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Abstract

Microsatellite markers are most valuable tools for characteriza-
tion of plant genetic resources or population genetic analysis.
Since they are codominant and allelic markers, utilizing them
in polyploid species remained doubtful. In such cases, microsa-
tellite markers are usually analyzed by treating them as domi-
nant marker. In the current study, it has been showed that des-
pite of losing the advantage of co-dominance, microsatellite
markers are still powerful tool for genotyping of polyploid spe-
cies because of availability of large number of reproducible
alleles per locus. It has been studied by genotyping of nine-
teen sub populations of Dendrocalamus hamiltonii (hexaploid
bamboo species) with seventeen polymorphic SSR primer
pairs. Among these, ten primers gave typical banding pattern
of microsatellite marker as expected in diploid species but rest
seven gave unusual pattern i.e. more than two bands per locus
per genotype. In such case genotyping data are generally ana-
lyzed by considering as dominant markers. Given these facts,
data were analyzed in both ways as dominant and codomi-
nant. All the seventeen primer were first scored as non-allelic
data and analyzed; later ten primer pairs giving standard ban-
ding pattern were analyzed as allelic data and the results were
compared. The UPGMA clustering and genetic structure show-
ed that results obtained with both the data sets were very simi-
lar, and therefore the SSR marker could be utilized to characte-
rize polyploid species by considering them as dominant
marker. The study is highly useful to widen the scope of SSR
markers applications and beneficial to the researchers dealing
with polyploid species.
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Research Note

Microsatellite based simple sequence repeat (SSR) markers are
one of the most valuable tools for characterization of plant
genetic resources because of their abundance, wide genome
coverage, higher reproducibility and codominant nature. The
SSRs usually generate allelic data and reveal the information of
heterozygosity in the individuals of population. In a diploid
species the allelic relationship could easily be established by
considering single band as homozygous and double band as
heterozygous locus; but in polyploid species, where genome
present in multiple copies, more than two bands may be obtai-
ned, and assigning correct allelic dosage is difficult (Sampson
and Byrne, 2012; Garcia-Verdugo et al,, 2013; Bhandawat et al.,
2019). Although, allele dosage has been successfully estimated
in tetraploids (Obbard et al., 2006) and in allopolyploids (Van
Dijk et al., 2012), it is often unreliable in high-order polyploids.
The genetic analysis with allelic marker is highly challenging in
the autopolyploid species because of random bivalent pairing
during meiosis. In contrast, allopolyploid species consist of dis-
tinct set of genomes derived from their ancestral progenitors
during evolutionary hybridization events. These differentiated
genomes behave as meiotically independent subgenomes
(homoeologues) and follow disomic inheritance but genetic
studies in allopolyploids are still complicated because some of
the loci are shared between homoeologues and resulted in
multiple alleles during PCR amplification (Van Dijk et al., 2012).

The problem of multiple alleles was encountered in our
study performed for population genetic analysis in an Indian
bamboo species, Dendrocalamus hamiltonii (Meena et al.,
2019). This species belongs to the lineage palaeotropical woo-
dy bamboos whose genome is allohexaploid (2n = 6x = 72)
containing genomes of different ancestral lineages (Thakur et
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al., 2015; Guo et al., 2019). The study was conducted to charac-
terize the metapopulation of D. hamiltonii using microsatellite
markers. In the study a total of 535 individual clumps belon-
ging to 19 subpopulations were subjected to genotyping with
17 polymorphic SSR primer sets. The populations were samp-
led from natural range of distribution i.e. northeastern states of
India (5 populations from Mizoram, 5 from Assam, 2 from
Nagaland, 1 from Meghalaya and 6 from Arunachal Pradesh).
The detailed geographic information of sampling location is
given in supplementary table 1. The SSR primers used in the
current study were validated through cross-transferability; a
total of 62 primer pairs of D. latiflorus (Bhandawat et al., 2014)
were screened in D. hamiltonii, and 17 of these demonstrated
polymorphic banding pattern (supplementary table 2). Among
these, 10 primers gave typical banding pattern of microsatelli-
te markers i.e. 1 or 2 alleles per individual (Figure 1a) but rest 7
exhibited more than 2 bands in single individual when the PCR
products resolved in high resolution agarose gel (Figure 1b),
this may be attributed to the polyploid nature of the species.
The multiple alleles generated with these primer sets were also
reported in the parent literature where the primers were deve-
loped for D. latiflorus and tested their cross transferability in 36
other bamboo species of various ploidy level (Bhandawat et al.,
2014). The problem remained persistent with the different set
of SSR primers developed in bamboos (Bhandawat et al., 2015;
Bhandawat et al.,, 2019) as well as other polyploid plant species
viz. Mercurialis perennis (Pfeiffer et al., 2011) and Juniperus thu-
rifera (Teixeira et al., 2014).
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Figure 1

Representative gel photograph of marker genotyping with
SSR primer pairs in Dendrocalamus hamiltonii; a and b repre-
sent the different band profile generated by two primer pair
DLUGMS 56 and 57 in population DH19.

In order to understand the informativeness of the SSR
markers in polyploid species by treating them as dominant
marker, the band profile generated by each primer was scored
in two ways; first, the banding pattern obtained with all 17 pri-
mers were scored as non-allelic data in binary matrix conside-
ring each band as individual loci; secondly, ten of these primers
giving diploid like banding pattern were scored as allelic data.
The raw data set of all studied SSR primer loci in three repre-
sentative populations is provided as supplementary data sheet

1 and 2. The allelic and non-allelic data generated from same
set of markers in sampled populations were analyzed separate-
ly for estimating the measures of population genetics, phylo-
genetic analysis and deciphering genetic structure using diffe-
rent software such as GenAlEx ver 6.5 (Peakall and Smouse,
2012) and POPGENE ver 1.32 (Yeh et al., 1999) and STRUCTURE
ver 2.2 (Pritchard et al,, 2000). The results obtained with both
the data sets were then compared. However, the diversity mea-
sures could not be directly compared because different para-
meters are considered to be the key indicators in analysis with
dominant and codominant marker. For instance the Shannon’s
information indices () is the key measure for dominant data,
while expected heterozygosity (He) is considered as appropri-
ate diversity measure in codominant marker analysis. But the
UPGMA clustering, Principle Coordinate Analysis and structure
analysis could be performed with both the data sets and gives
non-quantitative results in the form of dendrogram and plots;
and thus, they could be compared.

Both the data sets generated uniform clustering pattern in
UPGMA dendrogram i.e. individual populations clustered in
group 1, group 2 and group 3 remained same in both the den-
drogram with varying level of similarity and dissimilarity bet-
ween the populations (Figure 2a and b). The clustering pattern
demonstrated that two major groups viz. group 1 and 3 were
obtained with the clustering of populations as per their geo-
graphical distribution; group 1 consisted of four populations of
Mizoram except popDHO03 which remained un-clustered with
any group, and group 2 was collectively formed by the other
populations of Assam, Nagaland and Arunachal Pradesh which
were later separated into distinct subgroups in accordance to
their geographical distribution. While in group 2, a population
of Assam was separated from other Assamese populations and
unexpectedly clustered with the population of Meghalaya. The
group wise clustering behavior of each population has been
explained in our published article (Meena et al., 2019). Struc-
ture analysis was carried out to identify the ancestral gene
pools and determination of inferred ancestry of individual
populations in each defined cluster. Based upon the plot of K
value with delta K (manually calculated ad hoc quantity of esti-
mated Ln probability of data) (Evanno et al., 2005), the opti-
mum K value was determined that indicates the number of
ancestral gene pool exist in sampled populations. The analysis
was carried out with both the data sets to estimate the opti-
mum K value and generated the bar plots of inferred ancestry
among sub populations. In the allelic data set, K=3 and K=4
showed highest peak in the plot with delta K and hence both
the K values could be used for interpretation of genetic struc-
ture among subpopulations (Figure 3a). Here in, K=4 gives
more precise clustering that is also in accordance with the clus-
tering pattern obtained in UPGMA dendrogram. The majority
of populations belonging to Group 1 and 2 of UPGMA dendro-
gram were also defined by distinct clusters in structure bar plot
but the populations of group 3 were further separated in two
subclusters and here also clustering was obtained in
accordance to the geographical distribution with exception of
one population in each subcluster (Figure 3c). The populations
of Assam and Nagaland were clustered together and separated



from that of Arunachal Pradesh. The sub clustering of group 3
populations may be attributed to the natural barrier of river
Bramputra falls between the regions. Non-allelic data also
showed that K=4 is the optimum number of subpopulations
and revealed bar pot with similar pattern of clustering with
slight variation detected for few populations that could have
been arisen due to different number of loci taken in both the
data sets (Figure 3b and d). Based upon the comparative study,
it can be concluded that SSR markers could be used for charac-
terizing the polyploid species by treating it as dominant mar-
ker, and it is more advantageous than other dominant markers
due to presence of large number of reproducible alleles per
locus (Pfeiffer et al., 2011). Definitely the advantage of co-
dominance could not be realized and the information such as
heterozygosity, allelic richness etc. will be lost but the results
generated here will be more reliable than the dominant mar-
kers. Therefore, in majority of studies data generated with SSR
markers were analyzed by transforming allelic data into binary
matrix (Teixeira et al., 2014; Bhandawat et al., 2014, 2015 and
2019). Also, the quantitative as well as non-quantitative mea-
sure calculated with non-allelic data set could be used to cha-
racterize and describe the populations.
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Figure 2

UPGMA clustering based on Nei’s (1972) unbiased measures
of genetic distance; a and b represent the dendrogram obtai-
ned with allelic and non allelic data sets, respectively. Branch
length depicted above bars indicates the genetic distance
among populations.
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Figure 3

Graphical representation of the estimated AK for each K value
and bar plots for estimated population Q-matrix at K=4 with
allelic (a and c) and non allelic (b and d) data sets. In the bar
plot, each population is separated by vertical line and indivi-
dual samples are represented by coloured bars. The numbers
1-19 given below the bar plot showed corresponding popula-
tion mentioned in supplementary table 1.
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