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Rapid climate change has resulted in various abiotic
stresses such as high and low temperature, excess and
deficient water, salinity, etc., which are responsible for loss
in crop production and productivity (Bansal et al. 2014).
The strategy of integrating molecular breeding and genetic
engineering through utilization of plant genetic resources
is gaining momentum for developing climate-resilient
cultivars (Varshney et al. 2011). Characterization and
conservation of diversified plant genetic resources are the
prerequisite for generation of genomics resources, which
can be used by the breeders to develop stress tolerant
cultivars. However, the presence of high degree of
redundancy in different in situ as well as ex situ collections
is a major problem for the management of plant genetic
resources (Bansal et al. 2014). Moreover, the sequencing
of each line in a large germplasm collection is almost
impossible. Therefore, there is a need to develop a core set
(Frankel and Brown 1984), which represents the entire crop
genetic diversity (Glaszmann et al. 2010). This can be used
as a valuable resource for future reanalysis and integrative
genomic analysis (Hawkins et al. 2010).
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ABSTRACT

Preserving genetic diversity in repository of germplasm is essential for crop breeding programs. However, maintenance
and protection of all the germplasms in gene bank is difficult due to its voluminous size. Hence the development of core
set with minimum number of germplasm representing maximum genetic diversity of the population has become an
alternative. From the available clustering methods and allocation strategies, identifying a suitable combination is
essential for the development of species-specific core set. In the present study, data on 219 salt stress tolerant rice
(Oryza sativa L.) germplasm accessions with 14 phenotypic traits and 2915 genome wide Single Nucleotide
Polymorphisms (SNPs) is considered to identify a suitable combination of clustering method and allocation strategy
for core set development. Eight different combinations consisting of two clustering methods, viz. Ward’s and UPGMA
along with four different allocation strategies, viz. L, D, LD and NY allocation with three level of sampling intensities
(20%, 25% and 30%) have been tried. Based on the study carried out during 2013-14 at Indian Agricultural Statistics
Research Institute, New Delhi, it is concluded that the Ward’s clustering method with NY allocation, irrespective of
sampling intensity, is suitable for developing core set with maximum diversity.
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Several gene banks possess a large number of salinity
stress tolerance rice germplasms. Several approaches have
been proposed for the development of a core set by using
either quantitative (phenotypic traits) or qualitative trait
(SNP markers) data or mixture of both (Sarkar et al. 2011,
2012 and 2014). Sharma et al. (2010) evaluated a sorghum
mini-core from a core collection of landrace accessions to
identify the sources of grain mold and downy mildew
resistance. Yu et al. (2012) developed a core set of cotton
germplasm with a genome-wide coverage of marker data.
Wen et al. (2012) investigated how the tropical maize race
Tuxpeno could be exploited in future maize improvement
using genome-wide single nucleotide polymorphisms
(SNPs), which are very large in number. However, all the
SNPs may not be associated with each trait under
consideration and by including all the SNPs in the model
may increase complexity of analysis. Further, several
clustering and sampling strategies have been suggested
for the core set identification. However, it is required to
choose an appropriate combination of clustering and
sampling methods to develop a well diversified core set
and hence, the present study is taken up to develop a core
set with maximum genetic diversity by using relevant and
reduced number of SNPs.

MATERIALS AND METHODS
The quantitative and qualitative trait data on 219 lines
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of salt stress tolerant rice germplasm was considered for
the present study (Sarkar et al. 2014). The dataset contains
observations on 14 phenotypic characters, viz. days to 50%
flowering, number of tillers per plant, plant height (cm), 100
seed weight (gm), number of panicle per tiller, panicles
length (cm), number of filled grains, number of unfilled
grains, grain length (cm), grain weight (g), biomass/plant
(g), yield per plant (g), Na content of leaf per dry weight
(mmol/g) and K content of leaf per dry weight (mmol/g). In
addition to this, the dataset also contains 2915 SNP
genotyping information in the form of 0, 1 and 2, which
indicate the frequency of major allele present in each
genotype for a given SNP locus.

Initially, SNPs with high variable importance and
associated with each phenotypic trait were identified using
Random Forest (RF; Breiman 2001) and Least Absolute
Shrinkage Selection Operator (LASSO; Tibshirani 1996)
methods. Under RF model, the SNPs having high variable
importance, i.e. higher value of mean decrease in accuracy
were identified as important SNPs for each trait. Similarly
under LASSO model, the SNPs having non-zero regression
coefficients were identified. Based on both LASSO and RF
unique SNPs were identified from the selected SNPs of all
14 traits. The information on these selected SNPs of all the
germplasm along with the phenotypic traits were then used
as mixture data for core set development. For implementing
RF and LASSO, “randomForest” and “glmnet” Packages
of R-software were used respectively.

The identification of core set involves two-step
procedure in which the accessions were first classified into
homogeneous clusters and then a fraction of accessions
from each cluster were selected by using an appropriate
allocation strategy. Two most widely used clustering
methods, i.e. Unweighted Pair Group Method with
Arithmetic Mean (UPGMA, Sokal and Michener 1958,
Murtagh 1984, D’haeseleer 2005) and Ward’s clustering
method (Ward 1963) were used. Four different allocation
strategies, viz. L-allocation (Brown 1989), D-allocation, NY-
allocation (Neyman 1934) and LD-allocation were used to
draw samples from different clusters identified by the two
clustering methods.

The diversity of core set was compared with the
diversity of population (original) data set by computing
the percentage mean difference (MD %), variance difference
(VD %), coincidence rate (CR %) and variable rate (VR %)
using quantitative variables (Hu et al. 2000). The different
measures are as follows:

;

;

;

; ( j=1,2,…,m traits)

where Me, Ve, Re and CVe and Mc, Vc, Rc and CVc stands
for mean, variance, range and coefficient of variation for
the entire dataset (population) and core set respectively.
Nei (1978) genetic diversity for marker data was used to
measure genetic diversity in both core and population
germplasm.

RESULTS AND DISCUSSION

Parameter optimization
Several combinations of ntree (i.e., 500, 1000, 1500 and

2000) and mtry (i.e. 54, 583, 875, 1458 and 2915) are opted
to fit the RF model for idenfying important SNPs associated
with each phenotypic trait. An optimum combination of
parameters in RF for each trait is chosen on the basis of
lowest Out Of Bag (OOB) error rate presented in Table 1,
whereas no such parameter optimization is required for
fitting LASSO model. It can be seen that in most of the
traits, OOB error rate is stable around 1500 trees with mtry
value as 1458. Also, it is observed that the number of trees
required to obtain lowest OOB error rate in case of grain
weight and grain length is lower compared to other traits.
Further, it can be noticed that in case of Na-content, the
number of trees required is largest and the OOB error is
lowest as compared to the other traits.

SNPs selection
All the genome wide SNPs may not have association

with the traits considered under study. Hence, only the
important SNPs associated with the traits are filtered out
by using RF and LASSO. Under RF, for each trait, the
SNPs are ranked based on decreased order of variable
importance and based on which top 10% (=290) SNPs are
selected. This resulted in a total of 4060 (14*290) markers,

Table 1 Optimum value of mtry and ntree along with lowest
Out Of Bag (OOB) error rate for all the 14 quatitative
traits under RF methodology.

Trait name mtry ntree OOB error

50% flowering 1458 1500 47.95
Plant height 1458 1500 55.25
Number of tiller per plant 1458 1500 55.25
Number of panicle per tiller 1458 1500 49.32
Panicle length 1458 1500 44.75
Number of filled grains 1458 1500 47.95
Number of unfilled grains 1458 1500 45.21
Grain length 1458 1000 52.05
Grain weight 54 1000 44.75
100 seed weight 1458 1500 47.95
Biomass per plant 1458 1500 51.14
Yield per plant 1458 1500 48.4
Na- content of leaf per dry weight 1458 2000 22.37
K- content of leaf per dry weight 1458 1500 43.84
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with redundant SNPs, to be associated with all the traits.
Similarly under LASSO, for each trait, SNPs with non-zero
regression coefficients are selected and a total of 2382 SNPs
(with redundancy) are selected for all the 14 traits. Finally,
the SNPs selected under RF and LASSO method are
pooled. From the selected SNP markers a total of 1362
unique markers are obtained, which constitutes the
qualitative dataset and 14 phenotypic traits constitutes the
quantitative dataset which in turn leads to mixture data. So
the mixture data set consists of 1362 SNPs marker and 14
quantitative traits for 219 accessions of salt stress tolerant
rice germplasm were subjected to further analysis.  It is
observed that in case of grain weight and grain length less
number of trees in RF (ntree) is required (Table 1) than
other phenotypic traits to get the lowest OOB error rate
and this may be due the fact that the decision trees grown
in the random forest are highly correlated. Further, it is
seen that OOB error rate is minimum in case of trait “Na
content” and is presumably that the SNPs are highly
associated with this phenotypic trait.

Cluster analysis, sampling intensities and allocation
strategy

Kumar et al. (2015) reported the formation of three
major groups in the data set considered in the present
study. However, a maximum of six groups can be safely
formed in the considered data set. Hence the cluster
analysis was carried out with six clusters using UPGMA
and Ward’s clustering methods. Six clusters having 56, 54,
37, 25, 28, 19 germplasm accessions respectively are
obtained under Ward’s clustering method, whereas the
clusters sizes are 193, 12, 9, 2, 2 and 1 under UPGMA
method (Table 2). From the identified clusters under both
Ward’s and UPGMA methods, sampling intensities of 20%,
25% and 30% are applied to draw samples under each
allocation methods for the development of core sets. The
proportion of observations drawn from each cluster under
different allocation strategies and sampling intensities are

given in Table 2. It is observed that the number of
observations drawn from each clusters to develop core set
under different allocation methods in Ward’s clustering are
lower than the respective cluster sizes, whereas the number
of observations that are drawn under D, L and LD
allocations in UPGMA method are higher (except NY) than
the sizes of the clusters C4, C5 and C6 (Table 2).  Further,
it is observed that size of sample in case of NY allocation
is less than or equal to the size of cluster, irrespective of
the sampling intensities and clustering methods. This may
be a limitation with L, D and LD allocations and presumably
because of (i) smaller clusters size, (ii) large variation in
cluster sizes, (iii) high mean Gower’s distance (Gower 1971)
in small cluster size, (iv) smoothing of the effect of cluster
size by log transformation, (v) non-consideration of true
cluster size as weight. Therefore NY allocation method may
be used as a better alternative to the other considered
allocation methods. Besides, from the cluster analysis it is
also observed that sample size is much smaller than the
cluster size irrespective of allocation methods and sampling
intensities in Ward’s clustering and therefore Ward’s
method may be used with some advantage as compared to
the UPGMA for clustering.

Diversity analysis of core set
Values of MD%, VD%, VR% and CR% computed

under different clustering methods, allocation methods and
sampling intensities are reported in Table 3. Similarly, the
diversity index meant for qualitative traits namely Nei’s
average expected heterozygosity is computed both for
corset and population  and given in Table 5. It can be seen
that the value of MD% and VD% under Ward’s method is
less than the UPGMA method. On the other hand, UPGMA
is better than Ward’s clustering while compared using VR%
and CR% measure. Further, it is observed that the
representativeness of the core set for population is better
under NY allocation than other allocations irrespective of
the sampling intensities and clustering techniques used

Table 2 Number of samples to be drawn from each cluster, under Ward’s and UPGMA clustering techniques, by different allocation
methods and sampling intensities.

Ward’s Clustering UPGMA Clustering Sampling
Cluster name C1 C2 C3 C4 C5 C6 C1 C2 C3 C4 C5 C6 intensities
Cluster size 56 54 37 25 28 19 193 12 9 2 2 1

D 7 7 8 7 7 7 11 12 10 4 4 1 20%
9 9 10 8 9 9 14 15 12 6 4 3 25%

11 11 12 10 11 11 17 18 15 8 6 4 30%
L 8 8 8 7 7 6 20 9 8 3 3 2 20%

10 10 9 8 9 8 25 12 10 5 3 0 25%
13 12 11 10 10 9 30 14 13 5 4 0 30%

NY 11 11 8 5 6 4 39 3 2 1 0 0 20%
14 14 10 6 7 5 48 3 2 1 0 0 25%
17 16 12 7 9 6 58 4 2 1 0 0 30%

LD 8 8 8 5 7 6 20 10 10 3 3 0 20%
11 11 10 8 9 8 25 13 13 4 4 0 25%
13 13 12 9 11 9 30 16 16 5 4 0 30%
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while measuring diversity using MD% and VD% measures.
Similarly, LD allocation is better than other allocations as
far as VR% and CR% measures are concerned. Hence, it
can be inferred that the representativeness of the core set
in NY allocation along with Ward’s method is higher than
the other combinations of allocation and clustering
techniques while compared using MD% and VD%
measures. Similarly, the combination of LD allocation and
UPGMA is better to represent the population diversity in
the core using VR% and CR% as diversity measures. This
argument is also supported by Nei’s diversity index that
the NY allocation along with Ward’s method and LD
allocation along with UPGMA are better in representing
the population diversity in the core set (Table 4).

The main aim in developing core set is to preserve
maximum diversity of the population with lesser number of
germplasm as compared to population. In other words, more
is the diversity in the core set better is the
representativeness. In this study, a dataset on 14
phenotypic traits and 1362 selected SNPs corresponding
to 219 of salt stress tolerant rice germplasm genotypes are
used for developing a core set. Different combinations of 2
clustering techniques, 4 allocation methods with 3 levels
of sampling intensities are used. After analyzing the results
from cluster analysis, diversity measures using phenotypic
traits and Nei’s diversity index, it can be concluded that

Ward’s clustering with NY allocation is suitable for the
development of diversified core set using both phenotypic
and genome wide SNP genotypic data of salt stress
tolerance rice germplasm. At the same time it will also be
premature to say that the UPGMA clustering under LD
allocation will always be inferior. Also, it is suggested to
use RF and LASSO to identify genome wide SNPs
associated with traits under consideration.
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