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Leptin gene has its role in appetite, metabolism, growth and milk production in cattle. Single nucleotide 
polymorphisms (SNPs) in leptin gene in different cattle breeds have been reported and subsequently 
associated with their production performance. The objective of this study was to evaluate the 
association of genetic differences in the bovine leptin gene with milk production, reproduction, milk 
constituents in Sahiwal and Frieswal cattle of India. In total, one hundred and seventy six cows were 
genotyped by polymerase chain reaction-restriction fragment length polymorphism (PCR-RFLP) to 
screen the presence of three SNPs in leptin gene. The testing of Hardy- Weinberg equilibrium for the 
three SNPs of within Frieswal and Sahiwal population indicated that the polymorphism site in the 
populations fitted with Hardy-Weinberg equilibrium (P > 0.05) except for C/BspEI/T and C/NruI/T position 
in Sahiwal. Polymorphism C/NruI/T have significant association with age at first service and age at first 
calving and  heterozygotes have more prolonged age at fist service and age at first calving. For milk 
protein, C/BspEI/T and C/HphI/T was found to have significant effect. For lactose and SNF, C/HphI/T 
polymorphism has found to be significant. In case of combined genotyping, genotype CTCTCC 
(713.00±167.99 days) was found to have noticeable higher age at first service and age at first calving. 
But milk production higher first lactation yield was noted for CCCCCT (3987.00±337.86 kg). 
 
Key words: Leptin gene, polymorphism, Frieswal, Sahiwal, polymerase chain reaction-restriction fragment 
length polymorphism (PCR-RFLP), combined genotype. 

 
 
INTRODUCTION 
 
Remarkable progress has been achieved in milk pro-
duction since 1980, due to the intense selection of 
animals based on the production performance. But this 
resulted in the declining trend in various non-yield traits 
like reproductive performance which in turn resulted in 
the low economic output of the dairy farmers. Identi-

fication of single nucleotide polymorphisms (SNP) opened 
new vistas in animal breeding as these methods are quite 
cheaper and resulted in direct genotyping for candidate 
genes using polymerase chain reaction (PCR) (Karen et 
al., 1998; Mataves et al, 2003).  

Leptin is a 167 amino acid or 16 kDa polypeptide,
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Table 1. Details of the primers. 
 

SNPs Primer sequence Product size (bp) Annealing temperature (°C) Reference 

C/BspEI/T  
F5ATGGGCTGTGGACCCCTGTATC 3’ 

R 5’ TGGTGTCATCCTGGACCTTCC 3’ 
94 60 Haegeman et al., 2000 

     

C/NruI/T  
F 5’ CAAGATGGACCAGACATTCG 3’ 

R 5’CTGGACTTTGGGAAGAGAGG 3’ 
317 58 Buchanan et al. 2002 

     

C/HphI/T 
F 5’ GGGAAGGGCAGAAAGATAG 3’ 

R 5’ TGGCAGACTGTTGAGGATC 3’ 
331 54 Lagonigro et al., 2003 

 
 
 
which is synthesized predominantly in the adipose tissue. 
It is involved in the growth and metabolism and plays a 
crucial role in the regulation of feed intake, energy 
balance, fertility, milk production and immune functions 
(Singh et al., 2012; Blache et al., 2000; Chilliard et al., 
2005; Liefers et al., 2002; Nkrumah et al., 2005). The 
bovine leptin gene has been mapped to chromosome 4 
(Stone et al., 1996; Pomp et al., 1997). It consists of 
three exons and out of which only two exons are trans-
lated into the proteins (He et al., 1995).  

Several polymorphisms in this gene have been found 
which have significant role in production, reproduction, 
milk constituents, and growth traits and carcass charac-
teristics (Lien et al., 1997; Haegeman et al., 2000; Buchanan 
et al., 2002; Lagonigro et al., 2003; Kulig and Kmei, 
2009). So the objective of the present work was formu-
lated to distinguish the allelic variation of leptin gene 
coding exons (exon 2, 3) among Frieswal (Holstein 
Friesan X Sahiwal) and an indigenous breed viz. Sahiwal 
of Indian origin. It is also aimed to associate the effect of 
individual SNP effect on the production and reproduction 
traits as well as milk constituents. Since genotypic effect 
of one SNP may be influenced by other SNPs and the 
genotype combination effect is a reflection of interactions 
of multiple SNPs, the study was designed to identify the 
association of haplotypes of leptin gene coding exons 
(exon 2, 3) with the milk production and reproductive traits. 
 
 
MATERIALS AND METHODS 
 
DNA isolation and genotyping of animals 
 
Blood samples were collected randomly from 126 Frieswal and 50 
Sahiwal cows of Indian origin maintained at Military Farm, Meerut, 
Uttar Pradesh, India under the same management regimen. 
Genomic DNA was isolated from white blood cells (WBC) pellet 
using standard phenol chloroform extraction method (Sambrook 
and Russel, 2001). The PCR-restriction fragment length polymor-
phism (RFLP) technique was used to screen the DNA polymor-
phisms of the leptin gene. Two regions in exon 3 (317 and 331 bp) 
and one region in exon 2 (94 bp) of leptin gene were amplified. 
Amplification of the desired leptin gene fragments was performed 
with published primer pairs (Table 1) (Haegeman et al., 2000; 

Buchanan et al., 2002; Lagonigro et al., 2003). PCR were per-
formed using genomic DNA template (approximately 100 ng) in a 
final reaction volume of 25 µl containing 1X PCR buffer (Sigma 
Aldrich, India), 1.5 mM Mgcl2 (Sigma Aldrich), 200 µM dNTPs 
(Sigma Aldrich, India), 0.5 µM of each primer and 1 U Taq DNA 
polymerase (NEB, India). Initial denaturation for 5 min at 94°C 
followed by 35 cycles of 94°C (30 s), variable annealing tempera-
ture (30 s), 72°C (30 s) and a final extension at 72°C for 10 min.  
The PCR products were isolated and verified by agarose gel 
electrophoresis methods using 1.5% agarose gel with ethidium 
bromide for 20 min and visualized under UV trans-illuminator and 
Gel Documentation System (AlphaImager EP, USA). The restriction 
digestion was carried out in a final volume of 15 µl reaction. The 
PCR products for each sample was digested  for 4 h at 37°C with 8 
U of restriction enzyme BspEI (Haegeman et al., 2000) for exon 2 
SNP and 10 U of restriction enzymes that is, NruI (Buchanan et al., 
2002) and HphI (Lagonigro et al., 2003) for two SNPs at exon 3 
regions. Digested products were separated in horizontal gel electro-
phoresis using 2.5% agarose gel. Digested fragments’ size was 
estimated by comparing them against DNA ladder (low molecular 
weight ladder for exon 2 and 2-log DNA ladder for both regions of 
exon 3). 

 
 
Statistical analysis 

 
For each breed, calculation of allele and genotypes frequencies 
was based on direct counting. The Chi-square (χ2) analysis was 
performed to test whether the genotype distributions obtained were 
in accordance with the Hardy-Weinberg equilibrium. Allele frequen-
cies between breeds were compared by Fisher’s exact test. Analy-
sis of associations between the genotypes of SNPs reproduction 
and production, were carried out with the GLM procedure, using 
SPSS software by the following model:  
 
 i  lm   Gi        l ei  lm  

 
Where, Yijklm is the observed value; μ is the overall mean; Gi is the 
effect of genotype ; Bj is the effect of season; Yk is the year of 
calving; Sl is the effect of season of calving, and eijklm is the random 
error. Values of P < 0.05 were considered to be significant. 

In case of reproduction traits like age at first service and age at 
first calving, year and season of birth are considered in place of 
year and season of calving. But for milk constituents, the effect of 
breed is excluded as only one breed is under consideration and the 
model is: 
 
 i  l   Gi       ei  l  



 
6142        Afr. J. Biotechnol. 
 
 
 

 
 

Figure 1. A 2.5% agarose gel displaying 
BspEI digestion of an amplified portion (94 bp) 
of leptin gene exon 2 (C/BspEI/T) of animals 
with genotypes TT, TC and CC. M, Low 
molecular weight DNA ladder; UC- uncut.  

 
 
 

RESULTS AND DISCUSSION 
 

Identification and genotyping of SNPs 
 

Three SNP were identified in the bovine leptin gene using 
PCR-RFLP method. The PCR product of fragment 1 of 
exon 2 was digested with the BspEI enzyme. The three 
possible genotypes were defined by three distinct ban-
ding patterns: CC (75 and 19 fragments), CT (94, 75 and 
19 fragments) and TT (94 fragment) as shown in Figure 
1. This is in confirmation with the study of Konfortov et al. 
(1999) and Buchanan et al. (2002) who described a cyto-
sine (C) to thymine (T) substitution (C―T substitution) in 
exon 2 of the leptin gene of Bos taurus and its 
crossbreds. For the polymorphism of C/NruI/T at exon 3, 
three digestion patterns were found in the leptin gene 
among Frieswal. Three genotypes were found as shown 
in Figure 2; an intact 317 bp fragment as TT genotype, 
297 and 20 bp as CC and 317, 297 and 20 bp as TC 
genotype after digesting with NruI (Buchanan et al., 
2002).  Similar pattern was observed in in Golpayegani, 
Najdi, Sarabi and Sistani by Ali Asghar et al. (2010). 
However, Nassiry et al. (2008) in Golpayegani and 
Choudhary et al. (2005) in Hariana, Sahiwal, Gir and 
Nimari cattle couldnot detect TT genotypes. The PCR 
product of Fragment 3 was digested with HphI enzyme 
(Lagonigro et al., 2003), and identified three genotypes 
which were CC (331 bp fragments), CT (331, 311 and 20 
bp fragments) and TT (311 and 20 bp fragments) as 
shown in Figure 3.  DNA sequencing analysis confirmed 
a  C/T  transition  which  resulted  in the Alanine to Valine 

 
 
 
 

 
 

Figure 2. A 2.5% agarose gel displaying 
NruIdigestion of an amplified portion (317 
bp) of leptin gene exon 3 (C/NruI/T) of 
animals with genotypes TT, CT and CC. 
M, 2-log DNA ladder; UC, uncut. 

 
 
 
(A59V) change in the secreted protein. The genotypic 
and allelic frequencies of the leptin gene in 176 cattle are 
presented in Table 2. The testing of Hardy- Weinberg 
equilibrium for the three SNPs within Frieswal population 
indicated that the polymorphism site in the populations 
fitted with Hardy-Weinberg equilibrium (P > 0.05). But it 
has been found that within Sahiwal breed, polymor-
phisms at C/BspEI/T and C/NruI/T position showed signi-
ficant departures from Hardy Weinberg equilibrium as 
shown in Table 2. Fisher’s exact test revealed that two 
breeds differ significantly. From the results of Fisher’s 
exact test, it is clear that frequency of genotpes between 
two breeds differ significantly as shown in Table 2. The 
frequency of T allele was found to be comparatively lower 
in Frieswal crossbred. This is in confirmation with the 
reports of Konfortov et al. (1999) and Choudhary et al. 
(2005).  
 
 
Association of the leptin gene polymorphisms with 
production and reproduction traits 
 
The breed, year and season of calving are found to be 
significantly associated with production traits like first 
lactation milk yield and peak yield. Least squares means 
of these traits with respect to three SNPs are given in 
Table 3. The three SNP providing genotypes were not 
significant predictors of the traits used as first lactation 
milk yield and peak yield. In the present study, none of 
the polymorphism was found to have a significant effect



 
Singh et al.          6143 

 
 
 

 
 

Figure 3. A 2.5% agarose gel displaying HphI 
digestion of an amplified portion (331bp) of leptin 
gene exon 3 (C/HphI/T) of Animals with genotypes 
CC, CT and TT. M, 2-log DNA ladder;  UC, uncut. 

 
 
 

Table 2.  Gene and Genotype frequencies of three regions of leptin gene after PCR-RFLP in Frieswal and Sahiwal cattle. 
 

Polymorphism Breed CC CT TT C T 
Hardy Weinberg 

equilibrium χ2 test 
Fishers exact 

test 

C/BspEI/T 

Frieswal 0.38 (49) 0.51 (63) 0.11  (14) 0.64 0.36 0.88
ns

 
p<0 .001 

Sahiwal 0.08 (4) 0.88 (42) 0.04 (2) 0.52 0.48 27.22** 

Total 0.30 (53) 0.60 (105) 0.09 (16) 0.61 0.39 12.13**  
         

C/NruI/T 

Frieswal 0.27 (34) 0.51 (64) 0.22 (28) 0.52 0.48 0.04
ns

 
p<0 .001 

Sahiwal 0.41 (21) 0.55 (28) 0.04 (2) 0.69 0.31 3.86* 

Total 0.31 (55) 0.52 (92) 0.17 (30) 0.57 0.43 0.65
ns

  
         

C/HphI/T 

Frieswal 0.58 (73) 0.38 (48) 0.04 (5) 0.77 0.23 0.71
ns

 
p<0 .001 

Sahiwal 0.96 (48) 0.04 (2) 0 (0) 0.98 0.02 0.02
ns

 

Total 0.69 (121) 0.28 (50) 0.03 (5) 0.83 0.17 0.0
ns

  
 

** P < 0.001; * P < 0.05; ns-non-significant. 

 
 
 
on production. This is in confirmation with the study of 
Madeja et al. (2004) and Leifers et al. (2002). On the con-
trary, many of the researchers could establish a signifi-
cant association between leptin gene polymorphism and 
milk production traits (Veerkamp et al., 2000; Buchanan 
et al., 2002; Sadeghi et al., 2008; Dandapat et al., 2009).   

In case of reproductive traits like age at first service and 
age at first calving, year of birth of animals is found to 

have a significant effect. Least square means of age at 
first service and age at first calving are presented in 
Table 3 with respect to SNPs. Heterozygotes have more 
prolonged age at fist service and age at first calving when 
compared with both homozygotes in cases of three 
polymorphisms studied and  for which C/NruI/T is found 
to be significant. Contrary to the results, Dandapat et al. 
(2009) and Moussavi et al. (2006) observed non-
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Table 3. Least squares mean and standard errors for production and reproduction traits of different Leptin genotypes. 
 

SNP Genotypes Age at first service Age at first calving First lactation milk yield Peak yield 

C/BspEI/T 

CC 638.14±22.91 925.67±21.79 2585.06±219.62 11.76±0.83 

CT 678.56±14.62 955.44±13.90 2687.06±178.88 13.00±0.67 

TT 651.87±43.60 940.49±41.46 2113.34±456.72 9.75±1.72 

      

C/NruI/T 

CC 631.40±19.43
b
 916.57±18.44

b
 2756.86±196.34 12.74±0.76 

CT 692.47±16.24
a
 970.87±15.42

a
 2538.27±183.37 12.35±0.71 

TT 670.73±27.85
ab

 940.42±26.44
ab

 2922.35±302.81 13.50±1.17 

      

C/HphI/T 

CC 669.04±14.57 948.43±13.79 2631.79±170.11 12.68±0.65 

CT 671.44±22.26 952.24±21.07 2748.67±240.65 12.30±0.92 

TT 572.99±64.90 854.39±61.43 2115.38±522.71 9.55±2.00 
 

Mean values with the different superscript lower case letters in the same mutational site and column denote significant difference, P < 
0.05. 

 
 
 

Table 4. Least squares mean and standard errors for milk constituents of different 
Leptin genotypes in Sahiwal cattle. 
 

SNP Genotypes Fat (Year) Protein Lactose SNF 

C/BspEI/T 

CC 4.14±0.06 3.05±0.02
a
 4.62±0.03 8.53±0.04 

CT 4.03±0.05 2.99±0.02
b
 4.58±0.02 8.50±0.03 

TT 3.99±0.09 3.07±0.04
a
 4.56±0.05 8.48±0.06 

      

C/NruI/T 

CC 4.09±0.05 3.02±0.02 4.57±0.03 8.49±0.03 

CT 4.02±0.06 3.01±0.02 4.60±0.03 8.52±0.03 

TT 4.06±0.08 3.00±0.03 4.60±0.04 8.48±0.05 

      

C/HphI/T 

CC 4.02±0.05 2.99±0.02
b
 4.55±0.02

b
 8.46±0.03

b
 

CT 4.12±0.05 3.04±0.02
a
 4.64±0.02

a
 8.56±0.03

a
 

TT 4.05±0.14 3.03±0.05
ab

 4.56±0.06
ab

 8.50±0.08
ab

 
 

Mean values with the different superscript lower case letters in the same mutational site and 
column denote significant difference at P < 0.05. 

 
 
 

significant association in reproduction traits. 
 
 

Association of the leptin gene polymorphisms with 
milk constituents in Frieswal cattle 
 

Least square means of various milk constituents like fat, 
protein, lactose and SNF with respect to three SNPs are 
presented in Table 4. Year and season of calving is found 
to have a significant effect on the milk constituents. 
Among the polymorphisms, none of the SNPs was found 
to have significant association between fat content in 
milk. But for protein, C/BspEI/T and C/HphI/T was found 
to have significant effect. In C/BspEI/T polymorphism, 
heterozygotes are found to have significantly lower pro-
tein in milk when compared to both homozygotes. On the 
contrary C/HphI/T polymorphism, CT and TT genotypes 
have found to be higher protein in comparison to CC 

genotypes. For lactose and SNF, C/HphI/T polymorphism 
was found to be significant. As in the case of protein, 
homozygote dominant genotypes (CC) are found to have 
lower lactose and SNF content in milk in comparison to 
both genotypes. This is in confirmation with the findings 
of Leifers et al. (2002) who could establish a significant 
association between per cent of lactose in milk.  
 
 

Association studies with combined genotypes 
 

The genotype effect of one SNP may be influenced by 
other SNPs and the genotype combination effect is a 
reflection of interactions of multiple SNPs. Therefore, the 
analysis of genotype combination is superior to the analy-
sis of one single SNP. So we have made an attempt to 
study the association between combined genotypes and 
the traits. In this work, 16 combined genotypes consisting
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Table 5. Mean±SE of age at first service, age at first calving, first lactation milk yield and peak yield with respect to 
combined genotypes. 
 

Combined genotype n Age at first service Age at first calving First lactation milk yield Peak yield 

CCCCCC 5 643.57±157.71 928.14±156.38 2245.00± 659.63 11.20±3.19 

CCCCCT 3 577.20± 42.71 863.20± 44.57 3987.00± 337.86 15.67±1.53 

CCCTCC 6 661.64±115.00 945.73±113.16 2421.67±1501.82 12.67±5.75 

CCCTCT 4 613.82±127.14 896.18±130.15 2036.00±1151.46 12.25±4.19 

CCCTTT 2 559.67± 72.42 844.00± 84.66 2031.00± 79.20 10.50±0.71 

CCTTCC 6 589.38± 93.32 876.00± 95.22 2727.33±747.48 12.17±5.00 

CCTTTT 1 506.00±0.00 791.00±0.00 2446.00±0.00 11.00±0.00 

CTCCCC 24 640.14±131.19 922.69±132.69 2265.29± 811.25 11.13±3.71 

CTCCCT 1 515.25± 28.25 822.00± 66.30 2130.00±0.00 10.00±0.00 

CTCTCC 25 713.00±167.98 983.44±171.49 2087.20±1076.81 10.76±3.99 

CTCTCT 7 685.44±151.94 966.50±152.27 2551.00± 356.91 12.00±1.15 

CTTTCC 4 669.30± 89.04 950.70± 94.82 2928.75±1603.71 16.00±7.12 

CTTTCT 3 695.80±205.96 902.80±143.08 2592.67± 195.37 14.33±1.53 

TTCCCC 1 531.00±0.00 822.00±0.00 1715.00±0.00 10.00±0.00 

TTCTCC 3 671.43±122.04 955.71±120.65 2068.00± 128.85 9.33±1.15 

TTTTCC 1 496.00±0.00 778.00±0.00 3471.00± 0.00 17.00±0.00 
 
 
 

of three SNPs were identified in Frieswal cattle, whereas 
8 combined genotypes in Sahiwal. The frequencies of 
some of the combined genotypes were very low. So no 
statistical analysis was taken up in the case of combined 
genotypes. The Mean ± SE of age at first service, age at 
first calving, first lactation milk yield and peak of all the 
combined haplotypes are presented in Table 5. The com-
bined genotype CTCTCC (713.00 ± 167.99 days) were 
found to have noticeable higher age at first service, 
followed by CTTTCT (695.80±205.95 days) and CTCTCT 
(685.44±151.94 days) in age at first service. But for age 
at first calving, CTCTCC (983.44±171.49) is followed by 
CTCTCT (966.50 ± 152.27) and TTCTCC (955.71 ± 120.653 
day). But milk production was higher first before lactation 
yield was noted for CCCCCT (3987.00±337.86 kg). 

In conclusion, the present study suggests that single 
nucleotide polymorphisms in leptin gene can be ideal 
markers for reproductive traits and milk constituents like 
fat, protein, lactose and SNF. Findings of this study in 
relation with combined genotypes need to be carried out 
in a large population before suggesting the haplotype 
pairs to be convincing molecular markers. So leptin gene 
is an ideal candidate gene that may assist in marker 
assisted selection for production as well as reproduction 
which is the need of the time. 
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