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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-
ted. According tc the FAO {(2007a) even
1hough 321 world-wide chicken breeds have
been found to be nol at sk, 467 breeds are
gither extinct, critical, critical-ma fa:z@d. endan-
gered or endangered-mainiain: x:i A (2@,{}‘
20078, zu(}m} has txscwam included indige
naus chicken breeds in s AnGR conwcf‘mt'm
programs. However, tiv‘ groduction potential of
indigencus brzeds in some developing coun-
tries is often inadequatsly documented and util~
ized (Philipsson and Okeyo 2008). The indige-
nous chickans of PHG have never been consid-

agred in AnNGR conservalion programs: indige- -

nous chickens were probably introduced into
PNG between 2000 io 3000 yeazrs ago
{Beilwood, 1878). The breed is currently found
distribuled throughout alf parts oi’ PNG and is
the most important poullry specigs in the rural
areas for food security ancé 0’?’@! socio-
econcmic purposes. Currently these popula

tions of indigenous chickens are threatened by
many faciors including genetic erosion by

104
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crossbreeding with imported exotic breeds, in-
tensification of preduction systems and loss of
habitat due to increasing human population and
activity (Turner, 1972; Bilong 1980; Moat and
Bilong 1999). Genetic characterization of these
indigenous breeds for conservation and rational
use is therefore necessary and urgent, in this
study therefore, the genetic diversity cf some
populations  of indigenous chickens of PNG
were analysed and assessed for the first lime
ising mitochondrial ONA (miDNA) D-loop se-
«4!1‘1n ces and priorities for conservation of these
indigenous chicken populations are discussed.

LA S TR TRE L 7 6 A RAEY DADSTEIAN Y
MATERIALS AND METHODES

cllec n FTA caerds
{82 indigenous
ogjmpr, sl regions
{35 birds), Ma-
dang (35 birds) and Port Moresby (22 birds).
Within each region, samples were colieciad
from sevara! birds from multipla households in
aifferent \,m‘am" Tao minimize the chances that
the birds used from each village were closely
related, @ single bird was samipled from each
household. The houssholds 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
50ul volumes using 1% buffer, 1.5 mM MgCl2,
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
hy using Big Dye Terminator Cycle Sequencing
Ready Reaction Kit (v3.1, Applied Biosystems,
CA, USA) and electrophoresis was done by a
ABI3130XL DNA GCenetic Analyzer {Applied
Biosystems, CA, USA).

Data anzlysis

this study were aligned by using the ClustalX
program {(http:// www.igbme.ustrasbg fr/pub/

seguences were considered as ine same haplo-
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

L By A T R CUIR SAF WU ol b
The DA nudeotide seguances -obltained n -

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% polymaorphic 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-oop 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 indigse- .

nous chickens could have experienced a miider
bottleneck compared with those of other locali-
ties.

Distribution of haplotypes

The frequancy of 22 hapiotypes (H1-H22, Table
1) found in this study ranged from

23.91%. Only cne 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 and
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
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36.96%, and the diversity of haploiypes was
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“Table 1: Polymorphic sites of mtDNA D-loop of mdlgenous chicken in Papua New Gumea

" Haplotypes 'Variable Sites* " Frequency
111122222222222233333333333 Alotau Madang Port Total
677911224456689900112345669 Moresby
9717927563661513669052424371
GTTATGTCCCCCTCGTCCCTCTG

H1 GATCTC 1 5 6

H2 L 1 1
H3 T 9 9
HE o, TToon 20 7 7 34
H5 CTT... 2 2

H6 Ao, T ki
H7 TTC..G 9 4 13
H8 TTC.AG 1
HO TN TTC.G 1 1
H10 LTTC .o 2 2
H11 TT.6 1 1 2
H12 | s T..G... 1 1
H13 T T.T..GT. 1 1
H14 TC..T i 1
H15 CCo ATT 4 4
16 Co AT .C 2 2
H17 Con AT R s | 5
H1 G ATT .. 1 1
H1e AL ATITACT | 1 3
H2O C A ATIT.ACTT ! L 1
H21 C L TTTCATIC ‘ 1 f ) 3
F22 ATTTCATTCT : 1 b
Total ; 3 | 35 2 | 92

*MNurnbers indicate nucleoticda be
H1 saquence: * The itafic nu

“with the

puputations.

Thus the Mac

ang chicken popula-

fon with 12 unigue hag Eu_types is the most dis-

tinudve followed by the §

Algtau and Port Moresby

chicken poputations.

824
er indicate ths urdque teplc

Genetic distinctiveness of popuiations is an im-
portant criterion used when populations are se-
lected for censensation. The highest priority for
conservation is often given to population with
highest gr\netlc distinctiveness Moritz (1994).
Parker et al. (1999, 2001) seiected distinct

yphen represents the identical nustectide

highest oriority for conservation followed by the
Alotau and Fort Moresby chickan poputations.

Geanatic diversity

Genetic divarsily indices caiculated for the three
chicken populations are shown in Tabie 2.

Mucleotide diversity indices ranged from
0.00446 to 0.00862 while haplotype diversily
indices were bstween 0.620 and 0.889. Values
of both indices were iower than those calculated
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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 ef al.
1996; West and Zhou 2002; Liu et a/. 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 ef al.
2008). Therefore Sri Lankan indigenous chick-
ens can be expected to have generated and
accumulated higher levels of genétic 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 ef 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 sre ornamental breeds that have low
productivity. Therefare 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 ef al
2007). Several authors have suggested that
Southeast Asia is another centre cf origin of
indigenous chicken {Fumihito ef al. 1996; West
and Zhou 2002; Liu ef al. 2008) and that cne of
three major maternal lineages of the modern

. Chilean chicken breads is from. the. South. Chi-

nese/ Indonesian/Japanase area (Gongora ef
al. 2008). Because PNG has a common border
with Indenesia to the west it might be part of the

Southeast Asian cenire of origin of indigenous

chickens. This could explain the higher genetic
diversity of the indigenous chickens of PNG cb-
served in this study. The genetic diversity gen-
erated because of originality of centre is the
most important for conservation (Chen ef 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

Population | S | Hn | Hu Pi k Hd+SD

Alotau 35|18 |4 (000446 11771

0.620:0.074

0.00862 |3422 |0.889+0.03
4

Madang a5 |12

PortMoresby |22 |5 |1° |0.00835 |3.3!6 |0.737:0.033

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 ecanomic
development, dectding 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 genelic varia-
tion within populations (Chen et al. 2002; Pen-

nock ond Bimmick 2002), while the genetie. di- .

versity-based approach chooses populations
with high genetic variation for pricrity conserva-
tion without considering genetic distinctiveness.

Thus some haplotypes unigue to some popula-

tions with low genetic variation may not receive
sufficient attention for conservation in some
cases. Therefore, Petit ef 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 (y) and genetic distinctive-
ness (Rp (o) are combined to get the total ge-
netic contribution (Ry () of the k™ population
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- ganatic distinctiveness con

R, nen, &L
RS(kF*—“;RD(k::Z——— and Ry =Rs 9 +Rp (k)=z—
n i }’ln‘ i nl

Where n represents the total of populations studied and n; represents the number of populations with
the i haplotype. Similarly the rates of contribution attributed to genetic variation (Cs () and genetic
distinctiveness (Cp () to the total genetic contribution rate (Cy ) of the k™ population with Ry haplo-
types are obtained by using the formulae:

R, —R -Ro R, -R
Crs g =—2 S;CRD(k)— 2 S

R, R, R,

Where Ry represents the total of haplotypes, Rs = Z " Rs(k)/n, Rp = Z NV
Rr = Z « Rryy /n. The total contribution rate Crr () can be partitioned into two components,

Crs (). Which is the rate of contribution of the k' population due to its own diversity and Cgp

(. the contribution due to its divergence, i.e. Ca 19 = Crs g5 + Cro ) Z kC“(k) =0,

> Crniy =9, 2 Crryy =0 (Table 3).

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

Populations | Rg Rp Ry g Cra ) (%) | Cro o {%) | Crrg (%)
Alotau. 4 5667 | 3467 5834 1 0020 | 0048 | 0088
Wadang 5.000 8.334 13.334 5 086 0.187 0273
Portioresby | 4 557 1,167 2.834 0065 0439 0.205

e

[ -~y
o {and t

Figure 1. ,swﬂmﬁncw dis tion of threa

tributi
s'~ ort Moresby chicken populations in PM 1o New u?i"‘s@a

y C:_, ;) and
: v)w"u.,! Crif {\*iu for sstiing
¢ation of PNG's indigenous
The positive values o‘ Ce
i Cp g dm C, ”.,e 1 Madang chicken popul
shows tha ifhe genetic variation contr b thon ra tr
tribution rate and the
total of genetic contribution rale were highor
than the average of ths three populations,
thereby indicating that the Madang chicken
poputation could contiibule most to improving
the genetic variation and haplotypas richness of
PMG's indigenous chicken fo;uwed by the Alo-
tau and Port Mereshy indigenous ¢hi .,ken popuU-
lations respectively.

Alatan (AD)

ﬁ Shared haploiypes ancng thiree populations ;
ki Shared haplotypes between Al and Ma 1,7()[1”[%!”“!1“
i Shared haplotypes between A and Po populations
i [ Shared haplotypes hetween Ma and Po populations
[ [N unigue haplotypes per popultations
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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 popuiation fol-
lowed the populations from Alotau and Port Mo-
resby in that order.
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