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ABSTRACT

In this study generation mean analysis (GMA) approach was used to
estimate the nature and magnitude of gene action in garden pea for various
yield contributing traits. Two Fusarium wilt resistant lines GP-55 and
GP-6 and three susceptible genotypes, Arkel, Pusa Pragati and AP-3 were
used in crossing. This study was conducted to understand the genetics
and inheritance of yield contributing quantitative traits in resistant lines
for future breeding programme. Scaling test was significant for most of
the traits indicating that additive-dominance model is not enough to
explain the inheritance of a trait under study. Additive gene effect (d) was
significant for pod length, pods per plant, average pod weight, shelling
percentage and seeds per pod whereas dominance gene effect (h) was
more predominant for pod yield. Dominance x Dominance and Additive x
dominance inter-allelic interactions (1) was more important than Additive
x Additive type (i) for most of the traits studied which could be exploited
by selecting individuals based on their performance in recurrent selection
until a fixed level of additive gene effect would not attain. Duplicate type
of epistasis prominent over complementary type indicated dispersion of
genes in the parents.

Key words : Inheritance, Generation mean analysis, Gene effect, Additive—
dominance model, Pod yield.

Introduction

Garden pea (Pisum sativum L. spp.
hortense) is an annual herbaceous legume
belonging to the family Papilionaceae. Its
tender seeds are used as vegetables.
Generally, pea is grown in winter season
in the Indian plains, but it is an important
summer (off-season) crop in the high hills

(Rana et al, 2010; Bala etal., 2011). Early
sown crops (mid September to mid October)
fetch more profit but more vulnerable to
Fusarium wilt due to prevailing high
temperature and high moisture which are
very much conducive that cause severe loss
due to high favourable temperature for
fungus growth that results severe mortality
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of plants leaving patchy appearance in the
field. Yield losses due to wilt have been
reported up to 95 percent along with root
rot complex (Maheshwari et al.,1983). In
addition to reduction in fresh pod yield,
the disease also reduces the quality of the
marketable pod. The entire popular
commercial varieties are highly susceptible
to Fusarium wilt however author(s) reported
two highly resistant source of garden pea
along with their inheritance pattern in
2016 (Shubha etal., 2016). This study was
concentrated to determine genetic
component involve for yield potential of
Fusarium wilt resistant lines.

Yield is the most essential agronomical
trait; thus, it is included in almost all pea
selection programmes. The definite
knowledge of the nature of gene action for
yield contributing traits helps in the choice
of an effective breeding strategy to accelerate
the pace of genetic improvement of pod yield
in garden pea. Therefore, adequate choice
of parental lines possessing the potential
to produce a high yielding variety along with
disease resistant is essential. The effect of
individual gene cannot be measured and
must be considered along with suitable
statistical procedure to obtain genetic
information (Ajay et al., 2012). Generation
mean analysis which was proposed by
(Mather and Jinks, 1971) belongs to the
quantitative biometric methods based on
measurements of phenotypic performances
of certain quantitative traits in basic
experimental breeding generations.
Considering the fact that pod yield, quality
pods and resistance to Fusarium wilt are
the most important traits and that their
improvement is the most important goal in
pea breeding, selection of parental
components in this study was done in an

attempt to fulfil these requirements.
Considering these facts, this study was
carried out to determine type of gene action
prevailing in pea using six generation
model, ie. P, P, F, F, BC, and BC, in
three garden pea crosses involving
susceptible and resistant parents for
Fusarium wilt.

Materials and methods :
Plant materials

The present investigation was carried
out at the Research Farm of Division of
Vegetable Science, ICAR-Indian Agricultural
Research Institute, New Delhi during the
rabi seasons of the year 2012-13 to 2014-
15. Material used for this study consisted
(Table 1) of 6 generations, Parents (P, P)),
F, F,, BC, and BC, three cross
combinations viz. Pusa Pragati (PP) x GP-
55, Arkel x GP-6 and AP-3 x GP-55. Parents
were involved in this study are selected
based on their two-year Fusarium wilt
incidence performance under field and
greenhouse conditions (Shubha etal., 2016)
at Division of Vegetable Science, IARI, New
Delhi. The progeny derived from
backcrossing the F, to the female parent
(P,) was designated as BC, and those from
backcrossing to the male parent (P,) as BC,,.
Each experimental unit consisted of 10
plants of each parent, 10 plants of each F ,
60 plants of the F, population, 30 plants of
BC,, and 30 plants of BC,. Non-segregating
populations (parents and F ’s) were
represented by fewer plants, whereas
segregating populations (F,’s and backcross)
were represented by more plants to balance
the greater variability in error variance
usually associated with segregating
populations versus non-segregating
populations (Hallauer and Miranda, 1988).
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Crossing programme and field
preparation

The programme was undertaken
during 2012 at research farm of Division
of Vegetable Science, IARI, New Delhi. The
parental material was planted in crossing
block with staggered manner to achieve
possible synchronization of flowering time
for different crosses. The F s seed and
selfed seeds were individually collected and
stored. Morphological traits such as plant
type, leaf characteristics (Afila type leaves
were found in GP-6 and its F, and F,), pods
and growth habit were used as markers to
check the trueness of F, plants. The F, seeds
are sown in next year. After selecting
desirable plants, F, seeds were produced
by selfing F, plants and backcrosses were
also made by crossing F, plants with both
parents. Thus, a complete set of six
populations viz P, P,, F , F,, BC and BC,
for each cross prepared. One row of each
parent and F, three rows of each backcross
generation, six rows of each F, were sown
in randomized complete block design with
three replications during winter 2014-15.
Row length was kept 3 m lengths while inter
and intra row spacing was kept as 45 cm
and 10 cm, respectively. The observations
were recorded in each of P, P,, F, F,, BC,
and BC, in each of the replications.

Observation recorded for Generation
Mean Analysis in ten quantitative traits viz.
plant height, node bearing first flower, days
to 50% flowering, pod length, pod girth,
number of pods per plant, shelling
percentage, number of seeds per pod,
average pod weight, pod yield per plant.

Statistical analysis

The data collected were subjected to
statistical analysis using statistical

software OPSTAT. The means and
variances were calculated as suggested by
(Hayman 1958). The presence of epistasis
was detected by using A, B, C and D scaling
tests as proposed by (Mather 1949;
Haymen & Mather 1955). To test the
adequacy of additive x dominance model,
the individual scaling tests given by Mather
(1949) as well as joint scaling tests by
Cavalli (1952) were applied.

Results
Generation means

Mean data (Table 2) on various
characters recorded on 6 generations viz.,
P,P, F,F, BC and BC, for three cross
combinations. There were significant
differences among six generations (P, P,
F, F,, BC and BC) for all quantitative
characters understudy involving five
parents for different three cross
combinations viz. Pusa Pragati (PP) x GP-
55, Arkel x GP-6 and AP-3 x GP-55.

Traits which are related to earliness of
genotypes like days to 50% flowering and
node bearing first flower and plant height
the F| and F, was between parental values
in all three crosses. These results showed
desirable negative values of heterosis
indicating that alleles responsible for less
value of the trait were dominant over the
alleles controlling high value. These
findings are very desirable for these traits
as breeder selection motive is early and
dwarf growth habit. However, mean value
of F, was found to be lower than
corresponding value of F, in all the three
crosses. This might be due to more
variation in F, progenies. Backcross
generation was taken more time to flower
when crossed with late parents and less
time when crossed with early parents.
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While, all of F’s were lower than the better-
parent value for pod length, pod girth ,
number of seeds/pod, number of pods/
plant, average pod weight, shelling
percentage and total yield per plant. These
results led to the negative heterosis values
for these traits in all studied crosses which
indicate that dominance direction was
toward the low respective parent in these
traits.

Scaling test

For days to 50% flowering, in cross PP
x GP-55 scale B, C and D (Table 3) were
significant, and for cross Arkel x GP-6 all
the scales (A, B, C, D) were significant while
in cross AP-3 x GP-55, scale B and C were
significant. Node bearing first flower
exhibited significance of scale A and B in
cross PP x GP-55 and scale A and C in cross
Arkel x GP-6 while no scale was found
significant in cross AP-3 x GP-55. For plant
height scale A, B and C showed significant
value and only scale C showed significant
value for the cross PP x GP-55 while in
cross Arkel x GP-6 estimates for all four
scales were found significant. In cross AP-
3 xGP-55 scale C was found significant.
Pod length exhibited significance of scale
B and C in cross PP x GP-55 while only
scale B was significant for Arkel x GP-6. In
cross AP-3 x GP-55 B, C and D were found
significant. For pod girth, in cross Arkel x
GP-6, scale B and D were found significant
while all scales are non-significant for
remaining two crosses (PP x GP-55 and AP-
3 x GP-55) indicating three parameter
additive/dominance model was adequate
for these two crosses. For trait number of
pods per plant, PP x GP-55 all four scales
were significant while in cross Arkel x GP-
6 scale A, B and C were found to be

significant and in cross AP-3 x GP-55 scale
B and D is significant. Average pod weight
(g) exhibited significance of scale A and B
in cross PP x GP-55 and in cross Arkel x
GP-6 value for all the four scales were
found to be non-significant while Scale A
and C were exhibited highly significant
value for cross AP-3 x GP-55. For number
of seeds per pod, scale A and C showed
significant value in cross PP x GP-55 other
crosses Arkel x GP-6 and AP-3 x GP-55
showed significant value for scale B.
Estimate value for scale, D is found
significant in AP-3 x GP-55 cross only. For
shelling percentage none of the scale
exhibited significant value for cross PP x
GP-55 and only scale B exhibited
significant value in cross Arkel x GP-6
while the four scales (A, B, C and D) showed
significant value for cross AP-3 x GP-55. For
yield per plant (g), all the crosses showed
the presence of non-allelic interaction by
showing significant value of one or more
scales. In cross PP x GP-55 showed
significant value for scale A, B and C while
scale A and D was found significant and
in cross Arkel x GP-6 and scale A, C and D
were significant in cross AP-3 x GP-55.

Gene action and epistasis

Nature of gene action for different traits
among three crosses is presented in Table
4. In the inheritance of days to 50%
flowering, additive gene action [d] showed
significant value in all the three crosses
(PP x GP-55, AP-3 x GP-55 and Arkel x GP-
6) with negative value indicating a
predominance of decreasing alleles.
However, dominance gene effect [h] was
highly significant in positive direction
observed in cross PP x GP-55 and Arkel x
GP-6 suggesting that both parents
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possessed heterozygous loci with dominant
alleles. Among all non allelic interaction,
additive x additive [i] was highly significant
in two crosses viz PP x GP-55 and Arkel x
GP-6. Additive x dominance [j] effects were
highly significant in all three crosses but
negative direction in cross AP-3 x GP-55.
Dominance x dominance [l] effects were
significant and negative in cross Arkel x
GP-6. The applied model confirmed
duplicate epistasis in all the three crosses
as estimated value of dominance and
dominance interaction was characterized
by opposite sign compared to the value of
the dominance effect. In the inheritance of
node bearing first flower, [d] was more
important in cross Arkel x GP-6 but in
negative direction. Among epistasis gene
action only cross PP x GP-55 exhibited
significance [j| effects and non significant
in other two crosses. All crosses except AP-
3 x GP-55 showed duplicate type of
epistasis. Plant height was governed
mainly by [d] in two crosses viz. PP x GP-
55 and AP-3 x GP-55 but in negative
direction while in cross Arkel x GP-6 govern
by [h] and [d] in positive direction. Among
epistatic gene action [l] was observed in
cross PP x GP-55 and Arkel x GP-6 however
[j] was also found significant in Arkel x GP-
6 and [i] in cross PP x GP-55 in negative
direction. Arkel x GP-6 and AP-3 x GP-55
exhibited duplicate type of epistatis while
PP x GP-55 showed complementary type
of epistasis.

In the inheritance of pod length and
pod girth [d] was more important for all
crosses while significant [h] was also
observed for pod length in cross AP-3 x GP-
55 and for pod girth in cross Arkel x GP-6
but in negative direction. In epistatic gene
action [l] was observed in cross PP x GP-

55 and all three types of epistatic
interaction were observed in cross AP-3 x
GP-55 for pod length and in cross Arkel x
GP-6 for pod girth while non-significant for
all other crosses. Pods per plant were
inherited mainly by [d] in all the crosses
however magnitude of [h] was found high
in cross PP x GP-55 in negative direction.
Among epistatic interaction, [l] was
observed in all three crosses; [j] was
observed in cross PP x GP-55 and AP-3 x
GP-55 and [i] was observed in PP x GP-55.
Three crosses exhibited duplicate type of
as estimated value of dominance x
dominance interaction was characterized
by opposite sign compared to the value of
the dominance effect.

In the inheritance of average pod
weight [h] was more important with
negative value in cross PP x GP-55 and
Arkel x GP-6 while in cross AP-3 x GP-55
with positive value. Epistatic gene
interaction like [i] and [l] were not
prominent in the inheritance of average
pod weight except for Arkel x GP-6 where
[j] was significant. Seeds per pod and
shelling percentage were inherited mainly
by [d] but [h] was also been observed in
cross AP-3 x GP-55 with negative value.
Among the epistatic gene interaction [i] and
[j] was significant in cross Arkel x GP-6
and AP-3 x GP-55 for seeds per pod and
shelling percentage and [l] was important
for cross Arkel x GP-6.

Pod yield per plant was predominantly
governed by [h] in cross PP x GP-55 and
AP-3 x GP-55 while [d] observed in Arkel x
GP-6. Significant [l] epistatic interaction
was observed in all crosses but negative
value in two crosses viz PP x GP-55 and
AP-3 x GP- 55 whereas [i] type interaction
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was also observed in these two crosses.
Three crosses exhibited duplicate type gene
action.

Discussion

Scaling test (Mather. 1949), was
significant for most of the traits in all the
three crosses (Table 3) demonstrating
additive/dominance model failed;
therefore, six parameter model was used
for estimation of gene effects. It also
indicated that higher value interactions
(inter-allelic interactions) play important
role in the regulation and the expression
of traits and improvement of traits studied
would be more difficult as compared to the
situation pertaining to more simple models
of inheritance (additive-dominance model).
These results are in accordance with
reports of Dixit et al., (2006), Sharma et
al.., (2013) Ajay etal.., (2011) and Shubha
etal, (2015), in garden pea. However, three
parameter additive-dominance model was
adequate for the trait like pod girth and
shelling percentage in cross PP x GP-55,
average pod weight in Arkel x GP-6 and
node bearing first flower, pod girth in cross
AP-3 x GP-55 which confirmed significant
additive and dominance gene effects.

Days to 50% flowering and node
bearing first flower are trait related to
earliness of genotypes superior.
Preponderance of positive dominance effect
in cross PP x GP-55 and Arkel x GP-6
indicated that the increased expression of
traits by dominance which is not desirable
for earliness, similarly negative additive
effect also observed in cross Arkel x GP-6.
Both results suggested that the selection
for early segregants should be taken up in
the early generations. This finding
contradicted finding of Sharma et al.

(2013), it may be due to different set of
genotypes used in both studies. Plant
height is an important economic trait and
desirable plant type in garden pea is the
one with dwarf growth habit and does not
require staking which results in saving
resources both in terms of money and
labour. The results revealed that additive
gene effect [d] in two crosses viz PP x GP-
55 and AP-3 x GP-55 showed highly
significant value with negative value. It
indicated that alleles responsible for less
value of the trait were dominant over the
alleles controlling high value which are
very advantageous for plant height as the
desirable plant type in garden pea is the
dwarf growth habit.

Pod length, seed/pod and shelling
percentage have a direct bearing on the
total productivity of pea crop. Genic
interactions for pod length, seed/pod and
shelling percentage showed significance of
additive component in cross PP x GP-55
and Arkel x GP-6, on the other hand,
negative dominance observed for AP-3
xGP-55 and significant [1] was observed in
cross PP x GP-55 and AP-3 x GP-55 for
pod length, for seed per pod in cross PP x
GP-55 and Arkel x GP-6 and in cross AP-3
x GP-55 for shelling percentage. Additive
variance indicates average effects of
individual alleles at loci whereas
dominance variance represents the
summation of variance due to interaction
effects between two alleles at different loci.
If the trait has high additive variance, it
may not follow strictly additive model.
There is a possibility that traits may follow
dominance model even when additive
variance is high. Further, manifestation of
duplicate epistasis by the crosses for pod
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length and seeds/pod and shelling
percentage revealed that this kind of
epistasis generally hinders the
improvement through selection as the
presence of duplicate epistasis decrease
the variation in F, and subsequent
generations (Tyagi et al., 2001). Therefore,
the selection should be delayed until a high
level of gene fixation is attained. Dixit et
al. 2006 also reported significant [h] for pod
length and seeds/pod. In the inheritance
of pod/plant, average pod weight both
additive and dominance gene effect was
found significant but influence of negative
dominance gene effect was higher. The
negative value of [h]| indicated that
dominance was towards the parent that
has lower value of pod/plant, average pod
weight than the other high value parent.
Among epistatic gene interaction
significant [j] and [1] was observed in cross
PP x GP-55 and AP-3 x GP-55 and
significant [i] and [1] was found in cross PP
x GP-55 and Arkel x GP-6 respectively.
Negative dominance and duplicate epistatic
effect were detected in crosses which
suggested dominance effects at
heterozygous loci in each parent for pod/
plant and average pod weight. It indicates
the decreased expression of traits of
dominance and selection would be effective
during later generations only. Beside this
paucity of more gene effects suggest that
breeders would make limited and slow
progress in selecting for genotype for these
traits (Smith et al.,, 2009). Pod yield was
controlled by both additive and dominance
gene action. It was found that dominance
component was mostly higher in
magnitude than additive component in
cross PP x GP-55 and AP-3 x GP-55. It
indicates the increased expression of traits

by dominance. Among the digenic
interaction effects, [i] and [l] was also found
significant in same crosses, while it was
observed pod yield was under the influence
of [d] in cross Arkel x GP-6 and significant
[1] was also observed. In this situation
reciprocal recurrent selection is probably
useful for the effective utilization of both
additive and non-additive gene effects
simultaneously. It will also lead towards
an increased variability in later generations
for effective selection by maintaining
considerable heterozygosity.

It was observed that depending on the
cross and a trait, though scaling test was
significant (Table 3) for all the traits studied
but non-allelic interactions were not
significant (Table 4). This indicates that,
such traits are governed by higher order
interactions or under the control of
complex genetic control or they have large
environmental difference (Milus and Line
1986). It has been observed that higher
order epistasis among more than two genes
may play important role in genetic
interactions (Hansen etal., 2001; Marchini
et al.,, 2005; Purcell et al., 2007; Imielinski
etal, 2008). Such higher order interactions
have also been reported in pepper where
high-order epistasis could be correlated
with the aggressiveness of the isolate of
Phytophthora capsici through influencing
double crosses among different loci at
meiosis (Bartual et al,, 1993). Wang et al.
(2010) have proposed “N locus Epistasis”
a general model for estimating higher order
interactions involving any number of loci
using the formula given by Mather and
Jinks (1971). If n loci which form 3"
genotypes is considered, it is composed of
overall mean, additive and dominance
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effects for each locus and epistasis of
different kinds and orders among these
loci. It was also reported that with the gain
in [h] there will be simultaneous loss in [1]
interaction (Gupta et al., 1996). Therefore,
opposite signs of [h] and [l] cancel each
other leading to reduced heterosis
(Shashikumar et al.,, 2010).

Presence of complementary gene action
for plant height and number of seed per
pod in cross PP x GP-55 and average pod
weight in cross AP-3 x GP-55 indicates that
parents selected for crossing are diverse
which is supporting Reynolds et al. (2009),
strategy, wherein they concluded that if
parents selected for crossing are
complementary for traits then it is possible
to realise enhanced genetic gain in breeding
programme. Further, manifestation of
duplicate epistasis for most of the traits
indicates (Table 4) that variability in
segregating generation may be reduced
which hinders the selection process
(Kumar & Patra, 2010), hence it is difficult
to utilise them in breeding programme
(Sameer et al., 2009).

Shubha etal. (2016), reported GP-6 and
GP-55 lines are highly resistant to Fusarium
wilt and their resistance against wilt is
governed by monogenic and dominant
nature. Linkage drags usually come across
while transferring disease resistance gene
in already available high yielding but
susceptible varieties. Small pod and few
seeds per pods are the main constraint
which associated with resistant lines. This
problem could be solved by repeated
backcrossing with high yielding varieties.

Conclusions

Scaling, joint scaling tests and six
generation model have revealed that both

intra (dominance gene action) and inter-
allelic (epistasis) interaction play an
important role in the inheritance of all the
traits under studied. In this situation
exploitation of heterosis could be followed
by postponing the selection from early to
later generations. Predominance of additive
genetic effect for most of the traits indicates
that there is difference between
homozygotes at a locus with positive and
negative alleles are dispersed between
parents. Garden pea being a strict self-
pollinated and creation of variability among
genotypes is very difficult, so such an
interaction effect between alleles could be
exploited by selecting individuals based on
their performance in recurrent selection.
In any breeding programmes yield is the
main criteria and it is dependent on many
other quantitative traits. Hence traits like
pods per plant, seeds per pod, average pod
weight can be used in further breeding
programmes.
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Table 1 : Parent materials used in study, their description and Fusarium wilt
Response

Sl. No Genotype/ Description Fusarium wilt
Lines Response

1 Arkel Dwarf, early, wrinkled seeded Susceptible
high yielding variety

2 Pusa Pragati Dwarf, early, wrinkled seeded Susceptible
high yielding variety

3 AP-3 Dwarf, early, wrinkled seeded Susceptible
high yielding variety

4 GP-55 Tall, late, small pod, Plant Resistant
type resembles that of field peas

5 GP-6 Dwarf, ate, Afila type leaves, Resistant
two pods per bunch
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