


KORAPUT SHEEP

Sanjeev Singh
K. N. Raja
Reena Arora 
Indrajit Ganguly

ICAR-National Bureau of Animal Genetic Resources
Karnal (Haryana) – 132 001

Sheep Genetic Resources of India

Publication No. 85/2015



Citation : Sanjeev Singh, K. N. Raja, Reena Arora and Indrajit 
Ganguly. 2015. Monograph on Sheep Genetic Resources of 
India-Koraput. ICAR–National Bureau of Animal Genetic 
Resources, Karnal. pp. 26.

Publication No. : 85/2015

Published by : Director 
ICAR-National Bureau of Animal Genetic Resources 
Karnal - 132 001 (Haryana), India

ISBN 978-93-83537-18-1

Cover Deisgn : Dr. Sanjeev Singh and Dr. K. N. Raja

Printing : Intech Printers & Publishers 
343, First Floor, Mughal Canal Market, 
Karnal - 132 001 (Haryana) India 
Contact Nos.: 0184-4043541, 3292951 
Email: jobs.ipp@gmail.com



PREFACE

India is endowed with a rich source of ovine biodiversity.  Presently 
India possesses about 6.5% of sheep population of the world. The 
total sheep in our country were 65.06 million heads in 2012, which 
declined by about 9.07% in comparison  to the 18th livestock census, 
2007 (Livestock census, 2012). About 200 sheep breeds (including 40 
registered sheep breeds in India) are found in almost all type of agro 
climatic regions of the world. These sheep breeds have the capability 
to thrive under any adverse condition with minimum energy 
requirement. Sheep has a multifaceted utility varying from mutton, 
wool and milk production to skin, hide and manure production.  
It forms an important component of rural economy particularly in 
the arid, semi-arid and mountainous area of our country. Sheep can 
thrive on varied kinds of vegetations compared to other livestock 
species. About 75% of our indigenous ovine population is yet to 
be characterized and documented. In our country sheep farming 
is  important especially in the state like Odisha where it forms the 
major source of livelihood of the tribal people. The present work 
is a compilation of a pilot survey conducted by the Scientists at  
ICAR-NBAGR to characterize this lesser known sheep population. It 
is a step towards gaining recognition of this important ovine genetic 
resource at the National level. These efforts would further help in 
formulating programmes for the conservation and improvement of 
Koraput sheep.

Authors





Contents

Introduction 1

Habitat and Population Status 3

Socio-Economic Status of the Farmers and Utility of the Breed 4

Morphological Features 4

 Colour 5

 Body Size and Conformation 5

	 Head	Profile	 6

 Ears 6

 Tail 6

Body Biometrical Measurements 6

Comparision of Koraput and Ganjam Sheep 8

Breeding and Reproduction 10

Management Practices 10

Flock Size 12

Genetic Characterization 12

 Blood Collection and DNA Isolation 12

 PCR	Amplification	 12

 Genotyping of the PCR Products 14

 Statistical Analysis 14

 Genetic Diversity Analysis 14

Genetic Bottle Neck Analysis 23

Conclusion 24

Acknowledgement 25

References 25





1

INTRODUCTION

Odisha is the tenth largest state of India in terms of area and has a 
rich source of natural resources and biodiversity. It is situated at a 
latitude of 170 48' to 220 34' N and 810 24' to 870 24' E longitude. As per 
19th Livestock Census, 37.28% of livestock population was contributed 
by cattle, 21.23% buffaloes, 12.71% sheep, 26.40% goats and 2.01% 
pigs. Livestock sector in Odisha is highly livelihood intensive and 
80% of its rural households own livestock of one species or the 
other and earn supplementary income for the family. This sector 
contributes 7.27% of the state’s net domestic product.  About 85% 
of the population of this state is non-vegetarian. Meat production 
from sheep and goat contributes more than 87% of the total meat 
production of the state. The sheep and goat are mainly raised under 
small holding production system for meat production. Out of the 
total sheep population of 65.06 million heads, Odisha stands 8th 
with a contribution of 2.43% sheep population of the country. Total 
indigenous sheep population in this state is 15, 45,870 whereas total 
sheep population is 15, 55,972. Bolangir, Ganjam and Chottanagpuri 
are the three registered sheep breeds of Odisha besides the Kuzi, 
Edka, Dalua and Koraput which are lesser known till date.

Koraput	is	a	lesser	known	sheep	population	which	was	first	reported	
by Kornel Das in 1999. It is an important mutton type sheep which 
is widely distributed in Koraput, Nabarangpur, Malkangiri and 
Rayagarda	 districts	 of	 Odisha	 (figure1).	 These	 sheep	 are	 mostly	
reared by tribal people belonging to Sundhi, Gadaba and Gauda 
community along with Mali and Rana of general community for meat 
purpose. The sheep is reared under small hold production system 
with zero input.  These sheep are used by tribals for socio-cultural 
purposes.	They	are	used	as	gift	or	as	sacrificial	animals	especially	the	
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black ones. They are generally resistant to gastro-intestinal parasitic 
infestation. Twinning is very rare in this type of sheep as they are 
raised mainly on grazing under low plan of nutrition without any 
supplementary feeding. Previous reports on physical parameters 
of Koraput sheep were based on lesser number of observations 
(Kornel et al. 2004). The genetic characterization of this sheep was 
totally	lacking.	Although	sufficient	numbers	of	animals	are	present	
in the breeding tract of this sheep, yet the information documented 
about this sheep was scanty. Therefore, the present work aimed to 
systematically survey this sheep in its breeding tract and characterize 
it at phenotypic and genetic level.

Fig 1. Distribution of Koraput sheep in its native breeding tract
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HABITAT AND POPULATION STATUS

Koraput sheep is widely distributed in Koraput and adjoining districts 
of Odisha at latitude of 18⁰ to 22⁰ North and Longitude of 81⁰ to 87 
East.  Climate in this region is warm and humid. The temperature 
ranges from a minimum of 7.5⁰ C in winter (December- January) to a 
maximum of 34.1⁰ C in summer (May-June). Average annual rainfall 
is 152 cm. The economy of Koraput district is primarily based upon 
forest and agriculture (including shifting cultivation). The bulk of 
commodities used domestically for everyday use are agricultural 
and forests products. This region with semi evergreen to deciduous 
vegetation is endowed with various wild plants as a natural resource.

Soil type in this region is mostly red with organic matter content. Rice 
(Oriza sativa) is the major crop cultivated. However, pulses, oilseeds and 
millets are also grown. Major Crops of Kharif season include paddy 
(34%), Ragi (24%), Maize (9%) Niger (9%) and vegetable (8%) of total 
cropped area. Rabi crops include paddy (16%), vegetable (20%) and 
sugarcane (11%) of total Rabi 2011-12 cropped area. Koraput district is 
located at a height of 870 meters (2854 feet) above the mean sea level.

Some major rivers of Odisha (Machhakunda, Bansadhara and Kolab) 
pass through the district of Koraput. This district is also bestowed 
with waterfalls like Duduma, Bagra and Khandahati. It also 
contains the largest mountain of Odisha, called Deomali along 
with Chandragiri mountain. Koraput district is famous for the 
important places like Jeypur, Duduma, Bagra, Sunabeda, MiG factory, 
HAL and NALCO.

Sex Ratio in Koraput district stood at 1031 per 1000 male (15th 
National Census, 2011) which is well above the average national sex 
ratio in India (940).
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The population of the Koraput sheep is fairly large and may exceed 
1, 00,000.  Since, there is great demand for the mutton by the tribal 
people who are the main inhabitants of this region, the number of 
breeding ewes shows an increasing trend and may not be less than 
40,000 to 50,000. (Survey report, Government of Orissa, 2004).

SOCIO-ECONOMIC STATUS OF THE FARMERS AND 
UTILITY OF THE BREED

Communities rearing Koraput sheep include tribals like Sundhi, 
Gadaba and Gauda along with Mali and Rana. These sheep are 
reared under integrated farming involving crop and livestock under 
small holder production system.  Average family size of the farmers 
was 6.12. Average no. of males per family was 3.45. Ratio of male 
to female was 1306 per 1000. Literacy rate among the farmers was 
54.73% which was well above the average literacy rate of Koraput 
district in 2011(49.87). This indicates that the literate farmers also 
practiced sheep rearing. About 53.1%, 21.8%, 9.3%, 25% and 31% 
farmers also maintained cattle, buffalo, both cattle and buffalo, goat 
and fowl; respectively. Among the Koraput sheep keepers, 50% were 
landless farmers and rest owned land between 1-15 acres (average 
1.86). Mostly the sheep is reared for mutton. Manure and skin are 
also of some economic value. The black coloured Karaput sheep are 
preferably given as a gift in the form of dowry and sometimes used 
as	sacrificial	animal.

MORPHOLOGICAL FEATURES

The phenotypic description, body weight and biometrical parameters 
were recorded as per the sheep breed questionnaire developed by 
NBAGR. 
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COLOUR

The coat colour of the animals varied from light red, brown, dark brown 
and black, few animals of white colour with brown neck. Animals 
with white marking on the fore head were also observed in some of 
the	flocks.	The	body	 is	 covered	with	coarse	hair	and	shearing	 is	not	
practiced.	Koraput	male	and	female	sheep	are	depicted	in	figure	2	and	3. 
About	8%	of	the	animals	were	found	to	be	completely	black	(figure	4).

Fig 2. Koraput-Ram

Fig 3. Koraput-Ewe Fig 4. Koraput-Ewe (Black)

BODY SIZE AND CONFORMATION

Animals are small in size with compact body and straight  backline. 
The average body weight of the animals is about 20 kg. 
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HEAD PROFILE

The forehead and nose line is straight. Horns are small in size 
(average length 7.26 cm) and present in 93 % of males. Females are 
completely polled. The colour of the horns varies from brown to 
black. Horns are curved backward and forward with pointed tips. 
Wattles are present in few animals. 

EARS

Ears are notched, perpendicular, cylindrical and small in size (54.01%, 
<5 cm). About 85% of the animals have ear length of less than 10 cm 
(figure	5).	This	small	sized	ear	is	a	unique	feature	of	this	sheep.	

Fig 5 : Koraput Sheep -Notched ears Fig 5:  Percentage variation of the Ear size 
in Koraput sheep population.

TAIL

Tail is short and thin with an average length of about 9 cm in both the sexes.

BODY BIOMETRICAL MEASUREMENTS

Average body weight and biometry of adult Koraput sheep 
and average body weights of lambs are presented in table 1 and 
2; respectively. The average adult body weight of 42 rams and  
319 ewes was 19.79±0.58 and 20.03±0.19 kg; respectively. Slightly lower 
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body weight in males was observed as compared to that of females 
due to the fact that the age of the adult Koraput rams varied from 1-2 
years whereas, the ewe’s age varied from 1 to 4 years. Since the farmers 
keep the rams only for 1-2 breeding seasons and slaughter thereafter, 
it	was	difficult	to	find	rams	of	more	than		2	years	of	age.	The	average	
measurements for the body length, height at withers, chest girth, 
paunch girth, ear length, horn length, tail length and  face length of 
adult Koraput rams were,  50.3±  0.63, 57.71± 0.52, 65.78±0.55, 67.21±0.88, 
5.05±0.45, 7.26±0.60, 9.63±0.30 and 16.09±0.18; respectively. Test of 
significance	revealed	significant	difference	in	the	height	at	wither,	ear	
length and face length between male and female animals. Ear length is 
significantly	higher	in	females	than	males	
whereas, height at withers and face length 
are higher in male animals. The trendline 
for the growth of the lambs indicate higher 
body weight for the female lambs in 0-1 
month age group. This might be due to the 
lesser number of observations in this age 
group. However, for all other age groups 

Table 1: Body weight and biometry of adult Koraput sheep
Body Character Male (N=42)  

Mean ± SE
Female (N=319) 

Mean ± SE
Significance  

Z value
Body length (cm) 50.30± 0.63 50.93±0.22 0.94
Height at Wither (cm) 57.71± 0.52 56.44±0.18 2.30*
Chest Girth (cm) 65.78±0.55 65.92±0.22 0.23
Paunch Girth (cm) 67.21±0.88 67.29±0.29 0.08
Ear Length (cm) 5.05±0.45 6.02±0.20 1.96*
Horn Length (cm) 7.26±0.60 -
Tail Length (cm) 9.63±0.30 9.03±0.09 1.87
Face Length (cm) 16.09±0.18 15.65±0.07 2.28*
Body Weight (Kg) 19.79±0.58 20.03±0.19 0.391

* indicates significant difference at 5% level of significance

Koraput-Lamb
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Table 2:  Body weight of Koraput Lambs
Age (months) Mean± SE (Male) Mean± SE (Female)
0-1 (months) 4.78 ± 0.72 (5) 5.9±0.63 (12)
1-3 (months) 9.26 ±0.45 (31) 8.7±0.32 (29)
3-6 (months) 11.44±0.41 (50) 10.61±0.38 (39)
6-9 (months) 15.43±0.75 (17) 11.91±1.02 (14)
9-12 (months) 16.54±1.28 (6) 14.88±0.77 (16)

male lambs have greater body weight. Therefore, the average daily gain 
in the body weight is higher in male lambs than the female lambs.

COMPARISION OF KORAPUT AND GANJAM SHEEP

A comparison was made between the average body biometric 
measures of Koraput sheep obtained under the present study 
with that of Ganjam sheep reported by Arora et al (2010). Ganjam 
sheep	had	significantly	higher	body	biometric	measures	for	all	the	
measured traits in male as well as female animals (table 3 and 4) as 
compared to Koraput sheep. 
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Table 3:  Comparision of Koraput and Ganjam male for the body 
biometric traits

Trait Koraput Male (N=42) Ganjam Male(N=37) Significance 
Z value

Body length (cm) 50.3±  0.63 60.7±0.50 12.93*
Height at Wither (cm) 57.71± 0.52 67.70±0.48 14.11*
Chest Girth (cm) 65.78±0.55 72.70±0.68 7.91*
Paunch Girth (cm) 67.21±0.88 - -
Ear Length (cm) 5.05±0.45 11.60±0.52 9.52*
Horn Length (cm) 7.26±0.60 20.90±1.50 -
Tail Length (cm) 9.63±0.30 - -
Face Length (cm) 16.09±0.18 - -
Body Weight (Kg) 19.79±0.58 27.0±0.96 6.42*

* indicates significant difference at 5% level of significance.

Table 4:  Comparision of Koraput and Ganjam female for the body 
biometric traits

Trait
Koraput female 

(N=319)  
Mean ± SE 

Ganjam (N=329) 
Arora et al.(2010)  

Mean ± SE 

Significance 
Z value

Body Length(cm) 50.74±0.74 58.7±0.36 18.41*

Height wither(cm) 55.8±0.22 64.9±0.45 17.45*

Chest girth(cm) 65.7±0.277 69.5±0.47 6.89*

Paunch girth(cm) 67.3±0.369 - -

Ear Length(cm) 6.13±0.23 12.0±0.55 10.21*

Tail length(cm) 9.08±0.107 - 

Face length(cm) 15.54±0.09 - 

Body weight 19.29±0.219 23.9±0.63 5.88*
* indicates significant difference at 5% level of significance.
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BREEDING AND REPRODUCTION

Rams are used for breeding at an age of about 10 to 12 months. Age 
at	puberty	in	females	is	8	to	10	months	and	age	at	first	lambing	is	13	
to 15 months. Lambing interval varies from 8 to 12 months. Life time 
lamb production is 6 to 10 lambs per ewe. Normally, Koraput ewes 
give birth to single lambs while twinning is very rare (2-3%). Main 
lambing season is October to November and few ewes lamb in the 
month of April to May. During the main lambing season the lambing 
percentage is about 60-70%.  

It is a common practice among the sheep keepers to use the young 
males for breeding for 1 or 2 breeding seasons and slaughter 
thereafter. Therefore, the number of adult breeding rams is very less 
in	the	flocks.	Such	practice	should	be	avoided	in	order	to	prevent		the	
infertility and delayed conception among the ewes. 

MANAGEMENT PRACTICES

Koraput sheep are maintained exclusively on grazing. Duration of 
grazing varies from 5-6 hrs per day. Distance travelled by the sheep 
for grazing is about 2-3 Km. Age of the shepherd who takes the 
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animals for grazing varies from 30-60 years. A common management 
practice adopted by the farmers is that they send all the livestock 
(cattle,	buffalo,	sheep	and	goat)	together	for	grazing	(figure	6).	

The animals are mostly housed separately but as part of the house. 
Houses with raised platform made of wood, bamboo and mud are 
also made to prevent the spread of infection especially during the 
rainy	 season	 (figure	 7).	 Well-to-do	 farmers	 provide	 puckka house 
made	of	bricks	and	asbestos	sheet	(figure	8).

Fig 6 Koraput sheep grazing along  
with other livestock               

Fig 7 Elevated housing system 

Fig 8 Pucca and Kutcha housing system

Rams are selected on the basis of phenotypic characters like higher 
body weight and smaller ear size. About 36% of farmers take ram 
from other farmers for breeding purpose while remaining 64% select 
the	rams	from	their	own	flock.	Major	diseases	prevalent	in	the	region	
are PPR, ORF (Contagious echthyma) and sheep pox. Animals are 
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vaccination against PPR, Anthrax and Enterotoxemia and deworming 
is carried out by animal husbandry department with Albendazole or 
febendazole oral suspension.  Mortality is mainly due to PPR.

FLOCK SIZE

Average	flock	size	of	Koraput	sheep	is	about	7	comprising	of	5	ewes	
1	ram	and	1	lamb.	In	a	flock	about	96.74%	sheep	are	Koraput,	2.13%	
are crossbreed (crossed with Nellore or Malpura) and rest 1.11% is 
of non-descriptive type.

 DISPOSAL OF ANIMALS

Animals are sold at a price of Rs 2500 to 3000 per animal to buchers 
in the local market. Marketing age for males is 1.5 to 2 years and 4 to 
6 years for females. Surplus ram  lambs are sold at an earlier age and 
ewe lambs are kept as the replacement stock by the farmers.

GENETIC CHARACTERIZATION

BLOOD COLLECTION AND DNA ISOLATION

Blood samples were collected from 60 unrelated animals of Koraput 
sheep in its breeding tract. The genomic DNA from the blood samples 
was isolated using a standard phenol/chloroform/isoamyl alcohol 
extraction method (Sambrook et al. 1989). 

PCR AMPLIFICATION

A set of 24 microsatellite markers based on the list of FAO, 1996 
reported by Bradley et al. (1997) and Di Stasio (2001) were utilized 
to generate data on 60 DNA samples of Koraput sheep (table 5). 
The details of  microsatellite markers, primer sequences, size range, 
genebank accession number and chromosomal location is given 
in	 table	 1.	 The	 forward	primer	 for	 each	marker	was	fluorescently	
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Table 5.  Details of microsatellite markers used in the genetic 
characterization  study of Koraput sheep

Locus Primer sequence Size range (bp) Genebank  
acc no.

Chromosome 
no.

BM6506 F -gCA CgT ggT AAA gAg ATg gC
R - AgC AAC TTg AgC ATg gCA C

191-199 G18455 1

OarCP20 F -gAT CCC CTg gAg gAg gAA ACg g
R - ggC ATT TCA Tgg CTT Tag CAg g

72-88 U15699 21

OarFCB48 F -gAg TTA gTA CAA ggA TgA CAA gAg gCA C
R - gAC TCT AgA ggA TCg CAA AgA ACC Ag

146-152 M82875 17

OarVH72 F -CTC Tag Agg ATC Tgg AAT gCA AAg CTC
R - ggC CTC TCA Agg ggC AAg AGC Agg

121-133 L12548 25

OarHH47 F -TTT ATT gAC AAA CTC TCT TCC TAA CTC CAC C
R - gTA gTT ATT TAA AAA AAT ATC ATA CCT CTT AAg g

124-144 L12557 18

BM757 F - Tgg AAA CAA TgT AAA CCT ggg
R - TTg AgC CAC CAA ggA ACC

172-186 G18473 9

BM1314 F -TTC CTC CTC TTC TCT CCA AAC
R - ATC TCA AAC gCC AgT gTg g

141-167 G18455 22

BM8125 F -CTC TAT CTg Tgg AAA Agg Tgg g
R - ggg ggT Tag ACT TCA ACA TAC g

109-119 G18475 17

OarHH35 F -AAT TgC ATT CAg TAT CTT TAA CAT CTg gC
R - ATg AAA ATA TAA AgA gAA TgA ACC ACA Cgg

107-137 L12554 4

OarHH64 F -CgT TCC CTC ACT ATg gAA AgT TAT ATA TgC
R - CAC TCT ATT gTA AgA ATT TgA ATg AgA gC

127-135 L12558 4

OarJMP8 F -Cgg gAT gAT CTT CTg TCC AAA TAT gC
R - CAT TTg CTT Tgg CTT CAg AAC CAg Ag

115-139 U35059 6

OarJMP29 F -gTA TAC ACg Tgg ACA CCg CTT TgT AC
R - gAA gTg gCA AgA TTC AgA ggg gAA g

109-143 U30893 24

BM827 F -ggg CTg gTC gTA TgC TgA g
R - gTT ggA CTT gCT gAA gTg ACC

210-218 U06763 3

OarHH41 F -TCC ACA ggC TTA AAT CTA TAT AgC AAC C
R - CCA gCT AAA gAT AAA AgA TgA TgT ggg Ag

120-140 L12555 10

CSSM31 F -CCA AgT TTA gTA CTT gTA AgT AgA
R - gAC TCT CTA gCA CTT TAT CTg TgT

146-180 U03838 23

CSSM47 F -TCT CTg TCT CTA TCA CTA TAT ggC
R - CTg ggC ACC TgA AAC TAT CAT CAT

148-152 U03821 2

CSRD0247 F -ggA CTT gCC AgA ACT CTg CAA T
R - CAC TgT ggT TTg TAT TAg TCA gg

211-239 EU009450 14

MAF0214 F -AAT gCA ggA gAT CTg Agg CAg ggA Cg
R - ggg TgA TCT TAg ggA ggT TTT ggA gg

185-229 M88160 16

OarCP0049 F -CAg ACA Cgg CTT AgC AAC TAA ACg C
R - gTg ggg ATg AAT ATT CCT TCA TAA gg

83-139 U15702 17

BM6526 F -CAT gCC AAA CAA TAT CCA gC
R - TgA Agg Tag AgA gCA AgC AgC

191-199 G18454 26

OarCP34 F - gCT gAA CAA TgT gAT ATg TTC Agg
R - ggg ACA ATA CTg TCT Tag ATg CTg C

112-126 U15699 3

INRA0063 F -gAC CAC AAA ggg ATT TgC ACA AgC
R - AAA CCA CAg AAA TgC TTg gAA g

173-199 X71507 14

OarAE129 F -AAT CCA gTg TgT gAA AgA CTA ATC CAg
R - gTA gAT CAA gAT ATA gAA TAT TTT TCA ACA CC

133-159 L11051 5

OarFCB128 F -CAg CTg AgC AAC TAA gAC ATA CAT gCg
R - ATT AAA GCA TCT TCT CTT TAT TTC CTC GC

106-130 L01532 2



14

KORAPUT SHEEP

labeled	 with	 FAM,	 NED,	 VIC	 or	 PET	 dye.	 Amplification	 of	 the	
loci	 (multiplexed)	was	 performed	 in	 a	 25µl	 final	 reaction	 volume	
containing at least 100 ng of genomic DNA, 5 picomoles of each 
primer, 1.5mM MgCl2, 200µM dNTPs, 0.5 U Taq DNA polymerase 
and 1x Taq buffer. A common touch down PCR programme as 
suggested under MoDAD project (FAO, 1996) without extension 
step	was	used	for	the	amplification	of	all	the	twenty	four	markers.	
PCR	amplification		consisted	of		3	cycles	of		45	sec	at	950C,  1 min at 
600 C; 3 cycles of  45 sec at 950C,  1 min at 570 C; 3 cycles of  45 sec at 
950C,  1 min at 540 C; 3 cycles of  45 sec at 950C,  1 min at 510 C and  20 
cycles of  45 sec at 950C,  1 min at 480	C.	The	amplified	products	were	
resolved on 2% agarose gel.

GENOTYPING OF THE PCR PRODUCTS

The PCR products were  genotyped on an automated DNA sequencer 
using LIZ 500 as internal lane standard (ABI PRISM). The raw data 
files	were	extracted	by	Gene	Mapper	software	version	3.

STATISTICAL ANALYSIS

Popgen3.2 (Yeh et al. 1999)  and GenAlEx6.5 softwares (Peakall 
and Smouse, 2005) were used for the genetic diversity analysis. 
Polymorphism Information Content (PIC) of the microsatellite 
loci was estimated according to Botstein et al. (1980). The genetic 
bottleneck effect was inferred using mode shift analysis implemented 
in the programme BOTTLENECK ver 1.2.02 (Cornuet and Luikart, 
1996).

GENETIC DIVERSITY ANALYSIS

The microsatellite loci analyzed were observed to be polymorphic 
in	 the	 investigated	Koraput	 sheep	population	with	≥	 3	 alleles	per	
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locus. All the markers were found to be highly informative with 
PIC	 value	 ≥	 0.5,	 except	 BM6506	 and	 OarFCB48	 (figure	 9)	 which	
were reasonably informative with PIC values between 0.25 - 0.499 
(Bostein et al. 1980). Thus, 91.66% markers were highly informative 
and 8.33% were reasonably informative. This indicates that these 
markers are quite useful for the genetic diversity analysis. Out of 24 
microsatellite	loci,	19	were	found	to	be	significantly	deviating	from	
Hardy Weinber equilibrium (P<0.05). Eighteen of these loci were 
observed  to have excess of homozygotes.

The genetic variability measures of Koraput sheep across the 24 
microsatellite markers are depicted in table 6. The allele frequencies 
across	all	the	loci	ranged	from	0.008	to	0.653	(figure	10).	A	total	of	
224	alleles	were	identified	across	the	24	markers	in	Koraput	sheep.	
The observed number of alleles ranged from 3 (BM6506, CSSM47) 
to 16 (OarHH35) with a mean of 9.33. Effective number of alleles 
was lower than the observed number of alleles and ranged from 
1.62 (OarFCB48) to 11.58 (OarHH35) with a mean value of 5.13. The 
overall level of allele diversity (mean observed alleles) in Koraput 
sheep was higher than the other recognized sheep breeds of eastern 
region of India (Arora et al. 2011).  

The observed heterozygosity ranged from 0.27 (OarFCB48) to 
1.0 (OarCP20, CSSM47) and expected heterozygosity from 0.38 
(OarFCB48) to 0.92 (OarHH35).  The mean observed heterozygosity 
(0.65±0.20)	was	significantly	lower	(P<	0.05)	than	the	mean	expected	
heterozygosity or gene diversity (0.76± 0.13). Within population 
heterozygote	 deficit	 (FIS) values ranged from -0.89 (OarVH72) to 
0.61 (INRA0063) with a mean value of 0.124, thereby exhibiting a 
significant	deficit	of	heterozygotes.	The	observed	positive	FIS in the 
investigated sheep population might be due to the non-random 
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Table 6. Genetic variability measures in Koraput sheep across  
24 microsatellite markers.

Locus na ne          Heterozygosity

Observed/          Expected 

PIC Fis

BM6506 3 1.84 0.38 0.46 0.36 0.15
OarCP20 9 5.62 1.0 0.82 0.80 -0.21

OarFCB48 4 1.62 0.27 0.38 0.35 0.28
OarVH72 7 5.68 0.89 0.83 0.79 -0.09
OarHH47 11 6.61 0.70 0.85 0.83 0.17
BM757 8 2.73 0.45 0.64 0.60 0.27
BM1314 12 5.96 0.79 0.83 0.80 0.04
BM8125 6 3.87 0.56 0.74 0.70 0.23
OarHH35 16 11.58 0.77 0.92 0.90 0.15
OarHH64 5 3.69 0.37 0.74 0.68 0.49
OarJMP8 13 7.75 0.70 0.87 0.85 0.19
OarJMP29 9 4.97 0.70 0.81 0.77 0.11

BM827 5 3.01 0.56 0.67 0.61 0.15
OarHH41 9 3.81 0.63 0.74 0.77 0.14
CSSM31 11 4.11 0.85 0.77 0.73 -0.12
CSSM47 3 2.45 1.0 0.60 0.50 -0.68

CSRD0247 13 7.54 0.81 0.87 0.85 0.05

Fig 9: Polymorphism Information Content of different microsatellite loci  
in Koraput sheep
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MAF0214 13 W2.82 0.68 0.65 0.61 -0.05
OarCP0049 13 7.51 0.73 0.87 0.85 0.15

BM6526 9 5.30 0.81 0.91 0.78 -0.002
OarCP34 8 3.44 0.56 0.71 0.67 0.20
INRA0063 10 5.79 0.31 0.84 0.80 0.61
OarAE129 14 6.35 0.48 0.85 0.81 0.41

OarFCB128 13 9.15 0.72 0.90 0.88 0.18
Mean 9.33 5.13 0.65 0.76 0.72 0.124

SD 3.69 2.43 0.20 0.13 0.15
na = Observed number of alleles
ne = Effective number of alleles [Kimura and Crow (1964)]
Expected heterozygosity was calculated by using Levene (1949)
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Fig 10:  Allele frequencies distribution at 24 microsatellite loci in Koraput sheep

mating and use of fewer rams for the breeding purpose. However, the 
high gene diversity estimates observed in the present study does not 
support inbreeding. As this value is derived from 24 microsatellite 
markers it is unlikely to be affected by segregation of non amplifying 
(null) alleles. The existence of population substructure (Wahlund 
effect)	due	to	sampling	from	different	flocks	in	different	villages	of	
the distribution area appears to be the most probable explanation. 
The	exact	reason	of	this	12.4%	deficit	of	heterozygotes	is	difficult	to	
predict due to non availability of pedigree information under the 
field	conditions.

The positive FIS value for Koraput sheep is comparable to those 
reported previously for most Indian sheep breeds (Arora et al. 2011), 
except for Ganjam and Chotanagpuri sheep from eastern agro-
ecological region and Madgyal from southern peninsular region 
which showed negative FIS values, other breeds exhibited a positive 
FIS value. Further, the positive FIS values reported in other Indian 
sheep breeds values varied from a minimum  of 7.0%  in Patanwadi 
to  a maximum of 23.4% in Garole. 

GENETIC BOTTLE NECK ANALYSIS

The genetic variation available in a population is essential for 
survival in the changing environmental conditions. Loss of  genetic 
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variation may result in reduced 
adaptability and its very existence 
may be threatened. For indigenous 
sheep populations, drastic climatic 
changes, shrinking pastures and 
advocacy of exotic breeds already 
pose a threat to survival. Bottleneck 
analysis was therefore carried 
out for estimation of any recent 
reduction in the genetic diversity 
of Koraput sheep population. A typical L-shaped curve for the 
distribution	of	the	allele	frequencies	was	obtained	(figure	11)	which	
indicated that a recent bottle neck was not observed and the Koraput 
sheep was under mutation-drift equilibrium.

CONCLUSION

Phenotypic appearance like the presence of notched ears, variations in 
coat colour, smaller size and compact body quite distinguishes Koraput 
sheep from Ganjam sheep found in its vicinity which is slender, medium 
sized, mainly brownish coloured and leggy sheep. Comparison of body 
biometry of Koraput and Ganjam sheep also revealed the distinction 
between these two breeds. Koraput sheep has higher genetic diversity, 
so	 there	 is	 sufficient	 potential	 in	 this	 breed	 for	 the	 improvement	 in	
the body weight for increased meat production by selective breeding. 
The requirement of matured rams for the breeding purpose should 
be	 fulfilled	 by	 the	 state	 animal	 husbandry	 department	 to	 avoid	 the	
infertility. Sheep keepers should be made aware about the importance of 
improved sanitary conditions and management practices for the better 
health of their livestock. Finally, it is concluded that the distinct features 
of Koraput sheep from other sheep in the area provide potential for this 

Fig 11: L-shaped curve depicting  
no mode-shift in Koraput sheep



25

KORAPUT SHEEP

population to be recognised and registered as a distinct well recognised 
breed at the National level.
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