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ABSTRACT

Three arbitrary chosen enzymes were examined by native-polyacrylamide gel electrophoresis to investigate physiologi-
cal and genetic variations among five different goat breeds inhabiting Saudi Arabia. The goat breeds were Pakistani,
Tihami, Syrian, Masri and Aardi while the investigated enzymes were alkaline phosphatase (ALP), malate dehydro-
genase (Mdh) and malic enzyme (ME). Six polymorphic loci with six monomeric alleles have been recorded in all stud-
ied breeds. The second locus of ME was characteristic of Syrian breed where it showed dimeric alleles. The similarity
matrix that has been calculated according to the number of sharing bands indicated that these breeds have been divided
into two groups: Pakistani and Tihami as one group while the other three breeds clustered in another group. The activity
of the metabolic enzymes (Mdh and ME) showed concordance with the constructed relationship where the percentage
amounts of these enzymes showed significant variations between the two groups more than that occurred within each
group. Mdh was expressed in the second group more than in the first while ME showed, nearly, equal expression in the
different breeds. Both genetic and physiological results agreed in clustering the studied breeds into Pakistani and Ti-
hami in one group and the other three breeds in another group. This division was based on a few gene loci and a few
sampling size and it needs to be supported by collecting more genetic data and more sampling size in a further molecu-
lar study.
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1. Introduction developing countries [7].

The available literature related to the field of metabo-
lism in goats is scarce [8]. Some investigations have stud-
ied healthy goats and presented biochemical indicators in
relation to breeds [9-12]. Goat living in a desert envi-
ronment, like Arabian goat, is characterized by low body
mass and low metabolic requirements [13].

Alkaline phosphates are a group of isoforms which hy-
drolyze many types of phosphate esters, whose natural
substrate or substrates are unknown [14]. In both humans
and animals, the major sources of ALPs are the liver,
bone, kidney and placenta. Total serum ALP activity has
diagnostic value in the hepatic and bone diseases in dogs
and cats [15]. It is of little value in hepatic diseases of
horses and ruminants. The range of serum ALP value in
goats may be 10-fold with no evidence of hepatic dam-
age. Values within the individual are fairly constant for
sequential evaluation [15].

Malate dehydrogenase and malic enzyme are among
*Corresponding author. the tricarboxylic acid cycle enzymes that are responsible

Goat (Capra aegagrus), as one of the ancient livestock,
was first domesticated in western Asia in the period of
9000 - 7000 BC [1]. It was considered that the domestic
goat breeds in the world were from a single origin and
their separations in different ecological areas followed
[2]. It was also suggested by Zhang and Li [3] that the
goat in the world could be divided into three populations
according to the Hb gene frequency [4]. Generally, goat
breeds are named by their places of origin and classified
by their uses of products. As the effect of different eco-
logical conditions and long-term artificial selection, goat
breeds with different genetic characteristics and product
orientation are formed [5]. Eighty eight percentages of
the world goat populations are located in Asia and Africa,
mostly in the tropics and sub-tropics [6]. Goats are one of
the worlds most adaptable and widespread livestock spe-
cies, and are one of the main economic recourses in many
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for lipid and energy metabolism [16,17]. These two en-
zymes are commonly expressed in most eukaryotic or-
ganisms as two fractions, one is cytosolic and the other is
mitochondrial [18]. Both enzymes have been studied in
many ruminants [19].

Genetic diversity is defined as the sum of genetic dif-
ferences in multiple loci among individuals in a popula-
tion, and is most readily reflected in the phenotypic varia-
tion seen in many populations. Genetic diversity is a valu-
able asset as the adaptability of a population, that is the
population’s ability to adapt to changes, depends on it
[20]. It is well known that species can face great envi-
ronmental changes over time, such as in climate, pollu-
tion and in diseases, and genetic diversity is required for
populations to adapt to these changes [21].

In recent years, molecular genetics have experienced
considerable advances and offer a convenient way for
characterization of population structure. Nowadays, DNA
molecular markers are extensively applied to the goat
breed classification instead of blood protein and isoen-
zyme [4]. MtDNA (mitochondrial DNA) is an important
maternal genetic marker in studying the genetic relation-
ships of livestock species and breeds [22]. The mtDNA
has proven to be especially valuable in the study of ge-
netic variation because it shows the maternal inheritance
and changes much more rapidly than single copy nuclear
DNA in mammals [23]. Compared with analyses of al-
lozymic variations, analyses of mtDNA polymorphism at
the nucleotide level have shown to be very useful for
detection of genetic variation.

The Saudi Arabian goat breeds are widely diversified
and unfortunately they are rarely studied physiologically
and genetically. So far, few investigations have been con-
ducted for some Arabian goat breeds [24,25]. The present
study therefore aimed to investigate the physiological
and genetic background for the most popular goat breeds
in Saudi Arabia as a trial for addressing their physiologi-
cal adaptations and the degree of kinship.

2. Materials and Methods
2.1. Sample Preparation and Isoenzyme Assay

Twenty four blood samples were freshly obtained from
five different goat breeds (approximately five males from
each breed) from private owners in Taif city. These goat
breeds were as follows: Pakistani, Tihami, Syrian, Masri
and Aardi. The blood samples were placed in tubes with
an anticoagulant and immediately centrifuged at 3000
rpm for approximately 3 - 5 minutes. The plasmatic su-
pernatants were stored at —80°C for further isoenzyme
assay.

For electrophoresis, 30 puL of the plasma was mixed
with 10 puL of treatment buffer and 35 L of this mixture
was loaded into the well. Isoenzymes were electropho-
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rased in 10% native-polyacrylamide gel as described by
Stegemann et al. [26]. After electrophoresis, the gels
were stained according to their enzyme system with the
appropriate substrate and chemical solutions then incu-
bated at room temperature in dark for complete staining.
In most cases the incubation for about 1 to 2 hours is
enough.

2.2 Alkaline Phosphatase (ALP)

After electrophoresis, the gel was soaked in 100 mL of
50 mM Na-acetate buffer pH 5.0 containing 100 mg Fast
blue BB salt, 100 mg o-naphthyl phosphate, 100 mg
MgCl, 100 mg MnCl, and 1 g NaCl in 100 ml of 0.1 M
Tris HC1 pH 8.5 [27].

2.3. Malate Dehydrogenase (Mdh)

After electrophoresis, the gel was soaked in 100 mL of
0.05 M Tris HCI pH 8.5 containing 25 mg NBT, 25 mg
EDTA, 25 mg NAD, 10 mg malic acid and 3 mg PMS
[28]. 0.05 M Tris HCI pH 8.5 was prepared by dissolving
0.605 g Tris in 50 mL distilled water. The pH was ad-
justed to 8.5 by HCI. Then the solution was completed to
100 mL with distilled water.

2.4. Malic Enzyme (ME)

After electrophoresis, the gel was soaked in 100 mL of
0.05 M Tris HCI pH 8.5 containing 25 mg NBT, 25 mg
EDTA, 25 mg NADP, 10 mg malic acid, 100 MgCl, and
PMS [28].

2.5. Gel Fixation

After the appearance of the enzyme bands, the reaction
was stopped by washing the gel two or three times with
tap water. This was followed by adding the fixative solu-
tion, which consists of ethanol and 20% glacial acetic
acid (9:11 v/v). The gel was kept in the fixative solution
for 24 hours and then was photographed.

2.6. Statistics

All gels were scanned using Gel Doc-2001 Bio-Rad sys-
tem. The gels were analyzed by Pro Gel analyzer ver. 3
for obtaining the optical density and the percentage
amounts for each band. For isoenzymes, the bands of en-
zyme activity were designated using the known system of
nomenclature [29]. An abbreviation which corresponds
to the name of the enzyme designated each locus. When
multiple loci were involved, the fastest anodal protein
band was designated as locus one, the next as locus two
and so on. Student t-test in the SPSS package v. 13 was
used to calculate the significant differences of the per-
centage amounts for isoforms among the different stud-
ied breeds.
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A similarity matrix of allele presence (1) and absence
(0) was constructed and the dendrogram defining the
relationship among the different breeds was obtained by
the UPGMA method from NTSYS-pc package [30].

3. Results and Discussion

Table 1 showed the mean and standard error for the per-
centage amount of the studied isoenzymes in the differ-
ent goat breeds. The two ALP isoforms did not show sig-
nificant variations among most studied breeds. For this
isoenzyme, the values with zero SE mean that the corre-
sponding isoform has been expressed in one sample of
the corresponding breed. Figure 1 shows in which sam-
ples these values have been recorded. The total ALP
showed significant increase in Pakistani (P < 0.05) com-
pared to Syrian while ALP-2 was significantly higher (P
< 0.05) in Aardi compared to Masri. The percentage
amount for the total Mdh showed significant increase in
Masri (P < 0.05) and in Aardi (P < 0.01) compared to
Tihami. The activity of ME showed marked differentia-
tion among the studied breeds. ME-1 showed a signifi-
cant increase (P < 0.05) in Pakistani compared to Aardi.
ME-2 was significantly higher (P < 0.05) in Syrian com-

pared to Tihami and Aardi and this isoenzyme was also
significantly higher in Masri (P < 0.01) compared to Ti-
hami. With respect to the percentage amount of total ME,
Syrian breed showed higher significance compared to
Masri (P < 0.05) and Aardi (P < 0.01). Masri breed
showed a significant higher percentage amount (P < 0.05)
of total ME compared to Aardi.

The electrophoretic behaviors for the studied isoen-
zymes are shown in Figures 1-3 (ALP, Mdh, ME, respec-
tively). These isoenzymes recorded 6 polymorphic loci
and 6 monomeric alleles. In all zymograms, the origin of
the electrophoretic patterns is at the top and the anode is
at the bottom.

The banding pattern and the recoded alleles for ALP
isoforms are shown in Figure 1 and Table 2. Two iso-
forms were recorded with the second being more com-
mon. ALP-1 was expressed commonly in Tihami breed
while ALP-2 was fixed in Syrian and Masri breeds. ALP
isoforms did not show a clear expression in Pakistani and
Aardi breeds. Total serum ALP activity has diagnostic
value in the hepatic and bone diseases in dogs and cats
[15] but it may be not an indication of diseases in goat.
As serum ALP values may show an increase in goats

Table 1. Mean + SE of the percentage amount for the studied isoenzymes in Plasma of different goat breeds. The signifi-
cance level was estimated by Student t-test. “significance level between Masri and Aardi; *significance level between Pakistani
and Syrian; “significance level between Tihami and Masri; *significance level between Tihami and Aardi; “significance level
between Tihami and Syrian; *significance level between Syrian and Aardi; £signiﬁcance level between Pakistani and Aardi

and "significance level between Syrian and Masri.

Enzyme Isoform (locus) Pakistani Tihami Syrian Masri Aardi
1 9.06 + 0.00 8.29 +0.55 8.80 + 0.00 10.87 + 0.00 -
ALP 2 8.38 £ 0.00 7.97 £ 0.00 5.37+0.49 6.25+1.10 10.34+0.22
Total 8.72 +0.34 8.21+0.39 7.13£2.07 8.97 £2.55 10.34+0.22
1 - - 7.79 £0.23 9.52+1.11 9.87 +1.42
Mdh 2 - 536+ 0.64 6.76 £ 0.91 8.03+1.29 -
Total - 536+ 0.64 10.29 +2.01 12.74 +2.38* 9.87 +1.42°
1 10.79 +1.29 7.84+0.51 10.23 +2.59 7.09 +0.25 6.25 + 1.14%
ME 2 463 +1.55 3.46 +0.52 6.32+0.69% 5.07 +£0.35% 471087
Total 11.57 +2.08 9.74 £ 145 17.75+2.15 11.15+ 1.07" 6.58 +1.25%"
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

ALP-2

ALP-1

Figure 1. Electrophoretic banding pattern of ALP isoforms for Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 - 14), Masri (15 - 19)

and Aardi (20 - 24) goat breeds.

Copyright © 2012 SciRes.
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Figure 2. Electrophoretic banding pattern of MDH isoenzymes for Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 - 14), Masri (15

- 19) and Aardi (20 - 24) goat breeds.
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Figure 3. Electrophoretic banding pattern of ME isoenzymes for Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 - 14), Masri (15 -

19) and Aardi (20 - 24) goat breeds.

Table 2. The recorded alleles and their relative mobilities of ALP isoforms in Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 - 14),

Masri (15 - 19) and Aardi (20 - 24) goat breeds.

Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane

Locus RE /" " "3 4 s 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24
ALP-20.023 - - - + o+ - - - - + + + 4+ + + + + 4+ - + - - + -
ALP-10.333 - + - - - + - + o+ o+ - - - - - - - + - - - - - -

with no evidence of hepatic damage [15], the significant
increase and the expression of this enzyme or any of its
isoforms, in some of the studied breeds, could be consid-
ered as a normal case.

Among the five breeds studied herein, the cytosolic
Mdh-1 isozymes did not express in Pakistani (except
only in one individual) and Tihami breeds but it were
approximately fixed in Syrian, Masri and Aardi breeds
(Figure 2, Table 3). The mitochondrial Mdh-2 was fixed
in all breeds but it did not show any expression in Paki-
stani breed. As Mdh enzyme catalyses the reversible shut-
tle down of malate-oxalloactate pathway [31], the meta-
bolic rate of the Syrian, Masri and Aardi breeds may be
more energetic than the other two breeds.

The two fractions of ME showed expression in most of
the individuals of the all studied breeds (Figure 3 and
Table 4). In spite of the monomeric exhibition of all stud-
ied phenotypes, the second fraction (ME-2) showed dou-
ble bands in Syrian breed only and therefore this fraction
is characteristic of this breed. Since ME has a role in
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lipid biosynthesis [32,33], it seems that all breeds may
possess similar adaptability of lipid biosynthesis, par-
ticularly, in the desert environment of Saudi Arabia.

The dendrogram obtained by the UPGMA clustering
method, according to the presence and the absence of
bands, addressed the genetic relationship among the dif-
ferent breeds (Figure 4). The breeds examined were di-
vided into two groups: the first group contained Pakistani
and Tihami breeds, whereas the second group included
Syrian, Masri and Aardi breeds. Therefore, Figure 4
agreed with the physiological data (Table 1) where the
enzymatic activity differentiated clearly the studied
breeds into two groups: one with a low metabolic rate
(Pakistani and Tihami) and the other with a high metabolic
rate (Syrian, Masri and Aardi). Saber et al. [25] used
RAPD-PCR to construct the genetic relationship of four
Saudi goat breeds among which Aardi and Masri clus-
tered in two different groups without any bootstrap sup-
port. We therefore considered that the genetic relationship
among Saudi Arabian goat breeds needs to be addressed

NR
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Table 3. The recorded alleles and their relative mobilities of MDH isoenzymes in Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 -
14), Masri (15 - 19) and Aardi (20 - 24) goat breeds.

L RF Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane
ocus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

Mdh-20.074 - - - - + 4+ 4+ + + + 4+ 4+ - - -+ -+ - ..o

Mdh-10282 + - - - - - - - - 4+ - 4+ 4+ + 4+ + + 4+ o+ o+ o+ o+ o+ o+

Table 4. The recorded alleles and their relative mobilities of ME in Pakistani (1 - 4), Tihami (5 - 9), Syrian (10 - 14), Masri (15
- 19) and Aardi (20 - 24) goat breeds.

L RF Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane Lane
ocus 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

0028 + + + - 4+ + + 4+ + 4+ + + + + 4+ + + 4+ - 4+ - -+ o+
ME-2
0.065 - - - - - - - - -+ + - - - - - - - - - - - -
ME-10.135 - + + + - + + + + 4+ + - 4+ + 4+ + + 4+ + 4+ o+ o+ - -
Pakistani
Tihami
Syrian
Masri |
Aardi |
T . T T . T . T . . T . T T . T T T T T )
1.01 1.10 1.20 1.30 140
Coeflicient

Figure 4. Dendrogram based on UPGMA analysis of genetic similarity obtained from isozyme data showing the relationships
among the studied goat breeds.

on the molecular level. for his technical support in conducting the practical part
of this work.
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