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In situ hybridization with species-specific DNA probes gives evidence
for asymmetric nature of Brassica hybrids obtained by X-ray fusion
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Summary. We have previously reported production of
somatic hybrids between B. oleracea and B. campestris by
fusion of B. oleracea protoplasts with X-irradiated
B. campestris protoplasts, in order to transfer a part of
the B. campestris genome into B. oleracea. Our previous
analysis of morphology, chromosome number, and
isozyme patterns of the hybrids suggested that they are
asymmetric in nature. To obtain further evidence for the
asymmetric nature of the hybrids, we isolated B. campes-
tris-specific repetitive sequences and used them for in situ
hybridization of the chromosomes of the hybrids. The
repetitive DNA probes could specifically identify 8 out of
20 chromosomes of the B. campestris genome, and anal-
ysis of the hybrids indicates that 1-3 chromosomes of
B. campestris are lacking in all five hybrids examined,
giving clear evidence for the asymmetric nature of the
hybrids. Furthermore, in situ hybridization revealed that
some of the abnormal chromosomes observed in the hy-
brids are generated by rearrangements of B. campestris
chromosomes caused by X-irradiation. Altogether, our
study indicates that in situ hybridization using species-
specific repetitive sequences is a useful tool to analyze
chromosomal compositions of various types of hybrids
obtained by cell fusion or conventional methods.
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Introduction

Production of somatic hybrids has been described in a
number of species (for review, see Schieder and Vasil
1980; Schieder 1982). A detailed analysis of their chro-
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mosomal compositions, however, has not been extensive-
ly performed except in a few instances (Kao 1977; Hoft-
man and Adachi 1981). Possible reasons for the lack of
such studies are the following. First, most of the somatic
hybrids described are those in the Solanaceae, whose
chromosomes are generally small and similar in mor-
phology. Second, banding methods, which are well estab-
lished in cereal species {Endo and Gill 1984) that contain
relatively large chromosomes, have not been developed
for the species containing smaller chromosomes. Third,
when structural changes of chromosomes that are often
observed by irradiation of protoplasts prior to cell fusion
take place it becomes more difficult to analyze the chro-
mosomes of the hybrids. For the above-mentioned rea-
sons, chromosome studies of somatic hybrids have been
generally limited to the analysis of chromosome number
and certain chromosomes that have morphological char-
acteristics, such as secondary constriction or satellites.

In situ hybridization of nucleic acid probes to
metaphase chromosomes was originally developed in
mammalian systems (Gall and Pardue 1969; Henderson
1982). In higher plants, this technique has been mainly
used to study the organization of highly repetitive se-
quences in wheat (Hutchinson and Londsdale 1982), rye
(Jones and Flavell 1982), Allium (Jamieson et al. 1986),
and potato (Visser et al. 1988). More recently this tech-
nique has been applied for middle repetitive sequences
(Ganal et al. 1988) and even for single- or low-copy se-
quences (Ambros etal. 1986a, b; Mouras etal. 1987;
Huang et al. 1988).

Species-specific repetitive sequence has been shown
to be a useful tool to analyze the nuclear genome of
hybrids produced by cell fusion (Saul and Potrykus
1984). Using such sequences, the relative contribution of
each parent’s genome in asymmetric hybrids has been
quantified Imammura et al. 1987). In no cases, however,



have such species-specific DNA probes been used for the
analysis of hybrids at the chromosome level.

We have previously described somatic hybrids of
B. oleracea and B. campestris (Terada et al. 1987). More
recently we have characterized somatic hybrids between
these two species which were produced by X-irradiating
B. campestris protoplasts prior to cell fusion (Yamashita
et al. 1989). Analysis of their morphology, isozymes, and
chromosome number suggested that most of the hybrids
obtained in this experiment are asymmetric in nature,
resulting from elimination of B. campestris chromosomes
by X-ray irradiation. In this communication we describe
further analysis of these asymmetric somatic hybrids of
B. oleracea and B. campestris, by using in situ hybridiza-
tion of B. campestris-specific, middle repetitive DNA se-
quences to metaphase chromosomes of the hybrids. Our
analysis demonstrates the asymmetric nature of the hy-
brids obtained by X-ray fusion. Furthermore, in situ
hybridization detected chromosomal rearrangements in-
volving B. campestris chromosomes that are generated by
irradiation of the protoplasts by X-ray prior to cell fu-
sion.

Materials and methods

Plant materials

Somatic hybrid plants obtained by fusion of B. oleracea proto-
plasts with X-irradiated B. campesiris protoplasts have been
described previously (Yamashita et al. 1989). Their morphology,
chromosome number, and isozyme patterns have been charac-
terized. As control plants, B. oleracea var. capitata cv Nakarubi
(cabbage), B. campestris var. rapa cv 77b (turnip), and var.
pekinensis cv CR-strong (Chinese cabbage) were used.

Isolation of plant DNA

Nuclear DNA was isolated from leaves according to a published
protocol (Murray and Thompson 1980) and purified by CsCl/
EtBr density gradient centrifugation (Maniatis et al. 1982).

Isolation of repetitive sequences from B. campestris

B. campestris nuclear DNA digested with Sall or Tagl was
cloned at the Sa/l or Accl site of pUC19 by a standard method.
B. campestris-specific repetitive sequences were screened by
colony hybridization using total genomic DNAs of B. campes-
tris and B. oleracea as probes.

Southern blot hybridization

Nuclear DNA digested with restriction enzymes was separated
by electrophoresis and blotted to a nylon membrane according
to Reed and Man (1985). Hybridization was performed in a
solution containing 50% formamide, 5xSSCP (1 x SSCP=
50 mM sodium phosphate, pH 6.8, 120 mM NaCl, 15 mM sodi-
um citrate), 100 ug/ml carrier DNA, 0.5% nonfat milk, 10%
dextran sulfate (w/v) for 16 h at 42°C. After hybridization, the
membrane was washed three times in 2 x SSC/0.1% SDS at 42°C
for 15 min and twice in 0.1 x SSC/0.1% SDS for 30 min at 65°C.

Chromosome preparation

Plant material. Seedling roots of B. oleracea and B. campestris
and root tips collected from hybrid plants grown in pots were
used for chromosome preparation.

Pretreatment and fixation. Root tips (ca. 1 mm) were treated
with a solution containing 0.02% colchicin and 7 ug/ml ethidi-
um bromide for 3.75 h at 10°C, and the solution was replaced
with ice-cold Farmer’s solution (3:1=ethanol:glacial acetic
acid) and kept overnight at -20°C.

Refixation. After removing Farmer’s solution by a Pasteur pi-
pette, root tips were washed with distilled water for 2—3 min.
After three washes the tissue was treated with an enzyme solu-
tion containing 4% cellulase “Onozuka” RS (Yakult), 1% pec-
tolyase Y-23 (Seishin Pharmaceutical Co.), 75 mM KCl, and
7.5 mM EDTA (Nishibayashi and Kaeriyama 1986) for 45 min
at 37°C. Dispersed root-tip cells were then washed with 0.05 N
NaOH overnight for 1 day and spread on a slide with forceps.
Drops of Farmer’s solution were occasionally added onto the
slide to avoid desiccation of the cells. After air drying, the slides
were kept for at least 2 week in a desiccator at room temperature
before use for in situ hybridization. Approximately 50 slides
were prepared for one experiment.

In situ hybridization

Denaturation of chromosomal DNA. RNase solution (100 pg/ml
RNaseA in 2 x SSC) was dropped (100 pl/slide) on a slide with
dispersed root-tip cells, and a coverslip was placed on the slide
and kept in a humid chamber for 1 h at 37°C. Then the slide was
washed twice in 2 x SSC solution for 5 min at room temperature,
and chromosome preparations were dehydrated in an ethanol
series (70%, 90%, and 100%) for 10 min each and air dried for
at least 15 min. For denaturation of chromosomal DNA, the
slides were placed in 70% (v/v) formamide in 2 x SSC at 70°C.
To determine an optimal length of time for DNA denaturation,
several test slides were denatured for 1-4 min and then exam-
ined for the morphology of chromosomes. Immediately after
denaturation of chromosomal DNA, chromosomal prepara-
tions were dehydrated in an ice-cold ethanol series (70%, 90%,
100%) and air dried for more than 15 min.

Purification of probe DNA. Probe DNA was separated by elec-
trophoresis, electroeluted and further purified by NenSorb 20
(Du Pont). Purified DNA was labeled with biotin-11-dUTP and
biotin-7-dATP using a random prime labeling system (Amer-
sham).

Hybridization. A solution containing biotin-labeled probe DNA
(4 ng/pl biotinylated DNA, 50% formamide, 10% dextran sul-
fate, 0.6 ug/pl carrier DNA in 2 x SSC) was dropped onto a slide
(50 pl/slide) and a siliconized coverslip was placed on it. Hy-
bridization was performed for 16—18 h at 37°C, and the slide
was washed as described by Rayburn and Gill (1985).

Detection of hybridization signals. Hybridization signals were
detected by streptavidin-alkaline phosphatase conjugate by us-
ing NBT-BCIP as substrates (BluGene, BRL). A solution con-
taining 1 pg/ml streptavidin-alkaline phosphatase in Buffer 1,
as described in the protocol supplied by the manufacturer
(150 mM NaCl, 100 mM Tris-HCI at pH 7.5), was dropped on
the slides (150 pl/slide) and kept at room temperature for
10 min. Then the slides were washed twice in Buffer 1 for 15 min
and washed in Buffer 3 once (50 mM MgCl,, 100 mM NaCl,
100 mM Tris-HC, pH 9.5) for 10 min. After the wash, 100 pl of
a reaction solution containing the substrates was added onto
the slide. After 1-hour incubation at room temperature, the slide
was washed with Buffer 3, covered with a cover glass and ob-
served by a phase contrast microscope (Nikon Optiphoto). For
photographing, Fujichrome DX100 and Minicopy HRII were
used.
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Results

Isolation of B. campestris-specific repetitive sequences

Two clones of middle repetitive sequences, CS1 and
CT10, isolated from B. campestris were used for analysis
of metaphase chromosomes of the somatic hybrids. A
detailed characterization of these B. campestris-specific
repetitive sequences will be described in an accompany-
ing paper (Iwabuchi etal. 1991). CS1 is completely
specific to the B. campestris genome and its copy number
was estimated to be ca. 1,700 copies per haploid genome.
The sequence CT10 is a variant form of CS1 consisting
of CS1 and additional sequences that are hybridized with
B. oleracea genome.

Southern blot analysis of the hybrids using a B. campestris-
specific repetitive sequence as a probe

Southern blot analysis of three somatic hybrids whose
chromosome compositions are distinct from one another
was performed, in order to examine whether this repeti-
tive sequence can be used to distinguish those hybrids
presumably different in degree of asymmetry in the nu-
clear genome (Fig. 1). Based on our previous study on
various characters of the hybrids, we concluded that
these hybrids possess two times the B. oleracea genome,
namely, 36 chromosomes, plus B. campestris chromo-
somes, whose number varies in each hybrid due to chro-
mosome elimination caused by X-irradiation (Yamashita
et al. 1989). The hybrids H15 (lane 2) and H13 (lane 3)
contain 43 and 47 chromosomes, respectively, and the
number of B. campestris chromosomes eliminated is 13
and 9, respectively. One hybrid, SH1, which was ob-
tained through a standard cell fusion without X-irradia-
tion and presumably contained a complete diploid ge-
nome of B. campestris (Y. Yamashita, R. Terada, K. Itoh,
K. Shimamoto, unpublished results) was also examined
(lane 4) as a control. In agreement with the assumption,
the intensity of the hybridization signal increased in the
order of H15, H13, and SH1. Because the DNA amount
loaded in each lane was equal, this result suggested that
the signal intensity in the hybrid is correlated with the
number of B. campestris chromosomes present in the
hybrid genome. Therefore, Southern blot analysis using
the B. campestris-specific repetitive sequence as a probe
supports our previous conclusion that the hybrids pro-
duced after X-irradiation of B. campestris protoplasts are
asymmetric in nature.

Analysis of the hybrids by in situ hybridization

For analysis of the somatic hybrids, CS1 and a mixture
of CS1 and CT10 were used as hybridization probes.
First, B. campestris chromosomes were examined with
two kinds of DNA probes (Table 1; Fig. 2a, c). The
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Fig. 1. Southern blot analysis of Brassica somatic hybrids and
their parents by a B. campestris-specific DNA probe. Nuclear
plant DNA was digested with Tagl, separated by electrophore-
sis, transferred to a nylon membrane, and hybridized with CS1.
Preparation of the probe DNA and hybridization were de-
scribed in “Materials and methods™. Lane 1: B. oleracea; lane 2:
hybrid H15; lane 3: hybrid H13; lane 4: hybrid SH1; lane 5: B.
campestris

Table 1. Summary of in situ hybridization of Brassica hybrids
and their parents

Plant No. chromo- No. chromosomes
somes hybridized with
(20)
CS1 CS1+CS10
B. campestris 20 6 g
B. oleracea 18 0 0
H7 56 11 NT
H8 45 NT 5
H12 46 NT 6
H13 47 NT 7
H19 48 4 6

All the hybrids are assumed to contain 2 x B. oleracea genome,
namely, 36 chromosomes, and variable numbers of B. campes-
tris chromosomes (Yamashita et al. 1989)

Metaphase chromosomes were hybridized with biotin-labeled
DNA probes, and the hybridization was detected by using
alkaline phosphatase reaction as described in “Materials and
methods”

NT: not tested

cloned DNA in the plasmid pCS1 clearly identified six
chromosomes, whereas when a mixed probe, CS1 with
CT10, was used, eight chromosomes of B. campestris
were detected. Although the sequence containing CT10
was also present in the B. oleracea genome and a reduced
amount of probe DNA (ca. ¥4 of the normal amount)
was mixed with CS1, no detectable signals were observed
in B. oleracea chromosomes (Fig. 2b). These control ex-
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Fig. 2a—c. In situ hybridization with re-
Y petitive DNA probes shows species speci-
" ficity at the chromosome level. Methods of
- chromosome preparations and hybridiza-
tion are described in “Materials and meth-
ods”. a B. campestris chromosomes
(2n=20) hybridized with CS1. b B. olera-
. L L cea chromosomes (2n=18) hybridized
« with a mixed probe CS1+CT10. ¢ B.

b C

periments confirmed the specificity of the probes used at
the level of hybridization with metaphase chromosomes.

Five independent somatic hybrids obtained by fusion
of B. oleracea protoplasts with X-irradiated B. campestris
protoplasts were analyzed by in situ hybridization using
the two different hybridization probes (Table 1; Fig. 3).
They are all aneuploids, except for H7, and they possess
various numbers of chromosomes. Our previous study
suggests that all the hybrids except for H7 appear to
be asymmetric hybrids, in which a partial genome of
B. campestris 18 transferred to B. oleracea (Yamashita
et al. 1989).

To examine whether the number of B. campestris
chromosomes is indeed reduced in the hybrids, their

campestris chromosomes hybridized with a
mixed probe CS1+4CT10. Arrowheads
point to the regions showing hybridization

metaphase chromosomes were examined by in situ hy-
bridization. When a mixture of CS1 and CT10 was used
as 2 DNA probe, five to seven B. campestris chromo-
somes were identified in the four hybrids, H8, H12, H13
(Fig. 3a), and H19, whereas H7 (Fig. 3b) contained 11
chromosomes hybridized with the CS1 probe. Because a
complete B. campestris genome should contain eight
chromosomes hybridized with the mixed probe, it was
concluded that at least one to three chromosomes of
B. campestris that can be identified by in situ hybridiza-
tion with the mixed probe are missing in the hybrids
examined. This result demonstrates the asymmetric na-
ture of those hybrids examined. The hybrid H7, which
possesses 56 chromosomes, was initially considered to be
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a normal hybrid containing one set of B. campestris chro-
mosomes (2n=20) and two sets the of B. oleracea ge-
nome (2n=18). In situ hybridization showed, however,
that the number of chromosomes hybridized with CS1
was 11, while diploid B. campestris contains six identifi-
able chromosomes. This suggested that the hybrid con-
tains almost two sets of diploid B. campestris chromo-
somes and that our initial inferrence about its genomic
constitution is not correct. More likely, this hybrid re-
sulted from fusion of one B. oleracea genome and two

Fig. 3a and b. In situ hybridization of a B.
campestris-specific probe with somatic hy-
brids, H13 and H7. Conditions for chro-
mosome preparations and hybridization
are described in “Materials and methods”.
Arrowheads point to regions with hy-
bridization. Bar is 5pm. a Metaphase
chromosomes of hybrid H13. A mixed
probe with CS1+CT10 was used as a hy-
bridization probe. b Metaphase chromo-
somes of hybrid H7. CS1 was used as a
hybridization probe

B. campestris genomes, from which some chromosomes
were eliminated due to X-irradiation prior to cell fusion.
Based on this result on in situ hybridization, we conclud-
ed that the hybrid H7 is also an asymmetric hybrid.

The results of in situ hybridization clearly showed
that all five somatic hybrids examined lost some B.
campestris chromosomes. Moreover, one hybrid that was
not considered to be an asymmetric hybrid by our previ-
ous analysis turned out to be an asymmetric hybrid by
the analysis of in situ hybridization.
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Analysis of chromosomes with aberrant structures

Analysis of the hybrids by in situ hybridization revealed
the presence of chromosomes with abnormal morpholo-
gy that are not detected in either of the parents used for
cell fusion. In the hybrid H12, one dicentric chromosome
was found (Fig. 4a). In situ hybridization with a mixed
probe containing CS1 and CT10 exhibited strong hy-
bridization around one of the centromeres. This demon-
strated that at least part of this aberrant chromosome
was derived from B. campestris, presumably due to
translocation of fragmented chromosomes. In the other
hybrids examined, similar aberrant chromosomes ex-
hibiting strong hybridization at the centromere region
were observed (results not shown). This result demon-
strated that in situ hybridization with species-specific
DNA probes is also useful to identify the origin of abnor-
mal chromosomes often found in those somatic hybrids
produced between two distantly related species.

Discussion

In this investigation, we demonstrated that combination
of species-specific DN A probes and in situ hybridization
is a useful tool to analyze chromosomes of somatic hy-
brids in which changes in the karyotype are often ob-
served. We were also able to demonstrate that this tech-
nique can identify the origin of those chromosomes with
various types of structural alterations such as deletion
and translocation.

One of the critical factors influencing results in in situ
hybridization with smaller plant chromosomes is
whether or not chromosome morphology is kept intact
after chromosomal DNA is denaturated. In our study, to
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Fig. 4a and b. Detection of an aberrant

- chromosome in hybrid H12 by Giemsa-
staining and in situ hybridization. Meth-
ods for Giemsa-staining and in situ hy-

- bridization of chromosomes in hybrids are
described in “Materials and methods™.
a Metaphase chromosomes of hybrid H12
stained by Giemsa. Arrow points to a di-
centric chromosome. b A dicentric chro-
mosome hybridized with CS1+ CS10 (left).
Arrowhead indicates one of the two cen-
tromere regions showing a hybridization
signal. At the right is a Giemsa-stained di-
centric chromosome. Arrowheads point to
the centromeres. Bar is 5 pm

keep morphology of chromosomes after DNA denatura-
tion, we dried slides slowly in a desiccator while applying
a standard denaturation method with formamide. In our
experiments, optimal time for denaturation of chromoso-
mal DNA greatly changed, depending on the “age” of
the chromosome preparations. For the slides kept in a
desiccator for less than 2 weeks, shorter denaturation
time was necessary. However, better results were general-
ly obtained with aged slides than with those kept for
shorter time. To obtain good results with freshly pre-
pared slides, use of NaOH/ethanol as a denaturation
solution appears to be more suitable than the standard
formamide solution (Visser et al. 1988; Lomholt et al.
1989).

Another important step in our protocol is the use of
ethidium bromide in addition to colchicine for pretreat-
ment of root tips. The reason for inclusion of ethidium
bromide in the pretreatment solution is to obtain
prometaphase-early metaphase chromosomes which re-
tain characteristics of individual chromosomes. Also
they tend to keep the morphology after DNA denatura-
tion. We were not able to obtain satisfactory results when
8-hydroxyquinolin was used for pretreatment.

Two DNA probes used in this study were not abie to
identify all the B. campestris chromosomes. Nevertheless,
it was clearly shown that the aneuploidy found in all five
of the hybrids examined was due to elimination of
B. campestris chromosomes resulting from X-irradiation.
Similar chromosome elimination was likely to take place
in the other hybrids, which were not studied in this inves-
tigation (Yamashita et al. 1989). It is obvious that more
independent clones of B. campestris-specific repetitive
sequences need to be isolated in order to make extensive
analysis of chromosomal constitutions of the hybrids.
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Analysis of aberrant chromosomes found in the
hybrids suggested that they originate from broken
B. campestris chromosomes produced by X-ray. Before
we established a protocol for in situ hybridization of
Brassica chromosomes, we attempted to analyze chro-
mosomes of the hybrids by the trypsin G-banding
method (Drewry 1982; Fukui et al. 1987). However, be-
cause of the following reasons, we were not able to
successfully use this technique for the analysis of the
hybrids. First, characteristic banding pattern was only
observed in B. campestris chromosomes and was not
found in B. oleracea chromosomes. Second, we detected
a number of small structural changes in the karyotype of
the hybrids. This made the chromosome analysis by the
banding method complicated and difficult.

It has been proposed that production of asymmetric
hybrids transfers important traits of one species into an-
other when those species cannot be crossed by conven-
tional methods (Dudits et al. 1987). In fact, the asymmet-
ric hybrids of B. oleracea and B. campestris examined in
this study were backcrossed to B. oleracea twice, and
fully fertile plants having all the morphological and agro-
nomic characteristics of B. oleracea have been now ob-
tained. Furthermore, these ““B. oleracea” plants originat-
ing from the asymmetric somatic hybrids express a dis-
ease resistance that is derived from the B. campestris
parent. It will be interesting to analyze the chromosomes
of these plants by in situ hybridization, in order to exam-
ine whether parts of B. campestris chromosomes are in-
deed contained in the chromosomes of B. oleracea.

References

Ambros PF, Matzke ATM, Matzke MA (1986 a) Localization of
Agrobacterium rhizogenesis T-DNA in plant chromosomes
by in situ hybridization. EMBO J 5:2073-2077

Ambros PF, Matzke MA, Matzke AIM (1986b) Detection of a
17-kb unique sequence (T-DNA) in plant chromosome by in
situ hybridization. Chromosoma 94:11-18

Drewry A (1982) G-banded chromosomes in Pinus resinosa. J
Hered 73:305-306

Dudits D, Maroy E, Praznovszky T, Olan Z, Gyorgyey J, Cella
R (1987) Transfer of resistance traits from carrot into tobac-
co by asymmetric somatic hybridization: regeneration of fer-
tile plants. Proc Natl Acad Sci USA 84:8434-8438

Endo TR, Gill BS (1984) Somatic karyotype, the heterochro-
matin distribution and nature of chromosome differentia-
tion in common wheat, Triticum aestivum L. em Thell. Chro-
mosoma 89:361-369

Fukui K, Kakeda K, Itoh K (1987) Quantitative analysis of the
C-, N-, and G-banded plant chromosomes by the application
of imaging techniques. Proc Sino-Japanese Symp Plant
Chromosomes, pp 207-212

Gall JD, Pardue ML (1969) Formation and detection of RNA-
DNA hybrid molecules in cytological preparations. Proc
Natl Acad Sci USA 63:378—383

Granal MW, Lapitan NLV, Tanksley SD (1988) A molccular
and cytogenetic survey of major repeated DNA sequences in
tomato (Lycopersicon esculentum). Mol Gen Genet 213:
262268

Henderson AS (1982) Cytological hybridization to mammalian
chromosomes. Int Rev Cytol 36:1-41

Hoffman F, Adachi T (1981) “Arabidobrassica”: chromosomal
recombination and morphogenesis in asymmetric inter-
generic hybrid cells. Planta 153:586—-593

Huang PL, Hahlbrock K, Somssich IE (1988) Detection of a
single-copy gene on plant chromosomes by in situ hybridiza-
tion. Mol Gen Genet 211:143-147

Hutchinson J, Londsdale LM (1982) The chromosomal distribu-
tion of cloned, highly repetitive sequences from hexaploid
wheat. Heredity 48:371-376

Immamura J, Saul MW, Potrykus I (1987) X-ray irradiation
promoted asymmetric somatic hybridization and molecular
analysis of the products. Theor Appl Genet 74:445-450

Iwabuchi M, Itoh K, Shimamoto K (1991) Molecular and cyto-
logical characterization of repetitive DNA sequences in
Brassica. Theor Appl Genet 81:349-355

Jamieson G, Evans IJ, Barnes SR (1986) An enzymatic method
of preparing plant chromosomes for in situ hybridization.
Stain Technol 61:21-25

Jones JDG, Flavell RB (1982) The mapping of highly repeated
DNA families and their relationship to C-bands in chromo-
somes of Secale cereale. Chromosoma 86:595-612

Kao KN (1977) Chromosomal behavior in somatic hybrids of
Soybean-Nicotiana glauca. Mol Gen Genet 150:225-230

Lomholt B, Sorensen PD, Simonsen H, Frederiksen S (1989)
Optimization of in situ hybridization to human metaphase
chromosomes. Anal Biochem 182:25-31

Maniatis T, Fritsch EF, Sambrook J (1982) Molecular cloning:
a laboratory manual. Cold Spring Harbor Laboratory Press,
Cold Spring Harbor/NY

Mouras A, Saul MW, Essad S, Potrykus I (1987) Localization
by in situ hybridization of a low-copy chimaeric resistance
gene introduced into plants by direct gene transfer. Mol Gen
Genet 207:204-209

Murray MG, Thompson WF (1980) Rapid isolation of high-
molecular-weight plant DNA. Nucleic Acids Res §:4321—
4325

Nishibayashi S, Kaeriyama J (1986) Structural stability of chro-
mosomes in rice (Oryza sativa L.) plant regenerated from
somatic tissue culture. Plant Tiss Cult Lett 3:31-34

Rayburn AL, Gill BS (1985) Use of biotin-labelled probes to
map specific DNA sequence on wheat chromosomes. J
Hered 76:78-81

Reed KC, Mann DA (1985) Rapid transfer of DNA from
agarose gels to nylon membranes. Nucleic Acids Res
13:7207-7221

Saul MW, Potrykus I (1984) Species-specific repetitive DNA
used to identify interspecific somatic hybrids. Plant Cell Rep
3:65-67

Schieder O (1982) Somatic hybridization: a new method for
plant improvement. In: Vasil IK, Scowcrof WR, Frey KJ
(eds) Plant improvement and somatic cell genetics. Aca-
demic Press, New York, pp 239-253

Schieder O, Vasil IK (1980) Protoplast fusion and somatic hy-
bridization. Int Rev Cytol 11B:21-46

Terada R, Yamashita Y, Nishibayashi S, Shimamoto K (1987)
Somatic hybrids between Brassica oleracea and B. campes-
tris: selection by the use of iodoacetoamide inactivation and
regeneration ability. Theor Appl Genet 73:379-384

Visser RGF, Hockstra FR, Leij FR van der, Pijnacker LP,
Withoit B, Feenstra WJ (1988) In situ hybridization to so-
matic metaphase chromosome of potato. Theor Appl Genet
76:420-424

Yamashita Y, Terada R, Nishibayashi S, Shimamoto K (1989)
Asymmetric somatic hybrids of Brassica: partial transfer of
B. campestris genome into B. oleracea by cell fusion. Theor
Appl Genet 77:415-419



