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ABSTRACT

Significance one or more of the three individual scaling tests A, B and C as well
as the Joint of scaling test (X) revealed the presence of epistasis in all studied traits of
two pea crosses, except number of ovules/pod (Crossl). =

Estimates of the type of gene action for these traits revealed that the domiriance
gene action (i) was the main type of gene effects for both érosses in all characters,
except number of ovules/pod (Crossl). Additive gene effects are of minor importance in
the explanation of traits variation. Generally, both additive and non-additive gene effects
as well as one or more of the three types of epistasis Le., additive x additive (1), additive x
dominance (j) and dominance x dominance (i) were imporlm in the genetic system
controlling all studied characters.

Duee to the major role of the non-additive effects recurrent selection for specific
combining abillty can be si_gested as a good breeding procedure, but with certain
limitations. Duplicate type of epistasis was recerded for all studied traits, except for pod
width (Cmssl) On for the other hand, the complementary type of epistasis was recorded
Sor number of ovules/pod. Over-dominance was detected for pod length, number of
ovules/pod, pod width (Cross2) and number of seeds/pod (both crosses). Meanwhile,
partial dominance was exhibited for number of ovules/pod, pod width, number of
pods/plant (Crossi), plant height and yield (both crosses). Heritability, in narrow sense,
was low for number of seeds/pod, pod length and yield (Crossi) and moderate o high for
remainder Iraits.

Key words: Pea, Additive and non —additive gene action, Scallng test, Joint scaling fest,
Herltability

INTRODUCTION'

To carry out a successful breeding program for the improvement of
desired traits in pea, (Pisum sativum) the breeder should have enough
knowledge about various types of gene effects. However, the improvement
of both quantitative and qualitative traits of pea depends on the presence of
genetic variability that permits effective selection. It is assumed in most
analysis that non-allelic interaction are absent although these analysis rarely
provide a valid test of this assumption. Also, the tests of epistasic gene
effects are very important for plant breeder along with the other two types of
gene effects i.e., additive and dominance (Gamble 1962).

Comstock (1955) has shown how the presence of epistatic gene effects
will cause an upward bias in the estimates of both the additive and
dominance genetic variance. Perhaps, inclusion of epistasis in the analysis
model would decrease the amount of additive genetic variance, but this does




not appear to be the complete explanation. Hayman (1958) described
parameters related to those of Anderson and Kempthorne(1954) which
permit estimation of the additive, dominance, additive x additive, additive x
dominance and dominance x dominance gene effects with less difficulty in
their interpretation. Many authors directed studies of pea breeding mainly to
analysis of gene effects for understanding the mode of inheritance of the
yield and its,.attributes under upper Egypt conditions as Zayed (1998),
Zayed et al (1_9_99) Kandeel et al (2005), Zayed et al (2005) and El-Dakkak
et al (2009). They reported the importance of both additive and dominance
in expression of most pea traits.

The estimates of epistatic mteractxon (s) along with additive and
dominance gene effects were applied by Singh and Sharma (2001), Sharma
and Rastogi (2001) Singh et al (2003) and Singh and Sharma (2004). They
stated that the additive (d), dominance (h) and all the three interacting gene
effects played a major role in the inheritance of most studied quantitative
traits. They added that, majority of the crosses in each studied trait exhibited
the duplicate type of epistasis. Singh and Singh (1990) suggested that
reciprocal recurrent selection would be useful to develop elite populations in
such cases.

The aim of the present investigation was to study the type of gene
action, type of epistasis and components of the genetic variation and their
derived ratios for some traits of two pea crosses to obtain additional
information about some genetic parameters to help the breeder to handle the
segregating generatlons

MATERIALS AND METHODS
Description of the parental genotypes and experiinental procedures

The present study was carried out at Shandaweel Research Station,
Sohag Governorate during three winter successive seasons i.e., 2005/2006,
2006/2007 and 2007/2008. In the first season (2005/2006), 3 elite parental
genotypes were grown and two pea crosses were made by hand, i.e., Alaska
x Dwarf Gray Sugar and Alaska x Early Perfection. In the second season,
200612007, seeds of two F,’s were planted to produce F; and it were back-
crossed to both, parents to produce BC, (F, x P;) and BC; (F; x Py). In the
third season, 2007/2008, the obtained seeds of the s;x populations (P, P2,
F|, F2, BC; and BC;) of both crosses were sown on 5™ November 2007 and
evaluated using a randomized complete block design with three replications.
Each plot consisted of 30 ridges, the ridge was 3 m length and the distance
between plants was 20 cm on each side of the ridge and 70 cm was left
between ridges. The experimental plot consisted of four ridges for each
parent, F1 and back-crosses as well as 10 ridges for F; generation. The
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recommended agricultural practices of pea productlon were applied at the
proper time.

Recorded data

Data were collected on competitive plants of each population for plant
height, number of branches/plant, pod length, pod width, number of
seeds/pod, number of ovules/pod, number of pods/plant and green pod yield

(g/plant).

Biometrical analyses

a- The scaling test A, B and C were applied as outlined by Mather and Jinks
(1971) to test the presence of non-allelic interactions usmg the following
equations:

A=2BC -P -F
B 2BC,-P,-F;
=4F,-2F-P;-P,
The significance of any of these scales is taken to indicate the presence
of non-allelic interaction. The standard error of A, B and C was done by
taking the square root of respective variances of A, B or C.

b- Joint scaling test was proposed by Cavalli (1952) as indicated X? (qui
square) was applied to test the adequacy of the genetic studied model
controlling the characters. However, non-sngmﬁcant X2 and/or scaling
test means that the simple additive-dominance model is adequate. In this
case, the genetic model of Jinks and Jones (1958) would be apphed

c- Digenic interaction model analysis: In the case of significant X* and/or
scaling tests i.e., the simple additive-dominance model is inadequate, six
parameter models were used according to Hayman (1958) to separate out
the components of genetic variance to its main effects. The estimated
gene effects included the mean effect parameter (m), additive (d),
dominance (h), additive X additive (i), additive X dominance (j) and
dominance X dominance () types of gene action. Estimation of scaling
tests and gene effects were tested for significance from zero using t-tests.

d. The genetic components of variance for each character in the studied
crosses were partitioned into additive (D), dominance (H) genetic
variance and environmental variance (E) using Mather (1949) and
Mather and Jinks (1971) formula as follows:

=% (VP + VP, + 2 VF))
D=4VF2-2VBC1—2VBC2
H=VBC; + VBC; -~ VF,-E
F= VBC2 - VBC 1
(H/D)” = Average degree of dominance.
Heritability in narrow sense was computed according to Mather and Jinks
(1971).
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RESULTS AND DISCUSSION

Adequacy of the genetic model

Data presented in Table (1) provide evidence for insignificant A, B and
C non-allelic interaction tests and joint scaling test (X°) for ovules/pod
(Crossl), indicating that the simple genetic model was adequate to explain
the genetic variation controlling the inheritance of this character in this
cross. On the other hand, significance of one or more of the three individual
scaling tests A, B and C for the remaining traits and crosses revealed the
presence of epistasis in these traits and crosses. Therefore, there is a clear
evidence of the inadequacy of the simple additive-dominance model for
these characters. Generally, 11 out of 16 cases of the traits and crosses gave
similar trends of significantly positive non-alielic interaction for one or
more of the scaling tests. Furthermore, six parameters were used to estimate
the type of gene effects for these traits. These results are in agreement with
thoseé reported by Sharma and Rastogl (2001)

Table 1. Testing for non-allelic interaction (scaling telt A, B and C) and
]oint scaling test (,\‘:) for the studled tralts of two pea crosses.

No. of
Crosses
showing
Trait |Cross| AzSE B+SE. CxSE X% | significantly
I positive non-
allelic
. . interaction
1 0.06+0.22 0.1720.19 | -2.51**x0.38 | **
Pod length 51— 015026 | 0362031 | -1.579°2036 | ** Zero
1 -0.80%£0.36 0425038 | -5.00°%20.70 | **
Seeds/pod |1 010:046 | 040:044 | -5.16°*2061 | ** Zero
Ovales/pod |—1 0234027 | 01662025 | 0534046 [Ns| |
_ 2 | 0.633*%:025 | 1.266°%20.33 | 04674044 | **
Pod width |1 0.034+0.03 | 0.282%*+0.03 | 0296%x0.05 | *»* |
2 0.06420.04 | 0.084°20.04 | -0.246**20.06 | **
Pods /plant |1 8268%%:0.74 | -1.I07+140 | 1562**+483 [ ** |
2 | 20.43%%:0.67 | 13.134%"£1.20 | 40.336**+4.18 | **
Plant 1| 15.64%%41.49 | 2380%0:220 | 4599%+2659 | % |
height 2 | 31.37%*%230 | 42.113%*+2.96 | 5.836£10.38 | **
Branches | 1 | -1727%*+012 | 0384020 | 7.675*%063 | ** |
~ /plant 2 | 0293%0.12 | -0.334%025 | 6.639**x090 | **
Green 1 [ 411655370 | 33.37*%+4.89 | -1687x1454 | ** |, —
yield /plant [ 2 | 167.25%*£3.75 | 169.45**+6.34 | 133.03**+21.3 | **
Total ; 2 11

*, ** significactly at .05 and 0,01 levels of probability, respectively.
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Gene action and epistasis effects

Different types of gene effects were prescnted in Table (2). Results
revealed that mean effect of F; performance (m) was. highly significant for
all studied traits in the two crosses. Initially, it was noted that these
characters were quantitatively inherited. Moreover, the additive gene effects
(d) were highly significant positive for number of ovules/pod and pod width
in the Cross 1, however, (d} estimates were mgmﬁcanﬂy negative or not
significantly positive or negative for the remainder traits and crosses.
Mecanwhile, dominance effects (h) were significant or highly significant
positive for all studied traits except both number of ovules/pod and number
of pods/plant in the Cross 1 as well as number of branches/plant in the two
crosses. Hence, improvement of these traits could be achieved through
recurrent selection procedure (Singh and Narayanan 2000). Dominance gene
action (h) was the main type of gene effects in both crosses for all
characters, except number of ovules/pod (Crossl). The type of epistatic
interaction (i) (additive x additive) was significant for all characters in both
crosses, except number of ovules/pod, pod width and yield in Cross 1 and
number of pods/plant in Cross 2. Additive x dominance type of epistasis (j)
was involved in controlling all traits in both crosses. Meanwhile, the (1) type
of epistasis (dominance x dominance) was significant in all traits for both
crosses, except pod length (Cross2) and yield in Crossl. These results
showed that both additive and dominance as well as one or more of the three
types of epistasis i.e., additive x additive (i), additive x dominance (j) and
dominance x dominance (1) were important in the genetic system controlling
in most studied traits.

Again, additive gene effects were exhibited by 12 of the 16 cases (8
traits x 2 crosses), however, the relative magnitude of these effects to the
mean effects (m) suggests that they are of minor importance in the
explanation of traits variation (Table 1). Therefore, more rapid advance
must be made in a breeding program for the improvement of pea traits, by
using a breeding procedure which emphasis the dominance and epistatic
gene effects. Singh and Sharma (2004) stated that the additive (d),
dominance (h) and all the three interacting gene effects played a major role
in the inheritance of quantitative characters, such as seeds/pod, pod/plant
and green pod yield.

The magnitude of the epistatic parameters relative to the mean effects
(m) is small in all studied traits, except plant height and yield (Cross2), in
which the absolute magnitude of the epistatic gene effects are larger than the
mean effects and approach that of the dominance effects. However, in all
traits and crosses, except both pod width and number of branches/plant in
Cross1, the magnitude of the total epistatic effects relative to the mean
effects is larger than the magnitude of the additive effects relative to the
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~. Table 2. Six-parameter genetic model and type of epistasis for studied
traits of two pea crosses.

CTeait | Cross| Mean AdditiveaDominanceAdd.xAdd Add.xDom Dom.xDom] Type of
] oo m] d} {h] [i] {il {l]  ‘[epistasis
L | FRE e AR | gers [ SeTes | 2ve | oo
 Pod Ciges | £012 0.41 0.39 0.14 0.59 -
length [ 5 | 6BO*E | Iow | 2seer | 18zvs | At
]2 [ Vet | vats | eas 043 oag | 147+0.78 | Dupl
] g |49 | ed6s | 4mes | amtx | a9es | 28 |
Seeds 415 | 021 0.78 0.72 0.24 197 vpl
tood |4 | S35 = | 0.0z | 480%: | 4365z | 345v%z | 386+iz
pod LI B 028 0.7 0.74 031 1.26 Dapl.
[ [ e [ sz _ _
Ovules 047 +0.07 0.16 ~ -
mod 1 T TEE | 1475 | 162z | 110z | 49v%% | .=
pod 2 1 eey | s0a8 | ost 049 0.19 081 Dupl.
g e [ ea | ey 0es: | B3%E | 020 x |
Pod gl +0.01 0.08 0.05 0.02 0.07 omp.
width [ 5 | 121%s [ R8s+ | BAST | 039ts | desve | 08ee | o
S g1 003 0.07 0.07 0.03 0.12 -
N E G A I RO R ™
Pods “a120 | 2049 | asy 4.89 0.51 5.14 P
fplant.- [ 5 | 608 [N AT | SATE [T | B | g
1. +103 | +038 421 419 042 418
[Ty e eSe |Teeast e [Tt E | Aledrs | BSve |
- Plant k- “&1.61 9.97 6.17 6.73 1.05 7.58 up
height - - | 1007+ - 12026%%3 | 7937%%+ | S2.97%% 2 | .152.9%% 2
Bl A By el ETY 10.62 133 11.54 Depl.
T |5 ST s | Saves | 2ees | 1LoeE | o
Branches | . 015 | s0.07 0.63 0.63 0.08 0.68 pl.
/plant g | SSBE [ MBS ABSHE | ares | el E | Tayee | o
022 [ +0.07 0.90 0.90 0.08 0.94 -
| [ 83697 [99s [T s | 2445+ | Ba19vix | d2ees | o
Green +35 | £229 | 1493 14.83 258 17.04 p
yield 31850+ | o = | 3143100 | 20367 | 1588w | S404a
fplant | 2 [ Ticpq | 36501 T oiss | ezt .51 23.04 Dupl.

*  ** significantly at 0.05 and 0.01 levels of probability, respectively.

Dupl. = Duplicate type of epistasis.
Comp. = Complementary type of epistasis.

mean effects. Regarding to the individual epistatic gene effects, additive x
additive and additive x dominance effects appear to contribute more to the
performance of most traits and crosses than do the dominance x dominance
gene effects. Such a relative importance could be expected since the F
means indicate considerable heterosis (Gamble 1962).

As suggested in the previous discussion, the reciprocal recurrent
selection breeding procedure proposed by Comstock et al (1949) appears to
be the best available to meet the requirements. This procedure was designed
to be equally effective for both additive and non-additive gene effects.
Because of results reported in this paper indicate non-additive effects to be
of major importance, recurrent selection for specific combining ability as
proposed by Hull (1945) can be suggested as a good breeding procedure,
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considering some limitations as accurate selection of the tester variety to be
used in the top cross. Although, the recurrent selection procedure is not
usually used for improvement of self-fertilized crops, it was applied by
Lyon et al (1987) for Phaseoulus improvement. Generally, theoretical
considerations indicate that the reciprocal recurrent selection procedure
would be superior to recurrent selection for general combining ability if
non-additive gene effects or over-dominance effects were important. Also, it
would be more effective than recurrent selection for specific combining
ability if additive gene effects are important. .

Finally, all types of gene action effects (d, h and epistasis) were highly
significant or significant, while, dominance x dominance component (1)
epistatic effect was higher in magnitude and played a major role in the
inheritance of these traits. Similar results were reported by Sharma and
Rastogi (2001), Singh et af (2003) and Singh and Sharma (2004). _

The signs of (h) and (1) genetic parameters were considered for ail the
traits. In general, (h) showed positive significance while dominance x
dominance (I) gene effects exhibited negative significance. This might be
due to cancellation effects of positive and negative genes.

Duplicate epistasis was observed, as revealed by differences in signs of
h and I in crosses, which exhibited significant epistasis, for all studied traits,
except pod width (Crossl) in which the complementary type of epistasis
was recorded. In duplicate type of epistasis (the ratio 15:1) identical
substance of substances interchangeable in effect are presumably produced
by the dominant alleles at both loci. It showed complementary epistasis for
pod width in Crossl where similar signs were obtained for both h and . In
complementary type of epistasis (the ratio 9:7) genes probably produce
different substances both of which were needed for the phenotypic
manifestations of some property. Duplicate type of epistasis for the most
studied traits further confirms the prevalence of dommance effects (Singh
and Sharma 2001).

The components of genetic variance (Table 3) revealed that additive
genetic variance (D) was fairly consistent in magnitude for dominance
effects (H) for pod length (Crossl), number of pods/plant {Cross2) and
number of branches/plant (both crosses) resulting in (H/D) = 1. On the
other hand, the additive genetic variance (D) was the main type controlling
each of number of ovules/pod, pod width, number of pods/plant (Crossl)
plant height (both crosses) and yield (both crosses), resultmg in (H/D) <1,
indicating that phenotypic selection may be useful for improving these
characters. But the non-fixable type was more important for pod length
(Cross2), number of seeds/pod (both crosses), number of ovules/pod
(Cross2) and pod width (Cross2), resulting in (H/D)"* > 1.
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Table 3. Components of the genetic variation and their derived ratios
and narrow semse heritability for-the studied traits of two
pea crosses.

Trait | Cross D H E F HD)* | K,
Pod length |1 | 0012 | 0012 1 0005 | 0002 | 1.00 | 333
"2 ] 0.050 | 0.068 | 0012 | 0009 | 117 | 460

~ .71 | 0056 | 0.120 | 0025 | 0.006 | 1464 | 33.7
Seeds/pod 1706 | 0.160 | 0.027 | 0.001 | 1233 | 443
1| 0060 | 0.048 | 0.030 | -0.0002 ] 0900 | 36.1

Ovules/pod =5 0.034 | 0092 | 0013 | 0013 | 1.171 | 414
Pod width |1 | 0:006 |0.00104 [ 0.0002 | -0.0001| 0.417 | 395
‘ 2| 0.0008 | 0.0012 | 0.00023 [-0.00001| 1.189 | 44.6
Pods Jplant |1 5262 | 4972 | 0046 | 0.0035 [ 0972 | 67.1
, 2 | 3953 | 4.005 | 0.085 | -00109] 1.007 | 645
Plant | 1 853 | 7916 | 0312 | 0.094 | 0.963 | 651
height | 2 | 23248 | 21.053 | 0273 | -0.730 | 0952 | 67.7
Branches | 1 | 0.084 | 0.084 | 0.0030 | 0.0005 | 0.999 | 641
/plant | 2 | 0.1862 | 0.1865 | 0.0026 | 0.0005 | 1.001 | 654
Greenyield | 1 | 39.206 | 37.824 | 2.280 | -0.366 | 0.982 | 303
plant | 2 | 99.444 | 97.772 | 2.2204 | -0.16 | 0992 | 65.1

The “F” value which refers to the frequency distribution of increasing and
decreasing al!eles in the genetic constitution of the parental genotypes, was positive
for pod length (2 cross), seeds/pod (1 cross), ovules/pod (2* cross), pods/plant
(1* cross), plant he:ght (1* cross) and number of branches/plant (both crosses),
indicating that increasing alleles were more frequent in‘the genetic make up of the
parental genotypes, while the negative values obtained for the remaining crosses
suggest that dominant decreasing alleles were more frequent (Table 3).

The ratio of additive genetic portion to the phenotypic genetic variance as
indicated by heritability in narrow sense was high and amounted to 65.1 and 67.7%
for plant height (Crossl and Cross2, respectively), 64.1 and 65.4% for number of
branches/plant (Cross1 and Cross2, respectively), 67.1 and 64.5% for (Cross! and
Cross2, respectively) for number of pods/plant and 65.1% for Crossl of green
yield/plant. Similar findings have been reported by Zayed ef al (1999), Singh and
Dhillon (2004) and Zayed et al (2005).

The estimates of narrow sense heritability (h’,) were moderate and valued
36.1 and 40.5% for ovules/pod (Cross1 and Cross2, respectively), 39.5 and 44.6%
for pod width (Crossl and Cross2, respectively), 44.3 and 46 .0% for Cross2 of
seeds/pod and pod length, respectively. On the other hand, h?, values were low for
yield, Crossl (30.3%), pod length, Crossl (33.3%) and seeds/pod, Crossl (33.7%),
hereby selection will be difficult and should be delayed to later segregating
generations.
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