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Abstract To attempt to introduce genetic information of
disease resistance from Musa acuminata cv. Mas (AA) to
Musa silk cv. Guoshanxiang (AAB) and obtain somatic
hybrids, we developed an asymmetric protoplast fusion with
20% (w/v) polyethylene glycol (PEG). The protoplasts
derived from embryogenic suspension cultural cells of
cv. Guoshanxiang (AAB) and cv. Mas (AA) were, respec-
tively treated with 1.5 mM iodoacetamide (IOA) and with
ultraviolet light (UV) at an intensity of 50 W/m? for 120 s. A
total of 47 regenerated green plants were obtained and eight
of which were survived in greenhouse. Six of the survived
plants were identified as hybrids by RAPD analysis and only
three hybrids were retained vigorously in field. The hybrid
nature of the three plants was further confirmed according to
their ISSR (inter-simple sequence repeat) patterns and the
results indicated that they were true somatic hybrids.
Chromosome analysis revealed that the three hybrids pos-
sessed an aneuploid chromosome number (2n = 34).
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Introduction

Banana (Musa spp.) is one of the most important fruit crops
planted widely in tropical and subtropical countries.
However, the production and quality of banana are being
threatened by the spread of viral and fungal diseases. The
application of classical breeding methods has limited suc-
cess in genetically improving this crop, due to the high
sterility and polyploidy of most cultivated bananas. For
example, the disease-resistant varieties exist particularly in
non-cultivated diploids bananas (AA), but the transfer of
these characters to cultivated triploid varieties (AAB or
AAA) is extremely difficult by using conventional breeding
methods (Matsumoto et al. 2002).

The current transgenic approach through genetic trans-
formation, which is capable of transferring specific gene(s)
from any sources into cultivated crop species, provides a
powerful tool to enrich the gene pool of commercial cul-
tivars. However, many characters of agricultural interests
are multigenic or ill-defined, and until now many resistance
genes in banana have not been identified. From this point
of view, somatic hybridization by protoplast fusion is a
promising alternative strategy to improve banana. Gene
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transfer by means of somatic hybridization has a number of
advantages over genetic engineering: (1) no prerequisite
for identification of the genes; (2) a capacity to introduce
quantitative traits by transferring a large number of genes;
(3) transfer of both nuclear and cytoplasmic genome (Yan
et al. 2004).

Since protoplast regeneration systems in several banana
cultivars had already been established (Megia et al. 1993;
Panis et al. 1993; Matsumoto and Oka 1998; Assani et al.
2001; Assani et al. 2002; Assani et al. 2006; Xiao et al.
2007; Xiao et al. 2008), the use of cell fusion techniques in
banana breeding becomes a realizable objective. At pres-
ent, very limited successes of somatic hybridization of
banana have been reported though Matsumoto et al. (2002)
firstly reported symmetric somatic hybridization between
non-treated cv. ‘Maca’ (AAB) and non-treated cv. ‘Lidi’
(AA) by electrofusion, and Assani et al. (2005) recently
obtained somatic hybrids by symmetric fusions between
cv. Gros Michel (AAA) and cv. SF265 (AA) either using
PEG (polyethylene glycol) method and electrofusion.

It has been shown that somatic hybrids recovered from
symmetric fusion combinations are often sterile and
uncontrolled genomic instabilities with parts of one or both
genomes being lost during the in vitro passage (Bauer-
Weston et al. 1993; Spangenberg et al. 1994; Vlahova et al.
1997; Kisaka et al. 1998). This disadvantage hampers the
use of somatic cell fusion for increasing nuclear genetic
variability in plants. An alternative fusion method is asym-
metric fusion (recipient—donor fusion). In this method, a
nucleus-damaged protoplast from a donor species is fused to
a cell division-inhibited recipient protoplast, thus allowing
the introduction of chromosome fragments or a few chro-
mosomes from the donor to recipient cell (Rasmussen et al.
1997). Successful asymmetric fusions have been reported in
several important crops such as wheat (Xia et al. 2003), rice
(Yan et al. 2004) and rapeseed (Wang et al. 2003). Until
now, there was no report about asymmetric somatic
hybridization in banana.

Both of Musa acuminata cv. Mas (AA; 2n = 2x = 22)
and Musa silk cv. Guoshanxiang (AAB; 2n = 3x = 33) are
popular commercial variety planted in South China.
Banana of cv. Guoshanxiang (AAB) is susceptible to
Fusarium oxysporun f. sp. Cubense race 1 (Huang et al.
2005); and cv. Mas (AA) has high resistance to this disease
(Morpurgo et al. 1994). The aim of this study was to
attempt to develop an asymmetric protoplast fusion and
obtain somatic hybrids which may increase the resistance
to this disease by the introduction of chromosome frag-
ments or a few chromosomes from cv. Mas (AA; donor
protoplasts) to cv. Guoshanxiang (AAB; recipient protop-
lasts) through the fusion. RAPD and ISSR analysis were
used to identify the somatic hybrids.
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Materials and methods

The main procedures of protoplast fusion and somatic
hybrids selection as indicated in Fig. 1.

Plant materials and protoplast isolation

Embryogenic cell suspension (ECS) of cv. Guoshanxiang
(AAB) and cv. Mas (AA) were used as the source of
protoplasts. The ECS were initiated and maintained as we
previously reported (Wei et al. 2005a, b). Suspensions were
initiated and maintained in M2 medium (Céte et al. 1996)
which consisted of basic MS medium (Murashige and
Skoog 1962) supplemented with 4.1 uM biotin, 4.5 uM
2,4-D, 680 pM glutamine, 100 mg 1~' malt extract and
130 mM sucrose (pH 5.3). They were sub-cultured weekly
on a gyratory shaker at 100 rpm and maintained at 27°C in
the dark.

ECS sub-cultured in M2 medium for 4-6 days were
harvested and passed through a 200 pm sieve to remove
the large cell clumps, the sieved ECS were used for pro-
toplast isolation. The isolation and purification of protop-
lasts were described by our previously report (Xiao et al.
2007).

Culture media and preparation of feeder-layer

Medium-B (Xiao et al. 2007) used for culture of protoplasts
and fusion products consisted of basic MS medium, with
4.1 uM biotin, 4.5 uM 2,4-D, 680 uM glutamine,
100 mg 17! malt extract, 117 mM sucrose, 0.4 M glucose
and 0.5 mM 2-N-morpholino ethanesulfonic acid (MES),
pH 5.8. M3 medium (Xiao et al. 2008) used for somatic
embryogenesis consisted of basic MS medium with 4.1 pM
biotin, 680 uM glutamine, 100 mg 1~' malt extract,
130 mM sucrose, 4.4 uM BA, 2.3 uM indole-3-acetic
(IAA), 3 g 17! gelrite, pH 5.8. Preparation of feeder-layer
and the methods for culture of protoplasts and fusion prod-
ucts were based on the protocols reported by Xiao et al.
(2007), ECS of cv. Mas (AA) were used as nurse cells.

Inactivation treatment and protoplast fusion

Protoplasts of cv. Guoshanxiang (AAB), as recipient pro-
toplasts, were suspended in medium-B at a density of
1 x 10° per milliliter and treated with concentrations of
iodoacetamide (IOA, dissolved in medium-B) ranging from
0.07 to 2.5 mM for 15 min at room temperature. Then,
protoplasts were washed three times and resuspended with
medium-B. Protoplasts of cv. Mas (AA), as donor pro-
toplasts, also were washed 1-2 times and resuspended in
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Fig. 1 Procedures for
protoplast fusing and
hybrid selection

Medium-B for protoplasts and

fusion products culture

Recipient protoplasts of cv.
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|
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medium-B after being exposed to UV at the density of
50 W/m? for 60, 120 and 180 s, respectively.

The IOA-treated recipient protoplasts and UV-irradiated
donor protoplasts at a same density (I x 10’ protoplasts per
milliliter) were then mixed in a ratio of 1:1 for fusion. Their
fusion was induced with PEG according to the method of Xia
and Chen (1996). PEG at 15, 20, 25, 30, 35, and 40% (w/v),
respectively were used to obtain optimum concentration.
The frequencies of binary- and multi-fusion were estimated
under microscope (ECLIPSE E600; Nikon, Japan).

Plant regeneration

The fusion mixtures were resuspended in medium-B to a
density of 1 x 10° protoplasts per milliliter and then cul-
tured on feeder layer. After cultured for 20-30 days, fast-
growing cell colonies about 0.5-1 mm in diameters were
selected and sub-cultured every 10-15 days for plant
regeneration on M3 medium. All cultures were incubated
in the dark, at 27 + 1°C. The frequency of plant regener-
ation was recorded as total number of normal plantlets per
1 x 10’ protoplasts. Regenerated plantlets were transferred
to basic MS medium containing 0.1% activated charcoal
under 16-8 photoperiod to promote shoot and root growth.
After 4-6 weeks of growth in vitro, plantlets were accli-
mated for 2-3 weeks before they were transplanted to pots
containing a mixture of soil and sand (3:1) in a greenhouse
for 2 months, and then transferred to field.

Total DNA extraction

The genomic DNA for the PCR reaction was extracted
from young leaves of cv. Guoshanxiang (AAB), cv. Mas

Hybrids plants

(AA), and regenerated plantlets using a modified CTAB
method (Du et al. 2001).

RAPD analysis

Forty 10-Mer arbitrary primers (Operon Technology, USA)
were used in a RAPD primer screening analysis with DNA
isolated from cv. Guoshanxiang (AAB) and cv. Mas (AA).
Primers giving one or more distinct donor-specific RAPD-
DNA bands were selected and used for the analysis of all
regenerated plants at least twice with the same primer.

The polymerase chain reaction (PCR) was performed in
a PTC-100™ programmable thermal control (MJ research
Inc., USA) in a 20 pl of reaction mixture containing 0.5 U
Taq polymerase, 1x PCR buffer, 1.5 mM MgCl,, 0.4 uM
primers, 50 uM of each dNTP, and 50 ng of DNA tem-
plate. Reactions were started with a denaturation at 94°C
for 5 min, followed by 44 cycles of 94°C for 1 min, 37°C
for 1 min and 72°C for 2 min, with a final extension at
72°C for 7 min. Amplified products were analyzed by
electrophoresis in a 1.0% (w/v) agarose—ethidium bromide
gels.

ISSR analysis

For ISSR analysis, 12 primers designed by UBC [University
of British Columbia Biotechnology Lab (UBCBL) primer
set, Canada] were utilized, they were 834(AG)gYT, 835
(AG)gYC, 836 (AG)gYA, 841 (GA)YC, 842 (GA)sYG, 844
(CT)gRC, 845 (CT)gRG, 847 (CA)sRC, 848 (CA)gRG, 850
(GT)gYC, 851 (GT)sYG, 854 (TC)gRG, 857 (AC)sYG, 880
(GGAGA);, (Y = C, T). All primers were synthesized by
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Shanghai Sangon Biological Engineering Technology &
Services Co., Ltd.

The polymerase chain reaction (PCR) was performed in
a 20-pl of reaction mixture containing 0.5 U Tagq poly-
merase, 1x PCR buffer, 1.5 mM MgCl,, 0.8 uM primers,
200 uM of each dNTP, and 30 ng of DNA template.
Reactions were started with a denaturation at 94°C for
2 min, followed by 35 cycles of 94°C for 0.5 min, 55°C for
1 min and 72°C for 2 min, with a final extension at 72°C
for 8 min. Amplified products were analyzed by electro-
phoresis in a 2.0% (w/v) agarose—ethidium bromide gels.

Chromosome counts

For chromosome counts, root tips cut from the parents and
the hybrids grown in field were pretreated with 0.2% col-
chicine for 2 h, and fixed in Carnoy’s solution (ethanol:
glacial acetic acid = 3:1, v:v) for 24 h. The root tips were
then hydrolyzed in 1 N HCI at 60°C for 10-12 min and
stained with modified carbol fuchsin (Xia and Chen 1996).
More then 50 metaphase cells of each sample were
analyzed.

Data collection and statistics

The results were obtained in three independent experi-
ments. Each experiment was repeated at least twice. Data
represented average £+ SE of three replicates. The fre-
quencies of cell divisions, cell colony formation and
somatic embryo formation were, respectively calculated in
14, 45, and 90 days after protoplast plating related to the
viable protoplasts.

Results

Effects of IOA or UV treatment on inactivation
of protoplasts

As Fig. 2 indicated, when the treated protoplasts were
cultured on medium-B for 45 days, the extent of inacti-
vation of cv. Guoshanxiang (AAB) protoplasts was IOA
concentration-dependent. Treatment with 0.07 mM IOA
was not sufficient to inactivate the protoplasts, because
about 51.7% of the protoplasts could still form cell colo-
nies. However, after treatment with 1.5 mM IOA only less
than 5% of the protoplasts could form cell colony, and they
did not develop further. Treatment with 2.5 mM IOA
completely inhibited cell divisions of the protoplasts. Thus,
1.5 mM was the optimum IOA concentration for the pre-
treatment of the cv. Guoshanxiang (AAB) protoplasts
before protoplast fusion.
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Fig. 2 Effects of IOA concentration on cell colony formation of cv.
Guoshanxiang (AAB) protoplasts. Data represent mean £ SE of three
independent experiments. Bars marked by the same letters are not
significantly different by Duncan’s multiple range test (P < 0.05)

When the protoplasts of cv. Mas (AA) were treated with
UV, protoplast viability was affected in a dose-dependent
manner (Table 1). The protoplasts treated with UV for 60 s
began to divide after 7 days of the treatment and formed
small cell colonies after cultured on feeder-layer for
1 month, but none somatic embryo formed from these
colonies. The protoplasts treated with UV for 120 s began
to divide after 10 days of the treatment but none cell col-
ony was formed. It was worth nothing that the treatment
with UV for 180 s resulted in complete inhibition of cell
division of the protoplasts. UV treatments for 60, 120 and
180 s, respectively were chosen for protoplast treatment
before protoplast fusion.

Effects of PEG concentration on protoplast fusion

As showed in Fig. 3, when PEG solution was added
dropwise, binary fusion (Fig. 4c—e) and multi fusion (more
than three protoplasts involved) of the protoplasts were
observed. Binary fusion frequency increased from 5.6 to
13.6% as the PEG concentration was increased from 15 to
20%, then decreased as PEG concentration was increased,
while the multi fusion frequency still increased with the
increasing of PEG concentration. The results indicated that
20% PEG was optimal for formation of binary fusion.

Development of the fusion products

Visible cell colonies were observed at 20-25 days after
protoplast fusion. When the cell colonies grew to a size of
0.5-1 mm in diameter, they were transferred to M3 medium
for somatic embryo formation and germination. Although
the highest frequency of embryo formation was obtained
from combination cv. Guoshanxiang (AAB) + cv. Mas
(AA) (UV 60 s), only 12 normal plantlets were regenerated
from 1 x 10° protoplasts; The highest frequency of plant
regeneration was obtained from fusion combination of
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Table 1 Effects of UV on protoplast viability of cv. Mas (AA)

UV (s) Division frequency (%)

Colony formation frequency (%)

Embryo formation frequency (%)

60 2.87 £ 0.71a 0.06 & 0.01a 0
120 0.76 & 0.18b Ob 0
180 Oc Ob 0

Data represent mean + SE of three independent experiments. Means followed by the same letters in the same column are not significantly

different by Duncan’s multiple-range test (P = 0.05)

251 Binary fusion frequency

1 Multi fusion frequency

Fusion frequency (%)
5 o 8

(&)

o

15 20 25 30 35 40
PEG concentration (w/v,%)

Fig. 3 Effects of PEG concentration on protoplast fusion. Data
represent mean £ SE of three independent experiments. Bars marked
by the same letters are not significantly different by Duncan’s
multiple range test (P < 0.05)

cv. Guoshanxiang (AAB) + cv. Mas (AA) irradiated by UV
for 120 s and 29 plantlets were regenerated from 10° pro-
toplasts. However, only six plantlets were regenerated from
10° protoplasts when donor protoplasts were irradiated by
UV for 180 s (Table 2). A total of 47 regenerated plantlets
were obtained. Vigorously rooted plantlets were acclimated
and transplanted into pots in greenhouse (Fig. 4k), eight of
them survived. The eight survival plantlets were

transplanted in field, finally three of them retained and grew
vigorously.

RAPD analysis of the regenerated plants

Among the forty RAPD primers were tested for identification
of the hybrids, six primers showed polymorphism between
the fusion parents. The six primer sequences were: OPD-10
(GGTCTACACC), OPS-01 (CTACTGCGCT), OPU-03
(CTATGCCGAC), OPW-18 (TTCAGGGCAC), OPR-02
(CACAGCTGCC) and OPAC-04 (ACGGGACCTG). The
eight plants, H3, H4, H5, H6, H7, H8, H9 and H11, survived
in greenhouse and they were identified by RAPD analysis
(Fig. 5 a—c). Plantlets H6, H7, H8, H9 were identified as
hybrids by the presence of parent-specific bands inherited
from both parents using OPAC-04 primer (line 4-7 in
Fig. 5a), included three recipient-specific bands (white arrow
indicated) and two donor-specific bands (black arrow indi-
cated). Plantlet H11 and plantlet HS were also identified as a
hybrid by the amplified product of OPD-10 and OPR-02
primer, respectively. The plantlet H11 contained four reci-
pient-specific, one donor-specific and a new RAPD bands
(Fig. 5b) and plantlet H5 contained four recipient-specific

Fig. 4 Plants regeneration from fusion products. a Protoplasts of cv.
Guoshanxiang (AAB); bar 50 pm. b Protoplasts of cv. Mas (AA); bar
50 pm. ¢ Two protoplast adhere; bar 25 pm. d—f The process of two
protoplasts fusion; bar 15 pm. g Fusion products; bar 25 pm. h Cell

colonies derived from fusion products; bar 35 pm. i Somatic embryos
derived from fusion products; bar 5 mm. j Regenerated plants, bar
1.5 cm. k Regenerated plants in pots in greenhouse
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Table 2 Plant regeneration under different UV treatments

Fusion combinations

Number of embryos (per 10° protoplasts)

Regenerated plantlets (per 10° protoplasts)

G* 4+ cv. Mas (AA) (UV 60 s) 3,091 + 581a
G* + cv. Mas (AA) (UV 120 s) 1,906 £ 108b
G* 4 cv. Mas (AA) (UV 180 s) 1,021 & 47¢

12 £ 1.2b
29 £ 4.9a
6 £+ 0.9b

G*, Protoplasts of cv. Guoshanxiang (AAB) were treated with 1.5 mM iodoacetamide (IOA). Data represent mean £ SE of three independent
experiments. Means followed by the same letters in the same column are not significantly different by Duncan’s multiple-range test (P = 0.05)

and one donor-specific RAPD bands (Fig. 5c). The results of
RAPD analyses revealed that bands specific to both fusion
parents could be detected in the regenerated plants HS, H6,
H7, H8, H9, H11, indicating genetic component of cv. Gu-
oshanxiang (AAB) and cv. Mas (AA) has been incorporated
into the plants. Therefore these plants could be confirmed as
hybrids.

Determination of chromosome number

Chromosome number analysis of cv. Guoshanxiang (AAB)
and cv. Mas (AA) indicated that their chromosome number
are 33 and 22, respectively (Fig. 6a, b). This analysis also
revealed that three retained plants possessed an aneuploid
chromosome number (34) (Fig. 6c—¢), which were fewer
than the sum of the parental plants (55) and could be due to
chromosome eliminations of one parent. However, their
precise chromosomal constitution is not known. The
chromosome number analysis further confirmed the hybrid
nature of these regenerated plants.

Confirmation of hybrids by ISSR analysis
Among the twelve ISSR primers were tested for identifi-

cation of the hybrids, two primers, 834(AG)gYT and 836
(AG)sYA (Y = C, T), showed polymorphism between the

fusion parents and were selected to identify hybrids. The
ISSR profiles obtained with 834(AG)sYT and 836
(AG)gYA (Y = C, T) suggested that three plants HS5, HS,
HO retained in field posses a combination of both parental
genomes (Fig. 7, arrow indicated), which were corrobo-
rated by RAPD analysis. These data suggested that what-
ever the ploidy level of the hybrid line was obtained, they
were the result of recombination events in the nuclear
genome.

Discussion

In this study, somatic hybrids were obtained from asym-
metric protoplast fusion between recipient protoplasts of cv.
Guoshanxiang (AAB) and donor protoplasts of cv. Mas
(AA). RAPD and ISSR analysis revealed that bands specific
to fusion parents could be detected in the somatic hybrids,
indicating genetic component of cv. Guoshanxiang (AAB)
and cv. Mas (AA) has been incorporated into the hybrids. To
our knowledge, this is the first report of this kind of proto-
plast fusion in bananas.

To do asymmetric protoplast fusion, a common method
is that recipient protoplasts are treated with IOA and donor
protoplasts are irradiated with UV (Liu and Deng 1999;
Varotto et al. 2001; Yamagishi et al. 2002; Yan et al.

Fig. 5 a—c RAPD profiles of six hybrid plants and their parents. G: cv. Guoshanxiang (AAB); Mas: cv. Mas (AA); M: DNA molecular-weight
marker. White arrow indicates band specific to cv. Guoshanxiang (AAB), black arrow indicates band specific to cv. Mas (AA)
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Fig. 6 Chromosomes counting of root tips of the hybrids and their
parents. a Chromosome numbers of cv. Guoshanxiang (AAB),
2n = 3x = 33. b Chromosome numbers of cv. Mas (AA),

UBC834 (AG)YT UBCS836 (AG)sY A
AL Al
T N

HS3 HS4 HI

ME

W ;. s HS HS HY G Mas

Fig. 7 ISSR analysis of plant DNA using the primers of 834
(AG)gYT and 836 (AG)sYA from cv. Guoshanxiang (AAB), cv. Mas
(AA) and the putative somatic hybrids HS, H8 and H9. G: cv.
Guoshanxiang (AAB); Mas: cv. Mas (AA); M: DNA molecular-
weight marker. White arrow indicates band specific to cv. Guosh-
anxiang (AAB), black arrow indicates band specific to cv. Mas (AA)

2004). It has been showed that effects of UV on donor
chromosome elimination and fragmentation are dose
dependent (Forsberg et al. 1998; Zhou et al. 2002; Xiang
et al. 2003). Wang et al. (1994) reported that UV irradia-
tion inhibited protoplast division of Crambe abyssinica and
high dosage of UV irradiation resulted in protoplast death.
When UV dosage increased, the differentiation ability of
colony formation and the frequency of plant regeneration
decreased. It is also true for the protoplast fusion in banana.
In this study, when donor protoplasts were treated with UV
for 60 s, fusion products had a highest frequency of
somatic embryo formation and relatively fewer plant
regeneration. Similarly, fewer plantlets were regenerated
from fusion products when donor protoplasts were irradi-
ated by UV for 180 s. Whereas, the highest frequency of
plantlet regeneration was derived from fusion products of
which donor protoplasts were treated with UV for 120 s.
These results further demonstrate that the UV treatment

n

=

2n = 2x = 22. ¢, d, e Chromosomes numbers of hybrids, HS, H8
and H9, respectively, 2n = 34. bar 2 pm

-

.

given to the donor protoplasts influenced the growth and
development of fused products, suggesting that an optimal
UV irradiation is a key factor for the asymmetric protoplast
fusion.

By using UV-irradiation, the genome of the donor pro-
toplasts may be largely inactivated and only a small portion
of intact DNA will be transferred into the recipient pro-
toplasts (Parokonny et al. 1994). In this study, chromosome
counting of the hybrids revealed that the number of chro-
mosomes in the hybrid cells was not simply the sum of
parental sets, indicating that these hybrid lines are highly
asymmetric. Three hybrids with 34 chromosomes might be
due to a UV induced fragmentation of cv. Mas (AA)
nucleus, the donor parent nucleus, and some genetic
material from cv. Mas (AA) must have been integrated into
the hybrid cells, through either chromosome recombination
or chromosome substitution.

Through asymmetric protoplast fusion, many agronomic
traits have been transferred into important crops. For
example, Yue et al. (2001) transferred salt tolerance from
Aeleuropus littorulis sinensis to wheat (Triticum aestivum
L.); Wang et al. (2003) obtained rapeseed with high erucic
acid content by asymmetric somatic hybridization between
Brassica napus and Crambe abyssinica; Yan et al. (2004)
transferred the bacterial blight resistance trait from Oryza
meyeriana to O. sativa ssp. Japonica and obtained four
high bacterial blight resistance hybrids. By using asym-
metric protoplast fusion, the present study successfully
obtained banana somatic hybrids between cv. Guoshanxi-
ang (AAB) and cv. Mas (AA). It validates asymmetric
protoplast fusion is a promising tool for transferring
resistance gene between banana varieties and open a new
window for banana variety improving. For this purpose,
further study is needed to widen combination between
banana varieties and then assess the agronomic characters
of those obtained hybrids.
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