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Abstract

The induced genetic divergence was estimated in 44 mutant lines of finger millet variety GPU 26, developed by single and combi-
nation treatments with gamma rays, EMS and NG using three multivariate analyses. The mutant lines were grouped into eight geneti-
cally diverse clusters by multivariate D2 and canonical analyses and 11 clusters by dendrogram grouping through Gower's similarity
coefficient. The clustering pattern in these three methods was almost similar. Twelve mutant lines in D2 and 13 in the dendrogram
grouping method were grouped in the parental cluster (Cluster I) indicating that they did not possess enough divergence from the par-
ent to be classified as micromutant lines. However a large proportion of mutant lines showed divergence from the parent variety and
also among themselves. No definite relationship of mutagenic origin and clustering of mutant lines were observed. The mutant lines
developed from the same mutagenic treatments often grouped into different clusters indicating that each mutagenic treatment was
effective in inducing diverse types of changes in the nine traits studied. The hybridization program between the divergent mutant
lines GE 2-2 or GE 3-4 with GG 3-1 is expected to give promising and desirable segregants in subsequent generations. Traits such as

days to 50% flowering and days to maturity had major contributions to the induced genetic divergence.
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introduction

The primary objective of most mutation studies is to induce
additional variability for crop improvement. Thus it would be of
interest to ascertain how the different micromutant lines devel-
oped from the same parental variety differ among themselves
and also from the parent. Univariate analysis would not be ade-
quate to distinguish the micromutants with minor differences in
many of the quantitative traits. Alternatively, multivariate analy-
sis which takes into consideration several quantitative traits
simultaneously would be a dependable method in determining
stable differences among the micromutant lines. Use of multi-
variate D* and canonical analysis for identification and classifi-
cation of micromutants has earlier been reported in green gram
(Mohapatra et al. 1987) and finger millet (Giri 2002).
Hierarchical cluster analysis using similarity coefficients (den-
drogram grouping) was also used for classifying genotypes of
wheat (Prakash and Joshi 2003) and forage sorghum (Yadav et
al. 2004). All three methods of classification have also been
used to study genetic diversity among dahlia varieties (Mishra et
al. 2001). In the present study, the three different methods of
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multivariate analysis were used for identification and classifica-
tion of micromutant lines in finger millet.

Materials and Methods

The finger millet variety GPU 26 was used to induce muta-
tion with gamma rays, ethyl methane sulphonate (EMS), and
nitroso guanidine (NG). Nine single and two combination muta-
genic treatments were taken. The single treatments were 15, 30,
and 45 kr gamma rays (coded as G1, G2, and G3); 0.15, 0.30,
and 0.45% EMS (E1, E2, and E3) and 0.015, 0.030, and 0.045%
NG (N1, N2, and N3). The two combination treatments were 30
kr gamma rays + 0.30% EMS (GE2) and 30 kr gamma rays +
0.030% NG (GN2). The M, generation was bulk harvested and
M, generation was grown. Ninety random, normal-looking
plants were observed in each treatment and 16.7% plants were
selected on the basis of higher yield in M, generation. Then
26.7% of M; progenies were selected on the basis of progeny
yield and in all, forty-four micromutant lines were selected for
M. studies. In the M, generation, these forty-four micromutant
lines were grown along with the parent variety in randomized
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block design with three replications during the wet season 2004.
Twenty-one days-old seedlings were transplanted in three
rows/entry and each row having thirty hills with single
seedling/hill and 30 x 10 cm spacing. Observations on days to
50% flowering and maturity duration were recorded on plot
basis. Plant height, tillers/plant, fingers/ear, finger length, 1000-
grain weight, ear weight/plant and grain yield/plant were record-
ed on ten randomly selected plants from each entry.
Multivariate analysis of genetic divergence among the micro-
mutant lines was done using Mahalonobis's D*statistic, and
canonical roots and clustering were done by Tocher's method
(Rao 1952). For hierarchical cluster analysis, the general simi-
larity coefficient of Gower (Sc) was used as a measure of resem-
blance between different operational taxonomic units or OTUs
(entries in the study) and dendrogram was constructed based on
Se values using the unweighted pair group method using arith-
metic average (UPGMA) technique (Sneath and Sokal 1973).
Then the clusters were identified at 80 and 85% phenon levels.

Results

The analysis of variance revealed significant differences
among the mutant lines for all the nine characters indicating that
the mutagenic treatments were effective in inducing mutations
in these polygenic traits and the treatments showed wide diver-
sity among themselves.

The genetic divergence (D?) among the 45 entries comprising
the 44 micromutant lines and parent variety varied from 1.84 to
302.56 and 812 of the 990 D? estimates were significant indicat-
ing considerable divergence among the entries. The D? values of
the mutant lines from the parent variety ranged from 1.84 to
182.66 and were high (more than 100) for the lines GGN 2-1
and GN 3-4. All the mutant lines along with the parent variety
were grouped into eight genetic clusters by Tocher's method of
grouping based on D? values (Table 1). Cluster I was the largest
comprising the parent variety (GPU 26) and 12 mutant lines of
which five were derived from gamma rays, two from EMS, four

Table 1. Clustering pattern of 44 mutant lines of finger millet based on D? values.

Cluster Number of

no.  cultures Name of the culture (with entry number)

! 13 GG 1-1(1), GG 1-4 (4), GG 2-2 (6), GG 2-4 (8), GG 3-3 (11),
GE 1-3(15), GE 2-3(19), GN 1-1(25), GN 2-3 (31), GN 2-4

(32), GN 3-1(33), GGN2-1 (41), GPU 26 parent (45)

GG 3-4(12), GE 1-1 (13), GE 1-2 (14), GE 3-1(21),
GE 3-3(23), GN 1-4(28), GN 3-2 (34), GGE2-2 (38),
GGE2-4 (40), GGN2-2 (42), GGN2-3 (43)

GE 1-4 (16), GE 2-2 (18), GE 2-4 (20), GE 3-4 (24),
GN 1-3 (27), GN 2-1(29), GN 2-2 (30)

QG 2-1(5), GE 2-1(17), GE 3-2 (22)

GG 1-3(3), GG 2-3 (7), GG 3-1(9), GN 1-2 (26)

GG 1-2 (2), GG 3-2 (10), GGE 2-3 (39), GGN 2-3 (44)

Vil

=
~ins|slw

GN 3-4 (36), GGE 2-1(37)
5

VIl GN 3-3 (35)

from NG and one from combination treatments. Cluster IT was
the second largest with 11 mutant lines of which one was from
gamma rays, four from EMS, two from NG and four from com-
bination treatments. Four mutant lines from EMS and three
from NG treatments were incladed in Cluster III. The clusters
IV to VIII included one to four mutant lines. It was observed
that the mutants developed from gamma ray treatments were
included in five clusters (I, II, IV, V, and VI) while those from
EMS were in four clusters (I, II, III, and IV), and NG treatments
in six different clusters (I, II III, V, VII, and VIII). Of the eight
mutants from combination treatments, four were grouped in
Cluster II, two in Cluster VI and one each in Cluster I and VII.

Canonical analysis was done for further confirmation of the
clustering pattern of the mutant lines in Tocher's method using
D? values. The first two canonical roots (Z; and Z,) accounted
for 58.3 and 11.0% of the diversity among the mutant lines and
the grouping by this method was in broad conformity with the
grouping by Tocher's method using D?* values as evident from
the scatter of points representing the mutant lines on the Z:-Z,
graph (Fig. 1).

The grouping by Gower's similarity coefficient (dendrogram)
at 80% phenon level revealed that all the forty-four mutant lines
were broadly grouped into 11 clusters (Fig. 2, Table 2). Cluster
I was the largest cluster comprising the parent and 13 mutant
lines (five from gamma rays, three from EMS, four from NG,

Table 2. Composition of clusters/sub-clusters identified from the dendrogram of
mutant lines.

No. of Sub-cluster No. of Name of mutant line

Cluster entries group  enfries (with entry number)
| 14 1A 5 GG 2-2 (6), GG 2-3 (7), GN 2-3 (31), GN
3-1(33), Parent (45)
B 2 GG 2-4 (8), GE 1-3 (15)
IC 7 GG 1-1(1), GG 1-4 (4), GE 1-4 (16},
GE 2-3(19), GN 1-1(25), GN 1-3 (27),
GGN 2-1 (41)
Il 1 - - GGN 2-3 (43)
I 5 A 4 GG 3-4(12), GE 3-3 (23), GGE 2-2 (38),
GGE 2-4 (40)
111B 1 GG 3-3(11)
[\ 1 - GG 1-3(3)
\ 1 - - GG 3-2(10)
VI 5 VIA 3 GG 1-2(2), GE 1-1(13), GE 3-1(21)
VIB 1 GN 2-4 (32)
VIC 1 GG 3-1(9)
Vil 7 VIA 3 GE 1-2 (14), GN 3-2 (34), GGN 2-2 (42)
VIIB 2 GN 3-4 (36), GGN 2-4 (44)
VIIC 1 GGE 2-3 (39)
VID 1 GN 3-3(35)
Vil 1 - - GN 1-2 (26)
X 5 IXA 4 GE 2-2 (18), GE 2-4 (20), GN 1-4 (28),
GN2-1(29)
IXB 1 GE 3-4 (24)
X 4 XA 2 GE 2-1(17), GE 3-2(22)
XB 1 GG 2-1(5)
XC 1 GN 2-2 (30)
Xl 1 GGE 2-1 (37)
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Fig. 1. Scatter of points representing the mutant fines in Z,-Z, graph with D* clustering superimposed

and one from combination treatments). The remaining 31 lines
were grouped into ten other clusters away from the parental
cluster. Cluster VII included seven lines of which one was from
EMS and three cach from NG and combination treatments. Five
mutant lines were grouped into each of Cluster 11l (two each
from gamma ray and combination treatments, and one from
EMS treatments), Cluster VI (two each from gamma ray and
EMS, and one from NG treatments}, and Cluster IX (three from
EMS and two from NG treatments). Cluster X had four lines of
which one each was from gamma rays and NG and two from
EMS treatments. The clusters I, 1V, V, VIII, and X1 included
one mutant line each. The mutant lines from gamma rays and
EMS treatments were grouped into six different clusters, while
those from NG and combination treatments in seven and four
clusters, respectively. At 85% phenon level, Cluster I was fur-
ther divisible into three sub-clusters (IA, IB, and IC) with the
parent variety in 1A, and Cluster VII into four sub-clusters.
Cluster VI and X included three sub-clusters each while
Clusters III and 1X included two sub-clusters. The remaining
five clusters were not further divisible into sub-clusters.

A comparison of clustering patterns in different methods
showed that it was almost similar in all three methods. The D?
analysis followed by Tocher's method of grouping and canoni-
cal analysis brought out eight clusters each, similar in their con-
stitution. Clasters in D* analysis corresponds to the observed

clusters in dendrogram to the extent of 60% i.e., 27 entries out
of 45 remained in the same cluster. However, it was seen that
ten mutant lines grouped with the parent variety in Cluster I
both in D? and dendrogram grouping. The remaining 34 lines
were grouped into other clusters away from the parental cluster
in D* or dendrogram grouping. The clustering by D> analysis
showed divergence among different groups of mutant lines. But
clustering through dendrogram exhibited not only the dissimi-
larity between clusters but also the hierarchical classification
within and among clusters.

The intra-cluster divergence by D’ analysis was highest in
Cluster VII (25.52) followed by Clusters Il and VI (Table 3).

Table 3. Average intra (bold) and inter-cluster D* values.

C':Zter noom N VoV vl vl

| 16.09 39.44 2506 28.67 2932 6038 16538 3314

1] 13.87 3287 8138 3689 2319 6878 2658

Hl 19.18 3448 3434 5223 14240 4192

v 12.74 5578 109.69 24865 66.71

Vv 14.18 50.78 15544 3884

vi 18.34 66.67 3897

vil 25.52 105.78
vill -
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Fig. 2. Dendrogram of mutant lines based on Gower's similarity coefficient (Sq) values

The inter-cluster divergence was maximum (248.65) between
Clusters IV and VII followed by Clusters I, VII, V, and VII,
indicating they were diverse clusters. The Clusters II, III, IV, V,
and VIII were relatively closer to the parental cluster (Cluster I)
while the Cluster VII was far more diverse from the parental
cluster.

The cluster mean for the nine characters showed that six
clusters except Cluster VII recorded higher plant yield than the
parental cluster (Table 4). The Cluster III with seven mutant

Table 4. Mean of 9 characters in different clusters of mutant lines in D analysis.
1000-

Plant Finger Ear

lines recorded the highest grain yield/plant (12.32 g) and fin-
gers/ear (8.07), short plant height, more tillers/plant, finger
length, 1000-grain weight, and ear weight/plant but was slightly
late in flowering and maturity duration. Cluster IV with three
mutant lines (GG 2-1, GE 2-1, and GE 3-2) had better grain
yield, short height, highest tillers/plant, and more fingers/ear
and ear weight/plant with the earliest flowering and maturity.
The other five clusters showed mean plant yield of 10.38 to
11.81 g and the mean values for different traits had wide varia-

Table 5. Trait contribution to the genetic divergence in D* analysis.

Cluster ﬂDaYS to Da¥5 O height T“l|9f5t/ Fingers/ engh  gan  weight IYiE:d(/) Traits Average D’ Percent of total D’
no. Howerng matury () PR &) weightlg) plntlg) PO Days to flowering 14.59 33.77
| 849 1147 980 155 7.72 759 323 1279 10.69 Days to maturity 9.99 23.11
Il 87.7 118.0 994 160 786 7.73 331 13.06 10.95 Plant height (cm) 217 5.03
Il 855 1158 959 190 8.07 775 3.28 1484 1232 Tillers/plant 2.56 5.93
\% 83.0 113.0 928 193 7.77 745 321 1454 12.18 Fingers/ear 2.87 6.65
vV 855 1149 1042 147 754 799 350 1325 11.15 Finger length (cm) 3.52 8.15
Vi 87.5 119.8 100.1 150 738 803 330 1373 1164 1000-grain weight (g) 3.91 9.04
VI 922 1223 991 167 770 7.70 3.28 1259 10.38 Ear weight/plant (g) 2.14 4.94
Vil 87.0 117.3 1007 167 7.67 7.22 335 14585 1181 Yield/plant (g) 1.46 3.38

www.cropbio.org



Genetic Divergence in Finger Millet

tion. Cluster V represented by four mutant lines (GG 1-3, GG 2-
3, GG 3-1, and GN 1-2) had the highest 1000-grain weight and
longer fingers. Close examination of the traits of mutant lines in
Clusters III and V revealed that hybridization of GE 2-2 or GE
3-4 with GG 3-1 is expected to produce more transgressive seg-
regants for yield.

Considering the contribution of different traits to genetic
divergence among the mutant lines (Table 5) it was observed
that days to 50% flowering and days to maturity were the major
contributors to the genetic divergence indicating the induction
of more heritable variation for these traits by the mutagenic
treatments.

Discussion

The results of analysis of variance indicated significant dif-
ferences among the micromutant lines in respect to all the char-
acters suggesting that the different mutagenic treatments were
effective in inducing micromutations in these polygenic charac-
ters. It was observed that vast majority of the D? estimates
among the forty-five entries were significant indicating the
effectiveness of mutagenic treatments in isolation of mutant
lines with diverse changes in the traits studied.

The forty-four mutant lines and parent variety grouped into
eight different clusters in Tocher's method of grouping based on
D? values. The scatter of points representing the mutant lines in
Z+-Z, graph using canonical analysis were in broad agreement
with D grouping. Similarity coefficient (dendrogram) grouping
at 80% phenon level produced 11 clusters. However this group-
ing showed a hierarchical representation of the clusters and each
cluster could be further divided into sub-groups. From these
three methods of grouping, it was quite evident that many of the
mutant lines derived from the same parental variety showed
genetic diversity/dissimilarity from the parent and also among
themselves. Similar results have been reported earlier (Giri
2002; Parida 1997).

A close observation of the D? clustering pattern revealed that
12 mutant lines grouped with the parent variety in Cluster 1.
Similarly, on the basis of similarity coefficient, 13 mutant lines
exhibited a similar trend. Thus, it appears that these mutant lines
do not possess enough divergence/dissimilarity from the parent
in the nine traits, to be classified as micromutants. On the basis
of D* grouping, 32 mutant lines grouped into seven different
genetic clusters while in similarity coefficient grouping, 31 lines
grouped into ten different clusters away from the parental clus-
ter. Thus, most of these mutant lines exhibited lot of diver-
gence/dissimilarity in traits not only from the parent, but also
among themselves to be classified into different clusters.
Examination of the clustering pattern in both methods revealed
that most clusters often included mutant lines derived from dif-
ferent mutagenic treatments. Conversely, mutant lines derived
from same mutagenic treatments also grouped into different
clusters. Therefore, no definite pattern of mutagenic origin and
clustering of mutant lines were observed which was in agree-

ment with the carlier findings (Misra 1995). Thus, it can be
inferred that each mutagenic treatment was effective in inducing
diverse types of changes for all the quantitative traits.

A large proportion of mutant lines showed divergence from
the parent variety and also among themselves. Thus, some of
these mutant lines with reasonably good yield and showing
divergence between them in different traits, more particularly in
productive traits, may be of breeding value to be used in
hybridization programs. Examination of character mean of dif-
ferent D? clusters revealed wide differences in different traits.
Six out of the eight clusters exhibited higher mean grain yield
than the parental cluster (Cluster I). Cluster I represented by
seven mutant lines (GE 1-4, GE 2-2, GE 2-4, GE 3-4, GN 1-3,
GN 2-1, and GN 2-2), had the highest average plant yield and
these lines showed very high increase in tillers/plant with mod-
erate increase in fingers/ear than the parental cluster. Cluster IV
(GG 2-1, GE 2-1, and GE 3-2) exhibited the second highest
yield and conspicuous increase in tillers/plant. Cluster V with
four lines (GG 1-3, GG 2-3, GG 3-1, and GN 1-2) had the high-
est 1000-grain weight and longer fingers. Close examination of
the traits of mutant lines in Clasters III and V revealed that -
hybridization of GE 2-2 or GE 3-4 with GG 3-1 is expected to
produce more high yielding transgressive variants in subsequent
generations, which would facilitate successful breeding of fin-
ger millet. Production of transgressive variants by hybridization
of mutant lines has earlier been reported (Maluszynski et al.
1991; Micke 1976; Misra 1995). Moreover, the cluster means
for different characters revealed the extent of diversity of groups
of mutants from the parental cluster and also among thernselves.
Similar clusters with differential character means have also been
reported in previous studies {Giri 2002; Parida 1997).

Days to 50% flowering and days to maturity were observed
to be the major contributors to the genetic divergence. These
traits may be useful for selection of more diverse mutant par-
ents. The results are in broad agreement with the observations of
some previous workers (Giri 2002; Panigrahi 1991; Parida
1997).

In the present investigation, it is suggested that grouping by
D2, canonical and similarity coefficient analyses can be used for
identification and classification of micromutant lines of the
same parental origin. Also, the hybridization programs between
the divergent mutant lines GE 2-2 or GE 3-4 with GG 3-1 is
expected to give promising and desirable segregants in subse-
quent generations.
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