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enzymes in the head of single cross-hybrids of cabbage
(Brassica oleracea var. capitata)

B. K. SINGH'*, S. R. SHARMA? and B. SINGH!

YICAR Research Complex for NEH Region, Mizoram Centre, Kolasib 796 081, Mizoram, India
2Indian Agricultural Research Institute Regional Station, Katrain, Kullu 175 129, India

Introduction

Cabbage, a member of the family Brassicaceae, is an eco-
nomically and nutritionally important cole crop grown in
more than 90 countries and consumed widely. There are var-
ious biotic and abiotic factors responsible for reducing the
productivity as well as the quality of the head. Production
of deleterious reactive oxygen species (ROS) such as sin-
glet oxygen ('0,), superoxide ROS (O3 -), hydrogen peroxide
(H>03,), hydroxylion (OH™) and free hydroxyl ROS (OH-) is
one of the chief reasons for poor productivity and quality of
the harvest under stressful condition (Moller 2001; Singh et
al. 2009). If not neutralized, the ROS damage various cells
causing susceptibility to biotic and abiotic stresses, yellow-
ing (Zhuang et al. 1995), wilting, ethylene synthesis and
senescence (Dhindsa et al. 1981). The consequent premature
senescence is an obstacle for plant vigour, productivity and
quality. Plants, however, possess well-developed defense sys-
tems against deleterious ROS, involving both limiting their
formation as well as triggering their removal.

In a cell, the enzyme superoxide dismutase (SOD) consti-
tutes the first line of defense against ROS by catalyzing the
scavenging of O3 to H,O,, and is followed closely in im-
portance by peroxidase (POX) and catalase (CAT) which are
responsible for reduction of H,O,- Besides these, vitamins
like beta carotene (vitamin A precursor), vitamin C, vitamin
E, etc.; phytochemicals such as phenol, flavonoid, phenylo-
proponoid, etc.; and minerals like selenium and zinc are also
directly or indirectly involved in defense against ROS.
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McKersie (1996) classified cruciferous vegetables;
namely cabbage, broccoli, brussel sprouts, collard, kale and
mustard, and turnip leaves as ‘super food’ because of the
presence of a robust oxidative defense system (antioxidants).
Of different vegetable crucifers, cabbage is gaining popular-
ity globally due to its wider adaptability, cheaper and round
the year availability, and as an integral, invaluable and in-
separable component of the fast food industry. Although ap-
preciable amounts of heterosis (hybrid vigour) have been de-
tected for horticultural traits (Prakash and Verma 2004; Xu et
al. 2004; Singh 2007) and mineral element content (Singh et
al. 2009), yet studies on heterosis for antioxidants in general
and for the defense enzymes in particular are almost next to
none. To the best of our knowledge based on available litera-
ture, there are no studies describing heterosis for antioxidant
enzymes either in cabbage or any other vegetable crop. How-
ever, a few efforts have been made to enhance the antioxi-
dant enzymes in vegetables through biotechnological means
(Zambounis et al. 2002; Yiu and Tseng 2005). The present
study tried to select hybrids possessing higher activity of
the defense enzymes in cabbage through heterosis breed-
ing, one of the most used and commercially adopted conven-
tional breeding approaches. We examine here the magnitude
and the direction of heterosis for SOD, POX and CAT activ-
ity; and identify promising parents and single cross-hybrids
(SCHs) having better inbuilt defense systems which could be
used for breeding antioxidant-rich cabbage.

Materials and methods

Sixteen cabbage genotypes (all inbreds) which included five
female, viz. CMS-GA, Golden Acre, 83-1, 83-2 and Pride
of Asia; and 11 male genotypes, viz. AC-204, EC-490174,
Pusa Mukta, C-4, Red Cabbage, C-2, AC-1019, EC-490192,
MR-1, AC-208 and AC-1021 comprised the basic experi-
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mental materials (table 1). The parents were chosen on the
basis of their practical applicability in heterosis breeding
(such as self-incompatibility and male sterility), traits of
economic importance (like tolerant to diseases and insects,
wide adaptability, high yield potential, uniformity in head-
ing, etc.) and the prevalence of variability for various an-
tioxidants. They were crossed in line X tester mating design
(Kempthorne 1957) during 2005-2006 to obtain adequate
amounts of F; hybrid seeds. The seedlings of 55 F; SCHs
along with 16 inbreds including check variety Golden Acre
were raised and transplanted in the following year at Naggar
Farm of Indian Agricultural Research Institute Regional Sta-
tion, Katrain, Kullu, India. The Farm is located at 32.12°N
latitude and 77.13°E longitude at an altitude of 1690 m. The
farm receives 110—130 cm snowfall annually. The plot size
was 2.7 X 2.7 m with inter-row and intra-row spacing of 45
cm. Plot was replicated three times in a randomized block
design, and the standard package of practices was followed
for raising the crop.

Heads of each genotype in the replicated trial were har-
vested at fresh marketable stage, chopped, homogenized and
a sample of 2 g fresh weight (FW) was drawn, frozen im-
mediately in liquid nitrogen and stored at —80°C until enzy-
matic assay. The activity of SOD (unit of SOD min~' g~!
FW); POX (umol tetraguaiacol min~' g=! FW) and CAT
(mM H,0; reduced min~! g~! FW) was estimated using the

Table 1. Details of basic experimental materials.

method given by Dhindsa et al. (1981); Castillo et al. (1984)
and Aebi (1984), respectively.

Analysis of variance (ANOVA) for parents and hybrids
was carried out as per Kempthorne (1957), with modifica-
tions suggested by Arunachalam (1974). Per se performance
of individual hybrid was regarded as hybrid effect. The stan-
dard error for hybrid effect and heterosis were calculated as
per Singh and Chaudhary (1977). Better parent heterosis or
heterobeltiosis (%) and economic heterosis (%) for each hy-
brid were also calculated.

Results and discussions

The mean squares due to parents, hybrids and parents ver-
sus hybrids were observed to be highly significant for all an-
tioxidants, except parents versus hybrids for SOD, indicating
the existence of sufficient amount of variation and the pos-
sibility of improvement of oxidative defense mechanisms in
cabbage through population improvement and hybrid breed-
ing. Nonsignificance of SOD mean square for parents versus
hybrids is justified by meagre difference between parental
and hybrids mean value (6.59 and 6.55). Six parents, namely
CMS-GA, Golden Acre, Pride of Asia, Red Cabbage, MR-
1 and AC-208 possessed sufficient amount of SOD, POX
and CAT activity which could be exploited in further breed-
ing programmes to develop antioxidant-rich cabbage vari-
eties, synthetics and hybrids (table 2). This would ultimately

Antioxidant activity in parental line

Peroxidase
Superoxide dismutase

Catalase

(umol tetraguaiacol (mM H,O; reduced

Parent (unit of SOD min~! g71) min~! g7!) min~! g7!) Traits of economic importance

1  CMS-GA 7.43 1788 23.1 Male sterile

2 Golden Acre 7.10 927 90.4 Good yielder and highly adaptive

3 83-1 6.11 901 134.8 Self-incompatible

4 832 7.01 3966 157.8 Self-incompatible

5  Pride of Asia 7.11 2583 24.8 Highly adaptive

6 AC-204 5.92 2013 479 Black rot, downy mildew and diamond back
moth tolerant

7 EC-490174 6.95 1816 16.0 Bigger head size and vigorous growth

8  Pusa Mukta 6.17 2285 17.8 Good yielder, highly adaptive, bumpy leaf sur-
face and black rot tolerant

9 C4 5.81 698 14.2 Bumpy leaf surface

10 Red Cabbage 7.09 4536 213.3 Diamond back moth tolerant, purple leaf colour

11 C-2 6.41 559 55.0 Bumpy leaf surface

12 AC-1019 6.66 1583 40.8 Uniform heading

13 EC-490192 6.60 1870 26.7 Vigorous growth

14 MR-1 7.24 1238 65.6 Black rot, downy mildew and diamond back
moth tolerant

15 AC-208 7.01 1499 203.9 Black rot, downy mildew and diamond back
moth tolerant

16 AC-1021 4.86 415 14.2 Uniform heading
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Table 2. Per se performance of 55 hybrids of cabbage for SOD, POX and CAT enzymes.

Hybrid mean of

AC- 1019 EC-490192 MR-1 AC-208 AC-1021 female inbred

Pusa Red

Inbred AC-204 EC-490174 Mukta C-4 Cabbage C-2
SOD (unit of SOD min~'g™!)

CMS-GA 6.89 6.59 6.54 7.36* 7.93 7.22°
Golden Acre 6.81 7.38" 6.85 6.81 791" 6.64
83-1 5.90 6.89 6.02 6.51 7.01" 564
83-2 6.59 7.00" 465 586 7.22¢ 512
Pride of Asia 6.32 5.58 6.74 7.67° 7.10° 6.79
Hybrid mean of

male inbred 6.50 6.69 6.16 6.84 7.44 6.28

(Range, 4.65-7.93; mean, 6.55; SE, 0.18; CV (%), 4.76; CD at 5%, 0.49)

POX (umol tetraguaiacol min~! g~1)

CMS-GA 2244~ 1035 1566 849 4160 2212*
Golden Acre 663 402 588 112 1747 490
83-1 860 916 821 460 741 1356
83-2 2199* 1167 413 1324 1154 830
Pride of Asia 462 1801 2058 2828 1767 2011*
Hybrid mean of

male inbred 1286 1064 1089 1115 1914 1380

(Range, 348-4160; mean, 1334; SE, 134; CV(%), 17.36; CD at 5%, 371)

CAT (mM H,0; reduced min~! g71)

CMS-GA 70.9 138.3* 88.7 49.6 2064.2" 148.9"
Golden Acre 95.7 102.8 109.9 81.6 175.5* 88.7

83-1 81.6 85.1 133.0¢ 745 101.1 101.1
83-2 92.2 117.00 1082 76.2 172.0* 99.3

Pride of Asia 47.9 53.2 26.6 656 140.1* 195

Hybrid mean of

male inbred 77.7 99.3 933 695 170.6 915

5.95 5.73 7.05°  6.26 6.19 6.70
7.00" 7.12* 6.90" 7.27 7.00" 7.07
6.00 5.99 7.23 572 5.84 6.25
4.98 6.32 726"  6.14 6.77 6.17
6.81 5.15 7.49* 732" 5.35 6.57
6.15 6.06 7.19 654 6.23 6.55
2026" 1410 2905 1707* 946 1914
752 546 356 1504 1261 765
2089" 348 441 819 795 877
1365 817 1223 853 1585 1176
2871* 901 2126 2497 1979* 1936
1821 804 1410 1476 1313 1334
163.1* 104.6  223.4* 145.4* 134.8* 139.3
138.3* 88.7 177.3* 161.3*  60.3 116.4
124.1* 55.0 922 46.1 56.7 86.4
97.5 108.2 8.1 993 99.3 104.9
205.7* 28.4 39.0 372 49.6 64.8
145.7 71.0 1234 979 80.1 102.4

(Range, 19.5-264.2; mean, 102.4; SE, 5.4; CV (%), 9.18; CD at 5%, 15.0. * Significant at P < 0.05)

improve crop stand, tolerance to stresses, diseases and pests,
and shelf life of head. It is well established that the inherent
antioxidant systems would help to scavenge the detrimen-
tal effects of ROS and contribute towards stress tolerance
(Bowler et al. 1992; Zambounis et al. 2002; Yiu and Tseng
2005), extension of shelf life of produce and inhibition of
senescence and ageing (Zhuang et al. 1995; Toivonen and
Sweeney 1998; She er al. 2003), tolerance to black rot (Gay
and Tuzun 2000), etc.

The higher hybrid mean value over parent and posi-
tive heterobeltiosis mean for CAT indicate the presence of
positive heterosis in general. However, the opposite result
demonstrates the negative heterosis for POX and SOD ac-
tivity (table 3). Desirable and significant heterobeltiosis for
POX activity in only one hybrid (CMS-GA x MR-1); for
SOD activity in nine hybrids (Golden Acre X Red Cabbage,
Pride of Asia x C-4, CMS-GA x Red Cabbage, 83-1 x C-
4, Golden Acre x EC-490 174, Pride of Asia X MR-1, etc.);
and for CAT activity in 17 hybrids (CMS-GA x EC-490174,
CMS-GA x AC-1021, Pride of Asia x AC-1019, CMS-GA X
AC-1019, CMS-GA x EC-490192, CMS-GA x Pusa Mukta,
etc.) provide an opportunity to make use of SCHs for better-
ment. Moreover, significant economic heterosis for SOD in
12 hybrids (CMS-GA X Red Cabbage, Golden Acre X Red
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Cabbage, Pride of Asia x C-4, Pride of Asia X MR-1,Golden
Acre X EC-490174, CMS-GA x C-4, etc.); and in 21 hybrids
each for POX (CMS-GA x Red Cabbage, CMS-GA x MR-
1, Pride of Asia X AC-1019, Pride of Asia x C-4, Pride of
Asia X AC-208, CMS-GA x AC-204, etc.) and CAT activ-
ity (CMS-GA x Red Cabbage, CMS-GA x MR-1, Pride of
Asia X AC-1019, Golden Acre X MR-1, Golden Acre X Red
Cabbage, 83-2 X Red Cabbage, etc.) indicate that most popu-
lar cultivar Golden Acre possess lower activity of these three
enzymes. There is ample opportunity to improve the antiox-
idant content by selecting the appropriate hybrids.

The enzyme SOD catalyses the scavenging of (O3-) to
H,0,, whereas POX and CAT are involved in reduction of
H,0; from plant cells. Either POX or CAT, or both, are es-
sential to nullify the detrimental effects of H,O,. Therefore,
it is important to select the hybrids possessing high activities
of SOD, and POX and/or CAT to neutralize the total detri-
mental effect of O3 -. Out of 55 SCHs, only eight hybrids, viz.
CMS-GA x Red Cabbage, CMS-GA x C-2, Golden Acre
x Red Cabbage, Golden Acre X AC-208, 83-2 x Red Cab-
bage, Pride of Asia x C-4, Pride of Asia X MR-1 and Pride
of Asia X AC-208 were found to be superior as they exhib-
ited higher economic heterosis for SOD, and POX and/or

219



B. K. Singh et al.

"LvD J0] | 8 ;_umu paonpa1 QY W ‘XOd 10J ;S ;_umu [oorrensena) jowr {qOS 10J ;-8 ;_umu qOS Jo 1,

96L) 80T-DV X 210V Usp[oD (T'evn) T-D X VO-SIND (I1¢ 807-JV X BISY jJO apLid
(S'16) a8eqqe) paY X 7-€8 O9%1) Y0T-OV X VO-SIND e -0 X VO-SIND
(8°66)  98eqqe) pAY X AV UP[OD (S¥LT)  80T-DV X ®ISY Jo aplid OF%)  $LI06Y-DH X 210V Usp[oD
(¥'86) [-JIN X 910V Uap[oD (6'802) $-D X ISV JO 9plig (29! [-4IA X ISV JO oprid
9'621) 6101-DV X BISY JO oplid (L¥17)  6101-DV X ®ISY Jo dplig '8 $-D X BISY JO oplid
(&34 -4 X VO-SIND (8°020) [N X VO-SIND (#11)  98eqqe) pay X AV UP[OD (9) stso1a19y Yrm
(9°s61) 93eqqe) pay X VO-SIND (6'76€)  dBeqqeD pay X VO-SIND win 98eqqe) paY X VO-SIND Suofe spriqAy Surstolq
1T |14 4! sprqAy Surstwoxd Jo “oN
44! LSy LL- (%) uea]y SIS0I)OY
9°G61 03 T'8L— G'TSE 01’88~ L'T1 0} pie— (%) 93uey OTWIOUOIT
(Love) [-4 X VO-SIND ©0¢) 807-JV X BISY JO apLid
(€¥82) e Bsnd X VO-SIND ©¢) [-4IA X ISy JO aplid
(T°€62) 761067-0d X VO-SIND (6'¢)  $LI06Y-DH X 210V Uap[oD
(T°00€) 6101-DV X VO-SIND #'9) -0 X 1-¢8
F$01) 6101-JV X BISY JO 9plid (89) a3eqqe) paY X VO-SIND
(€¥81) 1201-DV X VO-SIND (8L $-D X BISY JO 9plid (%) stso1a19y YIIM
(9°66%) YLTI06%-DH X VO-SIND (§79) 14N X VO-SIND (#11)  98eqqe) pay X Y UP[OD Suo[e sprgiy Sursiwoid
LT I 6 spriqAy Surstwoxd Jo “oN
LTE 9'65— I'L— (%) uedy
9'66% 03 L' 18— $'79 01 9°68— P11 019°¢E— (%) d8uey  sISON[2QOIRISH
(spuqiy
Ll 81 0C spuqAy Suistwoxd jo 'oN  Jo @oueuriojrad
¥'201 yeel $$9 SRS a5 4ad)
TY9T 01 G661 091+ 01 8¢ €6°'L 0169 QSUBY  $300h0 PLIgAH
91L T6L1 659 JUBIA
€EITO TP 9¢Sy 01 ST €L 0198 L8uey juareq
IvD X0d aos Iaperey)

‘peay o8eqqed ur )1anoe 1D pue XOd ‘OS J0J SIS0IdJey JIOoU0dd pue SISON[9qoIaY ‘S10ofe PHIqAH °€ d[qel

Journal of Genetics, Vol. 89, No. 2, August 2010

220



Heterosis for antioxidant enzymes in cabbage

CAT activity which could be utilized to improve the antioxi-
dant activity in cabbage, especially through heterosis breed-
ing. In this study, eventually, four hybrids, i.e. CMS-GA X
C-2, Golden Acre x Red Cabbage, Pride of Asia x C-4 and
Golden Acre x AC-208 were found to be most worthy as
exhibited by higher magnitude of economic heterosis for an-
tioxidant enzymes; they also possessed significant economic
heterosis for net head weight, i.e. 46.9, 19.5, 14.8 and 6.6%,
respectively (Singh 2007). Thus, the information generated
from this study might be vital and useful for developing high
antioxidant-potential hybrids to eventually enhance the plant
stand in field, biotic and abiotic stress tolerance, shelf life of
produce, etc. without losing the vigour advantage for yield.
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