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Abstract

Wide hybridization is an important technique for incorporation of desirable characters among related species of plants.
In the present study, interspecific hybridization was carried out through in vitro culture of ovules from the crosses
between Brassicajuncea (cv. RH30, RH8812, RH270 and RH345) and B. alba for purpose of transferring Alternariablight
resistance from B. alba to B. juncea. Ovules were excised from siliquae and cultured on seven different MS modified
media. Inall crosses, the hybrid siliquae were shorter inlength than their parent plants duetointerspecific hybridization
barriers. Pod setting in hybrid plants ranged from 39 to 48% and number of ovules per pod were also very few. Best
germination response was observed in ovules used from 20 DAP on basal medium supplemented with Kin (2.5 mg/l) and
CH (0.59g/1) (for cv. RH30x B. alba) and MS+ BAP (2.5 mg/l) + CH (0.5 mg/l) (for other crosses). Six rooting mediawere
tried for root formation in regenerated shoots. Maximum rooting response was on M'S medium supplemented with [AA
(0.5mg/l) indl hybrids. Theregenerated hybrid plantswere transferred to amixture of sand: soil in 1: 1 ratioin potsand
about 70 percent hybrid plants for all the crosses were survived. Successful hybrid plants were grown in field upto F,
generations. Advanced generation progenies were also successfully confirmed using molecular marker analyses for
Alternaria blight resistance character. In advanced generation, the hybrid plant’s characteristics were comparable to

their Indian mustard parent plants and they were highly resistant to Alternaria blight disease.
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Introduction

Brassica belongs to family Brassicaceae and it is the
third most important oilseed crops of the world after
soybean and palm. The major rapeseed growing countries
are India, China, Canada, and Germany. India is third
largest rapeseed-mustard producing country with global
contribution of 28.3% areaand 19.8% production (Kumar
etal., 2014). InIndia, four important oleiferous Brassica
species (B. juncea, B. napus, B. rapa and B. carinata)
are cultivated in about 6.45 million hectare area and
produce 7.28 million tons (Mustard seed survey report,
2014-2015). They arewinter season crop from September
— October to February — March. The genus Brassica
includes a number of important crop species which are
used for various purposes e.g. as oilseed, vegetables,
fodder & condiments.

Indian mustard (B. juncea) (2n=36) is one of the most
important species in genus Brassica grown in tropical

and subtropical region of the world. It yields important
edible oil and also serves asraw material for industry &
trade. B. junceaisan amphidiploid (AABB), apparently
originated inAsiaby hybridization between B. rapa (AA)
and B. nigra (BB). Fungal diseases are the main biotic
stresseswhich play aprominent rolein reducing theyield
of B. juncea. Alternariablight (fungal disease) is caused
by A. brassicae which is a mgjor causal organism for
Alternariablight disease, resultsin 30-50%yieldlossaone
inthe country (Meenaet al., 2010; Saharan et al., 2016).

The family Brassicaceae consists of alarge number of
wild and weedy specieswhich are an excellent reservoir
of useful genes (Yao et al., 2010). B. alba (2n=24) isa
weedy plant possesses resistance to Alternaria blight
pathogen dueto presence of relatively more epicuticular
wax and higher concentration of phenolicsin leavesthan
B. juncea (Angaand Agnihotri, 2013; Kumar et al., 2014).
In spite of recent advances in applications of genetic
engineering and molecular biology techniques for plant



breeding, interspecific hybridization till playsacrucia
role in crop improvement. It isa simple and most direct
method for the introgression of the valuable traits from
wild species into cultivated crops for generating new
ecotypes or species, broadening the genetic basis of
crops (Malek, 2007; Yao et al., 2010).Though many
investigations on hybridization based process havefound
that, the frequency of interspecific hybridswas very low
by using conventional method of breeding since the
crosseswereincompatible (Kumar et al., 2001). However,
by using various biotechnol ogical approaches, especialy
thein vitro culture & embryo rescue, such interspecific
crosses can be achievedin Brassica (Mohapatra& Bajg),
1987; Kumar et al ., 2001; Malek, 2007; Yadav et al., 2007).
Embryo rescue technique was useful in obtaining wide
hybrids where hybrid embryos abort in early stages of
development. It wasfirst usedin Brassica by Nishi et al.
(1959) for obtaining higher seed set. Ovary, ovule, and
embryo culture are commonly used as embryo rescue
techniquesininterspecific crosses. Several investigators
compared the efficiency of these techniques for the
production of various interspecific hybrids in brassica
and observed that ovule culture was superior to other
techniques (Bennett et al., 2008; Wang et al., 2009).
Therefore, ovule culture embryo rescue technique was
used during the present work. Establishment of aculture
system of ovules excised at the early stage of zygote
development will makeit possibleto produce hybridsin
cross combinations in which embryo aborts in the very
early development stage. The present study reports the
interspecific crossability between B. juncea and B. alba,
to rescuetheinterspecific hybrid embryosthrough tissue
culture, their performance in advanced generations and
evidences for its successful establishment through
molecular marker (resistance gene analog markers)
assisted analyses. Recently, resistance gene analog markers
(RGA) have been used to tag disease resistance genesin
plants. These locus-specific markers may provide useful
information in studying the genome of various species.

Materialsand M ethods
Plant materialsand pollination

Four cultivars of B. juncea cv. RH8812, RH30, RH0270,
RHO0345 and B. alba were used in the interspecific
hybridization programme. These were sown in the last
week of September and took 2-3 months to flower. The
crossing was done in the month of December—January.
Inal cultivarsof B. juncea, emascul ation was carried out
aday before pollination & covered with paper bags. The
emasculated budswere pollinated in between 10-12 am.
with freshly collected pollensfrom B. alba & againtightly
covered with paper bags.
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Embryorescue

The ovule culture technique was applied for rescue of
the hybrid embryos and was performed in a laminar air
flow hood under aseptic conditions. Swollen siliquaewere
excised 10-20 DAP (daysafter pallination) fromtheplants.
Siliquae were first surface sterilized with teepol & then
with mercuric chloride (0.1%) for 5-8 minutesfollowed by
threewashingswith sterilized distilled water in alaminar
hood. Sterilized siliquae were dissected aseptically using
agterilesurgical blade, exposing devel oping ovuleswhich
were excised and counted. Ovulesfrom 15-20 days after
pollination were used as explantsfor embryo rescuefrom
all the crosses. Excised devel oping ovuleswere cultured
on modified MS media supplemented with different
growth regulators (Table 2). All the cultures were
incubated at 25+1°C under 16 h/ 8 h light/ dark
photoperiod. After 20-30 days of inoculation, percent
germination of ovules was observed. After then the
germinated ovulesweretransferred to fresh basal medium
for shoot elongation.

Plant regener ation and acclimatization

After three to four weeks, elongated shoots were
transferred to MS modified media containing auxin for
root formatione.g. MS+ NAA (0.5mg/l), MS+ NAA (1
mg/l), MS+1AA (0.5mg/l), MS+IAA (1 mg/l), MShasal
and M S half basal. Percent root response was ohserved.
For hardening, the rooted plants were washed to remove
the agar and transferred to small plastic bags/pots
containing sterilized sand: soil (1:1) mixture. Well
established interspecific plants were moved to the green
house. Interspecific hybrids were maintained and
transferred to field conditions in the Department of
Genetics and Plant Breeding for advancement of
generations (upto F, generations).

Satistical analysis

The means and standard errors were worked out using
OPSTAT from replicate data (in percentages) obtained
from various experiments. Each replicate consisted of a
petri platewith fiveto sevenimmature ovules. For analysis
of variance, the percentage data was transferred using
Arc sinetransformation to bring normal distribution.

Screening under field condition

Advanced F, progenieswere screened for their resistance
against Alternaria blight with artificial inoculation
conditionsin thefield. These were spray inocul ated with
pure culture of A. brassicae (10° conidial suspension/ml
distilled water) at initiation of flowering and siliquae
development stage.
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Table1: Comparison between parent plants siliquae and their hybrids

Sr.No. B.alba RH30 RH30x RH8312 RH8312x  RH270 RH270x RH345 RH345x
(cm) (cm) B.alba(cm) (cm) B.alba (cm) (cm) B.alba (cm) (cm) B.alba(cm)

1 2 43 25 51 29 6.2 31 5 28

2 21 44 12 55 33 69 29 45 25

3 22 41 18 57 34 65 33 51 30

4 19 42 3 53 31 71 34 55 22

5 2 45 3 49 28 65 28 56 25

Table 2: In vitro response of cultured ovules on different mediain cv. RH8812 X Brassica alba, cv. RH30 X Brassica
alba, cv. RH270 X Brassica alba and cv. RH345 X Brassica alba

Media used cv. RH30 cv. RH8812 cv.RH270 cv.RH345

x B. alba x B. alba x B. alba x B.alba

Shoot formation ~ Shoot formation Shoot formation Shoot formation

(%) (%) (%)
MS+CH (0.5g/1) 55.6(48.2+0.92) 451(42.2+0.72) 51.1(49.2+0.97) 485(53.2£1.92)
MS+BAP(1mg/l) +CH (0.5g/1) 34.7(36.1+0.83) 27.5(31.6+0.92) 30.1(34.6+1.18) 32.2(29.8+0.99)
MS+BAP(25mg/l) +CH (0.5¢g/1)  36.4(37.1+0.62) 45.6(42.5+1.94) 65.7(64.7+1.11) 60.2(65.8+0.98)
MS+KIN (Img/l) + CH (0.5g/1) 59.1(50.2+0.76) 39.2(38.7+1.11) 452(50.2+0.73) 40.2(38.7£1.07)
MS+KIN (2.5mg/l) + CH (0.5g/1) 79.5(63.1+1.04)  36.7(37.2+0.98) 48.1(45.2+0.86) 55.1(51.2+0.32)
MS+IAA (0.5mg/l) +KIN (Img/l)  21.1(27.3+0.77) 27.9(31.8+1.17) 25.9(27.3+0.63) 30.7(31.8+1.01)
MS+I1AA (0.5mg/l) + KIN (25mg/l) 18.0(25.1+0.86) 10.5(18.8+0.90) 111 (15.0+£0.23) 15.7(17.8+0.98)

Table 3: Invitrorooting responsein cv. RH8812 X B. alba, cv. RH30 X B. alba, cv. RH270 X B. alba and cv. RH345 X B.

alba
Medium used cv. RH8812 cv. RH30 cv. RH270 cv. RH345
X B. alba x B. alba X B. alba x B. alba
Root formation Root formation Root formation Root formation
(%) (%) (%) (%)
MSBasa 29.2 (32.6£1.32) 67.5(54.7£1.02) 43.3(38.0£1.72) 37.7(40.8£1.22)
MS+IAA (Img/) 62.1(52.0£0.88) 80.0 (63.5+1.66) 55.2(62.0£0.98) 61.1(55.0+0.36)
MS+I1AA (0.5mg/l) 100 (90.0+0.00) 100 (90.0+0.00) 98 (94.0£1.76) 95 (90.0+0.99)
MS+NAA (Img/l) 0.0(0.0+0.00) 5.6 (13.6+1.37) 10(6.0£0.32) 13.6(9.1£1.57)
MS+NAA(0.5mg/l) 13.0(21.0+1.54) 185(25.4+1.36) 15.8(20.1+0.84) 21.0(24.3£1.86)
MS half basal 14.1(20.0+1.08) 18.3(25.3t1.25) 19.1(25.0+1.38) 7.6(10.7£1.19)

Molecular analysisin advanced generation

RGA primerswere used for confirmation of presence of
donor fragment in advanced interspecific cross progenies.
The PCR amplification reactions were performed using
50 ng of genomic DNA, extracted by the procedure
described by Saghai-Maroof et al. (1984), in a total
volumeof 20 pl containing 0.2 uM of each primer, 0.2mM
of dNTPs, 1.5mM MgCl,, and 1.5U Tag DNA polymerase.
The PCR programmewas optimized and isasfollows: an
initial step of 3 minutesat 95 °C, followed by 40 cyclesof
I minuteat 94 °C, 1 minuteat 48-57 °C, 1 minuteat 72 °C,
and a final extension step of 7 minutes at 72 °C.
Amplification productswere separated on 1.5% standard

agarose gel using 1X TBE buffer. Fourteen degenerate
primers were used for hybridity confirmation that was
aready available in the lab. These had been designed
fromthe conserved kinase-1a(GV GK TT) and hydrophobic
domains(GLPLAL) of known NBSLRR typeR-genesand
EST databases of mungbean (Mutlu et al., 2006)
Degenerate primer sequences, melting temperaturesand
domainsare shownin Table 6.

Results and Discussion

Inacross between B. juncea cv. RH30 as seed parent and
B. alba aspollen parent, the hybrid siliquaelength ranged
from 1.2 to 3 cm whereas in parent plants of cv. RH30,



Fig. 1. Siliquaeof B. juncea cv. RH8812 and hybrid siliquae
of crosscv. RH8812 X B. alba

Fig. 2: Siliquae of B. juncea cv. RH30 and hybrid siliquae
of crosscv. RH30 X B. alba

siliquae length was 4.1 to 4.5 cm. In crosses between B.
juncea cv. RH8812 and B. alba, the hybrid siliquae ranged
from 2.8t0 3.4 cmin length whilein parent plants of cv.
RH8812, thesiliquaelengthwas4.9t0 5.7 cm. Similarly
siliquae lengthswere smaller for crossRH0345 x B. alba
(2.2-3 cm) and RH0345 x B. alba (2.8-3.4 cm) than their
recipient parent plants (RH0270: 6.2-7.1 cm; RH0345: 4.5-
5.6 cm). Brassica alba siliquaelength range was observed
from1.9t02.2cm (Tablel). Thesiliquaeobtainedinall
the crosses, at 20 DAPhad only 2 to 4 ovules ascompared
to parents(18-20 ovules) (Fig. 1, 2). These ovules when
cultured on different mediaformed seedlings (Table 2). In
all crosses of B. juncea and B. alba, about 39-48% cross
success was found (data not shown).In advanced
generation (F,), significant differenceswere observedin
length of siliquae and number of ovules. In all crosses,
siliquaelength ranged from 4.7 to 6.0 cmand no. of ovules
were12t018.

Embryorescueand shoot initiation

Developing siliquae were excised 10-20 DAP from the
field grown plants. After surface sterilization, siliquaewere
dissected aseptically in a laminar hood exposing
developing ovules and these were cultured on modified
M S mediasupplemented with different growth regulators.
It was observed that maximum ovule germination was
from 20 DAPsiliquae (Fig. 3, 4). Shoot initiation and shoot
€l ongation was observed from ovul escultured on different
media. Effective mediaand appropriate concentration of
plant growth regulators were essential to induce ovule
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Fig. 3: Germinating hybrid ovulesof B. junceacv. RH30 X
B. alba

Fig. 4: Rooting in regenerated shoots derived from B.
junceacv. RH30 X B. alba

germination. Effects of basal medium and different
concentration of growth regulators on cultured ovulesin
all crosses are summarized in Table 2. In a cross of cv.
RH30 x B. alba, the maximum percent of in vitro embryo
germination (79.5 %) was observed on MS medium
containing 2.5 mg/l kinand 0.5mg/| CH. For cv. RH8812
x B. alba, cv. RH0345 x B. albaand cv. RH270 x B. alba,
best germination response was 45.6%, 60.2% and 65.7%
respectively on M S medium supplemented with 2.5mg/
| BAPand 0.5 mg/l CH. M Sbasal mediacontaining auxin
(IAA) showed poor germination response in all the
crosses. But only type of basal medium with different
growth regulators did not determine the devel opment of
embryos. The effect of DAPwasvery remarkablefor the
development of embryos of in vitro cultured ovules. A
very low frequency of the ovules germination werefound
if ovules were cultured at DAP other than 10-20 DAP
which indicated that the hybrid ovules excised between
10-20 DAPweremoreefficientininvitro culture.

Rootingand Hardening

Seedlings obtained above were proliferated and rooted
successfully in different rooting media viz. MS Basdl,
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Table 4: Percent survival of regenerated hybrid plants
transferred to soil condition

Hybrid No. of No. of Percent

plants plants plants survival
transferred  survived

RH30x B. alba 10 8

RH8812x B. alba 10 8

RH270x B. alba 12 10

RH345x B. alba 12 8

Fig. 5: Theregenerated hybrid plants transferred to pots
covered with paper bags

Fig.6: Hybrid plants successfully transferred to soil in
the green house

MSmediumwithAA (0.5mg/l), MSmediumwithAA (1
mg/l), MSmedium+NAA (0.5mg/l), MSmedium+NAA
(1 mg/l) and M S half basal. Best rooting was observed on
the MS medium containing IAA (0.5 mg/l). Maximum
rooting response was observed on MS medium
supplementedwith IAA (0.5mg/l) inall hybridsand lowest
root responsewas on mediumMS+NAA (1 mg/l) (Table

3). On M Shasal medium supplemented with NAA (1 mg/
), callus formation and multiple shoots were observed.
Moreover, al regenerated hybrid plantswere successfully
hardened off under controlled conditions for a month.
Later they were transplanted to the soil wherethey grew
normally. The regenerated plants showed 80% survival
under soil conditionsin crossesi.e. cv. RH30 x B. alba
hybridsand cv. RH8812 x B. alba hybrids. Incv. RH270x
B. albaand cv. RH345x B. alba, 83 and 67 percent survival
was observed (Table4, Fig. 5and 6).

Screening

In each generation, plants were screened under artificial
inoculation conditions in the field. Resistant lines were
selected and generationswere advanced. In F generation,
sixty seven lineswere screened for their resistance against
Alternariablight with artificial inocul ation conditionsin
thefield. Thirty six advanced cross progeniesof RH 0345
x B. alba-4-11, RH0270 x B. alba-2, RH 30 x B. alba,
RH8812 x B. alba-1, RH 30 x B. alba-10 and RH 30 x B.
alba-15 were observed as promising rich donor source
linesfor Alternariablight resistance. Thirty onelineswere
moderately resistant. The seed yield ranged from 98 to
832 g/paired rowsof 3.8 mascompared to controlsviz cv.
RH 30(470g) and cv. RH8812 (510 g) per paired row (Data
not shown). Similarly in F, and F, generation, the material
was screened. Thirteen B. juncea x B. alba F, advanced
progenies were evaluated for agronomic attributes and
screened for their resistance against Alternaria blight.
Two advanced cross progenies of interspecific crosses
RH 1372 (RH 0270 x B. alba) and RH 1378 (RH 8812 x B.
alba) were observed as promising rich donor source
(resistant) linesfor Alternariablight resistance. Other lines
weremoderately resistant (MR) (Table5). Fig. 7 showsF,
progenies growing in the field conditions which were
highly resistant to Alternaria blight disease.

Molecular analysesusing RGA markers

RGA marker analysis of genomic DNA was carried out to
confirm the presence of donor fragment in two advanced
cross progenies of interspecific crosses RH 1372 (RH
0270 x B. alba) and RH 1378 (RH 8812 x B. alba). Inthe
present study, thirty RGA markers were used. Out of
these, four (K 07/HD 07, K 07/HD 03, K 07/HD 04 and K
01/HD 06) and one marker combination (K 07/HD 03)
showed the presence of donor fragment from B. albain
RH 1372 (RH 8812 x B. alba) and RH 1378 (RH 8812 x B.
alba) respectively which establishes the confirmation of
successful interspecific hybrids devel opment. With primer
combination K 07/HD 07 and K 07/HD 03, apolymorphic
band of about 600 bp was generated that appeared not
only in Alternaria blight resistant cultivar (B. alba) but



Journal of Oilseed Brassica, 9 (2) July, 2018 109

Table5: Performance of F, progeny derived from B. junceax B. albain SST (Small scaletrial)

Genotype Plant Days Seed 1000 ail Qi Alternaria
stand to yied seed content yied blight
maturity (kg/ha)  weight (g) (%) (kg/ha)  severity (%)

RH-1368 (RH-30x B.alba) 89 146 251 439 333 972 145
RH-1369 (RH-30x B.alba) &b 148 2861 5.18 392 u21 89
RH-1370(RH-30x B.alba) &4 147 2518 480 388 977 134
RH-1371(RH-30x B.alba) &b 149 2731 462 3RB7 1057 5.0
RH-1372(RH-0270x B.alba) 85 149 3191 5.01 38.1 1214 0.0
RH-1373(RH-345xB.alba) 87 148 2636 640 338 1021 156
RH-1374(RH-345xB.aba) & 146 2045 502 402 821 78
RH-1375(RH-345xB.alba) 87 146 28% 471 4.1 1161 50
RH-1376(RH-345xB.alba) & 146 2317 496 398 2 78
RH-1377(RH-8812x B.alba) 87 149 2612 533 B2 98 32
RH-1378(RH-8812x B.alba) 83 149 2683 4.75 37.9 1016 0.0
RH-1379(RH-8812xB.alba) & 147 2435 473 388 7%} 89
RH-1380(RH-8812x B.alba) 87 149 2139 498 387 378 79
RH8113 A 150 3180 463 RB7 1229 145
RH 0749 A 151 A4 6.30 390 1328 22
RH-30 & 147 2979 580 386 1150 20
GM & 148 2679 505 389 1016 -
CD5% NS 0.78 471 041 099 - -
CV% 6.94 024 912 371 171 - -

asoinRH 1372 and RH 1378 (Fig. 8).

Several wild species possess desirable traits e.g.
resistance to biotic or abiotic stresses (Abraham et al.,
2004). Theintegration of thesedesirabletraitsintorelated
cultivarsusing hybridization isof great practical benefit.
In the present study, interspecific hybridization between
B. junceacv. RH30, cv. RH8812, cv. RH 0270, cv. RH 0345
and B. alba were attempted to transfer the Alternaria
blight disease resistance from B. alba to B. juncea. The
production of interspecific hybridsin Brassica isdifficult
due to certain crossability barriers such as abortion of

'R | oW

3 : hybrid embryos. It wasreported earlier that, thefrequency
Fig. 7 F, progenies grown in the research area of hybridization successwasvery low in normal breeding
program dueto the occurrence of crossing barriers (Nishi
—Ko7andHDO7 KO7andHDO3 et al., 1959; Wen et al., 2008). Application of in vitro
I *EG g 5 2 a = 2 8 o culture techniques would appreciably enhance the
3 § ¥ B 3 & § 3 8 § 3

number of hybrid production. Several investigatorshave
focused on improving the interspecific hybridization
efficiency withinthefamily Brassicaceae (Rahman, 2004,
Zhang et al., 2004; Yadav et al., 2007; Wen et al ., 2008).
These studies primarily based on the method of embryo
rescue, time of harvest of hybrid embryos (DAP), and
Fig. 8: RGA marker analysisof parentsand their advanced typeof culturemedia. When embryo abortsat early stages
crossprogenies (RH 1372 for crossRH 270x B. albaand or the embryoistoo small to manipulate, the embryo can
RH 1378 for crossRH 8812 x B. alba) with different kinase sometimes be rescued by culturing the ovary or ovule
and hydrophobic domain (HD) primer combinations (K (Raghavan, 2007; Tang et al., 2009; Cheng et al., 2010;
07,HD 07andK 07, HD 03) Deng et al., 2010a). Among the ovary and ovule culture,

900 bp——

500 b

100 by
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Table6: The sequences, melting temperatures (T, ), and degree of degeneracy of kinase-1a(K) (forward) and hydrophobic
domain (HD) (reverse) degenerate primers used during research work

Markers Sequence (DNA) ™Tm(C) Degeneracy Aminoacid
K01 5 GGSGGGGTGGGGAAGACSAC3 65.6 4 GGVGKTT
K02 5 GGW GGG GTT GGGAAGACWAC3 583 4 GGVGKTT
K03 5 GGSGGSGTGGGTAARACDAC3! 609 24 GGVGKTT
K07 5 GGV GGV YTNGGCAARACDAC3 599 41 GGLGKTT
HDO1 5 GAGGGCGAGGGGGAGGCC3 65.7 0 GLPLAL
HD 02 5 CCAACGCCAATGGAAGACC3Z 573 0 GLPLAL
HD 03 5 AAGNCTAARGGGAGGGCC3 571 8 GLPLAL
HD 4 5GAGCGCCARCGGGAGGCC3 65.8 2 GLPLAL
HD05 5GAGVGCGAA GGGGAGGCC3 62.6 3 GLPFAL
HD 06 5GAGVGCCARCGGNGA GCC3 633 24 GSPLAL
HD 07 5GAGVGCCARSGGRTGGCC3 634 24 GHPLAL
HD08 5GAGVGCCARSGGYTTGCC3 616 24 GKPLAL
HD (09 5GAGVGCCARSGGRITGCC3 61.2 24 GNPLAL

ovule culture was efficient in terms of production of
various brassica interspecific hybrids (Mohapatra and
Bajg), 1987; Yadav et al., 2007; Bennett et al., 2008).
Interspecific hybridization between B. juncea L. viz. cv.
RH0345, cv. Varuna, cv. RH8812 and B. albawere carried
out using ovary and ovule culture by Yadav et al. (2007).
In ovary culture, calus induction was observed at the
excised end of ovary and further no recovery of seeds
was observed. Mohapatra and Bajgj (1987) obtained
interspecific hybrids in an incompatible cross between
B. juncea x B. hirta through theinvitro culture of hybrid
ovules and ovaries. They reported the poor response
(only 16.6% germination of hybrid seeds) from ovary
culture. In both cases, there was better response from
ovule culture. Based on these reports, we also applied
ovule culture to rescue embryos to overcome the
crossable barriers.

It has been observed that most of theinterspecific crosses
showed reduced seed production with short siliquae
length and an increased proportion of nonviable seedlings
like B. alba as compared to B. juncea species (Table 1).
All hybrid plantshad only 2-4 numbers of ovules per pod
than their parent plants (18-20 numbers of ovules/pod).
Only 39-48% cross successwasfound in all the crosses.
Similar results were reported in a cross between B.
carinata x B. alba. 46 siliquae were obtained from 200
crosses with very less no. of ovules (Sridevi and Sarla
2005). This poor performance of hybrid plants might be
due to the prefertilization barriers during incompatible
crosses(Bang et al., 1997; Bang et al., 1996a). In advanced
generation (F,), significant differenceswere observedin
length of siliquae and number of ovules as compared to
initial generation. In all crosses of advanced generation,
siliquaelength ranged from about 4.7 to 6.0 cm and no. of

ovuleswere 12 to 18 which were closeto B. juncea. Thus
the plants in the F, generation were found stable and
morphologically near to B. juncea.

Ovuleger mination

The excised ovulesfrom the hybrid siliquae were cultured
on different media during the present work. The result
have shown that ovules excised at 20 DAP had a higher
germination efficiency. No successwasrecorded in ovules
of early and later dueto preand post fertilization barriers.
Successful application of biotechnol ogical method largely
depends on the age of the embryo being rescued and
cultured in vitro which were also supported by many
investigators. Yadav et al. (2007) explained in a cross of
B. junceaviz. cv. RH0345, cv. Varuna, cv. RH8812 and B.
alba that ovules excised from less than 7 DAP siliquae
did not form plants, however later stages (10-15 DAP)
gave good success. The germination of hybrid ovules
was observed after 20-30 days of culturing whereasin cv.
RH30and cv. RH8812, ovulesgerminated after 8-10 days
of culturing. Mohapatra and Bajg (1987) a so reported
that the hybrid ovules required 25-30 daysto germinate
whereas parental ovules started to grow within two days
of culture. Similarly, interspecific hybridization wascarried
out between Lilium longiflorum and L. lophophorum
var. linearifolium using ovule culture by Wang et al. (2009)
where maximum ovule generation was on 15-20 DAP.
Different composition of media has proved to influence
theefficiency of embryo rescue techniquesin many crops.
Effective media and appropriate concentration of plant
growth regulators were essential to induce embryo
germinationininterspecific hybrids. BAR, KIN and IAA
were used as plant growth regulators in the experiment.
The ovules were germinated on all the media but the
efficiency was very different. In cross cv. RH30 x B.



alba, M'S medium supplemented with kinetin (2.5 mg/l)
and CH (0.5 g/l) was more favorable for the
development of ovules than other medium. In other
crosses, highest ovule germination response was
observed on MS + BAP (2.5 mg/l) + CH (0.5 mg/l)
medium. Percent of shoot regeneration increased with
the increased concentration of BAP and KIN. The
effective use of BAP and Kinetin on adventitious shoot
formation and growth of hybrids has been reported by
many authors. In in vitro shoot regeneration from
seedling root segments of B. oleracea and B. napus
cultivars, BAP (2.5 mg/l) wasthe best cytokinin (Khan
et al., 2009). Khan et al. (2003) revealed that BAP (2
mg/l) with IAA (0.5 mg/l) was the most appropriate
combination to produce the multiple shoots during
regeneration in B. napus through hypocotyl explants.
Similar observationswere also made by Mohapatraand
Bajg (1987). Accordingto Yadav et al. (2007), maximum
percent response for ovule germination was observed
on M S medium containing Kin (2.5 mg/l). Sosnowska
& Taras (2014) devel oped the interspecific hybrids of
B. oleracea x B. rapa via application of in vitro
placental pollination. Pollinated ovaries were cultured
on modified Murashige and Skoog (M S) medium. After
24-d culture, the developing ovules showed best
response onto M S medium supplemented with 100 uM
kinetin. Thusthe effect of growth regulators on shoot
germination in the present research work is about same
as reported earlier and it is recommended to use MS
basal media supplemented with BAP or KIN at
concentration of 2.5 mg/l for embryo rescue. The
percent germination efficiency for all the genotypes
wasvery low after addition of auxin (IAA) with Kinetin
in media during the experiment. Similar observations
were reported by Ravanfar et al. (2009). The additions
of 0.5 and 1 mg/l NAA in the BAP containing media
decreased the mean number of shoot produced in B.
oleracea. Failure of this germination efficiency could
probably be attributed to the fact that plant growth
regulators, modify membrane permeability, alter the
uptake of other hormones and thus affect the system
adversely at the level of absorption. Moreover, it was
seen that in vitro embryogenesis percent efficiency
for all the genotypes of B. juncea were different and
the main reason for the obtained results is probably
due to the fact that the effects of genotype impose
one of the greatest constraints on plant tissue
regeneration. In some instances, observed responses
have been related by identifiable genetic factors,
nuclear genes, cytoplasmic genes and gene
interactions (Zeynali et al., 2010).
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Rooting and Har dening

Induction of root from regenerated shoots showed wide
variations according to different concentration of auxins.
Out of six rooting media, root formation wasbest onMS
medium supplemented with |AA (0.5mg/l) indll thecrosses
(Table 3). In the present study, higher level of auxin
concentration (more than 0.5 mg /) resulted in lower
percent of germination. Khan et al. (2009) stated that
increasing auxin concentration inhibited root formation
and this may be due to imbalance of endogenous auxins
present in the shoots and external auxins supplied inthe
mediaasreported in Brassicagenotypes. Therefore, lower
concentrations of auxins should be used for rooting in
the culture media. The plantswith well-devel oped shoots
and roots system were obtained within 1-2 month. These
plantlets were transferred to pots containing sterilized
sand soil mixture and covered with polythene bags to
retain the humidity. Gradually the regenerated plantswere
adapted to the soil.

Advanced gener ation screening

Successful hybrid plants were transferred to field
conditions in the Department of Genetics and Plant
Breeding, CCSHAU, Hisar, Indiatill advanced generations
(F,) where 13 F, advanced progenies were screened for
their resistance against Alternaria blight and also
evaluated for their agronomic performances. Phenotypic
observations were comparable to parent plants. Two
advanced cross progenies of interspecific crosses
RH1372 (RH 0270 x B. alba) and RH 1378 (RH 8812 x B.
alba) were found highly resistant for Alternaria blight
resistance (Table 5). Based upon above findings, it can
be said that RH 1372 and RH 1378 were better donor
sourcelinesfor Alternariablight resistance.

In the last two decades, substantial amount of literally
knowledge has been accumulated on the R genes. It is
now well established that the naturally occurring plant
diseaseresistanceismainly conferred by NBS-LRR class
of genes. Within the NBS domain, the common motifs
that are highly conserved across plant species have
provided opportunities for isolating resistant gene
analogues (RGAS) using PCR based approach with
degenerate primers in a large number of plant species
such as soybean, potato, rape, lettuce, cereals, peanut,
sugar beet, cotton, and chestnut rose (Maiti et al., 2011).
Therefore, in our study, for confirmation of dternariablight
disease resistant character in advanced cross progenies,
we used degenerate primers from the conserved kinase-
1a(GVGKTT) and hydrophaobic domains (GLPLAL) of
known NBSLRR type R-genes and EST databases of
mungbean (Mutlu et al., 2006) that were aready available
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inthelab. Inthe present investigation, thirty RGA markers
were used to confirm the presence of donor fragment in
two advanced cross progenies of interspecific crosses
RH 1372 (RH 0270 x B. alba) and RH 1378 (RH 8812 x B.
alba). However, only four and one RGA marker wasable
for confirming donor fragment presencein RH 1372 and
RH 1378 respectively. Similarly Saal and Struss (2005)
used RGA- and RAPD markersfor aBrassica B-genome
introgression conferring resistance to blackleg in
oilseed rape.

Conclusion

Interspecific hybridization was carried out between B.
juncea (cv. RH30, RH8812, RH270 and RH345) and B.
alba for transfer of Alternaria blight resistance from B.
alba to B. juncea. Ovule culture technique was used to
rescue the hybrid embryo. We found that ovules of 20
DAP showed best germination response. Theuse of BAR,
Kin was of good advantages where the combination of
BAP, Kin with MS basal determines the percent
germination response for different genotypes.M S basal
with IAA (0.5 mg/l) was the best medium for rooting.
Successful interspecific hybrids were grown in field till
F, generation. Artificia screening was done and finally
wegot Alternariablight resistant lines[RH1372 (RH0270
x B. alba) and RH1378 (RH8812 x B. alba)] with promising
yield. Their hybridity were also successfully confirmed
by using molecular marker analyses (RGA markers). These
will be utilized for developing Alternariablight resi stant
cultivars. Incorporation of such useful traitswasdifficult
by using conventional method of breeding, since the
crosses are incompatible. By using various
biotechnological approaches (in vitro culture, embryo
rescue technique), such traits can be incorporated.
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