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ABSTRACT 

Development of the face takes place in early uterine life between 4-8 weeks which involves 

interaction of several cell populations and coordination, influenced by environmental factors and 

genetic pathways. Disruption of the cell signaling pathways with effects of environmental insults 

at any stage of early development may result in myriads of Syndromic or Nonsyndromic clefts in 

various forms as isolated or a combination of complex deformities Non Syndromic Cleft Lip is a 

frequent malformation of the facial region. Genetic variants with 36 patients of CL/P and 71 

parents were enrolled in this study with written informed consent following ethical clearance 

from ethics committee of Gauhati Medical College. Family history of the patients were collected 

and were found that none of the patients had a positive family history of cleft Lip or palate. The 

study showed that group of cleft patients, maternal blood glucose levels, Vit B12 and Serum 

Folate levels were looked into, to see overall deficiency / excess in the study group in general, 

which may have influenced during the early pregnancy. 16 mothers using biomarkers were 

studied for serum folate level, B12 and type 2diabetes and birth weight of the child were 

recorded. Birth weight was found to be reasonably low in more than half of our patients. Studies 

using random blood glucose levels in the maternal blood and folate serum samples were within 

normal limits 88-110 mg/dl and 2.14ng/mL – 3.51 ng/Ml respectively. Study also suggests that 

Folate- folic acid deficiency may have a role in the origin of isolated cleft lip and/or cleft palate 

and it can be neutralized by the supplementation of Folic acid during the critical period of these 

two kinds of orofacial clefts. In order to assess the association of alleles for candidate gene 

TGFα with non-syndromic cleft lip and palate, DNA samples from 47 patients attending Gauhati 

Medical College and Hospital including parents were analyzed. TGFα TaqI gene has two alleles 

namely allele 1 and allele 2. 
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INTRODUCTION 

Cleft lip (cheiloschisis)/cleft palate 

(palatoschisis), is one of the commonest 

congenital anomaly occurring in 1: 750 live 

births. In Indian subcontinent, one of the most 

populous country in the world with a 

population of (2019 latest UN data), the 

approximate population is 1, 350, 438098 one 

can imagine cleft prevalence in our country. It 

is estimated birth prevalence of clefts is 

somewhere between 27000-33000 clefts per 

year
1
. In 2008, the World Health Organization 

(WHO) has recognized that non- 

communicable diseases including birth defects 

cause significant infant mortality and 

childhood morbidity and have included Cleft 

Lip & Palate in their Global burden of disease 

(GBD) initiative
1
. 

 Non Syndromic clefts may present as 

isolated Cleft Lip and/or palate in various 

forms from microform & incomplete variety to 

complete representation of spectrum of 

deformities, caused by abnormal facial 

development during gestation. Overall global 

prevalence of Orofacial cleft is one in 600 new 

born babies. Assuming 15,000 births per hour 

worldwide (US Bureau of the census, 2001) a 

child is born with a cleft somewhere in the 

world approximately every 2 minutes. Despite 

efforts to record the frequency of birth defects 

over the years, accurate data on the 

epidemiology do not exist in many countries 

including India
2
. 

 Non syndromic Cleft lip & palate is a 

multifactorial disorder involving both genetic 

& environmental factors which contributes to 

its aetiology. 

 Individuals with cleft lip/palate (CLP) 

feeding problems, recurrent middle ear 

infection
3
. As the individual continues to grow 

defects in tooth development and require 

dental or sometimes surgical treatment.  

 Involvement of lifestyle and 

environmental factors and its interaction with 

genetic factors with implication of various 

genes has been the subject of research without 

any definite outcome and it is still illusive as 

to which particular Genetic mutation and or 

polymorphism is responsible for such birth 

defects. Characterization of genomic 

sequences will greatly impact regulation of 

Gene networks and pinpoint any variation s in 

different stages of craniofacial morphologies
3
 

Various studies have been made to understand 

the etiology of this disorder so as to predict its 

occurrence and to prevent it. 

 Advances in molecular and genetics 

biology have begun to reveal the basis of 

craniofacial development and to identify the 

genes associated with CLP
4
.  There are studies 

which  reviews to explore the possibility of 

association of key genes like TGFß, GABRB3 

through PCR-sequencing methods, and 

provides an update on the etiological factors 

underlying this common malformation
5
. 

 Clinically, when CLP appears with 

other (usually two or more) malformations in 

recognizable patterns, it is classified as 

syndromic CLP (SCLP). If it appears as an 

isolated defect or if syndromes cannot be 

identified, the term non syndromic CLP 

(NSCLP) is used. The number of CLP 

syndromes is large and still growing. 

 

MATERIALS AND METHODS 

The study was conducted in the Department of 

Plastic Surgery, Gauhati Medical College and 

Hospital, Guwahati, Assam from September 

2013 to February 2019. Blood samples were 

collected from patients with proper consent 

and documentation was done on the basis of 

history and clinical data. Also the general 

health status of every individual and their 

environmental background were recorded. 

DNA patterns of promoter regions were 

analyzed for specific genes implicated in CL/P 

focusing TGFα followed after Poncz et al.
6
 

PCR for molecular study were performed 

using Ampli Taq DNA polymerase (Life 

technologies, USA) and the primer sequences 

were used for PCR reaction are shown in 

Table 1. DNA was extracted from whole blood 

using QIA amp DNA Mini kit (Qiagen GmbH, 

Hildan). DNA was used for PCR analysis the 

same day and an aliquot was stored at - 80°C 

for future use. 
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Table 1: Primer sequences used for PCR amplification 

Gene name Forward primer (5′ – 3′) Reverse primer (5′ - 3′) Product size (bp) 

TGF-α TCA CTT CCC CTT TTT CAT CTG CGA GGA GGC TCT GAG GTG 174/178 [9] 

 

RESULTS AND DISCUSSION 

Descriptive characteristics of parents and 

infants were recorded and interestingly, it was 

found that none of the patients had a positive 

family history of cleft Lip or palate. Most 

people in the study group belonged to the poor 

socio economic group leading to a stressful 

life; however there most of the case recorded 

was found to be female. There were no 

differences in maternal age between the cases.  

In our study group of cleft patients, maternal 

blood glucose levels, Vit B12 and Serum 

Folate levels were looked into, to see overall 

deficiency / excess in the study group in 

general, which may have cause influence 

during the early pregnancy
7
. With the aim to 

study the biomarkers, 16 mothers were 

randomly selected for the study for serum 

folate level, B12 and type 2 diabetes and birth 

weight of the child were recorded . Serum B6 

level was not estimated, as this test was not 

available in our institution. Birth weight was 

found to be reasonably low in more than half 

of our patients. Vitamin B12 estimation in the 

16 mothers were between 463.6 pg/ml-568 

pg/ml (normal range 156-663 pg/ml) within 

normal limits and may not impact upon the 

incidence of cleft palate. However findings of
8 

Zhao et al.
8
 and

9 
Tanabe et al.

9
 suggest that 

VitB12 may inhibit the expression of some 

cleft palate inducers. 

The study showed that the Serum Folate level 

was within low to intermediate levels 

(2.14ng/mL – 3.51ng/Ml) which is justified by 

the findings of
7 

Sutton et al.
7
 as the Homo 

cysteine levels in early pregnancy are not 

associated with all congenital malformations 

excluding NTDs (Neural tube defects). 

However finding of
10 

Czeizel et al.
10

 suggests 

that Folate-folic acid deficiency may have a 

role in the origin of isolated cleft lip and/or 

cleft palate and can be neutralized by the 

supplementation of Folic acid during the 

critical period of these two kinds of oro-facial 

clefts
11

.  

 DNA sequencing of the amplified 

PCR product was carried out in ABI 3730 x l 

instrument. Same set of primers as used for 

PCR were also used for sequencing. 

Sequencing was carried out for the patients 

and their parent. Sequence data generated were 

analyzed with the following softwares. Bio  

Edit sequence analysis editor, ver 5.0.9 

software for analyzing sequence electro phero 

gram for resolving nucleotide ambiguities (Fig 

1). Genedoc multiple sequence alignment 

editor & sharing utility version 2.1.02, was 

used for sequences editing alignment of DNA 

sequences (Fig 2). 

 

 
Fig. 1: 0.8% agarose gel showing genomic DNA 

 

 
Fig. 2: 1.5% agarose gel showing PCR amplified product for TGF α 

 

_______________________________________________________________________________________________ 

Eurofins Genomics India Pvt Ltd 
#540/1, Doddanakundi Industrial Area 2, Hoodi, Whitefield, Bengaluru 560048, Karnataka, India. 
Tel: +91 80 30982500,Fax: +91 80 41680405, Email: seqindia@eurofins.com, 
Website: www.eurofinsgenomics.co.in, CIN: U85195KA2004PTC033689 

Page 2 of 2 

QC Method: 

Agarose Gel Electrophoresis. 
2-3ul of DNA samples were resolved on 2% Agarose gel at 120V for approximately 60 min or till the samples 

reached 3/4th of the gel. 

The gel is visualized under UV light and the image was captured. 

 

Gel Image: 

 
_______________________________________________________________________________________ 

Result: 

Well No. Order No. Sample Name Comment 
65 - Ladder  

66 0915_290 JWX Pass 

67 0915_290 PTBBY Pass 

68 0915_290 BG Pass 

69 0915_290 PBF Pass 

70 0915_290 ZKF Pass 

71 0915_290 SD Pass 

72 0915_290 DBM Pass 

73 0915_290 RKM Pass 

74 0915_290 MK Pass 

 

_________________________________________________________________________________ 

Terms and Conditions: 

 Confirmed samples will be processed for sequencing.  

 Reply within next 2 working days. 

 We will charge at full price as per purchase order, for all the samples confirmed by you.  

 The gel QC is to identify single/multi band pattern, primer dimer, RNA contamination and degradation. 

 For obtaining good sequencing data,  the quality & specificity of the primer and the complexity & purity 

of the template DNA is critical parameter. 

178bp 
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Online NCBI BLAST program 

(www.ncbi.nlm.nih.gov/blast) was used to 

compare sequence generated from this study 

with the existing sequences available on NCBI 

(Fig 3). 

 

 

 

Fig. 3: Representative sequence chromatograms of TGFαTaq1 gene. Allele 1 was detected in all cases 

 

Two known alleles for the TGFα Taq1 gene 

were identified and were found to be in 

accordance with Ardinger et al.
12

. Allele 1 

gives a 178 bp PCR product where as in allele 

2 four nucleotides are missing (Fig 4).  

 

Allele 1 

TCACTTCCCCTTTTTCATCTGTAAAAGGAGGAATTTGGCCTATGA 

AAGGTCTCTAATGACCTTAAAACCCTTAGATCCTATGATCTTCATTAAGTTTACCTTG 

TTTCCTGGATATTTTCGCCAACATCCATGAACACATCAGGATGTGGGGCCCAGCT TG 

CACCT CAGAGCCTCC TCG 

 

Allele 2 

TCACTTCCCCTTTTTCATCTGTAAAAGGAGGAATTGGCCTATGAAAGGTCTC- - - - 

GACCTTAAAACCCTTAGATCCTATGATC   

TTCATTAAGTTTACCTTGTTTCCTGGATATTTTCGCCAACATCCATGAACACATCAGGATG 

TGGGGCCCA GCTTGCACCT CAGAGCCTCC TCG 

Fig 4: TaqI-primer allele sequence. Allele 2 lacks 4 nucleotides as shown. Primer sequences are in bold 

 

Gene environment causes of Cleft Lip & 

Palate and its contributions to Non Syndromic 

forms of clefting and their implications for 

developmental biology has been studied by 

Murray et al
13

. 

 Protective effect of Vit B12 on palatal 

developmental deficit has been studied in Mice 

and suggested that Vit B12 may not impact the 

incidence of Cleft Palate. However it affects 

the expressions of TGF-B3 and ALK 5 in 

TCDD+ DEX exposure induced cleft palate. 

Shu-fan Zhao et al.
14

, this result was similar to 

the present study where no significant impact 

of Vit B12 deficiency was seen. 

B group of vitamins including folic acid 

supplementation during pregnancy have been 

shown to be effective in preventing Cleft Lip 

and Palate (CLP) in humans. The clinical trials 

for the prevention of malformation have been 

mostly empirically based. It was suggested 

that a deficiency of each of the individual B 

vitamins is teratogenic however total B group 

deficiency has the strongest in the case of 

deficiency of deficiency of all B vitamins. 

They concluded that the results may help to 

elucidate the interplay of genetic conditions 

and exogenons (nutritional) factors in both the 

aetiology and prevention of CLP.
15 
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There are studies which supports the role for 

TGFA in craniofacial morphogenesis and 

support an interrelated mechanism underlying 

non syndromic forms of cleft lip and palate. 

Genetic analysis and tissue expression studies 

have confirmed an association of alleles of 

TGFA with non syndromic cleft lip with or 

without cleft palate (CL/P) in humans. A 

significant association between alleles of 

TGFA & CPO was identified which supports a 

role for this gene as one of the genetic 

determinants of craniofacial development. 

Sequence analysis of the variants disclosed a 

cluster of three variable sites within 3 bp. Of 

each other in the 3 untranslated region 

previously associated with an antisense 

transcript. These studies extend the role for 

TGFA in craniofacial morphogenesis and 

support an inter-related mechanism underlying 

non-syndromic forms of cleft lip and palate
16

. 

The present study revealed that two known 

alleles for the TGFα Taq1 gene were identified 

and were found. Allele 1 gives a 178 bp PCR 

product where as in allele 2 four nucleotides 

are missing.  

 Similar study was carried out by Anil 

Melani Maskoen et al
17

 in Indonesian 

population concluded that TGFA Rsal gene 

can be considered a risk factor of Non 

syndromic CPO COMPARED TGFA Bam HI 

gene of Indonesian subjects. In this case 

control study using samples from 32 NS CPO 

subjects and 28 control subjects. DNA was 

extracted from venous blood and the TGFA 

gene was amplified using polymerase chain 

reaction technique, then digestion product 

from Taql and Rsal restriction enzyme was 

evaluated. Variants of TGFA which include 

three common poly  morphism of gene 

variants of TGFA gene (TGFA Rsal TGFA 

Taql in intron 5, and TGFA Bam HI in exon
17

. 

 In another case control study, 113 

children with NSCLP and 209 controls were 

included. Genotyping of the Taql 

polymorphism was performed by Polymerase 

chain reaction and restriction fragment lenth 

polymorphism methods, A p- value of 0.05 

was considered statistically significant
18

. 

There has been marked progress in identifying 

genetic and environmental triggers for 

Syndromic CLP, the aetiology of more 

common Non-Syndromic (isolated) forms 

remains poorly characterized. Using a 

combination of Epidemiology, careful 

phenotypic Genome – wide association studies 

and analysis of animal models, several distinct 

Genetic and Environmental factors have been 

identified and confirmed for non syndromic 

CLP. Maternal smoking &   exposure to 

maternal alcohol consumpsion, besides 

nutrients & toxins, other environmental 

exposures have been assessed to have possible 

roles in Clefting
19

. 

 

CONCLUSION 

The study conducted shows that patients 

suffering from non syndromic cleft lip and 

palate are for socio economic backward 

classes. Most of the patients are found to be 

female. Results related to Vitamin B12 and 

Serum Folate were between normal range 

whereas the birth weight was found to be 

reasonably low in more than half of our 

patients and may not impact upon the 

incidence of cleft palate. Sequence results 

confirmed that all the sequenced samples 

carried homozygous TGFα Taq1 allele 

however much lower sample size of the 

sequenced data limits the study necessitating 

sequencing the rest of the samples. As such, 

high volume of cases in the state of Assam and 

other North Eastern states in India with a 

diverse group of population, it is important to 

study the genotype and phenotype co-relation 

and genetic polymorphism, and a  gene 

environment study in a larger group of patients 

to establish a definitive evidence of gene – 

gene & gene- environment interactions. With 

ever increasing birth defects, it will remain a 

challenge unless we have a better 

understanding of the cell signalling pathways 

and environment and genetic interactions. The 

study opens a chapter for exploring the 

possibility of association of other key genes 

like TGFß, GABRB3 through PCR-

sequencing methods in future. 
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