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oats distribute widely all over the 
world. They thrive in a wide 

variety of environmental conditions. They 
are also considered as one of the impor-
tant economic sources of meat in 
developing countries. Improving the re-
productive efficiency of goat herds in 
these countries, can increase the effi-
ciency of kid production and, conse-
quently, goat meat. 

Therefore, introducing the gene 
responsible for the high reproductive rate 
or prolificacy (i.e. number of individuals 
born per parturition per female = litter 
size), known as Booroola gene (or FecB 
gene) in sheep (Piper and Bindon, 1996), 
from prolific goat breeds into non-prolific 
goat herds may increase reproductive rate 
without substantial changes in other 
economically important traits. 

On the other hand, the polymor-
phism of blood genetic markers gives 
some useful information in studies of 
animal breeding such as the relationships 
among breeds and their evolution. It can 
also be used for indirect selection if there 

were some relationships between these 
markers and some economically impor-
tant quantitative traits. In this case, many 
researchers employed classical biochemi-
cal polymorphic markers such as poly-
morphic proteins (Wang et al., 1990; 
Machado et al., 2000; Deza et al., 2000; 
Han and Yuzhu, 2002) and isozymes (Di 
Stasio et al., 1995; Cengiz and Asal, 
2000; Menrad et al., 2002; Nyamsamba et 
al., 2003) to characterize and estimate 
genetic distances between breeds of goats 
and also in the study of genetic diversity 
within goat breeds. These markers were 
also used to reconstruct the phylogenetic 
relations among goat populations. These 
methods are isoelectric focusing (Ma-
chado et al., 2000) and SDS-PAGE 
(Laemmli, 1970). 

In Egypt, there are many native 
goat breeds with different productive and 
reproductive performances. The most 
important of them are the Baladi, mainly 
reared for meat production, and the Nubi 
(or Zaraibi), and mainly reared for milk 
production. They both are characterized 
by a good prolificacy (i.e. litter size), but 
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little is known about their genetic rela-
tionship at both biochemical and molecu-
lar genetic levels. The research to locate 
the gene responsible for the prolificacy in 
these two breeds may help its use com-
mercially to improve other local non-
prolific breeds, especially the Barki breed, 
mainly reared for meat production. 
Results of the research work reported by 
Marai et al. (2001) revealed the existence 
of association between reproductive traits 
of Nubian doe genotypes and marker gene 
alleles. 

Therefore, the present study was 
conducted for the assessment of the 
genetic structure within each of these 
three Egyptian goat populations using 
some biochemical genetic markers (i.e. 
serum proteins and isozymes) in order to 
find genetic markers which can differen-
tiate between them. 

MATERIALS AND METHODS 

I. Animal pedigree records and data 
collection 

The base goat population was 
assembled in 2006 from three different 
experimental stations belonging to 
Animal Production Research Institute 
(Borg El-Arab, El-Serw and Sakha). A 
total of 91 females of different ages were 
collected from three Egyptian goat 
breeds: Barki (n = 22), Baladi (n = 21) 
and Zaraibi (n = 48), according to their 
litter size trait, using the pedigree records.  

II. Animal groups construction 

The individuals of the Zaraibi 
breed (n = 48), considered as prolific 

goats, were chosen from a total of 292 
females raised in two farms (i.e. El-Serw 
and Sakha). They were assembled into 
two groups; prolific (n = 26) and non-
prolific (n = 22) females, according to the 
number of kids born per parturition per 
female: three or more kids for the first 
group and one or two kids for the second 
group. Figure (1) shows the structure of 
the Zaraibi herd based on kid type of birth 
(i.e. number of kids born per parturition 
per female). However, individuals of the 
Baladi, considered as prolific goat, and 
Barki, considered as non-prolific goat, 
were assembled in only one group for 
each; prolific for the Baladi females (n = 
21); chosen at random from a total of 30 
females raised at Sakha station, and non-
prolific for the Barki females (n = 22); 
chosen at random from a total of 45 
females raised at Borg El-Arab station. 
All individuals were managed under the 
same conditions and they were healthy 
and in a good body condition. 

III. Blood samples collection 

Blood samples were collected from 
the selected animals by vacutainer glass 
tubes which contain disodium EDTA 
(EDTA-Na2) as anticoagulant reagent. 
They were taken from 63 females out of 
91 of the selected animals: 22 does from 
the Barki breed, 21 does from the Baladi 
breed and 20 from the Zaraibi breed (13 
and 7 prolific and non-prolific does, 
respectively, all taken from the herd of 
Sakha Station). We are not able at this 
time to get blood samples from the 
Zaraibi females of the Serw Station due to 
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the contamination of the farm with the 
foot and mouth disease. 

Plasma serum was then obtained 
by centrifugation at 5000 rpm for 15 
minutes at 4°C, and the plasma protein 
(supernatant) was transferred to clean 
plastic vials and stored at -20°C until the 
time of electrophoretic analyses. 

IV. Genetic characterization using 
biochemical genetic markers (SDS- 
Protein PAGE and Isosymes) 

1. SDS-Protein PAGE electrophoresis 

Samples were applied to 15% 
polyacrylamid gel. Gel preparation, 
electrophoresis conditions, staining and 
destaining gels were done according to 
Laemmli (1970). 

Protein fractionations were per-
formed exclusively on vertical slab (19.8 
cm x 26.8 cm x 0.2 cm) gel using the 
electrophoresis apparatus manufactured 
by Aplex. 

2. Isozymes electrophoresis 

The same goat blood serum 
samples were used for detecting isozyme 
polymorphisms within each of the three 
goat populations.  

Two isozyme systems (i.e., Este-
rase and Malate dehydrogenase; Mdh) 
were applied. Isozymes electrophoresis 
were carried out according to Tanksley 
and Rick (1980) and Tanksley and Orton 
(1983). 

V. Statistical analysis 

1. Genetic identity and genetic distance 

Both genetic identity and distance 
were estimated according to Bardacki and 
Skibinski (1994). The banding patterns of 
the individuals were compared within 
populations. Bands were scored as 1 if 
present and 0 if absent.  

2. Dendrogram construction 

For constructing a combined den-
drogram for each goat breed, the data 
generated from protein banding patterns 
and isozymes variations were introduced 
to SPSS package program according to 
binary values (1, 0). 

RESULTS AND DISCUSSION 

A) Protein polymorphism 

Protein electrophoretic banding 
patterns of the three collected goat 
populations are shown in Figs (2 and 3) 
for Zaraibi, Figs (4 and 5) for Baladi and 
Figs (6 and 7) for Barki. The dendrogram 
of the Zaraibi population is presented in 
Fig. (8). The similarity values were also 
calculated based on protein banding 
patterns for each population. 

1. Zaraibi (Z) population 

The protein electrophoretic band-
ing patterns of Nubi (or Zaraibi) goat 
breed are shown in Fig. (2) for the prolific 
group (ZH)  and Fig. (3) for the non-
prolific one (ZL). A total of 25 bands 
were detected, according to their relative 
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fronts, based on band molecular weight 
(MW) along the gel. These MWs of 
protein bands ranged from 28 to 230 kDa. 
However, the range of MW of protein 
bands was from 28 to 179 kDa for ZH 
group and from 29 to 207 kDa for ZL 
group. The two Zaraibi goat groups were 
shared in two common bands at molecular 
weight of 92 kDa and 29 kDa, so these 
two bands could be used as specific 
protein markers to characterize this breed 
which is mainly reared for milk 
production.  

According to protein polymor-
phism data, the ZH group has six common 
specific protein markers at molecular 
weights of 28, 31, 43, 53, 67 and 179 
kDa, while the ZL group has seven 
common specific protein markers at 
molecular weights of 51, 69, 131, 138, 
185, 203 and 207 kDa. So, the ZH spe-
cific protein markers could be considered 
as important markers to characterize the 
prolific females within this breed.  

The average of similarity indices 
within ZH group was 0.86, while it was 
0.76 within ZL one. On the other hand, 
the average of similarity indices within 
Zaraibi population from the pooled data 
(ZH and ZL together) was 0.55. 

The dendrogram of this population 
(Fig. 8) showed that it was divided into 
two groups; the first represented the 
prolific females (n = 13) and the second 
represented the non-prolific ones (n = 7). 
The first group was also divided into two 
sub-groups, which reflected the existing 
variability in litter size trait within the 

females. This may explains the low value 
of similarity indices within the Zaraibi 
population, as a whole, and the high 
values of similarity indices obtained in 
both prolific and non-prolific sub-groups. 

2. Baladi (B) population 

The electrophoretic protein pat-
terns of the individuals of this population 
are shown in Figs (4 and 5). A total of 32 
bands were labeled according to their 
relative fronts. The MW of protein bands 
ranged from 28 to 211 kDa. The Baladi 
individuals had eight common protein 
markers at molecular weights of 28, 29, 
31, 56, 119, 146, 198 and 206 kDa. The 
average of similarity indices within this 
population was 0.65. 

3. Barki (R) population 

The electrophoretic protein pat-
terns of the individuals of this population 
are shown in Figs (6 and 7). 

A total of 22 bands were labeled 
according to their relative fronts. The 
protein bands ranged from 24 to 208 kDa. 
The Barki individuals had only one com-
mon protein marker at molecular weight 
of 55 kDa. The average of similarity 
within this population was 0.69. 

Thus, the protein electrophoresis 
(SDS-PAGE) in the present study indi-
cated that each goat population had a 
unique banding pattern. 

The average of similarity indices 
reflects the range of homogeneity within 



BIOCHEMICAL POLYMORPHIC MARKERS IN EGYPTIAN GOATS 87 

each population. Relatively, the Barki 
population has the highest average value 
(0.69) followed by the Baladi population 
(0.65), while the Zaraibi population has 
the lowest value (0.55). This may reflect a 
higher degree of inbreeding in both the 
Barki and the Baladi populations 
compared to the Zaraibi one. 

We can conclude that SDS-Protein 
PAGE is a sensitive method for studying 
the genetic structure of goat populations. 

B) Isozymes polymorphism 

Isozymes patterns for Esterase 
(Eat.) and Malate dehydrogenase (Mdh) 
were presented in Figs (9-18) and sum-
marized in Tables (1-6). The similarity 
values were also calculated based on 
isozymes banding patterns for each of the 
three goat populations. 

1. Zaraibi (Z) population 

The electrophoretic patterns of 
Esterase and Malate dehydrogenase iso-
zymes for the females of this population 
are shown in Figs (9 and 10) and summa-
rized in Tables (1 and 2), respectively.  

A total of 4 and 5 bands (Tables 1 
and 2), according to their relative fronts, 
were detected in this goat breed for Est. at 
RF ranged from 0.12 to 0.87 and Mdh at 
RF ranged from 0.10 to 0.30, respectively. 
The average of similarity indices within 
this population for the two isozymes was 
0.54. 

2. Baladi (B) population 

The electrophoretic patterns of 
Esterase and Malate dehydrogenase iso-
zymes of the females of this population 
are shown in Figs (11-12 and 13-14), 
respectively and summarized in Tables (3 
and 4). 

A total of 3 and 3 bands (Tables 3 
and 4), according to their relative fronts, 
were detected in this goat breed for Est. at 
RF ranged from 0.12 to 0.75 and Mdh at 
RF ranged from 0.10 to 0.32, respectively. 
The average of similarity indices within 
this population was 0.70. 

3. Barki (R) population 

The electrophoretic patterns of 
Esterase and Malate dehydrogenase for 
the females of this population are shown 
in Figs (15-16 and 17-18), respectively 
and summarized in Tables (5 and 6).  

A total of 3 and 3 bands (Tables 5 
and 6), according to their relative fronts, 
were detected in this goat breed for both  
Est. at RF ranged from 0.12 to 0.87 and 
Mdh at RF ranged from 0.10 to 0.22, 
respectively. The average of similarity 
indices within this population was 0.95. 

According to the previous results, 
there are individual variations within each 
population especially within the Zaraibi 
one. These results confirmed the previous 
results obtained with the (SDS-Protein 
PAGE) method in that each goat 
population had a unique protein banding 
pattern. 
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The isozymes systems used in the 
present work are previously used in 
studying biochemical variations in 
Egyptian goat (Abu Shady, 2004) and in 
another goat breeds (Menrad et al., 2002; 
Nyamsamba et al., 2003). Abu Shady 
(2004) reported that Mdh was not able to 
distinguish among breeds, sexes or even 
between different locations, while the 
Esterases had a value to discriminate 
among goat populations. However, 
Nyamsamba et al. (2003) could not obtain 
any clear genetic differences among eight 
native goat populations by studying their 
isozymes variations. On the other hand, 
Deza et al. (2000) studied the isozymes 
variations (Mdh and Est.) among some 
native goats from different locations. 
They found individual differences among 
goat samples using these isozymes. In 
addition, Menrad et al. (2002) found the 
same conclusion after studying the 
genetic variability of goat plasma. 

In general, the present work gave 
us an overview about the genetic varia-
tions within the three Egyptian goat 
populations based on biochemical mark-
ers (protein and isozymes markers). On 
the other hand, molecular techniques at 
the DNA level will be needed to detect 
more genetic markers for the prolificacy 
trait in Egyptian goats. These molecular 
markers and the protein markers will be 
used for markers assisted selection to 
increase returns per unit of production in 
goats. 

SUMMARY 

Blood samples were collected from 
63 females, taken from three Egyptian 

goat breeds, by vacutainer glass tubes 
which contain disodium EDTA (EDTA-
Na2) as anticoagulant reagent. Twenty-
two does from the Barki breed, 21 from 
the Baladi breed and 13 and 7 prolific and 
non-prolific does, respectively from the 
Zaraibi breed, were chosen according to 
the litter size trait. 

Blood serum was then obtained by 
centrifugation and treated by two bio-
chemical fingerprints techniques; SDS-
Protein PAGE and Isozymes, to charac-
terize the three goat breeds and to find 
genetic markers which can differentiate 
between them. 

The protein electrophoresis (SDS-
Protein PAGE) in the present work 
indicated that each goat population had a 
unique protein banding pattern. The Barki 
population has the highest value of 
similarity (0.69) followed by the Baladi 
one (0.65), while the Zaraibi population 
showed the lowest value (0.55). However, 
the average of similarity within both the 
prolific (ZH) and non-prolific (ZL) 
Zaraibi groups was high (0.86 and 0.76, 
respectively).  

The two Zaraibi goat groups 
shared two common bands at molecular 
weight of 92 kDa and 29 kDa, so these 
two bands could be used as specific 
protein markers to characterize this breed. 
For the Zaraibi breed, 6 protein markers 
were detected as specific ones for ZH 
females (at molecular weights of 28, 31, 
43, 53, 67 and 179 kDa) and 7 protein 
markers were also detected as specific 
ones for ZL females (at molecular weights 
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of 51, 69, 131, 138, 185, 203 and 207 
kDa). So, the ZH specific protein markers 
could be considered as important markers 
to characterize the prolific females within 
this breed. The Baladi individuals had 
eight common protein markers (at 
molecular weights of 28, 29, 31, 56, 119, 
146, 198 and 206 kDa), while the Barki 
ones showed only one common protein 
marker at molecular weight of 55 kDa. 
So, these specific protein markers could 
be considered as important markers to 
characterize these two breeds. 

A total of 4 and 5 bands, 3 and 3 
bands and 3 and 3 bands were detected for 
Esterase (Est.) and Malate dehydrogenase 
(Mdh), respectively in Zaraibi, Baladi and 
Barki goats, respectively. The analysis of 
the two isozyme systems used in the 
present work showed that there are 
individual variations within each of the 
three goat populations; the greatest in the 
Zaraibi breed and the lowest in the Barki 
breed. 
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Table (1): Esterase isozymes polymorphism for Zaraibi goat population. 

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1 0.12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 0.32 1 1 0 0 1 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 
3 0.62 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 0 1 1 0 0 
4 0.87 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 

 
 

Table (2): Mdh isozymes polymorphism  for Zaraibi goat population.   

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 
1 0.10 0 0 0 0 1 1 1 1 1 1 0 0 0 0 0 0 0 0 0 0 
2 0.14 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 0.18 0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 
4 0.20 1 1 1 1 1 1 1 1 1 1 0 1 1 0 1 1 0 0 0 0 
5 0.30 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 
 
 
Table (3): Esterase isozymes polymorphism for Baladi goat population. 

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1 0.12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 0.37 0 1 0 0 0 0 0 1 0 0 0 1 1 1 0 0 0 0 1 1 1 
3 0.75 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 
 
 
Table (4): Mdh isozymes polymorphism  for Baladi goat population. 

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 
1 0.10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 0.22 0 0 0 1 1 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 0.32 1 1 1 1 0 0 0 1 1 1 1 1 1 1 1 0 0 0 1 1 1 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 
 
 
Table (5): Esterase isozymes polymorphism for Barki goat population. 

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 0.12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 0.37 1 1 1 0 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 0.87 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 
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Table (6): Mdh isozymes polymorphism  for Barki  goat population.   

BN RF 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 
1 0.10 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
2 0.15 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
3 0.22 1 1 1 1 1 0 1 0 0 0 1 1 0 1 1 1 1 1 1 1 1 0 

0 = absent,   1 = present,  BN= Band number,  RF= Relative front. 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

Fig. (1): Kid type of birth distribution for the available Zaraibi females. 
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Fig. (2): SDS-PAGE profile of Zaraibi goat 
(prolific females) serum proteins 
and M= protein markers. 

Fig. (3): SDS-PAGE profile of Zaraibi goat 
(non-prolific females) serum 
proteins and M= protein markers. 

 
 
 
 
 
 
 
 

Fig. (4): SDS-PAGE profile of Baladi (B) 
goat serum proteins (samples from 
1-10) and M= protein markers. 

Fig. (5): SDS-PAGE profile of Baladi (B) 
goat (samples from 11-21) serum 
proteins and M= protein markers. 

 
 
 
 
 
 
 
 

Fig. (6): SDS-PAGE profile of Barki (R) 
serum proteins (samples from 1-
11) and M= protein markers. 

Fig. (7): SDS-PAGE profile of Barki (R) 
serum proteins (samples from 12-
22) and M= protein markers. 

 
 
 
Fig. (8): Dendrogram of genetic 

relationship among the 
20 Zaraibi individuals. 
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Fig. (9): Esterase electrophoretic patterns of Zaraibi

goat (1-13 are ZH 14-20 are ZL). 
Fig. (10): Mdh profile of Zaraibi goat (1-13 are 

prolific and 14-20 are non-profilic). 

 
 
 
 
 
 
Fig. (11): Esterase electrophoretic patterns of Baladi

goat (samples 1-11). 
Fig. (13): Mdh profile of Baladi goat (samples 1-10). 

 
 
 
 
 
 
Fig. (12): Esterase electrophoretic patterns of Baladi

goat (samples 12-21). 
Fig. (14): Mdh profile of Baladi goat (samples 11-

21). 

 
 
 
 
 
 
Fig. (15): Esterase electrophoretic patterns of Barki

goat (samples 1-11). 
Fig. (17): Mdh profile of Barki goat (samples 1-11). 

 
 
 
 
 
 
Fig. (16): Esterase electrophoretic patterns of Barki

goat (samples 12-22). 
Fig. (18): Mdh profile of Barki goat (samples 12-

22). 
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