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________________________________________________________________________________ 
Abstract 

Leptin, a 16-Kilo dalton protein produced by the obesity (ob) gene, plays an important role in the 
regulation of feed intake, energy metabolism, growth and reproduction in cattle. The genetic variation of the 
leptin gene in Sahiwal cattle (Bos indicus) was investigated using an optimized non-radioactive polymerase 
chain reaction-single strand conformation polymorphism (PCR-SSCP) analysis of 13 amplified fragments 
covering almost the entire gene. Twenty-eight SSCP band patterns were detected from 10 of these fragments 
in a sample of 202 Sahiwal cattle. Polymorphisms were detected in the samples, indicating that Sahiwal 
cattle have high genetic variability in the entire leptin gene. This result opens interesting prospects for future 
breeding programmes and conservation strategies. These leptin gene variants can be sequenced and screened 
in the entire population to develop single nucleotide polymorphisms (SNPs) for association studies with 
different productive and reproductive performances and marker assisted selection.  
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India is one of the few countries in the world that has contributed abundantly to the international 

livestock gene pool. Cattle breeds of Indian origin are being exploited in quite a few countries including 
Australia, South Africa, Latin America and the USA for developing major livestock economies (FAO, 1998). 
India has 30 well-defined breeds of cattle (Bos indicus) representing a wide spectrum of genetic variability. 
The Sahiwal is one of the best dairy breeds of zebu cattle (Nivsarkar et al., 2000). Its native breeding tract is 
erstwhile Montogomery district now the Sahiwal district (after the name of the breed) in Pakistian. Besides 
this, some herds are also found in India along the Indo-Pak border in the Ferozepur and Amritsar districts of 
Punjab and the Sri Ganganagar districts of Rajasthan (Prakash et al., 2005).  Nucleotide variation in the 
coding region of a gene may lead to change in amino acids which alter expressed protein(s), and although 
intronic variation does not change the amino acid sequence of the protein it may play a significant role in 
marker assisted selection. In livestock such variation in DNA may also be associated with economic traits, 
which are governed by many genes each having a small effect (Gelderman, 1997). The obesity (ob) gene was 
discovered by the positional cloning technique (Zhang et al. 1994). The 167 amino acid protein product of 
the ob gene was named leptin and consists of three exons of which the first exon is not transcribed into the 
leptin protein of 16-Kilo dalton. The bovine leptin gene is located at BTA4q32 (Pfister-Genskow et al., 
1996) and is involved in the growth and metabolism of animals, and plays an important role in the regulation 
of feed intake, energy metabolism, growth, production and reproduction of cattle (Ramasay & Cronwell, 
1999; Zwrierchoski et al., 2002; Liefers et al., 2002; 2003a; 2003b). The leptin gene is a potential candidate 
gene for quantitative trait loci (QTL) studies. Some of the more frequently used methodologies for the 
identification of point mutations are Denaturing Gradient Gel Electrophoresis (DGGE) (Fisher & Lerman, 
1980; Patino-Garcia et al., 1999), Temperature Gradient Gel Electrophoresis (TGGE) (Riesner et al., 1989) 
and Single Strand Conformation Polymorphism (SSCP) (Orita et al., 1989a). Single Strand Conformation 
Polymorphism is a simple and reliable technique, based on the assumption that changes in the nucleotide 
sequence of a polymerase chain reaction (PCR) product affect its single strand conformation. Molecules 
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differing by as little as a single base substitution should have different conformers under non-denaturing 
conditions and migrate differently. Therefore, those differences can be detected as a shift in electrophoretic 
mobility (Hayashi, 1991). Early reports used radioactivity that limited its widespread use. To simplify and 
make SSCP analysis more efficient, alternative staining methods with ethidium bromide and with silver 
(Aninnsworth et al., 1991) have been described. The aim of the present investigation was to identify the 
genetic variations of the entire leptin gene in Sahiwal cattle using a non-radioactive PCR-SSCP technique.  

Two hundred and two genetically unrelated Sahiwal cattle were selected from five different states 
(Uttar Pradesh, Uttarakhand, Punjab, Haryana and Chhattisgarh) covering the native breeding regions in the 
country. The unrelated animals were selected on the basis of their history (pedigree) records maintained at 
different farms. These cattle were considered as representative of the existing gene pool of the population. 
Blood samples (8 - 10 mL) were collected from the jugular vein, using vacutainers containing 15% 
ethylenediaminetetraacetic acid (EDTA) as an anticoagulant. Genomic DNA was isolated by the phenol-
chloroform extraction method (Sambrook & Russell, 2001) and purity was assessed by spectrophotometry. 
Samples showing an optical density (OD) ratio (260 nm/280 nm) of between 1.7 and 1.9 were used for 
further analysis while samples outside this range were reprocessed. After checking the quality and quantity 
of the DNA it was diluted to the final concentration of 50 ng/µL in water and stored at 4 °C. The PCR was 
carried out on about 50 - 100 ng of genomic DNA in 25 µL per reaction volume. Thirteen primers for PCR - 
SSCP covering the entire leptin gene (3956 bp long) were designed on nucleotide sequence of the Bos taurus 
leptin gene (GenBank accession no. BTU50365, Tellam, R. L. 2004) using Primer3 (v.0.4.0) online software 
(Table 1). Polymerase chain reaction amplification using Tris-HCl (pH 9.0), 0.1% all percentages (w/v) 
Triton X-100, 1.5 mM MgCl2, 0.75 unit of Taq DNA polymerase and 4 ng/µL of each primer was carried out 
in a PTC-200 machine (M J Research Inc., MA, USA) pre-programmed for the following conditions: initial 
denaturation for 5 min at 94 °C followed by 30 cycles (denaturation at 94 °C for 15 s, annealing at 62 - 65 °C 
 

 
Table 1 Sequence and position of oligonucleotide primers 

 

Fragment Primer Sequence Tm GC Location Size 
(bp) 

      
LEP1 F  5′-CTCTGGCCTTCAGGTCTTTGT-3′ 60.80    52.38  
LEP1 R 5′-CCAAGGATGCCACAGTGAAC-3′ 61.53    55.00  

75-450 376 

LEP2 F 5′-ACATCCGTTGTTCACTGTGG-3′ 59.44    50.00  
LEP2 R 5′-TGCAGGCATATCCCATAACC-3′ 60.69    50.00  

422-761   340 

LEP3 F 5′-AGGTACATTGTGGGGGATACA-3′ 59.04    47.62  
LEP3 R 5′-GGGCCTGAAAACAGAAGAAA-3′ 59.29    45.00  

706-1083 378 

LEP4 F 5′-GTGCCACGTGTGGTTTCTTC-3′ 61.57    55.00  
LEP4 R 5′-CCTCCCTACCGTGTGTGAGA-3′ 61.12    60.00  

1051-1260 210 

LEP5 F 5′-ACACACGGTAGGGAGGGACT-3′ 60.82    60.00  
LEP5 R 5′-GCTCAGTTACCAGGCAGGAA-3′ 60.40    55.00  

1245-1589 345 
 

LEP6 F 5′-GCATTCTTCCTGCCTGGTAA-3′ 60.21 50.00  
LEP6 R 5′-ATGGGGTCTCAAAGAGTTGG-3′ 58.99    50.00  

1564- 1886 323 

LEP7 F 5′-AAGCTAGTCAGGTTCCACAAGG-3′ 56.73 50.00  
LEP7 R 5′-GGCACACACAGTTCTGGTTC-3′ 56.44    55.00  

1780-2195 416 

LEP8 F 5′-GTGACCCTCCCTGAATACCC-3′ 60.57    60.00  
LEP8 R 5′-GCCACCCACAGCAATCAAT-3′ 61.91    52.63  

2151-2504 354 

LEP9 F 5′-AGAGTGCCCCAACCTGTGT-3′ 60.58    57.89  
LEP9 R 5′-ATCTTTCTGCCCTTCCCAAA-3′ 60.93    45.00  

2458-2818 361 

LEP10 F 5′-AGGGAGTCATGGCTGGTTCT-3′ 61.05    55.00  
LEP10 R 5′-TTGGAGGAGACGGACTGCTA-3′ 60.93    55.00  

2713-3022 310 

LEP11 F 5′-GCTCTTGCTCTCCCCTTCCT-3′ 62.28    60.00  
LEP11 R 5′-GGTTTCTTCCCTGGACTTTGG-3′ 62.07    52.38  

2977-3406 430 

LEP12 F 5′-GGGTGCTGAAGCCTTGAA-3′ 59.92    55.56  
LEP12 R 5′-CTTGCTTGATGGTCCAAAGG-3′ 60.63    50.00  

3357-3702 346 

LEP13 F 5′-CTGGGATTTTCACAGCAGTCT-3′ 59.34    47.62  
LEP13 R 5′-TCGAGATCCATTCAGAGCAA-3′ 59.48    45.00  

3601- 4031 431 
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Table 2 Different single strand conformation polymorphism (SSCP) band patterns of leptin gene in 
Sahiwal cattle  

 

No. of fragments No. of band patterns Frequencies % 
   

01 4 A=35.11,B=34.04, C=15.95, D=14.89 
02 2 A=65.32, B=34.68 
03 2 A=82.98, B=17.02 
04* 4 A=24.47, B=19.15, C=13.83, D=42.55 
05 3 A=58.51, B=26.60, C=14.89 
07 2 A=71.28, B=28.72 
08 2 A=67.02, B=32.98 
10 2 A=61.70, B=38.30 
11* 4 A=40.43, B=23.40, C=21.27, D=14.89 
13 3 A=35.16, B=14.84, C=50.00 

  Total 28  
*exonic region. 

 
 
for 30 s and extension at 72 °C for 1 min).  Amplified products (5 µL) as verified by agarose (1.5%) gel 
electrophoresis with loading dye (95% formamide, 0.25% bromophenol blue and 0.25% xylene cynol) on 2% 
(w/v) agarose gel in 1 x TAE buffer using a 100bp ladder as marker for confirmation of the length of the 
PCR products. Gels were stained with ethidium bromide. 

The PCR product was resolved by SSCP analysis. Several factors were tested for each fragment in 
order to optimize factors such as the amount of PCR product, denaturing solution, acrylamide concentration, 
percentage cross linking, glycerol, voltage, running time and temperature. Each PCR product was diluted in a 
denaturing solution (95% formamide, 10 mM NaOH, 0.05% xylene cynol and 0.05% bromophenol blue, 20 
mM EDTA), denatured at 85 °C for 13 min, chilled on ice and resolved on polyacrylamide gel. The 
electrophoresis was carried out in a Bio Rad Protean II xi vertical electrophoresis unit using 1X TBE buffer 
for SSCP analysis of all the fragments. Gel was silver-stained (Sambrook & Russell, 2001) and dried on 
cellophane using a Bio Rad 583 gel dryer. 

Thirteen leptin fragments (LEP1-LEP13) that covered almost the entire length of the bovine leptin 
gene, were amplified. The length of PCR products of the leptin gene was confirmed by 100bp ladder in 
agarose gel electrophoresis. No SSCP band patterns were detected in the LEP6, LPT9 and LEP12 regions 
under various electrophoretic conditions. However, analysis of the LEP1-LEP5, LEP8, LEP10, LEP11 and 
LEP13 fragments did reveal the polymorphisms. Twenty-eight band patterns were detected over the entire 
leptin gene in PCR-SSCP analysis and their respective percentages are shown in Table 3.  These variants can 
further be sequenced to develop SNP markers. These SNP markers would be helpful to breeders for future 
association studies, selecting superior germplasm and conservation strategies. Single Strand Conformation 
Polymorphism offers a simple, inexpensive and sensitive method for detecting whether or not DNA 
 

 
 A             B                      C                      D 

 
 

Figure 1 Detection of four SSCP band patterns in the LEP4 fragment (exon 2) of leptin gene.  
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A        B         C         D 

 
 

Figure 2 Detection of four SSCP band patterns in the LEP11 fragment (exon 3) of leptin gene. 
 
 
fragments are identical in sequence, and so can greatly reduce the amount of sequencing necessary (Orita  
et al., 1989a; b; Hayashi, 1991; 1992; Hayashi & Yandell, 1993). Several authors have pointed out that PCR-
SSCP analysis is an appropriate, reliable and reproducible tool for detection of structural gene polymorphism 
that is primarily due to point mutations (Neibergs et al., 1993; Sheffield et al., 1993; Barroso et al., 1998; 
1999; Kumar et al., 2006). In fact, Neibergs et al. (1993) have stated that PCR-SSCP analysis is the 
technique of choice when screening point mutations and minor deletion within a given fragment, although it 
is necessary to optimize conditions for each case. In the present study several factors were tested for each 
fragment in order to optimize factors such as the amount of PCR product, denaturing solution, acrylamide 
concentration, percentage cross linking, glycerol, voltage, running time and temperature. Our results 
provided the first evidence of genetic variability of the leptin gene within the Indian Sahiwal cattle breed. 
These obtained gel variants from the current study may further be sequenced to identify the SNPs and these 
SNPs may be useful for establishing a possible association with productive parameters. 
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