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Abstract 

The present experimental work aimed to investigate a 

number of molecular makers that influence fecundity in local 

Egyptian sheep.   In the present study, twenty two (11 twin 

producing crossbred ewes, 7 single lamb producing crossbred ewes, 

2 crossbred rams from twin producing ewes and 2 pure bred rams 

from twin producing ewes) were tested. They were carefully 

selected from the records of the Egyptian Nuclear Research Centre. 

The ewes were selected for their twin production in three repetitive 

production cycles while the rams were selected for being produced 

from prolific ewes as above. The presence of the booroola fecundity 

gene (FecB) (FecB mutation in bone morphogenic protein receptor 

gene 1B(BMPR1B)) and the Inverdale gene (FecX
I
) (FecX

I
 mutation 

in bone morphogenic receptor gene (BMP15)) using Forced 

restriction PCR of the FecB and FecX
I
 mutations, 190 base pair (bp) 

was amplified using specific primer which was  forward (5`-

CCAGAGGACAATAGCAAAGCAAA -3`) and reverse (5`-

CAAGATGTTTTCATGCCTCATCAACAGGTC -3` ) and   

designed to introduce a point mutation in the resulting PCR 

products with FecB carrier sheep containing an AvaII restriction 

site (G|GACC). The FecB DNA test showed that there were no 

carriers for the FecB mutation in the selected prolific sheep sample. 

When a specific primer which was forward (5’-

GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3’) and reverse 

(5’-CATGATTGGGAGAATTGAGACC-3’) used to test the 

presence of FecX
I
 mutation no amplification resulted from DNA 

samples of the twin producing ewes while two amplified DNA 

fragments of molecular size 154 bp and 120 bp resulted from the 

single lamb producing females and male sheep under study.  Serum 

samples were collected from sheep under study and tested using 

totallab 120 computer software analyses for Native protein gel 

images. Gel images revealed a protein pattern in twin producing 

ewe samples characterized by the presence of  three bands with 
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molecular weights 679.7, 524.3, and 431.1 kd and the absence two 

bands with molecular weights 560.3 and 460.2 kd.  

The findings in the esterase pattern between twin lamb and 

single lamb producing ewes revealed differences in a sum of eight 

esterase types which may can be used to distinguish twin from 

single lamb producing ewes.  

 Key words: Sheep, fecundity, prolificacy, FecB, FecX, 

PCR, RFLP, PAGE 
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1. INTRODUCTION AND AIM OF THE 

WORK 

1.1 Introduction 

Domestic sheep (Ovis aries) were the first to 

domesticate for wool and meet (Hafez and Hafez, 2000). 

Important advances to some of the economically 

important characters in sheep have been achieved based 

on phenotypic performance; however, several limitations 

of these methods of improvement are becoming evident 

with time. Their efficiency decreases when the 

characteristics are difficult to measure or have a low 

heritability. Additionally, selection has been generally 

limited to those characteristics that can properly be 

measured in large number of animals. The use of 

molecular techniques could help to solve some of the 

limitations of the current methods (Montaldo and Meza-

Herrera, 1998).  

Dekkers and van der Werf (2007) stated that since 

the 1970s, the discovery of technology that enables 

identification and genotyping of large numbers of genetic 

markers, and research that demonstrated how this tech-

nology could be used to identify genomic regions that 

control variation in quantitative traits and how the 

resulting quantitative trait loci (QTL) could be used to 

enhance selection, have raised high expectations for the 

application of gene assisted selection(GAS) or marker-

assisted selection (MAS) in livestock. Yet, to date, the 

application of GAS or MAS in livestock is limited. 
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However, recent further advances in technology, 

combined with a substantial reduction in the cost of 

genotyping, have stimulated renewed interest in the large-

scale application of MAS in livestock.  

van der Werf  (2007) stated that the benefits of 

MAS to sheep breeding programmes depend on a number 

of conditions that are relevant for most breeding 

programmes across species. These conditions include the 

existence of a genotype test predicting phenotypic 

differences, the economic value of these differences and 

the value of the genotypic information within the breeding 

programme. The value of genetic information will depend 

heavily on the socio-economic context of the breeding 

programme and the production system. In a technical 

sense, the value of this information is basically driven by 

the increase in selection accuracy resulting from 

knowledge of genotypes, which in turn will differ 

between animals from different age classes. In particular, 

the relative increase in selection accuracy of the youngest 

selection candidates will be critical to the value of MAS. 

However, technical arguments about increased selection 

accuracy are of little value if these selection criteria are 

poorly developed or accepted within the production 

system. 

MAS can be used to differentiate between breeds as 

concluded by Ali (2003) who performed a genetic 

analysis using RAPD markers for studying variation in 

four breeds of sheep (Baladi, Barki, Rahmani and Saffolk) 

and described nineteen random primers which were used 

to amplify DNA fragments in these breeds. RAPD 

patterns with a level of polymorphism were detected 
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between breeds. Results showed closer proximity of Barki 

to Rahmani and Baladi (95.7 and 91.3%), respectively. 

Sheep are often kept in low input production 

systems, often at subsistence levels. In such systems, the 

uptake of effective commercial breeding programmes is 

limited, let alone the uptake of more advanced 

technologies such as those needed for marker-assisted 

selection. However, effective breeding programmes exist 

in a number of countries, the largest ones in Australia and 

New Zealand aiming for genetic improvement of meat 

and wool characteristics as well as disease resistance and 

fecundity. Advances have been made in sheep gene 

mapping with the marker map consisting of more than 1 

200 microsatellites (van der Werf, 2007).  

In the early 1980’s, records of litter size (Piper and 

Bindon, 1982)and ovulation rate (Davis et.al., 1982) from 

Booroola Merinos and their crosses showed evidence of a 

segregating autosomal major gene (or closely linked 

group of genes)  with an additive effect on ovulation rate 

and a partially dominant effect on litter size.  

Two decades later, three groups of researchers 

almost simultaneously discovered that the inheritance of 

prolificacy observed in the Booroola Merinos was the re-

sult of a mutation in the bone morphogenetic protein 1B 

receptor (BMPR-1B) (Mulsant et.al.,2001; Souza et.al., 

2001; Wilson et.al.,2001). Meanwhile the notion of major 

genes affecting prolificacy in sheep was no longer 

regarded as genetic heresy. A mutation in the bone 

morphogenetic protein 15 gene (BMP15, also known as 

GDF9B) responsible for high prolificacy in Inverdale 
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sheep had been discovered by Galloway et al. (2000) and 

evidence of segregating major genes has been reported 

from flocks around the world. A large or major gene is 

typically one where the difference between the 

homozygotes is at least 0.5 standard deviations, which for 

the ovulation rate includes genes where a single copy 

increases ovulation rate by more than about 0.2. 

Davis(2004). 

1.2  Aim of the work 

The aim of this study is to investigate a number of 

molecular makers that influence fecundity in local 

Egyptian sheep. This objective is projected to employ the 

detected markers in marker assisted selection in sheep 

flocks to result in an increase sheep livestock numbers 

and to aid in the national economy of Egypt.  
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2. REVIEW OF LITERATURE 

2.1 Domestic Sheep 

Domestic sheep (Ovis aries) are quadrupedal, ruminant 

mammals typically kept as livestock. Like all ruminants, sheep are 

members of the order Artiodactyla, the even-toed ungulates. 

Although the name “sheep” applies to many species, in everyday 

usage it almost always refers to Ovis aries. Numbering a little over 

1 billion, domestic sheep are the most numerous species in their 

genus. 

Sheep are most likely descended from the wild mouflon, 

wild sheep with short fleece and large curling horns in the males 

found in the mountains of Sardinia and Corsica, of Europe and 

Asia. One of the earliest animals to be domesticated for agricultural 

purposes; sources provide a domestication date between nine and 

eleven thousand years ago in Mesopotamia (Ensminger and Parker, 

1986; Weaver, 2005; Simmons and Ekarius, 2001; Krebs and 

Carolyn, 2003) Their wild relatives have several characteristics—

such as a relative lack of aggression, a manageable size, early 

sexual maturity, a social nature, and high reproduction rates—which 

made them particularly suitable for domestication  (Budiansky, 

1999).  

The exact line of descent between domestic sheep to their 

wild ancestors is presently unclear (Hiendleder et al., 2002). The 

most common hypothesis states that Ovis aries is descended from 

the Asiatic (O. orientalis) species of mouflon. It has been proposed 

that the European mouflon (O. musimon) is an ancient breed of 

domestic sheep turned feral rather than an ancestor, despite it 

commonly being cited as ancestor in past literature (Ensminger and 

Parker, 1986) A few breeds of sheep, such as the Castlemilk Moorit 

from Scotland, were formed through crossbreeding with wild 

European mouflon. 
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The urial (O. vignei) was once thought to have been a 

forebear of domestic sheep, as they occasionally interbreed with 

mouflon in the Iranian part of their range (Ensminger and Parker, 

1986). However, the urial, argali (O. ammon), and snow sheep (O. 

nivicola) have a different number of chromosomes than other Ovis 

species, making a direct relationship implausible, and phylogenetic 

studies show no evidence of urial ancestry(Hiendleder et al., 2002). 

Further studies comparing European and Asian breeds of sheep 

showed significant genetic differences between the two. Two 

explanations for this phenomenon have been posited. The first is 

that there is a currently unknown species or subspecies of wild 

sheep that contributed to the formation of domestic sheep 

(Hiendleder et al., 2007).  A second hypothesis suggests that this 

variation is the result of multiple waves of capture from wild 

mouflon, similar to the known development of other livestock 

(Meadows et al., 2007).  

Initially, sheep were kept solely for meat, milk and skins. 

Archaeological evidence from statuary found at sites in Iran 

suggests that selection for woolly sheep may have begun around 

6000 BC (Ensminger and Parker, 1986; Weaver, 2005) but the 

earliest woven wool garments have only been dated to two to three 

thousand years later (Smith et al., 1997). By that span of the Bronze 

Age, sheep with all the major features of modern breeds were 

widespread throughout Western Asia (Ensminger and Parker, 

1986). Numerous biblical figures kept large flocks, and subjects of 

the king of Israel were taxed according to the number of rams they 

owned (Ensminger and Parker, 1986). 

Sheep entered the African continent not long after their 

domestication in western Asia (Blench and MacDonald, 1999) A 

minority of historians once posited a contentious African theory of 

origin for Ovis aries (Blench and MacDonald, 1999). This theory is 

based primarily on rock art interpretations, and osteological 

evidence from Barbary sheep (Blench and MacDonald 1999). The 
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first sheep entered North Africa via Sinai, and were present in 

ancient Egyptian society between eight and seven thousand years 

ago (Blench and MacDonald, 1999). Sheep have always been part 

of subsistence farming in Africa, but today the only country that 

keeps an influential number of commercial sheep is South Africa. 

South African sheep producers, in an attempt to deal with the 

numerous predators of Africa, invented the livestock protection 

collar, which holds poison at the jugular to sicken or kill predators 

(Ensminger and Parker, 1986). 

Today, Ovis aries is an entirely domesticated animal that is 

largely dependent on man for its health and survival (Budiansky, 

1999). Feral sheep do exist, but exclusively in areas devoid of large 

predators (usually islands) and not on the scale of feral horses, 

goats, pigs, or dogs, although some feral populations have remained 

isolated long enough to be recognized as distinct breeds 

(Budiansky, 1999; Bixby and Sponenberg, 2008). 

Sheep are raised for fleece, meat (lamb, hogget or mutton) 

and milk. A sheep’s wool is the most widely used animal fibre, and 

is usually harvested by shearing (Weaver, 2005; Wooster and 

Hansen, 2005). Ovine meat is called lamb when from younger 

animals and mutton when from older ones. Sheep continue to be 

important for wool and meat today (Brown and Meadowcroft, 1996; 

Weaver, 2005), and are also occasionally raised for pelts, as dairy 

animals (Simmons and Ekarius, 2001), or as model organisms for 

science(CEC report, 2007; Dalrymple et al., 2007; de Gortari et al., 

1998; Lehrma, 2008) 

Sheep husbandry is practiced throughout the majority of the 

inhabited world, and has been fundamental to many civilizations. In 

the modern era, Australia, New Zealand, the southern and central 

South American nations, and the British Isles are most closely 

associated with sheep production (Weaver, 2005; Brown and 

Meadowcroft, 1996). 
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The domestic sheep is a multi-purpose animal, and there are 

more than 200 breeds now in existence were created to serve these 

diverse purposes (Ensminger and Parker, 1986). Some sources give 

a count of a thousand or more breeds, but these numbers cannot be 

verified (Smith et al., 1997; Weaver, 2005). Almost all sheep are 

classified as being best suited to furnishing a certain product: wool, 

meat, milk, hides, or a combination in a dual-purpose breed. Other 

features used when classifying sheep include face color (generally 

white or black), tail length, presence or lack of horns, and the 

topography for which the breed has been developed. This last point 

is especially stressed in the United Kingdom, where breeds are 

described as either upland (hill or mountain) or lowland breeds. A 

sheep may also be of a fat-tailed type, which is a dual-purpose 

sheep common in Africa and Asia with larger deposits of fat within 

and around its tail (Brown and Meadowcroft, 1996). 

With the modern rise of corporate agribusiness and the 

decline of localized family farms, many breeds of sheep are in 

danger of extinction. The Rare Breeds Survival Trust of the UK lists 

22 native breeds as having only 3,000 registered animals (each), and 

the American Livestock Breeds Conservancy lists 14 as having 

fewer than 10,000( Rare Breeds Survival Trust (UK) (2008a); Rare 

Breeds Survival Trust (UK) (2008b); American Livestock Breeds 

Conservancy (2007)). Preferences for breeds with uniform 

characteristics and fast growth have pushed heritage (or heirloom) 

breeds to the margins of the sheep industry. Those that remain are 

maintained through the efforts of conservation organizations, breed 

registries, and individual farmers dedicated to their preservation 

(Wooster and Hansen, 2005). 

Sheep are an important part of the global agricultural 

economy. However, their once-vital status has been largely replaced 

by other livestock species, especially the pig, chicken, and cow 

(Brown and Meadowcroft, 1996). China, Australia, India, and Iran 

have the largest modern flocks, and serve both local and exportation 
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needs for wool and mutton (Cuming, 2008). Other countries such as 

New Zealand have smaller flocks but retain a large international 

economic impact due to their export of sheep products. Sheep also 

play a major role in many local economies, which may be niche 

markets focused on organic or sustainable agriculture and local food 

customers (Weaver, 2005; Shawna, 2005) Especially in developing 

countries, such flocks may be a part of subsistence agriculture 

rather than a system of trade. Sheep themselves may be a medium 

of trade in barter economies (Weaver, 2005). 

In Egypt, Sheep contribute 6% of the total red meat 

production. The total sheep population in Egypt is 4,200,000 heads. 

Rahmani, Ossimi, and Barki are of the main sheep breeds in Egypt 

with a population of 990,000, 514,000 , and 470,000 respectively. 

Litter size and lamb growth are important economic traits in sheep 

breeding and reproduction (Galal et al., 2005) 

Sheep have distinct economic advantages when compared 

with other livestock. They do not require the expensive housing 

(Smith et al., 1997) such as that used in the intensive farming of 

chickens or pigs. They are an efficient use of land; roughly six 

sheep can be kept on the amount that would suffice for a single cow 

or horse (Simmons and Ekarius, 2001; Small, 2008). Sheep can also 

consume plants, such as noxious weeds, that most other animals 

will not touch, and produce more young at a faster rate (Simmons 

and Ekarius, 2001). Also, in contrast to most livestock species, the 

cost of raising sheep is not necessarily tied to the price of feed crops 

such as grain, soybeans and corn (Wilde 2008). Combined with the 

lower cost of quality sheep, all these factors combine to equal a 

lower overhead for sheep producers, thus entailing a higher 

profitability potential for the small farmer (Wilde 2008). Sheep are 

especially beneficial for independent producers, including family 

farms with limited resources, as the sheep industry is one of the few 

types of animal agriculture that has not been vertically integrated by 

agribusiness (Simmons and Ekarius, 2001). 
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Over a long period of time, farmers have changed the 

appearance and function of sheep in successive generations through 

exploitation of selection opportunities. While there are few records 

about the specifics of selection practices, it is clear that genetic 

manipulation has happened because of the differences between 

modern-day sheep and their ancestral antecedents. The developing 

interest in family or pedigree lines in the mid 18th century resulted 

in more written records being kept, so we have greater knowledge 

of the procedures used by Robert Bakewell and others to “improve” 

their sheep. The critical thinking of such early animal breeders must 

be admired when it is considered that knowledge of genes, their 

impact and manner of inheritance, has been known for little more 

than 100 years (Blair and Garrick, 2007).  

Mendel proposed the existence of genes and Fisher and 

others described how two or more genes might combine to produce 

quantitative effects. As that knowledge has filtered out to livestock 

breeders, there has been widespread adoption of the principles of 

selection, albeit using imperfect knowledge of the genotypes of 

candidate animals, to select those capable of favourably changing 

the form and/or function of the next generation of offspring (Blair 

and Garrick, 2007). 

The potential benefits of using markers linked to genes of 

interest in breeding programs, thus moving from phenotype based 

towards genotype-based selection, have been obvious for many 

decades. However, realization of this potential has been limited by 

the lack of markers. With the advent of DNA-based genetic markers 

in the late 1970s, the situation changed and researchers could, for 

the first time, begin to identify large numbers of markers dispersed 

throughout the genetic material of any species of interest and use 

the markers to detect associations with traits of interest, thus 

allowing Marker Assisted Selection (MAS) finally to become a 

reality. This led to a whole new field of academic research, 

including the milestone paper by Paterson et al. (1988).  
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2.2 Marker Assisted Selection (MAS) 

2.2.1 Molecular markers  

Molecular markers usually do not have any biological effect. 

Instead, they can be thought of as constant landmarks in the 

genome. They are identifiable DNA sequences, found at specific 

locations of the genome, and transmitted by the standard laws of 

inheritance from one generation to the next. They rely on a DNA 

assay, in contrast to morphological markers that are based on visible 

traits, and biochemical markers that are based on proteins produced 

by genes (Ruane and Sonnino, 2007).  

The molecular marker systems allow high-density DNA marker 

maps through many markers of known location which are 

interspersed at relatively short intervals throughout the genome, to 

be constructed for a range of economically important agricultural 

species, thus providing the framework needed for eventual 

applications of MAS (Dekkers, 2004).  

Using the marker map, putative genes affecting traits of interest 

can then be detected by testing for statistical associations between 

marker variants and any trait of interest. These traits might be 

genetically simple or alternatively, involve many genes (so-called 

quantitative trait loci [QTL]) and environmental effects. Most 

economically important agronomic traits tend to fall into this latter 

category. Having identified markers physically located beside or 

even within genes of interest, in the next step it is now possible to 

carry out MAS to select identifiable marker variants (alleles) in 

order to select for non-identifiable favorable variants of the genes of 

interest(Young, 1999).  

2.2.2 Classification of molecular marker 

Different kinds of molecular markers exist, such as restriction 

fragment length polymorphisms (RFLPs), random amplified 

polymorphic DNA (RAPDs) markers, amplified fragment length 

polymorphisms (AFLPs), microsatellites and single nucleotide 
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polymorphisms (SNPs). They may differ in a variety of ways – such 

as their technical requirements (e.g. whether they can be automated 

or require use of radioactivity); the amount of time, money and 

labour needed; the number of genetic markers that can be detected 

throughout the genome; and the amount of genetic variation found 

at each marker in a given population. The information provided to 

the breeder by the markers varies depending on the type of marker 

system used (Dekkers, 2004).  

Molecular markers have been classified into two major 

categories on the basis of techniques used for their detection. These 

categories are hybridization-based markers and PCR-based markers 

(Alim et al., 2011). 

2.2.2.1 The hybridization-based markers  
 

The hybridization-based markers include the traditional 

Restriction Fragment Length Polymorphism (RFLP) analysis 

(Botstein et al., 1980; Jeffreys et al, 1985a; Jeffreys et al, 1985b ). 

RFLP was first used in a courtroom for a paternity case (Jeffreys et 

al., 1985c). Because it was adapted from earlier reliable Southern 

blot techniques (Southern, 1975) It quickly became the standard 

technique for DNA testing. In this technique, restriction enzymes 

that cleave the DNA at specific sequences (depending on the 

enzyme used) are used to digest DNA. Because DNA sequences 

vary between individuals, the DNAs will contain different 

restriction sites, thus two different DNAs will produce different cut 

DNA profiles. Electrophoresis is then used to separate the strands 

according to their lengths. 

The polymorphisms are then visualized as hybridization bands. 

The individuals carrying different allelic variants for a locus will 

show different banding patterns. Hybridization can also be carried 

out with the probes (e.g., genomic or synthetic oligonucleotide) for 

the different families of hypervariable repetitive DNA sequences 

namely, minisatellite (Jeffreys et al., 1985a), simple repeats (Ali et 

al., 1986), Variable Number of Tandem Repeats (VNTR) 
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(Nakamura et al., 1987) and microsatellite (Litt and Luty, 1989) to 

reveal highly polymorphic DNA Fingerprinting Patterns (DFP). 

 

2.2.2.2 The PCR-based markers 

The polymerase chain reaction (PCR) is a scientific technique 

in molecular biology to amplify a single or a few copies of a piece 

of DNA across several orders of magnitude, generating thousands 

to millions of copies of a particular DNA sequence. The PCR 

technique was first developed in 1983 by Kary Mullis (Bartlett and 

Stirling, 2003). PCR is now a common and often indispensable 

technique used in medical and biological research labs for a variety 

of applications (Saiki et al., 1985 and 1988) 

The PCR-based markers can be divided into the following two 
groups: 

2.2.2.2.1 The sequence-targeted PCR assays 

In this assay system, a particular fragment of interest is 

amplified using a pair of sequence-specific primers. In this 

category, PCR-RFLP or Cleaved Amplified Polymorphic Sequence 

(CAPS) analysis is a useful technique for screening of sequence 

variations that give rise to the polymorphic restriction enzyme sites. 

Such analysis involves amplification of a specific region of DNA 

encompassing the polymorphic restriction enzyme site and 

digestion of the amplified DNA fragment with the respective 

restriction enzyme (Alim et al., 2011). 

If the screening of the sequence variations do not lead to 

creation or abolition of restriction sites, other approaches namely 

allele specific PCR (AS-PCR) (Nichols et al., 1989), PCR 

Amplification of Specific Alleles (PASA) (Sarkar et al., 1990), 

Allele Specific Oligonucleotide (ASO) hybridization assay (Saiki et 

al., 1986), Amplification Refractory Mutation System (ARMS) 

(Newton et al, 1989) and Oligonucleotide Ligation Assay (OLA) 
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(Landegren et al., 1988) are used. If cloned and sequenced 

microsatellite loci can be subjected to PCR amplification and such 

microsatellite loci can be recovered by PCR such loci are termed as 

Sequence Tagged Microsatellite Site (STMS) (Beckmann and 

Soller, 1990) markers. 

2.2.2.2.2 The arbitrary PCR assays 

In this assay system, randomly designed single primer is used 

to amplify a set of anonymous polymorphic DNA fragments 

(Beckmann, 1988). It is based on the principle that when the primer 

is short (usually 8 to 10 mer), there is a high probability that 

priming may take place at several sites in the genome that are 

located within amplifiable distance and are in inverted orientation. 

Polymorphism detected using this method is called randomly 

amplified polymorphic DNA (RAPD) (Williams et al., 1990).  

The success of MAS is influenced by the relationship between 

the markers and the genes of interest. Dekkers (2004) distinguished 

three kinds of relationship: 

• The molecular marker is located within the gene of interest. 

In this situation, one can refer to gene-assisted selection 

(GAS). This is the most favourable situation for MAS since, 

by following inheritance of the molecular marker alleles, 

inheritance of the alleles of the gene of interest is followed 

directly. On the other hand, these kinds of markers are the 

most uncommon and are thus the most difficult to find. 

• The marker is in linkage disequilibrium (LD) with gene of 

interest throughout the whole population. LD is the tendency 

of certain combinations of alleles to be inherited together. 

Population wide LD can be found when markers and genes 

of interest are physically very close to each other and/or 

when lines or breeds have been crossed in recent 
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generations. Selection using these markers can be called 

LD-MAS. 

• The marker is not in linkage disequilibrium (it is in linkage 

equilibrium [LE]) with gene of interest throughout the whole 

population. Selection using these markers can be called LE-

MAS.  

2.3 Foremost genes Influencing Prolific Sheep 

Piper and Bindon (1980), at a workshop on the Booroola 

Merino at Armidale, Australia, reported their analysis of litter size 

records from a small data set of Booroola Merino sheep. They 

concluded that these “seriously raised the possibility that the 

exceptional fecundity of the Booroola Merino may in part result 

from the action of a single major gene (or closely linked group of 

genes) affecting ovulation rate”. This was the first time that the 

existence of a major gene affecting prolificacy had been suggested. 

Conclusive evidence in support of Piper and Bindon’s  hypothesis 

was provided two decades later when three groups of researchers 

almost simultaneously discovered that the inheritance of prolificacy 

observed in the Booroola Merinos was the result of a mutation in 

the bone morphogenetic protein 1B receptor (BMPR 1B) (Mulsant 

et al. 2001, Souza et al. 2001, Wilson et al. 2001). Meanwhile, a 

mutation in the bone morphogenetic protein 15 gene (BMP15, also 

known as GDF9B) responsible for high prolificacy in Inverdale 

sheep had been discovered (Galloway et al., 2000) and evidence of 

segregating major genes was reported from flocks around the world.  

2.3.1 Booroola Gene 

In the early 1980’s, records of litter size (Piper and Bindon, 

1980) and ovulation rate (Davis et al., 1982)  from Booroola 

Merinos and their crosses showed evidence of a segregating 

autosomal major gene (FecB) with an additive effect on ovulation 

rate and a partially dominant effect on litter size. Ewes inheriting 

one copy of the Booroola gene from either parent produced about 
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1.5 extra eggs and gave birth to about 1.0 extra lamb per ewe 

lambing. Homozygous carriers produced about 3.0 extra eggs 

resulting in about 1.5 extra lambs per ewe lambing. The effect on 

litter size is semi-dominant because embryonic losses cause partial 

failure of multiple pregnancies (Piper et al., 1985). The most 

noticeable physiological effects of the FecB locus are on ovulation 

rate and the size and number of ovulatory follicles in the ovary. 

Follicles mature and ovulate at significantly smaller diameters in 

homozygous (BB) and heterozygous (B+) carrier ewes compared 

with non-carrier or wild-type (++) ewes (Baird and Campbell, 1998; 

McNatty and Henderson, 1987; Montgomery et al., 1992). The 

smaller ovulatory follicles of BB ewes contain fewer granulosa cells 

than ovulatory follicles in ++ ewes (McNatty and Henderson, 1987; 

Montgomery et al., 1992). The increased number of ovulatory 

follicles offsets the reduced number of granulosa cells in individual 

follicles. Consequently, both the total number of granulosa cells 

from all ovulatory follicles and total oestradiol production from the 

ovaries of B+/BB ewes are similar to those of ++ ewes 

(Montgomery et al., 1992; Souza et al., 1997). Some differences in 

follicular characteristics persist after hypophysectomy, but data 

indicate the different functional characteristics of ovaries in the 

Booroola genotypes may not be entirely independent of pituitary 

hormones (Montgomery et al., 1992).  

2.3.1.1 Genetic mapping 

The search for markers linked to the FecB locus began 

during the late 1980s in several laboratories (Montgomery et al., 

1992; Lanneluc et al., 1994).  

Phenotypes have been assigned directly on the basis of 

records of maximum ovulation rate (Davis et al., 1982; 

Montgomery et al., 1993), maximum likelihood techniques (Elsen 

et al., 1990) or treating the locus as a quantitative trait (Elsen et al., 

1990). Errors in phenotype assignment may influence the estimated 

position of the locus, and incorrect phenotype assignment of key 
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individuals can seriously mislead the search for the gene by 

positional cloning. Linkage to the FecB locus was first detected 

with an anonymous microsatellite marker also linked to secreted 

phosphoprotein 1 (SPP1) (Montgomery et al., 1993). Additional 

genes from the same region were tested and the linkage group 

containing the FecB locus was mapped to sheep chromosome 6 

(Montgomery et al., 1994).  

An approach using DNA fingerprinting was also successful 

in identifying markers linked to the FecB locus in Booroola flocks 

in France (Lanneluc et al., 1994), although the chromosome 

location for the gene could not be determined using these markers. 

Subsequent studies have sought to identify the gene responsible by 

candidate positional cloning. The critical region for the FecB locus 

lies between the genes for SPP1 and alcohol dehydrogenase 2 (Lord 

et al., 1998).  

Genes located on sheep chromosome 6 map to human 

chromosome 4 (Lanneluc et al., 1996; Lord et al., 1996).  

There is a large inversion in gene order between sheep 

chromosome 6 and human chromosome 4 near the region of the 

FecB locus (Lord et al., 1996). The breakpoint for one end of the 

inversion has been mapped to a small region of 150 kb pairs 

between the genes for SPP1 (secreted phosphoprotein 1) and DMP1 

(dentin-specific acidic phosphoprotein) (Lumsden et al., 1999) 

outside the critical region for the FecB locus. Genes from 

chromosome 6 in sheep also map to pig chromosome 8 and a locus 

increasing ovulation rate maps to pig chromosome 8 (Rohrer, 1999; 

Wilkie et al., 1999).  

The Booroola Sheep Society of New Zealand established the 

first sheep registry for a major gene in the early 1980’s. A 

certification procedure was incorporated whereby rams were 

assigned single copy or double copy status on the basis of 

information on the ovulation rate or litter size of daughters provided 

by the breeder (Montgomery et al., 2001). Montgomery et al. (1993) 



Review of Literature 

١٨ 

 

developed the first DNA marker test for the Booroola gene, located 

on chromosome 6. This test was about 90% accurate and relied on 

three marker genes located near the Booroola gene. The Booroola 

status of the animal’s parents was required to determine the phase 

of each marker. The marker test was accepted by the Booroola 

Sheep Society of New Zealand as an alternative to progeny testing 

for the purpose of certifying rams as carriers. The big breakthrough 

came in 2001 when groups at Agriculture Research in New 

Zealand, INRA in France, and the University of Edinburgh in 

Scotland discovered that sheep carrying the Booroola gene have a 

mutation in a receptor (BMPR-1B) expressed in the ovary (Mulsant 

et al., 2001; Souza et al., 2001; Wilson et al., 2001). The discovery 

of the actual gene enabled a DNA test to be developed that is 100% 

accurate and requires no parental information. The availability of 

the new accurate test without the need for parentage information has 

provided new insights into the possible origin of the Booroola 

Merino. Investigation of the gene’s origin led to its discovery in 

dwarf Garole sheep in northeast India (Davis et al., 2002). The 

Garole (also known as Bengal) were introduced into Australia in 

1792, and it is highly likely that the Booroola Merino is a direct 

descendant of these sheep (Turner, 1982). The prolific Javanese 

sheep of Indonesia also carry the Booroola gene (Davis et al., 

2002). Uptake of the Booroola gene has been limited due to past 

difficulties in identifying carrier sheep and the extra management 

required to profitably parental information.  

Knowledge of this mutation has prompted researchers to 

screen other prolific sheep breeds to determine whether this 

mutation is responsible for their high prolificacy. These studies, in 

conclusion, showed that this mutation is present in some breeds 

while absent in other prolific ones. 

Sheep carrying the Booroola gene derived from the 

Australian Booroola Merino are farmed in at least 13 countries 
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(Thimonier, 1991), in addition to native breeds carrying the BMPR-

1B mutation in India and Indonesia (Davis et al., 2002). 

Pardeshi et al. (2005) used PCR-RFLP test to determine the 

presence of FecB mutation in four Indian sheep breeds, viz. Garole, 

Deccani, Bannur and Madras Red. The Garole was the only breed, 

which carried the FecB mutation. They used the technique to trace 

the FecB mutation introgression from Garole sheep into Deccani 

sheep and Bannur sheep, and monitored the performance of the 

crossbred sheep subsequent generations. They found that, as they 

expected, approximately half of the first backcross ewes (progeny 

of FecB heterozygote F1 rams) were found to carry one copy of 

FecB mutation. 

In China, Guan et al. (2006) screened Nine local Chinese 

sheep breeds including 615 individuals with forced PCR RFLP 

method for the FecB gene to study the polymorphism and its effects 

on litter size, body weight and body size. Results showed that the 

polymorphism frequencies of FecB gene were significantly 

imbalanced in these breeds or strains. The Hu sheep were all 

homozygous carriers of FecB gene(BB). In the Chinese Merino 

prolific meat strain, the genotype frequencies of BB, B+ and ++ 

were 51%, 30% and 19%, respectively, whereas all the other flocks 

had only the wild-type (++) genotype.  

The FecB genotyping was carried out by Forced RFLP-PCR 

technique in Indian sheep breeds prolific Garole non-prolific, 

Marwari and Bharat Merino ewes with the aim to confirm linkage 

of twinning with FecB mutation. Garole ewes were selected which 

had at least one record of twins, triplets or more lambs. Marwari 

and Bharat Merino ewes were selected into two groups, one group 

had at least one record of twin and other group had only single 

lamb. Results showed that FecB mutation was associated with 

twinning/high litter size in Garole ewes, while all Marwari and 

Bharat Merino ewes were found non-carriers for FecB mutation. 

The study indicated that twinning in Marwari and Bharat Merino 
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ewes was not linked with FecB mutation, and it may be due to 

various other extrinsic reasons, including environmental factors or 

other unknown genes (Kumar et al., 2006). 

In Iran, Shal sheep breed were tested for the presence of FecB 

mutation using RFLP-PCR method. All the samples showed wild 

allele and FecB++ genotype. Considering the phonotypic records in 

this breed, the obtained result indicates that the genetic factor 

responsible for twining or multiple lambing rate is not related to 

reported mutated alleles at Boorola major gene. (Ghaffari et al., 

2009). 

Davis et al. (2006) tested twenty-one of the world’s prolific 

sheep breeds and strains for the presence of the FecB mutation of 

BMPR1B. The breeds studied were Romanov (2 strains), Finn (2 

strains), East Friesian,Teeswater, Blueface Leicester, Hu, Han, 

D’Man, Chios, Mountain Sheep (three breeds), German 

Whiteheaded Mutton, Lleyn, Loa, Galician, Barbados Blackbelly 

(pure and crossbred) and St. Croix. They found that the FecB 

mutation was found in two breeds only which were Hu and Han 

from China.  

Chinese small tailed Han is a prolific sheep breed were 

studied for the presence of FecB mutation by PCR-RFLP. The 

results indicated that the same FecB mutation (Q249R) occurred in 

the BMPR-IB gene in Small Tailed Han ewes as found in Booroola 

Merino ewes (Chu et al. 2007).  

EL-Hanafy and El-Saadani (2009) studied polymorphism by 

forced PCR-RFLP of FecB gene in five Egyptian local sheep 

breeds and its comparison with other foreign sheep breeds. 

Genomic DNA was isolated from a total of 100 animals of 

Egyptian sheep breeds namely. They concluded that all the animals 

belonging to the five Egyptian breeds studied revealed absence of 

this restriction site in those five breeds. 
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Borni et al. (2011) reported the absence of Booroola 

fecundity gene (FecB) in Tunisian fat tail Barbarine sheep breed. In 

their study, they screened the FecB in 334 ewes recorded with 

twining births using forced restriction fragment length 

polymorphism PCR technique. Forced PCR of the FecB gene was 

amplified using a specific primer designed to introduce a point 

mutation in the resulting PCR products with FecB non carriers 

sheep containing an AvaII restriction site, whereas products from 

non carriers lacked this site. Digestion of an amplified 140 base 

pair FecB gene with AvaII restriction enzyme resulted in a non-

carrier 140 bp band (wild type) in all the studied animals which 

revealed absence of the AvaII restriction site in this breed. They 

concluded that the genetics factor controlling twinning in the 

Tunisian fat tail Barbarine sheep breed is not related to this 

mutation, which has previously been reported Booroola as a major 

gene. 

2.3.2 Inverdale Gene 

The inheritance pattern of the Inverdale gene (FecX
I) was 

discovered in 1990 in a screened prolific flock among descendants 

of a Romney ewe that had produced 33 lambs in 11 lambings in a 

Banks Peninsula flock (Davis et al. 1991). In the mid 1990’s in the 

Romney flock of Mac Hanna in Waikato, a gene showing the same 

inheritance pattern and phenotype as the Inverdale was found 

(Davis et al. 2001). The observation that in both Inverdale and 

Hanna sheep a carrier ram passed the gene to all daughters but to 

none of his sons was the first indication that in both flocks a 

prolificacy gene was inherited on the X-chromosome. In contrast, 

carrier ewes passed the gene to half their progeny of each sex. One 

copy of the Inverdale (FecX
I) allele or Hanna (FecX

H) allele 

increase litter size by about 0.6 lambs per ewe lambing. However, 

homozygous ewes inheriting alleles from both parents have small 

undeveloped ovaries and are infertile. No effects of FecX
I were 

detected in crown–rump length, weight of fetus, mass of the 
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mesonephros or ovarian volume at 40 days of age (Smith et al., 

1997). The number of germ cells present in the ovary of I+ carriers 

was significantly lower at 40 days and significantly higher at 90 

days compared with non-carriers (Smith et al., 1997). At day 90 of 

gestation, mean diameters of the follicles in I+ ovaries were smaller 

than for those in ++ or II ovaries, due in part to differences in mean 

diameter of oocytes. However; this from day 105 of gestation, 

follicular development in I+ carriers was similar to that in the 

controls (Montgomery et al. 2001). 

2.3.2.1 Genetic mapping 

The FecX locus was assigned to the sheep X chromosome 

by classical segregation analysis (Davis et al., 1991) and therefore 

mapping studies to locate the gene were concentrated on the X 

chromosome. Carrier (IY) rams were mated to heterozygous (I+) 

carrier ewes to generate pedigrees for marker studies (Galloway et 

al., 2000). Homozygous carrier ewes have streak ovaries and 

daughters can be identified by direct observation of the ovaries 

before puberty (Davis et al., 1995) without the errors associated 

with phenotype assignment on the basis of ovulation rate in 

Booroola families. 

A linkage map was constructed for the sheep X chromosome 

(Galloway et al., 1996) and markers from the X chromosome were 

screened in a three-generation flock in which the Inverdale gene 

was segregating. The FecX
I locus was mapped to a 10 cM region at 

the centre of the X chromosome (Galloway et al., 2000) in a region 

containing the genes for TIMP1 (tissue inhibitor of 

metalloproteinase 1) and MAOA (monoamine oxidase A). The 

equivalent region of the human X chromosome is Xp11.2–p11.4 

(Galloway et al., 2000). BMP15 (bone morphogenetic protein 15), 

also known as GDF9B (growth differentiating factor 9B), is a 

member of the transforming growth factor superfamily, expressed 

specifically in the oocyte in several species (Dube et al., 1998; 

Laitinen et al., 1998). The gene mapped to the human X 
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chromosome Xp11.2 (Dube et al., 1998) and is a strong candidate 

for the FecX
I phenotype. The gene was shown to map to the sheep 

X chromosome within the critical region and no recombinants were 

observed between the FecXI locus and BMP15 in 78 coinformative 

meioses (Galloway et al., 2000). The ovine gene was sequenced and 

shown to be similar to the gene in humans, mice and rats, with a full 

length sequence of 1179 bp containing two exons. Mutations were 

found in BMP15 in both FecX
I and FecX

H carriers. In FecX
H 

carriers a single C→T transition at nucleotide 67 of the coding 

region for the mature peptide introduces a premature stop codon 

into the sequence, which probably results in complete loss of 

BMP15 function in the homozygous carriers of the FecX
H variant. 

In FecX
I carriers, a single T→A transversion at nucleotide position 

92 results in the substitution of a valine with aspartic acid in a 

highly conserved region of the protein (Galloway et al., 2000). It 

appears likely that the amino acid change impairs the ability of 

BMP15 to form dimers and interferes with the biological action of 

BMP15 in ewes homozygous for the FecX
I variant (Montgomery et 

al., 2001). 

Galloway et al. (1999) developed a DNA marker test for the 

Inverdale gene with similar accuracy to the early Booroola marker 

test. The test also relied on three DNA markers and needed 

information on the Inverdale status of parents of the sheep under 

test.  

The discovery of the actual mutation has enabled a new 

DNA test to be developed which, like the new Booroola test, is 

100% accurate and requires no parental information.  

Ewes inheriting the gene from both parents are infertile, and 

therefore commercial use of the gene involves retaining the prolific 

daughters of a carrier ram crossed with non-Inverdale ewes. These 

daughters are identified and managed as high producing ewes that 

are mated to terminal sires. In one leading commercial flock in New 

Zealand, Inverdale ewes averaged an extra 35 lambs weaned per 
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100 ewes joined per year, over a four-year period. A cost benefit 

analysis published in 1998 showed that the economic value under 

typical New Zealand farming conditions of an Inverdale ram 

compared with a non-Inverdale ram was $NZ3350 (Amer  et al., 

1998). 

In their search for the presence of  the FecX
I mutation of 

BMP15  in twenty-one of the world’s prolific sheep breeds and 

strains in thirteen countries, Davis et al. (2006) reported that there 

was no evidence of FecX
I in any of the breeds sampled. The breed 

studied were Romanov (2 strains), Finn (2 strains), East 

Friesian,Teeswater, Blueface Leicester, Hu, Han, D’Man, Chios, 

Mountain Sheep (three breeds), German Whiteheaded Mutton, 

Lleyn, Loa, Galician, Barbados Blackbelly (pure and crossbred) and 

St. Croix. 

In Tunisia, a study was conducted to identify the FecX
I 

mutation of BMP15 in Tunisian Barbarine sheep. The study 

reported no detection of FecX
I in Barbarine sheep and suggested  

that fecundity of this breed was not linked to the same mutations 

(Borni et al. 2011).  

2.4 Gel electrophoresis  

 Protein electrophoresis is a method of separating proteins 

based on their physical properties (Tiselius, 1937). Electrophoresis 

method separates molecules on the basis of their size, electric 

charge, and other physical properties (Shapiro et al., 1967). Various 

supporting substances are used in electrophoresis such as cellulose 

acetate (Vorc et al., 2000) and gel which include agar (Akdogan et 

al., 1999), agarose (Chaudhary et al., 2003) and poly acrylamide 

(Shixiong et al., 2000; Shimokawa et al, 1980). Slab-gel 

electrophoresis is an established technique for protein separation, 

whereby many samples can be analyzed simultaneously in 1-D 

format (Issaq, 2001). In 1967, it was shown that molecular weights 

of most proteins could be determined by measuring the mobility in 
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polyacrylamide gels containing the detergent sodium dodecyl 

sulfate (SDS) (Shapiro et al., 1967). This technique was improved 

two years later and became a standard technique for the 

determination of the molecular weights of single polypeptide chains 

(Weber and Osborn., 1969).Many studies employed protein gel 

electrophoresis as a tool for analysis of biological fluids in human 

and animal species. For example, the protein compositions of 

uterine secretions in young and aged hamsters during early 

pregnancy were studied to determine pregnancy and age influence 

on the changes in Protein profiles of uterine luminal fluid. 

Polyacrylamide slab-gel electrophoresis was employed in this study 

(Chaudhary et al., 2003). 

In another study, native protein electrophoresis on agarose 

gel was performed on human urine samples in order to study the 

appearance of specific protein bands in light chain disease (multiple 

myeloma) (Roach et al., 1999).  

Electrophoresis methods were used, in another study, in the 

qualitative and quantitative protein analysis of cerebrospinal fluid 

(CSF). Disc electrophoresis was carried out for detection of 

oligoclonal IgG bands in cerebrospinal fluid on polyacrylamide gel. 

Pairs of CSF and serum were taken from 30 patients, mainly with 

multiple sclerosis and other central nervous system dysfunctions, 

polyradiculoneuritis, known as Guillain-Barre syndrome, 

encephalitis, paraproteinemia, and analyzed using specialized 

software packages for fast accurate image and gel analysis 

(Chaudhary et al. 2003).  

The technique of serum protein electrophoresis has been 

used for decades as an essential disease screening tool. Serum is 

placed on a specific medium, and a charge is applied (Theodor et al. 

2005). The net charge (positive or negative) and the size and shape 

of the protein commonly are used in differentiating various serum 

proteins (Jacoby and Cole, 2000). Several subsets of serum protein 

electrophoresis are available. The names of these subsets are based 
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on the method that is used to separate and differentiate the various 

serum components. In zone electrophoresis, for example, different 

protein subtypes are placed in separate physical locations on a gel 

made from agar, cellulose, or other plant material (Ravel 1995). The 

proteins are stained, and their densities are calculated electronically 

to provide graphical data on the absolute and relative amounts of 

the various proteins. Further separation of protein subtypes is 

achieved by staining with an immunologically active agent, which 

results in immunofluorescence and immunofixation (Theodor et al. 

2005). The pattern of serum protein electrophoresis results depends 

on the fractions of two major types of protein: albumin and 

globulins. Albumin, the major protein component of serum, is 

produced by the liver under normal physiologic conditions. 

Globulins comprise a much smaller fraction of the total serum 

protein content. The subsets of these proteins and their relative 

quantity are the primary focus of the interpretation of serum protein 

electrophoresis(Jacoby and Cole 2000, Ravel 1995). Albumin, the 

largest peak, lies closest to the positive electrode. The next five 

components (globulins) are labelled alpha1, alpha 2, beta1, beta 2, 

and gamma. The peaks for these components lie towards the 

negative electrode, with the gamma peak being closest to that 

electrode.  

The albumin band represents the largest protein component 

of human serum. The albumin level is decreased under 

circumstances in which there is less production of the protein by the 

liver or in which there is increased loss or degradation of this 

protein. Malnutrition, significant liver disease, renal loss (e.g., in 

nephrotic syndrome), hormone therapy, and pregnancy may account 

for a low albumin level. Burns also may result in a low albumin 

level. Levels of albumin are increased in patients with a relative 

reduction in serum water (e.g., dehydration). Moving toward the 

negative portion of the gel (i.e., the negative electrode), the next 

peaks involve the α1 and α2 components. The α1-protein fraction is 
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comprised of α1-antitrypsin, thyroid binding globulin, and 

transcortin in humans. Malignancy and acute inflammation 

(resulting from acute phase reactants) can increase the α1-protein 

band. A decreased α1-protein band may occur because of α1-

antitrypsindeficiency or decreased production of the globulin as a 

result of liver disease. Ceruloplasmin, α2-macroglobulin, and 

haptoglobin contribute to the α2-protein band. The α2 component is 

increased as an acute-phase reactant. In human, the β fraction has 

two peaks labeled β1 and β2. β1 is composed mostly of transferrin, 

and β1 contains β -lipoprotein. IgA, IgM, and sometimes IgG, along 

with complement proteins, also can be identified in the β fraction. 

Much of the clinical interest is focused on the gamma region of the 

serum protein spectrum because immunoglobulins migrate to this 

region (Theodor et al. 2005). Immunoglobulins often can be found 

throughout the electrophoretic spectrum. C-reactive protein (CRP) 

is located in the area between the beta and gamma components 

(Jacoby and Cole 2000). In a study on dogs with intestinal parasites, 

agar gel protein electorphoresis was applied on the serum samples 

of 66 dogs with intestinal parasites (showing gastrointestinal 

problems caused by taeniosis, coccidiosis, ancylostomosis, trichuris 

and ascarididosis). α1 globulin levels were significantly lower in the 

coccidiosis group than in the other groups. While α2 globulin levels 

increased in the ancylostomosis group, these levels decreased 

significantly in the dogs with ascarididosis. There was no change in 

β and γ globulin levels in any of the groups. While the protein level 

increased in the dogs with taeniosis, these levels were lower in the 

coccididosis group than in the other groups (Akdogan et al. 1999). 

Protein electrophoresis was also employed in studying 

normal physiological conditions as in the study which conducted on 

camels. Agarose protein electrophoresis was applied on serum 

samples of adult and young camels and their serum pattern was 

compared. It was noticed that the concentration of total proteins, 

albumin and gamma-globulins was higher in the adult camels than 
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in camel calves. The concentrations of beta1 globulins were higher 

in calves as compared to adult camels (Chaudhary et al. 2003).  

The aim of a study on Atlantic Loggerhead Sea Turtle, 

Caretta caretta was to determine reference intervals for plasma 

protein fractions of normal appearing, wild Atlantic loggerhead sea 

turtles. Plasma proteins were separated using gel electrophoresis 

and scanned using a laser densitometer (John et al. 2004).  

Zhao et al. (2008) studied the relationship between Blood 

Protein Polymorphism and Prolificacy of Long-tail Han Sheep in 

Henan Province and reported the existence of some difference of 

lamb-breeding number between different phenotypes of female 

sheep,but not significant. 

2.5 Esterases 

Cholinesterase is a member of a family of enzymes that 

catalyze the hydrolysis of the neurotransmitter acetylcholine into 

choline and acetic acid, a reaction necessary to allow a cholinergic 

neuron to return to its resting state after activation. There are two 

types: 

• Acetylcholinesterase (EC 3.1.1.7) (AChE), also known as 

RBC cholinesterase, erythrocyte cholinesterase, or (most 

formally) acetylcholine acetylhydrolase, found primarily in 

the blood and neural synapses. Acetylcholinesterase exists in 

multiple molecular forms. In the mammalian brain the 

majority of AchE occurs as a tetrameric, G4 form (10) with 

much smaller amounts of a monomeric G1 (4S) form (Wang 

and Tang 2005).  

• Pseudocholinesterase (EC 3.1.1.8) (BchE or BuChE), also 

known as plasma cholinesterase, butyrylcholinesterase, or 

(most formally) acylcholine acyl hydrolase, found primarily 

in the liver. 
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The difference between the two types of cholinesterase has to do 

with their respective preferences for substrates: the former 

hydrolyses acetylcholine more quickly; the latter hydrolyses 

butyrylcholine more quickly. 

The half-life of pseudocholinesterase is approximately 8–16 

hours. Pseudocholinesterase levels may be reduced in patients with 

advanced liver disease. The decrease must be greater than 75% 

before significant prolongation of neuromuscular blockade occurs 

with succinylcholine (Miller, 2005).  

2.5.1 Clinical significance 

Absence or mutation of the pseudocholinesterase enzyme 

leads to a medical condition known as pseudocholinesterase 

deficiency. This is a silent condition that manifests itself only when 

people that have the deficiency receive the muscle relaxant 

succinylcholine or mivacurium during a surgery. 

Pseudocholinesterase deficiency may also affect local 

anaesthetic selection in dental procedures. The enzyme plays an 

important role in the metabolism of ester-based local anaesthetics, a 

deficiency lowers the margin of safety and increases the risk of 

systemic effects with this type of anaesthetic. The selection of an 

amide-based solution is recommended in such patients. 

Elevation of plasma pseudocholinesterase was observed in 

90.5% cases of acute myocardial infarction (Chatterjea and Shinde, 

2005).  

The presence of acetylcholinesterase in the amniotic fluid 

may be tested in early pregnancy. A sample of amniotic fluid 

obtained by amniocentesis, and presence of AChE can confirm 

several common types of birth defect, including abdominal wall 

defects and neural tube defects (FBR Resource Guide, 2007)  
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Butyrylcholinesterase can be used as a prophylactic agent 

against nerve gas and other organophosphate poisoning (Huang et 

al., 2007). 

Zymogram of pseudocholinesterase were widely used in 

studies concerning diagnosis and correlation to a number of  

physiological and pathological conditions, the following are the 

examples studied: 

Characteristical patterns of non-specific esterase zymogram 

on the keratinization were carried out in the experimentally induced 

epidermoid carcinoma from the skin and salivary gland of mice. 

Zymogramic findings and histochemical localizations of esterase in 

tumor lesions were also comparatively observed (Yoshimura et al., 

1970).  

• Esterase zymogram of well keratinized carcinoma was 

characterized by intense stainability of the A-esterase and by 

relative decrease of the B- and C-esterases, although that in 

the homologous skin and salivary gland consisted of the A-, 

B- and C-esterases. 

• In zymogramic findings of esterase, the A-esterase 

was discriminated into the A-I and the A-II esterase. 

The A-I and A-II esterases were suggestive to be 

arylesterase and pseudocholinesterase from inhibitory 

attitude respectively. 

• Histochemical localization of esterase in well 

keratinized tumor tissues was not similar in the 

substrates used, that is, simple naphthol method 

stained in peripheral tumor cells, however substituted 

naphthol method showed an intense stainability in 

keratinized arears.     

Matsuzaki et al. (1980) separated and measured The 

distribution of relative activities of cholinesterase isozymes from 
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serum samples isolated from sixteen Japanese subjects using 

polyacrylamide gel electrophoresis and a densitogram coincided 

well with a calorimetric measurement. They found that 

abnormalities of the zymogram were newly found in patients with 

liver cirrhosis and metastatic liver cancer, which seemed to be 

characteristic to the respective diseases. 

Using electrophoresis, specific staining, and selective 

inhibition, esterase components were examined and identified in the 

plasma of 13 anthropoid species: 5 hominoids, 7 cercopithecoids, 

and 1 platyrrhine. Most species, unlike humans, exhibited one or 

more arylesterase and/or carboxylesterase components as well as 

cholinesterase and albumin-associated arylesterase. A distinctive 

arylesterase probably indicates pregnancy in cercopithecoids. While 

some characters (such as the net charge of the cholinesterase 

molecule) were extremely uniform across all taxa examined, other 

quantitative and qualitative traits showed intra- and interspecific 

variation. Comparison of a cladogram with the distribution of traits 

showed that the least phyletically stable traits were, in general, 

those that also exhibited intraspecific polymorphism ( Breed and 

Jolly, 1987).  

An investigation of the properties and kinetics of serum 

cholinesterase (ChE) was conducted in familial cases of serum 

hyper-ChE activity.  An inhibition study with specific pseudo-ChE 

inhibitor (ethopropazine), or with anti-human pseudo-ChE sera, has 

produced evidence that this genetically variant ChE is pseudo-ChE 

(Yamamoto et al., 1987). 

In a study using One-dimensional polyacrylamide gel 

electrophoresis to study serum esterase enzymatic activity in three 

groups of patients and one group of normal volunteers to determine 

whether there is a statistically significant correlation between 

variations of serum pseudocholinesterase and the perception of pain 

in patients with chronic spinal pain. It was concluded that 

measurements of quantitative alterations of serum 
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pseudocholinesterase levels may be useful in the treatment of 

patients with chronic spinal pain (Cameron et al., 2000). 

During an investigation of cousin marriages in Iceland, five brothers 

and sisters were found to be hornozygous for the “silent” allele of 

plasma cholinesterase. Clinical information on two family members 

is presented and discussed, and the possibility of the presence of a 

“nearly silent” plasma esterase allele, in one of the family units 

investigated, was suggested (Arnason et al., 1975). 

In a study on serum esterase polymorphisms and their 

associations with prolificacy in small tail han sheep, it was 

concluded that serum estrase could be regarded as a genetic marker 

for early selection of high-yielding small tail han female sheep 

(Yang, 2009). 

2.6 Image analysis 

Electrophoregrams can be evaluated by eye using simple 

measurement tools. A basic strip or spot densitometer and a ruler 

can provide data that are adequate for some purposes. But for more 

detailed analysis, more sophisticated measurement tools are 

required. Analysis of gel images is used nowadays as a tool for 

better and more accurate reliable analysis of gel output since it has 

the following advantages: 

a) Image analysis is by far the quickest way to obtain 

quantitative data from gels and blots. 

b) Digitized specimens provide a permanent archive that 

can replace tedious photodocumentation. 

c) Corrections for warpage and background artifacts can 

be applied to the gel/blot images before measurement. 

d) Image analyzers provide both graphical and pictorial 

views during analysis such as a Coomassie-stained gel 
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which can be viewed while peak density and area are 

read from a density profile (graph) of the lanes.   

Analysis using multiple views improves the accuracy 

with which bands or spots are defined. 

e) Image analyzers are inherently flexible.  They allow a 

laboratory to deal efficiently with different types of 

gel/blot specimens (isotopic or nonisotopic). 

Almost any camera or scanner is adequate for imaging will 

illuminated specimens, and do not exceed about 1 optical density 

units in range. One dimensional gels have been traditionally 

analyzed with a simple strip densitometer. This instrument proceeds 

down a lane passing density and position values to a plotter on 

computer. The result is a graph of density with a wide dynamic 

range However, they are slow, read only one lane at a time, and 

generate a graph, not an image of the gel.  As the graph is not 

superimposed over the actual specimen, it could be difficult to 

correlate the graphical display with the specimen. Scanning 

densitometers are another tool for image acquiring. Scanning 

densitometers are divided into two types, point-by-point scanning 

densitometer which moves a collimated light beam or laser beam 

over the specimen. A detector measures the amount of light 

transmitted or reflected, and passes this value to a computer which 

assembles the discrete points into a complete image. The other type 

is the linear scanning densitometer moves a linear illuminator and a 

linear array of detectors over the specimen. Linear scanning 

densitometers are faster than point-by-point scanners, and the 

familiar desktop scanners are very cheap. Scanning densitometers 

have a broad dynamic range and exhibit excellent densitometric 

precision (because they are internally calibrated, and measure both 

incident and transmitted or reflected illumination). Therefore, they 

are useful for opaque gels (such as membrane blots) containing very 

dense regions. Scanning densitometers produce TIFF files, or files 

in proprietary formats (Patton 1995). 
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3. MATERIALS AND METHODS 

3.1 Animal materials and Samples 

Twenty two (11 twin producing crossbred ewes, 7 single 

lamb producing crossbred ewes, 2 crossbred rams from twin 

producing ewes and 2 purebred rams from twin producing ewes) 

were selected from the Experimental Sheep Farm, Nuclear 

Research Centre, Egyptian Atomic Energy Authority, Abuzabal, 

Cairo. The females were selected for their twin production in 

three repetitive production cycles, while the males were selected 

for being produced from prolific females as above. Two male.  

One ml venous blood was collected from each animal in 

heparinized tubes. Serum was collected from all fresh blood 

samples and stored at -20 
o
C. 

3.2 White blood cells collection (Farrell, 1999) 

3.2.1 Principle 

Red blood corpuscles (RBCs) and blood platelets are ruptured 

and their protein content along with other remaining serum 

proteins are removed by repetitive lyses and centrifugation. 

Finally, white blood cells are then collected intact for further 

assays.  

3.2.2 Reagents 

3.2.2.1 RBCs lysis buffer: 5mM magnesium chloride, 10mM Tris-

HCl pH 7.0, 10mM sodium chloride. 

3.2.2.2 Phosphate Buffer Saline (PBS) pH 7.4 

PBS was provided in tablet form purchased from EC 

Diagnostics AB, Sweden. One tablet was dissolved in 1l of 

1% Diethyl pyrocarbonate (DEPC) treated water to give final 

concentrations of 0.14 M NaCl, 0.003 M KCl, and 0,01 M 

Phosphate buffer pH 7.4 
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3.2.3 Procedure 

1. Transfer one millilitre of blood samples into sterile 

microcentrifuge tubes and then centrifuge at 3000 rpm (400 x 

g) for 5 minutes.  

2. Remove the relatively clear supernatants from the samples by 

careful pipetting.  

3. Resuspend the resulting pellets which contain RBCs and 

leukocytes in 900 µl of RBCs lysis buffer and centrifuge at 

3000 rpm (400 x g) for 5 minutes.  

4. Remove the generated supernatants as above and repeat the 

lysis step until nearly white colour pellets (leukocytes) were 

obtained.  

5. Resuspend the leukocytes pellets and wash them in 300 µl PBS.  

6. Centrifuge the leukocyte suspensions at 3000 rpm (400 x g) for 

5 minutes.  

7.  Recollect the leukocyte pellets in 300 µl PBS.  

3.3 DNA isolation 

3.3.1 Principle  

Isolation of DNA this methos is based on a four-step process 

(Miller et al., 1988). The first step in the purification procedure 

lyses the cells and the nuclei. The second step is An RNase 

digestion step. The cellular proteins are then removed by a salt 

precipitation step, which precipitates the proteins but leaves the 

high molecular weight genomic DNA in solution. Finally, the 

genomic DNA is concentrated and desalted by isopropanol 

precipitation. 

3.3.2 Procedure 

Genomic DNA was isolated from blood using 

Wizard®Genomic DNA Purification Kit (www.promega.com) 

according to manufacturer’s instructions: 
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1. Add Volume per volume DNA lysis buffer to each 

leukocytes sample tube and pipette the solution 5 to 6 times. 

2. Add 1.5µl of RNase solution to nuclear lysates and incubate 

mixtures at 37
 o

C for 15 minutes.  

3. After incubation, cool mixtures to room temperature.  

4. Add 100µl of protein precipitation solution to each tube and 

the mixtures were vortexed for 20 seconds.  

5. Centrifuge the lysates at 13,000–16,000 × g for 3 minutes at 

room temperature 

6.  Transfer supernatants to a clean 1.5ml microcentrifuge 

tubes containing 300µl of cooled isopropanol.  

7. Gently mixed the solutions by inversion until the white 

thread-like strands of DNA form a visible mass.  

8. Centrifuge the mixtures at 13,000–16,000 × g for 1 minute 

at room temperature 

9.  Decanted the supernatants and then add 300µl of cooled 70 

% ethanol the tubes to wash the pellets.  

10.  Aspirate the ethanol and leave the tubes upside down for 15 

minutes to dry.  

11. Add 100µl DNA rehydration solution to the tubes and 

incubate them at 4 
o
C overnight. 

12.  Store DNA at -20 
o
C. 

The quality of DNA was checked by spectro-photometry 

taking ratio of optical density (OD) value at 260 and 280 nm. 

Good quality DNA having OD ratio between 1.7 and 1.9 was 

used for further work. 

3.4. PCR- Forced RFLP 

3.4.1 Principle 

PCR-RFLP analysis in general involves amplification of a 

specific region of DNA encompassing the polymorphic 
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restriction enzyme site and then digestion of the amplified DNA 

fragment with the respective restriction enzyme  

3.4.2 Equipment and Reagents  

3.4.2.1 Equipment 

•  Thermal cycler (Little genius, www.bioer.com.cn) 

• Trans-illuminator (Biorad ) 

• Digital camera 

• Gel documentation software  (totallab 120, Nonlinear USA 

Inc) 

3.4.2.2 Reagents 

• Green Taq® PCR Master Mix (www.promega.com) 

• Taq DNA polymerase (www.qiagen.com) 

• Ethidium bromide 

• Agarose  (molecular biology grade) 

3.4.3 FecB gene 

A region of FecB gene (190 bp) was amplified by using 

forward primer (5`-CCAGAGGACAATAGCAAAGCAAA -3`) 

and reverse primer (5`-

CAAGATGTTTTCATGCCTCATCAACAG GTC -3`) (Davis et 

al., 2002). The reverse primer was deliberately introduced a 

point mutation resulting in PCR products with FecB carrier 

sheep containing an AvaII restriction site (G/GACC), whereas 

products from noncarriers lacked this site.  

3.4.3.1 Amplification by PCR  

Prepare a 25 µl of PCR reaction in a 0.2 ml PCR tubes  as 

follows: 

1. Add 100 ng DNA templates into the 0.2 PCR tubes 

2. Add 25 pM of each primer   

3. Add 12.5 Green Taq® PCR Master Mix (www.promega.com),  
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4. Add 0.5 Unit of Taq DNA polymerase (www.qiagen.com)        

(this is an additive step because during the optimization work 

of the procedure, the activity of  Taq polymerase in the kit was 

found to be weak).  

5. Complete the reaction volume to 25 µl with DNaes and RNase 

free PCR water  

6. Using the preprogrammed thermal cycler, carry out the 

amplification with the following conditions: initial denaturation 

of 5 min. at 94 
o
C followed by 30 cycles of denaturation at 94 

°C , annealing at 60 °C and extension at 72°C each of 30 s, 

final extension of 5 min at 72 °C and a final denaturation at 99 

°C for 15 min ( to stop the reaction).  

3.4.3.2 RFLP 

DNA PCR products were digested as described by Davis et al. 

(2002).  

1. Digest an aliquot of 10 µl of PCR product with 10 Units of 

Ava II restriction enzyme (www.promega.com) for 1 hours 

at 37 °C.   

2. Separate the restriction enzyme digested PCR products in 2 

% agarose gel. Ethidium bromide was added to the gel 

during formation and to the running buffer.  

3. Visualize the digested products on the trans-illuminator,  

4. Shoot the image using the digital camera and analyse the gel 

image using totallab 120 (Nonlinear USA Inc). 

The forced PCR of the FecB gene produced a 190 base pair 

(bp) band. After digestion with AvaII (Fermentas), the FecB 

gene homozygous carriers had a 160 bp band (BB), the 

noncarrier had a 190 bp band (++), whereas heterozygotes had 

both 160 and 190 bp bands (B+). 
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3.4.4 FecXI gene 

Analysis of samples for FecX
I
 (154 bp)was carried out using 

the forced RFLP method Primer 12 has been designed to 

generate a forced XbaI restriction enzyme site (T|CTAGA) in 

PCR products from carriers of the FecX
I
 mutation in the BMP15 

gene, whereas products from non-carriers of the mutation lack 

this site. Genomic DNA was amplified using forward primer (5`-

GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3`) and 

reverse primer (5`-CATGATTGGGAGAATTGAGACC-3`) 

(Galloway et al., 2000).  

3.4.4.1 Amplification by PCR  

Prepare a 25 µl of PCR reaction in a 0.2 ml PCR tubes as follows: 

1. Add 100 ng DNA templates into the 0.2 PCR tubes 

2. Add 25 pM of each primer   

3. Add 12.5 Green Taq® PCR Master Mix 

(www.promega.com),  

4. Complete the reaction volume to 25 µl with DNaes and 

RNase free PCR water  

5. Using the preprogrammed thermal cycler, carry out the 

amplification with the following conditions: initial 

denaturation of 5 min at 94 ◦C followed by 30 cycles of 

denaturation at 94°C, annealing at 55°C and extension at 

72°C each of 30s, final extension of 5 min at 72 °C. 

3.4.4.2 RFLP 

The digestion of DNA PCR products was based on the method 

described by Davis et al. (2002).  

1. Digest an aliquot of 10 µl of PCR product with 10 Units of 

XbaI restriction enzyme (www.promega.com) for 1 hours at 

37 °C.   
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2. Separate the restriction enzyme digested PCR products in 2 

% agarose gel. Ethidium bromide was added to the gel 

during formation and to the running buffer.  

5. Visualize the digested products on the trans-illuminator,  

6. Shoot the image using the digital camera and analyse the gel 

image using totallab 120 (Nonlinear USA Inc). 

The forced PCR of the FecX
I
 gene produced a 154 bp band. 

After digestion with XbaI (promega), the FecX
I
 gene 

homozygous carriers had a 124 bp band (XX), the noncarrier had 

a 154 bp band (++), whereas heterozygotes had both 124 and 154 

bp bands (X+). 

3.5. Total Protein Determination 

3.5.1 Principle  

The Bradford (1976) method for total protein 

determination is based on the noncovalent binding of the anionic 

form of the dye Coomassie Blue G-250 with protein (Compton 

and Jones 1985).  The dye reacts chiefly with arginine residues, 

which have a positively charged side chain, and slight 

interactions have also been observed with basic residues 

(histidine and lysine) and aromatic residues (tyrosine, 

tryptophan, and phenylalanine) (Mikkelsen and Corto´n, 2004). 

3.5.2 Protein Reagent 

1. Dissolve 100mg of coomassie brilliant blue G-250 in 50 ml 

95% ethanol.  

2. To this solution, add 100 ml of 85% (w/v) phosphoric acid.  

3. Diluted the resulted solution with distilled water to a final 

volume of 1 litre.  

Final concentrations in the reagent were 0.01%(w/v) 

coomassie brilliant blue G-250, 4.7% (w/v) ethanol, and 8.5% 

(w/v) phosphoric acid. 
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3.5. 3 Phosphate Buffer Saline (PBS) pH 7.4 

PBS was provided in tablet form purchased from EC 

Diagnostics AB, Sweden.  

Dissolve one tablet in one litre of distilled water to give final 

concentrations of 0.14 M NaCl, 0.003 M KCl, and 0.01 M 

Phosphate buffer pH 7.4 

3.5.4 Protein Standard 

Bovine serum albumin (BSA), 1.44 mg/ml, (Biorad) was 

used as a protein standard. 7 µl of standard containing 10.08 

BSA were diluted with PBS to a final volume of 0.1 ml. 

3.5.5 Sample Preparation 

Dilute serum samples 10 times by adding 10 µl of each 

sample to 90 µl of PBS. 10 µl of each aliquot were diluted to 

0.1 ml with PBS.  

3.5.6 Protein Assay 

1. Add one millilitre of protein reagent to the test tubes that 

contained 0.1 ml of standard and samples.  

2. Mix the tubes contents by vortexing.  

3. Measure the absorbance after two minutes at 595 nm. 

3.6 Protein Electrophoresis (Hames and Rickwood, 

1990) 

3.6.1 Principle  

The method is based on the principle that macromolecules 

can be separated according to their unique size and charge when 

placed in a gel matrix under an electrical field. 

3.6.2 Sample preparation 

The serum samples collected from animals under study were 

merged into four samples representing four groups: twin 

producing group (ft), single producing group (fs), group of 2 
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males produce by twin producing females from pure breed (mp), 

2 males from twin producing female from cross breeds (mt).   

Molecular weight marker used is amersham high molecular 

weight calibration kit for native electrophoresis 

(http://www.gehealthcare.com/lifesciences) 

3.6.3 Stock solutions 

The following solutions are prepared polyacrylamide gel 

electrophoresis (PAGE):  

3.6.3.1 Acrylamide/Bis (30% T, 2.67% C) stock solution  

1. Dissolve 29.2 g acrylamide and 0.8 g N'N'-bis-methylene-

acrylamide in distilled water.   

2. completed the solution volume to 100ml,  

3. Filtrate and store at 4 °C in the dark. 

3.6.3.2 Tris-HCl, 1.5 M, pH 8.8 

1. Dissolve 18.15 g Tris base in 80 ml distilled water.  

2. Adjust the solution pH to 8.8 with 6 N HCl  

3. Complete the solution volume to 100 ml with distilled water 

and store at 4 °C. 

3.6.3.3 Tris-HCl, 0.5 M, pH 6.8 

1. Dissolve 6 g Tris base base in 80 ml distilled water.  

2. Adjust the solution pH to 6.8 with 6 N HCl  

3. Complete the solution volume to 100 ml with distilled water 

and store at 4 °C. 

3.6.3.4 Ammonium persulphate (APS), 10% 

Dissolve 100 mg ammonium persulphate in 1 ml of distilled 

water (APS solution must be freshly prepared prior to gel 

preparation). 

3.6.3.5 N,N,N,N-Tetramethylethylenediamine (TEMED) 

3.6.3.6 Storage-Drying Solution 
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This solution was prepared to wash gels from any remains of 

stain, strengthen protein bands, and to dry gels from excess 

water.  

Prepare the storage-drying solution by mixing 300 ml 

methanol with 30ml glycerol and 100 ml of 50% TCA. 

3.6.4 Native Polyacrylamide Gel Electrophoresis (Native-

PAGE) 

3.6.4.1 Sample Buffer, pH 6.8 

1. Mix 5.5 ml distilled water, 1.25 ml 0.5 M Tris-HCl (pH 6.8), 

3 ml glycerol, and 0.2 ml 0.5% (w/v) bromophenol blue.  

2. Complete the total volume of the solution to 10 ml and store 

the solution was stored at room temperature. 

3.6.4.2 Electrode buffer  

The electrode buffer is freshly prepared  as follows: 

1. Dissolve 2.41 g of Tris base and 11.52 g of glycine in 800 

ml of distilled water.  

2. Adjust the pH to 8.3 using 6 N HCl  

3. Completed the volume with distilled water to 1litre. 

3.6.4.3 Staining solution 

1. Dissolve 5 ml of perchloric acid in 100 ml of distilled water to 

obtain 3.5% (v/v) perchloric acid solution .  

2. Dissolve 0.04 g of coomassie blue G-250 to the previous 

solution (0.04 % w/v) 

3. Stir the solution was one hour 

4. Filtrate through Whatman No. 1 paper. 

3.6.4.4 Sample Preparation for Native-PAGE 

Dilute the samples by a ratio of 1:3 with sample buffer and 

mix well prior to pouring into gel wells. 
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3.6.4.5 Gel Formulations 

3.6.4.5.1 Resolving Gel (8%)  

1. Prepare the gel solution by mixing 14.4 ml distilled water, 

8.1 ml of Acrylamide/Bis (30% T, 2.67% C) stock solution, 

and 7.5 ml Tris (1.5M,pH8.8). The total volume of the 

solution is 30 ml.  

2. To this solution add 150µl of freshly prepared 10% APS, 

and 30 µl of TEMED prior to pouring into the gel plate 

assembly. 

3.6.4.5.2 Stacking Gel (4%)  

1. Prepare the gel solution by mixing 6.2 ml distilled water, 1.3 

ml of Acrylamide/Bis (30% T, 2.67% C) stock solution, and 

2.5 ml Tris (1.5M,pH8.8. The total volume of the solution 

was 10 ml.  

2. To this solution  add 50µl of freshly prepared 10% APS and 

10 µl of TEMED prior to pouring into the gel plate 

assembly.  Insert an appropriate comb into the assembly to 

from wells into which the samples will be poured. 

3.6.4.5.3 Running Conditions 

Apply  electric current of 25 mA on Serum protein samples 

under cooling conditions at 4 
o
C in the stacking gel followed by 

40 mA in the resolving gel for about 4 hours. 

3.6.4.6 Staining  

1. At the end of the run, stop the electrical current  

2. Recover the gels from the plate assembly.  

3. Submerge each gel into three times its volume of the 

staining solution in a suitable plastic container.  

4. Stain the gels overnight and then photographe after 

distaining. 
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3.7 Assay for Esterases activity (Manchenko, 2003) 

3.7.1 Principle  

Esterasesare visualized on electrophoretic gels using 

artificial substrates that are naphthol or naphthylamine 

derivatives. When naphthol or naphthylamine is liberated 

enzymatically, it immediately couples with a diazonium salt. An 

insoluble colored precipitate (an azo dye) is formed as a result of 

the coupling reaction in gel areas where speciÞc hydrolase 

activity is located. 

3.7.2 Reagents 

3.7.2.1 Staining solution  

• 0.05 M  Phosphate buffer, pH 7.2 100 ml 

• α-Naphthyl acetate (dissolved in 1 ml of acetone) 10 mg 

• Fast Blue B salt 50 mg 

3.7.2.2 fixation buffer 

       Prepare  a solution of 3% (v/v) acetic acid by dissolving  

three millitre of acetic acid unhydrous  in  97 ml of distelled 

water. 

3.7.3 Sample Preparation  

Add the samples by a ratio of 5:1 sample buffer and mixwell 

prior to pouring into gel wells. 

3.7.4 Gel Formulations and Running Conditions 

The gel formulations and running conditions are as discribed 

in sections 4.6.2.5 and 4.6.2.6 of Native-PAGE 

3.7.5 Staining  

1. Incubate the gel in the staining solution in the dark at 37°C 

until dark yellowish brown  bands appear.   

2. Wash the gel  with distilled water  
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3. Fix and store  in 3% acetic acid. 

3.8 Image analysis 

All gels were documented using totallab 120 (Nonlinear USA 

Inc). The image analysis software reads the produced images and 

automatically detects the sample lanes and types or bands on a 

gel and locates their position in pixels. Fraction or band intensity 

is calculated as a sum of colour degree distributed on pixels 

occupied by the fraction or band. For a specific fraction or band, 

the Software automatically calculates fraction or band % from 

total sum of types or bands intensity found in a sample lane.  
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4. RESULTS  

4.1 FecB  

The FecB gene results from (BMPR-1B) due to occurrence 

of mutation in it and this gene is expressed in the ovaries of FecB 

carrying ewes. The primer set forward primer (5`-

CCAGAGGACAATAGCAAAGCAAA -3`) and reverse primer 

(5`-CAAGATGTTTTCATGCCTCATCAACAG GTC -3`) is 

designed ensure the presence of this gene (FecB). 

It should be noted that when the AvaII restriction enzyme 

digests the 190 bp PCR product into two DNA fragments of 160 bp 

and 30 bp, this be an indicator of the presence of the FecB gene.  

Figures 1 and 2 showed the agarose gel electrophoresis of 

PCR product (190 pb).  

 

 

 

 

Figure (1): The PCR product of BMPR-IB of twin producing ewe (ft). The PCR 

product is 190 bp 

 

 

 

 

 

 

ft ft ft ft ft ft ft ft ft ft ft M



Results 

48 

 

 

 

 
Figure (2): The PCR product of  BMPR-IB of single lamb producing ewes (fs) 

and rams ( m )  . The PCR product is 190 bp 

 

Figures 3 and 4 showed the uncut BMPR-1B PCR products 

of animals under study. 

 

 

Figure (3): Digestion result of PCR product of BMPR-IB of twin 

producing ewes (ft). The PCR product was uncut revealing 

190 bp band 

fs fs fs fs fs fs fs m m m m M

M ft ft ft ft ft ft ft ft ft ft ft 
++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 



Results 

49 

 

 

        Figure (4): Digestion result of PCR product of BMPR-IB of single lamb  

producing ewes (fs) and rams ( m )  . The PCR product is 190 bp 

PCR products of animals under study were digested with 

AvaII restriction enzyme. No digestions resulted in 190 bp band in 

all the animals studied indicating the absence of Ava II restriction 

site. 

4.2 FecX
I
 

In the case of FecX
I
, the mutation was found in BMP15 

which is a member of the transforming growth factor superfamily. 

The presence of this mutation could be tested by a specially 

designed primer set, forward primer (5`-

GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3`) and reverse 

primer (5`-CATGATTGGGAGAATTGAGACC-3`). 

It should be noted that when the XbaI restriction enzyme 

digests the 154 bp PCR product into two DNA fragments of 124 bp 

and 30 bp, this be an indicator of the presence of the FecX
I
 gene. 

As seen in Figures 5 and 6, no PCR product resulted for the 

twin producing ewes, (figure 5), while there was an amplification of 

two bands as shown in figure 6.  
 
 

M fs fs fs fs fs fs fs m m m m 

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
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Figure (5): The PCR product of BMP-15 of twin producing ewes (ft).  there are no PCR 

products  
                 ft: twins producing ewes 

  

  

         Figure (6): The PCR product of BMP-15 of single lamb producing ewes (fs) and ram s( m )   

                        fs: single lamb producing ewes 

                        m: rams 

 

 

When gel images were analyzed using totallab
®
, the bands 

sizes were found to be 154, and 120 base pairs in the single lamb 

producing ewes and ram specimens.  
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Figure (7): Digestion result of PCR product of BMP-15 of 

single lamb  producing ewes (fs) and rams ( m )  . The PCR 

product is 154  
                   fs: single lamb producing ewes 

                            m: rams 

 

No new bands were produced when PCR products of the 

single lamb producing ewes and ram specimens were digested with 

XbaI as shown in figure 7. These results signifies non-carrier (++) 

154 bp band in all the animals studied revealing the absence of this 

restriction site of XbaI in those animals. 

4.3 Serum Native Protein Electrophoresis 

As shown in Figures 8,9,10,11,12 and 13 and tables 1 and 2 

showed protein types detected and the data obtained and the 

comparisons in the pattern of protein types in gels under study. 

There were mostly common bands. On the other hand, some lanes 

were characterised by presence or absence of specific bands as 

described below.  

 

 

 

 

 

 

M fs fs fs fs fs fs fs m m m m 

++ ++ ++ ++ ++ ++ ++ ++ ++ ++ ++ 
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Figure (8): native protein patterns produced for sheep groups 

under study.  

ft: ewe produce twins 

                               fs: ewe produce single 

      mp: rams from pure breed twin producing ewes 

      mt: rams from cross breed twin producing ewes.  

Figure (9): Image analysis of native protein patterns produced for 

sheep groups under study.  

ft: ewe produce twins 

                               fs: ewe produce single 

      mp: rams from pure breed twin producing ewes.  

      Mt: rams from cross breed twin producing ewes.  

 

  Ft fs mp mt  M 

 

  Ft fs mp mt  M 
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Figure (10): Graph produced by Totallab® for native protein 

pattern of twin producing ewes. 

 

 

 

Figure (11): Graph produced by Totallab® for native protein 

pattern of single producing ewes. 
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Figure (12): Graph produced by Totallab® for native protein 

pattern of rams produced from ewes from pure 

prolific breeds. 

         

   

Figure (13): Graph produced by Totallab® for native protein 

pattern of rams from cross-breed twin ewes. 

In tables (1) lane number one represents the native pattern of 

protein types for twin producing ewes. It showed the presence of 13 

types which have Rf values read at 0.028, 0.043, 0.108, 0.156, 

0.185, 0.205, 0.253, 0.311, 0.383,0.455, 0.515, 0.684, and 0.729 

and calculated molecular weights (MW) of 722.285, 679.682, 

524.34, 431.132,383.475, 353.443, 291.91, 231.285, 172.698, 

129.527, 101.416, 51.501, and 42.979 kd respectively.  

Lane number two represents the native pattern of protein 

types for single producing ewes. It showed the presence of 12 types 

which have Rf values read at 0.026, 0.087, 0.143, 0.175, 0.199, 
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0.248, 0.306, 0.39, 0.458, 0.506, 0.677, and 0.733 and calculated 

MWs of 727.649, 568.893, 454.097, 399.732, 363.004, 297.591, 

235.437, 168.399, 127.81, 105.402, 52.894, and 42.158 Kd 

respectively.  

Lane number three represents the native pattern of protein 

types for rams from pure prolific breeds. It showed the presence of 

12 types which have Rf values read at 0.028, 0.092, 0.136, 0.175, 

0.199, 0.241, 0.304, 0.377, 0.394, 0.499, 0.679, and 0.731 and 

calculated MWs of 722.285, 558.86, 467.072, 399.732, 363.004, 

306.095, 237.894, 177.107, 165.675, 108.575, 52.426, and 42.598 

kd respectively.  

Lane number four represents the native pattern of protein 

types for rams from twin producing ewes. It showed the presence of 

11 types which have Rf values read at 0.031, 0.094, 0.14, 0.179, 

0.202, 0.248, 0.309, 0.375, 0.52, 0.689, and 0.739 and calculated 

MWs of 714.827, 553.09, 459.516, 393.848, 358.192, 297.591, 

233.006, 178.689, 99.48, 50.368, and 41.17 Kd respectively.  

When all lanes were digitally compared and matched with a 

vector of 0.01 by the image analysis software types with migration 

differences less than 0.01 where calculated to be the same type as 

shown in tables 1 and 2. 
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                 Table (2): matching table of bands in groups under study 

ft: ewe produce twins 

fs: ewe produce single 

mp: ram from pure breed twin producing ewes.  

mt: ram from cross breed twin producing ewes. 

 

 Lane comparison and matching revealed three protein types 

with Rf values 0.043, 0.108, and 0.156 and  molecular weights 

679.682, 524.34, and 431.132 kd respectively were characteristic 

for lane number one which represents twin producing ewes. On the 

other hand, two bands with Rf values 0.087 and 0.143 and 

molecular weights 560.281 and 460.229 were absent in lane number 

one while present in all remaining lanes.  

When common protein types were studied in rams and ewes 

for differences in protein production, no significant differences in 

protein volumes were found.  

Name MW ft(1) fs(2) mp(3) mt(4) 

Band 1 721.764 1 1 1 1 

Band 2 679.682 1 0 0 0 

Band 3 560.281 0 1 1 1 

Band 4 524.34 1 0 0 0 

Band 5 460.229 0 1 1 1 

Band 6 431.132 1 0 0 0 

Band 7 394.197 1 1 1 1 

Band 8 359.411 1 1 1 1 

Band 9 298.297 1 1 1 1 

Band 10 234.405 1 1 1 1 

Band 11 176.165 1 0 1 1 

Band 12 167.037 0 1 1 0 

Band 13 128.668 1 1 0 0 

Band 14 106.988 0 1 1 0 

Band 15 100.448 1 0 0 1 

Band 16 51.797 1 1 1 1 

Band 17 42.226 1 1 1 1 
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4.4 Serum esterase 

Several types of esterase enzymes were detected in the 

zymogram and electronically analyzed as demonstrated in 

figures (14) and (15) and tables 3 and 4. 

 

 
 

      ft       fs    mp    mt 

 

        ft       fs    mp    mt 

  

Figure (14): serum esterase pattern in 

groups under study.  

ft: twin producing ewes,  

fs: single producing ewes,  

mp: ram from pure prolific breeds  

mt: ram from twin producing ewes. 

Figure (15): Image analysis of serum 

esterase in groups under study.  

ft: twin producing ewes,  

fs: single producing ewes,  

mp: ram from pure prolific breeds 

mt: ram from twin producing ewes. 
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Name f� f mp m� 

Band � ! ! ! � 

Band � ! ! ! � 

Band � � ! ! ! 

Band � ! ! ! � 

Band % ! � � ! 

Band " � ! ! � 

Band � ! � ! ! 

Band # ! ! � ! 

Band $ � ! ! ! 

Band �! � ! ! ! 

Band �� ! ! ! � 

Band �� � ! � ! 

Band �� � ! ! ! 

Band �� ! � ! ! 

Band �% � � ! ! 

Band �" ! ! � � 

Table (4): matching table of esterase bands in groups under 

study 

ft: ewe produce twins 

fs: ewe produce single 

mp: ram from pure breed twin producing ewes.  

mt: ram from cross breed twin producing ewes. 

From the figures and tables above it was noticed that there 

were only one type of esterase enzymes which was common in 

ewes, band number 7 in (ft) and 4 in (fs) which had an Rf value of 

0.789 and one etsrase enzymes common in rams which were band; 

band number 4 in (mp) and corresponding band number 6 in (mt) 

with Rf value 0.819. 

There were four characteristic bands for (ft) with Rf values   

0.356, 0.495, 0.589, and 0.679.there was  one characteristic band for 

(fs) with Rf value 0.458. 

In rams, there were three characteristic bands for (mt) with 

Rf values   0.084, 0.141, and 0.383 while there was one 

characteristic band for (mp) with Rf value 0.482. 
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There were no differences in the esterase activity in ewe 

common band and also in the ram common bands. 
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5. Discussion and Conclusion 

5.1 Discussion  

Piper and Bindon (1980) were the first to report a possible 

existence of a major gene affecting prolificacy in sheep at a 

workshop on the Booroola Merino at Armidale, Australia as 

they concluded in their report of analysis of litter size records 

from a small data set of Booroola Merino sheep that “seriously 

raised the possibility that the exceptional fecundity of the 

Booroola Merino may in part result from the action of a single 

major gene (or closely linked group of genes) affecting 

ovulation rate”. Conclusive evidence in support of Piper and 

Bindon’s  hypothesis was provided two decades later when 

three groups of researchers almost simultaneously discovered 

that the inheritance of prolificacy observed in the Booroola 

Merinos was the result of a mutation in the bone morphogenetic 

protein 1B receptor (BMPR 1B) (Mulsant et al. 2001, Souza et 

al. 2001, Wilson et al. 2001). Meanwhile, a mutation in the 

bone morphogenetic protein 15 gene (BMP15, also known as 

GDF9B) responsible for high prolificacy in Inverdale sheep had 

been discovered (Galloway et al. 2000) and evidence of 

segregating major genes was being reported from flocks around 

the world.  

The modes of inheritance of the different prolificacy genes 

include autosomal dominant genes with additive effects on 

ovulation rate (BMPR-1B), autosomal over-dominant genes 

with infertility in homozygous females (GDF9), X-linked 

overdominant genes with infertility in homozygous females, X-

linked maternally imprinted genes (Davis 2004). Either of these 

genes can be present in Egyptian breeds for the reason that the 

highly prolific sheep amongst the Egyptian breeds may indicate 

a presence of a genomic influence.  
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There are about ten breeds in Egypt namely Rahmani, 

Ossimi, Awassi, Barki, Awassi,Saedi, Farafra, Suhagi, Kanzi, 

Abudoliek, and manite which are usually cross-bred by the 

great majority of sheep breeders in Egypt. 

The results of the present study indicate the absence of 

the boroola mutation (FecB gene) in all studied animals.  The 

absence of FecB gene in the studied animals is in agreement 

with the results of EL-Hanafy and El-Saadani (2009), who 

concluded the absence of the gene in five Egyptian breeds.   

In the present study, FecX
I
 gene has been investigated 

using a primer sequences which have been used to test the 

presence of the FecX
I
 gene in 28 sheep breeds from 17 

countries. The sheep  strains are Javanese, Thoka, Woodlands, 

Olkuska, Lacaune, Belclare, , Cambridge, Romanov (2 strains), 

Finn (2 strains), East Friesian,Teeswater, Blueface Leicester, 

Hu, Han, D’Man, Chios, Mountain Sheep (three breeds), 

German Whiteheaded Mutton, Lleyn, Loa, Galician, Barbados 

Blackbelly (pure and crossbred) and St. Croix)  ( Davis  et.al., 

2002 and 2006). The absence of PCR product using the primer 

set in twin producing female sheep indicates the possibility of a 

mutation in binding sites of the primers sequences. This 

mutation may be related to the increased fertility in the twin 

producing sheep in Egypt. Moreover, as noticed from the 

results, the specific primer set used in this study may be used to 

directly test the fecundity in local Egyptian sheep.   On the 

other hand, as shown in figure 2, the single lamb producing 

female sheep and male sheep produced two DNA fragments of 

molecular size 154bp and 120 bp. The 154 bp PCR DNA 

fragment product is believed to be the expected PCR product of 

the primers binding site (Galloway et al., 2000; Davis et al., 

2002 and 2006) while the 120 bp DNA fragment is additional. 

When the DNA PCR product was digested with XbaI, no 

digestion was detected. Results suggest the absence of FecX
1
 

mutation the Egyptian local sheep under study.  
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Protein electrophoresis is a method of separating 

proteins based on their physical properties (Theodor et al. 

2005). Electrophoresis method separates molecules on the basis 

of their size, electric charge, and other physical properties 

(Bajla et al. 2001).  

In the present study, native polyacrylamide gel 

electrophoresis was used to investigate differences in protein 

patterns between sheep groups under study. The presence of 

three protein types with Rf values 0.043, 0.108, and 0.156 and 

molecular weights 679.682, 524.34, and 431.132 kd 

respectively was noticed in lane number one which represents 

twin producing female sheep and the absence of two protein 

types with Rf values 0.087 and 0.143 and molecular weights 

560.281 and 460.229, while found in all remaining lanes other 

animals groups under study. These findings  may be related to 

the physiological state of producing twins in such animals since 

that this pattern was noticed in a specimen of eleven female 

sheep with recorded twin production.  

Cholinesterase is a member of a family of enzymes that 

catalyze the hydrolysis of the neurotransmitter acetylcholine 

into choline and acetic acid, a reaction necessary to allow a 

cholinergic neuron to return to its resting state after activation. 

There are two types which are Acetylcholinesterase (AChE), 

also known as RBC cholinesterase, erythrocyte cholinesterase, 

or (most formally) acetylcholine acetylhydrolase, found 

primarily in the blood and neural synapses. 

Acetylcholinesterase exists in multiple molecular forms (Wang 

and Tang 2005). The other type is Pseudocholinesterase, also 

known as plasma cholinesterase, butyrylcholinesterase, or 

(most formally) acylcholine acylhydrolase, found primarily in 

the liver. The difference between the two types of 

cholinesterase has to do with their respective preferences for 

substrates: the former hydrolyses acetylcholine more quickly; 

the latter hydrolyses butyrylcholine more quickly. The half-life 
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of pseudocholinesterase is approximately 8–16 hours. 

Pseudocholinesterase levels may be reduced in patients with 

advanced liver disease. The decrease must be greater than 75% 

before significant prolongation of neuromuscular blockade 

occurs with succinylcholine (Miller, ����).  

I the present study, the pattern of serum esterases was 

compared between groups under study. No differences were 

found in the activity of common serum esterase in female sheep 

or in male sheep.  

Yang in 2009 concluded that could be regarded as a 

genetic marker for early selection of high-yielding small tail 

Han female sheep. Comparing the female groups, it was 

noticed that the esterase pattern of the twin lamb producing 

female group had seven esterase types amongst which five 

esterase types of with Rf values   0.356, 0.495, 0.589, 0.648 and 

0.679 were not noticed in the single producing female sheep. 

On the other hand, the esterase pattern of single lamb 

producing female sheep revealed only four types amongst 

which three with Rf values of 0.402, 0.458, and 0.711. These 

findings, if related to the physiologically increased prolificacy 

of the twin lab producing females, and as concluded by yang 

(2009) for small tail Han sheep, may be employed as 

preliminary data in the correlation between the found patterns 

and prolificacy in sheep since it was obviously noticed that 

there was an induced production of esterase types, five esterase 

types, in the twin lamb producing female sheep.  It should also 

be noticed that the production of three types of the esterase, 

found in the pattern of single lamb producing female sheep, 

was inhibited.  

Studying differences between the male groups made an 

anticipation that other physiological aspects rather than 

prolificacy may influence the differences in patterns amongst 

which the purity of the breeds. This conclusion was based on 

that both groups of males were basically selected in the present 
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study for being delivered from twin lamb producing female 

sheep.   

5.2 Conclusions and Suggestions 

This study has highlighted the importance of molecular and 

biochemical techniques in selection of Egyptian livestock. Marker 

assisted selection (MAS) has been to be used for nearly two decades 

in livestock selection programs of livestock exporting countries.    

In this study several points have been concluded and suggested: 

• The possible absence of FecB gene in all local 

Egyptian sheep breeds. 

• A possible presence of a mutation in the binding region 

of specific primers designed to test the presence of 

FecX
I
 in Egyptian sheep. This mutation hindered 

binding of these primers to their specific site therefore 

no amplification appeared. It is possible that this result 

may be used as a test to distinguish the twin producing 

individuals among the local Egyptian sheep. Future 

studies are recommended to sequence and identify the 

mutation in this region.  

• The investigation on the presence of FecX
I
 resulted in 

an amplification of 120 bp DNA fragment. The resulted 

DNA fragment may be unique to the Egyptian sheep 

since it was not reported in any of the past studies 

which were conducted around the world.  It is 

recommended that further studies are to be conducted 

to sequence and study the significance of this DNA 

fragment.   

• On protein level, since it is relatively lower in financial 

cost, the native protein pattern of the presence of three 

protein types and absence of two other types in the 



Discussion and Conclusion 

٦٧ 

 

group of twin producing females suggests a 

distinguishable pattern that may be used as a 

preliminary test to distinguish prolific sheep from 

mixed sheep flocks. It is suggested that wider 

application of this method on flocks with higher sheep 

numbers. It is also recommended that deeper studies on 

these types of proteins to realize their nature and 

physiological functions. 

• It should be emphasized that the findings in the pattern 

of the esterase activity between the female groups may 

be correlated to increased fecundity in twin lamb 

producing females. There were differences in the sum 

of eight esterase types between the female sheep 

pattern. Future experiments directed to the natures, 

activities, and possible relations of these esterase types 

to fecundity in sheep are suggested.  
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6. SUMMARY 

The present study was conducted in the experimental sheep 

farm and the central labs of the division of radioisotopes applications, 

Nuclear Research Centre, Egyptian Atomic Energy Authority in 

association with Department of Biochemistry, Faculty of Science, 

Helwan University. This study aims to investigate a number of 

molecular makers that influence fecundity in local Egyptian sheep. 

Consequently, the findings of this study may be used to assist breed 

selection by employing genetic markers. The farmer may benefit from 

such marker assisted selection economically by increasing his farm 

flock number by distinguishing highly prolific sheep amongst the flock 

and establishing groups with increased littre size. In the present study, 

twenty two (11 twin producing crossbred ewes, 7 single lamb 

producing crossbred ewes, 2 crossbred rams from twin producing ewes 

and 2 purebred rams from twin producing ewes) were tested. They 

were carefully selected from the records of the Egyptian nuclear 

research centre. The females were selected for their twin production in 

three repetitive production cycles, while the males were selected for 

being produced from prolific females as above. Serum from blood 

samples of sheep under study were collected for native-PAGE and 

esterase experiments. DNA was isolated from white blood cells. Using 

forced RFLP-PCR, the presence of two major genes affecting fecundity 

in sheep FecB and FecX
I
 was investigated in the sheep under study.   

FecB  

A region of FecB gene (190 bp) was amplified by using a set of 

forward (5`-CCAGAGGACAATAGCAAAGCAAA -3`) and reverse 

(5`-CAAGATGTTTTCATGCCTCATCAACAGGTC -3` ) primers. 

the specific primer set was designed to introduce a point mutation in 

the resulting PCR products with FecB carrier sheep containing an 

AvaII restriction site (G|GACC). The FecB DNA test showed that there 

were no carriers for the FecB mutation in the selected prolific sheep 

sample. 
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FecX
I 

Analysis of samples for FecX
I
 was carried out using the forced 

RFLP method  Primer 12 has been designed to generate a forced XbaI 

restriction enzyme site (T|CTAGA) in PCR products from carriers of 

the FecXI mutation in the BMP15 gene, whereas products from non-

carriers of the mutation lack this site. Genomic DNA was amplified 

using forward primer (5’-

GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3’) and reverse 

primer (5’-CATGATTGGGAGAATTGAGACC-3’). DNA test for the 

presence of FecXI mutation showed no amplification resulted from 

DNA samples of the twin producing ewes while two amplified DNA 

fragments which has a molecular size 154 bp and 120 bp resulted from 

the single lamb producing females and rams under study. When 

restriction digestion was applied on the produced 154 DNA fragments, 

no digestion occurred.  

Serum Native Protein Electrophoresis 

In the present study, image analysis software totallab 120 were 

used to read the produced images and automatically detect the samples 

bands on produced gel to locate their position in pixels. Fraction or 

band intensities were calculated as a sum of colour degree distributed 

on pixels occupied by a fraction or band. When all lanes where digitally 

compared and matched with a vector of 0.01 by the image analysis 

software types with migration differences less than 0.01 where 

calculated to be the same type. Lane comparison and matching revealed 

three bands with molecular weights 679.682, 524.34, and 431.132 Kd 

were characteristic for twin producing ewes. On the other hand, two 

bands with molecular weights 560.281 and 460.229 were absent in 

serum sample of twin producing ewes while present in all remaining 

samples. When common protein types were studied in rams and ewes 

for differences in protein production, no significant differences in 

protein volumes were found.  

Serum esterase 

In the present study, serum esterase zymogram was analyzed by 

Image analysis software totallab 120. Data obtained from the image 

analysis showed that it is possible to correlate the differences noticed in 
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esterase patterns of twin and single lamb producing ewes to fecundity. 

Regarding the differences in the esterase pattern in ram groups, the 

present study related the noticed differences to the differences in breed 

purities since both groups of males were basically selected for the 

present study as being delivered from twin lamb producing ewes. 

In conclusion 

 The present study showed the absence of FecB and FecX
I
 gene 

mutation in the local Egyptian sheep under study. On the other hand, 

the revealed results of the primer set used to test FecX
I 
suggests that 

this primer can initially be used to test the local twin producing ewes. 

Moreover, further studies should be conducted to determine the 

sequence and significance of the 120 bp DNA fragment which was 

produced from single producing ewes and rams and was not mentioned 

in any of the cited literature. 

 The present study suggests further investigation in the protein 

pattern produced by the twin producing females to clarify the nature 

and function of each protein type and the significance of using the 

produced native pattern as an another method to distinguish twin 

producing ewes amongst locally bred sheep flocks.  

The present study also recommends future experiments directed 

to the natures, activities, and possible relations to fecundity in sheep. 
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 الملخص العربي

- مزرعة األغنام بمركز البحوث النوويـة      من هذه الدراسة    أختيرت عينات   

المعامل المركزيـة   - واجريت التجارب في معمل الهندسة الوراثية        هيئة الطاقة الذرية  

هيئـة الطاقـة    -بمركز البحوث النووية    شعبة تطبيقات النظائر المشعة    –بمبنى القباب 

هـدف هـذه    ت . جامعة حلوان  -وملكيمياء الحيوية بكلية الع   قسم ال  بالتعاون مع   الذرية  

التي تؤثر على الخصوبة فـي        وجود بعض الدالالت الوراثية    التحقق من  إلىالدراسة  

مكانية استخدامها إلنتخاب األفراد المنتجة للتـوائم مـن األغنـام           إاألغنام المصرية و    

 زيادة في أعـداد قطعـان       منمربي األغنام   على  فائدة اقتصادية   ب مما يعود المصرية  

التربية عن طريق اإلنتخاب بمساعدة الدالالت الوراثية والتركيز على تكوين قطعـان            

 ���  ��٢٢ ه��� ا�را	�� ��� ����          . ذات الخصوبة العالية و المنتجة للتوائم      من األغنام 

   ��������م ا��  ا� !  *(��ج ��')�� ��0د وا/��، و -��د     ٧ *()� ��')�  '&ا%�،     ��١١"�  ا

                   � '�&ا%� و ا��2�� ��� ا ��('�� � *4�5 *(��ج *7���    �آ&را�2�� �� ا�آ&ر *4�5 ��� *(��ج 3 ��

 '&ا%�   �('�� �85���م >��ءً    . ا�����م  ا - < 	)8ت    �� ا3'��ر ه�� ا? ��@��('�Aر-� ا

   >��'>��آ��A ا@���&ث ا�&و����، ه����E ا���C�D ا�ر���� ا������� >����B ���5'!�م ���7� ا�(���ج ا

 *4�5 - < أ	��س أ*"��   �� ا5)8ت �� ا3'��ر ا�آ&ر . �� 82ث دورات � 7�I أ*')G �&ا%�   

 .*�ث ��')�  '&ا%�إ�� 

 تـم   كما  كهربي للبروتينات الكاملة   تفريدتجربة  الدم إلجراء    مصلتم فصل   

ا'�M�7 ��� و�L&د �&ر��2         إلجـراء تجربـة      الدناعزل  وذلك ل  فصل خاليا الدم البيضاء   

 !�&>� و �&ر�2    Nرو&@5 4�5 �'@&-�� >��'D7�XI             < Qا'�/��  S >�	'!�ام ��0-�4 ا@ ���ة ا

�&ر��2 ا@�&روN و    )  AvaII (�� وا��ي آ��ن  ���A*7ت اإ �&رXbaI  ��2 ��� 7ا*���A ا 

XI  
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 مورثة البوروال

 قاعدة نيتروجينية   ١٩٠أنتجت تجربة مورثة البوروال قطعة من الدنا مقياسها         

ــتخدام الب  ــك باســـــ ــة اوذلـــــ ــات  األماميـــــ                                                   دئـــــ

(5`-CCAGAGGACAATAGCAAAGCAAA-3`)�������������������������������������������5c)                 وا

(5`-CAAGATGTTTTCATGCCTCATCAACAGGTC -3`) ه���������  

'(Q��DC Q��C&� ���D    ا@�د%���ت  )�������G|GACC(�����م  ��A��*e7 ����AvaII ا� ���� ا

Nرو&��@�&ر���2 ا ��� ���&ر���2 ا@��&روN ���� أي ���� �>��� -���م و��L&د أf"���ت ه���� ا'). ا

�"��� �� �'���م ا� .-���ت ا

Xمورثة 
I 

 للتحقق مـن    XbaIصر  قتم استخدام تفاعل البلمرة المتسلسل متبوعا بالتقطيع بإنزيم ال        

تم في هذه التجربة استخدام  البادئات        . في األغنام التي يتم دراستها      XI وجود المورثة 

ــة  (’GAAGTAACCAGTGTTCCCTCCACCCTTTTCT-3-’5)  األمامي

  ��5c)��     . CATGATTGGGAGAATTGAGACC-3’)-’(5وا �<�('�� ه�� ا

 '&ا%� �� /��� ��� ا*'��ج       �('��DC('���  ���ث ا*'�ج ��� QDC �� ا�*� �� -���ت ا�(�ج ا

  ���	��7�< �*������� ا(�����ت ا����3ى و-���� ا���Lاء     �C-���ة *�'�وL������   ١٢٠ و ����١٥٤ ا

 ��A*e�< Q�D7'�ي ��"�١٥٤  QD7 ذات ا7��س �XbaI)�>� ا Q�D7'� �'� ا. 

  الدممصلالتفريد الكهربي لعينات 

 الدم لألغنام التـي يـتم       مصلجراء تجربة تفريد كهربي لعينات      إفي هذه الدراسة تم     

 والذي يقوم بتحديـد  Totallab 120تحليل نتائج الجيل ببرنامج متخصص  دراستها ثم

بعد . ونية وتقدير تركيزاتها  لمواقع حزم البروتينات على الجيل ثم يقوم بتحليل كثافتها ال         
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   ٠,٠١دقـة  بمعامـل  مقارنة الحزم البروتينية باستخدام البرنـامج وتحديـد مواقعهـا      

 و 524.3 ,679.7وL&د 82ث أ*&اع �� ا@�و��� ذات ا�وزان ا)E�A���  أظهرت النتائج 

���  (����ت ا�)�(��   ا���  460.2 و  560.3 أوزان E�AL���  ي وا3'�0ء *&-�� ذو 431.1

'&ا%�ا �('���(�ج ا. 

  سيرم استيرازاتأنزيم

ا�م   �� ��e4	'��از ا�ت��G �)�>� >��� ا*��A�� ��A*eفي هذه الدراسة 

 أظهرت أنه من  نتائج تحليل الجيل. Totallab 120ثم تحليل نتائج الجيل ببرنامج 

 مالحظتها بين عينات النعاج مكانية لربط اإلختالفات التي تمإالمحتمل أن يكون هناك 

بالنسبة لعينات الذكور فإن . المنتجة للتوائم والمنتجة لحمل واحد بالخصوبة في األغنام

ختالف في نقاوة السالالت حيث أن اإللى احتمالية إالدراسة قد أرجعت اإلختالفات 

 . على أنها من نعاج منتجة للتوائم قد تم اختيارها في األساس بناءكورذال

 :الخالصة

 في العينات التـي     FeXIأظهرت هذه الدراسة عدم وجود أي من مورثتي البوروال و           

 أظههرت إمكانية استخدام البادئات في      FeXIتمت دراستها إال أن نتائج تجربة مورثة        

 ألنها ال تنتج أي قطع من الدنا عند استخدامها فـي       وذلك النعاج المنتجة للتوائم     بانتخا

تفاعل البلمرة المتسلسل في حين أن الفئات األخرى من األغنام تقوم بإنتاج قطعتين من              

 تركيب وأهمية قطعة الـدنا      دراسةكما تقترح هذه الدراسة     . ١٢٠ و   ١٥٤الدنا بقياس   

اجع التي اسـتندت عليهـا       قاعدة نيتروجينية والتي لم يتم ذكرها في أي من المر          ١٢٠

كما تقترح الدراسة الحالية التعمق أكثر في دراسة أنواع البروتينات التي تـم             . الدراسة
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تمييزها للنعاج المنتجة للتوائم ودراسة وظائفها والتحقق من جـدوى اسـتخدامها فـي             

يهـتم  بحثا مستقبليا   كما أنها تقترح أيضا     . التفريق بين النعاج النتجة للتوائم من غيرها      

بالتعمق في دراسة طبيعة ونشاط انزيمان األسترة التي تم فصلها ودراسة مدى العالقة             

  .الخصوبة في األغنام المصريةبين بينها و


