Y TR F R Chin J Biotech 2011, November 25; 27(11): 1586-1597
journals.im.ac.cn Chinese Journal of Biotechnology ISSN 1000-3061
cjb@im.ac.cn ©2011 CJB, All rights reserved.

I X7/E5 S

REE, MAE, RE
YT K2 A Bl2E2:Be, T 267005

_»»

W E: hkFEEE G % Brassica campestris 5 & 13 Brassica oleracea var. botrytis #97F 18] 4k 4m it 22 334k, vAF 18
Fel E ey Fot 5 TREs A A, B4 &RAFKIK, A 40% F =8 (Polyethylene glycol, PEG) #AT/R A FIKkaks
wka-mmie ek 0.3 mol/L E#E. 0.3 mol/L & A 4B A S5 EA LA, Wh 0.2 mg/L 2,4-D+0.5 mg/L 6-F A &L %% (6-BA)
+0.1mg/L 1-A Z & (NAA) +0.1 mg/L #3h% (Kinetin, Kin) #92CR K8p /A F Mk B3z, Ha3ZF 0.1% 5 /5
Ay 8~10 A~ tm A HA 44 2 i A2 K Hm 0.3 mol/L A& F= 2 mg/L 6-BA+2 mg/L E k% (Zeatin, ZEA) +1 mg/L NAA+0.5 mg/L
Kin #) Kao 32 /R A F 5 SR 2048, RA5204045 3] MS+5 mg/L ZEA+2 mg/L IAA#FFRZ¥. ¥k 1-2cmey ¥
3] 1/2 MS+0.2 mg/L NAA -3 A 4R, HARGHRESZE L, I ERAURAATHEF . mRF o TAMT
AR, HRERY, wemieEic2-TdERAER LR H, BRI dEHMREH066%, TTFHEFLITh. F
& %i“%%émm, #R BB AMRGTEREKR, REfrt B AR LI FRGTHE, FEKTHRLERET, FE
AR EAREE A 2n=38. AR MMM Z DNA &2 27, FHAEMK DNA & F R F K, ALY 3 % &5 DNA
(Random amplified polymorphic DNA, RAPD) #=# 41/ 424 % (Genomic in situ hybridization, GISH) 4-#7 4 RiE 8]
BAMKRET N FRRLE., A@lofhind sk, 2. 8647 mRb kA IRA.

KEE: RmI R, RAFK, WMKRBL, B, AT IE S AM DNA, RARAREER, MILRRN

Morphological, cytological, and molecular characterization of
hybrids and their progenies derived from the somatic
hybridization of Brassica campestris and Brassica oleracea
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Abstract: In order to produce interspecific somatic hybrids between Brassica campestris (2n =20, AA) and Brassica
oleracea (2n=18, CC), we isolated protoplasts from cotyledons and hypocotyls of young seedlings, and fused by 40%
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polyethylene glycol (PEG). Fused cells were cultured in modified K8p liquid medium supplemented with 0.2 mg/L
2,4-dichorophenoxyacetic acid (2,4-D) +0.5 mg/L 6-benzylaminopurine (6-BA)+0.1 mg/L naphthaleneacetic acid (NAA)+
0.1 mg/L Kinetin (Kin), 0.3 mol/L sucrose and 0.3 mol/L glucose were used as osmoticum. At the eight-to ten-cell stage,
divided cells were transferred to Kao’s basal medium supplemented with 0.3 mol/L sucrose as carbon source and 0.1% agarose,
2 mg/L 6-BA+ 2 mg/L Zeatin (ZEA)+1 mg/L NAA+ 0.5 mg/L Kin for callus induction. After 35 days, when small calli reached
2-3 mm in diameter, calli were transferred to regeneration medium containing 5 mg/L Zeatin (ZEA) and 2mg/L indole-3-acetic
acid (IAA). After the length of the shoots reached 1-2 cm, the shoots were transferred to 1/2 MS+0.2 mg/L NAA for root
induction. Morphological, cytological and molecular biological analysis methods were used for identification of somatic
hybrids. The results showed that, the first cell division occurred during 2-7 days of culture. Five weeks after culture initiation,
the plating efficiency attained 0.66%. Finally, the shoot regeneration frequency was 3.7%. A total of eleven regenerated plants
were obtained and verified as somatic hybrids by morphological observation and flow cytometry. Cytological studies showed
that all tested plants had a chromosome number of 38, the sum of both parents. Hybridity was also confirmed by randomly
amplified polymorphic DNA (RAPD) and genomic in situ hybridization (GISH) analysis, indicating that these regenerated
plants were all true hybrids of B. campestris and B. oleracea. All amphidiploid somatic hybrids showed low pollen fertility.

Pollen fertility was gradually recovered in the first and second progenies.
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Introduction

The importance of Brassica vegetables such as
Chinese cabbage, broccoli, cabbage, cauliflower, and
kale have recently increased in terms of nutrient
quality for human diet and processed foods. Among
these Brassica vegetables, Chinese cabbage, the major
ingredient in Kimchi, along with hot pepper and garlic,
is the most important vegetable in Korea. The
widespread popularity of Kimchi as a fermented food
into other countries caused the increase in the
production of the Chinese cabbage™. However,
Chinese cabbage production is suffering heavy losses
yearly because of its susceptibility to pathogens such
as Xanthomonas carnpestris pv campestris (black rot),
Ervinia carotovora (soft root), and Verticillium dahliae
(vascular wilt).

Vascular wilt caused by Verticillium dahliae Kleb. is
an important disease in many plant species, including
many Brassica species, especially Chinese cabbage [B.
campestris pekinensis (Lour.) Rupr.]*. Presently, no
desirable cultivars are resistant to Verticillium disease
and great efforts have been made to exploit genetic
resources to induce \Verticillium dahliae Kileb
resistance in B. campestris. Fortunately, Broccoli crops
have Verticillium wilt resistance even in fields heavily
infested with V. dahliae!**.

Even though rapeseed can be synthesized from its

somatic hybridization, protoplast, regeneration, progeny, randomly amplified polymorphic DNA, genomic in situ

progenitors B. oleracea and B. campestris by sexual
crosses'®, the number of hybrids obtained is highly
variable and, occasionally, none are generated. This
may be explained by variations in factors such as
environment, physiological state of the material, and
genotype. In addition, successful hybrid production
usually depends on the use of B. oleracea as the
female parent and on embryo rescue techniquest”. The
chances of improving genetic diversity in rapeseed by
sexual crossings are therefore restricted™.

Somatic hybridization provides a means to
overcome sexual incompatibility and has been used to
obtain  many intraspecific and interspecific,
intergeneric, intertribal, and even interfamilial somatic
hybrids®®*®l.  This technology allows not only
intrageneric hybridizations, but also the production of
intergeneric hybrids and cybridst**. Various desirable
traits have been transferred from parents to hybrids
and cybrids using this techniquet**24,

Aside from the recombination of nuclear genome
between parents, cytoplasmic organelles such as
mitochondria and plastids can be hybridized by
protoplast fusion, thereby providing new genetic
diversity and variations in the genome of these
organelles’?®. In Brassica species, protoplast
technology has been applied extensively through
fusion of protoplasts from B. campestris and B.
oleracea to widen their genetic diversity and so
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on?%1  Other examples of interspecific somatic
hybridization between B. campestris and B. oleracea
have been reported for the transfer of economic traits
such as cytoplasmic male sterility?®*®" and disease
resistance®!],

In this study, somatic hybrids that have valuable
traits from both Chinese cabbage and broccoli were
produced to improve crops. The somatic hybrids were
verified by flow cytometry, random amplified
polymorphic DNA (RAPD) analysis, and plant
morphology.

1 Materials and methods

1.1 Plant materials

Inbred lines of B. oleracea L. var. italica (broccoli),
B. campestris (Chinese cabbage) were used as plant
materials for somatic hybridization. The seeds
provided by the Choong Ang Seed Company of South
Korea were surface-sterilized using 70% ethyl alcohol
for 30s followed by 15min in 50% commercial
Chlorox bleach solution. Then, two drops of Tween-20
were added and rinsed three times with sterile distilled
water. The sterilized seeds were germinated and
propagated in vitro on MSP? medium supplemented
with 1% sucrose and solidified with 0.8% agar under
controlled conditions (25°C, 16 h photoperiod,
84 umol/(m?:s), white fluorescent light). Prior to
protoplast isolation, the seedlings were placed in the
dark for 1-2 days to reduce starch content.
1.2 Protoplast isolation, fusion, and culture

Protoplasts of the Chinese cabbage and broccoli
were isolated from the cotyledons and hypocotyls of
10-day-old seedlings wusing as enzyme solution
containing 0.4 mol/L mannitol, 50 mmol/L CaCl,, 1%
cellulysin (Calbiochem, USA), and 0.5% macerozyme
(Calbiochem, USA) at pH 5.8. Protoplast isolation and
fusion were carried out as described by Lian and
Lim*. The protoplasts of fusion partners were
suspended in W5 (154 mmol/L NaCl, 125 mmol/L
CaCl,, 5 mmol/L KCI, 2 mmol/L MES, pH 5.7)
solution to adjust the final concentration of
1x10°protoplasts/mL and mixed gently in a ratio of
1:1. Symmetric fusion was induced with a 40%
polyethylene glycol (PEG, 1450) solution and dimethyl
sulfoxide (DMSO).
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The fused protoplasts were cultured on modified
K8p medium®®! supplemented with 0.2 mg/L 2,4-
dichorophenoxyacetic  acid  (2,4-D), 0.5 mg/L
6-benzylaminopurine (6-BA), 0.1 mg/L
1-naphthaleneacetic acid (NAA), and 0.1 mg/L Kinetin
(Kin) for cell division. The protoplasts were first
cultured in 6 mm plastic Petri dishes with 1 mL liquid
culture medium. The Petri dishes were then sealed
with Parafilm® and incubated at 25 °C in the dark.
After 24 h of culture, two different culture methods
were attempted.

In first method, another 1ml of fresh culture medium
were added to the cultures, and then were maintained
at liquid medium until colonies of 8-10 cells were
observed. The cells were collected by centrifuging.
The liquid culture medium was 50% renewed, at two
weeks intervals, with the same culture medium with a
0.1 mol/L decrease in mannit ol concentration.

The second method, fused cells were tenderly
resuspended, and then gently mixed with an equal
volume of Kao’s basal medium®®!  containing
0.3 mol/L sucrose, 0.2% agarose, 2 mg/L 6-BA,
2mg/L ZEA, 1 mg/L NAA, and 0.5 mg/L Kin. The
cultures were kept in the dark at 25 °C.

After 5 weeks, when calli were 2-3 mm in diameter,
plating efficiency was investigated, then, they were
transferred into regeneration medium containing
5 mg/L ZEA and 2 mg/L indole-3-acetic acid (IAA)
and solidified by adding 8 g/L agar at pH 5.8 for shoot
regeneration at 25°C under fluorescent light at
84 umol/(m?s) and a 16 h photoperiod. The calli were
transferred to new medium every 2-3 weeks and the
resulting regenerated shoots were transferred to MS
basal medium supplemented with 0.2 mg/L NAA for
growth and rooting.

1.3 Flow cytometry

The fluorescence of the samples were measured on a
Partec Flow Cytometer (Partec PA-I, Germany)
equipped with a high-pressure mercury lamp. Up to
0.2 g of new fresh leaves from the five regenerated
plants (selected randomly) and fusion parents were
excised, chopped, and then incubated in 2 mL of nuclei
extraction buffer (High-Resolution DNA Kit Type P,
Solution A; Partec) for 1 min. Then, the resulting
mixture was filtered for 30 min with Partec Celltrics™
and then stained for 2 min with 1 mL of Partec HR-B
solution. The diploid B. oleracea and B. campestris
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were used as controls, against which the relative
fluorescence intensities from the regenerated plants
were compared.

1.4 Random amplified polymorphic DNA (RAPD)
analysis

Total DNA was isolated from the leaves of
greenhouse-grown parental lines and 11 regenerated
plants  following the protocols  of  the
Cetyltrimethylammonium bromide (CTAB) method®®®,
RAPD analysis was also carried out on 10 regenerated
plants and protoplast fusion parents. In total, 42
primers (Operon Technologies, USA) were tested to
find primers that could produce specific bands in both
fusion parents. Amplification conditions were
35 cycles of 94 °C for 40 s, 40 °C for 60 s, and 72 °C
for 60s. PCR amplification was performed as
described above.

1.5 Morphological and cytological analysis

To confirm the chromosome numbers of the somatic
hybrids, root tips were pre-treated with 0.002 mol/L
8-hydroxyquinoline at room temperature for 1 h, fixed
with 3:1 ethyl alcohol: acetic acid, and then with absolute
alcohol at 4 °C for at least 24 h. The root tips were then
washed with distilled water and macerated in enzyme
solution (5% Cellulase Onozuka RS, 1% Pectolyase
Y-23, 1 mmol/L EDTA; pH4.52) for 40 min. After
washing with distilled water, the macerated root tips
were placed on a glass slide with a few drops of acetic
alcohol solution, spread by tapping with fine forceps,
and air dried under room temperature.

Morphological characteristics such as leaf shape,
size, and flower color of the protoplast fusion plants
were investigated and compared with those of the
fusion parents. The morphologies and fertilities of the
progenies from the first and second generations were
also investigated.

1.6 Probe labelling and genomic in situ
hybridization (GISH)

Genomic DNA of B. campestris was labelled with
fluorescein-11-dUTP using a nick-translation Kit
(Boehringer-11-Mannheim, Roche, Germany)
according to the manufacturer’s instructions. The
slide preparations for genomic in situ hybridization
(GISH) mainly followed Zhong et al®® with minor
modifications. In preparation of slides, an enzyme
mixture decomposed the cell wall of root tip, at 37°C
for approximately 40 min in the enzyme mixture. To

prevent non-specific intergenomic cross-hybridization,
a 30-fold excess of sheared genomic DNA was added
to the hybridization solution. The DNA was sheared by
autoclaving for 15 min, and then we performed the
electrophoresis, identified genomic-blocking DNA
fragment size below 100bp. In situ hybridization was
carried out according to the methods of Leitch®®").

Hybridization signals of the B. campestris probe was
detected using fluorescein isothiocyanate (FITC)
-anti-avidine. Chromosomes were counterstained with
propidium iodide (Pl) (Roche, Basel, Switzerland),
mounted in anti-fade solution (Vector Laboratories,
Cambridge, MA, USA) and examined using
fluorescence microscopy.

2 Results and discussion

2.1 Protoplast fusion and plant regeneration

Isolated protoplasts (Fig. 1A) were fused using 40%
PEG, and the fused protoplasts were cultured in liquid
medium. Periodic microscopic examination revealed that
the first division of protoplasts occurred within 48 h. In
the first 7 days of culture, colonies of 8-10 cells were
observed (Fig. 1B), and about more than 50% of the
plated cells had divided at least once. After 14 days of
culture, significantly higher division frequency was
observed in the protoplasts cultured in liquid culture
compared to semi-solid agarose medium. However,
when the formed calli reached 0.5-1 mm in diameter,
browning gradually occurred in the liquid culture.
When agarose culture was compared with that of the
liquid medium culture for protoplasts, cell division and
colony formation were more active in semi-solid
agarose culture than cultured in liquid medium. Five
weeks after culture initiation, the plating efficiency
attained 0.66% (Fig. 2).

It means semi-solid agarose culture method was
more effective than liquid culture, and it may also
protected the cells from browning caused by
polyphenolic compound released during protoplast
culture. Dons and Colijn-Hooymans referred that
culture in agarose presents several advantages over
liquid culture®®. One of them is the fact that
protoplasts remain immobilised, which allows the
culture medium renewal without protoplast damage
and facilitates the follow up of protoplast proliferation.
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Thus, the semi-agarose embedding culture prevented
cell aggregation and necrosis. Moreover, it efficiently
avoided an attack by toxic substrates secreted from
necrotic or non-divided old cells. Another one is an
improved plating efficiency. The superior ability of
agarose to support protoplast culture may relate to the
essentially neutral characteristic of the polymer®.

Agarose has produced the best results in terms of

retention of viability and secondary product
productiont®. A total of 300 calli (Fig. 1C) were
obtained from fused protoplasts, were transferred to
MS basal medium containing 5 mg/L ZEA, and 2 mg/L
IAA. Eleven plants were obtained from the calli (Fig.
1D), plant regeneration frequency was 3.7%. All of
regenerated plants were transferred to pots (Fig. 1E),
for morphological comparison.

Fig. 1 Morphologies traits of somatic hybrids and their fusion parents. (A) Isolated protoplast from cotyledons. (B, C) Cell division.
(D) Regenerated plants from calli. (E) Regenerated plants from fusion derived calli, and their fusion partners. (a) Chinese cabbage.
(b) Broccoli. (c) Regenerated plants. (F) Flowering of broccoli. (G) Flowering of Chinese cabbage. (H) Flowering of somatic hybrids.
(1) Bolting behaviour of broccoli. (J) Chinese cabbage. (K) Bolting behaviour of somatic hybrid.
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Fig. 2 Plating efficiency of fused protoplasts after 5 weeks
culture by different culture methods. Plating efficiency was
investigated as the percentage of plated protoplasts that formed
microcalli after 5 weeks of initial culture.

2.2 Flow cytometry analysis

Flow cytometry is also very helpful in the detection
of variation in ploidy status among genotypes of the
same species, e.g. Brassica napus*t, as well as in
interspecific hybrids***3. Flow cytometry is also
widely used to study the genome size and stability in
different plant materials cultured in vitrol**®,
Regenerated plants derived from two fusion partners
were used to confirm the somatic hybrids using a
ploidy analyzer. Estimation of the nuclear DNA
content of the somatic hybrids and fusion parents was
done using flow cytometry as previously described by
Arumuganathan and Earlel*y. The typical position of
the histograms of the fluorescence peak was obtained
using flow cytometry. B. campestris (Chinese cabbage)
(Fig. 3A) showed one peak with a diploid
approximately at channel 60, according to the Partec
User Manual. The peak of the diploid B. oleracea
(broccoli) (Fig. 3B) was located around channel 89.
The peak of regenerated plant after the protoplast
fusions appeared at the channel near 170, indicating
that the somatic hybrid (Fig. 3C-G) was derived from
a combination of the B. campestris and B. oleracea
genomes. All of regenerated plants were tetraploid.
Similar results were also reported by Hansen and
Earlel®",
2.3 ldentification of somatic hybrids using RAPD

According to morphological and chromosomal
observations, RAPD analysis using 42 random Operon
(Operon Technology, USA) OPR primers further
confirmed the somatic hybrid status of the plants. The
products amplified from both parents using the primer

OPBS8 (5-GTCCACACGG-3) were clearly
polymorphic, with putative hybrid plants showing
specific bands from both parents (Fig. 4). Thus,
genetic materials from both parents were successfully
incorporated into the somatic hybrids. RAPD analysis
indicated that the somatic hybrids included partial
genomes of both parents. RAPD DNA analysis is a
quick and simple method for determine the hybridity
of fusion productst*”. The appearance of new bands in
the hybrid could be attributed to DNA rearrangements
subsequent to the somatic hybridization. Wang et al.
made similar observations for somatic hybrids in
Brassica species*®l.

2.4 Morphological and cytological characterization
of the somatic hybrids

To compare the morphological traits between the
regenerated plants and fusion parents, these were
simultaneously transferred into pots and cultivated in a
green house. All of the plants derived from protoplast
fusion were determined as somatic hybrids based on
their morphology. No parental plants were obtained in
this study, as in the studies by Yamagishi and
Glimelius™® and Tu et al™. Wide variations in
morphology were not seen and the hybrid plants grew
vigorously during the cell culture, division, and
cultivation in pots. Several studies regarding somatic
hybrids of Brassica species reported similar
results®®3Y,

In this study, the most striking difference between
the fusion parents and the somatic hybrids was in leaf
morphology. Generally, broccoli has emerald green
dense cluster of flower buds with narrow petioles,
arranged in a tree-like fashion on branches sprouting
from a thick, edible stalk. The mass of flower heads is
surrounded by leaves. Chinese cabbages have broad
green leaves with white, large petioles, tightly
wrapped in a cylindrical formation and usually
forming a compact head. The leaves of regenerated
plants emerald green and thick, covered with a powder
or waxy coating similar to broccoli. The petioles of
regenerated plants were intermediate to those of the
parents; Chinese cabbage (Fig. 1E-a) has enlarged
petioles, whereas broccoli has narrow petioles. All
regenerated hybrid leaves were crenate or lyrate, deep
green and thick, and covered with a waxen powder
similar to those of broccoli (Fig. 1E-b). The
regenerated plants exhibited morphology intermediate
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Fig. 3 Histogram of the fluorescence intensities for isolated cells from chopping leaves of fusion partners and somatic hybrids. (A)
B. oleracea (broccoli). (B) B. campestris (Chinese cabbage). (C-G) Somatic hybrids.
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Fig. 4 RAPD analysis of parental lines and somatic hybrids. M: DNA marker. P1: B. campestris; P2: B. oleracea; 2-11: somatic

hybrids; 8: missing band.

to those of the two parents (Fig. 1E-c). The basal
leaves were parted, similar to those of broccoli. The
plant was similar to that of broccoli, but the trichomes
on the leaves were similar to those of Chinese
cabbage. The flower buds were 0.4 cm in diameter,
0.6 cm in long, and the flowers were larger than those
of both parents (Fig. 1F-H). The flowers were yellow,
similar to Chinese cabbage (Fig. 1H). In some reported
cruciferous plants, the morphology of the hybrids had
been described as intermediate of those of the
parentst®?54,

Under green house conditions, all regenerated plants
and broccoli parent began bolting without
vernalization after two months of cultivation.
Typically, B. campestris requires vernalization prior to
bolting and flowering®®. This result indicates that the
bolting behavior of the regenerated plants were similar
to that of broccoli. The floral apex branching patterns
was intermediate of broccoli and Chinese cabbage with
loosely branched small terminal heads. Broccoli has a
compact head of florets attached by small stems to a
larger stalk. In contrast, Chinese cabbage has loosely
branched small terminal heads (Fig. 11-K).

Regenerated plants had very poor pollen fertility
with 0.13 seeds per pod after self-pollination, even
though the plants produced many pollen grains. The
hybrid plants produced seeds of various sizes ranging
from 0.7-3.1 mm by self-pollination. The plants
produced no seeds after backcrossing with Chinese
cabbage and only two seeds per pod after pollination
with broccoli. Similar results have been reported by
Yamagishi et al.*® and Chen et al™. Thus, somatic

hybrids between Chinese cabbage and broccoli have
low fertility, as reported by Sundberg®”. This may be
due to somatic incompatibility. The incorporation of
the total genomes of two very distantly related species
in a hybrid through somatic hybridization has two
obvious disadvantages: the introduction of too much
exotic genetic material accompanying the expected
gene (s) and the genetic imbalance leading to somatic
incompatibility®.

2.5 Chromosome counting and GISH analysis

Eleven of the regenerated plants were presumably
somatic hybrids based on their morphology and was
further confirmed by their chromosome number. The
diploid chromosome number was 38, the sum of two
fusion parental chromosomes (Fig. 5A-B) similar to
data from the flow cytometry described above.

GISH analysis was performed using the labelled
probes. The B. campestris probes were clearly
distinguished in the mitotic cells of the hybrids. As
expected, the mitotic GISH analysis of the hybrids
showed that the hybrid chromosomes was 2n=38; the
DNA of B. campestris origin, fluorescing yellow, were
well-mixed on the hybrid chromosome (Fig. 5C). GISH
enables not only the distinction of parental
chromosomes in a large number of inter-specific and
inter-generic hybrids, but also the detection of genomic
constitutions and chromosome behaviour™% and it
has been applied effectively by other researchers to
identify Brassica inter-generic hybridst®*.

2.6 The first and second generation by self-
pollination or backcrossing

The first progeny derived by self-pollination had no
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morphologic difference from the somatic hybrids. No
variations were also observed in the individual
progenies from both the seedlings (Fig. 6A) and the
mature plants (Fig. 6B). The first progenies obtained
by backcrossing with Chinese cabbage or broccoli
produced 0.02-0.06 and 0.03-0.05 seeds per set,
respectively (Table 1). Seeds obtained by self-
pollination and open pollination produced 0.12 and
0.24 seeds per pod, respectively.

In the second progenies, fertility gradually
recovered. Seeds obtained by self-pollination ranged
from 0.23-1.02 seeds per pod whereas open
pollination produced 1.35-0.98 seeds per set. The
seeds obtained by backcrossing with Chinese cabbage

showed low growth and fertility with only 0.03 seeds
per pod. On the other hand, backcrossing with broccoli
produced a twofold higher fertility than with cabbage
(Table 1).

The seeds were of various sizes and shapes.
Seeds produced by backcrossing with Chinese
cabbage had different sizes, but all germinated to
normal plants and normal-sized of seeds were
obtained in next generation. The morphological
traits of the second progenies also showed
intermediate characteristics after maturation (Fig.
6C). For production more suitable progenies, the
crossing progress was carried using the second
progenies (Fig. 6D).

Fig. 5 Cytology of somatic hybrids between B. oleracea and B. campestris. (A, B) Mitotic cells of somatic hybrids (2n=38). (C)
Genomic in situ hybridisation (GISH) images of somatic hybrids between B. campestris and B. oleracea (2n=38), yellow signals
(allows) are from the labelled B. campestris probe, chromosome counterstained by propidium iodide (PI).

Fig. 6 Plant morphologies of somatic hybrids and their progenies. (A) Yong seedlings of the first progenies of somatic hybrids. (B)
Mature plant of the first progenies. (C) Mature plant of the second progenies. (D) Crossing progress was carried using the second

progenies.
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Table 1 Fertility test of somatic hybrids and their progenies (Chinese cabbagex broccoli, Unit: seeds/set)

Back-crossing

Combination Generation Self pollination ~ Open-pollination
Chinese cabbage Broccoli
Hybrid 0.13 0.18 - -
Chinese .
. The 1st generation 0.12 0.24 0.02-0.06 0.03-0.05
cabbage xbroccoli
The 2nd generation 0.23-1.02 0.98-1.35 0.04-.08 0.06-0.09

3 Conclusion

The somatic hybrids obtained between B. campestris
and B. oleracea were fertile. Furthermore, hybrids
were backcrossable with Chinese cabbage and
broccoli, making the hybrids accessible to advanced
utilization for breeding purposes. Therefore, the
hybrids are useful breeding materials for B.
campestris. Further studies are needed to identify the
source of vascular wilt resistance in the progeny using
pathological and molecular biological analyses.
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