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Twenty-four polymorphic and ubiquitously distrib-
uted microsatellite loci were utilized to genotype four 
populations of indigenous Mallard ducks in India  
using Khaki campbell as an out-group. The data was 
used to establish population parameters and genetic 
relationship among the populations. All the selected 
loci exhibited high polymorphic information content 
and gene diversity. F-statistics revealed population 
structure in four indigenous duck populations. There 
was not much differentiation among the duck popula-
tions along coastline, while land birds were found to 
be distinct from coastline ducks. The data presented 
here will be useful for undertaking duck improvement 
programmes in future. 
 
Keywords: Duck, genetic diversity, microsatellite, poly-
morphism. 
 
AVIAN species play a vital role in livelihood of human 
beings throughout the world, especially in developing 
countries. Backyard poultry provides livelihood to large 
and small farmers while the poultry industry has a lead 
role in raising the economic resources of the country,  
especially the agricultural sector. The domestic poultry 
fowls are typically members of the order Galliformes 
(such as chicken and turkeys) and Anseriformes (water-
fowls such as ducks and geese). Recent publication of 
world watch list of domestic animal biodiversity (WWL-
DAD, www.fao.org) reveals 14 avian species (87.5%) 
and 1049 avian breeds (16.4%) distributed all over the 
globe. The total population of ducks in India is 10 million 
and it ranks second in the world after Indonesia. 
 Taxonomically ducks belongs to the order Anserifor-
mes, and family Anatidae that diverged from the chicken 
(Galliformes) 110 million years ago. The mallard (Anas 
platyrhynchos) is the most recognizable of all ducks. It is 
a dabbling duck, which breeds throughout the coastal re-

gions of India. The Northeast regions of India also have a 
substantial number of these mallards. India inhabits both 
mallards as well as muscovy ducks distributed along the 
coastline, and also in the land-locked areas. These two are 
believed to be the ancestor of all domestic ducks. The mal-
lards are variable in colour, size and gait. There have been 
no well-defined breeds of India and the present study was 
designed to understand the diversity and relationship 
among different populations of ducks. 
 The characterization and conservation of ducks assume 
prime importance as they provide food security to the  
rural folk. These locally adapted ducks are useful bio-
diversity resources as they are important genetic reser-
voirs essential for facing the future challenges of disease 
resistance and better quality meat. Microsatellite has been 
the marker of choice for diversity and relationship analy-
sis among different species of poultry and livestock  
including buffalo, camel and horse1–6. Although many re-
ports have used microsatellite for studying the genetic  
diversity of chickens of Indian origin1,4,5, jungle fowl7, 
Chinese and Japanese origin8–14 and Korean chickens15, 
no reports are available on Indian ducks. 
 The genetic diversity analysis to establish population 
parameters and genetic relationship among 15 chicken 
breeds of India was carried out, utilizing 25 highly poly-
morphic ubiquitously distributed microsatellite loci1.  
Also, 25 microsatellite markers were utilized to genotype 
indigenous poultry breeds in two different studies4,5. The 
genetic evidences from red jungle fowl collected on the 
basis of both microsatellite and mitochondrial DNA indi-
cated the clear separation of Gallus gallus domesticus 
from Gallus gallus murghi and Gallus sonneratii16. 
 There has been no systematic study of mallards in  
India, although a few reports relating to the ducks of  
Chinese origin17–24 are available. In the present study, 
random samples were collected from four duck popula-
tions of West Bengal, Odisha, Tamil Nadu and Jhark-
hand. Khaki campbell (commercial duck) was taken as an 
out-group. 
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Materials and methods 

Sample collection and molecular techniques 

Sample collection (Figure S1, see Supplementary Infor-
mation online), DNA extraction25, quality and quantity 
check, primer selection, PCR amplification and genotyp-
ing for 24 microsatellite markers were carried out as re-
ported earlier26. 

Statistical analysis 

The data obtained on these 24 microsatellite loci was  
analysed to obtain the expected and observed heterozy-
gosity values in the 5 populations using POPGENE soft-
ware27. The software FSTAT 2.9.1 was used28 for 
computing values of standard genetic diversity indices, 
their variances and pairwise estimates of FST. The F sta-
tistics values FIS, FIT and FST were estimated using Jack-
knifing over loci and the confidence interval generated 
using 10,000 permutations with the GDA software29. The 
number of migrants (Nm) was estimated using 
 
 Nm = 0.25(1 – FST)/FST. 
 
The Hardy Weinberg equilibrium was tested using X2 and 
G2 statistics. 
 

 2 2( ) / ,X O E E   
 
where O is the observed heterozygosity and E is expected 
heterozygosity. The log likelihood ratio was calculated  
as 
 
 G2 = 2  O  ln(O/E). 
 
 The Bayesian analysis for clustering and inferring pop-
ulations of Indian ducks was carried out using software 
structure30. 
 Nei’s standard genetic distances were estimated using 
POPGENE. The molecular variance (AMOVA) was ana-
lysed using the software ARLEQUIN (version 3.0). The 
correspondence analysis was carried out using genetix 
(ver. 4.05) software (www.genetix.univ-montp2.fr/ 
genetix/genetixhtml). 

Results 

The four indigenous duck populations along with Khaki 
campbell (outgroup) were found to be highly variable at 
all the microsatellite loci. The number of alleles varied 
from 4 to 38 in various loci. The minimum number of  
alleles (4) was observed for CAUD33 and the maximum 
number (38) for CAUD24. The mean number of alleles 
per locus was 11.29 (Table 1). However most of the  

alleles were in low frequency which is reflected by a 
dramatic decrease in the effective number of alleles. The 
mean effective number of alleles (4.26) represents the 
number of alleles that cannot be lost due to chance. 
 The polymorphic information content (PIC) values for 
the 24 loci studied were quite high and ranged from 0.26 
(MCW328) to 0.89 (CAUD24) (Table 1). The PIC values 
closely resembled the values expected for heterozygosity 
and this can be attributed to the large number of alleles at 
very low frequencies. The observed heterozygosity values 
for various loci ranged between 0.05 (MCW328) and 0.73 
(CAUD19) with a mean value of 0.40  0.03. The high 
values for these loci make them fit for diversity analysis. 
The mean heterozygosity in the present study was 
0.40  0.03. The mean PIC of all the loci was 0.56  
0.03. The values for each of the five populations are  
given in Table 2. The Khaki campbell taken in the present 
study as an out-group exhibited observed heterozygosity 
of 0.40  0.03 and its FIS is 0.24, which is quite high.  
The number of alleles, the effective number of alleles,  
the observed heterozygosity and the expected heterozy-
gosity for each locus, in each population are given in  
Table 1. 
 The observed population-wise heterozygosity, expected 
heterozygosity and gene diversity are presented in Table 
2. The West Bengal duck population had the highest het-
erozygosity value of 0.48  0.03 followed closely by 
Khaki campbell. Heterozygosity was least in the Tamil 
Nadu duck. These values were significantly less than the 
expected heterozygosity in all the populations pointing 
towards the deficiency of heterozygotes. This could be at-
tributed to non-random union of gametes and existence of 
population structure. The estimates of F statistics, i.e. FIS, 
FIT and FST (representing inbreeding at the loci, total in-
breeding and population differentiation respectively), 
were positive except for one locus CAUD22, which 
showed a negative value for FIS. The calculated FST esti-
mates provide a measure of population differentiation 
among the duck populations. The values were highest for 
CAUD22 (0.53) and MCW328 (0.52) indicating that 
these loci have the highest differentiation power among 
the microsatellite loci studied (Table 1). 
 The population-wise FST values and the effective num-
ber of migrants exchanged between them are given in  
Table 3. The minimum population differentiation, i.e. 
maximum germplasm movement was between Odisha 
and Tamil Nadu populations as there is a large value of 
effective number of migrants (6.13) between these two 
populations. The FIS values for all the five populations 
were significantly different from zero. It also supported 
the existence of population structure in all four duck pop-
ulations. The FIS values were smallest in West Bengal 
ducks (0.22). None of the duck populations studied had a 
negative FIS value. The gene diversity for all the popula-
tions was also very high and ranged from 0.53  0.03 
(Khaki campbell) to 0.61  0.09 (West Bengal ducks). 
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Table 1. Number of alleles, F statistics, number of migrants, observed and expected heterozygosity and polymorphic information content (PIC) in  
 Indian duck populations using 24 microsatellite markers 

Locus No. of alleles Effective no. of alleles FIS FIT FST Nm Ho He PIC 
 

APH01  5 1.88 0.06 0.43 0.39 0.39 0.27 0.47 0.28 
Caud01 19 3.45 0.11 0.14 0.04 6.62 0.61 0.71 0.68 
Caud10  5 1.53 0.12 0.18 0.06 3.73 0.29 0.35 0.33 
Caud17 15 4.86 0.73 0.76 0.14 1.56 0.19 0.80 0.68 
Caud13 11 3.70 0.07 0.24 0.18 1.13 0.56 0.73 0.60 
Caud23  8 4.22 0.20 0.30 0.13 1.72 0.53 0.76 0.67 
Caud25  8 2.41 0.52 0.54 0.06 4.24 0.27 0.59 0.55 
Caud33  4 2.10 0.11 0.18 0.08 2.87 0.43 0.53 0.48 
APH10  8 2.20 0.21 0.39 0.23 0.83 0.33 0.55 0.42 
Caud16 10 3.08 0.37 0.48 0.17 1.25 0.35 0.68 0.56 
Caud19 29 13.68 0.11 0.21 0.11 2.00 0.73 0.93 0.82 
Caud31 15 3.01 0.12 0.18 0.07 3.20 0.55 0.67 0.62 
APH09  9 5.72 0.27 0.37 0.14 1.54 0.52 0.83 0.71 
Caud26  7 3.16 0.62 0.67 0.11 2.08 0.23 0.69 0.61 
Caud24 38 17.07 0.31 0.35 0.05 4.67 0.62 0.94 0.89 
Caud35 11 4.14 0.37 0.51 0.22 0.87 0.37 0.76 0.59 
APH03  6 2.27 0.64 0.67 0.09 2.41 0.18 0.56 0.51 
APH07 12 3.02 0.58 0.63 0.10 2.17 0.25 0.67 0.60 
Caud22  9 2.70 -0.09 0.48 0.53 0.23 0.33 0.63 0.30 
Caud27  9 3.25 0.11 0.23 0.13 1.62 0.53 0.69 0.60 
Caud04 13 5.12 0.06 0.16 0.11 2.14 0.68 0.81 0.72 
Caud11  7 3.50 0.17 0.40 0.28 0.66 0.43 0.72 0.52 
Caud32  7 4.00 0.17 0.46 0.35 0.47 0.41 0.75 0.49 
MCW328  6 2.13 0.79 0.90 0.52 0.24 0.05 0.53 0.26 
Mean 11.29  1.53 4.26  0.73 0.28 0.41 0.18 2.03 0.40  0.03 0.68  0.03 0.56  0.03 

 
 

Table 2. Population-wise gene diversity in Indian ducks 

Duck population Ho He FIS Gene diversity 
 

West Bengal 0.48  0.03 0.60  0.02 0.22 0.61  0.09 
Odisha 0.39  0.03 0.58  0.03 0.35 0.59  0.03 
Khaki campbell 0.40  0.03 0.53  0.03 0.24 0.53  0.03 
Jharkhand 0.39  0.03 0.57  0.03 0.32 0.57  0.03 
Tamil Nadu 0.37  0.03 0.54  0.03 0.32 0.55  0.03 

Ho, observed heterozygosity; He, expected heterozygosity. 
 
 

Table 3. Population-wise FST values and number of migrants in Indian ducks 

Duck population West Bengal Odisha Khaki campbell Jharkhand Tamil Nadu 
 

West Bengal – 2.02 0.62 0.93 1.18 
Odisha 0.11 – 0.81 1.17 6.13 
Khaki campbell 0.29 0.24 – 0.99 0.73 
Jharkhand 0.21 0.18 0.20 – 0.92 
Tamil Nadu 0.17 0.04 0.26 0.21 – 

Number of migrants (above diagonal); FST values (below diagonal). 
 
 
 The mean number of effective migrants (2.03) per gen-
eration was calculated on the basis of FST values and was 
quite high as the Nm values are less than 1 in distinct pop-
ulations (Table 1) indicating quite high gene flow among 
the duck populations. The increased gene flow is because 
of the continuity of populations and introduction  
of germplasm for improvement in egg production. The 
Hardy-Weinberg equilibrium of five populations for all 

the 24 loci was tested using 2 test and the results have 
been explained (Table S2, see Supplementary Informa-
tion online). 
 In West Bengal duck populations, 21 out of 24 loci  
deviated from Hardy-Weinberg equilibrium using 2 test 
while 3 loci (Caud23, Caud33 and Caud11) showed no 
significant deviation. In Odisha duck population, 20 out of 
24 loci deviated from Hardy-Weinberg equilibrium while
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Table 4. Population-wise genetic distances and identities in five duck populations 

Duck population West Bengal Odisha Khaki campbell Jharkhand Tamil Nadu 
 

West Bengal – 0.80 0.46 0.60 0.70 
Odisha 0.22 – 0.60 0.69 0.93 
Khaki campbell 0.78 0.51 – 0.68 0.59 
Jharkhand 0.51 0.37 0.39 – 0.64 
Tamil Nadu 0.36 0.07 0.53 0.44 – 

Nei’s genetic identity (above diagonal) and genetic distance (below diagonal) for five duck populations. 
 
 

 
 

Figure 1. Dendrogram of five duck populations. The values at node 
depict bootstrap values are based on 1000 replicates. 

 
 

 
 

Figure 2. Correspondence analysis for clustering individuals of duck 
populations. 
 
 
4 loci (Caud10, Caud23, Caud22 and Caud11) displayed 
no significant deviation. In Khakhi campbell duck popu-
lation, 14 out of 24 loci studied deviated from Hardy-
Weinberg equilibrium while 10 loci (APH01, Caud01, 
Caud10, Caud13, Caud33, Caud19, Caud22, Caud04, 
Caud32 and MCW328) had no significant deviation. In 
Jharkhand duck population, 16 out of 24 loci deviated 
from Hardy-Weinberg equilibrium while no significant 
deviation was observed in 8 loci (Caud10, Caud13, 
Caud33, APH10, Caud31, Caud22, Caud04 and 
MCW328). In Tamil Nadu duck population, 16 out of 24 
loci deviated from Hardy-Weinberg equilibrium while  
8 loci (APH01, Caud10, Caud13, Caud33, APH10, 
Caud22, Caud11 and Caud32) showed no significant  
deviation. 
 The Nei’s standard genetic distance Ds was estimated 
among the populations (Table 4). The upper matrix repre-
sents the identity among the populations while the lower 
matrix represents the genetic distance estimates among 
the populations. The neighbour joining algorithm was 

used to construct dendrogram. The strength of the nodes 
was tested by bootstrap over loci (Figure 1). The dendro-
gram revealed Odisha and Tamil Nadu ducks to be 
closely related with bootstrap value of 79, West Bengal 
ducks joined them later. The Jharkhand duck and Khaki 
campbell join together at another node with a bootstrap 
value of 95. This can be attributed to breeding and usage 
of Khaki campbell birds in Jharkhand area for improve-
ment in egg production. 
 The AMOVA revealed that a total of 19.76% variation 
was attributed to variance among population while the 
rest was between individuals within populations. Thus, 
individuals within the populations contributed more to 
variability than between populations. The correspondence 
analysis revealed three distinct clusters (Figure 2). The 
out-group Khaki campbell was distinct and all the indi-
viduals clustered together. The Jharkhand ducks formed 
another cluster, while the three populations along the east 
coastline of India clustered together. Thus, on the basis of 
geographical proximity or distance, there are three distinct 
clusters in the Indian duck populations i.e. land birds 
(Jharkhand ducks), out-group birds (Khaki campbell 
ducks), and coastal birds (West bengal, Tamil Nadu and 
Odisha ducks). 
 The Bayesian analysis for clustering and inferring pop-
ulations of Indian ducks was carried out using software 
program STRUCTURE. The duck populations of India 
are not contained in a particular geographical location, 
but are present along the east coastline and hence defin-
ing the population is a subjective issue. Model-based 
structure analysis utilizing genetic data obtained on coast-
line as well as inland birds was carried out. The graphical 
clustering of populations is shown in Figure 3. The 
STRUCTURE software implements a model-based ap-
proach. For the continuity of duck populations (there be-
ing no strict physical barriers or isolation of the 
populations), the admixture model was employed. In this 
present data analysis, ten independent runs of Gibbs sam-
pler for each value of K (K = 2, 3, 4, 5) were run. The re-
sults presented are based on a burnin value of 50,000 
followed by recording of 50,000 MCMC (Monte Carlo 
Marcov Chain) simulations. To choose an appropriate 
value of K for this model, the inference for the number of 
populations is estimated using the formula probability Pr 
(K/X). From the estimates of Pr (K/X), shown in the last
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Figure 3. Bayesian analysis for individuals using structure. The admixture model with K = 5 is substantially 
better then models with smaller value of K (2, 3, 4). 

 
 

Table 5. Inferring the value of K, the number  
of populations, for the Indian duck population  
 data 

K log P(X/K) P(K/X) 
 

2 –15694.8 0.049 
3 –14726.8 0.042 
4 –13898.2 0.035 
5 –13629.8 0.033 

 
 
column of Table 5, it is clear that the models with K = 2, 
3 and 4 are completely insufficient to model the data and 
the model with K = 5 is substantially better than models 
with smaller value of K (2, 3, 4). 

Discussion 

The present results of microsatellite markers agree with 
studies carried out in Chinese ducks22,24,31. A comparison 
of the locus-wise results of the Indian and Chinese duck 
populations revealed that microsatellite markers were 
highly polymorphic for Indian ducks and the different 
values are quite comparable between the two sets of popu-
lations20,21. In comparison to Chinese ducks, the observed 
heterozygosity values and the polymorphic information 
content were higher in Indian ducks, owing to the high 
genetic diversity. 
 The mean heterozygosity in the present study was 
0.40  0.03. The mean PIC of all the loci was 
0.56  0.03. This is attributed to mating of individuals 
who are more closely related to one another than the  
average relationship among the population members. A 
similar observation in 10 Chinese indigenous egg-type 
duck breeds was reported, where the genetic structure and 
diversity was studied using 29 microsatellite markers32. 
All populations showed high levels of heterozygosity. 
These results differ from another report where the  

observed heterozygosity values were lower than the  
expected heterozygosity values, which pointed towards 
higher selection pressure and medium differentiation in 
26 Chinese indigenous duck breeds across China33. In a 
similar study, the mean polymorphic information content 
was 0.76 and the mean heterozygosity was 0.79, which 
indicated a very high polymorphism and genetic diversity 
in 6 Chinese duck population, for a set of 20 microsatel-
lite markers34. The F-statistic analysis carried out in a 
study on chicken breeds showed the range of FST from 
0.021 to 0.26, which is quite low compared to the present 
study; however they have utilized an entirely different set 
of microsatellite markers and that too of Chinese origin10. 
 In a similar study of application of microsatellite 
markers, 5 microsatellite loci have been employed for the 
paternity index measurement of the parentage-offspring 
relationships, involving 12 half-sibling families, and the 
average pedigree error of less than 10–3 has been reported 
among Chinese egg-laying ducks35. The genetic diversity, 
origin, differentiation and relationships in four Chinese 
indigenous duck breeds, having unique gene pools, were 
studied using microsatellite markers so as to provide mo-
lecular data for pure breeding, cross-breeding and preser-
vation of important genetic resources23. A low degree of 
genetic differentiation was found among the four breeds 
studied and a significantly high level of variation was ob-
served among individuals within the same breeds. These 
FST results suggested a relatively low gene flow between 
different breeds and, equivalently, a relatively high re-
productive isolation within the same ones. Fifty-nine mi-
crosatellite markers are used for hybrid classification 
studies involving endemic Florida mottled duck (Anas 
fulvigula fulvigula) and invasive mallards (Anas platyr-
hynchos)36. Markers developed in this study can be used 
in conjunction with existing markers to robustly classify 
hybrids and to assess and monitor the genetic  
dynamics of introgression between these waterfowl  
species. 
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 In our earlier report of genetic relationship among  
Indian duck populations26, the genetic distance studies 
based on 24 microsatellite loci exhibited ample diversity 
among the population. All the genetic distances pointed 
towards large differentiation between the coastal ducks 
and the land ducks of India. The homogeneity of the 
coastal ducks, especially of Odisha and Tamil Nadu,  
reveals free gene flow among the populations and very 
little to no structuring of the other duck populations. The 
genetic differentiation between the land and coastal duck 
populations points to their being separate entities. 

Conclusion 

The relationship among duck populations in India has 
been examined using genetic distances in one of our pre-
vious reports which is further explained and corroborated 
in the present study. Clear differentiation between the 
land and coastal area ducks reflects the need to consider 
the two as distinctive populations and the breeding plans 
need to be devised accordingly. The free gene flow 
among coastal birds reveals homogeneity among the pop-
ulations. The free gene flow also reflects lack of genetic 
structure among the coastal ducks and this can be attrib-
uted to negligible selection or breeding for specific pur-
poses. The ducks of Jharkhand are distinct from other 
duck populations and there is a limited gene flow between 
the ducks inhabiting the land and coastline. There is  
sufficient diversity in indigenous ducks and this can  
be exploited for selection and breeding programmes in  
future. 
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