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ABSTRACT. This study evaluates the relationship between the genotype 
and milk protein components in goats. Milk samples were collected 
from cloned goats and normal white goats during different postpartum 
(or abortion) phases. Two cloned goats, originated from the same 
somatic line of goat mammary gland epithelial cells, and three sexually 
reproduced normal white goats with no genetic relationships were used 
as the control. The goats were phylogenetically analyzed by polymerase 
chain reaction-restriction fragment length polymorphism. The milk protein 
components were identified by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis. The results indicated that despite the genetic fingerprints 
being identical, the milk protein composition differed between the two cloned 
goats. The casein content of cloned goat C-50 was significantly higher 
than that of cloned goat C-4. Conversely, although the genetic fingerprints 
of the normal white goats N-1, N-2, and N-3 were not identical, the milk 
protein profiles did not differ significantly in their milk samples (obtained 
on postpartum day 15, 20, 25, 30, and 150). These results indicated an 
association between milk protein phenotypes and genetic polymorphisms, 
epigenetic regulation, and/or non-chromosomal factors. This study extends 
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the knowledge of goat milk protein polymorphisms, and provides new 
strategies for the breeding of high milk-yielding goats.
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INTRODUCTION

The identification of superior animal populations with desirable characteristics and a high-
er production performance is essential in modern livestock breeding technology. Polymorphisms in 
milk proteins are important genetic markers for analyzing genetic variations in dairy animals; these 
may be used to identify goats with high milk yield, which may exert a significant economic impact. 
Polymorphisms in milk proteins have been previously determined via electrophoresis, whereas the 
correlations between protein polymorphisms and the biological characteristics of the animals can 
be determined using genetic markers; these, in turn, provide information regarding the economic 
traits and techniques of animal breeding (Amigo et al., 2000; Zulloa et al., 2005).

Polymorphisms in milk proteins have been investigated since 1995. Aschaffenburg and 
Drewry (1995) identified a polymorphism in β-lactoglobulin of Holstein milk by starch-gel electro-
phoresis. Subsequent analyses have also detected polymorphisms in five major protein fractions of 
cow milk: αs-1-casein, αs-2-casein, β-casein, κ-casein, and α-lactalbumin (Lagonigro et al., 2001; 
Marletta et al., 2004; Sacchi et al., 2005; Lan et al., 2007; Caravaca et al., 2009). Furthermore, milk 
protein polymorphisms have been associated with various characteristics of dairy cattle, such as 
production and quality of milk, reproduction, and resistance to disease (Luo et al., 1994; Ikonen et 
al., 1999; Zulloa et al., 2005; Pazzola et al., 2014). Very few studies in China have focused on the 
identification and characterization of milk protein polymorphisms; in fact, studies on polymorphisms 
in cloned goat milk proteins have not been reported in China. Therefore, the main aim of this study 
was to analyze polymorphisms in goat milk protein by sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE), compare the milk protein composition between cloned goats and 
normal white goats, explore and track the genetic inheritance of cloned goats, and to provide a 
theoretical basis for future breeding and expansion of the technology of transgenic cloned goats.

MATERIAL AND METHODS

Equipment

The following equipment and instrumentation were employed in this study: horizontal flat 
plate/vertical slab electrophoresis apparatus (POWER-PAC300; Bio-Rad, Hercules, CA< USA); 
gel image analysis system (GIS-1000; Tanon Science & Technology Co., Ltd., Shanghai, China); 
HB-PX-MAN thermal cycler (Hybaid, Chesire, UK); GTL-16A centrifuge (Nanda Biotechnology Co., 
Jiangsu, China); and a graduated pipette, conical flask, and transferpettor.

Animals

Two goats cloned from a somatic cell (C-50 and C-4) were created by the Veterinary Col-
lege of Yangzhou University. The nuclear donor cells were obtained from a GMEC7# cell line de-
rived from the same mammary epithelial cells. Three normal white goats (N-1, N-2, and N-3) from 
the Yangzhou area of China were used as controls. The goats were kept at the Research Farm 
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at Yangzhou University (Yangzhou, Jiangsu, China); they were fed with alfalfa hay and given free 
access to salt, mineral mixtures, and water. The cloned goat C-4 had an accidental abortion 120 
days after mating, while the other goats had normal parturition after pregnancies lasting 148-154 
days. All procedures were performed in accordance with the Guiding Principles for the Care and 
Use of Laboratory Animals, and were approved by the Institutional Animal Care and Use Commit-
tee of Yangzhou University.

Reagents and sample preparation

All reagents used in this study were of analytical grade except when otherwise stated. Cell 
lysates (100 mL) were prepared using 10 mL 1 M Tris-HCl (pH 8.5), 2 mL 200 mM EDTA, 1 mL 20% 
SDS, 4 mL 5 M NaCl, and 83 mL deionized distilled water (ddH2O). PCR primers were designed for 
the second exon of the goat major histocompatibility complex (MHC) II DRB gene (DRB1.1, 5'-TAT 
CCC GTC TCT GCA GCA CAT TTC-3'; Gio, 5'-CGT ACC CAG AGT GAG TGA AGT ATC-3'; and 
DRB1.2, 5'-TCG CCG CTG CAC ACT GAA ACT CTC-3'). The PCR primers were synthesized by 
Shanghai Boya Biotechnology Co. (Shanghai, China). 

Protein electrophoresis was performed by SDS-PAGE. Gel solutions were formulated with 
30% acrylamide/N,N'-methylenebis (acrylamide) [29% acrylamide (w/v) + 1% N,N'-methylenebis 
(acrylamide) (w/v)] and 10% (w/v) sodium dodecyl sulfate (SDS). Separating gel (12%) and con-
centrating gel (5%) was separately prepared with N,N,N',N-tetramethylethylenediamine (TEMED), 
using 10% ammonium persulfate as the catalyst. The 2X SDS loading buffer contained 100 mM 
Tris-HCl (pH 6.8), 200 mM dithiothreitol (DTT), 10% mercaptoethanol, 4% SDS, 0.2% bromophe-
nol blue, and 20% glycerol. The 5X electrophoresis buffer contained 3.0 mol/L Tris (pH 8.8), 10% 
glycine, and 10% SDS. The staining solution contained 0.25 g Coomassie Blue R250 in 90 mL 1:1 
methanol: water + 10 mL acetic acid, which was filtered with Whatman (no. 1) paper and stored 
at 4°C. The de-staining solution contained 30% methanol, 10% acetic acid, and 60% hydrogen 
peroxide.

Polymerase chain reaction restriction fragment length polymorphism (PCR-RFLP) 
analysis of cloned goats and normal white goats

The genetic similarities between experimental goats were determined by PCR-RFLP. Mor-
phological similarities were determined by analyzing the phenotypes, such as coat color, coat 
pattern, and gender. Genomic DNA extracted from goat ear tissues were used as the template for 
PCR amplification. The PCR protocol was as follows: initial denaturation at 94°C for 5 min using 
the primers DRB1.1 and Gio; addition of Taq polymerase (hot start), followed by 10 cycles of de-
naturation at 94°C for 1 min, annealing at 60°C for 2 min, and extension at 72°C for 2 min; addition 
of primers DRB1.1 (10 µM, 1.5 µL) and DRB1.2 (10 µM, 1.5 µL); and 30 cycles of denaturation 
at 94°C for 1 min, annealing at 65°C for 30 s, and extension at 72°C for 30 s. The PCR products 
were digested with RsaI, and the digested products were analyzed by electrophoresing on 15% 
polyacrylamide gels. The obtained bands were analyzed using an imaging system.

Collection and processing of goat milk samples 

Goat milk samples were collected regularly and stored at -20°C. The milk samples were 
processed as follows: goat skim milk was prepared by centrifuging whole milk at 8000 g for 20 min 
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at 4°C, and removing the upper cream layer. Skim milk was adjusted to pH 4.6 with 1.0 mol/L HCl, 
and centrifuged at 10,000 g for 30 min at 4°C. The supernatant was analyzed by SDS-PAGE.

SDS-PAGE of processed milk samples

Skim milk proteins were detected by SDS-PAGE (Laemmli, 1970). The samples were elec-
trophoresed under reducing conditions with mercaptoethanol, and stained with Coomassie Brilliant 
Blue R250. The stained protein bands were scanned and analyzed using the gel imaging system. 
Polymorphisms in whey and casein proteins were analyzed using the method reported by Medrano 
and Sharrow (1989). The protein type was determined by comparing against reference values for 
casein or skimmed milk in cattle and goats (Ambrosoli et al., 1988; Medrano and Sharrow, 1989).

RESULTS

Phenotypic identification of normal white goats and cloned goats

The phenotypes (age, gender, coat color, and horn) of cloned goats and normal white goats 
are summarized in Table 1. The phenotypes of the two cloned goats (GMEC7# cell line) were identi-
cal. The only phenotype that was identical among the normal white control goats was their coat color; 
the goats differed in all other phenotypes. The two cloned goats were derived from the same cell line 
with the same genetic background; therefore, they displayed the same phenotype. The three white 
goat controls exhibited different phenotypes because of the differences in parent genotypes.

Table 1. Phenotypes of normal white goats (control) and cloned goats.

Individual designation	 Gender	 Cell line	 Coat color	 Horn	 Age (years)

C-50	 ♀	 GMEC 7#	 Dark fleck, white base	 No horn	 3
C-4	 ♀	 GMEC 7#	 Dark fleck, white base	 No horn	 3
N-1	 ♀		  White	 Horned	 3.3
N-2	 ♀		  White	 No horn	 3.5
N-3	 ♀		  White	 Horned	 2.5

Genotypic identification of normal white goats and cloned goats

The goat genotypes were identified by PCR-RFLP. The two cloned goats had the same 
band pattern, which was identical to that of the donor goat (Figure 1). The band patterns of the 
three normal control goats differed from each other, and from those of the cloned goats (Figure 
1). Therefore, the two cloned goats shared the same genotype, while the normal control goats ex-
pressed genotypes that differed from each other and from those of the cloned goats.

Milk protein composition in cloned and control goats

Skimmed milk was subjected to SDS-PAGE analysis under reducing conditions and stained 
with Coomassie blue (Figures 2-4). All samples contained α-lactalbumin (α-La), β-lactoglobulin (β-
Lg), casein (CN), and serum albumin (SA). The relative content of the major milk proteins were 
quantified by imaging the gel, and analyzing it with appropriate software. β-lactoglobulin consti-
tuted the highest percentage of proteins in the milk produced by all experimental goats, followed 
by α-lactalbumin and casein. In this study, the highest casein content the maximum number of 
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casein isoforms were present in milk produced by the cloned goat C-50 during each postpartum 
period (Figures 2 and 3). The proteins in milk obtained from the three normal control goats during 
postnatal days 15, 20, 25, 30, and 150 did not differ significantly.

Figure 1. Genetic identification of goats by polymerase chain reaction restriction fragment length polymorphism (PCR-
RFLP). Lane 1, cloned goat C-50; Lane 2, cloned goat C-4; Lane 3, donor goat for somatic cloning; Lane 4, normal 
white goat N-1; Lane 5, normal white goat N-2; Lane 6, normal white goat N-3; Lane M, DNA marker (kB).

Figure 2. Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of proteins in goat milk sampled 
on the first postpartum day or first day after abortion. Lane M, protein marker (kD); Lane 1, C-50; Lane 2, C-4; Lane 3, 
N-1; Lane 4, N-2; Lane 5, N-3. All samples contained 50 mg protein in 5 mL loading buffer.

Figure 3. SDS-PAGE patterns of milk protein from goats with different genetic backgrounds. Lane M, protein marker 
(kDa); Lane 1, C-50 (second day postpartum); Lane 2, C-4 (second day after abortion); Lane 3, N-1 (second day 
postpartum); Lane 4, N-2 (second day postpartum); Lane 5, N-3 (second day postpartum); Lane 6, human milk. All 
samples contained 50 mg protein in 5 mL loading buffer.
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Figure 4. SDS-PAGE of goat milk proteins sampled 15-30 days postpartum. Lane M, protein marker (kDa); Lane 1, 
C-50 (15 days postpartum); Lane 2, C-50 (20 days postpartum); Lane 3, C-50 (25 days postpartum); Lane 4, C-50 
(30 days postpartum); Lane 5, N-2 (15 days postpartum); Lane 6, N-2 (20 days postpartum); Lane 7, N-2 (25 days 
postpartum); Lane 8, N-2 (30 days postpartum). All samples contained 50 mg protein in 5 mL loading buffer.

Milk protein polymorphisms

The SDS-PAGE gels of milk proteins from cloned and normal control goats displayed 
only one band for α-lactalbumin, β-lactoglobulin, and α-casein each, which indicated the lack of 
polymorphisms in these proteins. However, the β-casein of cloned goat C-50 produced two bands, 
suggesting the presence of protein polymorphisms.

DISCUSSION

Goat milk has important nutritional benefits in dietetics and therapeutics; an increase in 
the production of goat milk can therefore have a significant impact on the economy. The major 
goals of goat breeders are ensuring improved milk composition and yield. Milk production traits 
are under the control of several genes. Recent molecular biotechnological strategies offer rapid 
advances in breeding, such as trait selection and expression of desirable phenotypic characteris-
tics. Therefore, the identification of molecular markers that correlate with selected characteristics of 
livestock production provides breeders with powerful tools for the genetic manipulation of breeding 
stock (Selvaggi et al., 2009; Dario and Selvaggi, 2011).

Proteins are the most important nutrients present in milk. The milk composition and protein 
content differ in different species, and are affected by many factors such as the lactation stage 
(Maria et al., 2014). The milk proteins in normal white goats and cloned goats were identified to be 
α-lactalbumin, β-lactoglobulin, α-casein, β-casein, and serum albumin; the protein constitution of 
goat milk was seen to be in agreement with those reported by previous studies in sheep and goats 
(Corral et al., 2010; Maria et al., 2014). In this study, two cloned goats with the same genetic back-
ground produced milk containing different proteins and different protein contents, despite being 
phenotypically (gender, coat color, and coat pattern) and genetically (DNA fingerprinting) identical; 
on the other hand, the phenotypically and genetically dissimilar three normal white goats (controls) 
produced milk with a similar protein composition and protein content. Milk samples were harvested 
from cloned goats on the first postpartum day. During this time point, goat clone C-50 had a higher 
casein content compared to goat clone C-4, which had higher levels of β-casein (Figure 2).
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The milk proteins of goat clone C-4 were similar to those of the three normal white control 
goats, but differed from those of the genetically identical clone C-50. These results indicate that 
the milk composition and protein content is not identical in genetic clones. This result has not been 
reported in other studies on goat milk proteins, although genetically identical clones (or twins) can 
be biochemically and phenotypically different (Albert et al., 2005). Theoretically, this may be attrib-
uted to some non-chromosomal effects. Cloned goats C-50 and C-4 were derived from the same 
mammary epithelial cells. Paternity tests verified that they were derived from the same individual 
somatic chromosome. However, the cloned goat enucleated oocytes were prepared from different 
individuals. This suggested that milk protein composition and polymorphism could be determined 
by genetic, epigenetic, and/or cellular factors, and may depend on the complex interrelationships 
between these factors and the extracellular/environmental factors. We observed milk protein poly-
morphisms in different individuals during the different postpartum lactation stages, although the 
milk protein profiles and contents in the three normal white goats were essentially similar (Yuan 
et al., 2009). These results suggested that milk protein polymorphisms in cloned goats are due to 
genetic and cytoplasmic factors.

Modern advances in genetic and molecular methodologies enable the genetic analysis of 
milk protein polymorphisms, which aids in the identification and selection of favorable genotypes for 
high-yield milk production or milk with more desirable protein profiles. The direct relationship between 
allelic variants and milk protein content influences the physicochemical properties of milk, and may 
be utilized in breeding schemes to improve milk quality. Some authors have suggested that goat 
milk polymorphisms may influence milk allergenic effects; however, this theory must be extensively 
investigated. The high genetic diversity of goat milk protein genes suggests possibilities for further 
improvement of nutritional value. The traits of goat milk can be improved in the future by understand-
ing the relationships between genetic polymorphisms and epigenetic or cellular changes.
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