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Heterosis and protein profiling through SDS-PAGE in vegetable pea
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ABSTRACT

59 genotypes (14 lines, 3 testers and 42 F s) of vegetable pea were studied for heterosis and 17
parents were characterized through SDS-PAGE. PMR-53 x PSM-3 showed highest economic heterosis
for most of the traits studied including the yield and yield attributing characters. Seed proteins profiling
showed ten groups on different banding patterns in three zones (A, B, C and D). The UPGMA analysis
showed that VRP-32, VRP-16 and PMR-53 and PMR-19, Arka Ajit, PSM-4, PMR-62, PMR-31, PMR-60, Nepal
Pea, VP-266, PMR-32, E-6, AP-3, Arkel, PSM-3 and VL-7 formed two different clusters. However, PSM-4,
PMR-62, PMR-31 and PMR-60; Nepal Pea, VP-266, PMR-32 and AP-3, Arkel, PSM-3 and VL-7 were three

different neighbouring groups.
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INTRODUCTION

Pea is an important vegetable crop due to its high
nutritive value, particularly proteins, 7.2g/100g (Singh,
10) and other health building substances like
carbohydrates, calcium and phosphorous. The major
objective of vegetable pea breeding is to develop high
yielding pure line varieties according to market demand
having attractive pod shape, size and colour. Higher
productivity is one of the most important objectives of
any breeding programme. The amount of success in such
programme depends upon the selection of desirable
genotypes and availability of genetic information about
yield and its associated attributes. The success of
selecting desirable genotypes depends upon the nature
of genetic variability which is created by employing
suitable breeding methods. For generating the desirable
genetic variability, the choice and use of appropriate
parental material and breeding methodology are
important.

For recombination breeding approach, the
information on combining ability of the parents offers
useful clues regarding the choice of productive parents
and hybrids for further use. Therefore, the determination
of combining ability of parental lines is the pre-requisite
of most breeding programmes. The nature and magnitude
of two kinds of combining abilities, i.e. general combining
ability (gca) and specific combining ability (sca) helps
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the breeder in adopting appropriate breeding
methodology.

Identification of cultivars using classical methods
based on morphological and physiological characters
has become increasingly difficult because of the large
number of lines being released and convergence of these
lines on a few of the most desirable characters. Seed
protein electophoresis is being utilized as an additional
approach for species identification and as a useful tool
for tracing back the evolution of various group of plants.
Numerous electrophortic methods are available to identify
cultivars by protein banding patterns. Sodium dodecyl
sulphate polyacryamide gel electrophoresis (SDS-
PAGE) provides the best resolution (Smith and Simpson,
12)

The present investigation entitled “Heterosis and
protein profiling through SDS-PAGE in Vegetable pea
(Pisum sativum L)” was therefore, undertaken involving
seventeen lines (female parents) with three testers (male
parents) in a line x tester design to provide information
on combining ability, type of gene action involved in
expression of various quantitative characters and cultivar
identification through seed protein profiles.

MATERIALS AND METHODS

Seventeen diverse genotypes including 14 lines viz.
VRP-32, VRP-16, PMR-53, PMR-19, Arka Ajit, PSM-4,
Nepal Pea, VP-266, E-6, PMR-62, PMR-31, PMR-60,
PMR-32, AP-3 and 3 testers viz., Arkel, PSM-3 and VL-
7 were taken to raise the F.s. Crossing was made in
winter (rabi) season of 2005-06. All 42 F,s and 17 parents
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were evaluated in 2006-07 at Vegetable Research Centre,
GBPUAQ&T, Pantnagar in RBD in three replications for
fifteen quantitative characters viz., days to first flowering,
number of first flowering node, days to first green pod
picking, pod length (cm), 100 green pod weight (g),
number of seeds per pod, 100 green seed wt. (g), shelling
(%), T.S.S. (%), number of green pods per plant, number
of primary branches per plant, number of nodes per main
stem, plant height (cm), green pod yield per plant (g),
dry seed yield per plant (g). The data were subjected to
appropriate statistical analysis. Further, seed protein of
17 parents was utilized for sodium dodecayl sulphate
polyacrylamide gel electrophoresis (SDS-PAGE).

RESULTS AND DISCUSSION

The yield and related traits were most heterotic
characters, whereas, number of green pods per plant,
number of primary branches per plant, number of nodes
per main stem, green pod yield per plant (g), dry seed
yield per plant (g) showed high heterosis values (more
than 100 %) in desirable direction over mid parent, better
parent or standard parent (Table 1). Pod length (cm) and
number of nodes per main stem showed significant
negative heterosis in most of the crosses, this indicates
the reduction in performance of the F, over the standard
parent.

However, shelling (%) showed non-significant
response for standard heterosis. The negative heterosis
is considered desirable for days to first flowering, number
of first flowering node, days to first green pod picking
and plant height. The reason for significant negative
heterosis may be due to the presence of dominant loci
in different direction leading to cancellation of effects.
The crosses showing no heterosis indicated that the
parents involved in the cross do not differ in gene
frequency with respect to character under study (Pandey
et al., 8). E-6 x Arkel and E-6 x VL-7 were the best
combinations over the standard check 1 and 2 for days
to first flowering (-39.56 and -16.76 and -38.80 and -
15.72 per cent); Arka Ajit x PSM-3 for pod length (0.32
and 7.59 per cent); PSM-4 x Arkel and PMR-62 x Arkel
for 100-green pod weight and number of seeds per pod
(71.25and 104.07 and 14.94 and 23.06 per cent); AP-3
x VL-7 and PMR-31 x VL-7 for 100-green seed weight
and number of green pods per plant (20.00 and 25.36
and 168.74 and 39.71 per cent) respectively. The
combination PMR-53 x PSM-3 showed the highest
values of heterosis over mid parent; better parent and
standard parent (check 1 and 2). The crosses E-6 x
PSM-3 also expressed significant positive heterosis of
the three types. In general, the hybrids with highest yield
also expressed heterosis for this trait. The work of Singh
and Santhoshi (11) also give credence to the present
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findings that heterosis in yield was due to more number
of primary branches per plant. Green pod yield per plant
being a complex trait, is a multiplication product of
several basic component traits of yield. The increased
pod yield will definitely be because of increase in one or
more component traits. Similar findings were reported
by Panda et al. (6), Tyagi and Srivastava (7), Kumar et
al. (3) and Shah and Muhammad (9). In the present study,
the best performing F. hybrid for dry seed yield PMR-53
x PSM-3 showed highest heterosis for number of primary
branches per plant over standard parents (check 1). The
second best cross for dry seed yield was E-6 x PSM-3;
it also showed highest heterosis for number of nodes
per main stem. In top ranking heterotic crosses for
number of primary branches per plant and number of
nodes per main stem PSM-3 was found to more frequently
involve.

The above findings indicated that some inbreds had
strong heterotic capacity compared to other ones during
hybridization process. As the performance of hybrids
depended upon the heterotic capability of the parents
involved from economic point of view it will be useful to
select and utilize the parental inbreds with strong
heterotic capability for important traits associated with
yield in order to achieve higher gains in F, hybrids through
exploitation of heterosis.

Studies on the degree of heterosis carried outin 15
important quantitative characters of vegetable pea
showed that the mean of hybrids was higher than those
of parents for all the characters except number of first
flowering node, pod length, shelling (%), number of nodes
per main stem and green pod yield per plant. Based on
the experiment it was observed that the crosses PMR-
53 x PSM-3, E-6 x PSM-3 and PSM-4 x PSM-3 were
superior and can be selected as high yielding hybrids
over commercial parents.

The seventeen genotypes were distinguished into
ten groups on different banding patterns in four zones
(A, B, C and D). PSM-4, PMR-62, PMR-31 and PMR-
60; Nepal Pea, VP-266 and PMR-32; AP-3, Arkel, PSM-
3 and VL-7 fell in three different groups and showed
similar banding pattern within the group. The degree of
darkness and thickness of various bands in different
cultivars are the most commonly reported types of
variation, suggesting that formulation of many of the
bands in the seed protein profile are under the control of
quantitative gene systems. This kind of variation may
be due to the lack of separation on the gels of several
proteins having similar migration rates.

The index of similarity is the second way of
expressing variation in the banding patterns between two
gels. Using this index, the similarity in the banding
patterns of seventeen vegetable pea genotypes was



Indian Journal of Horticulture, November (Special Issue) 2010

(61°82) €-NSd x €5-HNd  (85°802)€-INSd x €G-HINd (8€°€G1) €-NSd x 9-3 feiogore]] (B) yued sod
(€2'62) 193V x €G-HINd  (62'212) €-NSd x 29-HINd  (98°061) €-INSd x €5-HINd 91°92 01 06°L9- €2'6L 010G ¥5- 6LTLZOV6L L9 016229 plaik pass lig Gl
(Lt'9) €-NSd x €5-4INd (06°€G1) €-INSd x €G-HINd  (6€'2¥1L) E-NSd x €G-HINd  (S0°LS) €-NSd x £G-HINd 86'€0L (B) yuerd
(6S'¥21) €-NSd x ¥-INSd (6G°vLL) €-WSd x ¥-NSd  (98'851) €-INSd x ¥-NSd (86°€01) €-NSd x ¥-INSd BSVLLOVPB VY- BGYLL OIS VL- 98'851 0} ¥8'CS- 01908t~ Jad pjaik ssoi9 i
(66°227) LA x 09-dNd
(29'9€-) €-INSd x Z€-d¥A jueoyiubis-uou |y jueoyluBis-uou |y 91°6€ 0} €8°€Z- 18'Gl 01 Z9'9¢- €8'25010€°2C- 91°2€ 01 6E°02- (wo) ybray jueld €l
(11°22) 19V x $-INSd (8%°09) 1MV x9-3  (6L'€91) €-NSd x 6L-HNd 2891 wajs ulew od
(20'62) L-TA x Uiy ey (€6'91) L-TA x Uiy ey (€£'99) €-WSd x 9-3 (72'891) 1YY x 9-3 20'62 0 L9'Se- €6'91 0} ¥9°ZE- €1'9G 01 £6°02- 0102 L~ $9pOU JO 'ON 4
(28'¥61) L-1A x €5-dINd (vt L) LA x €G-HINd (00°0§1) £-1A x ¥-INSd (60'¥8) [9MY x 99Z-dA 12°0€L jueyd Jad sayoueiq
(002) €-NSd x £G-HINd (00°08) ENSAxEG-HNd  (1L8°€LL) L-TA x €G-HINd (22°0€1) 21N x p-INSd 00°00Z 91000 00°0S ©}00°0S- L8'ELLOVLL LL- 0160°GL- Arewnd jo -oN 13
(62°€91) 19V x Bdd ‘N (6€°G92) L-TA x LE-HIN (99'522) L-1A x 09-HNd jueld/spod
(1L2'6€) L-1A x LE-HINd (72'891) L-IA x LE-dINd (€8°€22) 19V x 9-3 (92°092) LA x LE-HNd LL6EOVGL L€ 72891 0} 06°€€ €8'€/20105°LE 9/°092 0} L6°C- usalb Jo 'ON oL
(58'%8) 1931V x 29-HNd
(71°9€) L-IA x €dd 'N (90'901) €-NSd x 992-dA (L1°18) 2-IA x Bad ‘N (29'L¥) L-TA x 2€-4INd
(71°9€) e-NSd x 99Z-dA (90'901) 1A x€dd ‘N (16°19) €-INSd x 992-dA (€€°€€) €-NSd x 992-dA ¥L'9E0IQL'EY-  90°90L OV T V- 16'L90}0Z'€9- 19'L¥ 01 9G°€9- (%)'S'S'L 6
jueoyubis uou |y jJueoyIuBbIs uou |y (99'82) LA x 9L-ddA jueoyIubls uou |y 90°LZ 0} LO'GL- zL8LONEL QL 99'820198°ZL- LE'6L 0 T GL- 8
(95'92) €-NSd x 99Z-dA (00°12) €-NSd x 992-dA (B) yubram
(9€°G2) 19V x Z€-dYA jueoyiubis-uou |y (€€°€€) IOV x ZE-d¥A (¥2°82) 19V x Z€-dYA 9€'GZ 0} ¥8'TE- 0002 0} 2L'G€E- €€°€E 01 B TE- Y282 01 EG €T pass usaib-001 L
(8L°L2) 1954V x 29-HINd (26'€2)1XY x 09-HINd pod Jed
(90°€2)IMY x Z9-HINd jueoyiubis-uou Iy ($8°£2) 19UV x 09-HINd (Y€ G2V x 29-dNd 90°€Z 0} pL 61" ¥6't71 0} ¥0'SZ- ¥8'L2010L'LE" €62 01 00°92- Spass Jo 'ON 9
(¥2°08) L-TA x €5-4INd (29'18) 2-TA x £5-4INd (06'96)2-1A x €5-HINd (69'82) 19314V x LE-HNd (B) yybrom
(20'%01) 190V x $-INSd (ST'LL) 1Y x p-INSd (LO0'¥0L)IMY x p-INSd (50°68) 2-1A x £G-HINd 2070} 01 6G°L9- GTLLOVLL LY L0'70L OV Z¥ L9~ 50'G8 01 20'H9- pod usaib-00L g
(89°2) 19Uy x Ny (9z'1-) 1Y x Wiy v (06°94) LA x Z€-dHA (SG'¥) 1YY x ZE-dHA (wo)
(6G°2) €-INSd x WV ¥ (ze'0) e-WSd x 1V 'V (187L1) €-INSd x ZE-dHA (0€LL) 2-TA x Ze-dHA 652 0190°G}- 2€'00108'02- 1821 01 8Y'8lL- 0g'LL ol ey LL- ubus| pod 14
(18'G-) €-NSd x 61-HINd (18°G-) 2-1A x £G-HINd Burord
(G2°27) €-NSd x ¥-INSd (G2°27) €-NSd x ¥-INSd (18°G-) €-NSd x 61-HINd pod usaib
jueoyubis uou |y (G2°2) € WSd x €5-4INd  (S2°2) €-INSd x £5-4INd (G2°2) €-NSd x "NSd Y0¥ O1E0 b~ 88'€-01G/ /- 199016/~ 1E'G0IGL .- 181y 0} skeq €
(16°2L) 21N x93 (85'¥2) LIAx9-3  (€L°227) 19V x £G-HINd (16'67) 193V x Bad 'N apou Buliemoyy
(1L0°G1-) €-NSd x 9-3 (9€'92-)e-INSd x 9-3  (§5°€2-) L-TA x €G-4INd (Lz°€l-) e-NSd x 9-3 169V O} LO'GL- 1T LT 0 9€°9Z- 6.290165°€C- 8E'€Z0N LT EL" 1s1l4 40 "ON z
(ZL'S1-) 21N % 9-3 (08'8€-) 2IAXx9-3  (LL€L-) 19UV x LE-HIND (€€'67) 191V x 9-3 Buuemoy
(92°91) 19V x 9-3 (99'6€-) 193V x 9-3 (£2'91-) 19V x 9-3 (2g'01-) PV x BOd "N ¥6'9G 019/ '9}- 96°€10) 95°6€- 18190} 22°91L- 292€ 012G 0L- 1s1y 0} skeg l
[4%Elle) 130940
[AEle] | %08y sIsoIsley plepuels sisonjeqoIajeH sisousjey ANl ds dg dn
(s1sayjuaied ul sIS0I8}OH ) S19}0BIBYD JUSISYIP JO} SUOIIBUIGUIOD D1}0I8}8Y OM]} }Sag sIsousjay Jo abuey Jsjoeleyd 'ON'S

‘ead a|qejeban Ul s)iel} sAle}uBNb JusIBYIP o) SAN|eA SIsoIs}aYy pue abuey °| ajqeL

199



Indian Journal of Horticulture, November (Special Issue) 2010

00100} 00} 00} LG8 6'C6 6'C6 6'C6 6'C6 LG8 LG8 6'C6 9'8. LG8 [AS) €v9 VL LTIN
00} 00} 00} LG8 6'C6 6'C6 6'C6 6'C6 LG8 LG8 6'C6 9'8. LG8 [WAS] €v9 VL €-NSd
00l 00l LG8 6'¢6 6'¢6 6'C6 6'C6 1'G8 1'G8 6'C6 9'8. LG8 [AS) €v9 Vil DY

00} 1'G8 6'C6 6'C6 6'¢6 6'C6 1'G8 1'G8 6'¢6 9'8. 1'G8 [WAS) €v9 Vil €-dv

00} 6'C6 6'C6 6'C6 9'8. 00} 00} 6'C6 6'¢6 1'G8 [WAS] €19 VL ¢e-diNd

00} 00} 00} LG8 6'C6 6'C6 00} 1'G8 9'8. 0§ [WAS] €v9 09-dINd

00l 00l 168 6'¢6 6'C6 00} LG8 9'8. 0§ [WAS) €v9 L€-dINd

00} 1'G8 6'C6 6'C6 00} LG8 9'8. 0§ [WAS) €v9 ¢9-dINd

00} 9'8. 9'8. 1'G8 VL 9'8. €19 A ZA €79 9-3

00} 00} 6'C6 6'C6 LG8 [WAS] €19 VL 99¢-dA\

00l 6'¢6 6°¢6 LG8 [WAS) €v9 Vil e3d 'N

00} LG8 9'8. 0§ [WAS) €v9 ¥-INSd

001 6'¢6 0§ [AS) €19 Wy v

001 [AS) €19 Vil 61-dINd

001 98/ Vil €G-dINd

00l 6°¢6 9l-ddA

00} ce-ddA

LN

€NSd MY €-dV  Z€-HNd 09-HNd LE-HNd 29-dNd  9-3  992-dA B3d 'N ¥-NSd IV'V 6L-HINd €5-HINd 9L-dHA Z€-dHA sedhiousn

‘ead a|gejabay Jo sadAjouab jualayip ul sajyoid uidjoid pass 4o} (% |S) Xxapu| Ajuejiwis ¢ ajqel

JUL2sqQy = - ‘Jussald = +

L L L L €l cl cl cl oL €l €l cl cl L 6 8 6 [elolL
- - - - + + + + - + + + + - - - - cd
+ + + + + + + + + + + + + + + + + 1d
- - - - - - - - - - - - - - + - - 18]
+ + + + + + + + + + + + + + - + + €0
+ + + + + + + + - + + + + + - - + 20
+ + + + + + + + + + + + + + + - - 1O
+ + + + + + + + + + + + - - + + + ad
+ + + + + + + + + + + + + + - - - vd
- - - - + - - - - + + - + + + + + cd
+ + + + + + + + + + + + + + - - - ¢d
+ + + + + + + + + + + + + + + + + 1d
+ + + + + + + + + + + + + + + + + v
+ + + + + + + + + + + + + + + + + v
+ + + + + + + + + + + + + + + + + (Av
ce 09 3% 29 99¢ esd 14 Uy 6l €5 9l ce
L7IN €INSd IBMY  €dV -dANd -dINd -dANd -dANd 93 -dA [BdoN -NSd By -dHAd -dNd  -d¥A  -d¥Aspueg

"ead a|ge1abon Ul JOVYJ4-SAS Ybnoly) paajosal se s9|1jold Ule)old pess “g a|qeL

200



Indian Journal of Horticulture, November (Special Issue) 2010

analyzed in this investigation (Table 2). A number of
genotype pairs have Sl values 100 per cent indicating
very close relationship between them. Lowest value of
similarity index (50%) was shown by PMR-53 with Arka
Ajit, PSM-4, PMR-62, PMR-31 and PMR-60 depicting
that this was the most diverse groups in evolutionary
study.

The UPGMA analysis showed that there are two
major groups consisted of (VRP-32, VRP-16 and PMR-
53) as | group and rest genotypes (PMR-19, Arka Ajit,
PSM-4, PMR-62, PMR-31, PMR-60, Nepal Pea, VP-
266, PMR-32, E-6, AP-3, Arkel, PSM-3 and VL-7) as Il
group (Fig. 1). However, PSM-4, PMR-62, PMR-31 and
PMR-60; Nepal Pea, VP-266 and PMR-32 and AP-3,
Arkel, PSM-3 and VL-7 were three different neighboring
groups.

The importance of this experiment for the
characterization of germplasm lines could be realized
from the fact that for some genotypes the cultivars which
were dissimilar based on morphological features could
be easily distinguished through electrophorosis of
proteins/ isoenzymes. Similar findings have also been
reported by Upadhayay et al. (14) in bottle gourd and
Yadav et al. (15) in muskmelon. Similar results in
germplasm lines of vegetable pea have also been
reported by many investigators such as Cooke (1),
Hussain et al. (2), Suska (13), Mishra et al. (4) and
Mishra et al. (5). It can therefore be concluded that the

electrophoretic resolution of seed protein in vegetable
pea was successful in germplasm identification in most
of the cases. Sometimes, the protein profile failed in
differentiating between the genotypes which were
morphologically dissimilar. The most typical example
was the presence of smooth seed surface in cultivars
VRP-16, PSM-4, Nepal Pea, VP-266 and PMR-31 in
different mega groups along with other wrinkled seed
surface types. These two groups contain different
cultivars which were distinct from each other with respect
to seed shape and other morphological traits. A
comparison of genotypes based upon protein profile and
morphological traits in groups showing 100 % Similarity
Index and morphological features have been depicted in
Table 3.
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