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Abstract

In India, soybean is the most important protein-rich oilseed crop; it has a 40% protein content and 20%
oil content. The use of genetic resources in breeding programmes will be managed and accelerated by
core collection. The Standard Stratified Clustering (SSC) approach was used in the current study to
develop core sets of soybean from a base collection of 2000 accessions based on data on 13 qualitative
and 7 quantitative traits. The SSC approach with a combination of two core sizes (10% and 15%), two
sampling strategies (proportional and logarithmic), and two allocation strategies (random and preferred)
were used to develop eight core sets. Similarity of classes on the basis of qualitative traits of 8 core sets
with the base collection was examined using Chi-square test, Shannon-Weaver diversity index, and ‘class
coverage’ statistics. Univariate statistics, based on quantitative traits, such as mean and variance and
multivariate statistics, standardized mean difference (SMD %), coincidence ratio (CR %), variance
difference (VD %), and variable rate (VR %) were also used to assess the representativeness of core sets.
Core set of 15% size developed using logarithmic sampling with preferred allocation strategy retained
higher CR%, VD%, and VR% based on quantitative traits.

Keywords: Coincidence ratio, standard stratified clustering, standardized mean difference, variance
difference

1. Introduction

A "wonder crop," soybean (Glycine max L. Merrill) has a protein content of 40% and an oil
content of 20%. It is cultivated extensively in the USA, Brazil, China, India, and Argentina
and is a major source of protein and edible oil worldwide. In contrast to Asian nations where
soybean has traditionally been utilized as a staple food and consumed as soymilk, tofu, soy
sprouts, fermented soy dishes, and soy sauce, soybean production in western nations
predominantly concentrates on generating high-protein meals for livestock and vegetable oils.
In addition, soybean is a significant source of polysaccharides, soluble fibres, phytosterols,
lecithins, saponins, and phytochemicals, isoflavones, which either individually or
collaboratively promotes health by reducing the prevalence of diseases like cancer, obesity,
hyperglycemia, hypertension, dyslipidemia, and inflammation.

Abundant germplasm accessions have been collected by gene banks around the world, yet
breeders still struggle to manage and utilize such a large collection. Development of core
collections enables greater use of genetic resources in crop improvement programmes. To
develop a manageable sample, or so-called "core collection,” Frankel and Brown initially
suggested sampling the collections (Brown 1989, Frankel and Brown 1984) [> 11, The genetic
diversity of a species and its relatives is best represented by a core collection (CC) with the
least amount of repetition. Due to its smaller size, CC can be thoroughly researched, and the
knowledge gained can be applied to make better use of the much larger reserve collection.
Core collections have been developed in many crops, including rice (Li et al. 2003) 21, wheat
(Dong et al. 2003) [, soybean (Wang et al. 2006) 81, cotton (Xu et al. 2006) [, and peanut
(Holbrook and Anderson 1995) 4, Recently, core collection has evolved into a potent tool for
assessing germplasm, identifying trait-specific accessions, discovering new genes through
association mapping, allele mining, genomic research, marker development, and molecular
breeding (Qiu et al. 2003) 23],

Drawing representative samples from whole collection for the constitution of core collection is
the heart of core collection that determines its quality. Brown (1989a) [¥ developed a number
of methods for core collection, such as a random sampling strategy of 10% of the base
collection that represents more than 70% of genetic variation, and suggested that the ideal core
collection size should be between 10% and 20% of the entire collection (EC) (Brown 1989b)
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4. The principle component score (PCS) method was
developed by Noirot et al., (1996) 2% and uses principal
component analysis (PCA) to eliminate collinearity between
variables while selecting individuals based on their
cumulative relative contribution. Coffee (Hamon et al., 1995)
(23 mungbean (Bisht et al., 1998) M, groundnut (Upadhyaya
et al., 2003) %, ragi (Upadhyaya et al., 2006) [*4, and sesame
(Mahajan et al., 2007) 20 have all successfully established
core collections using the PCS technique. The power core
method of core collection, which utilizes the advanced M
(maximisation strategy) implemented through the modified
heuristic algorithm for the development of core collection,
was created by (Kim et al., in 2007) (81, The power core
programme is used to develop core collection in barnyard
millet (Jayarame Gowda et al. 2009) [ and
ragi (Chandrashekhar et al. 2012) [,

Other methods have been used to develop core sets in various
crops, like Core Hunter (Thachuk et al. 2009) B4, M-Strat
(Gouesnard and Bataillon et al. 2001) 4, genetic distance
sampling (Jansen and Van Hintum 2007) [, and standard
stratified clustering (SSC) approach (Brown 1989a) [l
Several studies have compared the effectiveness of various
methods and tactics for creating core sets in various crops
(Spagnoletti-Zeuli and Qualset 1993; Hu et al.. 2000; Franco
et al.. 2005; Studnicki et al.. 2013) 15 10.28. 291 The majority of
researchers choose the SSC strategy for creating core sets to
ensure the selection of common alleles (Crossa et al.. 1995)
€l The effectiveness of SSC approach depends on a
hierarchical classification of base collection accessions into
genetically uniform groups. Many researchers have also
suggested using a hierarchical approach to divide the base
collections into smaller, homogenous groups (Spagnoletti-
Zeuli and Qualset 1993; Holbrook et al.. 1993; Van Hintumn
et al., 1995; Skinner et al.. 1999; Upadhyaya et al.. 2001) [?%
14,3217 The objective of the present study is to develop core
sets using SSC approach-based combination of two core sizes
(10% and 15%), two sampling strategies (proportional and
logarithmic), and two allocation strategies (random and
preferred).

2. Materials and Methods

The material for the study comprised of 2000 germplasm
accessions of soybean (Glycine max L. Merrill) obtained from
IISR (Indian Institute of Soybean Research), Indore, Madhya
Pradesh and three check entries (KBS 23, JS 335 and DSB
21). The 2000 germplasm accessions along with 3 check
varieties were characterized for 13 qualitative traits and
evaluated for 7 quantitative traits following Augmented
design during summer 2021 at ZARS, UAS, GKVK,
Bangalore. Each block contained 100 germplasm accessions
as well as three checks (replicated twice). Each entry's seeds
were dibbled in a single row of 1.5-meter length with 45 X 10
cm row spacing. A base dose of 25:50:25 Kg NPK ha was
applied to the experimental plot at the time of sowing.
Recommended agronomic and plant protection practices were
followed to raise a healthy crop.

Data were collected visually on 13 qualitative traits (hilum
color, seed coat color, early plant vigour, hypocotyls color,
flower color, leaf shape, leaflet color, plant pubescence, plant
pubescence color, plant pubescence density, plant pubescence
type, stem determination, pod color) using five randomly
tagged plants. Data were also collected on seven quantitative
traits based on counting/measurement (days to 50%
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flowering, plant height (cm), number of secondary branches
plant?, number of pods plant?, days to 80% maturity, 100
seed weight (g), seed yield plant? (g). Quantitative-trait data
recorded on five randomly tagged plants were subjected to
analysis of variance (ANOVA). Quantitative-trait means of
germplasm accessions were adjusted by subtracting trait
means from effects of respective blocks in which the
accessions were evaluated. The adjusted quantitative-trait
means of 2000 accessions were used for the statistical
analysis described in the following sections for developing
core sets of sizes 10% and 15% following SSC (Brown
1989a) &1,

3. SSC Approach

The process of forming core subsets starts with stepwise
grouping of accessions into meaningful clusters followed by
accession selection using pre-determined sampling and
allocation strategies (Franco et al. 2005) %, The method used
in the SSC approach for creating core sets is discussed below.

3.1 Stratification of the Germplasm Accessions

Accessions were classified into 10 clusters following Ward’s
hierarchical clustering algorithm based on adjusted means for
7 quantitative traits. Clusters were merged at each step by
minimizing the variance within clusters and thus maximizing
variance among clusters based on the adjusted means of 7
guantitative traits.

3.2 Sampling Strategies

Two sampling strategies, viz., proportional (P), a number
proportional to cluster size and logarithmic (L), a number
proportional to logarithm of cluster size (Brown 1989) @ in
relation to the chosen core set size of 10% and 15%, were
followed to determine the number of accessions to be selected
from each cluster for inclusion in core sets.

3.3 Allocation Strategy

Once the number of accessions to be selected from each
cluster was determined, the accessions were chosen from each
cluster following random and preferred sampling methods for
inclusion in the core sets. Criteria such as number of pods per
plant, 100 seed weight and seed yield per plant were used for
selection in preferred sampling method. Thus, a total of 8 core
sets were developed following SSC approach.

4. Validation of core sets

Validation is the process of examining the extent to which
core collection represents the base collection. The base
collection and eight core sets were compared and tested for
homogeneity in quantitative traits mean (two-sample 't' test)
and variances [Levene's (Levene, 1960) [9 test]. The
homogeneity of accessions for qualitative traits frequency
distribution of base and core collections was tested following
chi-square statistic. Retention of qualitative trait classes by
the core collection was determined using ‘Shannon-Weaver
diversity index” (Shannon and Weaver, 1949) [?] and ‘class
coverage’ (Kim et al. 2007) I8 statistics. Non-significant
differences between base and core sets for quantitative traits
means and variances and homogeneity of frequency
distribution of qualitative traits classes were considered as
evidences for representativeness of core sets.

Quantitative  trait-based composite and standardized
validation statistics, such as standardized mean difference
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(SMD %), variance difference (VD %), coincidence rate (CR
%), and variable rate (VR %) (Hu et al. 2000) [**! were also
used to assess the representativeness of 8 core sets.

The SMD (%) was estimated as,

m Mb—-Mc

SMD (%) = - 3.7

=1 Mc

x 100

The VD (%) was estimated as,

m Vb-Vc
=1 y¢

VD (%)=, x 100

The CR (%) was estimated as,

CR (%)= — I, = x 100

The VR (%) was estimated as,

m CVce
J=1cvp

VR (%) =— ¥ x 100
Where,

m= Number of traits

Mb= Trait mean of base collection
Mc= Trait mean of core collection
Vb= Trait variance of base collection
Vc=Trait variance of core collection
Rb= Trait range of the base collection
Rc= Trait range of the core collection
CVb= Trait CV of the base collection
CVc= Trait CV of core collection

4.1 Criteria to examine representativeness of core set

The core set was considered to be representative of the base

collection, if Core and base collections were significantly

different for not more than 20% of the quantitative traits

(SMD% <4).

a. The CR% retained by the core collection for quantitative
traits is not less than 80 per cent (Hu et al. 2000) 121,

b. The differences between the actual numbers of accessions
in each of defined classes in the core collection and those
expected based on the core collection size is significant for
not more than 20 per cent of the qualitative traits when
tested using chi-square test. For example if the number of
accessions in 3 different classes of a qualitative trait in the
base collection are 30, 50 and 20, respectively, the
expected number of accessions in the 10% sampled core
collection were estimated as 10 per cent of 30=3, 10 per
cent of 50=5 and 10 per cent of 20=2. These expected
numbers of accessions in each of the 3 classes were
compared for their deviation from those actually present in
the core collection using chi-square test.

c. The core collections retained not less than 80 per cent
‘class coverage’ based on qualitative traits.

d. The average Shannon-Weaver diversity index across the
qualitative traits of core collection is comparable to that of
base collection.

5. Results and Discussion

5.1 Representativeness of Core Sets

Eight distinct core sets' classes of 13 qualitative traits were
compared to those of the base collection. All core sets were
comparable to those of the base collection for frequency
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distribution of qualitative traits, with the exception of
proportional and logarithmic sampling with random allocation
of sizes 10% and 15% (chi-square was significant for 4 traits),
indicating their representativeness of the base collection for
qualitative traits (Table 1).

The core set (s) with H' values similar to those of the base
collection, according to Bisht et al. (1998) [M; Upadhyaya
(2003) 31, Mahalakshmi et al. (2007) 22; Dwivedi et al.
(2008) %81 and Upadhyaya et al. (2009) [*°, are thought to be
representative of the base collection. The H' estimates of all
the core sets in the current study were comparable to those of
the base collection, indicating their representativeness
according to the H' statistic. The 'class coverage' statistic was
used to calculate the percentage retention of qualitative trait
classes in the core sets (Kim et al. 2007) [*®, A good core
collection, according to this criterion, should retain all of the
classes of a given qualitative trait of the base collection. All 8
core sets covered more than 80% of the defined qualitative
trait classes, indicating their representativeness.

To evaluate the representation of the core sets, the means,
ranges, and variances of the quantitative traits of the core sets
and those of the base collection are compared. For a
representative core set, ranges should remain constant and
means shouldn't fluctuate noticeably for less than 20% of the
traits. However, due to effective stratification and fewer
redundant accessions in the core set than in the base
collection, the trait variances may rise in the core sets. In the
current investigation, all of the core sets for quantitative trait
means were comparable to those of the base collection ('t' test
was significant for <4 traits).

To assess the representativeness of core collections,
composite criteria such as standardized mean, variance,
interquartile range, and coefficient of variation (Hu et al.
2000; Tai and Miller 2000) > 30 have been proposed. It
involves conducting statistical tests to compare the core and
base collections' means (SMD %), variances (VD %), range
(CR %), and CV (VR %). The SMD% of all eight core sets
was under 4, confirming their representativeness for
quantitative trait means. In comparison to other approaches
based core sets, logarithmic sampling with preferred
allocation strategy (of 15% size) retained higher VD%, CR%
and VR%.

5.2 Comparison of SSC Strategies

5.2.1 Core sizes

According to Brown (1989b) [, a core set of 10% or less of
the base collection is likely to hold at least 70% of the variety
in the base collection. The amount of genetic redundancy
among accessions, the resources available for maintaining
core entries, and the frequency of entry regeneration all play a
major role in determining the ideal size of a core set
(Yonezawa et al. 1995) 9. In the current study, a core size of
15% retained more CR% and VR%, indicating higher
representativeness of the core sets (Table 2; Figure a).

5.2.2 Sampling strategies

Based on SMD% criteria, proportional sampling strategy-
based core sets better represented the base collection than
those based on logarithmic sampling strategy. However, the
CR%, VR% and VD% of logarithmic sampling strategy based
core sets were higher than those of proportional sampling
strategy based core sets. (Table 2; Figure b). Many scholars,
including Brown (1989a) B, van Hintum et al. (1995) [, and
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others, have indicated that logarithmic and proportional
sampling  procedures are suitable for developing
representative core sets.

5.2.3 Allocation strategies

Among the two allocation strategies, preferred allocation was
superior to random allocation as indicated by least SMD%,
and higher CR% and VR% (Table 2; Figure c).
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5.3. Efficiency of SSC Approaches

Among the eight representative core sets identified, the base
collection diversity was better represented by the logarithmic
sampling with preferred allocation approach-based core set of
15% size than by the other core sets since it retained higher
CR%, VD%, and VR% based on quantitative traits, H'
estimates was comparable to those of the base collection, and
"class coverage" statistics covered more than 80% of the
defined qualitative trait classes.

Table 1: Summary of validation statistics to identify representative and best core set (S) of soybean germplasm accessions

Core size
10% of base collection 15% of base collection
Proportional sampling| Logarithmic sampling | Proportional sampling | Logarithmic sampling
Sl Random allocation Rando_m Preferred Rando_m Preferl_’ed Rando_m Preferl_’ed Rando_m Preferred
NO| allocation | allocation | allocation | allocation | allocation | allocation | allocation | allocation
Qualitative traits
1 #Significant Chi square 9 2 8 2 9 2 12 2
2 | Shannon-Weaver diversity index (H*) |1.00 + 0.48(0.97 + 0.611| 1.00 £0.52 | 1.00 £ 0.50 | 0.99+0.40 | 0.99 +0.48 | 1.02 £ 0.43 | 1.00 + 0.63
3 Class coverage 96.7 96.7 97.8 96.7 97.8 96.7 97.8 96.7
Quantitative traits
1 #Significant ‘t’ test 4 4 4 4 3 4 4 4
2 #Significant ‘F’ test 7 6 7 6 7 6 7 6
3 SMD% 0.6 0.99 1.82 3.37 0.65 1.28 1.42 3.53
4 VD% 10.01 6.89 14.43 13.92 24.52 6.79 9.87 29.79
5 CR% 80.06 90.53 80.96 91.32 84.22 90.11 85.21 92.11
6 VR% 89.31 96.89 92.99 96.95 90.93 96.22 92.99 101.95

(SMD) standardized mean difference; (VD) variance difference; (CR) coincidence ratio; (VR) variable rate; (#) representative core sets

Table 2: Comparison of core sizes, sampling strategies, and allocation strategies of developing core sets in Soybean

Statistics Core sizes Sampling strategy Allocation strategy
10% 15% Proportional Logarithmic Random Preferred
SMD % 1.72 1.7 0.88 2.54 2.29 1.12
VD % 16.26 12.8 12.05 17 14.35 14.71
CR% 85.72 88.41 86.23 87.4 82.61 91.02
VR% 95.29 95.52 93.34 96.22 91.56 98
100 7 95.29 9552 100 03.34 96.22
g4 85.72 8841 o0 &~ 86.23 8741 |
80 1~ | so
70 1 0 1"
60 60 -’/J
50 4 : B 10% 50 1 B Proportional
a0 ¥ E15% 40 B Logarithemic
30 + 30 1
20+~ 16.26 4, ¢ L 20 12.05 17
10 L, w0 “
= ‘ ; ) | — | | e
SMD % VD % CR% VR% SMD % VD % CR% VR%

(a) Core sizes

(b) Sampling strategies
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100 p 01.02 01.56 198

50 82.61 |

80

70

0

50 1 B Random
40 1~ M Prefered
50

20 14.3514.71

0 o .—rI .

SMD % VD % VR%

(c) Allocation strategies

Fig 1: Graph depicting comparison of (a) core sizes, (b) sampling strategies, and (c) allocation strategies for developing core sets in soybean
(SMD) standardized mean difference; (VD) variance difference; (CR) coincidence ratio; (VR) variable rate

6. Conclusions

The soybean core collection created in this study will be
valuable genetic resources for soybean breeders and
researchers for screening soybean germplasm and identifying
desirable genotypes for economically important traits. The
development of core collections will also aid in addressing
challenges posed by climate change because core collections
represent the genetic variability of the entire collection and
desirable genotypes can be easily identified. Owing to limited
available resources, evaluating the entire collection may not
be practically feasible; therefore, core collection can act as a
working collection for breeders to be used in evaluation and
breeding programmes. The soybean core collection created in
the current study can also be used in association mapping
studies to identify the genes and QTLs linked to numerous
economically significant features. As new accessions of
soybean germplasm are gathered and new data are developed,
the current core collection of soybeans needs to be
periodically revised.
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