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A b s t r a c t  The 459-bp HindIII (pBN-4) and the 1732-bp 
EcoRI (pBNE8) fragments from the Brassica nigra ge- 
nome were cloned and shown to be members of a dispersed 
repeat family. Of the three major diploid Brassica species, 
the repeat pBN-4 was found to be highly specific for the 
B. nigra genome. The family also hybridized to Sinapis 
arvensis showing that B. nigra had a closer relationship 
with the S. arvensis genome than with B. oleracea or 
B. campestris. The clone pBNE8 showed homology to a 
number of tRNA species indicating that this family of re- 
peats may have originated from a tRNA sequence. The spe- 
cies-specific 459-bp repeat pBN-4 was localized on the 
B. nigra chromosomes using monosomic addition lines. In 
addition to the localization of pBN-4, the chromosomal 
distribution of two other species-specific repeats, pBN34 
and pBNBH35 (reported earlier), was studied. The dis- 
persed repeats pBN-4 and pBNBH35 were found to be 
present on all of the chromosomes, whereas the tandem re- 
peat pBN34 was localized on two chromosomes. 
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Introduction 

Plant genomes, like those of other eukaryotes, contain dif- 
ferent types of repeat sequences. Some are arranged in tan- 
dem (Hallden et al. 1987; Koukalova et al. 1989), whereas 
others are dispersed in the genome (Tsai and Strauss 1989; 
Tamhankar et al. 1990; Zhao and Kochert 1992; Mao et al. 
1994). Of these repeated DNA sequences, many are com- 
mon to genomes of related species whereas some are ge- 
nome- or species-specific (Zhao et al. 1989; Fabijanski 
et al. 1990; Shepherd et al. 1990; Crowhurst and Gardner 
1991; Gupta et al. t992). The species-specific sequences 
have been used for analyzing interspecific and intergeneric 
hybrids (Schweizer et al. 1988; Pehu et al. 1990). Repeated 
DNA sequences localized in discrete regions of certain 
chromosomes have been used as chromosome-specific 
markers (Ganal et al. 1988; Visser et al. 1988; Francis et al. 
1995) and also for analyzing chromosome addition lines 
(Hosaka et al. 1990; McGrath et al. 1990). Hellens et al. 
(1993) have shown that dispersed repeat sequences can be 
used to generate markers linked to a trait of interest. 

Repetitive DNA sequences have been used to study phy- 
logenetic relationships between species belonging to the 
same family. In the family Brassicaceae, the 177-bp repeat 
family has been extensively studied and been shown to be 
present in all Brassica species except B. nigra and B. tour- 
nefortii (Hallden et al. 1987; Lakshmikumaran and Ranade 
1990). Similarly, a 496-bp dispersed repeat, pBNBH35, 
and the 348-bp tandem repeat, pBN34, from B. nigra have 
been shown to be species-specific (Gupta et al. 1990, 
1992). Both these repeats do not hybridize with either 
B. campestris or B. oleracea, indicating that B. nigra is dif- 
ferent from the other two diploid species in the Brassica 
(U) triangle (U 1935). 

In this study, two members of a dispersed repeat fam- 
ily specific to the B. nigra genome were identified and char- 
acterized, and the repeats were then used to study phylo- 
genetic relationships among crucifers. The chromosomal 
distribution of one of these repeats and two other previ- 
ously characterized repeats, pBN34 and pBNBH35 (Gupta 
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et al., 1990, 1992), was studied using monosomic  addition 
lines. 

Materials and methods 

DNA extraction 

Leaf material of the various Brassica species and the wild relatives 
was collected from field-grown plants. For chromosomal localiza- 
tion of the B genome-specific markers, five of the eight possible ad- 
dition lines corresponding to each of the B. nigra chromosomes, pre- 
viously characterized by Chevre et al. (1991), were used. Total DNA 
was extracted by the method of Dellaporta et al. (1984). B. nigra cv 
'IC257' nuclear DNA was prepared from frozen leaves according to 
the method of Malmberg et al. (1985). DNA samples were purified 
on a cesium chloride density gradient. 

Construction of a partial B. nigra library in pUC19 vector 

For cloning of the repetitive DNA sequences, nuclear DNA of 
B. nigra cv 'IC257' was restricted with HindIII and fractionated on 
a 0.8% low melting point agarose gel. Fragments in the range of 
0.3 to 1 kb were eluted out from the gel and ligated to HindIII-line- 
arized and dephosphorylated pUC19 plasmid. E. coli NM522-com- 
petent cells were transformed with the ligation mixture. Ampicillin 
resistant white colonies were selected at random. Plasmid DNAs 
were isolated according to the method of Birnboim (1983), and the 
clones were screened with nuclear DNA as a probe for the identifi- 
cation of repetitive DNA sequences. 

Construction of a partial B. nigra library in Lambda Zap II 

Nuclear DNA of B. nigra cv 'IC257' was restricted with EcoRI and 
fractionated on a sucrose density gradient. Fractions containing DNA 
fragments in the size range of 1 to 6 kb were ligated to Lambda 
Zap II (Stratagene) EcoRI arms. The ligated DNA was packaged us- 
ing standard protocols (Gigapack II Stratagene). The repeated DNA 
clone, isolated and characterized from the HindlII plasmid library, 
was used as a probe for screening the lambda Zap II library. Few pos- 
itive plaques were polymerase chain reaction (PCR)-amplified us- 
ing the forward and reverse primers following the protocol of Innes 
et al. (1990) with minor modifications. The amplified sample was 
purified and subcloned in the pGEM-7zf plasmid vector. The liga- 
tion mixture was used to transform E. coli NM522-competent cells. 

Southern blotting and hybridization 

Genomic DNA was digested with the various restriction enzymes as 
recommended by the manufacturers and according to Maniatis et al. 
(1982). The digested samples were fractionated by electrophoresis 
on 1.0% agarose gels. DNA was transferred onto nitrocellulose mem- 
branes according to the procedure of Southern (1975); hybridizations 
were carried out according to the methods of Lakshmikumaran et al. 
(1985). Prehybridization of the filters was done at 60~ for 6-14 h 
followed by hybridization to probes labelled with a-[32p]dCTP (from 
Bhabha Atomic Research Centre, Bombay). High-stringency wash- 
ings were done twice in 2xSSC followed by one wash with 3 mM 
TRIS; for low-stringency conditions only two washes of 2xSSC were 
done. All washings were carried out at room temperature for 20 min 
each. After washing, the filters were exposed at -70~ using inten- 
sifying screens. 

Sequence analysis 

Double-stranded plasmid DNA was sequenced by the dideoxy chain 
termination method modified by Kraft et al. (1988). Polyacrylamide 

Fig. 1 Hybridization pattern ofB. nigra clone pBN-4, a Five micro- 
grams B. nigra DNA was digested with HindIII (lane a), BamHI 
(lane b), EcoRI (lane c) and Hinfl (lane d). b Five micrograms B. ni- 
gra DNA was digested with DpnI (lane a), MboI (lane b), Sau3AI 
(lane c), HpaII (lane d), MspI (lane e) and HindIII (lane J) and probed 
with pBN-4 

gels (5%) were used to fractionate the reaction products. Exonuclease 
III deletion clones ofpBNE8 were generated using the 'Erase-a-base' 
system (Promega). The sequence of the overlapping clones was 
merged together in order to obtain the complete sequence. Sequence 
analysis was carried out using the DNASIS software from LKB (Swe- 
den). In order to check homology with reported sequences, we con- 
ducted searches using the EMBL sequence database. 

Results 

Isolation and characterization of the repeat from B. nigra 

The HindIII  l ibrary of B. nigra cv ' IC257 '  constructed in 
the plasmid vector pUC19 was screened using B. nigra nu- 
clear DNA as a probe. Many of the recombinant  clones 
produced strong hybridizat ion signals which enabled us in 
ident i fying clones containing highly repeated DNA se- 
quences (Saul and Potrykus 1984). A number  of these 
clones were screened for their species-specificity by hy- 
bridizing with B. campestr is  and B. oleracea DNA. One 
clone, pBN-4, showed no cross-hybridizat ion (discussed 
in later section). This clone was further characterized and 
sequenced. 

The organization of the clone pBN-4 in the B. nigra ge- 
nome was studied by digesting B. nigra total DNA with 
different restriction enzymes and then probing it with 
pBN-4. The hybridizat ion pattern obtained is shown in 
Fig. la.  The HindIII  digest showed the presence of prom- 
inent  bands at 0.46 kb, 0.60 kb and 1.40 kb (Fig. la,  lane 
a). Smears were obtained in the BamHI  and EcoRI  lanes 



pBNE8 
1 GAAI-i'CAAGC I-I'AACCATGA 

61 AAGAATGAAA AAGGATCCAA 

121 GAAAAAGAGA CAAGTCCCAA 

181 AGAAACATAA AACGAAA'I-FA 

241 GAGGGGI-FGG AITFCGGTCA 

301 CGGTCCAAGG "VI'GTCI-FGGT 
361 ClTTCCCGGC CCGTCCGGAC 

421 GACTGGTCI7" ACCCGGTCTT 

481 TCCAGGCTCA GTCATCCCGG 
541 CAGGCTGCI7" GAACCCGGCC 

601 ATACTCTCAA TACAGGTCAA 

661 G ~ C A G T G  TCTCCACAAA 
721 CTCATCI-FTG TClTGACCAG 

781 CI-FCATCTCT TTTGGGGCCA 

841 CAACACCTGA TAAGGACAAA 

901 ATATGATCAA AATGCATAAG 

961 TTGTAGTATA GTGGTAAGTA 
1021 ACGGCGCCAA ITTGATGAAA 

1081 GAATI'GTCGA ACCAATCCTA 
1141 CTAAGTGCAA TCAATAGAGT 
1201 TAATGATCTC TCTCTCAATA 

1261 

pBN-4 1 
1321 

53 
1381 
110 

I-i'AGAGAGAA ACAGAATGCT 

GATCCCAAAC ITTAI-i'CAAG 

A'FFGGGAGAT ATAAGAGTAT 

CTAAAAAGTC CI-FGAGCCAA 

GGGGTGAACC AGCCITGTCC 
CC'FI'GTCAAG CCCGTCCGGG 

ATGCCTTGAT CCATCTCTGC 

GGTCI-FCCTC CAAGGCACCA 
GACCCGGAGC GTCITCCATC 

GTCTCTACCG GCTGGCTGCA 
ATGACI l l l l  GAAAACCACT 
ATCGTAGAAG CA~GACAT 
ATCATGGATT TGAC'FFCTCT 
TAAGGGI'FCC AAACACCTCA 
TGAATGCAAT ATGGACCTAA 
ATATGGATGC TTATAACATG 

TCAAGAACAT AAGTAACAAT 

ATCCAAATGT GGI-VFIGGGA 

ATATACAGGC ITGAAAGCCT 

TGGGCITCAG CCAATGGGAA 

CAACCCGGTC TTGGCCACCC 
TTCCGI-FCCC TGGTTTCI-[C 

CGACCGGGTG TCCClTCTCG 

CTCAAACGAC CGGGTGCCI7- 
CAGCTGCTCT TTTTACCGGC 

TGCI-i-CAAGG TGAAI7"GATC 

TCCATTGGAA AGCTAACTCA 

CTCTAAGGCC TCTGTCCATG 
ITFCATGGCC AAACI7"GAI-F 

AATCACACCA AAGCATACTC 

ACATGCCTAA TGCCTAACI-i" 

TAAATATGCA AGACATCAAC 

I-FCCCGCTGT CAATGCGGTG ACCGGGI-i'CG ATCCCCGGCA 

GGACITFI'CT ACGGCCCTAA TCAAATGATG TAGTATAAAA 
GGTGA'FI-i-CA ATGCAAAGGG AATGCAAGTC TATGCTTAAT 

GGAGTGAAAT GAACTAAAAC TAAACTAAAA TGCAATAAAG 

TGAAGCAATA GGACTCATGG GGCAAGGGAA Ti-GACCI-i-GG 

GTGATCAAGC I-FCAATCTAA AGGTGGCAGC AACAITCAAT CTATC*AACCC 17~ATGCCTAG 

. . . . . . . . . . .  *C- - -A--CT-A- **17- . . . . . . .  A - - - T - - T - -  I'T . . . . . . . .  

ACAACAAAAA CTAAGGCAAG CTTTATCTCT AGATGAATGC TCTTTTGCAA TCAATCACCC 

. . . . .  * . . . . . . . .  * . . . . . . .  C . . . .  C . . . . . . . . . . . . . . . . . . . . . . .  *G . . . . . . .  

AAGTAAACCA AATCTCI77G GCTGTAATGA TCAAAGCAAG CATAAAGAAT GAAGTCTAAT 

. . . . .  C . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . .  A --  -GG . . . . . .  * . . . . . . . .  

1441 AGCAATCCTA GCI7-CTTTGA CAACTAATCT CITAGGCAAA GCAAGCTAAA AACATAGATG 

169 . . . . . . . . . . . . .  C . . . . . . . . . . . . . . .  C . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

1501 AAGI-FGGTTC AGGCAITTCA TAGAACACCT TTCGGGCATA AAATGCCTAT GGCTCTATGT 

229 * . . . . . . . . . . . . . . . . . . . . . . . . . .  **C - - -C . . . . . .  G . . . . . . . . .  A . . . . . . . .  C 

1561 TTGAGAAGGC CAACCCAAAT ATAGCA'FFAA GAACACCAAA TCAATGCAAG GAAAGGATAG 

286 . . . . .  * . . . . . . . .  T . . . . . . . . . .  T . . . .  A . . . . . . . . . . .  T . . . . . . . . . . .  T . . . . .  

1621 ATCTAACACT AAGCACClTG GATCTACACT TAATCACCCT AAATCI-i-CCC AAGCCATGAA 

345 . . . . . . . .  A- -GA . . . . . . . . . . . . .  * . . . . . . . . . .  T- -  CT---AC--T --C . . . .  *-G 

1681 CCCTAAGAAT GATCTACCTC TCTAATAGTA TGATi-i-CCCT TAAACCCAGG AAGAAI7C 

403 AT--T . . . .  G . . . . . . .  TA- -*A-TCCAC- - -C- -A-T - -  -G . . . . . .  T- -TAGATrC 

Fig. 2 The nucleotide sequences of the cloned repeats pBNE8 and 
pBN-4 from B. nigra in the 5' to 3'orientation. A dash (-) indicates 
a similarity to the sequence of clone pBNE8, whereas an asterisk (*) 
denotes a deletion. The nucleotide sequences reported here appear 
in EMBL nucleotide sequence database under the accession number 
X89901 (pBNE8), X67835 (pBN-4) 

in the high-molecular-weight region (Fig. la, lanes b, c), 
whereas with HinfI the presence of a low-molecular- 
weight band (Fig. la, lane d) was revealed. The restriction 
pattern clearly indicated pBN-4 to be a dispersed repeat. 
In order to further confirm the dispersed nature of pBN-4, 
we carried out a partial time-course restriction of the nu- 
clear DNA. Upon probing with pBN-4, the signals re- 
mained either at the top of the gel or were restricted to 
bands at 0.46 kb, 0.6 kb and 1.4 kb (not shown). 

Isoschizomers were used to investigate the methylation 
pattern of pBN-4 repetitive DNA. Of the isoschizomers 
MboI, Sau3AI and DpnI, the first two gave almost similar 
hybridization patterns, whereas with the latter most of the 
signal was localized at the top, indicating that DpnI does 
not restrict at all. (Fig. lb, lanes a, b and c, respectively). 
Isoschizomers MspI and HpaII showed different hybrid- 
ization patterns. MspI cut more frequently than HpalI 
(Fig. lb, lanes d, e), indicating methylation of some of the 
inner C residues of the site 5'-CCGG-3'. 

In addition to the prominent bands obtained at 0.46 kb, 
0.6 kb and 1.4 kb when pBN-4 was used as a probe on the 
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HindIII digests ofB. nigra DNA, faint bands also were ob- 
tained in the higher-molecular-weight region. This indi- 
cated that pBN-4 was also present as a larger-size repeat 
family. To isolate the larger-size family of the pBN-4 re- 
peat, we constructed a partial library of B. nigra cv 'IC257' 
in lambda ZapII vector. This library was screened using 
pBN-4 as a probe. A few of the positive plaques obtained 
were PCR-amplified, and the inserts were subcloned in 
vector pGEM-7zf(+). One of the clones obtained, pBNE8, 
was selected for further characterization. When pBNE8 
was used as a probe on nuclear DNA digested with differ- 
ent restriction enzymes, a pattern similar to that of pBN-4 
was obtained, thereby indicating that both pBN-4 and 
pBNE8 may be members of the same repeat family. 

Sequence analysis 

The clone pBN-4 was sequenced in both orientations and 
was found to be 459 bp in length with an AT content of 
61% (Fig. 2). The repeat pBN-4 contained a number of di- 
rect and inverted repeats with the longest direct repeat be- 
ing 10 bp in size. The clone pBNE8 was also sequenced 
and was found to be 1732 bp in length (Fig. 2); it also 
showed the presence of a number of direct repeats. Com- 
parisons of the pBN-4 sequence with the pBNE8 sequence 
showed a homology of 83.6% in the 475-bp region extend- 
ing from nucleotide position 1267 to the nucleotide posi- 
tion 1732 in pBNE8 (Fig. 2). Upon comparison with se- 
quences in the EMBL database pBN-4 did not reveal any 
homology with any of the sequences, suggesting that this 
sequence was a new family of dispersed repeats. On the 
other hand, pBNE8 showed 71% homology from nucleo- 
tide position 957 to nucleotide position 1029 with a puta- 
tive Asp-tRNA from soybean (Waldron et al. 1985). The 
portion of pBNE8 showing homology to a putative Asp- 
tRNA lies upstream of the region that is homologous to 
pBN-4. Sequence comparison of pBNE8 with Asp-tRNA 
is shown in Fig. 3a. pBNE8 also showed high homologies 
with the Asp-tRNA from rat liver and a tRNA from the 
prokaryote Bacillus subtilis. Transfer RNAs are known to 
have secondary/folded structures. Similarly, pBNE8 also 
folded into a tRNA-like structure (Fig. 3B) to give homol- 
ogous nucleotides located in similar regions as in the soy- 
bean Asp-tRNA (Waldron et al. 1985). The intragenic pro- 
moter residues (Box A and Box B, Fig. 3A) are conserved 
in the sequence pBNE8 and are located in the same region 
as in the putative Asp-tRNA. The invariant and semi-in- 
variant residues typical of all tRNA molecules are encir- 
cled. 

Determination of species-specificity 

In order to determine the species-specificity ofpBN-4,  sev- 
eral species of Brassica and related crucifers were re- 
stricted with HindIII, Southern blotted and hybridized with 
pBN-4 (Fig. 4). Among the different Brassica species, the 
repeat pBN-4 hybridized to B. nigra cv 'IC257' but not to 
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Fig. 3 A Sequence comparison 
of clone pBNE8 with the Asp- 
tRNA from soybean represent- 
ed as Gnat gda (Waldron et al. 
1985). An asterisk (*) denotes 
a deletion and a dash (-) a nu- 
cleotide homologous to that in 
the Asp-tRNA sequence. B, C 
Secondary structures of 
Asp-tRNA (B) and pBNE8 (C). 
Semi- invariant and invariant 
residues are encircled 
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pBN-4 did not hybridize to S. alba, Diplotaxis erucoides, 
Erucastrum gallicum, Eruca sativa, B. tournefortii and 
Raphanus sativus (Fig. 4). No change in the hybridization 
pattern was obtained upon lowering the stringency condi- 
tions, indicating that pBN-4 was highly species-specific. 
The repeat pBNE8 showed a hybridization pattern simi- 
lar to that of pBN-4 when used as a probe on different spe- 
cies of Brassica and the related crucifers. In addition, 
pBNE8 hybridized to most of the crucifers producing 
smears. 

Fig. 4 Hybridization of pBN-4 with different Brassica species and 
related crucifers. Five micrograms of total DNA of B. nigra cv 
'IC257' (lane a), B. nigra cv 'Junius' (lane b), B. campestris 
(lane c), B. oleracea (lane d), B. juncea (lane e), S. arvensis cv '1' 
(lane j'), S. arvensis cv '2' (lane g), S. aIba (lane h), D. erucoides 
(lane i), E. gallicum (lane j), E. sativum (lane k), B. tournefortii 
(lane I) and R. sativus (lane m) were restricted with HindIII, South- 
ern blotted and hybridized with the probe pBN-4 

B. campestris and B. oleracea (Fig. 4, lanes a, c and d). It 
also hybridized to B. nigra cv 'Junius'  (Fig. 4, lane b), a 
European cultivar ofB. nigra, and to B.juncea (Fig. 4, lane 
e), a naturally occurring amphidiploid that contains the 
B. nigra genome. 

Of the other crucifers, pBN-4 hybridized to two culti- 
vars of Sinapis arvensis, giving bands at 0.46 kb and 
0.65 kb (Fig. 4, lanes f and g). However, the repeat 

Localization of B. nigra-specific repeats 
on chromosomes 

With a view to localize pBN-4 on the respective chromo- 
somes in the B. nigra genome, we restricted and hybridized 
DNA from the five monosomic addition lines of B. nigra 
in B. napus background to species-specific repeat pBN-4. 
The repeat was found to be present in all of the addition 
lines with prominent bands at 0.46 kb, 0.6 kb and 1.40 kb 
(Fig. 5). However, the intensity of the signal varied among 
the addition lines. The most intense signal was obtained in 
addition line 5, whereas in addition lines 3 and 4 the inten- 
sity of the signal was weak (Fig. 5, lanes g, e and f, respec- 
tively). Since pBN-4 hybridized to all five addition lines 
we then became interested in studying the localization of 
some of the other B. nigra repeats earlier characterized in 
our laboratory (Gupta et al. 1990, 1992). 

Species-specific repeats pBNBH35 and pBN34, previ- 
ously characterized in our laboratory (Gupta et al. 1990, 
1992), were also used for the chromosomal localization 
studies. The repeat pBNBH35 is dispersed whereas pBN34 
is tandem in nature. Hybridization of pBNBH35 to BamHI- 
restricted DNA from the addition lines showed that the dis- 
persed repeat pBNBH35 was present on all the addition 



Fig. 5 Localization of the dis- 
persed species-specific repeat 
on the B. nigra chromosomes. 
Total DNA of B. nigra (lane a), 
B. napus (lane b) and addition 
lines 1-5 (lanes c-g) were re- 
stricted with HindIII and 
probed with pBN-4 
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lines. The dispersed repeat, pBNBH35, revealed distinct 
bands of sizes 0.6 kb, 2.1 kb and 2.5 kb (Gupta et al. 1992). 
The intensity of the signals was maximum in addition lines 
1 and 4 and minimum in 3 (Fig. 6, lanes c, f and e respec- 
tively). The localization of tandem repeat pBN34 was stud- 
ied by restricting the DNA from the addition lines with 
HindIII and then hybridizing it with pBN34. The tandem 
repeat pBN34 gave a ladder-like pattern of hybridization 
having a monomeric unit size of 350 bp (Gupta et al. 1990). 
The tandem repeat pBN34 was found to be present in only 
two of the five addition lines. The intensity of the signal 
obtained was the same for both addition lines (Fig. 7, 
lanes c and f). 

Fig. 6 Localization of the dis- 
persed species-specific repeat 
pBNBH35 on the B. nigra 
chromosomes. Total DNA of 
B. nigra (lane a), B. napus 
(lane b) and addition lines 1-5 
(lane c-g) were restricted with 
BamHI and probed with 
pBNBH35 

Fig. 7 Localization of the spe- 
cies-specific tandem repeat 
pBN34. Total DNA of B. nigra 
(lane a), B. napus (lane b) and 
the five alien addition lines 
(lanes c-g). All the DNAs were 
restricted with HindIII and 
probed with pBNH34 

Discussion 

The isolation and characterization of two dispersed DNA 
sequences, pBN-4 and pBNE8, belonging to the same fam- 
ily of repeats is reported in this paper. Hybridization pat- 
terns obtained for both repeats indicated that they may be 
members of the same repeat family of the B. nigra genome. 
This was confirmed by sequence comparisons, which 
showed more than 80% homology between pBN-4 and the 
475-bp region at the 3' end of pBNE8. Digestion of B. ni- 
gra genomic DNA with various restriction enzymes and 
hybridization to either pBN-4 or pBNE8 revealed differ- 
ent hybridization patterns. The partial restriction digests 
also did not reveal a ladder-like pattern upon hybridization 
with either pBN-4 or pBNE8. These results indicated that 
the repeats are dispersed in nature. The hybridization pat- 
terns obtained with isoschizomers MboI, Sau3AI and DpnI, 
which recognize the sequence 5'-GATC-3', indicated that 
neither the 'A' nor 'C' residues in 5'-GATC-3' are methyl- 
ated. However, methylation studies with isoschizomers 
MspI and HpaII indicated that the internal C is more meth- 
ylated than the external C in 5'-CCGG-3'. 

pBN-4 was found to be species-specific as no hybrid- 
ization signals were obtained with the diploid species of ei- 
ther the A (B. campestris) or the C (B. oleracea) genome 
when pBN-4 was used as a probe. This clearly established 
the presence of this repeat only in the B (B. nigra) genome. 
This distinction at the DNA sequence level between the 
pBN-4 repetitive sequence from the B genome and repeats 
present in both the A and C genomes may have arisen due 
to the elimination of this repeat from both the A and C ge- 
nomes or its extensive modification during the speciation 
process. The repeat pBN-4 may thus be considered to be 
species-specific for B. nigra (B genome). On the other hand, 
the repeat pBNE8 produced a smear with most of the other 
crucifers, indicating that the region of pBNE8 upstream of 
the pBN-4-1ike region is not species-specific. This was clear 
as the 5' upstream sequence of pBNE8 shows homology to 
a putative Asp-tRNA (Waldron et al. 1985). 

pBN-4 did not hybridize with any of the wild relatives 
of family Brassicaceae used in the study except S. arven- 
sis. This shows that B. nigra is closer to the S. arvensis 
genome than to B. campestris and B. oIeracea. This had 
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been established earlier using other repeat families of 
B. nigra (Gupta et al. 1990, 1992). On the basis of chloro- 
plast DNA analysis (Yanagino et al. 1987; Pradhan et al., 
1992), S. arvensis and B. nigra have been grouped together. 
Mizhushima (1980) and Song et al. (1988) have suggested 
that S. arvensis may be the progenitor of B. nigra. Based 
on sequence comparison of the 5S rDNA non-coding 
spacer regions Bhatia et al. (1993), Capesius (1993) and 
Lakshmikumaran (unpublished) showed that B. nigra is 
closer to the Sinapis species than to B. campestris. 

Repeated DNA families showing homology to tRNA 
sequences have been reported earlier (Benslimane et al. 
1986; Endoh et al. 1990). This homology extends to spe- 
cific-sequence motifs such as the tRNA intragenic promot- 
ers, direct and inverted subrepeats within the sequence and 
the secondary structure. The 177-bp tandem repeat from 
B. oIeracea showed 64% and 60% homologies with Lys- 
and His-tRNA, respectively, from yeast mitochondria 
(Benslimane et al. 1986). The 350-bp repeat from rice 
showed homology to both 5S RNA and tRNA (Wu and Wu 
1987). A family of SINE retroposons from B. napus 
showed 57-59% homology to several tRNA species 
(Deragon et al. 1994). A highly repetitive and transcribable 
sequence in the tortoise genome, the 6.5S rRNA, showed 
68-70% similarity with Lys- and Thr-tRNAs from rabbit 
and mouse genome, respectively (Endoh et al. 1990). 
Recently, Batistani et al. (1995) reported a tandemly re- 
peated DNA family in European salamanders originally 
derived by retroposition of tRNA intermediates. The clone 
pBNE8 reported here also showed homology to a putative 
Asp-tRNA from Glycine max (Waldron et al. 1985) and 
other tRNAs. The tRNA-like secondary structure of 
pBNE8 is a computer structure obtained by the RNA sec- 
ondary structure prediction program developed by Zuker 
(1989). The biological importance of the tRNA-like struc- 
ture is unknown, but there is strong evidence that similar 
to the other repetitive sequences, pBNE8 may have evolved 
from a tRNA. 

Genome-specific markers have been assigned to their 
respective chromosomes in the B genome with the aid of 
B. napus - nigra alien addition lines (Quiros et al. 1991). 
Kianian and Quiros (1992) mapped the rDNA intergenic 
spacer sequences in B. oleracea to three independent chro- 
mosomes. A family of  tong interspersed repetitive ele- 
ments specific to genus Zea was mapped on chromosomes 
by in situ hybridization (Aledo et al. 1995). Wong et al. 
1995 showed chromosomal localization of a chromosome 
5-specific repetitive DNA sequence. The dispersed repeat 
family characterized in this study proved to be a strict 
marker for the B genome. Since the location of this fam- 
ily of repeats in the genome of B. nigra was not known, 
monosomic addition lines were used for the same and the 
repeat was found to be present on all chromosomes. 

In addition to pBN-4, two repeats, pBN34 and 
pBNBH35, characterized earlier in our laboratory (Gupta 
et al. 1990, 1992), were also localized on the B. nigra chro- 
mosomes using the B. napus-nigra alien addition lines. The 
dispersed repeat pBNBH35, like pBN-4, is present on all 
chromosomes. The difference in the intensity of the sig- 

nals obtained with both pBN-4 and pBNBH35 may be due 
to variations in the copy number of the repeats present on 
each chromosome. Tandem repeats generally occur in clus- 
ters and may thus be present on a number of chromosomes. 
The tandem repeat pBN34 was localized to only two of the 
chromosomes. A satellite DNA from rice has been shown 
to be present on only some of the chromosomes (Wu et al. 
1991). Similarly, the 177-bp repeat family of Brassicacea 
is not located on all the chromosomes (Harrison and 
Heslop-Harrison 1995). Since both the dispersed repeats 
pBN-4 and pBNBH35 are present on all chromosomes it 
will be interesting to study the organization of these re- 
peats with respect to each other in the B. nigra genome. 
Work involving the use of the B. nigra-specific repeat de- 
scribed here and other species-specific repeats for the 
screening of wide/somatic hybrids and synthetic B. juncea 
is now in progress in our laboratory. 
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