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Targeted sequencing reveals KLF4 gene  
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Abstract: Objective: Non-syndromic cleft lip with or without palate (NSCL/P) is one of the most common congenital 
birth defects affected by both gene and environmental modifiers. Recent studies revealed that KLF4 played an 
important role during craniofacial development. This study aimed to evaluate the association between KLF4 gene 
variations and NSCL/P in a Western Han Chinese population. Methods: In this study, 159 unrelated cases with 
NSCL/P were recruited. We used targeted region sequencing around KLF4 gene, and single variation association 
analysis and gene-based burden analysis were then performed. Results: 116 SNPs and 30 indels were found. 
Burden analysis showed no statistical significance. Association analysis results showed rs6477574 (P = 0.014 
and OR = 1.58), rs112488950 (P = 0.0024 and OR = 1.98) and rs111357138 (P = 0.0025 and OR = 1.96) were 
associated with NSCL/P. Conclusions: The results revealed that KLF4 variations were associated with NSCL/P in a 
Western Han Chinese population, providing a new reference for future genetic study of NSCL/P.
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Introduction

Non-syndromic cleft lip with or without palate 
(NSCL/P) is one of the most common congeni-
tal birth defects worldwide. The average inci-
dence worldwide is 0.8 per thousand live births 
[1], while the incidence in China is higher  
than that, at 1.38 per thousand live births [2]. 
NSCL/P can cause facial deformity, and also 
affects speaking, feeding and hearing, eventu-
ally results in social and psychological prob-
lems [3]. Although surgical correction techni- 
ques are improving, they can only cure part of 
the defect. NSCL/P still poses a great burden 
to families and society. So elucidating the etiol-
ogy and pathogenesis of NSCL/P is of great sig-
nificance for the prevention of this disorder [4].

It has been suggested that NSCL/P is affected 
by both gene and environment factors. Genetic 
studies have attempted to elucidate the genet-
ic background of it, and dozens of susceptible 
genes have been reported to contribute to 
NSCL/P, including IRF6, MSX1, TGF-α, FGFR1, 
and SPRY2 [5-9]; nearly all of these genes are 
characterized with the presence of strongly 

associated common SNPs. According to the 
hypothesis that causal genes could harbor an 
excess of rare functional mutations, re-se- 
quencing studies have been performed and fur-
ther provided powerful evidence for the patho-
physiologic relevance of given genes. As an 
example, re-sequencing the 1p22 loci, which 
was reported by Beaty et al. (2010) based on 
significant SNPs within ABCA4, provided strong 
support for the hypothesis that the downstre- 
am gene ARHGAP29 was the susceptible gene 
for NSCL/P (Leslie et al., 2012). Environment 
risk factors like exposure to smoking, and drink-
ing during early pregnancy also have been con-
firmed [4]. 

KLF4 belongs to the Krüppel-like factor family, 
it is a zinc-finger-containing transcriptional fac-
tor that regulates a diverse array of cellular pro-
cesses such as proliferation, differentiation, 
and apoptosis, and it is essential to reprogram 
somatic cells into induced pluripotent stem 
cells [10-14]. But KLF4 functions differently in 
different tissue microenvironments [15]. Liu et 
al. found the NSCL/P patients carried KLF4 va- 
riations, and revealed that KLF4 is required for 
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the differentiation of murine oral periderm, and 
is directly downstream of IRF6 during oral peri-
derm differentiation [16]. But there is no other 
direct evidence to show if KLF4 variations were 
associated with NSCL/P, let alone in a Chinese 
Han population.

In this study, we performed targeted sequenc-
ing to investigate the role of KLF4 gene in the 
etiology of NSCL/P.

Materials and methods

Subjects

This study recruited 159 unrelated cases with 
NSCL/P from Western Han Chinese population. 
All patients were clinically examined in the 
Department of Cleft Lip and Palate in West 
China Hospital of Stomatology, Sichuan Uni- 
versity. All probands underwent clinical genetic 
evaluations to exclude congenital anomalies 
other than NSCL/P. The patients were further 
sub-phenotyped in the basis of 2 categories of 
severity (Table 1). Human subject study proto-
cols were reviewed and approved by the institu-
tional review board (IRB) of West China Hospital 
of Stomatology, Sichuan University in 2016 
(WCHSIRB-D-2016-012R1). All the participants 
or their guardians read and signed the informed 
consent before enrolling into this study. 542 
control data, used in the first phase association 
analysis, were from Novogene internal data-
base (http://www.novogene.com/).

DNA collected and selection of targeted re-
gions

Peripheral blood samples were collected from 
all the participants and their guardians. DNA 
was collected by salting out method from the 
peripheral blood and then stored in Tris-EDTA 
buffer. The quality of isolated genomic DNA was 
verified by using these two methods in combi-
nation: 1) DNA degradation and suspected 

2840 based on LD structure in CHB/JPT 
HapMap around KLF4 gene for deep sequenc-
ing (Figure 1).

NGS-library preparation and sequencing

The targeted sequence was efficiently captured 
and enriched from 1.0 μg genomic DNA us- 
ing Agilent liquid capture system (Agilent 
SureSelectXT Custom Kit) according to the 
manufacturer’s protocol. DNA library was se- 
quenced on Illumina Hiseq 4000 for paired-end 
150 bp reads.

Bioinformatics analysis

All the downstream bioinformatics analyses are 
based on the high quality clean data. Valid 
sequencing data is mapped to the reference 
genome (GRCh37/hg19) by Burrows-Wheeler 
Aligner (BWA) software to get the original map-
ping result in BAM format. Subsequently, 
Samtools and Picard are respectively utilized to 
sort bam files and mark duplicate reads, to gen-
erate a final bam file. Samtools mpileup and 
bcftools are used to do variation calling and 
identify SNP, indels. ANNOVAR is performed to 
do annotation for VCF (Variation Call Format) 
file. The variation position, variation type, con-
servative prediction and other information are 
obtained at this step through a variety of data-
bases, such as dbSNP, 1000 Genome, ExAC, 
CADD and HGMD. For exonic variations, gene 
transcript annotation databases, such as Con- 
sensus CDS, RefSeq, Ensembl and UCSC, are 
also applied for annotation to determine amino 
acid alternation. Finally, PolyPhen-2, SIFT, Mu- 
tationTaster, CADD were used to perform func-
tional prediction for the nonsynonymous SNVs.

Statistical analysis

In this study, we used the 542 normal individu-
als WGS data from Novogene internal database 
(http://www.novogene.com/) as controls. Har- 

Table 1. Type of non-syndromic cleft lip with or without palate

Cleft type
Sex  Unilateral

Bilateral Family  
historyMale Female Unknown  Right Left

NSCLO 46 33 0 29 37 13 0
NSCLP 56 21 3 27 29 24 2
NSCL/P 102 54 3 56 66 37 2
Total 204 108 6  112 132 74 4
Note: NSCL/P, non-syndromic cleft lip with or without cleft palate (NSCLO & 
NSCLP); NSCLP, non-syndromic cleft lip with cleft palate; NSCLO, non-syndromic 
cleft lip only.

RNA/Protein contamination we- 
re verified by electrophoresis on 
1% agarose gels. 2) DNA purity 
and concentration were iden- 
tified by NanoPhotometer® spe- 
ctrophotometer (IMPLEN, CA, 
USA) (OD260/OD280). OD value 
of qualified sample is between 
1.8-2.0.

We picked haplotype region spa- 
nning chr9:110237126-11026- 
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dy-Weinberg equilibrium (HWE) and the minor 
allele frequency (MAF) among the unaffected 
controls at each common variation was asse- 
ssed; association analysis for common SNVs 
was assessed by PLINK. For rare variations, we 
included non-synonymous variations with data-
base MAF threshold (MAF < 0.01 in CHB & CHS 
from 1000 Genome database and Novogene 
internal database, MAF < 0.001 in GnomAD) 
and bioinformatics prediction as harmful varia-
tion by two of the four softwares (SIFT, Polyph- 
en, MutationTaster and CADD) to do the gene-
based burden analysis by two-tailed Fisher ex- 
act test by PLINK. Using the Bonferroni meth- 
od the alpha for threshold would be P < 0.016.

Results

Sequencing summary

Of the 159 NSCL/P patients, in total we identi-
fied 116 SNVs and 30 indels. 73 SNVs and 10 
indels exist in 1000 Genome database. We 
selected the variations with call rate > 95% and 
split them into two groups, common variations 
(with minor allele frequency, MAF ≥ 0.01) and 
rare variations (MAF < 0.01).

Association analysis

To further investigate whether the common va- 
riations at KLF4 were associated with NSCL/ 

Figure 1. Targeted sequencing region of KLF4 hg18.
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P, we conducted association analysis on varia-
tions in unaffected controls with HWE (Hardy-
Weinberg equilibrium) P value > 0.05. 

The results showed that rs6477574 is signifi-
cantly associated with NSCL/P (P = 0.0097 and 
OR = 1.43), which should be driven by NSCLP (P 
= 0.014 and OR = 1.58), since it has lower p 
value in NSCLP than that in NSCLO. rs- 
112488950 (P = 0.0024 and OR = 1.98), 
rs111357138 (P = 0.0025 and OR = 1.96) and 
rs10739247 (P = 0.0089 and OR = 1.43) were 

the known risk factor of cleft palate, IRF6 [20], 
and affected the differentiation of periderm. 
Also, there is evidence showing that KLF4 is 
critical during EMT, but not in the process of 
palatogenesis [21]. It is necessary to further 
elucidate the mechanism underlying, and the 
role of the gene regulatory networks including 
members of KLF4 and IRF6.

In this study, we performed targeted region 
sequencings around the KLF4 gene, and found 
two SNPs rs188071068 (NM_001314052: 

Figure 2. LD plots of the association results for common variations at KLF4 
in NSCL/P.

uniquely associated with NS- 
CLP (Figure 2 and Table 2). 

Gene-based burden analysis

To know whether the KLF4 
gene is associated with NSCL/ 
P among Western Han Chinese, 
we performed the gene-ba- 
sed burden analysis for rare  
variations. The results show- 
ed no statistical significance 
(Supplementary Table 1).

Discussions

NSCL/P is a multifactorial con-
genital birth defect thought to 
be affected by both environ-
mental and genetic factors. 
The morphogenesis underlying 
it is partially elucidated. It is 
known to be caused by the fail-
ure of fusion of palatal shelves 
during embryogenesis. Medial 
edge epithelia (MEE) is on the 
surface of palatal shelves, and 
it is composed of basal cell 
layer and the periderm layer. 
During palatogenesis, upon 
adhesion of the pair of palate 
shelves, the MEE cells undergo 
epithelial-mesenchymal trans-
formation (EMT) to allow the 
shelf to fuse with the opposite 
one [17, 18]. The MEE prevents 
the pathological fusion betw- 
een palatal shelves and man-
dibular or lingual epithelia whi- 
ch leads to cleft palate [19]. 
Liu et al. [16] found that KLF 
acted directly downstream of 
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c.C1195A:p.P399T) and rs373655937 (NM_ 
004235: c.A299G:p.N100S) were missense, 
but they are not novel and not predicted as del-
eterious by SIFT/Polyphen2.

To investigate the role of KLF4 in NSCL/P, we 
did single variation association analysis and 
gene-based burden analysis. The burden  
analysis showed no significant association 
(Supplementary Table 1), but according to sin-
gle variation association analysis, KLF4 gene 
might be associated with NSCL/P (Lowest P = 
0.0024) (Figure 2 and Table 2). We confirmed 
that KLF4 variations are associated with 
NSCL/P. The minor allele frequency (MAF) of 
the significant SNP rs6477574, rs112488950, 
rs111357138 and rs1073924 were consistent 
with the data of CHB & CHS from 1000 Genome 
database, confirming the representativeness 
of the data. In conclusion, the present study 
confirmed that KLF4 gene was a part of the eti-
ology of NSCL/P, and that parents carrying the 
risk variation of KLF4 could have a greater risk 
to give birth to a baby with cleft among Western 
Han Chinese. Although these four variations 
are located in the non-coding region, they could 
still affect the level and form of mRNA tran-
scripts. Motif analysis revealed that allele T at 

rs112488950 could alter two transcription fac-
tor binding (TFB) sites, including BDP1_disc1 
(score: -1.8 to -13.8) and NRSF_disc5 (score: 
11.6 to 8.2); T allele at rs111357138 could 
alter three TFB sites, ERalpha-a_disc1 (score: 
11.7 to 7.2), GCNF (score: -7.8 to -7.4) and 
RXRA_known5 (score: -8.3 to 4.7); and T allele 
at rs1073924 could alter Mtf1_1 TFB site 
(score: -9.5 to 7.5). Thus allele T at these three 
SNPs in KLF4 might modulate the correspond-
ing transcription and expression to participate 
in the etiology of NSCL/P. The BDP1, combined 
with BRF1 and TBP, constitutes TFIIIB, which is 
required for initiating RNA polymerase III tran-
scription [22]. The neuron restrictive silencer 
factor (NRSF) is known as transcriptional 
repressor of neuronal phenotype, affecting the 
growth and development of the nervous sys-
tem, and the dysregulation of NRSF may lead to 
neuronal cell pathologic states [23]. ER alpha-a 
is a promoter of pro-oncogenic signaling path-
ways, and ERα positivity is showed in more 
than 70% of breast cancer [24, 25]. GCNF 
stands for germ cell nuclear factor, and it is 
active in testes and ovaries and is essential for 
reproduction in female mice [26]. As a member 
of the nuclear receptor superfamily, RXRA is 
involved in various cellular process including 

Table 2. Association analysis results of common variants

Cleft type SNP Position Function Ref Alt AF
Case Control

P OR
Alt Ref Alt Ref

NSCL/P rs6477574 110255461 intergenic A G 69.1% 217 97 662 422 0.0097 1.43
rs112488950 110239297 intergenic C T 17.6% 56 262 130 954 0.011 1.57
rs10739247 110255925 intergenic A T 68.2% 217 101 656 428 0.012 1.4

rs111357138 110238868 intergenic G T 17.6% 56 262 131 953 0.014 1.55
NSCLO rs10978885 110257762 intergenic A C 25.3% 40 118 209 875 0.088 1.42

rs10978889 110259639 intergenic A T 25.3% 40 118 209 875 0.088 1.42
NSCLP rs112488950 110239297 intergenic C T 21.3% 34 126 130 954 0.0024 1.98

rs111357138 110238868 intergenic G T 21.3% 34 126 131 953 0.0025 1.96
rs10739247 110255925 intergenic A T 71.3% 114 46 656 428 0.0089 1.62
rs6477574 110255461 intergenic A G 71.3% 114 46 662 422 0.014 1.58

rs373655937 110250376 exonic T C 1.3% 2 158 0 1084 0.016 Inf
rs192594456 110255183 intergenic A G 1.3% 2 158 0 1084 0.016 Inf
rs10739246 110242366 intergenic A G 71.3% 114 46 674 410 0.028 1.51
rs10759240 110242157 intergenic A C 71.3% 114 46 675 409 0.028 1.5
rs10739245 110242349 intergenic A G 71.3% 114 46 675 409 0.028 1.5
rs73523791 110238817 intergenic G C 53.8% 86 74 488 596 0.042 1.42

 rs575633365 110256714 intergenic C T 1.3% 2 158 1 1083 0.045 13.66
Note: Ref, reference allele; Alt, alternate allele; AF, allele frequency; P, p value; OR, odds ratio; NSCL/P, non-syndromic cleft lip 
with or without cleft palate (NSCLO & NSCLP); NSCLO, non-syndromic cleft lip only; NSCLP, non-syndromic cleft lip with cleft 
palate. We only list the SNPs with p-values less than 0.1 in this table.
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cell differentiation, cell death and cellular se- 
nescence associated with calcium signaling 
[27, 28]. Mtf1 is a zinc finger transcription fac-
tor that activates downstream gene MT1 and 
MMPs to promote cell survival, and Ji et al. [29] 
had proven it to be associated with the epithe-
lial to mesenchymal transition during ovarian 
cancer metastasis. No study has shown it to be 
involved in CLP pathogenesis.

There are also important limitations in this 
study, including a very small sample size and 
lack of functional studies. Further study is still 
necessary to elucidate the role of gene regula-
tory networks including KLF4.
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Supplementary Table 1. Gene-based burden analysis on rare variants among NSCL/P

Cleft Type Region
Case Control

P
Ref Alt Ref Alt

NSCL/P chr9:110237125-110262840 74 86 177 254 0.13
NSCLO chr9:110237125-110262840 44 36 177 254 0.11
NSCLP chr9:110237125-110262840 30 50 177 254 0.49
Note: Ref, reference allele; Alt, alternate allele; P, p value; NSCL/P, non-syndromic cleft lip with or without cleft palate (NSCLO & 
NSCLP); NSCLO, non-syndromic cleft lip only; NSCLP, non-syndromic cleft lip with cleft palate. 


