
Introduction

Extensive polymorphism is present in structural

genes mostly with co-dominant expression.

Beta-lactoglobulin (�-LG) is a major whey protein

in the milk of ruminants. It is also found in

the milk of other mammals, but absent from

the milk of rodents, lagomorphs or humans

(Hambling et al. 1992). A large number of

different variants have been identified both within

and between populations in the � s1, �-s2, �-casein

and �-casein loci (Grosclaude et al. 1987).

The existence of genetic polymorphism at

the �-LG locus came into light in the first report on

the occurrence of two forms of beta-lactoglobulin

(�-LG) in cows by Aschaffenburg and Drewry

(1955). The electrophoretic pattern of the �-LG

gene in goats has been analysed by SDS-PAGE by

different workers (Grosclaude et al. 1987; Prakash

et al. 2002). �-LG gene polymorphism at the DNA

level has been analyzed by PCR-RFLP (Pena et al.

2000) and they also reported two novel genetic

variants of the �-LG gene in the goat. However, no

study has been reported in Indian goats regarding

�-LG polymorphism at the protein or DNA level.

The association of �-LG polymorphism with milk

yield has been reported in cows and sheep

(Ng-Kwai-Hang 1998; Moili et al. 1998).

However, there are no reports regarding the

association of the �-LG genotype with milk yield

in the goat. Therefore the present study was

designed to analyze �-LG gene polymorphism at

the protein as well as DNA levels and its

association with milk yields.
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The amplified product was observed as 426 bp and the restriction digestion with SacII revealed three genotypes,

namely S1S1, S1S2 and S2S2 at the �-LG locus. The frequency of the S2S2 genotype ranged from 0.42 to 1.00 in
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genotype on 90-day milk yield. Least squares analysis of data showed that �-LG AA animals had higher milk
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Materials and methods

Sample collection and DNA isolation

A total of 358 unrelated blood samples were col-

lected from goats living in natural habitats belong-

ing to four major geographical agro- climatic

zones of India, including at least one breed from

each major geographical region. Jamunapari goats

are found in isolated pockets and sampling was

carried out in two villages where breeding takes

place. Similarly, Jakhrana goats have a very nar-

row breeding tract and are confined to several vil-

lages in Rajasthan. Breeds such as Barbari, Black

Bengal, Beetal, Sirohi, Marwari, Gaddi, Surti,

Osmanabadi and Chegu are distributed over a

number of villages in their respective breeding

tracts. Local goats are non-descript goats and dis-

tributed near the Hathras area of Uttar Pradesh are

designated as local UP and distributed near the

Gwalior area of Madhya Pradesh are designated as

local MP. An effort was made to collect samples

from unrelated individuals based on the informa-

tion provided by farmers. DNA was isolated from

the samples using the standard protocol published

elsewhere (Thangaraj et al. 2002).

Milk sample collection

Milk samples were obtained from 1098 goats of

nine breeds from their home tract. A total of 179,

475, 70, 69, 68, 45, 40, 110 and 42 samples were

collected from Jamunapari, Barbari, Marwari,

Sirohi, Jakhrana, Beetal, Ganjam, Local UP and

Local MP goats, respectively, from the natural

habitat of each breed, and were transported to the

laboratory and stored at –20°C for further analy-

sis.

SDS-PAGE

Phenotyping of milk samples was carried by

SDS-PAGE. Skimmed milk samples were

analysed by means of sodium dodecyl sulphate

(SDS) (Grosclaude et al. 1994) and urea (Medrano

and Sharrow 1989) polyacrylamide gel electrop-

horesis (PAGE) at alkaline pH. Subsequently milk

protein variants were analysed after staining with

Coomassie blue (Grosclaude et al. 1987).

The SDS-PAGE was carried out in Mini protein

gel (Bio-Rad) and the protein variant was

analyzed in a Gel Documentation System (Alpha

Innotech Corp., USA).

Amplification of �-LG gene: Amplification of

the �-LG gene from exon 7 to the 3’ flanking re-

gion was amplified from genomic DNA. The PCR

was carried out in a 50 �L reaction mixture con-

taining: 100–150 ng genomic DNA, 0.5 �M of

each primer (forward: F F5’-CGG GAG CCT

TGG CCC TCT GG-3’, reverse: 5’- CCT TTG

TCG AGT TTG GGT GT-3’) 1.00 U of Taq DNA

Polymerase, 5.0 �L of 10 × PCR assay buffer (1.5

mM MgCl2), dNTPs each at 150 �M (Pena et al.

2000).

The amplification protocol was used as

follows: an initial cycle 95°C for 5 min, 35 cycles

of steps containing denaturation, 95°C for 30 s,

annealing at 65°C for 1 min and extension at 72°C

for 90 s and final extension at 72°C at 5 min.

Restriction enzyme digestion: A total volume

of 20 �L of each PCR product was digested with

10 U of SacII endonuclease overnight at 37oC.

PCR and digested products were analyzed by

means of electrophoresis in 3% agarose gel

stained with ethidium bromide.

Milk recording and association study

Milk recording was carried out up to 90 days in 66

Jamunapari and 127 Barbari goats in the second

season (October-November). As it was not possi-

ble to record production in the entire studied breed

in their native tract, therefore the effect of the

�-LG genotype on milk yield was analysed in

Jamunapari and Barbari goats. Jamunapari and

Barbari are the two goat breeds maintained at the

Central Institute for Research on Goats,

Makhdoom as a nucleus herd and selective breed-

ing has been practiced for the last 20 years to im-

prove production performance. They are kept

under similar management conditions at the insti-

tute farm. The effect of the �-LG genotype on milk

yield at 90 days was analyzed by the least squares

method (Harvey 1990). To analyze the effect of

�-LG variants on milk yield, the following model

was used:

Yijk = m + �-LGi +Parityj + (�–LG × Parity) ij +eijk

where: Yijk = kth milk yield under ith �-LG geno-

type and jth parity, µ = population mean, �-LGi =

fixed effect of ith �-LG genotype (i = 1,2), Parityj =

fixed effect of jth parity (j = 1,2,3,4,5), eijk = ran-

dom error assumed to be normally independently

distributed with mean zero and variance �2.
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Results

Milk protein analysis of the SDS-PAGE pattern

revealed variability at the �-LG locus in the Indian

goat (Figure 1). Two alleles were observed at the

�-LG locus and variant �-LGA was predominant in

all the breeds. The frequency of �-LGA in

Jamunapari, Barbari, Marwari, Sirohi, Jakhrana,

Beetal and non-descript goat from UP and MP was

0.81, 0.89, 0.50, 0.80, 0.84, 1.0, 0.98 and 0.95,

respectively .The distribution of allele �-LGB was

very low in all the Indian goat breeds (Figure 2).

The absence of the �-LG locus was observed in

some individual milk samples of Sirohi goats and

the frequency was 0.015.

Genotyping at the �-LG locus at the DNA level

revealed the presence of two alleles. The region

spanning from exon 7 to the 3’flanking region of

the goat �-LG gene was amplified from a genomic

DNA sample belonging to 13 genetic groups.

The PCR amplified product was observed as

426 bp (Figure 3). The PCR product was digested

with SacII and subsequently analyzed for

mutation in the fragment. Mainly three variants,

namely S1S1, S1S2 and S2S2, were observed in

the population. Two different variant groups

(of 349 bp and 78 bp) and an undigested product

(426 bp) were obtained (Figure 4). PCR + RFLP

with the SacII enzyme recognized the polymor-

phic site, which was produced by a single

nucleotide substitution in position +4601 (Pena

et al. 2000). The allelic and genotypic frequencies

of the �-LG gene polymorphism are presented in

Table 1. The S2S2 proportion was too high and

varied from 41.7% to 100%. Similarly, the S1S2

proportion varied from 3.6% to 94% in different

breeds. Surti and Marwari had a lower S1S2

genotypic frequency in the population. The S1S2

genotypic frequency was highest (0.994) in Gaddi

samples.

The �-LG genotype had a significant effect on

milk yield at 90 days in both Jamunapari and

Barbari goats. �-LG AA had a higher milk yield

than �-LG AB in both Jamunapari and Barbari

breed (P < 0.01). The milk yield at 90 days was

81.82 ± 2.21 and 68.97 ± 3.86 liters in the

�-LG-AA and �-LG-AB genotype, respectively,

in Barbari goats. Similarly, in Jamunapari goats

the milk yield was 97.69 ± 2.83 and 85.35 ± 2.37

liters in the �-LG-AA and �-LG-AB genotype, re-

spectively. Parity and interaction of parity with
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Figure 1. Electrophoretic pattern in SDS-PAGE showing

�-LG AB genotype in different goat breeds

Figure 2. Electrophoretic pattern in SDS-PAGE showing

�-LG AA and AB genotypes in Indian goat

Figure 3. PCR amplification of �-lacto globulin in Indian

goat. Lane 1–9 amplified product 426 bp, M-marker

(50 bp ladder).

Figure 4. Electrophoresis of exon 7 of the caprine �-lacto

globulin gene amplified by the polymerase chain reaction

of animals with S1S1 S1S2 and S2S2 variants and digested

with sacII



the � -LG genotype also had an effect on milk yield

in both breeds (P < 0.05). From the second parity

onward the � -LG AA genotype had higher milk

yield than the � -LG AA genotype up to the 5th

parity (P < 0.01).

Discussion

Boulanger (1976) observed A and B variants in

five Alpine and Sannen goat breeds at the � -LG lo-
cus. Similar results were observed in all the indi-
vidual milk samples of the Indian goat. Similarly,
three genotypes were observed in Indian goats at

the � -LG locus. S2S2 was the most frequent geno-

type in the entire studied sample. Caprine � -s1 ca-

sein and bovine � -LG and � -casein have affected
the physicochemical properties of milk, protein
contents and cheese making properties
(Ng-Kwai-Hang 1998). Eight variants have been

reported at the DNA level at the bovine � -LG lo-
cus, however, alleles A and B are most frequent
(Ng-Kwai-Hang 1998) and allele B was associ-
ated with a lower whey protein content and
a higher casein content in milk (Ng-Kwai- Hang
1998). In sheep, three variants (A, B & C) have

been reported (Erhardt 1989). The � -LG locus in
the goat had been characterized at the DNA level

and two new genetic variants at the � -LG locus
had been reported (Pena et al. 2000). The present
study showed a similar genetic variant at the DNA
level as that observed by Pena et al. (2000). Poly-
morphic sites have been identified in the Indian

goat in exon 7 of the caprine � -LG gene as ob-

served in other goats of France and Spain (Folch
et al. 1999; Pena et al. 2000). PCR amplification
and RFLP analysis were found to be a rapid and

sensitive method to identify � -LG genotypes, di-
rectly at the DNA level without milk samples of
lactating females.

The present study showed the � -LG AA geno-

type had a higher milk yield than the � -LG AB ge-

notype in Barbari and Jamunapari goats in relation

to parity. A similar observation has been made by

Prakash et al. (2002) in 5 Indian goat breeds. It had

been observed that milk from heterozygous (AB)

ewes had higher casein contents with higher yields

than homozygous AA or BB ewes (Moili et al.

1998). In cows, the B allele was associated with

a lower whey protein yield (Ng-Kwai-Hang

1998). This study shows that PCR-RFLP analysis

can be used to identify a desirable � -LG genotype

for better milk yield in goats.
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