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Executive Summary

This projectwasaimed to improve sheep meat production altishately therural incomes

Small ruminants play an important role in Pakisegonomics by providing essential items of human

diet (mutton ad milk) and export goods (skins, leather, bones, wool etc). Human population is
increasing double against the protein source exclusively from animal origin. Goats and sheep are kept
for milk and meat production and contribute significantly to the incomthefrural farmer3he

target local sheep breed, thehi, is by far thedominant sheep breedPinnjab.The projectbuilt on

the findings ofPARB ProjectNo. 258that had established that low prolificacgn be improved in

Lohi by usingthe Booroola fecuntj gene (FecB)

The Booroola gene (FecB) is a dominant autosomal gene with ditivadeffect on ovulation
rateOne copy of the Booroola gene increases ovulation rate (eggs shed per ewe ovulating) by about
1.5 and two copies by about 3.0. These extra tionk typically increase litter size (lambs born per

ewe lambing) by about 1.0 and 1.5, respectively. The effect of the Booroola gene has been shown to
be due to a mutation in the bone morphogenetic protein 1B receptor (BRPRat is expressed in
oocytes and granulosa cells and is located on chromosoifieetutilization of(FecB)requiredDNA

testsi.e. Restriction Fragment Length Polymorphism (RFLP) or DNA sequencing for Single
Nucleotide Polymorphism (SNP) for the detection of mutation

PARB Project M. 258 ran from 2Q1 to 2015 and involved collaborationbetweewd
institutions: University of Veterinary and Animal Sciengdsahore (UVAS) andLivestock
Production Research Institute, Bahadurnagar, OkheaAnimal Genetic Laboratory (AGL) and
Small Rumhant Training and Research center (SRT&RC) of UVAS were utilized for genetic
analysis and rearing/ breeding of Project animals respectivieéymain thrust of the project

was to test, under normabnditions,the performance of improved genotypesryingthe

FecB mutation, and based on this, develop recommendations regarding the wider
dissemination of the gene. Specifically the project objective was to investigate the regulation
of expression of FecB in local Lohi sheep and to devatap maintain fecunducleus Lohi

sheep flock through screening of prolificacy gene(s) mutation in Lohi sheep.

The project animals were selected and purchased on the basis of phenotypic data of calving
and birth status from two purebred nucleus flocks of Lohi sheep maintairiedestock
Production Research Institute, Bahadurnagar, Okaw Small Ruminant Training and
Research center (SRT&RC), UVAS, Ravi Campus, Pattoki. The genetic analysis of project



animals was done at AGL and it included the RFLP marker analybignef norphogenetic

protein receptogene (BMPR1B) to findhe A G transition at position 746 (GenBank Acc.

No. AF357007), substituting the glutamine present in the-typé BMPR1B protein with an
arginine. Animals were assigned genotypes i.e. carrying no transition (++), carrying one
transition (B+) and individualsagcrying transitions at both loci (BB).

After completing the genotyping the breeding plans were established to fix the genotype of
coming generation. The breeding animals were maintained and bred at SRT&RC under semi
stall feeding system. The screening/dali@ag for FecB continued and two generations of
Lohi sheep obtained. Breeding for FecB gene caused increase in twining rate from 21.71% to
35.71% within two generations, and if selection continues for FecB then rate of twining will
double in four generatits. Some future researches focusing nutritional and managemental
requirements of twin carrying ewes must be conducted to boost the survivability of twins

during developmental and growing period.



PROGRESS OF RESEARCH WORK

1. Introduction:

Small ruminants play an important role in Pakistan economics by providing essential items of
human diet (mutton and milk) and export goods (skins, leather, bones, wool etc). Human
population is increasing double against the protein source exclusively froml anigra Goats

and sheep are kept for milk and meat production and contribute significantly to the income of the
rural farmers. These animals can be raised with very little supplemental concentrate/grains and
with minimal shelter, and are generally anyeaare animal. Shortage of agricultural lands and

mi gration of rural popul ation towards <cities
of commercial farming and shortage of animal feed resources are also importanflTfact
overcome this mblem modern technology can be helpful through the establishment of high
producing animals /flocks.

Small ruminants having ability of multiple births can be improved through marker assisted
selection. It is established fact that an animal producing teongributes more than 1.5 times
towards meat than the animal producing single offspring per kidding or lambing. The search for
DNA markers that significantly contribute to the variance of trait expression in livestock has
been increasingly a focus in thelfl of livestock genetics. Defining a major gene as one where

the difference between the homozygotes is 0.5 standard deviation from means, for prolificacy in
sheep, that this includes genes where a single copy increases ovulation rate by more than about
0.2. The Booroola Merino was the first breed of sheep where ovulation rate and litter size were
shown to be affected by a segregating major gene (Ripal, 1985). Records from prolific

flocks in several countries have subsequently revealed further rgaejues that increase
prolificacy in sheep. Current knowledge of major genes for prolificacy in sheep falls into three
categories: (1) genes where the mutation has been identified and DNA testing is available; (2)
genes where the mode of inheritance has loescribed but the mutation has not been identified;

and (3) putative genes where there is evidence of apparent genetic segregation but there are
insufficient records to ascertain the mode of inheritance.

The Booroola gene (FecB) is a dominant autosayeak with an additive effect on ovulation

rate (Piperet al, 1985). One copy of the Booroola gene increases ovulation rate (eggs shed per



ewe ovulating) by about 1.5 and two copies by about 3.0. These extra ovulations typically
increase litter size (lamtmorn per ewe lambing) by about 1.0 and 1.5, respectively. The effect of

the Booroola gene has been shown to be due to a mutation in the bone morphogenetic protein 1B
receptor (BMPRLB) that is expressed in oocytes and granulosa cells and is located on
chromosome 6 (Wilsort al, 2001).Similarly some other genes i.e. BMP15, GDF9 were also
found associated with litter size in different sheep brééorgbanet al.,2011). DNA tests are

the key to the utilisation of these genes in the sheep/ goatindum™ have also been a useful

tool for determining the genetic basis of high prolificacy in distantly related breeds. A variety of
inheritance patterns are associated with these genes and there is a wide range in the size of the
effect on ovulation rate.

The increase in production associated with litter size (LS) is controlled by both genetic and
environmental factors. Since the heritability of LS is low in sheep, attempts were made to
discover the gene(s) controlling ovulation rate (OR) and thus LS. The Q¥sianat the first
recorded highly prolific breed, 6Boorool a Mer
for the presence of a single gene governing OR (Detvial. 1982). In 1993 the first DNA

marker test for the Booroola gene was developedwadrticrosatellite markers, OarAE101 and
OarHH55, were found to be linked to the FecB locus (Montogoetexrly1993). This discovery

helped to develop a DNA test to screen the mutation in other prolific breeds of sheep without
prior knowledge of the pedigeg(Wilsonet al. 2001). The mechanism of action of the mutated

gene has not yet been fully understood.

1. Project Objectives:

1 To establish and maintain purebred fecund nucleus Lohi sheep flock through screening of
prolificacy gene(s) mutation in Lohi shee
1 To increase mutton production by increasing lamb production through genetic

management of Lohi sheep



2. Outputs planned for the project:

Output 1:

Selection of prolific Lohi ewes and Lohi rams on the basis of phenotypic and genotypic data
from purebed herds of Lohsheepmaintained at LPRI Bahadurnagar and UVAS, SRT&RC
Pattoki. After screening a flock of 100 mature females and 5 rams was developed, annexure | is
attached, genetic screening resulted in the selection of two rams with desired germtB@s33

(BB) and (B+) 952.

Output 2:

Crop one from parent flock was obtained after planmedding of selectexhms with females in

estrous. Genetic evaluation confirmed 39 lambs wetiediozygous status of genotype, table

below represents the number

No. of
No. of Ewes | No. of Ewes | Lambe | % Multiple | No. of heterozygote
Ram | exposed bred d births lambs S
B88
3 47 34 30 9 37 35
952 | 50 18 14 2 17 4
Output 3:

To obtain second crop from parent flock the parent flockseectively bred, new born were

genotyped according to protocol followed for genotyping of parents. The detail of breeding and

genotypes is as follows.

No. of
No. of Ewes | No. of Ewes | Lambe | % Multiple | No. of heterozygote
Ram | exposed bred d births lambs S
B88
3 47 40 40 5 45 42
952 |49 26 26 5 31 11




Output4:

To obtainthird crop from parent flock the parent flock wsedectively bred, new born were

genotyped according to protocol followed for genotyping of parents. The detail of breeding for

crop 3 and genotyped lambsis as follows.

No. of
No. of Ewes | No. of Ewes | Lambe | % Multiple | No. of heterozygote
Ram | exposed bred d births lambs S
B88
3 24 18 12 3 15 15
975 | 26 18 12 3 15 6
Output5:

Second generation (F2) was obtained after is¢etrossing of F1 to analyze expression

behaviorof FeB in Lohi sheepgenetic and phenotypic evaluation of F2 crop

No. of Ewes | No. of Ewes % Multiple | No. of No. of
Ram | exposed bred Lambed | births lambs heterozygotes|
2016| 11 8 3 1 2 0
2030 12 8 3 0 3 1
2037| 9 8 6 4 10 7
2015| 5 4 2 0 2 1

Ram 2037 wittheterozygous status of FecB produced twins at the rate of 66E@¥parative

evaluation between parent generation and F1 for multiple births revealed 13.99% raise. Table

below shows the figures.

GO Multiple birth %
Crop 1 25

Crop 2 15.15

Crop 3 25

Average 21.71667




Gl 35.71

Improvement in multiple bth % 13.99333
Detailed component wise methodology adopted, data analyzed and results

obtained

Phasel (Experiment I)
A. Selection of prolific ewes and rams
B. Selection and optimization of fecundy genes (BMPRIB, BMP15 & GDF9)

markers

A)

Selection of flock:

The project animals were selected frompurebred hemdmtained at LPRI Bahadhagar and
SRT&RC Center Pattoki on the basis of phenotypic and genotypic data. On the basis of
phenotypic and pegree records 100 prolific eves and 05 rams were purchased fromboth herds.
The list of purchased animals is attachedasexure |.

These animals were brought to and maintained at SRO&VAS Pattoki for further breeding

and selection on the basis of EBafsd GEBVs. Followings are some images of project animals

at SRT&RC Pattoki.
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B)

Lab activity: Selection and optimization of fecundity genes (BMPRIB, BMP15
& GDF9) markers

Collection of blood samples:

Five ml blood was collected from every anal cautiously from jugular vein in falcon tubes

having EDTA as anticoagulant. Blood samples were brought to the Animal Genetics-Lab, A
Block, UVAS Ravi Campus, Pattoki and stored at temperaB@¥C before DNA extraction.
Extraction of DNA:

DNA extraction was done from whole blood samples by using modified method of Sambrook et

al. (1989). The extracted DNA was stored2°C. Agarose gel electrophoresis technique was

used to confirm the extracted DNA.

Following method was used for the extraction of DNA.

1.

Initially, frozen blood samples were thawed for lysis of RBCs and washing was
carried out with TrisEDTA buffer (T.E. buffer or washing buffer). For making one
liter washing buffer, ten ml of TrisHCI (1 M, pH 8) was poured in addition to four ml
of EDTA (0.5 M, pH 8) in a flask and then sterilized water (ampules) was added to
make final volume to one liter.

In first washing, T.E. buffer was added in sample tube up to Atarkl and the tube

was placedn table undisturbed for ten minutes

3. Tube was centrifugd at 4500 rpm for about 15 minutes at 4°C.

4. Supernatant was discarded and the pellet was broken by tapping gently. Tube was

shaken strongly.
Washing buffer was addeup to mark 35 ml and placenh table undisturbed for ten
minutes

Tube was centrifuged ageat 4500 rpm for about 15 minutes at 4°C.

7. Washing process was repeated if necessary.

Supernatant was discarded and pellet wasuspended in three ml of TNE (Buffer
A1l) for five ml of blood, Ten peent SDS (150 ul/5 ml of blood§0 ul of Proteinase
K (100 pg/ml for 5 ml of blood) was added later.

Sample was incubated at 55°C for overnight.
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10.0n following day, one ml of saturated NaCl (6 M) was added, tube was shaken
vigorously and placed on table to let the foam disappear.

11.Tube was placed in ice for 25 roites.

12.Tube was centrifuged at 4500 rpm for about 15 minutes at 4°C to discard protein
debris. Take the supernatant in another fresh, labelled falcon tube.

13.Equal volume of isopropanol was added and tube was gently inverted.

14.DNA was precipitated in tube likgiece of thread.

15.Tube was centrifuged again at 4500 rpm for 10 minutes at 4°C.

16.The collected DNA was washed with 70 percent ethanol (5 ml/5 ml blood).

17.Tube was placed on shaker overnight.

18.Tube was centrifuged once again at 4500 rpm for about fifteenesiatid°C.

19. Supernatant was discarded with caution.

20. Tube was placed on table for some hours to evaporate ethanol.

21.Four hundred pl sterilized water was added in dried tube.

22.Tube was placed in water bath at 70°C for one hour.

23.DNA was collected and stored ir6Iml screwed eppendroff tube-a0°C.

Quantification and confirmation of DNA
The quantification and confirmaticsf DNA was done through UV llluminat@and agarose gel

electrophoresigrigures representing DNA on agarose are as follows.

12



1 % Agarosegd representing DNA (40 ngjiL)

W &4t Wt e g |

1 % Agarosegel representing DNA (40 ngiL)
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Primer designing & optimization:

The sheep fecundity genes (BMPRIB, BMP15and GDF&eamplified using then-vitro gene
cloning methodology{olymerase chain reactipmwith primers designed from published sheep
sequences (sheep genomic BMPRIB, BMP15 & GDF9) using Primes3 freeware
(http://primer3plus.com/cghin/dev/primer3plus.cyi

A demoscreenshof designing a primer with Primer3Plus

14
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