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Abstract A total of 587 individuals from 12 indigenous
chicken breeds from South China and two commercial
breeds were genotyped for 26 microsatellites to investigate
the genetic diversity and population structure. All micro-
satellites were found to be polymorphic. The number of
alleles per locus ranged from 5 to 36, with an average of
12.10 � 7.00 (SE). All breeds, except White Recessive
Rock, had high allelic polymorphism (>0.5). Higher
genetic diversity was revealed in the indigenous chicken
breeds rather than in the commercial breeds. Potential
introgression from the commercial breeds into the
indigenous chickens was also detected. The population
structure of these indigenous chicken breeds could be
explained by their geographical distribution, which
suggested the presence of independent history of breed
formation. Data generated in this study will provide
valuable information to the conservation for indigenous
chicken breeds in future.
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1 Introduction

Domestic chickens (Gallus gallus domesticus) are the most
important poultry species providing humans with a stable
source of protein[1]. The genetic diversity of indigenous
chicken breeds is a valuable resource for breeding and
understanding the extent of genetic diversity is important
for resource conservation and molecular breeding[2–5].
There are abundant indigenous chickens especially the
three-yellow (feather, skin and shank are yellow) breeds in
South China. Recent studies of chickens in this region
using microsatellites revealed high genetic diversity[6–8].

However, due mostly to a paucity of sampled breeds[6–8]

and genotyped markers[6], the patterns of genetic diversity
distribution and population structure remain unclear. This
research focused on reassessing the genetic diversity and
population structure in indigenous chicken breeds from
South China based on larger sample sizes as well as more
microsatellites, with the aim of providing data to enable the
design of conservation strategies for this valuable genetic
resource.

2 Materials and methods

2.1 Sampling and genotyping

For this study, 537 individual birds were sampled from 12
indigenous chicken breeds from six provinces in South
China. These breeds had been kept as broilers and/or layers
usually in free-range management until about ten years
ago. The blood samples from on average 45 randomly
selected individuals per breed were collected from the
conservation farms (Table 1). Additionally, two commer-
cial breeds, Lingnan Yellow III (LN, N = 30) and White
Recessive Rock (WR, N = 20) were included in the study
for comparison. LN are mixed with the lineage of Huiyang
Bearded chicken and Guangxi Yellow chicken, and are
largely raised in Guangdong, while WR, which were
introduced from Israel, are usually used to assistant
breeding in China.
Total genomic DNAwas extracted from blood using the

standard phenol-chloroform method. All birds were
genotyped for the 26 autosomal microsatellite loci
recommended by ISAG/FAO advisory group for chicken
biodiversity (Appendix A, Table S1). Genotypes were
determined on an ABI PRISM 3730 automated capillary
sequencer (Applied Biosystems, Foster City, CA, USA)
using LIZ500 as internal size standard in each lane, and
scored using GeneMarker 2.2.0 (SoftGenetics, State
College, USA) coupled with visual examinations.
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2.2 Statistical analysis

The mean number of alleles per locus (MNA), observed
heterozygosity (HO), expected heterozygosity (HE) and
inbreeding coefficients (FIS) were calculated with the
FSTAT2.9.3.2[9]. Given that the amount of observed allelic
diversity can depend heavily on sample size[10], the
program ADZE[11] was used to compute rarified allelic
richness [Ar(g)] and private allelic richness [Ap(g)]
controlled for sample size, with g representing the
minimum number of individuals in one of the samples.
Population structure was determined by the Bayesian
model-based clustering as implemented in the STRUC-
TURE2.3.3 software[12,13] and referred to the strategy from
Evanno et al.[14]. Individuals were grouped into a
predefined number of K clusters (1£K£15), with 10
independent runs for each K value. The analysis was used a
burn-in of 20000 followed by 50000 Markov Chain Monte
Carlo (MCMC) iterations, under admixture and allele
frequency correlations model. Results of the 10 STRUC-
TURE runs were obtained using Structure Harvester[15]

and then merged with CLUMPP1.1.2[16], and finally
visualized with DISTRUCT1.1[17]. The factorial corre-
spondence analysis implemented in GENETIX4.05[18] was

performed to reveal the relationship between chicken
breeds.

3 Results

A total of 314 alleles were detected at 26 microsatellite loci
across 587 individuals from 14 chicken breeds. The alleles
ranged from 5 (MCW0165 and MCW0222) to 36
(LEI0234) per locus with an average of 12.10 � 7.00
(Appendix A, Table S2). All breeds except WR showed
high allelic polymorphism (>0.5), ranging from 0.64 �
0.16 and 0.61 � 0.16 to 0.70 � 0.13 and 0.68 � 0.18 for
HE and HO, respectively. HL and WR breeds had the
highest (8.27� 4.53) and lowest (3.69� 1.50) value of the
mean number of alleles, respectively. Given that the allelic
richness was dependent on the sample size, when the mean
number of private alleles and allelic richness rarified to a
sample size of 20, allelic diversity between breeds did not
differ significantly, but indigenous breeds possessed higher
genetic diversity and lower FIS than commercial breeds did
(Table 1).
The Bayesian ancestry inference using STRUCTURE

indicated the presence of substructure in these indigenous

Table 1 Genetic diversity of 12 indigenous chicken breeds from South China and two commercial breeds using 26 microsatellite markers

Breed (code) N
Allelic diversity Genetic diversity Proportion of clusters

TNA MNA � SE Ar(g) � SE Ap(g) � SE HE � SE HO � SE I/II/III FIS

Wenchang (WC)* 34 183 7.04 � 3.45 5.21 � 0.37 0.13 � 0.03 0.70 � 0.13 0.65 � 0.15 0.90/0.04/0.06 0.08

Guangxi Yellow (GX)* 32 172 6.62 � 3.29 4.85 � 0.40 0.13 � 0.04 0.65 � 0.16 0.65 � 0.21 0.94/0.02/0.04 0.01

Huaixiang (HX)* 78 209 8.04 � 4.47 5.17 � 0.41 0.14 � 0.04 0.67 � 0.14 0.66 � 0.16 0.92/0.03/0.05 0.03

Xinghua (XH)* 36 156 6.00 � 2.79 4.65 � 0.35 0.06 � 0.03 0.64 � 0.16 0.67 � 0.17 0.85/0.03/0.12 – 0.03

Zhongshan Shalan (SL)* 36 171 6.58 � 3.26 4.83 � 0.40 0.11 � 0.05 0.65 � 0.14 0.68 � 0.17 0.96/0.02/0.02 – 0.04

Qingyuan Partridge (QY)* 47 190 7.31 � 3.25 4.99 � 0.38 0.11 � 0.03 0.65 � 0.15 0.67 � 0.18 0.94/0.02/0.04 – 0.02

Yangshan (YS)* 36 166 6.38 � 3.07 4.77 � 0.35 0.06 � 0.03 0.65 � 0.16 0.66 � 0.20 0.87/0.04/0.09 0.00

Huanglang (HL)* 50 215 8.27 � 4.53 5.35 � 0.41 0.24 � 0.05 0.68 � 0.14 0.68 � 0.18 0.89/0.02/0.09 0.02

Huiyang Bearded (HY)* 35 171 6.58 � 2.73 4.97 � 0.29 0.15 � 0.04 0.69 � 0.09 0.64 � 0.13 0.05/0.90/0.05 0.08

Wuhua Yellow (WH) 58 191 7.35 � 3.27 4.95 � 0.30 0.13 � 0.03 0.69 � 0.11 0.65 � 0.15 0.04/0.92/0.04 0.06

Ningdu Yellow (ND)* 50 181 6.96 � 3.74 4.94 � 0.40 0.17 � 0.06 0.67 � 0.14 0.61 � 0.16 0.25/0.02/0.73 0.10

Hetian (HT)* 45 181 6.96 � 3.90 5.05 � 0.42 0.16 � 0.05 0.68 � 0.14 0.62 � 0.18 0.04/0.04/0.92 0.10

Lingnan Yellow III (LN) 30 177 6.81 � 3.74 5.32 � 0.41 0.14 � 0.04 0.70 � 0.13 0.63 � 0.20 0.59/0.12/0.29 0.11

White Recessive Rock (WR) 20 96 3.69 � 1.50 3.31 � 0.24 0.04 � 0.02 0.48 � 0.18 0.48 � 0.20 0.01/0.88/0.11 0.05

Cluster I 349 281 10.81 � 6.34 8.02 � 0.84 0.93 � 0.19 0.68 � 0.14 0.66 � 0.15 0.90/0.04/0.06 0.03

Cluster II 93 220 8.46 � 4.12 7.53 � 0.66 0.80 � 0.14 0.71 � 0.10 0.65 � 0.13 0.06/0.61/0.33 0.08

Cluster III 95 214 8.23 � 4.73 7.43 � 0.80 0.78 � 0.18 0.69 � 0.14 0.61 � 0.15 0.02/0.04/0.94 0.11

Commercial breeds 50 188 7.23 � 3.81 6.38 � 0.57 0.97 � 0.27 0.69 � 0.11 0.57 � 0.13 0.32/0.50/0.18 0.17

Indigenous breeds 537 310 11.92 � 6.77 7.20 � 0.67 1.80 � 0.36 0.70 � 0.13 0.65 � 0.13 0.60/0.19/0.21 0.07

Overall 587 314 12.10 � 7.00 – – 0.71 � 0.12 0.65 � 0.13 0.63/0.32/0.05 0.09

Note: N, sample size; TNA, total number of alleles; MNA, mean number of alleles; Ar(g) and Ap(g), allelic and private allelic richness, respectively, with rarefaction for
a corresponding sample size of 20 for all samples, 93 for Cluster I, II and III, 50 for commercial and indigenous breeds; HE, expected heterozygosity; HO, observed
heterozygosity; SE, standard error; FIS, coefficient of inbreeding; *, breeds are recorded in Animal Genetic Resources in China: Poultry (China National Commission of
Animal Genetic Resources 2011).
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chicken breeds. The value of DK at K = 2 was much larger
than that at K = 3 or other values (Appendix B, Fig. S1).
The height of the modal values of DK indicates the strength
of the population subdivision signal[14]. At K = 2, 14
chicken breeds were divided into two clusters (WC, GX,
HX, SL, XH, QY, YS, HL and LN vs. HY, WH, ND, HT
and WR) (Fig. 1a). However, at K = 3, the second cluster
further separated to two subclusters (HY, WH and YX vs.
ND and HT, respectively) (Fig. 1a). Furthermore, at K>3,
there was no change in the genetic structure (Fig. 1a).
Consulting the suggestion from Pritchard et al.[12] and
Mwacharo et al.[19], as well as geographic information for
the chicken breeds studied, K = 3 was chosen as the most
optimal number of genetic clusters to reveal the biologi-
cally meaningful genetic structure of indigenous chicken
breeds. For brevity, these three clusters of indigenous
chicken breeds are referred to as cluster I (green), II
(purple) and III (red) (Table 1, Fig. 1). Overall, the clusters
of 12 current chicken populations in Bayes structure
related to their geographical localization (Fig. 1b). Also,

the clustering pattern at K = 3 corresponded to the result in
factorial correspondence analysis (Appendix B, Fig. S2).

4 Discussion

The genetic diversity and structure of 12 indigenous
chicken breeds from South China and two commercial
breeds were evaluated used 26 microsatellite loci. All loci
were found to be polymorphic, which confirmed that these
markers were appropriate for evaluating the genetic
diversity. Our results indicated the indigenous breeds
from South China harbor higher levels of genetic diversity,
as compared with the commercial breeds and were
generally in agreement with previous studies[6–8], although
with a few difference in mean number of alleles per locus
or heterozygosity. The lower genetic diversity in the
commercial breeds could be attributed to the intense
artificial selection over a short period of time and a limited
effective flock size[20].

Fig. 1 (a) Substructure of 12 indigenous chicken breeds from South China and commercial breeds as indicated by STRUCTURE
analysis. Each individual represented by a single vertical line was assigned to one of three distinct clusters based on clustering result at K =
3. Black bars are separators fo r breeds; Color codes: green, Cluster I; purple, Cluster II; red, Cluster III(b) geographical distribution of 12
indigenous chicken breeds from South China. The shaded area in each pie chart is proportional to the number of individuals in each
population observed for each genetic cluster. Color codes: green, Cluster I; purple, Cluster II; red, Cluster III. Breed codes:
WC, Wenchang; GX, Guangxi Yellow; HX, Huaixiang; SL, Zhongshan Shalan; XH, Xinghua; QY, Qingyuan Partridge; YS, Yangshan;
HL, Huanglang; HY, Huiyang Bearded; WH, Wuhua Yellow; ND, Ningdu Yellow; HT, Hetian; LN, Lingnan Yellow III; WR, White
Recessive Rock.
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The genetic structures in these chicken breeds corre-
sponded to their geographical localization. Indeed, the
economically developed areas of South China in particular
have had prolonged and sustained socioeconomic interac-
tions with each other. Such interactions have facilitated the
gene flow among indigenous chicken breeds, especially
those in adjacent geographical regions, and between
indigenous[19,21]. Different allelic proportions in these
three clusters suggested the presence of an independent
history of breed formation. This possibility needs further
investigation with a larger number of breeds from more
diverse locations and more molecular markers, such as
mitochondrial DNA and high-density SNP arrays.
It should be noted that the genetic cluster of WR was

similar to HYand WH (Fig. 1a, K = 3). This is expected to
result from introgression because WR was recently
imported for breeding with indigenous chickens in
China. For example, some broiler breeds used crosses
with Cochin and Langshan that were very closely related to
HY, XH and QY. More importantly, these are meat breeds
and probably had a similar genetic origin[6]. Although
introgression between chicken breeds, and between
domestic chicken and wild junglefowl has been previously
reported[21–24], further research needs to be initiated to
confirm this hypothesis.

5 Conclusions

The results presented here are the first systematic report on
the genetic diversity and structure of indigenous chicken
breeds from South China. Overall, indigenous chicken
breeds had high levels of significant genetic diversity and
structure. Also, potential introgression from the commer-
cial breeds into the indigenous chickens was detected.
These results can be used as baseline genetic information
for genetic conservation programs, for instance, avoidance
of inbreeding and introgression.
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