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Summary

Protein polymorphism of native and red jungle fowls in Nepal was analyzed by electrophoresis.
Blood samples were collected in the arcas of Solu, Jomson road, Kathmandou, Pokhara and Low
land. Out of 17 loci, polymcrphism were found ai nine loci in native fowls and at three loci in red
jungle fowls. The proportion of polymorphic loci (i) of native and red jungle fowls were 0.529 +
0.121 and 0.176 4 0.095, respectively. The five fowl populations in Nepal formed a different cluster
from Sri Lankan and Bangladeshi fow! populaticns. When the gene [requencies of polymorphic laci
were coropared between the native fowl populations of Sri Lanka, Bangladesh and Nepal, Amy 1%, Es-
A und Akp-2% genes showed inclination of south to north.
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Introduction

Nepal is located on the south side of the
Himalayas, and peeple inhabit on low land as
Tarai plamm to mountain side as Namche Bazal
located on 3500 m above of the sea level. In all
areas where people inhabits, the native chickens
are reated as the important protein source of
inhabitants. Although the native fowls in Ncpal
have Jower productive performance than the
improved foreign breeds, their character of broo-
dincss is very important for farmers to breed
the chicks. Usually, flocks of the fowl of farmer
in Nepal are small in number {4-5 birds) because
of lack of feed for fowl. The native fowl of
Nepal are medium birds with 1.2-1.5 kg and their
annual egg production is 40-60 in number with
weight of about 45 g,

Since [960's, improved breeds like New
Hampshire, Australorp, White Leghorn and their
crosses and also the synthetic breeds have been
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introduced from foreign countrics to improve the
economical performances of the native fowl. At
present, these foreign improved breeds are being
distributed to the farmers by the government and
private hatchery stauons. In consequence, crosses
of the native breed and the foreign breeds are
advancing and pure native fowl are gradually
decreasing in number. 1t is very important for
practical] use in future to survey the genctical
characteristic of the native fow! and to evaluate
it from a viewpcint of genetic resources. Recently,
Yamamoto et al. (1991) surveyed the blood group
polymorphism in the native fowl population in
Nepal.

This study was conducted lo clarify the pene
constitution ol protein polymorphism of native
fowl and red [ungle fowl in the Nepal,

Materials and Methods

Sampling and location

The surveyed areas and the number of samples
arc shown in figure 1. The native fowls were
sampled at Solu and Jomson Road areas (about
2500 m of above sea level), Kathmandu and
Pokhara areas (1500-1700 m of above sea level)
and low land area (0-200 m of above sea level).
The red jungle fowl was caught at Tarai plain
in Tow land. Forty-eight fowls and 6 red jungle
fowl were collected in [987, and 224 fowls were
coliccted in 1988.
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Figure 1. Surveyed areas &nd number of native
fowl examned A-a: Hegh lard (Solu),
A-b: High land {Jomson roac), B:
Kethmandu, C: Pokhara, D: Low land
(No. of birds in 0w land inciude 6 birds
of red jungle fow').

Blood collection and clectrophoresis

All blood samples collected were scparated
into plasma and erythrocyte and stored separately
in a freezer (—40C). These were transported with
dry ice air to Japan. Electrophorctic examination
were carried out in lhe Laboratory of Animal
Breeding, Hiroshima University, and in Laboratory
of Animal Breeding, Xagoshima University.

Seventeen loci controlling 14 kinds of hlood
protein were screencd for genetic variation by

TABLE I. LIST OF BLOOD PROTEINS EXAMINED

starch gel or agar gel electrophoresis. The list
of the penetic loci analyzed in Lhis expernment
is given in table 1.

Estimation ol gene {requency, genetic variability
and genetic distance

The genetic variability within population was
quantified by measuring the proportion of poly-
morphic loci,  Poo (Lewontin and Hubby, 1966),
and average heterozygosity, H. The average
heterozygosily was estimated using a formula H
= JT— ¢ (Lewontin and Hubby, 1966). Where
qi is the frequency of the 'th allele at a locus,
and the bar mecans the average over all the loci
examined including monomorphic loci. The relative
magnitude of gene differentiation among subpo-
pulations was estimated by the coclficient of gene
differentiation, Gsr (Nei, 1975). The coefficicnt
is given by Gsr = (Hr—Hs) Hr, where Her and
Hs are the average hcterozygosity of total
population calcwated from average gene frequen-
cics of subpopulations, and a mean of average
heterozygosity of  subpopulations, respectively,
The genetic distance was calculated by Nei's
formula (Nei, 1972). From the matrix of the
genelic distance values, dendrogram was drawn
by the unweighted pair group method of clustering
im pumerical taxonomy (Sokal and Sneath, 1963).

Symbol

Name of blood protein Cited from
of locus T
Fs-1 Plasma cstcrase (Okada et al. (1980)
Amy-1 Plasma amylase Hashiguchi et al. (1970)
Amy-3 Plasma amylase Hashiguchi et al. (1970)
Akp-akp Plasma alkaline phosphatase Okada et al. (1980)
Akp-2 Plasma alkaline phosphatase Okada et al. (1980)
Atb Plasma albumin Mcindoe (1962)
Tf Plasma transferin Stratil (1968)
Pas Plasma post albumin Kuryl and Gasparska (1976)
LDH Erythrocyte lactate dehydrogenase Manwell and Baker (1969)
6-PGD Erythrocyte 6-phosphogluconate dehydrogenase Bengtsson and Sandberg (1973)
PGM Erythrocyte phosphoglucomutase Bengtsson and Sandberg (1973)
PHI Erythrocyte phosphohexase isomerase Bengtsson and Sandberg (1973)
To Erythrocyte tetrazolium oxidase Baur and Schorr (1969)
MDH Erythrocyte malate dehydrogenase Davidson and Cortner ({967)
Es-D Erythrocyte esterase Watanabe et al. (1977)
Hb-1 Hemoglobin Washburn {1968)
H6-2 Hemoglobin Washburn (1968)
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Results

Protein polymorphism

Out of 17 loct examined in the present
experimenl, nine loci (Es-1, Amy-1, Akp,. Akp-
2, Tf, Pas, Alb, 6-PGD and Hb-1) in native fowl
showed polymorphism. Eight loci in native fowl
were monomorphic, The frequencies of allele at
the polymorphic laci are given in table 2.

The Pes locus was polymorphic in  the
populations of Kathmandu, Pckhara and low
land, but monomorphic in those of Scln and
Jomson Road areas tn high land (fixed in Pas*).
The frequencies of both genes (Pas* and Pas®)

in pooled data from five areas were calculated
as 0.72 in Pes' and 0.28 in Pas®. In the Akp
locus, the gene frequency (0.243) of Akp at low
land areas was shghtly higher thao those (0.147-
0.178) of cther areas. In the 6-PGD locus, the
frequency of 6-PGD” gene in low land was higher
(0.81) than those (0.48-0.67) of thc other arcas.
In the Hb-1 locus, phenotype AB was observed
in the populations of Jomson Road and Pokhara,
and frequencies of Hb-1* pene in both popula-
tions were calculated as 002 and 0.03, respecti-
vely.

The red jungle fowl caught at Tarai area in
low land showed polymorphism at three loci

TABLE 2. GENE FREQUENCIES OF PCLYMORPHIC LOCI OF NATIVE CHICKEN AND RED JUNGLE FOWL IN

NEPAL
Areq
Locus Jomson Sclu Kathmandu Pokhara Low Total RIJF
road land (272) (6)
{_56) (5?] (29) (31) ('_99) o
Es-14 0.300 0.353 0.428 0.516 0.192 0.315 1.000
Fs- 18 0.700 {.588 0.554 0.452 0.786 0.658
Es-1¢ 0.059 0.018 0.032 0.022 0.027
Amy- 17 0.145 0.169 0.161 0.218 0.194 0.184 1.000
Amy- 1B 0.855 0.874 0.839 0.772 0.742 0.804
Amy-1¢ 0.007 0.010 0.064 0.012
Pas? 1.000 1.000 0.537 0618 0.746 0.716 0.184
Pas® 0.463 0.382 0.254 0.284 0.816
Akp 0.147 0.178 0.176 0.158 0.243 0.192 0.423
akp 0.853 0.822 0.824 0.842 0.757 0.808 0.577
Ahp-22 0.330 0.470 0.598 0.406 0410
Akp-2 0.670 0.530 0.402 1.060 0.594 0.590 1.000
Alb? 0.009 0.018 0.034 0.016
AlbP 0.964 0.926 0.911 0.952 0.951 0.944 1.000
AlKC 0.027 0.074 0.071 0.048 0.015 0.040
T 0.009 0.015 0.018 0.048 0.034 0.024
e 0.836 0.904 0.893 0.774 0.908 0.874 1.000
T 0.155 0.081 0.089 0.178 0.058 0.102
6-PGDA 0.683 0.478 0.589 0.629 0.809 0.662 0.883
6 PGD¥ 0.327 0.552 0.411 0.371 0.191 0.338 0.167
Hb- 14 0.018 0.032 0.007
Hb-IB 0982 1.000 1.000 0.968 1.000 {.993 1.000
¥ Red jungle fowl.

( ): Number of bird.
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( Pas, Akp and 6-PGP ) and no-polymorphism
at fourteen loci. Out of three polymorphic loci,
the gene trequencies of Pas and Akp loci were
different from those of the native chicken popu-
lations. The gene frequencies of Fas locus showed
0.184 in Pas* and 0.816 in Pas®.

Genetic variability of the native fowls in Nepal

Genetic variability of each local population
was quantified from frequencies at 17 loci con-
trolling blood protein, and the results are shown
in table 3. P.p was calculated as 0471 in all
local populations. The Py of the pooled dala
was estimated as 0.529. The H were varied from
0.12 to 0.17, and were lower in low land popu-
lation. The coefficient of gene differentiation Gsz,
among the populations was 0.09. The P.y of
the red jungle fowl was estimated as 0.176.

Genetic relationship among five native chicken
populations in Nepal, native fowl populations in
South Asia and red jungle fowd in Nepal

Genetic distance between every pair of the
five native fowl populations in Nepal are presented
i lable 4. The distance among the local popu-
lations of native fowl were gencrally very small,
and their average was 0.018.

By including the present data and the pre-
vious data of protein polymorphisins im Sri Lanka
(Hashiguchi et 2], 1986) and Bangtadesh {Okada
¢t al, 1988), the dendrogram among the native
and red jungle fowls in the South Asia was illu-
strated in figure 2. The five fow| populations in
Nepal were clustered in one group. Although
people can not migrate directly between Solu and
Jomson Road, genctic relationship between both
populations is relatively close. The population
of Pokhara arca 1s scparated from other popu-
lations.

The Populations of Sri Lankz and Bangladesh
formed anotber cluster. Genetic distance between
Nepal population and Sti Lanka-Bangladesh
populations estimated 0.055. Genetic
distance between nalive fowl and red jungle fowl
estimated as 0.130,

WAas as

TABLE 3, QUANTIFICATION OF GENETIC VARIABILITY IN CHICKENS AND RED JUNGIE FOWL IN NEPAL

Area Number of Ppoly + S.E. i Ne
. _ sumples
Solu khumbu 68 0471 0.123 0.1424 1.1661
Jomson 55 0.471 0.121 0.1284 1.1474
Kathmandu 28 0471 0.121 0.1701 1.2049
Pokhara 31 0.471 0.121 0.1511 1.1780
Low land 103 0.471 0.121 0.1528 1.1804
285 He=0.1636 Hs=01490 Gsr = 0.0925
Red jungle fowl 6 0.176 0.095 0.1216 1.1384

Hr: Average heterozygosity of (atal population.
Hs. Average heterozygosily of subpopulaticos.
Gar « Caefficient of gene differcntiation.

TABLE 4. MATRIX OF GENETIC DISTANCE BETWEEN THE RESPECTIVE PAIR OF 5 CHICKENS POPULATION
USED ON 17 LCC' CALCULATED BY USING NEI'S EQUATION

Area 2 4, 5
. Solu khumbu 0.005 0017 0.025 0.021
2. Jomson 0.022 0.017 0.014
3. Kathmandu 0.031 6.0i1!
4. Pokhara 0.025
5. Low land
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Jomson Road
Solu

Low Land
Kathmandu
Pokhara
Bangladesh N.F.
Sri Lanka N.F.
Red Jungle Fowl

:}._
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Figure 2. Dendrogram drawn froir the Nei's genetic

distance matrix among rative fowl
populations in Nepal, Sri Lanka &ad
Bangladesh.
Discussion
In the present study, (1) the protein  poly-

orphisms of the native fowl population in five
areas and red jungle fowl in Nepal, and (2)
genetic relaticnship among native fow! and red
jungle fowl ir the South Asia. were analvzed.
The genetical studies of the native fowls in the
South Asia have been studied for those of Sri
Lanka and Bangladesh. The genctic variabilities
(Pot) of the native fow! in Sri Lanka and
Bangladesh were calculated as 0.353 & 0.116 and
0.353 £ 0.116~0.529 + 0.121.  respectively. The
Py of the native fowl in Nepal was the same
as some populations in Bangladesh. The Py
{0.176) of the red jungle fowl in Nepal is lower
than that of the Soutb East Asia (Hashiguchi
et al., 1986).

Five regionat fowl populations in the central
part of Nepal were clustered into three groups.
The populations of Sclu and Jomson road were
helonged to the same cluster. Two areas of Solu
and Jomson Road are separated from each other
by mountains and valleis. therefeve people of both
areas cannot migrate hetween both areas wilhout
pass through Kathmandou and Popkhara regions.
In spite of no direct migrate beiween Solu
Kuhmbu and Jomson Road aress, genctical
relationship is close. Both locations are fixed in
Pas* gene. F'rom the result of principal compo-
nent of analysis, it is likely that Pas locus con-
tribute to the formation of the cluster. Yamamaoto
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et al. (1991) reported that a difference in frequ-
ency was found in that the frequency of A° allele
at the blood group A locus was higher in the
high altitude areas.

Genetical studies on the native fow] in the
South Asia had been conducted lor those ol Sri
Lanka (Hashiguchi et al., 1986) and Bangladesh
{Okada et al, 1988). When the gene frequencies
aof 6 polymorphic loci are compared among the
native fowl populations of Srt Lanka(Hashiguchi
et al., 1986), Bangladesh (Okada et al., 198%) and
Nepal, the gene frequencies of Amy-I*, fs-14,
and Akp-2* genes showed the inclination from
south to north.  Amy-1' pgene are gracually
decreased in order of Sri Lanka, Bangladesh and
Nepal. 11 is well known that the frequency of
Amy i* gene are higher in native lowl popula-
tions ol the South East Asia. As Okada el al
(1988) indicated, the higher frequency jn Bangla-
desh than in Ncpal might reflect the influence
of gene flow frcm South East Asia. The frequ-
ency of Es-7% gene are gradually incrcase in order
of Sri 1.anka, Bangladesh and Ncpal. The fre-
quency of Akp-27 gene are gradually decreased
in cider of Sri Lanka, Bangladesh and Nepal.

Hb- 11 pene was found in the Athens-Canadian
population, Chabo (Japanese Bantam) and native
fowl of Bangladesh. Okada et al  (1988)
suggested that Hb 74 gene might be flowing out
[rom thc Rangamali District because of two
homozygote AA birds were found in the Rang-
amati District and 3 heterozygoles in the surro-
unding districts in Bangladesh. Four heterozygotes
were found in Pokhara and Jomson Road in
Nepal. The gene frequency in Nepal is lower than
in Bangladesh. This result also suggests that Ffb-
1% gene originates from Bangladesh.

In the dendrogram, native fowl population
in Nepal formed another cluster from the popu-
lations of native fowl in Bangladesh and Sn
Lanka and red jungle fowl in South Asia. It
seems that the native fowls of Nepal arec not
influenced by the native fowl population of the
South East Asia in comparison (0 those of Sri
Lanka and Bangladesh.
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