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Abstract An intergeneric hybrid between a wild spe-
cies, Erucastrum canariense (2n = 18; ECEC), and a cul-
tivated oilseed brassica species, Brassica rapa (2n = 20;
AA), was synthesized through ovary culture in White’s
basal medium supplemented with casein hydrolysate.
Morphological, cytological and DNA-based analysis
helped to establish the hybrid nature of the derived
plants. Hybrid plants were morphologically intermediate
between the two parents and were completely male, as
well as female sterile. Cytological analysis revealed the
occurrence of 19 I in about 38% of the PMCs investigat-
ed. However 1-8 bivalents/PMC were also observed, in-
dicating a significant level of homology between the two
genomes. Normal chromosome pairing and pollen fertili-
ty was restored following colchiploidy. The intergeneric
amphiploid developed during the investigation can be
used as a bridging species for the transfer of desirable
genes from EC to cultivated genomes (especially A and
C), and for resistance to Alternaria blight and mustard
aphid. Under field conditions, the E. canariense interge-
neric hybrid and the amphiploid appeared to be moder-
ately resistant to Alternaria blight and also harboured a
significantly lower population of mustard aphid than the
cultivated B. rapa.

Keywords Wide hybridization - Brassica rapa -
Erucastrum canariense - Ovary culture - Genome
relatedness

Introduction

The family Brassicaceae comprises a large number of
wild and weedy species which are excellent gene sources
for many economically important traits such as resistance
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to biotic and abiotic stresses, photosynthetic efficiency
and novel fatty acid composition. Systematic introgres-
sion of desirable genes from wild crucifers into cultivated
species has been applied extensively via the backcrossing
procedure. Wild and primitive species have also been
used for the synthesis of allopolyploids (Sareen et al.
1992) and alloplasmic male-sterile lines (Banga 1993,
1997; Prakash et al. 1995) in brassica oilseeds. Ovary-
ovule-embryo culture (Inomata 1993; Shivanna 1996) or
protoplast fusion (Prakash et al. 1999) have been widely
used to overcome species barriers to the gene flow.

Erucastrum canariense, a wild crucifer, is endemic to
rocky places, fields, volcanoic rock and soil, especially in
the Canary Island of the Macronessian region in the Atlan-
tic (Warwick et al. 2000). Although no elaborate studies
have been conducted regarding its agronomic attributes,
the species is expected to be a source of genes for various
abiotic stresses due to its history of evolution under salt
and water stress-conditions. The present paper describes
the synthesis of a new intergeneric hybrid between E. can-
ariense and Brassica rapa through ovary culture. Also de-
scribed is the phylogenetic relatedness between the EC€ and
A genomes of E. canariense and B. rapa respectively.

Materials and methods

Field-grown plants of B. rapa L. ssp. oleifera var. toria (2n = 20,
AA), and E. canariense Webb and Berthal (ECEC, 2n = 18), were
used as the basic plant material. To study the cross-compatibility
status, reciprocal pollinations between E. canariense and B. rapa
were attempted. Pollinated pistils were excised 24 h after pollina-
tion to study pollen germination and pollen-tube growth using the
aniline blue flourescence technique (Shivanna and Johri 1985).

For ovary culture, pollinated pistils were excised 2-3 days af-
ter pollination (DAP), surface-sterilized with 0.01% mercuric
chloride and cultured on White’s basal medium containing 5% su-
crose, 0.7% agar and 500 mg/I of casein hydrolysate. After about
30 days of culturing, the almost-mature seeds were taken out and
cultured on fresh medium with 2% sucrose. In another set of ex-
periments, cultured ovaries were dissected 8—10 days after cultur-
ing, and enlarged ovules, if any, were excised and re-cultured on
fresh medium. The cultures were maintained at 25 = 2 °C and a
16 h light (2,000 lux)/8 h dark cycle.



The seedlings obtained from cultured ovaries/ovules were mul-
tiplied in vitro through the culture of shoot tips and single node
segments on Murashige and Skoogs (MS) medium supplemented
with 0.5 mg/l of BAP. The axillary shoots were rooted on half-MS
medium. The seedlings thus developed were transferred to pots
containing coco peat, hardened for a few days in the green house
and then shifted to the field. To induce amphiploidy in these prob-
able hybrid plants, cotton swabs saturated with 0.1% colchicine
were placed on each node for 48 h. For cytological investigations
young buds were fixed in Carnoy’s solution, and anthers were
squashed in 2% acetocarmine. Pollen fertility was also studied us-
ing acetocarmine staining.

For RAPD analysis, nuclear DNA was extracted from the leaves
of parents and their hybrids according to protocol given by Doyle
and Doyle (1990). Amplifications were performed in a MJ Re-
search PTC 200 thermal cycler. The reaction mixture contained
20 ug of DNA, 25 mM of each primer (Genemed), 200 mM each of
dATP, dCTP, dGTP and dTTP (Labware, USA), 1.5 mM of MgCl,,
50 mM of KCI, 10 mM of Tris HCI (pH 9.0 at 25 °C), 0.1% Triton
X-100 and 1 unit of 7ag DNA polymerase (Labware, USA). The fi-
nal volume of the reaction mixture was 20 pl. The cycler was pro-
grammed for one cycle at 94 °C for 1 min, 37 °C for 37 s, 72 °C for
1 min followed by 40 cycles of 94 °C for 5 s, 37 °C for 15 s and
72 °C for 1 min for denaturation, annealing and primer extension
respectively. A final 7-min extension was carried out at 72 °C after
the cycles were completed. The amplified products were separated
by electrophoresis on 1.5% agarose (Sigma ultrapure) gels in 1 X
TBE buffer, stained with 10 ppm of ethidium bromide.

Results and discussions

Flourescence microscopic studies of pollinated pistils re-
vealed the absence of pre-fertilization barriers between
E. canariense as female parent and B. rapa as male. As
field pollinations were not effective in the realization of
hybrid seeds, the barrier in this cross appeared to operate
at post-fertilization stages. In the reciprocal cross, how-
ever, pollen germination and pollen-tube growth was
lacking and the pre-fertilization barriers seem to be
important in this cross. Such unilateral crossincompati-
bility is of frequent occurrence in crucifer wide crosses
(Shivanna 1996). Apparantly the barriers to hybridiza-
tion in these two species were operative largely at post-
fertilization stages when E. canariense was used as the
female parent. Pre-fertilization barriers seemed to be im-
portant in the reciprocal cross. As field pollinations were
not effective in the realization of hybrid seeds, ovary and
sequential culture was used to obtain the intergeneric hy-
brid, E. canariense and B. rapa. Ovaries were cultured
2-3 days after pollination (DAP) on White’s basal medi-
um containing sucrose (50 g/l) and casein hydrolysate
(500 mg/l). After 3 weeks of culturing, the development
of seeds was visible and a total of 43 seeds were ob-
tained after 30 days of culturing. These seeds were al-
lowed to germinate on fresh White’s medium where only
one seed germinated. In another experiment, enlarged
hybrid ovules were excised and cultured on a fresh medi-
um 8-10 days after initial culturing. Out of the four
seeds/ovules germinated, two produced hybrid seedlings.
The remaining seeds showed enlargement and fasciation
of the cotyledons. They failed to grow further when left
on the same medium. However, when these were trans-
ferred to MS basal medium supplemented with kinetin
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(0.5 mg/l), the cotyledons produced embryoids and shoot
buds. In general the sequential culture proved more
effective than ovary culture. The over-all culture effi-
ciency being 1.54% for sequential ovary—ovule culture
(5 plants/259 ovaries cultured) as compared to 0.83%
(2/240 cultures) recorded for ovary culture alone. The
superiority of the sequential culture over the simple ova-
ry culture was also observed in several other studies
(Delourme et al. 1989; Gundimeda et al. 1992). The cul-
ture of shoot tips and single node segments on MS +
0.5 mg/l of BAP promoted extensive shoot multiplica-
tion. Rooting was obtained on half-MS medium with a
lower concentration of agar (0.5%).

Hybrid plants were morphologically intermediate be-
tween the two parents and were vigorous in their growth.
Leaf, flower and pod characteristics of the parents were
distinct enough to be diagnostic for hybrids (Fig. la—d).
Leaves of E. canariense were hispid, fleshy and deeply
serrated, while those of B. rapa were thin, petiolate and
pale green. All the hybrid plants showed intermediate
leaf and inflorescence morphology. The hybrid plants
had small flowers with shrivelled anthers containing
sterile and irregular pollen grains (Fig. le). They were
also female sterile, as was apparent from absence of the
seed set following open- as well as hand-pollination. In
contrast, the amphiploid plants had big flowers (larger
than the parents) and well-developed anthers (Fig. 1f)
with fertile (75-80%) pollen grains. Under field condi-
tions, E. canariense, the hybrid and the amphiploid ap-
peared to be moderately resistant to alternaria blight and
harboured a significantly lower population of mustard
aphid than the male parent B. rapa.

RAPD analysis of nuclear DNA

RAPD analysis of parents and hybrids was carried out
using 20 decamer arbitrary primers. The primers G 660,
G 677 generated polymorphic bands between the par-
ents. All the four F; hybrid plants studied consistently
showed E. canariense specific bands at 625 bp and
485 bp (Fig. 2) confirming their hybridity when ampli-
fied using the G 660 primer. Interestingly two bands (1.4
and 1.0 kb) present in both the parents were absent in
one (D) of the four hybrids.

Cytological investigations

Cytological analysis of PMCs in the parental species in-
dicated regular meiosis, which was reflected in excellent
pollen fertility. The sporopytic chromosome number of
E. canariense and B. rapa was confirmed to be 18 and
20 respectively. Analysis of metaphase-1/diakinesis-1 of
the intergeneric hybrid plants revealed the occurrence of
19 T in about 38% of the PMCs studied, whereas one to
as many as eight bivalents also occurred in varying fre-
quencies (Table 1, Fig. 3a—j). The mean bivalent fre-
quency was 1.86. Most of the bivalents were rod shaped
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Fig. 1a—f Morphological and
palaenological characterization
of E. canariense, B. rapa, their
F, hybrid and the induced
amphiploid. a Plant morpholo-
gy of B. rapa, the F| hybrid
and E. canariense; b floral
morphology of B. rapa, the F,
hybrid, the amphiploid and E.
canariense; ¢ leaf morphology
of E. canariense, the hybrid
and B. rapa; d Siliqua of

E. canariense, the F| hybrid,
amphiploid and B. rapa;

e unstained sterile pollen grains
in the F, hybrid; f fully fertile
and stained pollen grains of the
amphiploid plant

Table 1 Chromosome pairing in the F; of the intergeneric hybrid, E. canariense X B. rapa (2n = 19). Figures in parentheses indicate

percent frequencies

No. of Meiotic configurations Mean
PMCs bivalent
observed 191 17I+1 11 1SI+210 1314311 1I1I+411  9I+51I T7I+611 31+81I frequency
152 58(38.1) 24(158) 16(10.5) 26(17.1) 8(5.3) 12(7.9) 426 4(2.6) 1.86

F " E and mono-chiasmate. Higher associations were not re-
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Fig. 2 RAPD analysis of A E. canariense; B B. rapa; C-F F, hy-
brid plants

corded. All the bivalents may not be reflective of the all-
osyndetic pairing between these two well-differentiated
genomes as at least two bivalents and one trivalent have
been previously ascribed to autosyndetic pairing within
the A-genome-chromosomes alone (Armstrong and
Keller 1981). No information exists regarding auto-
syndetic pairing within the EC genome of E. canariense,
although autopairing is expected, keeping in view the
suggested basic chromosome number (x = 5) in the Bras-
sicaceae. Inspite of this, and taking into account the pos-
sibility of allosyndetic pairing within the E€ genome, the
occurrence of as many as eight bivalents is indicative of
substantial intergenomic affinity between the two spe-



Fig. 3 Meiotic studies inthe F; |~ =
hybrid E. canariense X B. rapa
(a—k) and the induced amphi-
ploid (1). a, b, c 211+ 15 T;
d,e31I+13Lf,g4ll+111
h5MIM+9Li61I+71,
j8II+31I; k 8-11 anaphase-1
distribution; 1 19 II in amphi-
ploid

cies. As per the published evidence no cytogenetic inves-
tigation describing homology between E. canariense and
B. rapa genome is available. But the hybrid between
E. canariense (n = 9) and B. oleracea (n = 9) has been
reported to have up to eight bivalents (Harberd and
McArthur 1980) with a mean bivalent frequency of 4.03.
It may be mentioned here that the C-genome of B. olera-
cea is very closely related to the A-genome of B. rapa
(Truco et al. 1996). The unequal distribution of chromo-
somes (Fig. 3k) and anaphase bridges were fairly com-
mon during meiotic anaphase-I.

The induced amphiploid had the expected 2n = 38
chromosome number, and 19 II was the predominant mei-
otic configuration (Fig. 3L). The occurrence of 1 IIl in a
low frequency of PMCs was suggestive of allosyndetic
pairing between the two genomes. The majority of the
anaphase-1 cells in the amphiploid had a normal 19-19
distribution of chromosomes. Inspite of generally regular
bivalent formation and excellent pollen fertility (65 to

80%), the amphiploid showed a poor seed set on selfing
and crossing with B. rapa, B. juncea and B. napus. The
very low seed setting on selfing or crossing with the B.
rapa parent might be due to the similar ‘S’ allele for self-
incompatibility operative in the hybrid and B. rapa. The
highest cross seed set was obtained following hybridiza-
tion with B. napus (2n = 38; AACC) suggesting again
some affinity between the EC and A/C genome species.

The synthesis of a stable amphiploid (E. canariense X
B. rapa) is of significance as a conduit for gene transfer
between E. canariense and crop brassicas, for the syn-
thesis of a complete set of alien addition lines and also to
develop a E. canariense-based CMS fertility restorer
system for brassica oilseeds.
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