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Abstract Asymmetric somatic hybrids were ob-
tained between Gossypium hirsutum Coker 201 and
wild cotton G. klozschianum Anderss. An investiga-
tion on the effect of ultraviolet (UV) irradiation on
donor protoplasts was carried out, and the lethal dose
was determined to be 38.7 J cm % We firstly
screened the putative hybrids by the color of the
calli produced, followed by morphological, cytolog-
ical, and molecular analysis of putative hybrid plants.
Most regenerated plants derived from fused protop-
lasts displayed a recipient-like morphology, while
some showed an intermediate phenotype between
Coker 201 and G. klozschianum. Chromosome num-
bers in these somatic hybrids ranged from 54 to 74.
The hybrids were verified by random amplified
polymorphic DNA (RAPD) and simple sequence
repeat (SSR). Absence or co-existence of parents’
genome DNA fragments was identified through
molecular analysis. The heredity of cytoplasm was
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investigated by cleaved amplified polymorphic
sequence (CAPS) analysis using mitochondrial and
chloroplast universal primer pairs. The results indi-
cated that recombination and rearrangements might
have occurred in some regions of mitochondria (mt)
and chloroplast (cp) DNA. To our knowledge, this is
the first report about asymmetric protoplast fusion in
cotton, and the hybrids obtained would be useful for
breeding programs.
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Abbreviations

CAPS Cleaved amplified polymorphic sequence

cpDNA  Chloroplast DNA

CPW Cell and protoplast washing solution
(Frearson et al. 1973)

CTAB  Cetyltrimethyl ammoniumbromide
FDA Fluorescein diacetate

GFP Green fluorescent protein

IBA Indole-3-butyric acid

I0A Iodoacetamide

MES 2, (N-morpholino) ethane sulfonic acid
MSB MS medium (Murashige and Skoog 1962)
and BS5 (Gamborg et al. 1968) vitamins

mtDNA  Mitochondrial DNA

PAGE Polyacrylamide gel electrophoresis
RAPD  Random amplified polymorphic DNA
SSR Simple sequence repeat

uv Ultraviolet
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Introduction

The main resources of natural fiber, cotton production
have attracted more governmental attention as the
demands increased. But the unit yield increase has
been limited by numerous diseases and pests that cause
serious yield reduction. The transfer of polygenic traits
such as pathogen resistance is of great importance in
cotton (Kumria et al. 2003; Sun et al. 2004, 2006).
However, conventional breeding using sexual crossing
is often restricted due to sexual incompatibility,
especially if the gene of interest is only present in
the wild species (Liang 1999). An available way to
bypass sexual-crossing barriers is via protoplast fusion
through which we can transfer desirable agronomical
relevant traits from wild cotton to cultivars. Symmetric
protoplast fusion between wild and cultivated species
has been achieved successfully in cotton (Sun et al.
2004, 2005, 2006). However, besides desirable traits,
some undesirable traits linked to fertility or yield in
wild species were also present. This disadvantage
might be avoided by asymmetric protoplast fusion,
which is also called donor-recipient fusion. In this
manner, only a part of the donor genome is transferred
to a receptor protoplast (Ramulu et al. 1996), reducing
the number of undesirable traits incorporated into the
receptor genome.

For transferring partial genome or cytoplasm, the
donor protoplast was usually irradiated with X- or
gamma-rays (ionizing irradiation) prior to fusion.
X- or gamma-rays were the two widely used irradi-
ation methods in most fusion combinations. However
ultraviolet (UV) irradiation can be regarded as a
substitute or alternative to ionizing irradiation in
asymmetric protoplast fusion experiments (Menczel
et al. 1982; Hall et al. 1992a, b; Vlahova et al. 1997;
Zhou et al. 2005). While both UV and ionizing
radiations induce a broad spectrum of physical and
chemical modifications in plant and animal DNA, the
physiological consequences of UV treatment are
much more immediate than those of gamma irradi-
ation. Moreover, the degree of DNA damage
observed following UV irradiation was clearly
extensive while gamma irradiation at the same
biological doses resulted in considerably less DNA
damage (Hall et al. 1992b). Although it has been well
documented that irradiation leads to a preferential
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loss of donor DNA (Negrutiu et al. 1989), the genetic
components of asymmetric hybrids were very vari-
able. In some fusion combinations most donors DNA
is retained (Famelaer et al. 1989; Wolters et al. 1991;
McCabe et al. 1993) while in others chromosomes
were eliminated more thoroughly leading to highly
asymmetric lines (Dudits et al. 1987; Vlahova et al.
1997; Xia et al. 2003).

Putative hybrids analysis is an essential step in
confirming hybrid status. Symmetric hybrids carrying
both parents genome can be confirmed easily via
morphological, biochemical, cytological, and molec-
ular markers (Kovtun et al. 1993; Cabasson et al.
2001; Binsfeld and Schnabl 2002; Zhou et al. 2005).
However, asymmetric hybrids were more difficult to
identify if only a few chromosomes, chromosome
fragments or little DNA contents were transferred
from the donor genome to the recipient. Methods
have been developed to analyze the inheritance of
cytoplasm in asymmetric somatic hybrids. A com-
mon technique for studying the inheritance of mito-
chondria (mt) DNA and chloroplast (cp) DNA in
asymmetric somatic hybrids is Southern analysis of
organelle or total DNA using mitochondrial and
plastidial probes (Cabasson et al. 2001; Kanno et al.
1997). But this method is comparatively expensive
and time-consuming, moreover, a considerable
amount of DNA is required, and in addition, to our
knowledge, mitochondrial and plastidial probes were
not available in cotton. Cleaved amplified polymor-
phic sequence (CAPS) analysis using mitochondrial
or chloroplast universal primer pairs have proved to
be an efficient and reliable method for characterizing
the cytoplasmic genome (Zheng et al. 1999; Cheng
et al. 2003).

In the present paper, we report the recovery of
asymmetric somatic hybrids following fusion of
upland cotton protoplasts with UV irradiated wild-
type protoplasts and analyze the regenerated plants in
order to obtain useful information with respect to
their use in breeding programs as a way to overcome
sexual barriers and transfer desirable traits from
related wild species to the cultivated. The hybrids
were firstly screened by distinguishing the color of
callus derived from fused protoplasts mixture, and
then analyzed at morphological, cytological, and
molecular levels.
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Materials and methods
Plant materials and protoplast isolation

Embryogenic calli of G. klozschianum Anderss,
which have been maintained in our laboratory for
more than 3 years, were green in color. The newly
induced embryogenic calli of Coker 201 produced
according to Wu et al. (2004), were light yellow in
color. The establishment of suspension cultures was
according to Sun et al. (2004). About 1 g fresh
suspensions were mixed with 3 ml filter-sterilized
enzyme solution in a 60 mm diameter plate. The
enzyme solution was 1.5% (m/v) cellulase Onozuka
R-10 (Yakult Inc., Tokyo, Japan), 1% (m/v) macero-
zyme R-10 (Yakult Inc.), 1.5% (m/v) hemicellulose
(Sigma, St. Louis, Mo, USA) dissolved in CPWOM
solution [CaCl, - 2H,O 10 mM, KH,PO, - 0.2 mM,
KNO; 1.0 mM, MgSO, - 7H,O0 1.0 mM,
CuSO, - 5H,0 0.1 uM, KI 10 uM, 2, (N-morpholino)
ethane sulfonic acid (MES) 15.37 uM, 9% (m/v)
mannitol, and pH 5.8]. The mixture was incubated on
a shaker (40 rpm) at 28-30°C in the dark for about
14-16 h, and then the protoplasts—enzyme mixtures
were firstly passed through double layered stainless
steel sieves (100 and 38.5 pum) and followed by
centrifugation in CPW9M at 80xg for 5 min. The
protoplasts were resuspended in 1.5 ml CPW9M after
removing the supernatant, and then gently added to
the top of 3 ml CPW25S (replace 9% mannitol by
25% sucrose in CPW9M) in another tube. The
floating protoplasts were collected from the solution
interface after centrifugating at 80xg for 7 min, and
then resuspended at 10° ml~" in electro-fusion buffer
[10% (w/v) mannitol, 0.25 mM CaCl,] for fusion.

UV irradiation, protoplast fusion and culture

Before protoplast fusion, the effect of UV irradiation
on the donor protoplast (G. klozschianum) was
investigated. The protoplasts resuspended in electro-
fusion buffer were put into 6 mm Petri dishes in a thin
layer and irradiated with an UV lamp (30 W) at an
intensity of 1,290 uW cm 2 for 0, 30, 60, and 90 s,
respectively. UV doses under these conditions were 0
(Ko), 38.7 J cm 2 (Ky), 77.4 T cm % (K,),
116.1 J cm ™2 (K3), respectively. After UV irradiation,
agarose gel electrophoresis in combination with a fast
DNA preparation technique (Hall et al. 1992b) was

used to determine the degree of DNA damage caused
by UV irradiation treatment. Moreover, the viability
and division percentage of the irradiated protoplast
and control was assessed after a 20-day culture
period. The viability was determined by staining with
fluorescein diacetate (FDA) under fluorescent micro-
scope (Leica DM2500, Leica, Bensheim, Germany)
(Sun et al. 2004) (Fig. 2a). Viability was assessed as
the mean percentage of fluorescent protoplasts from
the total protoplasts at the same visual field of
microscope of ten visual fields. Cell division and
plating efficiency was calculated on the basis of the
percentage of protoplasts that initiated division and
continued to form cell groups and calli.

For protoplast fusion, equal amounts of donor (K)
and recipient protoplasts (C) were mixed and resus-
pended at a density of 1.0 x 10° m1~" for fusion. An
SSH-2 somatic hybridizer (Shimadzu, Toyota, Japan)
was used to mediate protoplast fusion. Approxi-
mately 1.6 ml of the mixed protoplasts was pipetted
into the FTC-4 fusion chamber. The fusion proceeded
as described by Sun et al. (2004). The mixed
protoplasts were aligned in an alternate current field
of 100 V cm™! at a frequency of 1 MHz for 60 s, then
fusion was facilitated by application of direct current
to cause reversible breakdown of the aligned protop-
lasts for five times at 0.5 ms intervals at a field
strength of 1,250 V cm™ ' and a duration of 10 s to
induce protoplast fusion followed by 20 min resting
period in order that the fusion products could regain
normal shape. Products were then centrifuged at 80xg
for 5 min.

Protoplasts were resuspended and cultured in
double-layer culture in KMgP (Kao and Michayluk
1975) medium at the density of 5 x 10° ml™". About
5 ml melted solid MS medium (Murashige and Skoog
1962) plus B5 (Gamborg et al. 1968) vitamins (MSB)
medium were put into the plate, after solidification,
2 ml protoplasts—KMgP medium mixtures at the
density of 5 x 10> ml~' were added to the plate.
Parental protoplast cultures (C and K;) were used as
controls. Two plates were used for each treatment and
the experiment was repeated five times. All plates
were sealed with parafilm and incubated at 28 + 1°C
in darkness. Fifteen days later, 2 ml fresh liquid
medium with half amount of mannitol was gradually
added to the cultures to accelerate cell division and
micro-calli formation. When micro-calli (1-5 mm in
size) were formed, all single calli were transferred to
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solid MSB medium supplemented with 2.460 pM
indole-3-butyric acid (IBA), 0.698 uM Kkinetin,
6.8 mM glutamine, 3.8 mM asparagine, 0.25% (w/
v) Phytagel, and 3% (w/v) glucose for proliferation.
Subculture was made at 15-day intervals for somatic
embryo induction. The vigorous embryo were trans-
ferred to half strength MS basal medium containing
2% glucose and solidified with 0.27% Phytagel.
Regenerated plants were grafted and transferred to
the soil as described by our previous report (Jin et al.
2005).

Cytology

Metaphase plates were prepared according to the
method of Sun et al. (2004). The proliferated single
calli, globular embryos and heart embryos 7-10-day
post-subculture and 1-cm long young root tips
collected from fusion hybrids and their parents were
put into saturated pdichlorobenzene for 3.5-4 h at
room temperature and subsequently fixed in Carnoy’s
solution of ethanol-acetic acid mixture (3:1) for at
least 24 h at 4°C. They were then rinsed in water and
hydrolyzed in 5 N HCI for 25 min before transfer to a
slide and staining with Carbol Fuchsin solution. The
materials were examined and photographed under a
light microscope. Approximately 5-10 metaphase
plates were analyzed per sample.

Genomic DNA extraction and molecular analysis

Total genomic DNA was isolated from fresh single-
cell derived calli and young leafs of hybrids and their
parents according to the cetyltrimethyl ammoniumbr-
omide (CTAB) procedure of Paterson et al. (1993).
Random amplified polymorphic DNA (RAPD) anal-
ysis was according to Sun et al. (2004). Forty-eight
10-mer primers (He et al. 2007) were used for
amplification of the template DNA.

Additional verification for somatic hybrid status
was provided by simple sequence repeat (SSR)
analysis using 104 pairs of primers (He et al. 2007).
SSR amplifications were carried out in a PTC-100
(MJ Research Inc., Watertown, MA, USA) thermo-
cycler in 10-pl reaction volumes each containing
25 ng DNA, 04 pM primer, 3.6 mM MgCl,,
0.25 mM dNTP, 1x reaction buffer and 0.5 U
Taq polymerase (MBI. Jingmei Biotech Co. Ltd.,
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Shenzhen, China). Amplification was programmed
for a predenaturation of 94°C for 3 min, followed by
35 cycles of 94°C for 1 min, 55°C for 45 s, 72°C for
60 s, and a final extension of 72°C for 10 min. About
2 pl Amplification products were surveyed by
polyacrylamide gel electrophoresis (PAGE)/silver
staining as described by Zhang et al. (2003).

The organelle DNA amplification of the regener-
ants and their parents was performed using three
mitochondria (nad4 exon 1: 5-CAGTGGGTTGGT
CTGGTATG-3'/nad4 exon 2: 5-TCATATGGGCTA
CTGAGGAG-3', nadl exonB: 5-GCATTACGATC
TGCAGCTCA-3'/nadl exonC: 5'-GGAGCTCGATT
AGTTTCTGC-3', 18S rRNA: 5-GTGTTGCTGAGA
CATGCGCC-3'/5S rRNA: 5-ATATGGCGCAAGA
CGATTCC-3') and one chloroplast (TrnK 5'-AACC
CGGAACTAGTCGGATG-3'/TrnK 5'-TCAAT-GG
TAGAGTACTCGGC-3’) universal primer pairs
(Cheng et al. 2003) in a PTC-100 thermocycler.
The PCR reaction mixture (50 pl) contained 1x
reaction buffer, 3.6 mM MgCl,, 0.2 mM dNTP, 1.2 U
Taq DNA polymerase, 0.2 pM of each primer pairs
and 100 ng of genome DNA. The amplification
parameters were the same as SSR. About 8 pul PCR
products was digested with 5 U of restriction
endonucleases (Taql, EcoRl, Hindlll, and Hael,
respectively), in a 0.5 ml volume at 37°C for 4 h.
The digested DNA samples were electrophoresed on
a 2.0% agarose gel with 0.5x TBE and 0.5 pg ml™'
ethidium bromide at 2 V cm™! for 2 h, and then the
samples were photographed under UV light.

Results
Effect of UV irradiation on protoplast culture

We conducted four doses (0, 38.7, 77.4, and
116.1 J ecm™?) of UV irradiation on G. klozschianum
protoplasts. The results of agarose gel electrophoresis
indicated that considerable fragmentations of the
DNA happened when irradiated with the dose of 77.4
and 116.1 J cm™2, but less fragmentation with the
dose of 38.7 J cm ™2 compared with control (Fig. 1).
The viability and division percentage detected during
the 7-day culture period are shown in Table 1. The
viability and first division percentage of the irradiated
protoplasts decreased along with the increase of
irradiation dose, and the viability of irradiated
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Fig. 1 The effect of UV irradiation on the DNA of irradiated
protoplasts. Lanes: K, Protoplast without irradiation; K,
Protoplast irradiated with the dose of 38.7 J cm 2 Ky,
Protoplast irradiated with the dose of 77.4 J m 2 Ks, Protoplast
irradiated with the dose of 116.1 J m~2; M, 1 kb DNA marker

Table 1 The effect of UV dose on protoplast of G. klotzschianum

later for the protoplasts irradiated with the dose of
38.7 J cm ™ (Table 2). The protoplast irradiated with
the dose of 77.4 J cm™? could divide at low
percentage and displayed a normal shape at early
period of culture, but gradually broke after 10 days.
The protoplasts irradiated with the dose of
116.1 J cm™? broke up along with increasing of
culture time. Generally, the protoplasts irradiated
with the dose of 77.4 J cm ™~ stopped growth after the
first division, but a few cell-groups could be observed

38.7 77.4 116.1

72.16 = 2.05AB 55.83 = 14.18BC 46.39 + 11.96C

The irradiation dose of UV (J cm ™ 2) 0

The viability® Ist day 82.33 + 2.20A
2nd day 79.03 = 4.66A
3rd day 76.57 = 2.57A
4th day 74.12 = 6.74A
Sth day 74.02 = 5.46A

The division percentage® Sth day 20.17 = 3.09A
6th day 27.65 = 2.39A
7th day 32.57 = 2.66A

69.29 = 7.22A 46.7 + 11.22B 29.4 £ 3.13C
61.18 = 1.87B 40.16 = 12.82C 21.29 + 6.04D
47.87 £ 3.47B 3541 £ 9.71B 17.37 = 6.62C
38.77 + 5.82B 26.07 = 7.44C 14.94 = 5.63C
8.91 + 1.70B 3.66 + 1.03C 0D
9.94 + 1.51B 5.18 £ 1.62C 0D
11.03 = 1.09B 5.66 £ 2.23C 0D

Significant differences were found among means with different letters [A, B, and C (significant differences among the four doses at

the same day)] at P < 0.05 according to LSD tests

? The viability of protoplast after isolation as monitored by FDA in a 5-day culture time (n = 3)

® The ratio of number of protoplasts dividing to the total number of protoplasts at the same visual field of microscope (1 = 3)

Table 2 Plating efficiency and plant regeneration frequency in calluses derived from parental and fused protoplasts

The first cell division

Division percentage at 10th day®

Plating efficiency at 40th day® Single-callus

time® (%) (%) obtained
€201 3 37.56 + 3.52A 8.89 + 2.37A /
K¢ 7 10.60 + 2.69C 0B 0
CxKS 5 24.63 = 4.11B 1.05 £ 0.41B 47

Significant differences were found among means with different letters (A, B, and C) at P < 0.05 according to LSD test

? The time that 10% protoplasts divided at the same visual field of microscope

® The ratio of number of protoplasts dividing to the total number of protoplasts at the same visual field of microscope (n = 5)

¢ The ratio of number of protoplasts that continued to divide and form cell group related to the total number of protoplasts at the same

visual field of microscope (n = 5)

4 Protoplast of G. klozschianum irradiated with 38.7 J cm 2 UV

© Fused protoplasts between Coker 201 and G. klotzschianum irradiated with 38.7 J cm 2 UV

protoplasts decreased along with the increase of
culture time, while the protoplasts without irradiation
showed no signification difference during the 5-day
culture period. The first division time of protoplasts
without irradiation took place at day 3, but 4 days

from the protoplasts irradiated with a dose of
38.7 J cm ™2 None of the protoplasts treated with
UV could form mass callus although plantlets
developed from untreated protoplasts. As a result,
we choose 38.7 J cm™2 UV treatment as the lethal
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Fig. 2 Protoplast culture and plant regeneration of fused
protoplasts via somatic embryogenesis. (a) Protoplast viability
as monitored by FDA. (b) Calli formation from protoplast
of Coker 201. (¢) Calli formation from fused protoplast.
(d) Single calli proliferation after transfer to solid medium

dose for the following asymmetric cell fusion exper-
iments.

Morphology of the regenerated plants

The first post-fusion cell division took place after
about 5 days, later than Coker 201 but earlier than
protoplasts irradiated with the dose of 38.7 J cm ™2
(Table 2), and this was followed by the formation of
small calli visible to the naked eye in about
35-40 days (Fig. 2c; Table 2). In total, 47 single
green calli were selected from the products (Fig. 2d;
Table 2). The selected calli grew vigorously and were
able to differentiate rapidly. After 2—4 months, most
of the selected calli developed green plantlets. Most
regenerants displayed a recipient-like morphology
(Fig. 2k), whereas some plantlets were intermediate
to the two parents, in which their first three or four
leafs showed full round edge, and the upper leaves
had three nicks. The stipule of one hybrid was bigger
than both parents, and the stem was thicker (Fig. 2f),
showing stronger growth to the parents. And some
fascicular plants were regenerated from abnormal
embryos (Fig. 2e). When the hybrids were grafted
and transferred to a greenhouse, their growth was less
vigorous than the two parents, and some nearly
stopped growing (Fig. 2j), which resulted in a smaller
size of the somatic hybrids. These regenerated plants
were considered for further analysis.
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individually. (e) Fascicular plants regenerated from abnormal
embryo. (f) Vigorous stem and bigger stipules of hybrid plant.
(g) Normal plant development after grafting. (h) Coker 201.
(i) G. klotzschianum. (j-k) Asymmetric somatic hybrids

True hybrid confirmation by chromosome
counting and molecular tools

Several hybrids were examined cytologically. Among
the cultures derived from the fused protoplasts, the
mini calli, globular embryos, heart-shaped embryos
and roots of regenerated plants were picked out for
chromosome counting. The chromosome numbers
ranged from 2n = 54 to 74 (Fig. 3), showing a
complex chromosome variation in number.

To determine the origin of the putative hybrid, we
conducted RAPD and SSR analysis. The eight
morphologically and cytologically determined hy-
brids were analyzed. Among the 48 RAPD primers
used, eight (S68, S118, S124, S127, S176, S353,
5429, and S439) showed polymorphisms between the
two parents. S127 (5'-CCGATATCCC-3’) and S353
(5'-CCACACTACC-3') clearly detected polymor-
phisms between the hybrids and their two parents.
The presence of one or more distinct parental or
novel bands in the individual hybrids confirmed their
hybrid status. Primer S127 generated multiple band-
ing profiles in hybrid plants, two specific bands of
Coker 201 (~650 and 750 bp) and three specific
bands (~ 600, 1,000, and 1,300 bp) of G. klozschi-
anum (Fig. 4a). Four hybrids (Lanes 1, 4, 5, 6)
showed full Coker 201 bands and parts of G.
klozschianum bands. Rearrangements might happen
because a novel band appeared in one hybrid (Lane 3)
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Fig. 3 Chromosome
analysis of asymmetric
hybrids. (a) 2n = 54. (b)
2n = 58. (¢) 2n = 60. (d)
2n = 64. (e) 2n = 62. ()
2n = 66. (g) 2n = 68. (h) (a)
2n = 74. All bars = 50 pm

compared to the two parents. One hybrid (Lane 2)
had only one band of Coker 201, meaning the loss of
recipient DNA fragments might occur. Primer S353
produced two specific bands of Coker 201 (550
and 650 bp) and one specific band (800 bp) of
G. klozschianum (Fig. 4b). It was easy to distinguish
the asymmetric hybrids from parents.

Among the 104 SSR primer pairs used, 46 primer
pairs showed polymorphisms between the two par-
ents. The SSR patterns of two primer pairs BNL3030
(f: 5-TTGCCCAACACTTCATCAAA-3, r: 5'-CGT
AGAAAGAGACCCAACGG-3), BNL3232 (f: 5'-A
GCTCACCAACCCCATATTG-3/, r: 5-TCTATTG-
TATGTTATTGCTGCCC-3') were distinctly differ-
ent between the hybrids and their parents (Fig. 5). For
the eight putative hybrids analyzed, the variation or
absence of G. klozschianum specific bands in asym-
metric hybrids confirmed the hybridity of the putative
hybrid plantlets.

Fig. 4 RAPD patterns of ASH hybrids and their parents. (a)
RAPD pattern generated by primer S127 (5-CCGATATCCC-
3). (b) RAPD pattern generated by primer S353 (5'-
CCACACTACC-3"). Lane C, Coker 201; k, G. klotzschianum;
1-6, Asymmetric somatic hybrids; M, 100 bp DNA marker

In order to confirm the cytoplasmic genome
fusion, CAPS analysis was employed to determine
the cytoplasmic constitutions of the somatic hybrids.
When the PCR products derived from amplification
by universal primer pairs were digested with the
restriction endonucleases, some polymorphic loci
were found between the fusion parents. The results
showed that cpDNA primer pair/enzyme combina-
tions of trnK—trnK/EcoRI and trnK—trnK/Tagl were
effective in distinguishing both parents (Fig. 6). The
cpDNA of three asymmetric somatic hybrids plant
were from Coker 201 (Fig. 6; Lanes 1, 2, 4), and one
asymmetric somatic hybrids displayed the specific
bands of both parents (Fig. 6a; Lane 5). For mtDNA,
primer pair/enzyme combination of nad4exonl-
nad4exon2/EcoRI was able to distinguish both par-
ents of Coker 201 and G. klotzschianum, and a novel
band was detected in the mtDNA of the somatic
hybrid (Fig. 7; Lane 1), indicating that rearrange-
ments or recombination might have occurred in some
regions of the mtDNA in the somatic hybrid. The
profiles of most hybrids were the some as Coker 201.

Discussion

The effect of UV irradiation as a pretreatment for the
donor protoplast in asymmetric protoplast fusion has
been assessed and some detailed results presented. A
correlation between irradiation dose and the rate of
DNA loss was observed in our study, and similar
results have been reported by Hall et al. (1992a, b)
and Melzer and O’Connell (1992). However, DNA
loss in asymmetric somatic hybrids is a complex
process. The exact mechanisms underlying chromo-
some elimination are unknown. Factors such as
culture conditions and genetic distance may play a
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Fig. 5 SSR analysis of somatic hybrids and their parents. (a)
SSR band patterns of the parental species and regenerated
plantlet by the primer pair BNL3232 (f: 5-AGCTCACC
AACCCCATATTG-3', r: 5-TCTATTGTATGTTA
TTGCTGC CC-3'). (b) SSR band patterns of the parental

500bp

Fig. 6 The cpDNA banding profiles of the regenerated plants
and the fusion parents as revealed with polymorphic primer/
enzyme combinations. (a) trnK—trnK/EcoRI. (b) trnK—trnK/
Tagl. Lane C, Coker 201; k, G. klotzschianum; 1-6,
Asymmetric somatic hybrids; M, 100 bp DNA marker

Fig. 7 The mtDNA banding profiles of the regenerated plants
and the fusion parents as revealed with polymorphic primer/
enzyme combinations nad 4 exon /-2/EcoRI. Lane C, Coker
201; k, G. klotzschianum; 1-8, Asymmetric somatic hybrids;
M, 100 bp DNA marker

significant role in chromosome elimination (Oberw-
alder et al. 1998). Several alternatives for directing
chromosome elimination, such as the use of cytop-
last—protoplast (Dudits et al. 1987) and micro-
protoplasts (Ramulu et al. 1993) have also been
proposed. It is clear that further investigations on the
determinants responsible for nuclear elimination in
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species and regenerated plantlet by the primer pair BNL3030
(f: 5'-TT GCCCAACACTTCATCAAA-3', 1: 5-CGTAGAAA-
GAGACC CAACGG-3'). Lane C, Coker 201; k, G. klotzschi-
anum; 1-8, Asymmetric somatic hybrids

somatic cells are needed to fully exploit asymmetric
protoplast fusion technology to produce morpholog-
ically normal and fertile hybrids for breeding
program.

The early selection of regenerated hybrids in
asymmetric protoplast fusion is complex and neces-
sary. There are many cell groups with different
genetic backgrounds in the post-fusion mixture, such
as fused cells, unfused cells, and poly fused cells.
Nutrition-sensitive, chlorophyll-absence or resistance
genes combined with molecular selection has proved
to be a means for hybrid verification. Some scientists
utilize the regenerative capability of hybrids to select
(Xia and Chen 1996). Marker genes, such as green
fluorescent protein (GFP) were used for hybrids
selection in some cases (Masako et al. 2001), while
others use morphological markers (Derks et al. 1992).
In this paper, we used light yellow calli as recipient
and green calli as donor, and select green calli post-
fusion as putative asymmetric hybrids, molecular
analyses indicated that almost all putative hybrids
were green in color.

This seems to be the first report about analysis of
cytoplasm inheritance in somatic hybrids of cotton.
We selected some mitochondrial and chloroplast
universal primer pairs used in other plants to analyze
cytoplasm of cotton asymmetric hybrids. The result
showed that chloroplast might be recombinant in
somatic hybrids (Fig. 6; Lane 5). A strange band
profile was present in one hybrid (Fig. 6; Lane 6), the
profile of one fragment amplification by trnK—trnK
showed different origins fragmented by two restric-
tion endonucleases. However, in most cases, the
regenerated hybrid plants have only one chloroplast
type (Fig. 6; Lanes 1, 2, 4). In contrast to cpDNA,
when the PCR products amplified by universal primer
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pairs were digested with the restriction endonucleas-
es, fewer polymorphic loci were found in mtDNA
between the fusion parents. The PCR products
amplified by three mtDNA primer pairs were digested
by four restriction endonucleases (Tagl, EcoR]I,
Hindlll, and Hael), respectively, only one polymor-
phic locus was found in the combination of nad 4
exon [/-2/EcoRI. Nevertheless, as shown in Fig. 7, a
novel band was detected in the mtDNA of one
somatic hybrid, indicating that rearrangements or
recombination might have occurred in some regions
of the mtDNA in the somatic hybrid.

Asymmetric somatic hybrids were obtained using
UV irradiation of the donor protoplasts prior to fusion
in cotton. To our knowledge, this is the first report
about production of asymmetric somatic hybrids in
cotton, and this progress might be a useful tool for
producing novel germplasm for breeding programs.
Protoplast culture in upland cotton and wild species
and symmetric protoplast fusion in cotton had been
achieved successfully and reported in detail in our
laboratory (Sun et al. 2004, 2005, 2006). Until now,
we have done experiments on protoplast culture and
protoplast fusion, but the advantages or limitations of
asymmetric and symmetric somatic hybrids in breed-
ing programs have not yet been systematically
investigated and require more information for further
analysis. Asymmetric hybrids as well as symmetric
hybrids can be used in different breeding programs.
Symmetric protoplast fusion appeared to produce a
wide range of variability in genomic controlled traits,
while the aim of asymmetric protoplast fusion was to
minimize the disadvantages of donor genome as well
as transfer desired traits, chromosomes, or chromo-
some fragments (Binsfeld and Schnabl 2002). Unfor-
tunately, in most cases the hybrids gained much more
donor DNA than desired, resulting in an aberrant
morphology and partially sterilility (Kovtun et al.
1993; McCabe et al. 1993), although a stable
genomic transfer through asymmetric protoplast
fusion has also been reported (Binsfeld et al. 2000).
Furthermore, asymmetric protoplast fusion has been
successfully used for transfer of one or few chromo-
somes, the production of specific addition lines and
the introgression of genes between sexually incom-
patible species (Ramulu et al. 1996; Binsfeld et al.
2000; Wardrop et al. 2004; Chen et al. 2004). Highly
asymmetric fertile hybrids have only occasionally
been described (Vlahova et al. 1997; Xia et al. 2003).

In our present study, no highly asymmetric hybrids
were obtained though the molecular analysis indi-
cated that some might be asymmetric hybrids, but
with more than 52 chromosomes. We also conducted
asymmetric protoplast fusion with iodoacetamide
(IOA) lethal dose pretreated Coker 201 and UV
lethal dose irradiated G. klotzschianum and observed
cell groups, but no calli were generated. For further
improving the fusion process for asymmetric proto-
plast fusion, many factors should be concerned, such
as culture density, fusion parameters, and other
conditions.
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