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SUMMARY
Mitochondrial DNA (mtDNA) D-loop segment

was sequenced for a total of 98 individuals of
domestic chicken from South Western Nigeria.
Domestic chicken populations were: Anak titan
(Israeli breed,n= 1), Frizzle (n= 16), Opipi (n= 5),
FrizzleXOpipi (n= 5), Fulani (n= 4), Giriraja (Indian
breed,n= 3), Normal (n= 55), Naked neck (n= 8),
Yaffa (n= 1). The sequences of the first 397
nucleotides were used for the analysis. Seventeen
haplotypes were identified in the samples, 15 for
Nigerian indigenous chicken population, 1 for
Giriraja and 1 for Anak titan from 23 polymorphic
sites. Phylogenetic analysis shows that Nigerian

indigenous and Anak titan chicken were all grouped
under clade IV, while the Indian Giriraja was under
clade IIIc. Clade IV had 16 haplotypes, while clade
IIIc had one haplotype. AMOVA analysis indicates
that 97.32% of the total sequence variation between
haplotypes was present within population and
2.68% between populations. Our results suggest
single multiple maternal origins for the South
Western Nigerian domestic chicken.

RESUMEN
Un segmento D-loop de AND mitocondrial
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(mtADN) fue secuenciado para un total de 98
pollos domésticos de SW Nigeria. Las poblaciones
domésticas de pollos fueron: Anak titan (raza
israelí, n= 1), Frizzle (n= 16), Opipi (n= 5),
FrizzlexOpipi (n= 5), Fulani (n= 4), Giriraja (raza
india, n= 3), Normal (n= 55), Cuello Desnudo (n= 8),
Yaffa (n= 1). Las secuencias de los primeros 397
nucleotidos fueron usadas para el análisis. Die-
cisiete haplotipos de 23 sitios polimórficos, fueron
identificados en las muestras: 15 para las pobla-
ciones indígenas nigerianas de pollos, 1 para
Giriraja y 1 para Anak Titan. El análisis filogenético,
muestra que los pollos indígenas nigerianos pue-
den agruparse todos dentro del clade IV, mientras
que el Giriraja indio, se encuadró en el clade IIIc.
El clade IV tiene 16 haplotipos mientras que el clade
IIIc tiene sólo un haplotipo. El análisis AMOVA
indica que el 97,32% de la variación total de la
secuencia entre haplotipos estuvo presente den-
tro de la población y el 2,68% entre poblaciones.
Los resultados sugieren un solo origen maternal
múltiple para los pollos domésticos de SW Nigeria.

INTRODUCTION

It is widely established that all popula-
tions of domesticated chicken descend from
a single ancestor, the red jungle fowl (Gallus
gallus gallus), which originated in Southeast
Asia (Akishinonomiya et al., 1994, 1996).
Chicken is the most widely distributed of all
livestock and poultry species in African
countries. It plays a very significant role as
a source of income and high quality protein
to the rural households.

Knowledge on the distribution of
chicken genetic diversity in Africa would be
useful in optimizing both conservation and
utilization strategies for indigenous chicken
genetic resources. The diversity of Nigerian
local chickens reported is based mostly on
phenotypes including plumage color,
feathering pattern, adult body weight, egg
weight, reproduction performance and
immune responses to various diseases
(Omeje and Nwosu, 1983, Nwosu et al.,
1985, Ikeobi et al., 1996, Adebambo et al.,
1999, Adebambo, 2002) which have limited
utility in the study of genetic variation.
Mitochondrial DNA (mtDNA) sequences

have successfully been used to determine
genetic diversity in Asian chicken (Niu et
al., 2002; Liu et al., 2004) and African chicken
(Mobegi  and Chicken Diversity Consortium,
2005).

Chicken mtDNA has 16,775 base pairs
(Desjardins and Morais, 1990). MtDNA is
highly polymorphic compared to nuclear
DNA, evolutionary rate being 5 to 10 times
faster than the nuclear genome (Brown et
al., 1982). Different regions of the mtDNA
evolve at different rates (Saccone et al.,
1991), making it a marker of choice for
studying genetic diversity within as well as
between species. The displacement (D)-loop
region is non-coding and evolves much
faster than other regions of the mtDNA
genome. This makes it particularly useful
for phylogeographic analysis (Avise, 1994).
MtDNA is maternally inherited in most
species and does not undergo recombi-
nation (Hayashi et al., 1985). These features
mean that each molecule as a whole usually
has a single genealogical history through
maternal lineage.

In the present study, the sequences of
the D-loop hypervariable 1 (HV1) segment
of the mtDNA were used to study the genetic
diversity and relationship of South Western
Nigerian domestic chicken.

MATERIALS AND METHODS

Chicken blood samples from a total of 98
individuals belonging to 3 major phenotypes
were collected from South-western Nigeria
using FTA® classic cards (Whatman
BioScience, Maidstone, UK). Geographic
location and number of the samples collected
were as follow: Lagos (n= 7, Epe), Ogun (n=
20, Imeko, Ipokia, Owode), Oyo (n= 15, Ago-
are, Oke-iho), Osun (n= 7, Ifewara), Ondo
(n= 16, Ikare, Ore), Kwara (n= 24, Jebba,
Kosubosu, Offa) Edo (n= 4, Uromi) and
University of Agriculture, Abeokuta (n= 5,
exotic chicken stocks). Genomic DNA was
extracted from air-dried blood spotted on
filter paper (FTA® classic cards) following
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Table I. South Western Nigeria domestic chicken haplotypes based on 98 indigenous chicken
samples. (Haplotipos de los pollos domésticos del suroeste de Nigeria, sobre 98 muestras).

Haplotype Clade Haplotype name Freq 1 1 2 2 2 2 2 2 2 2 2 2 2 2 2 3 3 3 3 3 3 3 3
6 9 1 1 1 2 2 2 4 4 5 6 6 9 9 0 1 1 3 5 7 7 9
7 9 0 2 7 2 4 5 3 6 6 1 9 1 6 6 0 5 0 5 0 2 1

1 IV Nig 2-Normal 81 T T C G C A T C C C C T C A C T T C C T T A C
2 IV Nig 10-Normal 1 T T C G C A T C C C C T C A C C T C C T T A C
3 IV Nig 12-Normal 1 T T T G C A T C C C C T C A C T T C C C T A C
4 IV Nig 15-Normal 1 T T C G C A C C C T C T C A C T T C C T T A C
5 IV Nig 76-Normal 2 T T C G C A T C C T C T C A C T T C C T T A C
6 IV Nig 27-Normal 1 T T C G C A T C C C C T C G C T T C C T T A C
7 IV Nig 30a Fulani 1 T T C G C A T C C C C T C A C T T C C T T A T
8 IV Nig 32-Frizzle 1 T T C G C A T C T C C T C A C T T C C T T A C
9 IV Nig 49-Normal 1 T T C G C A T C C C CC C A C C T C C T T A C

10 IV Nig 55-Normal 1 T C C G C A T C C C C T C A C C T C C T T A C
11 IIIc Nig 57-Giriraja 1 C T C G T A T T T C T C C A C T C C C T T A C
12 IV Nig 59-Normal 1 T T C G C A T C C C C T C A C T T C C T C A C
13 IV Nig 59-Normal 1 T T C G C A T C C C C T T A C T T C C T T A C
14 IV Nig 60-Normal 1 T T C G C A T C C C C T C A C T T C C T T G C
15 IV Nig 77-Normal 1 T T C G C A T C C C CC C A C T T C C T T A C
16 IV Nig 82-Normal 1 T T C G C A T C C C C T C T C T T C C T T A C
17 IV Nig 109- Anak titan 1 T T C G C G T C C C C T C A C T T C T T T A C

the recommended manufacturer's protocol.
The primers used to amplify the hyperva-
riable 1 (HV1) segment were L16750
(5’AGGACTACGGCTTGAAAAGC-3') as
forward primer and H547 (5’ATGTGCCTGA
CCGAGGAACCAG-3') as reverse primer.
This primer pair amplifies a 550bp fragment
between sites 16750 (GenBank accession
number NC_001323, Desjardins and Morais,
1990) and 547 (GenBank accession number
AB098668, Komiyama et al., 2003).  PCR
reactions were performed in a 30 µl reaction
volume containing 2.5 mM of each dNTPs,
14 pmol of each primer, 1.5 mM MgCl2, 1 x
PCR buffer comprising 10 mM Tris-HCl (pH
8.3) and 50 mM KCl, and 1.25 U Taq DNA
polymerase (Promega, Madison, USA). PCR
amplifications were carried out on a
GeneAmp® PCR system 9700 (Applied
Biosystems, USA) thermal cycler. The
reaction profile was: initial denaturation at
94°C for 2 min, followed by 35 cycles at 94ºC
for 30 s, 58ºC for 30 s and 72ºC for 1 min. The

last cycle was followed by a final extension
step at 72ºC for 10 min. PCR products were
electrophoresed on a 1.5% (w/v) agarose
gel stained with ethidium bromide in a 1 x
TBE buffer at 100 volts for 1 hour. PCR
products were purified using the QIAquick
PCR purification kit (QIAGEN, GmbH,
Germany) according to the manufacturer's
protocol. Direct sequencing of HV1 segment
of the D-loop region was performed using
two internal primers CR-for (5’TCTATA
TTCCACATTTCTC-3') and CR-rev (5'-
GCGAGCATAACCAAATGG-3'). Sequen-
cing was done using the BigDye® Termi-
nator version 3.1 Cycle Sequencing Kit
(Applied Biosystems, USA) and the purified
sequencing products were electrophoresed
on an ABI 3730 XL automated capillary DNA
sequencer (Applied Biosystems, USA).

MtDNA sequences for the first 397
nucleotides of D-loop were aligned using
the program ClustalX 1.83 (Thompson et
al., 1997; available at ftp://ftp-igbmc.u-
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strasbg.fr/pub/ClustalX). Polymorphic sites
were identified with the program DnaNASP
(Rozas et al., 2003; available at http://
www.ub.es/dnasp). Phylogenetic analyses
were conducted using the program MEGA
version 3.0 (Kumar et al., 2004; available at
http://www.megasoftware.net/). Median-
joining network analysis of the haplotypes
based on the variable characters of the com-
plete alignment was conducted using
computer program NETWORK 4.1.0.8
(Bandelt et al., 1999; available at http://

 11222222222222233333333
       69111222445669901135779
       79027245366191660505021

Ref  TTCATATCTTTCCATTCTCTTAC
NIG30  ...GC...CCCT..C.TC....T
NIG62  ...GC...CCCT..C.TC...G.
NIG59  ...GC...CCCT..C.TC..C..
NIG60  ...GC...CCCTT.C.TC.....
NIG27  ...GC...CCCT.GC.TC.....
NIG82  ...GC...CCCT.TC.TC.....
NIG12  ..TGC...CCCT..C.TC.C...
NIG109 ...GCG..CCCT..C.TCT....
NIG2  ...GC...CCCT..C.TC.....
NIG15  ...GC.C.C.CT..C.TC.....
NIG76  ...GC...C.CT..C.TC.....
NIG10  ...GC...CCCT..CCTC.....
NIG55  .C.GC...CCCT..CCTC.....
NIG49  ...GC...CCC...CCTC.....
NIG77  ...GC...CCC...C.TC.....
NIG32  ...GC....CCT..C.TC.....
NIG57  C..G...T.C....C..C.....

The first column signifies identification number of
sampled chickens (NIGxx). Vertically oriented
numbers indicate the variable sites position. Dots
(.) indicate identity with the reference sequence
(GenBank accession number AB098668) while
different base letters denote substitution.

Figure 1. Nucleotide polymorphisms
observed in the D-loop HV1 segment of the 98
Nigerian chicken sequences. (Polimorfismos
de nucleótidos observados en el segmento D-loop
HV1 de las 98 secuencias de pollos nigerianos).

www.fluxus-engineering.com). Maternal
genetic differentiation was quantified using
hierarchical analysis of molecular variance
(AMOVA) (Excoffier et al., 1992; http://
anthro.unige.ch/arlequin).

RESULTS AND DISCUSSION

Ninety eight chicken samples collected
from South Western Nigeria resulted in 17
haplotypes identified from 23 polymorphic
sites. Haplotypes identified in the 98 South
Western Nigeria chicken, their clades
(haplogroups) and frequencies are shown
in table I. Nucleotide polymorphisms
observed in the D-loop HV1 segment of the
Nigerian chicken sequences are shown in
figure 1.

Phylogenetic analysis indicates that
south western Nigerian domestic chicken
can be grouped into one clade (Clade IV) of
the seven clades (Clade I, II, IIIa, IIIb, IIIc,
IIId and IV) that were previously identified
in Asian domestic chicken (Yi-Ping et al.,
2006). A phylogenetic tree with 17 different
haplotypes found in Nigerian domestic
chicken is shown in figure 2. Analysis of
molecular variance analysis (table II)

Table II. Analysis of molecular variance
(AMOVA) for the 14 locations of South West
Nigerian chicken samples based on partial
D-loop sequences. (Análisis de la variación
molecular (AMOVA) para las 13 poblaciones de
las muestras de pollos de SW Nigeria basadas en
secuencias parciales del D-loop).

Source of DF Sum of Variance Percentage
variation squares components of variation

Among 12 3.051 0.00587 2.68
population
Within 80 17.014 0.21268 97.32
population
Total
Fixation
index FST 0.02685
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 CLADE IV

 Nig 12-Normal Ore

 Nig 109-Anak titan

 Nig 2-Normal Uromi

 Nig 27-Normal Jebba

 Nig 82-Normal Epe

 Nig 60-Normal Owode

 Nig 62-Normal Owode

 Nig 59-Normal Owode

 Nig 15-Normal Kosubosu

 Nig 76-Normal Offa

 Nig 32-Frizzle Imeko Oloka afon

 Nig 30a-Fulani Imeko

 Nig 77-Normal offa

 Nig 49-Normal Ikare

 Nig 10-Normal Ore

 Nig 55-Normal Ikare

 CLADE I

 CLADE II

 CLADE IIIa

 CLADE IIIb

 CLADE IIId

 CLADE IIIc

 Nig 57-Giriraja

 GallusgallusAB007720

 GallusbankivaAB007718

32
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67

0

64

42

72

33

51

6
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49

55
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67

8

90
92

97

0.005

Also two haplotypes of the genus Gallus retrieved from GenBank; Gallus gallus gallus (GenBank
accession number AB007720) and Gallus gallus bankiva (GenBank accession number AB007718) and
seven clade reference haplotypes (Clade I, II, IIIa, IIIb, IIIc, IIId and IV).
The numbers at the nodes represent the percentage bootstrap values for interior branches after 1000
replications.

Figure 2. Neighbour-joining tree reconstructed using MEGA 3.1 software from 17 haplotypes
identified in 98 sequences of South Western Nigerian chicken. (Árbol neighbour joining
reconstruido usando el programa MEGA 3.1 a partir de 17 haplotipos identificados en 98 secuencias
de pollos de SW Nigeria).
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indicates that 97.32% of the total sequence
variation between haplotypes was present
within population and 2.68% between
populations. Median joining networks were
drawn for the haplotypes identified in 98
sequences of South Western Nigerian
domestic chicken. The network illustrates
the relationship between 17 haplotypes (fi-

Area of each circle is proportional to the frequency of the corresponding haplotype. Different classes
of haplotypes are distinguished by use of colour codes. (Yellow and bright green circles refer to clades
IV and IIIc respectively). The numbers between the haplotype nodes refer to the positions of nucleotide
mutations compared to reference sequence (GenBank accession number AB098668).

Figure 3. Median-joining network (ε= 0) for the 17 haplotypes of South West Nigerian
domestic chicken based on the polymorphic sites of the mitochondrial D-loop HV1 region.
(Red median-joining (ε= 0) para los 17 haplotipos del pollo doméstico de SW Nigeria basado en los sitios
polimórficos del D-loop HV1 mitocondrial).

gure 3). There are sixteen haplotypes in
clade IV and one in clade IIIc.

Our results indicate that mtDNA (HV1)
D-loop region is variable in South Western
Nigerian domestic chicken exhibiting 17
haplotypes which indicate multiple mater-
nal origins for the South Western Nigerian
domestic chicken.
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