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Abst rac t  Oilseed crop Brassica carinata BBCC is a nat- 
ural allotetraploid of diploid species B. nigra BB and B. 
oleracea CC. To transfer the nuclear and organelle genes 
in a concerted manner from an alien species, B. tournefor- 
tii TT, to B. carinata, we produced somatic hybrids with 
genomic configuration TCBB using B. nigra and B. olera- 
cea stocks that carried selectable marker genes. B. tourne- 
fortii TT was sexually crossed with hygromycin-resistant 
B. oleracea CC. Protoplasts isolated from shoot cultures 
of hygromycin-resistant F 1 hybrids of B. tournefortiixB. 
oleracea TC were fused with protoplasts of kanamycin-re- 
sistant B. nigra BB. In two different fusion experiments 80 
colonies were obtained through selection on media con- 
taining both hygromycin and kanamycin. Of these, 39 col- 
onies regenerated into plants. Analysis of 15 regenerants 
by random amplified polymorphic DNA (RAPD) markers 
showed the presence of all three genomes, thereby con- 
firming these to be true hybrids. Restriction fragment 
length polymorphism (RFLP) analysis of organelle ge- 
nomes with heterologous chloroplast (cp)and mitochon- 
drial (rot) DNA probes showed that the chloroplast genome 
was inherited from either of the two parents while mito- 
chondrial genomes predominantly showed novel configu- 
rations due to either rearrangements or intergenomic re- 
combinations. We anticipate that the TCBB genomic con- 
figuration will provide a more conducive situation for re- 
combination between the T and C genomes during meio- 
sis than the TTCCBB or TCCBB type configurations that 
are usually produced for alien gene transfer. The agronomic 
aim of producing TCBB hybrids is to transfer mitochon- 
drial genes conferring cytoplasmic male sterility and nu- 
clear genes for fertility restoration from B. tournefortii to 
B. carinata. 
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introduction 

The three allotetraploid oilseed Brassica species namely, 
B. juncea AABB (Indian mustard), B. napus AACC (rape- 
seed) and B. carinata BBCC (Ethiopian mustard) are nat- 
ural allopolyploids of three diploid species namely, B. cam- 
pestris AA, B. nigra BB and B. oleracea CC. The cytoge- 
netical relationship of these species was first described on 
the basis of chromosome pairing (Morinaga 1934; U 1935) 
and was later confirmed by restriction fragment length 
polymorphism (RFLP) analysis (Song et al. 1988; Hosaka 
et al. 1990). This unique genomic relationship has been 
utilised to synthesize allotetraploids from the diploid spe- 
cies to enlarge the gene pool for further breeding (Olsson 
1960; Prakash 1973). The close genomic relationship of 
diploid and allotetraploid species could also be exploited 
for the transfer of alien genes to allotetraploid Brassicas 
using diploid species as bridging material. 

We propose a model in which diploid species are used 
to develop a cytogenetic configuration in which one set of 
chromosomes of one of the constitutive genomes of the al- 
lotetraploid species is replaced by one set of chromosomes 
of the alien species. The generation of such a configura- 
tion, i.e. TCBB, is illustrated in Fig. 1: one set of the C ge- 
nome of B. carinata BBCC is replaced by the T genome 
of alien species B. tournefortii TT. Compared to TTBBCC- 
or TBBCC-type configurations that have been generated 
in Brassica species by sexual (McGrath and Quiros 1990; 
Struss et al. 1991; Chevre et al. 1991) or somatic cell hy- 
bridisation (Sjodin and Glimelius 1989; Primard et al. 
1988; Glimelius et al. 1991; Kirti et al. 1992), the TCBB 
(or TBCC) type configuration would provide a far more 
conducive situation for interaction between the alien ge- 
nome (T) and one of the constitutive genomes of B. carin- 
ata (C or B) when such plants go through the meiotic phase. 
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Fig. l A model for the transfer of nuclear and organelle genes from 
an alien species to allotetraploid Brassica species through sexual and 
somatic cell hybridization. The model is illustrated here using B. 
tournefortii TT as the alien parent and B. carinata BBCC as the re- 
cipient species. B. tournefortii TT is sexually crossed with B. olera- 
cea CC to produce TC hybrids. Protoplasts from TC plants are then 
fused with protoplasts of B. nigra BB to produce TCBB hybrids 

Further ,  in the TCBB hybr ids  genera ted  by  somat ic  cell  hy-  
br id isa t ion ,  addi t ional  var iab i l i ty  would  be genera ted  
through mi tochondr ia l  r ecombina t ion  and organe l le  sub- 
s t i tut ion (Fig.  1). A genera l i sed  scheme for the in vitro se- 
lec t ion o f  such th ree -genome  hybr ids  has been deve loped  
by  the in t roduct ion  of  unique se lec table  marke r  genes into 
the three d ip lo id  species:  hpt (encoding  h y g r o m y c i n  phos-  
phot ransfe rase  for  res is tance  to hygromyc in ) ,  and bar (en- 
coding  phosph ino t r i c in  acetyl  t ransferase  confer r ing  resis-  
tance to herb ic ide  phosphinot r ic in)  in B. oleracea (Muk-  
h o p a d h y a y  et al. 1991), npt (encoding  n e o m y c i n  phospho-  
t ransferase  conferr ing  res is tance  to kanamyc in )  and hpt in 
B. campestris ( M u k h o p a d h y a y  et al. 1992; unpubl ished) ;  
npt in B. nigra (Gupta  et al. 1993). 

In this paper  we repor t  the p roduc t ion  of  TCBB hybr ids  
through the use o f  d ip lo id  s tocks car ry ing  se lec table  
marke r  genes,  B. oleracea with the hpt gene and B. nigra 
with the npt gene.  TCBB hybr ids  have been ana lysed  for 
their  nuclear  and organe l le  genome  compos i t ion  by  ran-  
dom ampl i f i ed  po lymorph ic  D N A  (RAPD)  and R F L P  anal-  
ysis.  A l l o p l a s m i c  l ines o f  B. juncea and B, napus with B. 
tournefortii cy top l a sm are male  s ter i le  (Pradhan et al. 
1991). The ag ronomic  a im in p roduc ing  TCBB hybr ids  is 
to t ransfer  mi tochondr ia l  genes  confer r ing  the trait  o f  cy-  
top lasmic  male  s ter i l i ty  and nuclear  genes invo lved  with 

fer t i l i ty  res tora t ion  f rom B. tournefortii TT to B. carinata 
BBCC,  the lat ter  a drought - to le rant  crop that holds  con- 
s iderable  p romise  for increas ing  o i l seed  product ion  in rain-  
fed agr icul ture  areas of  the Indian  subcont inent  and parts  
o f  Afr ica .  

Mater ia ls  and methods 

Plant material 

Brassica tournefortii accession BEC 187 TT (2n=20) plants were sex- 
ually crossed to hygromycin-resistant (Hm § B. oleracea cv 'Early 
Kunwari' CC (2n=18) (Mukhopadhyay et al. 1991). The developing 
siliqua were collected 10 days after pollination, surface sterilized in 
0.2% w/v mercuric chloride and cultured on ER medium [MS (Mu- 
rashige and Skoog 1962) with 1.0 rag/1 NAA (a-naphthalene acetic 
acid), 1.0 mg/1 Kn (kinetin), 1.0 mg/1 GA 3 (gibberellic acid)]. Seeds 
were dissected from the siliqua after 3-4 weeks of growth in vitro 
and germinated on MS medium. Seedlings were screened for resis- 
tance to the antibiotic by re-rooting on RI medium [MS with 0.1 rag/1 
IBA (indole-3-butyric acid)] containing 30 rag/1 hygromycin]. 
Shoots of TC plants that rooted on 30 mg/t hygromycin were also 
tested for resistance to the antibiotic by culturing the leaf discs on 
CI medium [MS with 1.0 rag/1 2, 4-D (2,4-dichlorophenoxyacetic 
acid), 1.0 mg/1 Kn] with 30 mg/1 hygromycin. The TC Hm § plants 
were micropropagated through nodal cuttings on SM medium (MS 
with 0.005 rag/1 NAA, 0.05 mg/1 Kn, 50 rag/1 casein hydrolysate). 
B. nigra cv 'IC257' BB (2n= 16) plants resistant to kanamycin (Km +) 
(Gupta et al. 1993) were maintained by backcrossing. The seeds were 
surface sterilized, germinated in vitro, tested for resistance to 50 rag/1 
kanamycin on RI and CI media and subsequently multiplied on SM 
medium. Sensitivity assays of TC Hm + and BB Km+ shoots on RI 
and CI media showed these to be susceptible to 30 mg/1 kanamycin 
and 10 mg/1 hygromycin, respectively. 

Isolation, fusion and culture of protoplasts 

Shoots of TC Hm § and BB Km § plants were maintained on SM me- 
dium and transferred to RI medium 15 days prior to the isolation of 
protoplasts. Protoplasts were isolated from leaf petioles and soft 
internodes as described earlier (Mukhopadhyay et al. 1991) except 
that the concentrations of cellulase R-10 and Macerozyme R-10 
(Yakult, Honsha Co, Japan) were reduced from 1.0% to 0.5% w/v. 

Protoplast fusions were carried out by a high pH/Ca +§ treatment 
of protoplasts following the method of Keller and Melchers (1973) 
with some modifications. A mixture of TC Hm § and BB Km§ pro- 
toplasts was suspended in 0.5 ml CPW medium (Frearson et al. 1973) 
with 9% mannitol (CPW9M), 3% sucrose, 1.0 rag/1 Kn and 1.0 mg/l 
2,4-D. Four milliliters of fusogen (0.05 M glycine-NaOH buffer, 
1.1% CaC12.6H20 and 9% mannitol, pH 10.4) was gently added to 
the protoplast mixture, which was subsequently incubated at 45 ~ 
for 10 rain. Following incubation, the protoplasts were pelleted by 
centrifugation at 500 g for 5 min and resuspended and washed in 
CPW9 M with 0.74% CaCla.6H20. This post-incubation centrifuga- 
tion step was found to be essential for the recovery of hybrid colo- 
nies. Both fusogen-treated and untreated protoplasts were plated 
[3.5 cm Nunc petri-dishes (Nunclon, Roskilde, Denmark), 5 ml me- 
dium in each dish] at a density of 4-5x104/ml in PC1 medium [- 
Kao's basal medium (Glimelius 1984) with 0.5 M glucose, 1.0 rag/1 
2,4-D, 1.0 mg/1 Kn]. After 10 days of culture the medium was dilut- 
ed with PC2 medium (PC 1 medium modified by replacing 0.5 M glu- 
cose with 0.1 M sucrose). 

Selection of hybrid colonies, regeneration and establishment of 
plants 

A two-step selection procedure was followed. In the first step, mi- 
crocolonies grown on PC2 medium for 3 weeks were plated on SL1 
medium [K 3 medium (Nagy and Maliga 1976) with 1.0 rag/1 2,4-D, 
1.0 mg/l Kn], supplemented with 15 mg/1 hygromycin, 30 mg/1 ka- 



namycin and solidified with 0.25% low melting agarose (Seakem, 
Rockland, USA). In the second step, the colonies growing on this 
medium for 3-4 weeks were picked individually and transferred to 
SL2 medium (MS with 1.0 rag/12,4-D and 1.0 rag/1Kn) supplement- 
ed with 30 mg/1 hygromycin and 50 mg/l kanamycin. 

For each fusion experiment the following treatments were ap- 
plied as controls: (1) TC Hm + on hygromycin, (2) BB Km + on ka- 
namycin, (3) TC Hm + on kanamycin, (4) BB Km§ on hygromycin 
and (5) a physical mixture of TC Hm § and BB Km§ protoplasts on 
medium containing both antibiotics. The selected colonies were 
grown on SL2 medium (four subcultures, each with a duration of 
15-20 days) before transfer to the SR medium (MS with 2.5 mg/l 
BAR 0.5 rag/1 NAA, 70 gm silver nitrate) for shoot regeneration. 

The regenerated shoots were numbered to denote the petri-dish, 
the colony and the shoot number in a sequential manner, e.g. in the 
shoot designated as 17.6.1, 17 - denotes the plate number, 6 - de- 
notes the colony number and 1 - denotes the first shoot regenerated 
from this colony. Regenerated shoots were multiplied and maintained 
on SM medium, rooted on RI medium with 30 mg/1 hygromycin and 
50 rag/1 kanamycin and subsequently transferred to the field. 

Characterization of somatic hybrids 

Total DNA was isolated from the parents and 15 independently re- 
generated hybrids following the protocol of Dellaporta et al. (1983) 
and subsequently purified on CsC1 gradients. To determine the poly- 
morphism among parental types, DNAs isolated from B. oleracea, 
B. nigra, B. tournefortii and the B. tournefortiixB, oIeracea hybrid 
were tested by RAPD analysis using 60 10-mer primers (kit B to E, 
Operon Technologies, Alameda, Calif., USA). DNA amplification 
was performed using Taq DNA polymerase (Perkin-Elmer/Cetus) in 
a thermal cycler for 45 cycles following conditions reported earlier 
(Quiros et al. 1991) except that in the first cycle denaturation was 
for 2 min at 92~ Amplified products were electrophoresed at 
3V/cm on a 1.8% agarose gel and detected and analysed by staining 
with ethidium bromide. Amplification with each primer was repeat- 
ed at least twice to ascertain the reproducibility of the profiles. 

Total DNA isolated from 10 out of the 15 somatic hybrids was 
used for analysing chloroplast and mitochondrial genomes. For the 
chloroplast genome, total DNAs were digested with EcoRI, electro- 
phoresed and transferred to nylon membranes (Hybond-N, Amers- 
ham, UK) and hybridised with two heterologous probes of chloro- 
plast origin, namely rbc L (Zurawski et al. 1981) andpsb D (Alt et 
al. 1984) following the method of Pradhan et al. (1992). Chloroplast 
(cp) DNAs were also isolated from the parents and 4 selected hy- 
brids, 19.13.36, 17.19.1, 17.6.1 and23.1.1 following Kemble (1987), 
digested with BamHI and HindIII and electrophoresed on 0.8% ag- 
arose gels. 

For mitochondrial genome analysis, total DNAs digested with 
EcoRI and HindIII were electrophoresed on 0.8% agarose gel, trans- 
ferred to nylon membranes, and hybridised with 7 overlapping cos- 
mid clones covering about 162 kb of the mitochondrial (mt) DNA of 
B. oxyrrhina (a detailed map of these clones will be published else- 
where). These clones hereafter are referred to as pCos 13, 17, 24, 61, 
88, 131 and 175 and have mtDNA inserts of 33.9, 41.8, 36.6, 32.7, 
32.4, 34.8 and 31.7 kb, respectively. 

Results 

Protoplas t  fusion,  recovery  of  hybr id  colonies  
and plant  regenera t ion  

Protoplas ts  of  the two parents ,  i.e. TC Hm + and BB Km +, 
showed colony growth  only on the pe rmiss ive  media .  In 
cul tures  with a phys ica l  mixture  of  the parenta l  protoplasts ,  
a few escapes  were  obse rved  on SL1 m e d i u m  supple-  
mented  with 15 mg/1 hyg romyc in  and 30 mg/1 kanamycin ,  
but  all such colonies  died upon t ransfer  to SL2 m e d i u m  
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Table 1 Fusion of TC Hm + and BB Km + protoplasts and recovery 
of hybrids 

Exp. Number ofprotoplasts Number of Number of 
no. used for fusion hybrid colonies 

colonies regenerating 
TC Hm + BB Km§ shoots 

1 0.6x106 1.2x106 52 28 
2 1.0xl06 1.5x106 28 11 

conta ining 30 mg/1 hyg romyc in  and 50 mg/1 kanamycin .  
Hence,  the two step select ion e l imina ted  any co lony  growth  
in cul tures  with a mixed  popula t ion  of  pro toplas ts  of  TC 
Hm § and BB Km§ parents.  F r o m  two different  fusion ex- 
per iments ,  80 colonies  were obtained,  and these were  car-  
r ied through to plant  regenera t ion  stage (Table 1). 

In p re l iminary  exper iments  it was obse rved  that no 
shoot morphogenes i s  occurred  on SR m e d i u m  without  sil-  
ver  nitrate.  In the presence  of  s i lver  ni trate the regenera-  
t ion f requency increased  f rom 0% to 46%. Severa l  shoots 
were  obta ined  f rom each colony.  Regenera ted  shoots,  in 
general ,  were  green and showed vigorous  growth  in vitro 
and in soil.  However ,  3 colonies  p roduced  only purple  
shoots,  and 2 d i f ferent ia ted  both green and purple  shoots.  
Al l  of  the shoots were  main ta ined  on SM m e d i u m  and 
rooted  on RI m e d i u m  conta ining the antibiot ics .  A total  of  
44 green plants ,  obta ined  f rom 5 colonies  of  independent  
origin,  were  t ransferred to soil  dur ing the growing  season 
of  1992-1993.  Of  these, hybr ids  19.13.18, 19.13.19, and 
19.13.24 were successfu l ly  backcrossed  to B. carinata ac- 
cess ion HC-25.  Viable  seeds obta ined  through ovary  cul- 
ture and embryo  rescue on ER m e d i u m  were  germina ted  
to p roduce  the BC 1 progeny.  Due to the late t ransplanta-  
t ion of  the hybr ids  and consequent  non-ava i lab i l i ty  of  the 
pol l ina tor  parent,  the other hybr ids  could  not  be back-  
crossed.  

Molecu la r  charac ter iza t ion  of  the nuclear  genome 

In R A P D  analysis ,  p o l y m o r p h i s m  amongs t  the parenta l  
l ines was de tec ted  with all of  the 60 pr imers  that were  
tested. Twelve  pr imers  that showed dis t inct  p o l y m o r p h i s m  
among the parents,  OPB 8, OPB 10, OPB 11, OPB 12, OPD 1, 
OPD2,  OPD3,  OPD13,  O P E l ,  OPE5, OPE9 and OPE20,  
were  se lec ted  to conf i rm the genet ic  contr ibut ion  of  
the three genomes  to the somat ic  hybr ids .  Mos t  of  the 
hybr ids  showed bands  character is t ic  of  all three parenta l  
genomes  (Fig. 2a) conf i rming  the hybr id  nature of  the 
ana lysed  plants.  However ,  some of  the major  ampl i f ied  
products  were found to be miss ing  in a few hybr ids  
(Fig. 2b). 

In order  to de te rmine  the s tabi l i ty  of  TCBB hybr ids ,  a 
total  of  111 po lymorph ic  bands  were  scored among the 
three parents  f rom the ampl i f ied  products  using the 12 
pr imers  ment ioned  above.  Out of  these, 36 be longed  to the 
B. oleracea parent  32 to B. tournefort i i  and 43 to B. nigra. 
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Fig. 2a, b RAPD analysis of parents (CC B. oleracea, TT B. tour- 
nefortii, TC F 1 ofB. tournefortiixB, oleracea, BB B. nigra) and 15 
TCBB somatic hybrids using 10-mer oligonucleotides, a With prim- 
er OPD3 all of the hybrids show all of the bands that are specific to 
the three genomes; b with primer OPB8, hybrid 19.6.5 shows the ab- 
sence of a 0.9-kb band that is specific to B. nigra 

Fig. 3 Southern hybridization of EcoRI digested total DNAs of the 
two parents (BB B. nigra, TC F 1 ofB. tournefortiixB, oleracea) and 
10 TCBB somatic hybrids to radioactively labelled cpDNA probes 
rbc L a andpsb D b. Hybrids 19.13.36 and 17.19.1 show 4.2-kb and 
7.0-kb B. nigra BB-specific bands, whereas all the other hybrids have 
3.9-kb and 4.3-kb TC-specific bands (TC plants have organelle ge- 
nomes ofB. tournefortii) when hybridized to rbc L andpsb D probes, 
respectively 

Table 2 Genomic constitution of 15 TCBB somatic hybrids based 
on RAPD analysis with 12 different primers 

Polymorphic bands 

C T B Total 

Parents 
B. oleracea 36 - - 
B. nigra - - 43 111 
B. ~urnefortii - 32 - 

Hybrids 
19.5.1 36 32 43 111 
23.1.3 34 32 43 109 
20.1.1 35 32 43 110 
19.13.36 34 32 43 109 
17.6.1 35 32 43 110 
17.3.1 36 32 43 111 
17.28.1 36 32 43 111 
19.12.1 33 32 43 108 
17.19.1 36 32 43 111 
19.6.5 36 32 37 105 
19.11.1 36 32 43 111 
1.3.1 36 32 43 111 
18.3.5 36 32 43 111 
17.16.1 36 32 43 111 
21.2.1 36 32 43 111 

Out of the 15 hybrids 9 had all 111 parental  polymorphic  
bands (Table 2). Of the remain ing  6 hybrids,  5 had lost a 
few B. o leracea-spec i f ic  bands and 1 had lost B. nigra spe- 
cific bands;  none of the hybrids showed any loss of B. tour- 
nefort i i  specific bands (Table 2). 

Table 30rganelle composition of 10 TCBB somatic hybrids (T B. 
tournefortii type; B B. nigra type, B R rearranged mitochondrial ge- 
nome with predominance of B. nigra-type pattern; T R rearranged 
mitochondrial genome with predominance of B. tournefortii-type 
pattern) 

Hybrids Organelle genome 

Chloroplast Mitochondria 

19.5.1 T T R 
23.1.3 T B R 
20.1.1 T T R 
19.13.36 B T R 
17.6.1 T T R 
17.3.1 T T u 
17.28.1 T T 
19.12.1 T T 
17.19.1 B B R 
19.6.5 T B R 

Analysis  of organelle genomes 

RFLP analysis  of total DNAs with heterologous cpDNA 
probes showed that 2 of the hybrids,  19.13.36 and 17.19.1, 
had the B. nigra type chloroplast,  while the others had the 
B. tournefort i i  type chloroplast (Fig. 3, Table 3). This was 
further conf i rmed by analysing the profiles of cpDNA of 
4 selected hybrids,  19.13.36, 17.19.1, 17.6.1, 23.1.1, di- 
gested with B a m H I  and HindlII .  The restriction profiles of 



19.13.36 and 17.19.1 were exactly similar to that ofB. ni- 
gra and the profiles of 17.6.1 and 23.1.1 matched that of 
B. tournefortii. 

RFLP analysis of total DNAs with 7 cosmid clones con- 
taining mtDNA of B. oxyrrhina showed that only 2 of the 
10 analysed hybrids, namely 17.28.1, and 19.12.1 had the 
strictly B. tournefortii type mitochondrial genome inher- 
ited from the TC parent (Fig. 4, Table 3). The remaining 8 
hybrids had novel mitochondrial genomes that showed the 
presence of some bands characteristic of both the parents 
and/or novel bands (Fig. 4, Table 3). None of the hybrids 
had the strictly B. nigra-type mitochondrial genome. 
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Discussion 

The importance of an allotriploid (sesquidiploid) genomic 
configuration for the transfer of genes from alien species 
to crop species has been highlighted by O'Mara (1940) and 
Rick et al. (1986). This type of genomic configuration can 
be utilised for generating alien addition lines by repeated 
backcrossing to the crop species. Gene introgression may 
occur in alien addition lines either by translocations or by 
pairing of the homoeologous chromosomes (Sears 1956; 
Rick et al. 1988). The production of alien substitution lines 
could increase the probability of genetic exchange between 
the homoeologous chromosomes. However, alien substi- 
tution lines have not been reported in basic diploid (2n=2x) 
and tetraploid (2n=4x) species (Khush 1973), including 
Brassica species. 

A substitution-type genomic configuration was used by 
Paulman and Robbelen (1988) to transfer fertility restorer 
gene(s) from a Raphanus sativus RRfRRf line to B. napus 
by sexual crosses. R. sativus RRfRRf was crossed with B. 
napus AACC, and the resulting RRfAC plants were then 
treated with colchicine to produce allohexaploid 
RafRRfAACC plants that were subsequently crossed with 
B. campestris AA to produce R~fCAA plants. From such 
material, B. napus lines with the introgression of Rf genes 
from R. sativus were recovered. In such a strategy, the FlS 
of alien and crop parents have first to be diploidized with 
colchicine and then to be crossed with a diploid species. 
In another study, in which somatic cell hybridisation was 
applied, the deficiencies o f '  Ogura' B. napus lines, i.e. poor 
nectary formation and chlorosis due to an alien chloroplast 
genome, were rectified by generating cybrids with recom- 
binant mitochondrial genomes and by substituting the 
'Ogura' chloroplast genome with that of B. napus (Pel- 
letier et al. 1983). 

By using the fusion strategy outlined in Fig. 1, it should 
be possible to transfer both the nuclear and organelle genes 
in a concerted manner. 

A cytoplasmic male sterility system in B. juncea, ear- 
lier reported to be spontaneous in origin, has been found 
to be alloplasmic in nature with B. tournefortii as the most 
likely donor of the cytoplasm (Pradhan et al. 1991) by 
RFLP analysis of both cpDNA and mtDNA. No restorer 
lines have been identified for this cytoplasm amongst B. 

Fig. 4 Southern hybridization of HindlII digested total DNAs of 
parents (BB B. nigra, TC F 1 of B, tournefortii x B. oleracea) and 10 
TCBB somatic hybrids to radioactively labelled mtDNA probes, 
pCos175 a and pCos88 b. Hybrids having both B. nigra-(x), B, tour- 
nefortii-(o) specific and novel (<) bands are indicated in the figure 
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juncea cultivars. B. juncea lines with B. tournefortii cyto- 
plasm suffer from floral abnormalities and show a high 
suscpetibility to Albugo candida infection (unpublished 
observations). No report exists on the influence of B. tour- 
nefortii cytoplasm on B. carinata. 

The TCBB hybrids, besides providing a conducive ge- 
nomic configuration for interaction between the T and C 
nuclear genome for the transfer of restorer genes during 
the generative phase, also provide a whole gamut of vari- 
ability for the organelle genomes that is usually observed 
in somatic hybrids (Kumar and Cocking 1987). RAPD 
analysis showed that the TCBB somatic hybrids have a 
stable nuclear genomic constitution. Preliminary cytolog- 
ical analysis of 6 somatic hybrids showed that all of them 
have 35 chromosomes (T10+C9+BB16). The limited 
amount of backcrossing to B. carinata that was possible 
during the 1992-1993 growing season indicates that TCBB 
hybrids can be backcrossed to B. carinata, thereby provid- 
ing an opportunity to develop B. carinata lines with vari- 
ant mitochondrial genomes and the B. nigra chloroplast 
genome. With respect to the transfer of nuclear genes for 
fertility restoration, stable hybrids with the B. nigra chlo- 
roplast genome and B. tournefortii mitochondrial genome 
could be used for backcrossing with B. carinata. Prelimi- 
nary analysis of meiosis in the three TCBB hybrids has 
shown the presence of 12-13 bivalents at the metaphase l 
stage, indicating some pairing between T and C genomes. 

The selectable marker genes used in this study enabled 
a very efficient selection of hybrid colonies and plants. As 
marker stocks are available for all three diploid species, B. 
campestris (hpt and npt), B. nigra (npt) and B. oleracea 
(bar and hpt), any combination of diploids could be used 
for hybridisations. While the A and C genomes are closely 
related, the B genome is disparate from the other two and 
belongs to Sinapis lineage (Song et al. 1990; Pradhan et al. 
1992). Depending upon the genetic relatedness of wild spe- 
cies with the constitutive genomes of allotetraploid spe- 
cies, the initial sexual crossing of the wild species could 
be done with the most related diploid parent. 

The cultivated allotetraploid oilseed Brassica species 
suffer from a number of fungal diseases and abiotic stresses 
like drought and high temperature stress prevalent in rain- 
fed agriculture areas. Many of the wild species carry resis- 
tance to these biotic and abiotic stresses. Using the substi- 
tution type of genomic configuration outlined in this paper, 
useful nuclear and organelle genes could be transferred 
from alien species to the three allotetraploid oilseed crops 
B. napus (rapeseed), B. juncea (Indian mustard) and B. ca- 
rinata (Ethiopian mustard). 
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