Polanica Zdréj), Dr Barbara Biedziak (PUMS), Prof.
Joanna Wesoty (Department of Human Molecular
Genetics, Institute of Molecular Biology and Biotech-
nology in Poznan), Dr Anna Sowifska (PUMS) and MSc
Sylwia Matuszewska-Trojan (PUMS).

Ethics

Bioethical Committee at PUMS on 3™ November 2011
accepted all project’s protocols and forms, including
information for patients form and consent form for
participation in a research study (the permission num-
ber 891/11).

Finance

The total amount of grant funding is 1,475,140 Polish
Zlotys (about 352,000 Euro). The amount of fund-
ing in the first year is 1,300,420 Polish Zlotys (about
310,000 Euro). Grant funds were designed to purchase
all reagents, disposable laboratory equipment and
software products for the conduct of the proposed
research and analyse received data. In addition, grant
funds were designed to cover personnel costs of project
participants and costs associated with the dissemina-
tion of research results, i.e., through publications in peer
reviewed journals and presentations at professional sci-
entific conferences.

Research basic concept and objectives

Orofacial clefts are one of the most common con-
genital anomalies in humans (OMIM #119530; OMIM
#119540). According to the Polish Registry of Congeni-
tal Malformations, the prevalence of these birth defects
in Poland ranges from 1/500 to 1/1,000 births [www.
rejestrwad.pl]. Orofacial clefts represent a significant
public health problem since their treatment requires
comprehensive surgical, orthodontic, phoniatric and
psychological management strategies [1]. In addition,
long term outcomes of individuals born with these
anomalies may include higher overall death rates, men-
tal health problems, alternations of childbearing pat-
terns and a higher risk of cancer (particularly breast
cancer) in both affected individuals and their family
members [2].
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The aetiology of non-syndromic cleft lip with or with-
out cleft palate (NSCL/P) is heterogeneous and both
genetic and environmental factors affect the risk of
this developmental malformation [2]. Research stud-
ies of NSCL/P using a wide range of methodological
approaches have discovered a number of genes (e.g.
IRF6, BMP4, FGFR2, FOXE1, MSX1 or MYH9) and chro-
mosomal regions underlying this structural anomaly [2,
3]. In addition, four independent genome wide associa-
tion studies (GWAS) for NSCL/P have successfully identi-
fied several loci (8q24.21, 1p22.1, 10g25.3, 17922 and
20q12) at which nucleotide variants influence the risk
of NSCL/P [4-7]. However, all mutations and/or poly-
morphisms of candidate genes and chromosomal loci
characterized so far may still explain only a fraction of
the inherited contribution to NSCL/P aetiology. This can
be due to the locus and allelic heterogeneity among
populations (the existence of different candidate genes
and many different disease causing alleles at a given
locus, respectively), incomplete penetrance, as well as
complicated epistasis and gene-environmental inter-
actions. In addition, in most cases, the functional role
of identified polymorphic variants in the pathogenesis
of orofacial clefts is unknown. Therefore, the overall
goal of this grant proposal is to identify novel genet-
ic factors, which can influence the risk of NSCL/P in
the Polish population. To accomplish the proposed
aim, a two stage genome-wide association study will
be performed using lllumina's HumanOmni Express
BeadChips arrays. GWAS is defined by the National
Institutes of Health as a study of common genetic vari-
ation across the entire genome designed to identify
genetic associations with observable traits. GWAS have
greater power than linkage studies to detect small to
modest effects, even with a strict alpha-level for sta-
tistical significance (a0 = 5.0 x 10°®) [8]. Moreover, by
casting a wide net of genetic markers across the entire
genome, this approach does not require to select can-
didate genes for study and examines much of the com-
mon variation across the genome. To date, GWAS have
detected hundreds of variants associated with a large
number of diseases [9]. Many of these findings are nov-
el, since identified SNPs were not previously recognized
as disease risk factors.

Research plan

The proposed project will be composed of two stages:

Stage 1

- selection of individuals with orofacial clefts and
a suitable comparison group (number of cases =



288, number of controls = 576), DNA isolation and
quantification;

- high-throughput genotyping and data review to
ensure high genotyping control;

- statistical tests for associations between SNPs pass-
ing quality thresholds and orofacial clefts.

Stage 2

- selection of additional individuals with orofacial
clefts and a suitable comparison group (number of
cases = 400, number of controls = 500), DNA iso-
lation and quantification;

- replication of identified associations in an indepen-
dent population sample;

- examination of functional implications using vari-
ous research databases and tools.

Research methodology

Sample collection

Peripheral blood samples from 688 (288 for the first
stage and 400 for the second stage of the study) unre-
lated subjects with NSCL/P will be collected in the
Departments of Paediatrics and Paediatric Surgery at
the Institute of Mother and Child in Warsaw, as well
as in the Department of Plastic Surgery at the Medi-
cal Academy in Wroclaw. To avoid sample heterogene-
ity, individuals with cleft palate only will be excluded
from the study prior to genotyping. Also patients with
accompanying congenital malformations, chronic med-
ical conditions, or vaguely described dysfunctions (syn-
dromic forms of orofacial clefts) will not be included
in the analyses. Eligibility to the patient group will be
ascertained from detailed medical records. In addition,
1076 (576 for the first stage and 500 for the second
stage of the study) healthy individuals with no family
history of clefting or other congenital disorders will
be used as controls. Both patients and age- and gen-
der-matched control samples will be Caucasians of Pol-
ish origin recruited from the same geographic regions.
DNA will be extracted from peripheral blood samples
using standard salt extraction procedure. DNA concen-
trations will be adjusted to 50 ng/ul and verified using
PicoGreen dsDNA Quantitation kit (Molecular Probes,
Invitrogen, CA, US).

Genome-wide association study

High-throughput genotyping of all samples will be car-
ried out using the lllumina’s HumanOmni Express Bead-
Chips (lllumina, CA, US) according to manufacturer’s

protocol. These 12-sample BeadChips feature 730,525
strategically selected markers to capture the greatest
amount of common SNP variation (> 5% minor allele
frequency). The SNPs selection is based on linkage dis-
equilibrium (LD) between nucleotide variants. A high r’
between two SNPs indicates high correlation, making
these SNPs good proxies (tag SNPs) to each other. At
a maximum r of 1, two SNPs are in perfect LD and can
serve as pure proxies. Thus, only one SNP needs to be
genotyped to know the genotype of the other. lllumina
DNA Analysis products offer unparalleled genomic cov-
erage using tag SNPs with the highest average F values
in the industry (http://www.illumina.com/).

Statistical analysis of GWAS results

Genotypes for all arrays will be calculated using Bead-
Studio’s genotyping module (v2.0, Illumina, CA, US).
Stringent quality control will be applied to the geno-
typing data in order to exclude experimental errors
and low-quality SNPs. All statistical analyses will be
performed using PLINK version 1.06. The association of
SNPs with NSCL/P will be tested by a 1-degree-of-free-
dom Cochran-Armitage trend test. The p-value below 5
x 1078 will be considered as statistically significant [10].
Statistical analysis of obtained results will also include the
determination of the differences in allele and genotype
frequencies between cases and controls using the stan-
dard ¥ and Fisher exact tests and the calculation of the
Odds Ratio (OR) with corresponding 95% confidence
intervals (95%Cls). For nucleotide variants showing the
strongest associations further computational analyses
will be performed in order to determine if these nucle-
otide variants may be real, etiological polymorphisms
involved in NSCL/P aetiology. PolyPhen online data-
base (http://genetics.bwh.harvard.edu/pph/) will be
used for prediction of functional consequences of the
non-synonymous SNPs on protein structure and func
tion.

Replication study

The SNPs showing the most significant associations with
NSCL/P risk in the GWAS will be retested in a subse-
quent replication study conducted in an independent
set of cases and controls (400 patients z NSCL/P and 500
healthy individuals). Genotyping will be carried out either
by PCR followed by digestion of the amplified products
with the appropriate restriction enzyme (PCR-RFLP),
high-resolution melting curve analysis (HRM) or using
TagMan assays (Applied Biosystems; CA, US).
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Statistical analysis of replication
study results

For each SNP, the Hardy-Weinberg equilibrium will be
assessed by Pearson's goodness-of-fit Chi-square statis-
tic. The differences in allele and genotype frequencies
between cases and controls will be determined using
standard Chi-square or Fisher tests. SNPs will be tested
for association with NSCL/P using the Cochran-Armit-
age trend test. The OR and associated 95%Cl will also
be calculated. Haplotype analysis will be performed
using the UNPHASED 3.1.5 program. Gene-gene inter-
actions will be evaluated using the nonparametric and
genetic model-free Multifactor Dimensionality Reduc-
tion (MDR) approach (MDR version 2.0 beta 5).

Expected results

The presented project will allow the identification of
novel genes and chromosomal loci, the nucleotide
variants of which are significantly associated with the
occurrence of NSCL/P in the Polish population. This
will enable a more complete understanding of the highly
complex etiology of this common developmental anom-
aly, which can in the future help to improve the current
treatment methods and to design the programs of prima-
ry prevention of craniofacial abnormalities. The results
obtained during this project may also contribute to
deepening the knowledge of the molecular mechanisms
involved not only in face development, however, also in
the development of the whole embryo. Development of
the head and face comprises one of the most complex
events during embryonic development, coordinated by
a network of transcription factors and signalling mol-
ecules together with proteins conferring cell polarity
and cell-cell interactions [11]. The results of this project
should also help us to design our future research plans.
Markers selected in the genome-wide association study
will be further evaluated in fine mapping and next gen-
eration sequencing studies to identify causal variants,
and in functional studies to understand the biologi-
cal mechanism of the observed associations with the
non-syndromic orofacial clefts in the Polish population.
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