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Biochemical and molecular variations were investigated in three rabbit genotypes namely
Alexandria, V-line and Baladi Black in order to find molecular genetic markers which can
differentiate between studied animals. This study was conducted during the production period
of 2012-2013. The variations in some plasma biochemical parameters may be due to the genetic
variations, which play an important part in the productive traits. Plasma total protein, albumin
and albumin/globulin ratio were significantly (P<0.05) different among the studied rabbit genotypes.
Electrophoretic analyses of plasma protein fractions and two isozymes, i.e., esterase and acid
phosphatase were analyzed using polyacrylamide gel electrophoresis (PAGE) technique. Protein
fingerprinting of all three rabbit genotypes is devoid of qualitative variation. Fifteen protein bands
are diagnostic to Alexandria, while 13 bands are detected for V-line as well as Baladi Black
breed. The result of esterase indicated that band 4 and 12 was present in Alexandria but was
absent in V-line and Baladi Black genotype, these bands might be taken to distinguish between
Alexandria and other genotypes. The results of acid phosphatase indicated no conclusive results
that could be reached regarding the detection of markers for genetic characterization. DNA
non-specific primers RAPD analysis for the three rabbit genotypes using twenty random primers
indicated that only 15 primers showed association with productive performance both with
offspring and parents. Data presented here are the first report of genetic characterization of
Alexandria line population. This investigation indicates that protein fingerprint, isozymes and
RAPD analyses could be used as markers to characterize genetically rabbits populations under
Egyptian conditions.
Keywords: Rabbits, Plasma proteins, Isoenzymes, DNA fingerprint, Molecular markers

INTRODUCTION

Egypt is through developing animal production
using semi-ruminant species. FAO (1981) stated
that rabbits, which falls under the latter group, as

One of the reasonable solutions for the problem
of the increasing shortage of meat production in
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analysis of the genetic within and among
population in forest tress (Tsuda et al., 2001; Hardy
et al., 2006), and in detecting polymorphism in
different poultry species (Salem et al., 2005).

short-cycle animals have the ability, by increasing
their production. Moreover, the rabbit has the
capacity to convert both high concentrate feeds
and roughage with increased efficiency when
compared with large animal species (Hassan et
al., 1994).

The biochemical and genetic differences
among Alexandria, Valencia (V) lines and local
breed Baladi Black are not reported before. In this
study an attempt has been made to characterize
the selected rabbit genotypes for identifying
markers for these genotypes. We used therefore
three approaches to carry out this objective as
follows: (i) the alteration in productive traits under
two different seasons, (ii) biochemical analysis
for plasma proteins and isozymes, (iii) molecular
analysis employing RAPD-PCR technique. These
studies provide comprehensive approaches for
studying the biochemical and genetic differences
among different rabbit genotypes.

Recently, a synthetic paternal rabbit line,
named Alexandria, this line was originated by
crossing a V-line with a Baladi Black rabbits,
individual selection for daily gain from weaning
(28 days) to slaughter age (63 days) will be used
as a selection criterion of genetic improvement
for this line (El-Raffa, 2005 and 2007).
Electrophoretic analysis of protein and
isoenzymes offers an efficient and cost effective
method towards evaluation of geographical and
taxonomic distribution of genetic variation for
sampling strategies in germplasm conservation
(Brown 1978). It also provide a valuable method
to determine genetic variation at a large number
of gene loci (Witter and Feret, 1979).

MATERIALS AND METHODS
The experimental work of the present study was
conducted at rabbitry of the Poultry Research
Center of the Poultry Production Department,
Faculty of Agriculture, Alexandria University, Egypt.
The present work aimed to evaluate the productive
and molecular traits in Alexandria, V-line and Baladi
Black rabbits during the production season of
2012/2013.

The analysis of genetic variation and
relatedness between or within species, population
and individuals is a pre-requisite towards effective
utilization of molecular DNA markers for the
discrimination of genetic resources that are
economically important such as poultry and other
farm animals (Nikkhoo et al., 2011). Usage of DNA
markers can contribute significantly to the
development and implementation of genetic
improvement programs. DNA non-specific primer
RAPD analysis has become an important
technique for identifying the markers linked to
traits of interest without the necessity for mapping
the entire genome (Bardakci, 2001). These
markers have been used for genotype
identification (Tinker et al., 1993), construction of
genetic maps (Maddox and Cockett, 2007),

Experimental Animals
A number of 73 does of V-line and 62 does of
Alexandria were used during the experimental
period. The experimental animals involved in this
study were three different genetic groups of rabbit:
two lines (Alexandria and Valencia (V)) and one
local breed (Baladi Black).
Alexandria: This line is new synthetic paternal
rabbit line was established and developed at the
nucleus breeding rabbit unit of the Poultry
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incidence of dangerous diseases was largely
avoided and rabbits have never been treated with
any kind of systematic vaccination.

Research Center, Faculty of Agriculture,
Alexandria University, El-Raffa (2005).
V-line: is a synthetic maternal line originated in
1982 at the Department of Animal Science of the
Universidad Politecnica de Valencia, Valencia
(Spain) and imported to Egypt.

Traits Studied
Some productive performance traits were
measured on the individuals of each rabbit
genotype (Alexandria and V-line). Data collected
were: litter size at 21 (LS21), 28 (LS28) and 63
(LS63) days of age; litter weight at 21 (LW21), 28
(LW28), 63 (LW63) days of age; body weight gain
(BG) during interval 28-63 days of age; litter
mortality during 21-28 (M1), 28-63 (M2) and 2163 (M3) days of age.

Baladi Black: It is a native Egyptian breed, it was
founded at stations of Poultry Breeding Section,
Ministry of Agriculture (Egypt) through
crossbreeding for several generations between
native rabbits and Flemish Giant (Badawy, 1975;
Galal and Khalil, 1994).

Housing and Management

Biochemical Analysis

During the whole period of this work, animals were
housed in a windowed rabbitry, with one level
design cages made of galvanized wire. The flock
was kept under the same managerial, feeding,
watering and environmental conditions. Breeding
animals and their young were fed the same
commercial pelleted diet (Table 1), containing
18% crude protein, 12% crude fiber at least and
2600 Kcal/kg (digestive energy). By using high
standard hygiene and careful management, the

Blood Collection
Blood samples were taken from central artery vein
of the ear under vacuum in centrifuge tubes
containing heparin sodium as anticoagulant for
biochemical analysis and in centrifuge tubes
containing EDTA (Ethylenediaminetetraacetic
acid) as anticoagulant for molecular genetic
analysis, from each individual of V-line, Alexandria
and Baladi Black rabbits. All rabbits used were
phenotypically normal, healthy and sexually fertile.
Plasma has been obtained by centrifugation the
blood 4000 rpm for 10 minutes according to
El-Seedy et al. (2005) for later analysis of blood
biochemical parameters, using specific kits (as
described by El-Seedy et al, 2005).

Table 1: Formula of Experimental Diet
Ingredients

Gross Composition (%)

Claver hay

17.10

Barley

33.00

Corn

25.00

Soybean meal (44%)

20.00

Molasses

3.00

Limestone

1.00

Soduim chloride

0.30

Vitamins & Minerals (premix)

0.50

Coccidostat

0.10

Total

Determination of Plasma Biochemical
Parameters
Biuret method of total plasma protein
determination was employed in this assay as
described by Doumas et al. (1981) while albumin
was determined using Bromocresol Green (BCG)
method as described by Gendler (1984) using
commercial colorimetric kits (Diamond,

100.00
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phosphatase isozymes were stained according
to the method of Shaw and Prasad (1970).

Diagnostic, Egypt). The globulin concentration
was obtained by subtracting albumin from the
total protein. The albumin/globulin ratio was
obtained by dividing the calculated albumin value
by the calculated globulin value.

Molecular Genetic Analysis
DNA Extraction
Genomic DNA was isolated from whole blood
following the instruction of the Fermentas
Company. The quantity and quality of the extracted
DNA was determined by spectrophotometer and
agarose gel electrophoresis. The purity of the
DNA preparation was judged by calculating the
ratio of absorbance at 260 nm to that of 280 nm.

Biochemical Genetic Analysis
a. Protein Electrophoresis
Protein profile was analyzed by procedure
published by Pan et al. (1991). PAGE
polyacrylamide resolving gels (7.5%, 1.5 mm
thick) were prepared by mixing 3.33 mL of 30%
acrylamide (acrylamide + bis acrylamide 30: 0.8),
5.0 mL of 1.5 M Tris-HCL (pH 8.8), 50 µL of 10%
ammonium persulfate (freshly prepared), 4.02 mL
of distilled water, and 7.5 mL TEMED. The
stacking gel contained 1.3 mL 30% acrylamide,
2.5 mL of 0.5 M Tris-HCL (pH 6.8), 50 mL of 10%
ammonium persulfate (freshly prepared) and 6.1
mL distilled water. After degassing for 10 min, 10
mL TEMED were added, and the gel was poured
between glass plates. The gels were run using
Mini-PROTEAN II cell (Bio-Rad) at 75 V through
stacking gel followed by 125 V to the end of
electrophoresis (2 h), 30 mA. Gels were stained
in 0.02 M acetate buffer at pH 4.5 containing
0.05% pyrogallol and 0.03% H2O2. After staining,
the gels were immersed in 7% acetic acid for 3
min and then washed with distilled water (Nadolny
and Sequeira, 1980).

RAPD-PCR Analysis
To generate RAPD profiles from rabbit DNA, 20
different decamer oligonucleotide RAPD markers
from the Operon Technologies were used for
genotyping of rabbits in this study (Table 2). Equal
amounts of DNA of the individual samples within
breed and sex were drawn and mixed together to
get a mixed (bulked) DNA sample. PCR reaction
mixture contained 1.5 μL 10X enzyme buffer
containing MgCl2, 75 ng genomic DNA, 0.2 μL Taq
DNA polymerase (2 units per μL), 2 μl dNTPs (2
mM), 0.5 μL primer (10 pmol) and sdH2O was
added to the mix to reach a total volume of 15.0
μL. Amplification of DNA fragments was carried
out in a Biometra T Gradient thermal cycler
(Rudolf-Wissell-StraBe, Goettingen, Germany).
PCR program included three steps. Step 1, was
an initial denaturation step at 95°C for 10 min.
Step 2 was running 40 cycles, each starting with
denaturation at 96°C for 30 s followed by
annealing at 35°C for 30 s and lasted by extension
at 72°C for 45 s. Step 3, was the final extension
at 72°C for 5 min.

b. Isozymes Electrophoresis
The collect blood plasma was used for detecting
isozyme variation among the selected individuals
within each rabbit genotype; two isozyme
systems (that is, esterase and acid phosphatase)
were applied in non-denaturing polyacrylamide gel
electrophoresis according to Stegemann et al.,
1985. Carboxyl Esterase isozymes were stained,
as described by Steiner and Joslyn (1979). Acid

Statistical Analysis
Data of productive traits were statistically
analyzed using SPSS statistical program (SPSS,
2011).
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Table 2: List of Primer Sequences for 20 RAPD Markers Employed
for Genetic Characterization of Rabbits
S. No.

Primer Code

Nucleotide Sequence (5'-3')

S. No.

Primer Code

Nucleotide Sequence (5'-3')

1

OPA01

ACA GGT GCT G

11

OPB03

CAT CCC CCT G

2

OPA07

TGG CGC AGT G

12

OPB05

TGC GCC CTT C

3

OPA08

GTG ACG TAG G

13

OPB08

GGC ACA CCT G

4

OPA10

GTG ATC GCA G

14

OPB10

CAG GGT CGT C

5

OPA14

TTC GAG CCA G

15

OPB12

ACG CAG TTC C

6

OPA15

TTC GAG CCA G

16

OPC05

CCG CCA GTA G

7

OPA16

AAG CGA CCG A

17

OPC06

CTC AGG CAA G

8

OPA18

AGG TGA CCG T

18

OPC08

GTG GCC AGG T

9

OPA20

CCT AGC GTT G

19

OPC11

GGC GTC GAA A

10

OPAI

CAG GCC CTT C

20

OPC20

CAC CGC TTC A

Scoring and Analysis of RAPD Patterns

breeding program improvement. Molecular
markers, including protein fingerprinting,
isozymes and DNA non-specific primer RAPD
analysis were used in the present study to
characterize genetically the selected rabbit
genotypes in relation with productive traits under
study. In order to carry out these objectives, Vline and Alexandria have been used stocked farm
faculty but the Baladi Black (one of the Alexandria
parents) used for comparison and reference.

The resolved DNA and protein bands were
documented and processed for data analysis; The
clear, unambiguous and reproducible band
represent across the DNA or protein samples
were scored as (1) and absence of bands were
recorded as (0) in the RAPD and protein profile
of different genotypes of rabbits.

Genetic Similarity and Dendrogram
The indexes of similarity were calculated across
all possible pair wise comparisons of individuals
with and among population following the method
of Nei and Hi (1979). The similarity matrix was
subjected to cluster analysis by Unweighted Pair
Group Method for Arithmetic mean (UPGMA)
cluster analysis algorithm and a dendrogram was
generated.

Productive Traits
Litter Size at 21, 28 and 63 Days of Age
Least square means and standard errors for litter
size at 21 (LS21), 28 (LS28) and 63 (LS63) days
of age and their analysis between different lines
and seasons studied, are presented in Table 3.
The results showed insignificant differences in
litter size between lines, seasons or their
interaction at different ages studied. Staples and
Holtkamp (1966) reported that pregnant females
and the average of litter size both were related to
the percentage of ovulation for these does. Litter
size was included as a co-variable in estimating

RESULTS AND DISCUSSION
Egypt has suitable conditions for developing rabbit
production through crossbreeding programs. So,
assessment of genetic variation within and
between rabbit genotypes will help in rabbit
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Table 3: Least Square Means (LSM) and Standard Errors (SE)
of the Productive Performance Traits of Alexandria and V-line
Parameters

Lines

Seasons

Significance

N

Alexandria

N

V-line

N

Autumn

N

Spring

Lines

Seasons

Int.

LS21

119

8.60±0.27

137

9.37±0.26

135

8.89±0.21

121

9.08±0.28

NS

NS

NS

LS28

119

8.41±0.25

137

8.97±0.23

135

8.73±0.27

121

8.95±0.28

NS

NS

NS

LS63

119

8.23±0.22

137

8.86±0.19

135

8.61±0.26

121

8.78±0.20

NS

NS

NS

LW21(g.)

1067

320.76±3.45

1296

316.45±3.21

1232

315.91±3.34

1131

322.30±3.52

***

**

**

LW28(g.)

1013

611.88±5.28

1231

607.16±5.29

1170

606.57±5.23

1074

610.47±5.28

***

**

**

LW63(g.)

945

1438.80±9.96

1146

1419.79±9.87

1091

1419.09±9.47

1000

1439.50±9.25

*

*

*

BG(28-63)(g.)

945

827.92±5.68

1146

812.24±4.37

1091

811.53±5.52

1000

829.03±5.11

*

*

*

M1(21-28)(%)

119

4.44±0.18

137

5.68±0.20

135

5.32±0.20

121

4.80±0.22

**

**

**

M2(28-63)(%)

119

5.31±0.19

137

7.41±0.25

135

6.64±0.23

121

6.08±0.26

**

**

**

M3(21-63)(%)

119

9.75±0.26

137

13.09±0.27

135

11.96±0.22

121

10.88±0.25

**

***

**

Note: LS21: litter size at 21 days of age, LS28: litter size at 28 days of age, LS63: litter size at 63 days of age, LW21: litter weight at 21 days of
age, LW28: litter weight at 28 days of age, LW63: litter weight at 63 days of age, M1: litter mortality during 21-28 days of age, M2: litter
mortality during 28-63 days of age, M3: litter mortality during 21-63 days of age, Int: interaction between lines and seasons; * P < 0.05,
** P< 0.01, *** P< 0.001, NS: Not Significant.

the litter weight and individual body weight of the
young and in feed intake of does.

respect (e.g., Hafez, 1970; Tawfeek, 1996), and
they found that the peak of milk production
incidence at approximately 21 days after
parturition in standard breeds of rabbits. Lukefahr
et al. (1990) stated that litter weight at weaning,
as a composite trait reflects the contribution of
fertility, maternal behavior, milk production, growth
rate and viability. Moreover, litter weight and
individual body weight were primarily affected by
litter size and series of insemination (repetition).
It seems however, that these traits were also
influenced by the method of nursing, namely the
duration of controlled suckling (Eiben et al., 2004).

Litter Weight at 21, 28 and 63 Days of Age
The results of litter weight at 21 (LW21), 28
(LW28) and 63 (LW63) days of age between
different seasons and lines studied, and their
analysis, are presented in Table 3. In respect to
LW21, the results showed that the Alexandria line
and spring season had significantly higher litter
weight than that for the V-line strain and autumn
season. The same trend was found for LW28 and
LW63. Also, the line by season interactions for
litter weight were highly significant (P ≤ 0.01) at
21 and 28 days of age, and significant at (P ≤
0.05) at 63 days of age.

Body Weight Gain
The results of Body weight Gain (BG) of the
offspring during fattening period (28-63 days of
age) between different seasons and lines studied,
and their analysis, are found in Table 3. The results

Generally, litter weight at 21 or 28 days old
were reflect the doe performance specially milk
output, as reported by most researcher in that
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showed significant (P ≤ 0.05) differences between
seasons, lines or interactions in BG during 28-63
days of age. Since, the Alexandria line rabbits
raised in spring season have significant higher
BG than these rabbits of V-line strain and autumn
season. The body weight gain (BG) influence the
quantity of meat yield which in turn determine the
economical return (Ashour, 2001).

genetic variations, which play an important part
in the productive and reproductive traits, as well
as, colored fur of the progeny (more than fifty
percent) are advantages, under Middle Egypt
conditions (Abdel-Azeem et al., 2007).
The sampled rabbits were randomly chosen
and all of them were apparently healthy. On the
other hand, the standard error was generally
narrow indicating that these differences in
biochemical values could be caused by
nutritional, environmental and hormonal factors
typical of each industrial farm.

Mortality Rate
The results of mortality rate of offspring during
21-28 (M1), 28-63 (M2) and 21-63 (M3) days of
age in percentages between different seasons
and lines studied, and their analysis, are shown
in Table 3. The results showed highly significant
(P ≤ 0.01 and P ≤ 0.001) differences of mortality
of young rabbits between lines, seasons and their
interactions during M1, M2 and M3.

Determination of Total Protein, Albumin and
Globulin
The major plasma proteins of mammalian blood
can be classified as follows: albumin and globulin
proteins. Globulin protein is divided into:
immunoglobulins (d-globulin), trans ferrins (αglobulin), and α-globulins. The changes in plasma
total protein (TP), albumin (Alb), globulin (Glob)
and A/G ratio summarized in Tables 4 and 5, were
significant (P ≤ 0.001) between seasons and
lines. The differences between means of albumin
may be due to the biological and managerial
conditions. Ashour et al. (2004) reported that, the
concentration of albumin was considered as a
reflection of the animal ability to synthesize and
store protein. Increasing plasma total proteins and
their fractions (albumin and globulin) reflect an
increase in the hepatic function. It is known that
the change in albumin level reflects the change
in liver functions. Jones and Bark (1979) reported
that the liver is the site of albumin synthesis,
meanwhile, lymphatic tissues from globulin. A/G
ratio was a good indicator for increasing the
immunoglobulin, subsequently. Crossing between
different breeds of rabbits played an important
role for increasing some biochemical traits such

El-Maghawry (1997) was stated that mortality
rate of young rabbits controlled by both genetic
and non genetic factors (diseases, litter size at
birth, month, season, parity, feeding and
management). Pre-weaning mortality (21-28
days old) percentage of kit rabbits is of vital
importance in commercial rabbit farming, where
it plays a major role in determining the net financial
income of the farms (Rashwan and Marai, 2000).
With the increase of litter size and decrease of
mortality income becomes more elevated
(Szendrô et al., 1996).

Biochemical Characterization
Biochemical parameters could help in monitoring
the genetic up of the rabbit (Chiericato et al.,
1985). Crossing between different breeds of
rabbits played an important role for increasing
some biochemical traits such as total protein and
albumin (Nofal et al., 1999). The variations in
some blood components may be due to the
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Table 4: Least Square Means (LSM) and Standard Errors (SE) of TP, Alb., Glob.
and A/G Ratio for High Weight Rabbits Lines Under Study, and Their Analysis
Main Effects

TP (g/dl)

Alb. (g/dl)

Glob. (g/dl)

A/G ratio

Seasons

Lines

Autumn

Alex

4.72±0.11AB

3.19±0.10C

1.53±0.11B

2.08±0.10A

V-line

4.73±0.10AB

3.84±0.05B

1.89±0.10C

2.04±0.06B

Baladi Black

7.04±0.10A

4.44±0.05A

2.60±0.05A

1.71±0.05C

Alex

5.94±0.10B

3.33±0.03AB

2.61±0.04A

1.29±0.10C

V-line

5.67±0.14C

3.35±0.08AB

2.32±0.10C

1.45±0.11B

Baladi Black

6.22±0.12A

3.86±0.11A

2.37±0.08B

1.63±0.09A

5.92

3.60

2.11

1.58

Spring

Overall mean
ANOVA

df

Significance

Seasons

1

**

***

*

*

Lines

2

*

**

**

***

Seasons x Lines

2

**

***

**

***

Table 5: Least Square Means (LSM) and Standard Errors (SE) of TP, Alb., Glob.
and A/G Ratio for Low Weight Rabbits Lines Under Study, and Their Analysis
Main Effects

TP (g/dl)

Alb. (g/dl)

Glob. (g/dl)

A/G ratio

Seasons

Lines

Autumn

Alex

4.29±0.13C

3.03±0.10C

1.26±0.11B

2.42±0.10B

V-line

4.33±0.10B

3.80±0.05B

1.53±0.10C

2.48±0.06A

Baladi Black

7.04±0.10A

4.44±0.05A

2.60±0.05A

1.71±0.05C

Alex

5.17±0.11C

3.21±0.05C

1.95±0.02B

1.65±0.10B

V-line

5.39±0.12B

3.49±0.07B

1.90±0.10C

1.84±0.10A

Baladi Black

6.22±0.12A

3.86±0.11A

2.37±0.08A

1.63±0.09C

5.40

3.62

1.77

1.48

Spring

Overall mean
ANOVA

df

Significance

Seasons

1

**

***

*

*

Lines

2

*

**

**

***

Seasons x Lines

2

**

***

**

***

Note: A, B, C, … Means in the same column with different superscript letters are significantly different (Pd”0.05, 0.01 or 0.001); * P< 0.05,
** P< 0.01, *** P< 0.001.
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as total protein and albumin (Nofal et al., 1999).
The variations in some blood components may
be due to the genetic variations, which play an
important part in the productive.

Figure 1: Polyacrylamide Gel Electrophoretic
Analysis and Descriptive Diagram of
Plasma Protein of Alexandria (Al), V-line
(Va), Baladi Black (Ba); M = Marker

Protein Banding Patterns
Plasma protein fingerprintings of Baladi Black
(Ba), line V (Va) and their hybrid Alexandria (Al)
rabbits were detected by using polyacrylamide
gel electrophoresis (PAGE). Protein marker with
know molecular weight was also used reference
proteins in order to determine fraction molecular
weight in each case. Figure 1, shows photograph
and descriptive diagram of electrophoretic
patterns developed by Alexandria, line V and Baladi
Black respectively. The banding protein patterns

showed the number of 13, 13 and 15 bands for
(Ba), (Va) and their hybrid (Al) respectively (Table
6). According to protein marker (M), the molecular

Table 6: Protein Banding Patterns Expressed
as Presence (1) Versus Absence (0) of Three Rabbit Genotypes
Zones

MW (KDa)

Al

Va

Ba

1

274.502

1

1

1

2

267.846

1

1

1

3

266.398

1

1

1

4

245.000

1

0

0

5

223.931

1

1

1

6

221.432

1

1

1

7

170.678

1

1

1

8

136.420

1

1

1

9

105.886

1

1

1

10

85.656

1

1

1

11

74.237

1

1

1

12

70.000

1

0

0

13

64.215

1

1

1

14

62.293

1

1

1

15

51.541

1

1

1

Note: Al = Alexandria, Va= V-line (Valencia), Ba= Baladi Black, MW= Molecular weight
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Gabali (GAB) breeds, and detected wide genetic
variations within examined genotypes.

weights of Baladi Black bands ranged proximately
from 51.532 to 274.311 KDa while for V line the
protein varied from 51.736 to 274.755 KDa, and
the hybrid protein fingerprinting exhibited
recombination of both parents’ profiles. The MW
of the hybrid protein ranged from 51.541 to
274.502 KDa. The results revealed two specific
bands at molecular weight of 245 KDa and 70
KDa; so these two bands could be used as
specific protein marker to characterize Alexandria
rabbits. Similar result was observed by Ola et al.
(2013), who detected many bands were
monomorphic (common) for all genotypes
indicating moderate protein variation. Native
polyacrylamide gel electrophoresis provide an
accurate method for assaying variation in plasma
proteins. The protein banding pattern of each
genotype reveals a biochemical genetic fingerprint
to that genotype and each band in the pattern
reflects a separate transcriptional level. Similarly,
Ola et al. (2013), studied the protein banding
patterns of four different rabbit genotypes; Animal
Production Research Institute (APRI) line, New
Zealand White (NZW), Baladi Black (BB) and

Isozymes Banding Patterns
Electrophoretic studies showed different results
for carboxylesterase (EC 3.1.1.1) and acid
phosphatase (EC 3.1.3.2) isozymes, which
appeared in Figure 2. Carboxylesterase (E) and
acid phosphatase (Acp) patterns of Alexandria
(Al), line V (Va) and Baladi Black (Ba) were
visualized using PAGE. In the esterase patterns,
results showed that, a total number of eight
isoesterases were detected in plasma of the
studied rabbits (Figure 2). Bands number 1, 2, 3,
7 and 8 were found common bands for three
rabbit genotypes. Bands number 4, 5 were found
in Alexandria and line V rabbits with intermediate
activity, but those bands were weak in Alexandria
rabbits. Band number 6 was found only in
Alexandria rabbits with intermediate activity; so,
it can be considered as a potential marker
associated with high productive performance. In
acid phosphatase patterns, showed that, a total
number of three iso-acid phosphatase were

Figure 2: Polyacrylamide Gel Electrophoretic Analysis and Descriptive Diagram of Esterase (A)
and Acid Phosphatase (B) of Alexandria (Al), V-line (Va) and Baladi Black (Ba), M= Marker
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of esterase and peroxidase to detect the genetic
variability within from rabbit genotypes and the
banding pattern exhibited wide range of variability
of esterase than peroxidase isozyme. Moreover,
esterase had a value to discriminate among
genotypes, but acid phosphatase results
indicated that this enzymatic system could not
be used alone to differentiate among genotypes
(Ola et al., 2013).

detected in plasma of the studied rabbits (Figure
2). Band number 1, 2 were weak, band number 3
was strong in Ba and intermediate in Alexandria
and weak in Va. The results of acid phosphatase
indicated no conclusive results that could be
reached regarding the detection of markers for
genetic characterization. The data obtained from
the analysis of native-PAGE of plasma isozyme
electrophoresis was used to draw the precise
relationships among the three tested rabbit
genotypes. This technique can successfully
distinguish among different rabbit genotypes.

Molecular Genetic Characterization
In the present study, RAPD-PCR was used to
study the similarity among the three rabbit
genotypes (Figures 3 and 4). So, initial screening
of a large number of RAPD primers (20 primers)
was used to detect bands of does and offspring
of the selected rabbits. Five RAPD markers
(OPA16, OPA20, OPB10, OPB12, OPC11) did
not amplify and no band resulted from these
markers. 15 out of 20 primers which were
amplified and generating stable reproducible

From this data, it is clear that studied rabbit
genotypes show variation in both number and
intensity of bands of esterase isozyme. Results
of Shahjahan et al. (2009) were in agreement with
this study. They observed differences in the
intensities and relative mobility in esterase bands
in indigenous chicken of Bangladesh; recently,
Ola et al. (2013), studied two isozyme systems

Figure 3: Example of Offspring RAPD Profiles in the Studied Rabbit Genotype
using Several Random Primers; Alexandria High Weight (Al h), Alexandria Low Weight (Al l),
V-line High Weight (Va h), V-line Low Weight (Va l), Baladi Black (Ba); M = Marker
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Figure 4: Example of does RAPD profiles in the studied rabbit genotype using several random
primers; Alexandria high in litter size (Al h), Alexandria low in litter size (Al l), V-line high in
litter size (Va h), V-line low in litter size (Va l), Baladi Black (Ba); M= marker

primer OPA01, OPB03 (10) with 40%
polymorphism while the minimum number of
amplified bands was detected for the OPC20
primer with 100% polymorphism. A total of 19
rabbit populations specific DNA markers were
identified Table 9. Five of them were Alexandria
specific DNA markers at MW (450, 850, 2500,
1100, 2000 bp); these markers were generated
from primers (5, 12, 16, 16, 17) respectively. Eight
DNA markers were line V specific markers at MW
(450, 650, 1500, 1000, 750, 700, 500, 750 bp);
these markers were obtained from primers (4, 5,
10, 13, 13, 13, 13,17) respectively. Six DNA

bands were selected for genotyping all used
rabbits. A total of 186 RAPD bands were detected
based on all RAPD pattern analysis of examined
rabbit populations. The number of polymorphic
bands, monomorphic and percentage of
polymorphic bands presented in Table 8. The
number of bands amplified with these primers
ranged from 1 (OPC20) to a maximum of 10
(OPA01, OPB03) and had sizes ranging from 250
to 2500 bp. A total of 166 Loci were amplified, out
of which 63 (38%) were polymorphic with an
average of 1.4 bands per primer. The maximum
number of fragment bands were produced by the

Table 7: Similarity index of three rabbit genotypes,
as determined by RAPD analysis with 15 different primers.
Al

Va

Ba

Al

1

0.10811

0.07143

Va

0.10811

1

0.44444

Ba

0.07143

0.44444

1
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Table 8: The total, polymorphic, monomorphic and percentage
of polymorphic bands in the three studied rabbit populations
Primer code

Al

Va

Ba

NTB

NPB

NMB

PLM%

NTB

NPB

NMB

PLM%

NTB

NPB

NMB

PLM%

OPA01

6

2

4

33.3

6

2

4

33.3

10

4

4

40

OPA07

5

0

5

0

5

0

5

0

6

0

5

0

OPA08

0

0

0

0

4

4

0

100

4

4

0

100

OPA10

2

1

1

50

3

2

1

66.7

3

0

2

0

OPA14

5

4

0

80

5

4

0

80

0

0

0

0

OPA15

4

1

3

25

5

2

3

40

6

1

4

16.7

OPA18

3

0

3

0

3

0

3

0

3

0

3

0

OPAI

4

0

4

0

6

2

4

33.3

5

2

3

40

OPB03

9

3

6

33.3

10

4

6

40

6

1

5

16.7

OPB05

5

2

2

40

2

0

2

0

4

2

2

50

OPB08

0

0

0

0

4

0

0

0

0

0

0

0

OPC05

5

2

1

40

3

2

1

66.7

1

0

1

0

OPC06

2

1

0

50

2

1

0

50

0

0

0

0

OPC08

4

4

0

100

4

4

0

100

0

0

0

0

OPC20

1

1

0

100

1

1

0

100

0

0

0

0

3.7

1.4

1.9

36.8

4.2

1.9

1.9

47.3

3.2

0.9

1.9

17.6

Mean

Note: NTB= number of total bands; NPB= number of polymorph bands; NMB= number of monomorph bands; PLM%= percentage of
polymorphism.

Table 9: Genotype specific markers for three rabbit genotypes
namely Al, Va, Ba as determined by RAPD-PCR analysis
Rabbit genotype

TSM

SM
1

2

3

4

Al

5

OPA14

OPB05

OPC05

OPC06

Va

8

OPA10

OPA14

OPAI

OPB08

Ba

6

OPA01

OPA07

OPA10

OPA15

5

OPC06

Note: TSM= total specific marker; SM= specific marker

4, 6) respectively. These bands could be
considered as specific DNA markers to
discriminate among the studied genotypes and

markers Baladi Black specific markers at MW
(2000, 250, 2500, 900, 700, 1000 bp); these
markers were obtained from primers (1, 1, 2, 4,
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Figure 5: Dendrogram Obtained from UPGMA Cluster Based on RAPD Data
from the Three Rabbit Genotypes: Alexandria (Al), V-line (Va) and Baladi Black (Ba)

its linkage to productive traits. The results of
genetic similarity among the three rabbit genotype
can contribute significantly to the development of
genetic improvement programs in rabbits under
Egyptian environment conditions.

on the molecular level since almost all the 15 used
primers showed high common bands among the
studied individuals. RAPD-PCR provides a highly
effective method for identifying the markers linked
to traits of interest without the necessity for
mapping the entire genome (Bardakci, 2001) and

The UPGMA dendrogram, based on Nei’s
genetic distance, depicts the relationship among
the investigated rabbit genotypes (Figure 5). The
genetic dissimilarity values were (0.1), (0.07) and
(0.44) between (Va and Al), (Al and Ba), and (Ba
and Al) respectively. Line V and Baladi Black breed
has a close genetic relationship whereas Al line
was distinctly different from other genotypes
(Table 7). Random amplified polymorphic DNA
proved to be a powerful tool in different genetic
analysis. RAPD markers have been used for
genotype identification (in rabbits: Khalil et al.,
2008 and Ola et al., 2013; in chicken: Hanan
et al., 2012).. These results revealed high level of
homogeneity among the individuals of these lines

also in the discrimination of genetic resources
that are economically important such as poultry
and farm animals (Nikkhoo et al., 2011). Similar,
results were reported in four different rabbit
genotypes (Ola et al., 2013).

CONCLUSION
The present study is a preliminary step to
determine and locate molecular markers in a new
synthetic paternal rabbit line called Alexandria and
productive performance relations. These markers
represent reliable tools for characterization and
genetic improvement of rabbits under Local
breeding conditions in Egypt.
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