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IDENTIFYING POPULATIONS OF PAPUA NEW GUINEAS 
INDIGENOUS CHICKENS FOR PRIORITY CONSERVATION

Gariba Danbaro \ S Zhao 2'3,4, J Han 3,4

ABSTRACT

The possible decline in genetic diversity of Papua New Guinea’s (PNG) indigenous chickens and its 
consequences for food production and other concerns has necessitated a discussion of measures to 
conserve this genetic resource. As an initial step to investigate the genetic diversity and provide a 
theoretical basis for a conservation program of PNG’s indigenous chickens, calculation and analyses 
of genetic diversities were carried out in this study using mitochondrial DNA (mtDNA) D-loop se­
quence variations in three populations of indigenous chickens. The results indicate that all of the Alo- 
tau, Madang and Port Moresby chicken populations in PNG have unique haplotypes and high genetic 
diversity. Priority for conservation of these populations has been suggested on the basis of their con­
tributions to genetic diversity.
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INTRODUCTION

Genetic diversity in indigenous chickens will be 
required in the future to meet production needs 
in various environments, to allow sustained ge­
netic. improvement and to facilitate rapid adap­
tation to changing breeding objectives. However 
the need for conserving animal genetic re­
sources (AnGR) is generally not well appreci­
ated. According to the FAO (2007a) even 
though 321 world-wide chicken breeds have 
been found to be not at risk, 467 breeds are 
either extinct., critical, critical-maintained, endan­
gered or endangereri-rnaintained. FAO (2005, 
2007a, 2007b) has therefore included indige­
nous chicken breeds in its AnGR conservation 
programs However, the production potential of 
indigenous breeds in some developing coun­
tries is often inadequately documented and util­
ized (Philipsson and Okeyo 2006). The indige­
nous chickens of PNG have never been consid­
ered in AnGR conservation programs. Indige­
nous chickens were probably introduced into 
PNG between 2000 to 3000 years ago 
(Beilwood, 1978). The breed is currently found 
distributed throughout ail parts of PNG and is 
the most important poultry species In the rural 
areas for food security and other socio­
economic purposes. Currently these popula­
tions of indigenous chickens are threatened by 
many factors including genetic erosion by

crossbreeding with imported exotic breeds, in­
tensification of production systems and loss of 
habitat due to increasing human population and 
activity (Turner, 1972; Bilong 1990: Moat and 
Biiong 1999). Genetic characterization of these 
indigenous breeds for conservation and rational 
use is therefore necessary and urgent. In this 
study therefore, the genetic diversity of some 
populations of indigenous chickens of PNG 
were analysed and assessed for the first time 
using mitochondrial DNA (mtDNA) D-!oop se­
quences and priorities for conservation of these 
indigenous chicken populations are discussed

MATERIALS AND METHODS

Sampling
Blood samples were collected on FTA cards 
(Whatman, Inc.) from a total of 92 indigenous 
chickens In three different geographical regions 
of Papua New Guinea: Alotau (35 birds), Ma­
dang (35 birds) and Port Moresby (22 birds). 
Within each region, samples were collected 
from several birds from multiple households in 
different villages. To minimize the chances that 
the birds used from each village were closely 
related, a single bird was sampled from each 
household. The households within each village 
from which birds were used were approximately 
0.7-1 5km apart.
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PCR amplification, purification and DNA 
sequencing

This work was done at the CAAS-ILRI Joint 
Laboratory on Livestock and Forage Genetic 
Resources, Beijing and the PNG University of 
Technology, Biotechnology Centre.

The D-loop region was amplified directly from 
the genomic DNA by polymerase chain reaction 
(PCR). The primer pair, L16750 (5’-
AGGACTACGGCTTGAAAAGC-3’) and H547 
(5’- ATGTGCCTGACCGAGGAACCAG-3’), de­
scribed by Niu et al. (2002), was used to am­
plify the first 510bp segment of the D-loop hy­
pervariable region. In the primer names, L and 
H refer to the light and heavy chains, respec­
tively, and the number designates the position 
of the 3’-end of the primer on the complete 
chicken mtDNA sequence (Desjardins and Mo- 
rais, 1990). PCR reactions were carried out in 
50pl volumes using 1* buffer, 1.5 mM MgCI2, 
2.5 mM dNTP, 10 pM of each primer and 1 unit 
Huitian Taq polymerase. The PCR cycle in­
cluded the initial denaturation at 94°C for 10 
min followed by 30 cycles of denaturation at 94° 
C for 30 sec, annealing at 61 °C for 30 sec and 
extension at 72°C for 30 sec with a final exten­
sion at 72°C for 10 min using GenAmp 9700 
(Applied Biosystems, CA. USA). The PCR prod­
ucts were purified with Tiangen® PCR purifica­
tion kit according to the manufacturer's instruc­
tions Sequencing of the DNA was performed 
by using Big Dye Terminator Cycle Sequencing 
Ready Reaction Kit (v3.1, Applied Biosystems, 
CA, USA) and electrophoresis was done by a 
ABI3130XL DNA Genetic Analyzer (Applied 
Biosystems, CA, USA).

Data analysis

The mtDNA nucleotide sequences obtained- in
this study were aligned by using the ClustalX 
program (http:// www.iabrnc-ustrasbq,fr/pub/ 
ClustalX: Jeanmougin et al., 1998) and identical 
sequences were considered as the same hapio- 
types. Calculation of haplotype frequency and 
Genetic diversity analyses were performed us­
ing Dnasp software version 4.10.3 (http:// 
www.ub.es/dnasp).

RESULTS AND DISCUSSIONS

Variant sites analysis

Analysis of the mtDNA D-loop sequences from 
the 92 samples showed a total of 28 nucleotide 
changes which could be grouped into 22 haplo- 
types (Table 1). The two largest haplotype 
groups consisted of 34 and 13 individuals while 
the remaining 20 haplotypes contained less 
than 10 individuals each. The nucleotide 
changes were characterized by transitions at 26 
sites and transversions at 2 sites and no dele­
tions or insertions.

Twenty eight polymorphic sites were found in 
the 397bp sequenced giving an average of 
7.05% polymorphic sites in the 92 samples. This 
value is higher than those reported by other au­
thors. Liu et al. (2004), Niu et al. (2001) and Fu 
et al. (2001) who reported the average percent­
age of polymorphism in D-loop region to be 6.4 
and 4.45 (33 and 21 polymorphic sites in the 
same fragment of 397bp ), respectively, for a 
Chinese native chicken breed. Lee et al. (2007) 
reported that the average percentage of poly­
morphic sites was 3.53 for 510bp (17 polymor­
phic sites in the same fragment of 397bp) for 
Korean Ogol chickens and attributed this lower 
level of polymorphism to sampling from one lo­
cation where selection pressure continued for a 
long time. Moreover, low percentage of poly­
morphic sites in mtDNA D-loop sequences may 
be due to an evolutionary bottleneck during the 
course of domestication (Moritz, 1994). There­
fore the higher level of polymorphism found in 
this study suggests that the samples have wide 
representation among the indigenous chickens 
of Papua New Guinea, and that these indige­
nous chickens could have experienced a milder 
bottleneck compared with those of other locali­
ties.

Distribution of haplotypes

The frequency of 22 haplotypes (H1-H22, Table 
1) found in this study ranged from 1.09% to 
36.96%, and the diversity of haplotypes was
23.91%. Only one haplotype, H4, was found in 
all the three regions of PNG while four haplo­
types were observed in two of three regions and
17 haplotypes were detected in only one region. 
The wide distribution of haplotype H4 in all three 
regions suggests that this haplotype had higher 
fitness during the long history of domestication 
and so it might be an ancestral haplotype 
among PNG’s indigenous chickens. Haplotypes 
4, 12 and 1 were unique to Alotau, Madang arid 
Port Moresby regions respectively, giving a total 
of 17 unique haplotypes. This distribution pat­
tern of unique haplotypes indicates the genetic 
distinctiveness of the three indigenous chicken

Papua New Guinea Journal of Agriculture, Forestry and Fisheries June 2013 , Vol. 54 pp 03-09

http://www.ub.es/dnasp


5

Table 1: Polymorphic sites of mtDNA D-loop of indigenous chicken in Papua New Guinea—
Hapiotypes Variable Sites* Frequency

111122222222222233333333333
6779112244566899Ö0112345669
9717927583661513669052424371

GTTAT GT CCCCCT CGT CCCT CT G

Alotau Madang Port
Moresby

Total

H1 GATCTC 1 5 6

M2 ......T.................. 1 1

M3 .................T....... 9 9

H4 ...............T.T........ 20 7 7 34

H5 ............ CTT........ 2 2

H6 A............. T.T........ A irk

1 1

H7 ...............T.TC...G.... 9 4 13

H8 .............. TTC. AG. 1 1

H9 A............. TTC...G.... 1 1

H10 .............. TTC....... 2 2

H11 ...............T.T...G. 1 1 2

H12 ................ T...G.... 1 1

H13 ...T.... T. T....G.T. 1 1

H14 ..........TC. ...T....... ■ A 1

H15 ;. . C.C.....A..TT......... 4 4
H16 I.....C......ATT...... C.

2 2
. - ___  - ...HI 7 I.....C...... A..TT........

11 5 j 6

H18 AC......ATT....... -j ! 1

H19 ,C. A.......ATTT.A.CT.
-------------------------------------------------- ----------------------------------------

1 I i

H20 ..C A.......A TIT. A.CTT 1
r' 1

H21 C ...TT.TC.A.TTC........ j 1 1 i

H22 ....A...TTTC A.TTC.T.....
_ 1 Xju

Iotas 35 35 j 22 , 92 ]

* Numbers indicate nucleotide base position in mitochondria! D-iocp region and hyphen represents the identical nucleotide 
with the H1 sequence; *’ The italic, number indicate the unique hapiotypes.

populations. Thus the Madang chicken popula­
tion with 12 unique hapiotypes is the most dis­
tinctive followed by the Alotau and Port Moresby 
chicken populations.

Genetic distinctiveness of populations is an im­
portant criterion used when populations are se­
lected for conservation. The highest priority for 
conservation is often given to population with 
highest genetic distinctiveness Moritz (1994). 
Parker et a!. (1999, 2001) selected distinct

highest priority for conservation followed by the 
Alotau and Port Moresby chicken populations.

Genetic diversity

Genetic diversity indices calculated for the three 
chicken populations are shown in Table 2. 
Nucleotide diversity indices ranged from 
0.00446 to 0.00862 while haplotype diversity 
indices were between 0.620 and 0.889. Values 
of both indices were iower than those calculated

Papua New Guinea Journal of Agriculture, Forestry and Fisheries June 2013, Vol. 54 pp 03-09



6

by Silva et al (2008) for indigenous chicken 
populations of Sri Lanka The difference in diver­
sity indices between PNG and Sri Lankan in­
digenous chickens could be explained by the 
fact that Sri Lanka, located in Southeast of the 
Indian subcontinent, is an important centre of 
origin of indigenous chicken (Fumihito et al. 
1996; West and Zhou 2002; Liu et al. 2006) and 
forms a confluence or exchange centre of other 
centres from where indigenous chickens were 
distributed to other parts of Southeast Asia 
(including PNG) and Africa (Muchadeyi et al. 
2008). Therefore Sri Lankan indigenous chick­
ens can be expected to have generated and 
accumulated higher levels of genetic diversity 
after several centuries of domestication. How­
ever, nucleotide diversity indices observed in 
this study were higher than those estimated by 
Liu et al. (2006) for certain clades of chickens 
from Europe, Middle East, Southeast and East 
Asia, and by Oka et al. (2007) for Japanese na­
tive chickens. Higher genetic diversity in chick­
ens is indicative of center of species origin and 
confluence (Chen et al. 2002) where genetic 
variation has been generated and accumulated 
over long periods of time. Japanese native 
chickens are believed to have been established 
from native chicken populations of other East 
and Southeast Asian countries and this account 
for the lower genetic diversity of the foundation 
populations of Japanese native chicken com­
pared to original populations of other Asian 
countries. Furthermore, most Japanese native 
chickens are ornamental breeds that have low 
productivity. Therefore the number of individuals 
in some of these Japanese breeds could be 
decreasing, and this could be one of the causes 
of reduction in genetic diversity (Oka et al. 
2007). Several authors have suggested that 
Southeast Asia is another centre of origin of 
indigenous chicken (Fumihito et al. 1996; West 
and Zhou 2002; Liu et al. 2006) and that one of 
three major maternal lineages of the modern 
Chilean chicken, breeds is .from. the.South.Chi­
nese/ Indonesian/Japanese area (Gongora et 
al. 2008). Because PNG has a common border 
with Indonesia to the west it might be part of the 
Southeast Asian centre of origin of indigenous 
chickens. This could explain the higher genetic 
diversity of the indigenous chickens of PNG ob­
served in this study. The genetic diversity gen­
erated because of originality of centre is the 
most important for conservation (Chen et al 
2002).

Another approach used by some authors is to 
give higher priority for conservation to popula­
tions that show higher genetic diversity (Chen et 
al. 2002). In this study, the diversity indices Pi, k

and Hd for the Madang chicken population were 
0.00862, 3.422 and 0.889 respectively (Table 2) 
and these were the highest values among the 
three populations. The Port Moresby chicken 
population had the next highest indices while 
the Alotau population had the lowest. These 
results also indicate the order of genetic rich­
ness in the three indigenous chicken popula­
tions of PNG and consequently the order to be 
followed in prioritizing these populations for con-

Table 2 Diversity parameters of Indigenous 
chicken in Papua New Guinea

Papulation S Hn Hu Pi k Hd+SD

Alotau 35 8 4 0.00446 1.771 O.G20±0.074

Madang 35 15 12 0.D0862 3.422 0.889±0.03
4

Port Moresby 22 5 r 0.00835 3.316 0.797±0.03S

S; The size of populations' Hn: The number of haplotypes; 
Hu: The number of unique haplotypes, Pi; Nucleotide 
diversity, k; Average number of nucleotide differences;
Hd; Haplotypes (gene) diversity, SD; Standard deviation

Genetic contribution analysis

Due to differences in the size of populations, 
scarcity of funds for species conservation and 
conflict between conservation and economic 
development, deciding what and where to con­
serve is an essential step in managing impor­
tant species. Generally, the main aim is usually 
to protect the genetic resources as much as 
possible, on the basis of both genetic distinct­
iveness and diversity. However, the genetic dis­
tinctiveness-based approach chooses popula­
tions with more genetic uniqueness for priority 
conservation. It does not consider genetic varia­
tion within populations (Chen et al. 2002; Pen- 
nock and Dimmic-k 2002),-while the genetic-di­
versity-based approach chooses populations 
with high genetic variation for priority conserva­
tion without considering genetic distinctiveness. 
Thus some haplotypes unique to some popula­
tions with low genetic variation may not receive 
sufficient attention for conservation in some 
cases. Therefore, Petit et al. (1998) put forward 
the approach of genetic contribution, a synthe­
sis that considers genetic diversity. This ap­
proach appears to be the most appropriate for 
selecting populations for conservation (Chen et 
al. 2002; Ping et al. 2004). The contributions of 
genetic diversity (Rs (k)) and genetic distinctive­
ness (Rd (k)) are combined to get the total ge­
netic contribution (RT (iq) of the ktn population
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R\, n~Hj 1
Rs (k)~   I Rd (k) - y----------and R y (ty-Rs (k) +Ro (k) = y  

n , nn n

Where n represents the total of populations studied and n-, represents the number of populations with 
the ith hapiotype. Similarly the rates of contribution attributed to genetic variation (Cs (k>) and genetic 
distinctiveness (CD (k>) to the total genetic contribution rate (CT(k)) of the kth population with Rk hapio- 
types are obtained by using the formulae:

Crs (k):
S(k)

R,
■; Crd (k):

^D(k)

~ Rr and Cia (k)
^T(k) R,

R,

Where Rr represents the total of haplotypes, Rs = I.« S(k) jn » R d - ^ kR o(k)/n ’ 

Rt = '£ k RT{k)jn The total contribution rate Crt (k) can be partitioned into two components, 

Crs (k), which is the rate of contribution of the k'h population due to its own diversity and Crd 

(k>, the contribution due to its divergence, i.e. CR T <k) = CRS <k) + C!U) (k), £ *CAS(Jt) = 0 ,

kL k^RO(k) = ^ > X! k^RT(k) (Table 3).

Table 3 Genetic contribution of three indigenous chicken populations in Papua New Guinea

Populations Rs (k) Rd <k) Rt <k) Crs (k) (%) Crd (k) {%) Crt <k} (%)

Alotau 2.667 3.167 5.834 -0.020 -0.048 -0.068

Madang 5000

.. --------

8.334 13.334
0.086

0.187
0.273

Port Moresby
. ____________________________

1.667 1 167 2.834 -Ü.066 -0.139 -0.205

The values obtained for Rs and R0 (and there­
fore Rt) were highest for the Madang chicken 
population and lowest for the Port Moresby 
chicken population. The value of C.s (k), Co (k) and 
Ct (k) provide relative overall criteria for setting 
priorities for conservation of PNG's indigenous 
chicken populations. The positive values of Cs 
(k), CD(k; and CT(k, in Madang chicken population 
show that the genetic variation contribution rate, 
genetic distinctiveness contribution rate and the 
total of genetic contribution rate were higher 
than the average of the three populations, 
thereby indicating that the Madang chicken 
population could contribute most to improving 
the genetic variation and haplotypes richness of 
PNG’s indigenous chicken followed by the Aio- 
tau and Pod Moresby indigenous chicken popu­
lations respectively.

Figure 1: Geographical distribution of three 
chicken populations in Papua New Guinea

I Shared haplotypes among three populations 
I Shared haplotypes between AI and Ma populations
9 Shared haplotypes between AJ and !’o populations
□ Shared haplotypes between Ma and Po population«I n Unique haplotypes per populat ions_____________ !
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This order could therefore be followed in the 
conservation of PNG’s indigenous chicken 
population given that human, material and fi­
nancial resources are limited. This order is the 
same as the order based on genetic distinctive­
ness and implies that the priorities for conserva­
tion of PNG’s chicken genetic resources de­
pends to a great extent on the genetic distinct­
iveness of the chicken populations.

CONCLUSION

Papua New Guinea’s indigenous chicken popu­
lations have unique haplotypes and high ge­
netic diversity and probably belong to the 
Southeast Asia centre of domestication of in­
digenous chickens and are therefore an impor­
tant genetic resource which needs to be consid­
ered for conservation. This need is all the more 
urgent in the light of global climate change and 
its consequences for food production especially 
in developing countries, genetic erosion and 
intensification of production systems in the 
country. This study has concentrated on three 
indigenous chicken populations and suggests 
that the highest priority for conservation should 
be given to the Madang chicken population fol­
lowed the populations from Alotau and Port Mo­
resby in that order.
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