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Selecting Accessions in Soybean Collection with High Diversity

Selecting Accessions in Soybean Collection with High Diversity

RL Sapra·, SK Lal, Akshay Talukdar and KP Singh
Division of Genetics, Indian Agricultural Research Institute, New Delhi-110 012

The paper suggests a diversity efficient and computationally convenient procedure for selecting distinct accessions
for breeding as well as core-set formation purpose. Soybean germplasm data comprising of270 accessions, evaluated
for seven important quantitative traits were used for the study. Thirty entries scoring the highest inertia values in
individual clusters, when selected, resulted in highest pooled Shannon Diversity Index as well as coefficient of
variability for individual characters.

Key words: Soybean, Diversity, Principal component
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Plant breeders look for distinct and unique variability out
of the large number of accessions available with them
with an aim of increasing the level of expression of
economic traits in the crossed combinations. Their
primary concern is how to select the desired variability
to carry out the breeding programme preferably with low
number of accessions keeping in view the time and
resource constraints. Thus, choice of parents for
hybridization is one of the most critical factors in deciding
the outcome. This is important because it determines the
kind of variability expected in segregating generations,
thereby setting the limits for improvement. The choice
of parents largely depends upon the objectives. Various
methods of selecting parents in Triticum aestivum have
been discussed by Bhatt (1973). These methods are based
on either ecogeographic diversity (Cox and Worall, 1987),
character compensation (Grafius, 1965), early generation
testing (Thurling and Ratinam, 1987) or measures of
combining abil ity. These methods generally consider few
parents. Many breeding programmes in the major crop
species have reached a stage where yield improvement
is slow or has almost reached a plateau. In this situation,
a different strategy has to be adopted to increase the pace
of improvement. A narrow genetic base among released
cultivars and the practice of using elite line x elite line
crosses has been implicated in slowing the rate ofgenetic
advance for yield (Lal and Rana, 2000). There are two
potential ways of overcoming the yield barrier. One is to
look for traits/genes, which can enhance the adaptability
of the cultivar in a specific production system/agro­
climatic region. The other way is to use genetically diverse
parents. Clustering germplasm into various groups using
hierarchical or non-hierarchical algorithms based on
multivariate statistical techniques, and sampling from

* Email: saprarl@gmail.com

II/dial/ J. Plal/t Gel/et. Resow: 19(2): 171-174 (2006)

within discrete groups is a common method for
maximizing diversity. What and how many entries to be
selected from each group, particularly when the
population is large, is again cumbersome procedure.
Various strategies have been proposed to select a number
of entries from each group, particularly in relation to
developing core sets (Brown, 1989; Schoen and Brown,
1995). In an empirical analysis, these authors ranked the
various strategies according to the highest to the lowest
expected allele retention and found the M Maximization)
strategy to be superior. Principal Component Score
Strategy (PCSS) suggested by Hamon and Noirot (1996),
Noirot et al. (1996), Mahajan et al., 1996), Srivastava
et al., (1999), Sapra and Lal (2003) and others, based on
quantitative traits for selecting the accessions. Sapra and
Lal (2003) discussed the issue of minimum sample size
and estimated, under certain assumptions, the required
target population size for including variability ranging
from low to high. Inertia score has been used to select
accessions to maximize the variability in the sample. The
suggested approach slightly differs from above as it makes
use ofboth i.e. the inertia score as well as is the grouping
done based on K-Means Clustering for ensuring high and
representative variability in the sample.

Materials and Methods

Data on 270 lines representing Indian as well as exotic
variability. The crop was grown in 5 m rows during kharif
(crop season beginning with the arrival of monsoon in
July) 2004 in an augmented design (Federer, 1956) with
five checks. Data was recorded on seven quantitative and
four qualitative traits. However, the quantitative data was
subjected to Principal Component Analysis (PCA) to
calculate inertia scores (defined below). First three
Principal Components with an Eigen value ofone or more
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were extracted. The Relative Contribution (RC) for each
accession was determined as follows:

Let Yij be the score through PCA for ith (i =1,2 ...
N) accession and jth (j =1, 2 ... k) principal component.
The inertia of the ith accession is defined as

p. =L.y ..2 The relative contribution for the ith
I J IJ

accession is given by RCi =Pi INk. Accessions were
arranged in descending order of inertia.

The data was also subjected to classification using
K-Means Clustering after applying the z- transformation.
The number of clusters (k) was taken equal to the number
that is approximately equal to the 10% of the collection
size, a number normally required for developing
germplasm core set for retaining at least 70% or more
allelic diversity in the sample. In our case 30 clusters
were formed. The quantitative data for all the characters
was converted into qualitative one by dividing the
individual character range into five equal intervals. The
pooled Shannon Diversity Index (pooled over the
characters) was chosen as the measure of diversity and
for comparison purpose.

Proposed Selection Procedure

(i) Select a single entry from each cluster whose inertia
score is the highest in the cluster.

(ii) Count the frequencies of each character state and
calculate the individual SOl for all the characters.
Pooled SOl is the sum of individual SOls.

Results and Discussions

The first three principal components could explain 71 %

of the total variation, whereas the first two components
around 56%. Graph 1 and 2 give the spread in a two
dimensional space of all the 270 data points as well as
the points related to 30 accessions selected from 30

Table 1. Eigen value and variation

Principal Component Eigen value

I 2.55
II 1.917
III 1.214

Variance (%)

31.872
23.96
15.171

Cumulative %

31.87
55.83
71

clusters and top 30 points in terms of inertia score
respectively. If we examine the top 30 points in Graph 2,
it is clear that these points are distantly located from the
centre and hence play significant role in the divergence
and that is why the top entries have higher values of
diversity index as compared to that of the whole collection
(Table 2). The points, which are located near the centre
of the graph, have low inertia score and contribute less
to the diversity. The pooled diversity decreases from top
to bottom i.e., from 9.070 to 5.732 (Table 2). However,
the diversity of individual characters does not show a
declining trend for all the characters when we move from
top to bottom (Table 2). For example the middle 30
accessions show lower values of SOl for plant
height and pods/plant as compared to those of bottom
accessions. The basic objective here is to look for those
points, which can give higher diversity than that of the
top 30 entries.

Graph 1 indicates the 30 points having the highest
inertia and located in the 30 disjoint-clusters. On
comparing the two graphs we find that nearly 60% of the
points are common. Some of the points have come closer
to the centre. K-Means Clustering divides the 270 objects
into 30 clusters such that some metric relative to the
centroids of the clusters is minimized. Thus, the selected
points represent the homogenous clusters, are bound to
give better representation of the variability in the sample.
Ifwe compare the values of SOls between top 30 entries
and clusters points, the values are higher for all the
characters except for plant height. The sample of cluster
points resulted in the highest pooled SOl (9.463). Table
3 gives a comparative view of the variation in terms of
range and coefficient of variation (%) for the entire
collection and cluster points. The range for individual
characters is either equal to that of entire collection or
almost approaching it. The CV (%) values are higher for
all the traits for cluster-selected-points. Thus, selection
based on inertia score and clustering could be an
appropriate choice if the objective is to maximize the
diversity for a given sample size. This procedure is
diversity efficient, computationally convenient and

Table 2. Shannon Diversity Index for various samples, and entire collection for individual traits

Days to 50% Days to Plant Number of Number of Number of Yield per Pooled
!lowering maturity height branches pods/plant seeds plant SJ)I

Population 1.377 1.316 1.480 1.224 0.897 1.l56 0.994 8.444
Top 30 1.448 1.320 1.431 1.328 1.111 1.200 1.232 9.070
Middle 30 0.976 1.239 1.067 1.012 0.543 1.l98 0.730 6.766
Bottom 30 0.887 0.822 1.198 0.722 0.703 0.778 0.623 5.732
Clusters points 1.407 1.458 1.367 1.477 1.l52 1.206 1.395 9.463

Indian J. Plant Genet. Resow: 19(2): 171-174 (2006)



   
   

w
w

w
.In

d
ia

n
Jo

u
rn

al
s.

co
m

   
   

   
   

M
em

b
er

s 
C

o
p

y,
 N

o
t 

fo
r 

C
o

m
m

er
ci

al
 S

al
e 

   
 

D
o

w
n

lo
ad

ed
 F

ro
m

 IP
 -

 1
4.

13
9.

22
4.

50
 o

n
 d

at
ed

 7
-F

eb
-2

02
3

Selecting Accessions in Soybean Collection with High Diversity 173

• •
....

•

.•
•

:--.
I ~. ." ••;. • •••
E J., .•... -.
Q) •••~ _. • ..,,:.. .: _.. Ill,.. . ..•• •
C • ."". n. • • • •

&. • '.-. .' -.-.' •• c ,\•• ',•• "= .§ -3 -2__••_::"--.'_.~...., : "',:If__- !.oa.;.;=_••_._~ 3 4
.' ,. . ,,:.

-Q.lU •• " ...... :.
..': •• 'II

'0 -.§ •
a.. • ~...

Principal col'T'pOnent-1

• Entire Population • Selected accessions

Graph 1: Spread ofentire population and accessions from 30 clusters in a two dimensional ~pace

•

• • •
• •

• •- .
..••. .~ 3 4

: ....

• ;r--., ..' .... -. .-
. : i': : .:" ....

• .,te. :?:.. : ;....- ,..-.
,

~
c: • :.V.. ' ••

~
8. -3 °_2_'__• '-::=-1'_~-::i-'::~""",,':<I'F-'-"-.1.• .,·~,-:.t!"-·;;..'• _• • -. J'. "-.. ..~ •

• ' ••• I

1ii • ••' .'
Q. '.

•
• ft

Principal collllOflent -I

• Entire Population • Top 30 accessions
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straight forward. The procedure can be easily
adopted for large collections, particularly, where the
information on geographical diversity is lacking or
unavailable. Selection ofentries from the non-hierarchical
groups is not optional but logical as the entry with the
highest inertia is included in the sample.
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