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Association ofleptin gene polymorphism with 305 days milk
yield in Karan Fries cattle
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ABSTRACT

Leptin protein is synthesized by adipose tissue and is involved in regulation of milk yield. We investigated the
association of genetic polymorphism in the boMiggtin gene with 305 days milk yield for the first 3 lactations. The
study was conducted on 209 lactating Karan Fries cattle with known pedigree belonging to 3 genetic groups at an
organized herd. All the cattle were genotyped by PCR-RFLP assay, and 3 genotypes, viz. TT, TC and CC were identified
in the exon-2region ofleptin gene. Representative PCR products of the genotyped animals were sequenced across the
polymorphism. Karan Fries cattle with TT genotype showed significantly higher 305 days milk yield as compared to
cattle with CC genotype.
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Leptin is a 16-kDa protein (Gorgf al. 1996), involved study maintained at cattle yard of National Dairy Research
in regulation of milk production besides feed intake, energy Institute, Karnal. All the cattle were screened for the presence
balance, fertility, and immune functions. Leptin protein, binds of leptin gene polymorphism.
to a receptor'mainly localized on Neuropeptide Y neurons, DNA isolation and polymorphism detectidrne genomic
resulting in‘a reduction of feed intake and an increase of DNA was isolated from aseptically collected venous blood
energy expenditure (Magmit al 2000). The bovine leptin  using the standard phenol/chloroform method with minor
gene has variations (Pongp al. 1997, Fitzsimmongt al modifications (Sambrook and Russel 2001). Forward and
1998, Hagemaet al 2000), which were found associated reverse primers (P5’-GTGCCACGTGTGG TTTCTTC-3’
with fat deposition in beef cattle (Fitzsimmoetsal. 1998). and R 5-CCTCCCTACCGTGTGTGAGA-3’) with T, of
Since, evidence suggests that a genetic correlation exis61.57°C and 61.12°C respectively, were designed using
between start of luteal activity and energy balance and milkPrimer 3 software to amplifgxon-2region ofleptin gene
yield, when only phenotypic records were analyzed from published NCBI (National Center of Bioinformatics,
(Veerkampet al 2000). Thus, it could be hypothesized that USA) sequences. The optimization of PCR was done to get
polymorphisms at the bovideptin genelocus might play a the best possible amplification of the product, at an annealing
role in milk production. If associations betwdeptin gene temperature of 6& for 1 min. The genotyping was carried
polymorphisms and milk yield exist, the association will out using PCR-RFLP (Polymerase Chain Reaction—
provide insight into the underlying mechanismkeptingene Restriction Fragment Length Polymorphism) technique with
and milk production, and results may be used in future Acil restriction enzyme at 37°C for 6 to 8 h. The PCR
breeding programs. The objective of this study was to products of different genotype were sequenced using the
evaluate the association of single nucleotide polymorphismautomated dye terminator cycle sequencing method with
in bovineleptingene with 305 days milk yield from crossbred Ampli Taqg DNA polymerasan ABI PRIZM 377 DNA
herd of Karan Fries cattle. sequencer.

Phenotypic information, statistical and genotype analysis:

MATERIALS AND METHODS Performance records for 209 Karan Fries cattle, pertaining

Lactating Karan Fries cattle (209) were considered in theto 305 days milk yield, genetic group of the cattle, date of

P . . .. calving and date of dry for the first 3 lactations were collected
resent addres3Assistant Professor cum Junior Scientist

(e mail: vohravikas@gmail.cond;Faculty of Veterinary Science from dairy cattle breeding division of National Dairy

and Animal Husbandry, SKUAST Jammu, R S Pura, Jammu 181 Research Institute, and were used for further analysis.
102, Jammu and Kashmir, India. Genotype and allele frequencies were calculated and

6. "Genes and Genetic Resources Molecular Analysis Lab. compared by gene counting method (Falconer and Mackay
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1996). To study the effect of non-genetic factors such as Table 1. Least square means of adjusted 305 days milk yield
genetic group, year, season, age groups at calving andcorresponding to differeriéptin genotypes in Karan Fries cattle
regression of dry period to overcome the non-orthogonality
of effects due to unequal and disproportionate sub-classGenotypes Least square mean (kg) +standard error
frequencies, least-squares analysis of fitting constants
(Harvey 1987) was used (model not shown). The first

First lactation  Second lactation Third lactation

3 lactational 305 days milk yield records of all the TT 3860.01+173.5 4063.89+265.F 4894.14+332.2
cattle were adjusted for significant constants. All other (N=29) (N=27) (N=18)
analyses were performed using the statistical softwareTC 3743.78+89.8° 3959.89+152.BP 4383.73+225. 7P
SYSTAT (2007, version-12). To study the effectlgptin (N=108) (N=82) (N=39)
genotypes on adjusted 305 days milk yield in Karan FriesCC 3589.56+110.23714.05+179.9 3927.37+271.%
cattle, the model which included SNP genotypes as fixed (N=72) (N=59) (N=27)
effects was used. i . y .

Y =p+G+ e Fllgures |n.parenthe5|s |nd.|cate' the number gf anlm@gns
Where,YiJ-' jth cattle adjusted 305 days milk yield for Zte?lg:g ghse) different superscript within column differ significantly

ith genotype;y, overall mean; Geffect of ith genotype
on adjusted 305 days milk yield (i = 1 - 3);; eandom acid) was replaced by polar and uncharggsteineamino
error associated with each observation assumed to-be NICacid, which is a major amino acid change. Genotype
0,0A. frequencies obtained showed a close agreement with
The differences of least square means of lactational milkBuchananet al. (2002) where they reported a single
yield between subclassesleptin genotype were tested for  nucleotide polymorphism in thexon-2region of thdeptin
significance using Duncan’s Multiple Range Test (DMRT) gene in Holstein Friesian. Cows with the T allele were found
as modified by Kramer (1957). to have higher levels of leptin mMRNA, thus suggesting that
the T allele imparts a partial loss of biological function
RESULTS ANRLRISCUSSION (Buchanaret al. 2002). Present results were also in close
The PCR-RFLP of bovinéeptin gene revealed 3 agreement with Chebet al (2008) where they reported the
genotypes, viz.TT, TC and CC ekon-2region in bovine frequency of TT, TC and CC genotypes as 17.2%, 48.2%
leptin gene. Frequency of TT, TC and CC genotypes wereand 34.6% in Holstein cows. The allelic frequency of the
0.13, 0.52 ;aand 0.35, respectively. Sequencing results ofkKpn2I SNP in Holstein crossbreds as examined by Choudhary
amplified DNA revealed the two (T and C) alleles for the et al. (2005), and found the frequencies for the C allele in
exon-2region ofleptin gene in the Karan Fries cattle. T and the crossbreds as 0.82 and T allele frequencies as 0.18. They
C alleles ofleptin gene in Karan Fires cattle were compared inferred that the low presence of the T allele in the crossbreds
(Clustal W software) witlBos taurugFig.1) which showed ' of Holstein Friesian cattle was due to the lack of T alleles in
variation at 1180th position. The sequences obtained for Tthe Hariana line of cattle. Our result did not agree with
and C alleles in Karan Fries cattle were submitted to NCBI- Choudharyet al. (2005) and both T and C allele are present
gene bank and their accession no (s) /were obtainedn our crossbred Karan Fries cattle population. The adjusted
(GU907776 and GU907777). Translated products, showed305 days milk yield were further analyzed to see the effect
difference in amino acid sequence of leptin protein. Amino of differentleptin genotypes as fixed effect. Estimated least
acidarginine of the C allele was replaced witsteinen T square means of adjusted 305 days milk yield corresponding
allele of Karan Fries cattle. This difference was due to to TT, TC and CC genotypes in Karan Fries cattle for the
presence of transition mutation (C to T) in the first base of first 3 lactations (Table 1). The mean 305 days milk yield for
25thcodon. Change in amino acid sequence of the leptinthe TT genotype were 3860 kg, 4063 kg and 4894 kg and for
protein, can lead to difference in biological/physiological TC genotype 3743 kg, 3959 kg and 4383 kg, in first, second
functions becauserginine (positively charged, basic amino and third lactation, respectively. Similarly, for CC genotype
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Fig 1. Nucleotide sequence alignmentabn—2region ofleptin gene in Karan Fries cattle and their comparison ®dh taurus.
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in first 3 lactations was found as 3589 kg, 3714 kg and 3927 REFERENCES
kg. The lactational milk yield was maximum in third lactation o
Buchanan F C, Fitzsimmons C J, VanKessel A G, Thue T D,

and minimum in first lactation for_all the genotype:_tmn‘.tl_n WSim D C and Schmutz S M. 2002. Association of a
9?”6- Th_e TT genotype quan Frlgs Cz.';lttle.were S|gn.|f|cantly missense mutation in the bovine leptin gene with carcass fat
different in 305 days lactational milk yield in comparisonto  :ontent and leptin mRNA level§enetic Selection Evolution
CC genotype Karan Fries cattle and this estimate was about 34 105-16.

271 kg (7.55%), 349 kg (9.40%) and 967 kg (24.62%) for Buchanan F C, VanKessel A G, Waldner C, Christensen D A,
first, second and third lactation, respectively. On comparing Laarveld B and Schmutz S M. 2003. An association between a
the TT genotype Karan Fries cattle feptin gene with TC leptin single nucleotide polymorphism and. milk and protein
genotype Karan Fries cattle, it was revealed that cattle with  yield. Journal of Dairy Scienc86: 3164-66. .

TT genotype produced about 117 kg (3.13%), 104 kg (2.62%)Chebel R C, Susca F and Santos J E P. 208in genotype is
and 511 kg (11.65%) more in first, second and third 305 day associated with lactation performance and health of Holstein

lactati ilk vield. but this diff ianificant cows.Journal of Dairy Scienc81: 2893-2900
actation milk yieid, but this diiference was nonsignincant. Choudhary V,Kumar P, Bhattacharya T K, Bhushan B and Sharma

Also a nonsignificant increase in 305 days milk yield was A 2005, DNA polymorphism of ieptin gene®os indicusand
observed in TC genotype when it was compared to CC  Bos taurascattle.Genetics and Molecular Biolog3s: 740—42.
genotype ofleptin gene. Our results agreed with those of Falconer D S and Mackay.199Btroduction to-Quantitative
Buchananet al. (2003), they reported that the animals Genetics 4th edn Addison Wesley Longman Ltd. Essex,
homozygous for the T alleferoduced more milk (1.5-kg/ England,

day) vs. homozygous for C allele animals, without. Fitzsimmons C J, Schmutz S M, Bergen R D and McKinnon J J.
significantly affecting milk fat or protein percent over 1998. A potential association between the BM1500
the entire lactation. Present results also seems to be in liclosatellite and fat dSgEEliEn in beef catfidammalian

. Genome9: 432-34.
close agreement with Chebed al. (2008), who reported Gong D W, Bi.S, Tratley R E and Weintraub B D. 1996. Genomic

thatleptin genotype were associated with yields of milk g cture and.promoter analysis of the human obese gene.

and milk components, and colwsmozygous for the C allele Journal of Biology.and Chemist@71: 3971-74.

were less productive_than thoserrying the CT and TT = Haegeman A, Van Zeveren A and Peelman L J. 2000. New
genotypes. According to Chelslal. (2008), 305-day yields mutation in exon 2 of the bovine leptin geAaimal Genetics

of 3.5% fat-correctediilk was less in CC comparedth 3L 79.

CT cows by258 kg. Whereas, Madejgaal. (2004) and Jiang Z H and Gibson J P. 1999. Genetic polymorphisms in the
Liefers et al. (2004) did not find any associations between leptin gene and their association with fatness in four pig breeds.

: : . Mammalian Genomé&0: 191-93.
tmhﬁkailizllzz Bon-2region ofleptin gene and lactation=g Harvey W R. 1987Least-squares analysis of data with unequal

sub-class number&\RS H—4, USDA Washington DC
Results from the present study suggests that theamer ¢ v. 1957. Extension of multiple range test to group-

TT genotype of bovindeptin gene may be associated correlated adjusted mearBiometrics 13; 13-18.

with 305 days milk yield. Considering lack of systematic Liefers S C, Veerkamp R F, Pas M F W te, Delavaud C and Van der
data recording and small sized dairy farms in India, LendeY.2004. Amissense mutation in the bovine leptin receptor
these observations are of economic interest. Although in  gene is associated with leptin concentrations during late
this study we measured the effectleptin‘genotype on pregnancyAnimal GeneticS5: 38-141. .

milk production in crossbred Karan Fries cattle only, Madeja Z, Adamowicz T, Chmurzynska A, Jankowski T, Melonek

but before this sort of genetic information can be used J: SWitonski M and Strabel T. 2004. Effect of leptin gene

. . . . . polymorphisms on breeding values for milk production traits.
efficiently in breeding and management decisions, studies Journal of Dairy Scienc7: 3925-27.

with different populations are required to properly yagni p, Motta M and Martini L. 2000. Leptin: A possible link
characterize the robustness of the associations of leptin  petween food intake, energy expenditure, and reproductive

polymorphisms with 305 days milk yield and other function. Regulatory Peptid®2: 51-56.
economically impaortant traits across cattle populations. ThisPomp D, Zou T, Clutter A C and Barendse W. 1997. Rapid
preliminary study suggests that fegtin genotype may play communication: mapping of leptin to bovine chromosome 4 by

an important role in regulating 305 days milk yield in Karan  linkage analysis of a PCR-based polymorphigiwurnal of
Fries cattles. Animal Scienc&5: 1427.
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