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ABSTRACT

Forty genotypes of rice comprising 34 mutants of Kalakeri, the parent variety, and five
standard varieties were evaluated in two seuons with a view to group the entries into
different clusters following various methods of analysis. Based on 13 characters, the
genotypes were grouped into different clusters following 0 2 analysis, canonical analysis,
metroglyph analysis and numerical classificatory analysis. Clustering pattern in different
methods indicated that out of 40 entries, 30 tall genotypes were grouped into 3 clusters in
0 2 analysis, 6 clusters in metroglyph analysis, and 5 and 9 clusters in UPGMA method of
numerical taxonomic approach at 80% and 85% phenons, respectively. The remaining 10
semidwarf strains were placed in 4 clusters by 0 2 analysis, 6 clusters in metroglyph
analysis, and 5 and 9 clusters in numerical taxonomic approach at lIO"l. and 85.,. phenon
levels, respectively. The study of clusters formed by different methods indicated that the
numerical taxonomic approach was more potent for classificatory analysis of biological
populations compared to other methods.

Key words: Oryza sativa, rice, multivariate analysis, 1Y static, canonical, metroglyph, and
numerical classificatory analyses.

Genetic diversity is generally considered as an important criterion for choosing the
parents for recombination breeding. A number of techniques involving multivariate
analysis are used to measure it quantitatively. Mahalanobis 0 2 statistic has been used
extensively to quantify genetic diversity in a number ofcrop plants with diverse breeding
systems [1-5). In most of these studies, both 0 2 statistic and canonical analysis were
concurrently used and, in general, there was good agreement between the two methods of
analysis in grouping the populations. The classification using generalized distance is
workable when the number of entries is not very large [6). While classifying large number
of germplasm collections in rice, Vairavan et al. [3) used canonical analysis for initial
grouping. But simple two-dimensional representation of multidimensional disposition of
varieties cannot be as exact as the Tocher's method of grouping which scans the full
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multidimensional space, even when the first two canonical vectors account for high
proportion of variation [6]. On the other hand, as a simple method for initial grouping the
metroglyph analysis of Anderson [7] has been used in many crop plants, such as, finger
millet [8], potato [9], linseed [10], pearlmillet [11], rice [12-14], and sugarcane [15]. Here the
groups are formed on the basis of two variables, which are plotted as Xand Y coordinates
in the scatter diagram. As the characters on X and Y axes determine grouping of the
genotypes, it poses problem for judicious selection of these two characters. In the numerical
classificatory analysis, the general similarity coefficient of Gower [16] has been used for
clustering of populations at appropriate phenon level [17].

The classification of genotypes into different clusters following these methods are
compared for determination of genetic closeness or divergence among the genotypes, more
particularly the mutants with subtle differences. The efficient method(s) would be preferred
by plant breeders for an efficient classificatory analysis of various crops. An attempt has
been made in the present study to classify a number ofmutant lines ofKalakeri, a traditional
upland rice cultivar of Orissa, and to compare the aforementioned methods of classification
for a~sessing diversity among the mutant lines, especially micromutants.

MATERIALS AND METHODS

The experimental material consisted of 40 rice varieties of which 34 were true breeding
mutant lines of Kalakeri and 6 standard varieties including the parent. Besides Kalakeri, the
tall standards were N 22 and Kalinga 3 and semidwarfs were Annapurna, Parijat and CR

, 143-2-2. Twenty two mutant lines (No.1 to 22) were derived from 1% EMS and six each from
20 kR-gamma-ray (No. 23 to 28), and 30 kR X-ray (No. 29 to 34) treatments. The field trial
was conducted in randomized block design with three replications at the Central Research
Station, a.V.A.T., Bhubaneswar both in wet (kharif) and dry (rabi) seasons of 1988-89. The
plot size was 3.75 x 0.75 m in both seasons. Recommended package of practices were
followed to raise the crop.

Observations were recorded on five random competitive plants from each plot for days
to heading, plant height, panicle length, panicle exsertion, panicle number, flag leaf length,
breadth and area, spikelets and grains/panicle, 1000-grain weight, harvest index, and yield
perplot. 0 2analysis and clusteringby Tocher's method were done follOWing [18]. Canonical
analysis was carried out according to Anderson [19].

For metroglyph analysis, a method was devised to delineate the performance of the
entries into three classes in respect of yield and six other characters influencing yield. The
grand mean (m) and standard deviation (s) were calculated for each character.•The
performance of the entries for the seven characters was scored as high with mean more than
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•

m + S, low with mean less than m-s, and entries with mean performance between m-s and
m+s as medium. For grouping through metroglyph analysis, two variables plotted as Xand
Y coordinates in a scatter diagram, were chosen on the basis of higher contribution of the
characters to divergence and high magnitude of significance in analysis of variance.

In the numerical classificatory analysis, the general similarity coefficient (Sc) of Gower
[16] was used as a measure of resemblance between different operational taxonomic units
or OTUs (entries included in the study). The Sc values were calculated following [17]. Based
on the matrix of the Sc values, phenograms (dendograms) were constructed using the
UPGMA (unweighted pair-group method using arithmetic average) technique in one of the
SAHN (sequential, agglomerative, heirarchic, nonoverlapping) clustering methods [17],
and the clusters were identified at appropriate phenon levels.

RESULTS AND DISCUSSION

AIialysis of variance showed the existence of distinct genetic difference among the
mutants as well as standard varieties in respect of all the 13 characters (Table 1). The
differential response of genotypes to change in season was revealed from the significance
of interaction components. The significant differences between mutant lines and their
interaction with the season warranted grouping of the entries to identify the genetically
diverse ones to ensure success in recombination breeding. Further, the differences due to
seasonswidened the spectrumofenvironmentalconditions for assessing geneticdivergence
among the entries. The bias in clustering of genotypes in different environments,
presumably due to differential response of different characters, could be eliminated by
pooled analysis.

In the multivariate analysis,"13 characters contributed differently to the total 0 2 for each
pair of varieties. The major contributors to genetic diversity for plant height (24.6%) and
lOOO-grain weight (18.3%), accounting for 42.9% of the total divergence. Following the
Tocher's method, the 40 entries were grouped into seven clusters and the clustering was in
board agreement with the groupings obtained by using the first two canonical vectors (Fig.
1). Semidwarf entries formed four clusters of which cluster I comprised seven entries, five
of which were dwarf mutants and the other two standards, while clusters IV, V and VI had
single variety each. The tall genotypes constituted the remaining three clusters of which
cluster II included 28 entries (25 mutants, 2 standards and the parent) and the other two
(clusters III and VII) were monotypic.

As breeding programme aims at developing varieties with higher level of production,
the performance of the entries in respect of seven important characters including yield was
scored as high, medium and low. Delimitation of the three classes was done on the basis of
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grand mean of the entries and its
standard deviation. Groups are
formed on the basis of two variables,
which are plotted as X and Y
coordinates in a scatter diagram. The
selection of these two variables is very
important. In the present study plant
height and 1000-grain weight were
choosen oWin~ to their 'higher
contribution in 0 as well as principal
component analyses. Contribution of
such variables to total divergence has
also been reported in rice as well as
other crops [3,20-23]. In spite of the
limitation of choosing these two
variables, this technique has its own
importance in initial grouping.

, Means of such preliminary groups
can further be used for grouping
through multivariate analysis. The
grouping through metroglyph
analysis showed overall similarity
with those of 02 analysis (Fig. 2). The
scatter diagram resulted in 12 groups,
most of which are superimposed in
the configuration on the basis of 02
analysis. In this classification, clusters
I and II of 0 2 analysis were further
divided into three and four sub
clusters, respectively, while variety14
of cluster I and variety 9 of cluster II
entered cluster VI and cluster VII,
respectively. On the other hand, the
monotypic clusters III, IV and V
remained unchanged. Variety 6 of
cluster Ivariety 39 ofcluster II formed
single-variety subclusters.

In .the numerical taxonomic
approach, the genotypes were
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fig.t. Two dimensional representation of divergence of 40 rice varieties pooled over two seasons using the
first two canonical vectors (Zl ok Z2) as coordinates, the grouping obtained by D2 analysis super
imposed.

classified using all the 13characters to calculate similarity coefficients (5<;).The dendrogram
showing clusters at the appropriate phenon levels indicates that at 70% phenon all the
entries could be broadly classified into three clusters, viz. cluster I comprising five entries,
cluster II consisting of 34, and cluster III with one (Fig. 3). When the phenon line was drawn
at 75% th~ two multivariety clusters were further classified into two groups each, i.e., IA
consisting of 4, IB having 1, IIA with 10, and liB with 24 genotypes, thus increasing the
number of genotypic constellations from three to five. Increase in the phenon level to 80%
and 85% further dissociated the multivariety clusters into several subclusters, thus
enhancing the number of clusters to 10 and 18, respectively (Table 2). Clusters lA, IIA and
liB were divided into subclustersand groups at 80% and 85% phenon levels, respectively.
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Four genotypes in cluster IA were grouped into two subclusters, i.e. IA1 consisting of three
and 1A2 with one genotype at 80% phenon. Subclusters IA1 was further divided into two
groups lAl(a) having two genotypes and 1A1(b) with one at 85% phenon. Clusters IIA and
lIB were split into three subclusters each, i.e., IIA1 with 7, IIA2 with 2, IIA3 with 1, IIB1 with
19, IIB2 with 3 and IIB3 with 2 genotypes. Subclusters IIA1 and IlA2 were further divided
into two groups each at 85% phenon, thus producing three monotypic clusters subcluster
IIB1 produced four groups one of which was a monotypic cluster and IIB2 comprising three
genotypes was dissociated into three monotypic clusters. It was thus possible to discern
subtle differences between genotypes grouped in different clusters and/or subclusters at
different phenon levels. It can be seen from Fig. 3and Table 2 that the number of monotypic
clusters identified was 1, 2, 4 and 12 at 70%, 75%, 80% and 85% phenon levels, respectively.
The dwarf mutants of Kalakeri Nos. 5, 6, 14, 33 and 34 formed monotypic clusters while

Table 2. Composition of c1usters/subclusters identified from the dendrogram at different phenon levels

No. of c1usters/subclusters at different phenon levels Variety (S. No.)
70% 75% 800/. 85%

1(5) lA IAI lAla 29,30
(4) (3) lAlb 33

IA2 lA2 5
(1)

IB IB IB 34
(l)

II (34) IIA IIAI IIAla 11, 13, 10, 15, 16, 31
(10) (7) IIAlb 39

IIA2 IIA2a 14
(2) IIA2b 37

IIAJ IIAJ 40
(1)

lIB IIBI IIBla 20,23,8,27,19,28,4,17
(24) (19)

IIBlb 3
IIBIC 7, 35, 26, 1, 2, 12, 25, 21
IIBld 24,32

IIB2 IIB2a 6
(3) IIB2b 36

IIB2e 38
II& IIB3 9, 18
(2)

III(l) III III III 22

"Figures in parentheses indicate number of entries in the respective c1usters/subclusters.
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Nos. 29 and 30 remained together in a single clusterbecause of their close similarity for most
of the characters studied. Among the 27 tall mutants, Nos. 3 and 22 formed monotypic
clusters while Nos. 9 and 18 as well as 24and 32 remained together in two separate clusters.
Among the remaining 21 tall mutants forming three multi- variety clusters only seven
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Fig. 2. Scattered diagram of 40 rice varieties based on seven characters the grouping obtained by D~ analysis
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Table 3. Number of clusters formed by different methods

NT at phenon level

80% 850/0

mutants were included in one cluster,
i.e. IIB1(c) along with the parent (No. 35).
This indicates genetic differencesamong
the tall mutants and also distinction of
20 tall mutants from their parent.

Varieties
(Nos.)

Tall (30) 3(2)

Metro
glyph

6(2) 5(2) 9(4)

Dwarf (10) 4(3) 6(3) 5(2) 9(8)
Plant height being the major

contributor to total divergence, the Total (40) 7(5) 12(5) 10(4) 18(12)

dwarf mutant (Nos. 5, 29, 30, 33 and 34)
were found to be different from the ·Number of monotypic clusters given in parentheses.

dwarf varieties used as standards (Nos. 36, 37 and 38). This indicates that the genes
responsible for dwarfism in these mutants presumably differ from those present in the
semidwarf standard varieties. Similarly, three tall mutants (Nos. 9, 18 and 22) were quite
different from the other tall mutants as well as the parent variety (No. 35) and the standard
tall genotypes (Nos. 39 and 40). This differentiation may be due to subtle changes in
quantitative characters like plant height, lOOO-grain weight etc. resulting from the
micromutations affecting character expression.

A comparison of the clustering patterns based on different methods shows that the 30
tall entries were grouped into 3 clusters in D2 analysis, 6 in metroglyph analysis, and 5 and
9 clusters in UPGMA method of numerical taxonomic approach at 80% and 85% phenons,
respectively (Table 3). Similarly, the 10 semidwarfs fell in 4 clusters by D2 analysis and 6 by
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Fig. 3. Dendrogram based on similarity coefficient (SG) of 13 characters in 40 rice varieties pooled over two
seasons.
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l

metroglyph analysis, while in the numerical classificatory analysis they formed 5 and 9
clusters at 80 and 85% phenon levels, respectively. It is, therefore, evident that the numerical
taxonomic approach for classification of biological population into different groups is more
potent to distinctly discriminate mutant lines as well as the standard varieties for their use
in recombination breeding programme. However, metroglyph analysis seems to be easy
and simple, and can be used for initial grouping when the number of collections is large.
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