Advances in Bioscience and Biotechnology, 2015, 6, 592-600 00’0 Scientific
Published Online September 2015 in SciRes. http://www.scirp.org/journal/abb ’0:0. Eﬁf)ﬁgﬁzg
http://dx.doi.org/10.4236/abb.2015.69062 ¢

Diversity and Origin of Indigenous Village
Chickens (Gallus gallus) from Chad,
Central Africa

Khadidja Hassaballah?*, Vounparet Zeuh?, Raman A. Lawal3, Olivier Hanotte3,
Mbacké Sembene#

'Department of Biology, Faculty of Exact and Applied Sciences, University of N’Djamena, N’Djamena, Chad
’Livestock Polytechnic Institute of Moussoro, Moussoro, Chad

3School of Life Sciences, The University of Nottingham, University Park, Nottingham, UK

*Department of Animal Biology, Faculty of Sciences and Techniques, Cheikh Anta Diop University of Dakar,
Dakar, Senegal

Email: *hassaballaro@yahoo.fr

Received 27 August 2015; accepted 21 September 2015; published 24 September 2015

Copyright © 2015 by authors and Scientific Research Publishing Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY).
http://creativecommons.org/licenses/by/4.0/

Abstract

In this study we assess the maternal genetic diversity and origin of indigenous village chickens
from Chad complementing previous phenotypic and biometric measurements studies. We ana-
lysed a 387 bp fragment of the mitochondrial DNA (mtDNA) D-loop region of 181 village chickens
from three populations of western Chad (Lake Chad/Hadjer Lamis), central Chad (Guera) and
south-west Chad (Pala) and at different poultry markets in N'Djamena. Twenty-five polymorphic
sites and 20 haplotypes are identified. Phylogenetic and network analyses group all chicken into a
single mtDNA haplogroup D. Comparison with reference sequences shows that this haplogroup is
the commonest one observed in chicken and it supports the Indian subcontinent as the maternal
center of origin for the village chicken in Chad. Little genetic variation was found within and be-
tween populations which is in agreement with a recent and a maternal founding effect for the
chicken in the country.
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1. Introduction

The domestic chicken is one of the most common and widespread domestic animals species with an estimated
population in 2010 of more than 1.6 billion in Africa [1]. It is also the most abundant species of domestic bird in
the world [2]. Human keeps chickens primarily as a source of food, consuming both their meat and their eggs.
Many authors think that the main maternal ancestor of village chicken is the red jungle fowl Gallus gallus ssp.
which was domesticated in South and South-East Asia at least since 5400 BC [3].

The introduction of village chicken in Africa remains relatively little documented [4]. The earliest evidence of
chicken on the African continent is from Egypt and it dates from around 2000 BC. Chickens were most likely
imported at the time as a curiosity and an addition to exotic menageries. Chicken did not become a regular fea-
ture of the Egyptian farmyard before the Ptolemaic period of 304 - 330 BC [5]. The oldest recognizable pictorial
evidence of birds was reported by Haller in 1954 [6] and was assumed to have dated from the second half of the
fourteenth century BC. In West Africa the earliest evidences are from Mali circa in AD 450 - 850, while ar-
cheological evidences show the presence of chicken in Chad in post-1700 AD [7].

Typically, today most African households will keep 5 to 20 indigenous birds essentially for eggs and meat
production [8] [9]. However, the initial trigger for the adoption of domestic chickens by African communities, as
it has been assumed for the initial domestication of the chicken in Asia, could have been for socio-culture and/
or recreation (e.g. cockfighting) rather than as a new source of food. Today indigenous chickens represent an
important valuable animal genetic resource and the conservation, sustainable exploitation and improvement of
local breeds are therefore important issues. Many of the populations developed over hundreds of years were se-
lected for morphological and appearance characteristics as much as for production purposes. This is illustrated
by the very large numbers of chicken breeds and ecotypes found across the world.

Recent genetic studies have pointed to multiple maternal origins of domestic chicken in Asia [10]. Also, the
African continent likely witnessed several major introductions of chickens from different Asian centers of origin
including South Asia and islands South East Asia. In East Africa two distinct major mtDNA haplogroups, A and
D sensu [11], are present. It has been proposed that African haplogroup A originates from Southeast and/or East
Asia [11]-[14]; and using phylogeographic information on the modern geographic distribution across Europe
and Asia [10], the Indian subcontinent has been proposed as the initial center of origin for haplogroup D [11]
[13] [14]. Other halogroups occur on the continent but at a very low frequency. Haplogroups B, C may have
reached Africa following recent introductions of improved commercial chickens [11]. This suggestion is sup-
ported by the presence of identical or closely related haplotypes belonging to these haplogroups in European and
commercial birds [13] [15] [16]. However, a more ancient and direct introduction of one or both of these hap-
logroups from their centers of origins in Asia also remains possible. The center of origin of haplogroup E, also
observed at very low frequency on the Africa continent, remains speculative so far; it has only been observed in
the north of the Equator in Sudan and Ethiopia [11].

From the five on the African continent haplogroups reported by Mwacharo et al. [4], two haplogroups, A and
D, dominate the continent. Haplogroup D is found in all the African countries studied and is the most common
in all countries with the exception of Madagascar, Zimbabwe and eastern Kenya. It is the only haplogroup so far
identified in West Africa, represented by Nigeria [17]. The next commonest haplogroup is A, which is absent
from Uganda, Sudan, Nigeria and Ethiopia but is the commonest in Madagascar, Malawi, Zimbabwe and eastern
Kenya. The other haplogroups are observed at very low frequencies in all studies, being present in only one or
two birds.

This study completes information from phenotypes and biometric measurements of the domestic chickens
from Chad [18] [19]. These previous studies examined the phenotypic diversity and took biometric measure-
ments of three different populations (Hadjer-Lamis/Lac Chad, Guera and West Mayo-Kebbi). The findings of
these studies suggest that these populations living in different geographic areas may represent different ecotypes
with different phenotypic characteristics. We now address the issue of the maternal genetic origins of the
chicken from Chad by examining sequence information from the mitochondrial DNA D-loop and by compar-
ing our findings with sequences of reference from Asia. Our results are adding new information on the geo-
graphic distribution of chicken mitochondrial DNA haplogroups in Africa and more particularly in Central Af-
rica.
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2. Materials and Methods
2.1. Sample Collection and DNA Extraction

Genomic DNA was extracted from air dried blood preserved on FTA classic cards (Whatman Biosciences), us-
ing the recommended manufacturer protocol, from 186 unrelated local village chickens from three geographical
regions in Chad (Central Africa). The samples include 50 birds from the western region (Hadjer-Lamis/Lake
Chad) representing population | (Chad 1), 50 birds from the central region (Guera) representing population 11
(Chad 1), 50 birds from Southern region (West Mayo-Kebbi) representing population 111 (Chad I11) and 36 birds
samples from various poultry markets of N’Djamena representing population IV (Chad 1V). The DNA concen-
tration and purity, A260/A280 ratio between 1.8 and 2.0, were assessed using a NanoDrop® 1000 Spectropho-
tometer. Potential DNA degradation was visualized on 1% agarose gel. Five samples (2 from Chad Il and 3
from Chad 1V) were removed from the analysis following poor DNA extraction yield and/or bad quality se-
quence information. To address the possible Asian origin of Chad village chicken, 9 Asian reference haplotypes
were included in the analyses including the chicken mtDNA reference downloaded from the National Centre for
Biotechnology Information (NCBI) (GenBank accession number AB098668).

2.2. PCR Amplification and Sequencing

Five hundred and forty nine base pairs of the mtDNA D-loop region were amplified using AV1F2
(5-AGGACTACGGCTTGAAAAGC-3’ [11] as the forward primer and H547
(5"-ATGTGCCTGACCGAGGAACCAG-3’, accession number AB098668, Komiyama et al., 2003) as the re-
verse primer. PCR amplifications were carried out in a 20 pl reaction volumes containing 40 ng genomic DNA,
5% Phire reaction buffer (containing 1.5 mM MgCI, at final reaction concentration), 200 uM of each dNTP, 0.5
UM of each primer and 0.4 ul of Phire Hot Start Il DNA Polymerase (Thermo Scientific Ltd). The thermo-cy-
cling conditions were Lid (110°C), hot start 98°C (2 min), denaturation 98°C (5 sec), annealing 63°C (10 sec),
elongation 72°C (15 sec), 35 cycles and final extension step at 72°C for 1 min [20]-[22]. PCR products were pu-
rified using the NucleoSpin® Gel and PCR Clean-UP kit [23]. Purified products were sequenced using the
AV1F2 (5’-AGGACTACGGCTTGAAAAGC-3) as the forward primer and H547
(5’-ATGTGCCTGACCGAGGAACCAG-3) as the reverse sequence primers.

2.3. Sequence and Phylogenetic Analysis

For each sample, two sequences were generated. The forward and reverse primers were trimmed and the two
sequences were compared for consistency generating a 549 bp consensus sequence using CodonCode Aligner
version 5.1.3 (www.codoncode.com/). The consensus sequence was aligned against the reference (GenBank ac-
cession number AB098668) [23] using Clustal x version 2.1 [25]. Subsequent analyses were restricted to the
first 397 bp of the sequence which includes the hypervariable region (HV1) of the D-loop [17]. A Neighbour-
Joining (NJ) tree was constructed for all samples (sequences from Chad and reference sequences) with a 1000
boostrap replicates using MEGA version 6.0 [26]. The Median Joining (MJ) network was constructed using
NETWORK 4.6.1.2 [27]. Sequence variation (nucleotide diversity, haplotype diversity and average number of
nucleotide at each population) were calculated using DnaSP v5 [28].

3. Results

The analysis involved the first 397 bp of mtDNA D-loop sequences including the hypervariable region (HV1). A
total of 20 haplotypes (3 from the population Chad I, 9 from Chad 11, 10 from Chad Ill and 8 from Chad V) de-
fined by 25 polymorphic sites from 181 sequences was found (Figure 1). The individual haplotypes and hap-
logroups used in this study are defined by CD (Chad), H1 to H20 (Haplotype 1 to 20) while HapA, HapA01i03,
HapA02, HapB, HapC, HapD, HapE, and HapF all represents different haplogroups from the Asian continent
[11]. Haplotype and nucleotide diversities range from (0.500 £+ 0.074 - 0.740 £ 0.058) and (0.0048 + 0.0013 -
0.0074 + 0.0017) across populations (Table 1), with Chad | and Chad Il showing the lowest values for both. In
particular despite the analysis of 50 birds only three haplotypes were observed in populations Chad while at the
other extreme we do observe eight different haplotypes out of 33 birds from population Chad IV.
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Figure 1. Polymorphic sites of the 20 haplotypes observed in the mtDNA D-loop region from 181 village chicken sequences
from Chad. The number of individuals within each haplotype is indicated by “N”. The dots (.) indicate identity with refer-
ence sequence (GenBank accession number AB098668) [24].

Table 1. Sampling population, sample size, population genetic diversity measures, standard deviation (SD) for each popula-
tion and Tajima’s D (P value).

Haplotype ) Average
. Sample ©p1Ak, Number of qulotype chleoyde number of Tajima’s D
Population . (number of diversity diversity .
size T haplotypes h nucleotide (P value)
individuals (SD) per site (SD) differences (K)
observed)

“Chad I 50 40 3 0.500 (0.074)  0.00484 (0.00129) 1.92344 —2.10352 (P < 0.05)
“Chad Il 50 37 9 0.583 (0.076)  0.00542 (0.00129) 2.15020 —2.32076 (P < 0.01)
“Chad 111 48 27 10 0.740 (0.058)  0.00656 (0.00130) 2.59962 —2.00892 (P < 0.05)
“Chad IV 33 21 8 0.714 (0.073)  0.00744 (0.00166) 2.90128 —2.09414 (P < 0.05)

All populations 181 127 20 0.541 (0.044)  0.00312 (0.00049) 1.21270 —2.37429 (P < 0.01)

“Chad | = Western region (Hadjer-Lamis/Lake Chad); Chad 11 = Central region (Guera); Chad Ill = Southern region (West Mayo-Kebbi); Chad IV =
Various poultry markets of N’Djamena.

The Neighbour-joining tree and it bootstraps values support close relationships between all haplotypes with
reference haplotype D belonging to the same group (Figure 2). In particular, all haplotypes identified in this
study belong to haplogroup D (refer as haplogroup E in [10]), with one major CDH1 haplotype presents in 127
observations out of 181 (Figure 1). This haplotype (CDH1) is identical to our haplotype of reference HapD.

Haplotype network analysis (Figure 3 and Figure 4) further confirms the close relationship between all hap-
lotypes. Figure 3 clearly illustrates that all these haplotypes belongs to a single expansion event centred on hap-
lotype HapD (CDHL1). This is also the case when the populations are analysed separately (Figure 4).
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Figure 2. Neighbour-joining tree reconstructed from the 20 haplotypes identified in the 181 Chad village
chicken sequences and the nine haplotypes of references using MEGA 6.0. The percent bootstrap value is
represented by the numbers at the node after 1000 replication.

4. Discussion

The 20 haplotypes detected from a total of 25 polymorphic sites belong to a single haplogroup D (Figure 2). On
the African continent two major haplogroups, A and D, have been reported previously [11]-[14]. Haplogroup D
was found in all African countries studied and it is the commonest in all countries with the exception of Mada-
gascar, Zimbabwe as well as the Eastern part of Kenya. Like in Chad, haplogroup D is the only haplogroup
found so far in Nigeria [17], it also by far the commonest in Sudan and South Sudan (being refer as Clade IV in
[29] in agreement with a possible common origin for the chicken from West and Central Africa. Haplogroup A
was not observed in Chad. This haplogroup is absent from Uganda, Sudan, Nigeria, Sudan and South Sudan but
is the commonest in Madagascar, Malawi, Zimbabwe and East Kenya. The absence of haplogroup A in Chad
indicates that the likely introduction of chicken along the coast of East Africa did not contribute on the maternal
side to the today genetic pool of the modern indigenous chicken from Chad. None of the rare haplogroups pre-
viously reported on the African continent (Mwacharo et al., 2013 [4]) were found in Chad.

The Indian subcontinent has been proposed as the initial center of origin for the haplogroup D found in Africa
[11] [13] [14]. A possible Indian subcontinent origin of some African chickens is further supported by the
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Figure 3. Median-joining network based on the mtDNA D-loop HV1 region for the 20 haplotypes of Chad indigenous
chicken derived from 181 sequences and the nine reference haplotypes. Inferred ancestral haplotypes not sampled here are
represented in red. The size of the circles is proportional to the frequency of the frequency of each haplotype. The positions
of nucleotide mutations, compared to the reference sequence (GenBank accession number AB098668), correspond to the
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commonly observed yellow skin phenotype across African village chickens [15] [18] [30]-[33]. This phenotype
has recently been shown at the molecular level to be a legacy of successful introgression of the grey jungle fowl
Gallus sonneratii, a yet to be domesticated Gallus species with restricted geographic range on the Indian sub-
continent, into domestic chicken [34]. The yellow skin phenotype is also observed in Libya [35], and Egypt
where haplogroup D has been shown to be present in indigenous chicken [36]. Together all these findings sup-
port that haplogroup D observed in local chicken from Chad originated from a single source, which is likely the
Indian subcontinent. More specifically, we propose that the ancient maternal ancestor of indigenous chicken
from Chad would have entered the country through trans-Saharan trading from Egypt or Sudan rather than
through migration along the Sahelian belt from East Africa.

Within Chad, we do observe difference between populations (Table 1). The smallest number of haplotype
was observed in Chad | while at the other end we do observe the largest number of haplotype in population
Chad V. In this later population, the birds were sampled at N’Djamena markets and it may be expected to find
in the city birds that may have been imported from different parts of the countries or even neighbouring coun-
tries. This is further support by the large average nucleotide divergence between haplotypes observed in this re-
gion (Table 1). At the opposite we have found a very small number haplotypes in population CHD1 (regions of
Hadjer-Lamis and Lake Chad) and CHD?2 (region of Guera) two populations from the Sahel zone.

5. Conclusion

The aim of this study was to assess the possible origin of local chickens’ populations in Chad and their genetic
variation. A total of 20 haplotypes defined by 25 polymorphic sites from 181 sequences were identified. Only
haplogroup D was observed. Haplogroup D is also the only haplogroup found in Sudan, Nigeria and now with
the results of our study in Chad suggesting a common route and entry point of chicken to Central and West Af-
rica involving trans-Saharan trading from Egypt or Sudan. Combined with phenotypic information, these results
provide important baselines information to guide poultry improvement programs aiming to conserve and utilise
indigenous animal genetic resources from Chad.
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