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ABSTRACT 

Corticotrophin releasing hormone receptor1 (CRHR1) is a potent mediator of endocrine, 

autonomic, behavioural, and immune responses to stress, supposed to play a pivotal role in 

steroid pathway. The genetic variations of this gene have significant influences in response to 

corticosteroid therapy in a wide range of disease. Number of genotyping methods has been 

developed to investigate the genetic variants of this gene. However, classical polymerase 

chain reaction–restriction fragment length polymorphism (PCR-RFLP) analysis is still 

lacking. Therefore, we aimed to develop this straightforward and affordable method to detect 

the nucleotide variation (rs242941: G>T) of CRHR1gene, can apply in basic research study 

of complex genetic diseases. The 100 clinically defined asthmatic patients from North India 

region were recruited for this study and their DNA were extracted. Primer set was designed 

by Batch primer3 Software. The PCR-RFLP assays were performed by endonuclease (AciI) 

digestion of PCR-amplified DNA visualized in agarose gel. The allele frequencies for G>T 

variation were 0.74 (G allele) and 0.25 (TT allele). This work is the first to provide evidence 

for PCR-RFLP being the method of choice for CRHR1:rs242941 SNP genotyping. This is 

affordable, specific, reproducible, with sufficiently throughput capacity and particularly 

appropriate for medium- scale genotyping purposes. 
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INTRODUCTION

The majority of genetic variations (>90%) 

in the human genome are single nucleotide 

polymorphisms which might be 

responsible for inter-individual response to 

drug. These variations are commonly 

inherited and pose substantial clinical 

problems (Collins et al., 1998; Pang et al., 

2009). Over the last two decades, several 

techniques have been developed for 

genotyping of SNPs found in candidate 

genes involved with complex genetic 

diseases. Some of them are differential 

hybridization based, allele-specific 

genotyping, primer extension, 

oligonucleotide ligation, DNA sequencing 

and application of endonuclease cleavage 

for allele discrimination (Chatterjee et al., 

1999; Iwasaki et al., 2002; O’Meara et al., 

2002; Papp et al., 2003). All of the above 

mentioned methods require simple and 

easily available thermo cycler machine.  

Recent developments in technology for 

SNP genotyping (by Taqman method, 

Invader method, MALDI-TOF method, 

Gene Chips) not only improve the output 

but also improve the quality of result in 

very less time (Livak et al., 1995; Haff et 

al., 1997; Kwiatkowski et al., 1999; 

Gunderson et al., 2005). The major 

drawback of these techniques is the 

requirement of expensive equipment and 

well trained hands. However, PCR-RFLP 

is still an inexpensive, simple and 

convenient technique for genotyping of 

SNPs. It is being widely used in modern 

molecular genetic studies with medium 

throughout facilities.  

PCR-RFLP, also known as cleaved 

amplified polymorphic sequences (CAPS) 

is based on generation and deletion of 

cleavage site for specific restriction 

endonuclease by nucleotide variations in 

the PCR-amplified DNA. The type of SNP 

can easily be identified by size 

discrimination of the digested amplified 

DNA, during gel-electrophoresis. It is a 

simple, sensitive and reliable method 

requires minimal expenditure in 

instrumentation (Ota et al., 2007).  

The corticotropin–releasing hormone 

(CRH) is a well-known neuroendocrine 

mediator of behavioural and immune 

response to stress. It is released from the 

hypothalamus upon exposure to stressful 

signals and binds to the CRHR1 

(Bittencourt et al., 2000; Treutlein et al., 

2006). CRHR1 is a predominant receptor 

in pituitary gland, regulates the adreno- 

corticotropic hormone (ACTH) and the 

catecholaminergic response to CRH. 

Alteration of any of the CRH effects as 

mediated by the CRHR1 (NM_004382, 

17q12q22) can influence the adminis-

tration of corticosteroid drugs as it was 

evidenced by Tantisira et al., 2004, in 

asthmatic patients. Therefore a relation is 

expected to exist between genetic variation 

in CRHR1 gene and endogenous cortisol 

secretion, as well as administered 

exogenous corticosteroids. A significant 

association between 8-week FEV1 

response to ICs and variation of CRHR1 

gene have also been observed in both adult 

and paediatric asthmatic patients. The 

association of rs242941 with positive 

treatment response (about two and half 

times improvement in FEV1) has been 

observed in both adults (P=0.025) and 

Childhood Asthma Management Program 

(CAMP) populations (P=0.006) (Tantisira 

et al., 2004; Lima et al., 2009). The 

published data indicate that genetic 
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variations in CRHR1 (rs242941; 

chr17:41248300) have pharmacogenetic 

effects influencing asthmatic response to 

corticosteroids; suggest that this gene 

pathway can be a novel therapeutic target 

in asthmatics (Sun et al., 2000; Tantisira et 

al., 2004;  Lima et al., 2009; Sharma et al., 

2012).  

Previously, genotyping for SNP 

(rs242941: G>T) was carried out by both 

direct sequencing and SEQUENOM Mass 

ARRAY MALDI-TOF mass spectrometer 

(Sun et al., 2000; Kim et al., 2009). 

However, the use of this advance 

technology is still costly for routine 

application. Therefore, there is need to 

develop a reliable and inexpensive 

genotyping method, which can useful in 

various pharmacogenetic and 

epidemiological studies. We aim to 

undertake this task by developing novel 

PCR-RFLP method for CRHR1 (rs242941: 

G>T) gene polymorphism. 

MATERIALS AND METHODS 

Study subjects and DNA extraction 

We selected 100 North-Indian children 

with clinically diagnosed asthma. The 

diagnosis of asthma was based on 

physician’s assessment. A written 

informed consent was signed by the 

parents of all the subjects. The study was 

approved by the Institutional ethical 

committee. Blood (1mL) was collected in 

EDTA tube from the subjects. Genomic 

DNA was isolated from blood samples 

using a well-known salting out method 

(Miller et al., 1988). The purity of 

template DNA is determined by 

calculating the ratio of absorbance at 

260nm and 280nm.The template DNA 

having an A260/A280 ratio of 1.7-1.9 was 

taken for PCR procedure.     

Design of PCR primers and Selection of 

restriction endonuclease 

To obtain high quality result through PCR-

RFLP, the designing of specific primers 

and selection of appropriate restriction 

enzyme is the most important part of the 

assay development. To assist this tedious 

step a web based automated primer 

designing tool Batch primer3 (accessible at 

http://probes.pw.usda.gov/cgi-

bin/batchprimer3/batchprimer3.cgi) has 

been used to design generic oligoes (Ye et 

al., 2001),(Table1). To overcome the 

amplification of an orthologous 

nonspecific region or paralogous region, 

the selected primers pair was validated 

against the BLAST database (accessible at 

http://blast.ncbi.nlm.nih.gov/Blast.cgi). A 

hypothetical sequence generated from the 

designed primer was obtained from the 

UCSC Genome Bioinformatics server by 

using “UCSC In-Silico PCR” (accessible 

at http://genome.ucsc.edu/cgi-

bin/hgPcr?command=start), figure 1. The 

selection of restriction endonuclease 

“AciI” and the size of digested PCR 

fragments were determined by 

NEBcutterV2.0 (a comprehensive web-

based freely available tool, accessible at 

http://tools.neb.com/NEBcutter2/ ), figure 

2. 

PCR setup  

PCR was carried out in a total volume of 

10µl reaction mixture, with 30ng of 

genomic DNA, 1pmol of each primer, 1µl 

10X buffer, 1.5mM MgCl2, 200µM dNTPs 

and 0.5U Taq polymerase (NEW 

ENGLAND BiolabsINC, England). The 

PCR cycle conditions are shown in table 2. 

http://www.jbino.com/
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The three hundred eighty one base pair 

PCR products were visualized in an 

ethidium bromide (EtBr) stained 2% 

(wt/vol) agarose gel in 1X TBE buffer, gel 

was loaded by 100bp DNA size marker in 

separate lane that was parallel to the 

sample. 

Endonuclease Restriction Assay  

10µl of RFLP mixture was prepared in a 

0.2ml PCR tube and incubated at 37°C for 

overnight (16h). The RFLP mixture 

consisted of 5µl PCR product, 1X buffer 

and 1U AciI (NEW ENGLAND BiolabsINC, 

England) restriction enzyme. The RFLP 

reaction mixture was gently tapped and 

centrifuged for five second before 

incubation in Digital dry Bath.  

Genotyping and agarose gel electropho-

resis 

Overnight incubated PCR products were 

separated on 2% agarose gel, prepared and 

immersed in to an electrophoresis gel 

chamber containing 1X TBE buffer. The 

5µl digested samples with 1X gel loading 

dye were loaded into the wells and the 

system was run at 200 volt for 45 minute. 

The expected size for specific allele 

(GG=225bp+156bp; 

GT=381bp+225bp+156bp; TT=381 bp) in 

digested PCR products were visualised 

(figure 3a) on UV-transilluminator-DUAL 

(Medox-Bio
TM

).   

Controls 

A study sample was used as control 

(negative control: without template and 

positive control: with template) during 

PCR in parallel with other test samples but 

in different tubes. Prior to its use as control 

the PCR product length was confirmed by 

DNA molecular marker and presence of 

SNP site was confirmed by sequencing. 

The amplification product of this control 

sample was also included during the run of 

each gel electrophoresis to confirm the 

enzyme activity in different tubes. 

Validation of PCR-RFLP results 

10% randomly selected samples were 

sequenced by outsource using an Applied 

Bio-systems 3730 DNA analyser and ABI-

Biosciences sequence analysis software 

(Eurofins Genomics India Pvt, 

Bangalore).The reproducibility of the 

PCR-RFLP method was assessed by 

repeating the genotyping of SNP for 50% 

samples in an independent experiment. 

RESULTS & DISCUSSION 

All the 100 subjects were successfully 

genotyped in our studied population. The 

frequency of each allele was 74.5% for 

allele G and 25.5% for allele T, giving an 

estimated frequency of 55%, 39% and 6% 

respectively for genotype GG, GT and TT 

(Table 3). 100% concordance has been 

seen between results of PCR-RFLP 

genotyping and sequencing (figure 3b).  

Discussion 

In the modern genetic era, various reliable 

and accurate molecular genotyping 

methods are available. Still, search for 

easy, accurate and cost effective technique 

continues for laboratories not equipped 

with high throughput screening equipment. 

Relatively, PCR-RFLP is a simple, 

convenient and inexpensive laboratory 

technique. It is especially useful in small 

scale research studies of complex genetic 

disease and related SNPs (Zhang et al., 

2005; Ota et al., 2007; Yang et al., 2010).   

http://www.jbino.com/


 

 
 

J.Bio.Innov2(3),pp:79-89,2013 www.jbino.com 

 

 

ISSN 2277-8330 (Electronic) 

Shally Awasthi et al. May Edition 

We first designed the primer set in such a 

way that it avoids repetition of selected 

restriction endonuclease site (AciI) in the 

PCR fragment. The obtained digested 

fragments are easy to discriminate on 

agarose gel electrophoresis. To eliminate 

non-specific PCR product, we selected a 

specific annealing temperature after a 

gradient PCR experiment. This annealing 

temperature ensures the specific and 

efficient binding with template DNA and 

produced three hundred eighty one base 

pair PCR products in the reaction mixture. 

A sample was used as control during PCR 

and restriction digestion experiment to 

avoid genotyping error due to undigested 

PCR products.  

This is first study of its kind to determine 

genotype and allele frequency of SNP 

rs242941: G>T by PCR-RFLP method in 

North Indian population. This method was 

successfully used for the genotyping of 

100 clinically defined asthmatics. The 

concordant sequencing results of randomly 

selected 10% sample with PCR-RFLP 

results support the reliability of this 

conventional method. 

In conclusion, we have developed a 

validated and simple PCR-RFLP method 

for genotyping of SNP in CRHR1 

(rs242941) gene which is more cost 

effective than sequencing and other 

complex typing methods.    
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 Table 1: Primers used for PCR amplification of rs242941 and their concentration in each 

reaction mixture. 

 

Table 2:  Polymerase Chain Reaction cycle conditions 

PCR Cycle steps Temperature ( °C)                                    Time (s) 

Initial activating step 

3-step cycling 

Denaturation 

Annealing 

95                                                          120 

 

95                                                          60 

64                                                          45 

72                                                          60 

Primers Sequences (5’ -> 3’) Tm
o
 C Primer Conc. (pMol) 

Forward Primer (F) GACACTTCAGGAGGGGAGGGTGGATATG 69.5 1 

Reverse Primer (R) CTGAGTCCAGCAGAGAAAGGGAGCCAAT 68.0 1 
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Extension 

Number of cycles 

Final extension 

35 

72                                                            120 

 

Table 3: Genotype and allele frequency for SNP (CRHR1; rs242941) 

Genotype Frequency% 

GG 

GT 

TT 

55(55.0%) 

39(39.0%) 

6(6.0%) 

Allele  

149(74.5%) 

51(25.5%) 

G 

T 

 

Fig 1: Schematic presentation of the CRHR1 gene and SNP (rs242941; chr17:43892520). 

Exons and introns are represented by cylinders and lines, respectively. The UCSC In-Silico 

PCR sequence along with restriction site showed between the arrows. The primer sequences 

are highlighted in green colour. Arrow’ ‘represents SNP site in the PCR product.    

.  
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Fig 2: A diagrammatic representation of PCR-RFLP principle used to genotype the CRHR1 

(rs242941: G>T) variation. 
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Fig 3: Genotyping of SNP (rs242941) by PCR-RFLP. (a) Agarose gel Electrophoresis 

showing M, 100bp molecular marker; GG, 225bp&156bp; GT, 381bp, 225bp&156bp; TT, 

381bp.( b) PCR- Sequencing Chromatograms for GG and GT samples respectively. 
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