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SUMMARY
Blood samples were collected from 48 females of different ages taken from the
Egyptian Zaraibi goat breed in order to find molecular genetic markers which can differentiate
between the prolific and non-prolific females using both RAPD-PCR and SSR techniques.

Twenty-six and 22 prolific and non-prolific does, respectively, were chosen from two stations (
Sakha and El-Serw ) according to the litter size trait.

The results showed that RAPD-PCR technique was precisely able to discriminate between
prolific and non-prolific Zaraibi individuals using some specific bands of different molecular
weights produced by the selected primers (10 primers). The RAPD-PCR technique was also able
to distinguish between the Zaraibi females from Sakha and El-Serw Stations (between animals
of the same breed but from different locations).

The results showed also that the SSR technique using the microsatellite markers was able to
distinguish between prolific and non-prolific Zaraibi individuals with enough precision by some
specific bands produced by 7 microsatellites. Additional markers might be needed in order to
complete the genetic characterization and determination of the phylogenetic relationships.

INTRODUCTION

Goat are considered one of the important economic sources of meat in
developing countries. Improving the reproductive efficiency of goat herds in these
countries, can increase the efficiency of kids production and consequently goat meat.
Studies of the inheritance patterns of ovulation rate and litter size in prolific sheep
flocks led to segregating a major gene for prolificacy in Booroola sheep (Davis et al.,
1982; Piper and Bindon, 1982) and recently in other sheep breeds. Therefore, the
identification of the gene responsible for the prolificacy in goat, known as Booroota
gene (or FecB gene) in sheep (Piper and Bindon, 1996), is of importance to the goat
industry.
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On the other hand, the polymorphism of blood genetic markers gives somes useful
information in studying 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 important quantitative traits. Many researchers employed the
Random amplified polymorphic DNA markers or RAPD technique to characterize and
estimate genetic distances between goat breeds (Williams er al., 1990; Weish and
McClelland, 1990; Nyamsamba ef al., 2002; Quafi er al., 2002), in the study of
genetic diversity within breeds (Li et al, 1999; El-Seoudy et al, 2005) and in
determination of sex and gene mapping in farm animals (genetic linkage maps are now
available for goat and sheep; Vaiman ef al., 1996).

Molecular methods have also provided new markers such as microsatellites (i.e. highly
polymorphic DNA simple sequence repeats; SSRs) for the study of genetic variation
and evolutionary relationships of closely related populations (Takezaki and Nei,1996;
Diez-Tascon ef al., 2000; Moioli et al., 2001; Li er al., 2002; Visser ef al., 2004;
lamartino ef al., 2005; Kumar ef al., 2005).

In Egypt, there are many native goat breeds with different productive and reproductive
performances. One of the most important of them is the Zaraibi {or Egyptian Nubian)
breed, that reared mainly for milk production. It is characterized by a good prolificacy,
i.e. litter size (Marai et al., 2001 and Galal et al, 2005). The research to locate the
gene responsible for the prolificacy in this breed, using biochemical and molecular
genetic markers, may help its use commercially to improve other local non-prolific
breeds. The results reported by Marai ef al. (2001) revealed the existence of association
between reproductive traits of Zaraibi (or E. Nubian) doe genotypes and marker gene
alleles. Anous et al (2008) studied the genetic relationship among three Egyptian goat
breeds using biochemical genetic markers and concluded that molecular techniques at
the DNA level will be needed to detect more genetic markers for prolificacy (i.e. litter
size) trait,

Therefore, the objective of the present study is to assess the genetic structure
within the Egyptian Zaraibi goat population at the DNA level in order to find molecular
genetic markers which can differentiate between prolific and non-prolific females and
help for the identification of the prolificacy gene in Egyptian goat.

Keywords: Zaraibi goats, Prolificacy, Litter size, Molecwlar markers, RAPD, SSR.

MATERIAL AND METHODS
1) Animal pedigree records and data collection
The base goat population was assembled in 2006 from two different
experimental stations belonging to Animal Production Research Institute (El-Serw and
Sakha Stations). A total of 48 does of different ages were collected from the Egyptian

Zaraibi goat breed according to their litter size (i.e. prolificacy) trait, using the pedigree
records.
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II) Animal groups construction and blood samples collection

The individuals of the Zaraibi breed were assembled in two groups; prolific (n
= 26) and non-prolific (n = 22) does, according to the prolificacy trait (i.e. number of
kids born per parturition per female): where three or more kids per parturition for the
first group and one or two kids per parturition for the second group.

Blood samples were collected from the selected females by vacuum glass tubes
holding the EDTA disodium salt (EDTA-Na,} as anticoagulant. Blood serum was then
obtained by centrifugation at 5000 rpm for 15 minutes at 4° C and the pellet was stored
at -20°C until the time of DNA extraction.

IHI) Genetic characterization
1. DNA extraction

DNA was isolated with the phenol-chloroform extraction method as described by
Sambrook er al. (1989). Extracted DNA was then quantified using the UV
spectrophotometer (Eppendorf BioPhotometer).

2. Random amplified polymorphic DNA (RAPD)

The RAPD-PCR technique was conducted in order to capture population of molecular
fingerprints and estimate phylogenetic relationship between the two groups of the
Zaraibi females. Initial screening of 10 random RAPD primers (synthesized by Operon,
Germany) was undertaken to detect the genetic polymorphisim among and within each
one of the two groups of the Egyptian Zaraibi goat breed. The primer manufactured
codes, sequences and molecular weights are given in Table 1.

The amplification conditions were carried according to Williams ez al. (1990).
Gel was stained with 0.2 pg/ml ethidium bromide and PCR products were
photographed and scanned by gel documentation system (Gel Doc. BIORAD 2000)
under UV transilluminator and analyzed with the Quantity One Software package
supplied by the manufacturer.

3. SSR markers

In the present study, initial screening of a total of 7 microsatellite markers out
of a list of eighteen microsatellites recommended by the International Society of
Animal Genetics (1SAG) for goat diversity studies, was undertaken in order to find
molecular genetic markers which can differentiate between the prolific and non-prolific
Zaraibi females. They are: ILST019, INRAO0005, MAF0065, SRCRSP000S,
SRCRSP0024, McM0527 and OarFCB0020. The size of PCR products was determined
by electrophoresis in denaturing polyacrylamide gel according to the method described
by Echt ef al. (1996). Primers used in the PCR were labeled with a fluorescent tag. Gel
analysis was performed with Genescan 672 (Version 1,2) software.
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Primer Primer sequences Molecular
codes weights

(bp)
Al4 TCTGTG CTG G 3050
Al6 AGCCAGCGA A 3046
A20 GTTGCG ATCC 3019
BO8 GTCCACACGG 3013
B12 CCTTGACGC A 2988
Cos GAT GACCGCC 3013
Co6 GAA CGG ACTC 2988
Co8 TGG ACC GGT G 3013
Ctl1 AAAGCTGCG G 3037
C20 ACTTCGCCAC 3084

Table 1. List of the studied primers and their sequences and molecular
weights.

1V) 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 individuals were compared within groups.
Bands were scored as 1 if present or 0 if absent (i.e. binary values) in order to

differentiate between the two groups of Zaraibi females (i.e. prolific and non-prolific
females).

2. Dendrogram construction

For constructing a combined Dendrogram for the two groups of the Zaraibi
goat breed, the data generated from DNA banding patterns were introduced to SPSS
package program according to binary values (1, 0).

RESULTS AND DISCUSSION
L RAPD polymorphisim analysis

Plates 1-10 and Tables 2 and 3 represent the results of the RAPD fingerprints of
individual samples for the two groups of females of the Zaraibi breed (i.e. prolific and
non-prolific females) generated by the different primers.

4
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In general, primers CO5 and Cl11 gave similar results with respect to number of
common, polymorphic and monomorphic bands in Zaraibi goat breed followed by
primers C06 and C20 (Table 2). However, primers A14, A20 and C08 gave the highest
numbers of polymorphic bands (14, 15 and 15, respectively). This means that primers
Al4, A20 and C08 could be used as markers in order to distinguish between prohﬁc
and non-prolific females.

On the other hand, primers C05, C06, C11 and C20 were able to detect five common
specific bands with different molecular weights (i.e. 206; 241 and 177; 209; 183 bp)
which could be used to characterize the Zaraibi breed as a whole, compared to the other
Egyptian goat breeds, as shown in Table (2).

However, primers A20, B12, C05 and C20 showed 1, 2, 1 and 1 specific bands,
respectively, at different molecular weights (i.e. 384; 309 and 125; 110; 77 bp) for the
prolific females, while primer B0O8 showed one specific band at molecular weight of
319 bp for the non-prolific females (Table 3). These bands could be used to distinguish
between prolific and non-prolific females within the Zaraibi breed. Table (3) showed
also the possibility of distinguish between the Zaraibi females of Sakha and El-Serw
Stations using some specific bands produced by primers Al4, A16, B12 and C06. Thus,
the RAPD-PCR technique was also able to differentiate between animals of the same
breed but from different locations. This means also that Station might have an effect on
the genetic background of Zaraibi females used in this study which may be due to the
differences in applied breeding program in the two Stations,

The dendrogram of this population of goat (Figure 1) showed that Zaraibi females were
divided into two main groups. Within each group the animals were divided again into
two main sub-groups; the smallest one constituted by prolific females from El-Serw
Station and non-prolific females from Sakha Station and the biggest one constituted by
prolific females from Sakha Station and non-prolific females from El-Serw Station.
Thus, the RAPD-PCR technique using the DNA markers was able to separate between
prolific and non-prolific individuals of each Station with high precision. This confirmed
the results previously obtained with the same sample of goats using the SDS-PAGE
technique (Anous ef al., 2008). The RAPD-PCR technique was also able to separate
between animals of different origin (i.e. stations) from the same breed. These results
agreed with those obtained by Abu-Shady (2004) about the genetic variation within
and between two Egyptian goat breeds using the RAPD analysis. She reported that
there are some bands that differentiate the sex within each breed or location (i.e. station

where animals were reared) and other bands that could be used to differentiate the two
breeds.
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Table 2. Range of molecular weights (Mw) of bands (bp), range of number of band
products and number of bands produced by different primers in
Zaraibi goat.

* Values between brackets represent the frequency.

Range of | Range of Number of bands
molecular | number
Primers | weights of band Common Polymorphic*
of bands | products Monomorphic
Al4 45-2205 0-14 - 14 (100.0) e
Al6 49-14232 0-9 —ees 0 (100.0) e
A20 25-1957 0-15 - 15 (100.0) “ee-
BO8 48-395 0-10 - 10 (100.0) -
B12 92-606 0-9 - 9 (100.0) ----
o5 110-595 013 1 11(91.6) 1
(Mw=206)
Co6 93-390 2-7 2 5(71.4) J
(Mw=241-17T7)
o8 78-601 0-13 15(100.0) ==
C11 66-598 1212 1 11(91.6) |
(Mw=209)
Cc20 77-507 1-6 1 5(83.3) 1
(Mw=183)

Plate ( 1 ): primer Al14.*
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Al6.*
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Plate ( 5 ): primer B12.*

* RAPD fingerprints of individual samples for Zaraibi breed. M = |
DNA marker; Lanes 1-13 and 14-20 represent, respectively the prolific
and non-prolific females of Sakha Station and lanes 21-35 and 36-48

represent, respectively the non-prolific and prolific females of El-Serw
Station.
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Plate ( 9 ): primer C11.*
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| Plate ( 10 ): primer C20.*

* RAPD fingerprints of individual samples for Zaraibi breed. M =
DNA marker; Lanes 1-13 and 14-20 represent, respectively the
prolific and non-prolific females of Sakha Station and lanes 21-35

and 36-48 represent, respectively the non-prolific and prolific
females of El-Serw Station.

Table 3. Molecular weights of specific bands produced by different primers for both
prolific and non-prolific Zaraibi females in Sakha and El-Serw Stations.

! Molecular weights (bp)
Pt Prolific Femu[e;{ < Non-prolific Fegliaiis
‘ -l W . 22w
Sakha Station station | Sakha Station Station
| 2205-1053-338- | 1516-707- _
ML es | MO asger | MO
Al6 128-70-49 | 293-269
a | 1PTIO0ONE T y4g | 1208-349-56 | 399-308
(B8 | 3038348 | 284196 | 420130 | -~
388-316-
B12 234 264 92 199
383-240- 413-222-
® T L s | T | e
06| | 266-214 - | 382-299
cos | 309-205-135-78 | ' °°°7 | 239-103 | 490-365
ci | 66 | 486 | - | 338205
c20 | ’ : --

This also agreed with the conclusion of Li et al. {1999} that RAPD technique is very
useful in the field of genetic relationship evaluation and that closely related goat
populations can be distinguished using such technigue.
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Reavaled Distance Cluster Combine
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Figure ( 1): Average genetic linkage among the Zaraibi females.

I1. SSR genetic markers
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Thirty females from the Zaraibi breed were sampled into two groups (i.e. prolific and
non-prolific) of equal number (n=15) and analyzed in order to find specific markers
characterize each one of the two groups and consequently characterize the females
carrying the fecundity gene. The results of their PCR profiles generated by the 7
microsatellite markers are described in Plates 11-17 and Tables 4-6.

Plate ( 11): Microsatellite INRA0DOS5*

Plate ( 12 ): Microsatellite MAF0065*

Plate ( 13 ): Microsatellite SRCRSP0024*

* SSR fingerprints of individual samples for Zaraibi breed.
M = DNA marker; Lanes 1-15 represent prolific females and
lanes 16-30 represent non-prolific females.

11
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Platee ( 14 ): Microsatellite ILST019*

-__.'_-u_.-h--h-_

| I

Plate ( 16 ): Microsatellite OarFCB0020*
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L)
Lo

Plate ( 17 ): Microsatellite McM0527*

|

| *SSR fingerprints of individual samples for Zaraibi breed. M
= DNA marker; Lanes 1-15 represent prolific females and
lanes 16-30 represent non-prolific females.

In general, microsatellites MAF0065 and McM0527 gave comparable results with
respect to number of common and monomorphic bands (two bands for each) in Zaraibi
breed (Table 4) followed by microsatellites INRADODOS, SRCRSP0O024, ILSTO19,
SRCRSP000S5 and

QarFCB0020 (one band for each). However, microsatellites INRAOOOS and
OarFCB0020 gave the highest numbers of polymerphic bands (2 and 1, respectively).
This means that these two microsatellites could be used as markers to characterize the
individuals of the two groups of females of such breed. The limited polymorphism
obtained in the present study is probably due to the smaller sample size. Barker (1994)
reported that the precision of estimated genetic diversity is a function of the number of
loci analyzed, the heterozygosity of these loci and the number of animals sampled in
each population.

However, microsatellite INRAQ00S5 showed 2 specific bands at different molecular
weights (i.e. 184 and 125 bp) for the prolific and non-prolific females, respectively,
while microsatellite OarFCB0020 showed another specific band at molecular weight of
071 bp for the prolific females (Table 5). These bands could be used to distinguish
between prolific and non-prolific females within the Zaraibi breed.

13
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Table 4. Range of molecular weights of bands (bp), range of number of band
products and number of bands produced by different microsatellites in

Zaraibi goat.
Number
Range of | Range of of bands
. . molecular | number
Microsatellites weights of | of band Commo | Mono- POIH_h-
. mo 1
bands | products | morphic | rp
2
INRAGGOS 109-244 0-3 1 1
(0.66)
MAF0065 114-185 2 2 A
SRCRSP0024 299 1 1 1
ILSTO019 134 1 1 1
SRCRSP0005 340 1 1 1
1
QarFCB0020 071-200 0-2 i 1 ( 0.5 O)
McMo0527 100-327 2 2. 2

* Values between brackets represent the frequency.

Table 5. Molecutar weights of specific bands proeduced by different microsatellites
in prolific and non-prolific Zaraibi females.

Microsatellites Molecular weights (bp)
Prolific females { Non-prolific females
INRAOOOS 184 125
OarFCB0020 071

In conclusion, all selected microsatellite markers showed little informative capacities
about the prolific and non-prolific females of the Zaraibi breed except INRAOOO5 and
OarFCB0020. The INRAOOOS was the most polymorphic, thus the most informative.
Additional markers are being needed in order to complete the genetic characterization
of prolificacy in Zaraibi goat. In studying the genetic variation in South African goat

!
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populations using ten microsatellite markers, Visser et al (2004) concluded that
additional markers are being tested in order to complete their genetic characterization
and determine phylogenetic relationships.

The dendrogram of this population of goat (Figure 2) showed that Zaraibi females
were divided into two main groups. The smallest one (situated in the low part of the
diagram) ts constituted by most of the prolific females and the biggest one (situated in
the high part of the diagram) is constituted by most of the non-prolific females. This
distribution reflects the degree of homogeneity in this breed. Thus, the SSR technique
using the microsatellite markers was able to separate between prolific and non-prolific
individuals with high precision. This confirmed the results previously obtained in
Zaraibi breed using both the SDS-PAGE technique (Anous et al., 2008) and RAPD
technique (present study). This also agreed with the conclusion of both Nyamsamba et
al. (2002), Li et al. (2002), Visser et al. (2004), Iamartino et al., 2005 and Kumar et
al., 2005 in that closely related goat populations can be distinguished using
microsatellite polymorphisim data.
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Rescaled Distance Cluster Combine
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Figure ( 2 ): Average genetic linkage between prolific and non*prolific
Zaraibi females.
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