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ABSTRACT

Chieh-qua (Benincasa hispida Cogn. var. Chieh-qua How) is a member of the family Cucurbitaceae. It is a native and important vegetable
in China, and widely cultivated throughout south China and Southeast Asia for its immature fruits. The improvement of yield, resistance
to disease and stress are the main aims in production and breeding of Chieh-qua. Biotechnology has provided promising approaches for
cultivar improvement of this crop. This mini-review introduces the recent researches of in vifro culture and molecular marker application
in Chieh-qua, including shoot tip and cotyledon culture, mutant selection in vitro, application of RAPDs for the testing of seed purity and
identification of cultivars, development of molecular markers linked to genes associated with gynoecy. The prospects of biotechnology in

heredity and breeding in Chieh-qua are discussed.
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Chieh-qua (Benincasa Hispida Cogn.var. Chieh-qua How)
is also called fuzzy melon, hairy melon or moqua (Cantwell
et al. 1996). It is a member of the family Cucurbitaceae,
with a vigorous annual vine that is usually allowed to grow
upright on trellis. The immature fruits are cylindrical and
roundish with many bristle-like trichomes on the epidermis,
and have skin color of various shades of green, depending
on variety. The flesh of the fruit is commonly white with a
delicious flavor (Fig. 1). The diversity and antiquity of
cultivars in China suggest that this crop may be indigenous
to southern China (Yang and Walters 1992). Being a native
and important vegetable, Chieh-qua is now widely cultiva-
ted throughout southern China and Southeast Asia for the
immature fruits with about 14,000 ha cultivated every year
only in southern China. The other variety of Benincasa his-
pida, wax gourd, ash gourd or winter melon, is produced
for its mature fruits.

However, continuous production has caused a series of
problems such as diseases. Being more and more serious,
Chieh-qua diseases (i.e. fusarium wilt, phytophthora blight
and viruses) have led to thousands of tons of fruit to be lost
in fields every year. For this reason, improvement of resis-
tance to disease and stress, as well as yield, should be the
main aims in production and breeding of Chieh-qua.

Attempts to utilize heterosis in Chieh-qua have made
done since the 1980s, in which gynoecy was selected (Wei

the research of gynoecy, hybrids with higher yield and
resistance were released instead of conventional cultivars
(Chen et al. 2001; Lin et al. 2006; Peng et al. 2006). In
addition, studies on the genetic basis of main agricultural
traits and methods for identification of resistance to
Fusarium wilt were carried out (Xie et al. 2001; Li et al.
2003; Xie et al. 2003). Because of the development of new
cultivars and efficient techniques, great progress was
achieved in Chieh-qua production (Xie et al. 2004). How-
ever, it is well known that the germplasm of Chieh-qua is
limited. It is difficult to find resistant materials especially
those with resistance to fusarium wilt, phytophthora blight
or viruses. So, screening and creating of new material have
been urgent tasks for improvement of Chieh-qua.

Genetic improvement through biotechnology offers po-
tential routes for improving yield and resistance by screen-
ing useful genes effectively, introducing recombinant genes
or generating somaclonal variants with improved resistance
to biotic or abiotic stresses (Compton et al. 2004).

This mini-review introduces the recently studies of in
vitro culture and molecular markers on Chieh-qua, inclu-
ding shoot tip culture, cotyledon culture, mutant selection in
vitro, application of RAPD on the testing of seed purity and
identification of cultivars, and development of molecular
markers linked to genes associated with gynoecy. The pros-
pects of biotechnology in heredity and breeding in Chieh-
qua are discussed.
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Fig. 1 Chieh-qua fruit
growing on the plant.
Cultivar: Xiaguan No. 1;
Age of fruit: 10 days after
pollinated.

Fig. 2 Clustered buds of Chieh-qua in vitro.

Fig. 3 Rooted plantlets transferred to plastic cups with garden soil.
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SHOOT TIP MICROPROPAGATION

Shoot tip culture has been widely applied in the rapid propa-
gation of elite cultivars and virus elimination. Micropropa-
gation protocols have been developed in some members of
the cucurbit family, such as the micropropagation protocol
of triploid cultivars of watermelon by which about 1.2 mil-
lion plants could be obtained in just over 6 months from an
initial 100 shoot tip explants (Compton et al. 2004). Micro-
propagation of Chieh-qua has been carried out using shoot
tips of tube-seedlings. Shoot tips 0.5 ¢cm long produced 3-5
clustered buds (Fig. 2) every 3-4 weeks when cultured on
MS solid medium containing 17.76 uM benzyladenine (BA)
and 1.14 pM indole-3-acetic acid (IAA) (He ef al. 2002a).
However, the propagation coefficient of Chieh-qua shoot-
tips is lower than that of wax gourd (the other variety of Be-
nincasa hispida). The highest propagation coefficient (25.6)
of wax gourd was obtained on MS medium supplemented
with 4 mg/L BA and 1 mg/L a-naphthalene acetic acid
(NAA) (Lin and Xu 1999a). Lin and Xu (1999b) also found
that the propagation was effected by pH of the medium for
pro-culture, as well as concentration of growth regulators in
medium. Shoot tips from seedlings pre-cultured 15-20 d on
medium at a pH of 7.2 was optimal for micropropagation of
wax gourd.

Clustered buds of Chieh-qua elongated on medium with
reduced BA and increased IAA (MS+ BA 4.44 uM +IAA
2.85 uM). Elongated shoots (more than 1 cm long) rooted
easily on MS medium with 2.85 uM IAA. Cluster buds
without being elongated in culture could not produce roots
normally. Rooted plantlets were transferred to plastic cups
with garden soil (Fig. 3) and placed in a greenhouse under
high humidity (about 90%). The humidity of the glasshouse
was gradually reduced as the plants grew. Using this method,
more than 60% of plantlets survived acclimatization in the
greenhouse (He et al. 2002b).

ADVENTITIOUS SHOOT ORGANOGENESIS

In the Cucurbitaceae, tissues can be regenerated both via
organogenesis (i.e. adventitious bud formation), and somatic
embryogenesis (Dong et al. 1991; Compton et al. 1993;
Nakagawa et al. 2001). However, to date regeneration from
cotyledons of B. hispida has only been reported via organo-
genesis (He et al. 2002a; Thomas and Sreejesh 2002; He et
al. 2006a). The cotyledons of in vitro-germinated seedlings
were the preferred explants for shoot organogenesis. To ob-
tain seedlings, uncoated seeds of Chieh-qua were germi-
nated on Y2-strength of both macro- and micronutrients of
MS medium supplemented with 3% sucrose and 0.7% agar
(He et al. 2002a). In wax gourd, however medium supple-
mented with 4 pM BA was found to be optimal for embryo
germination (Thomas and Sreejesh 2002).

Basal sections of Chieh-qua cotyledon had organogenic
competence. Adventitious shoots formed on the cut edge of
basal sections of cotyledons rather than on top (He ef al.
2002a). Similar results were obtained in cucumber and
watermelon, in which the proximal end of cotyledons had
the greatest regeneration rate (Compton 2000).

The composition and concentration of growth regulators
in the medium affected directly shoot organogenesis in Chi-
eh-qua. Adventitious shoots were introduced directly from
cotyledons of Chieh-qua when cultured on MS medium sup-
plied with BA as the only plant growth regulator. However,
the regeneration rate was improved by adding IAA. Opti-
mum shoot regeneration was achieved in MS medium sup-
plemented with 26.64 uM BA and 0.57 uM IAA, by which
2.85 shoots per cotyledon were obtained (He et al. 2006a).
At higher concentrations of BA (over 8 mg/L), fewer buds
were induced, part of which were abnormal and wilted in
subculture. Similar results were reported with the combina-
tion of BA and IAA in other members of the Cucurbitaceae
(Compton 1999, 2000). Furthermore, Thomas and Sreejesh
(2002) described a protocol for the production of complete
plantlets through multiple shoots from the cotyledon-de-
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rived calli of ash gourd (B. hispida). In the protocol MS
medium fortified with 4 uM 2,4-D was used for callus ini-
tiation from the cotyledons, and MS medium fortified with
4 uM BA and 0.2 uM NAA was recommended as the opti-
mum medium for shoot regeneration.

The organogenic competence of cotyledons was geno-
type-dependent (He ef al. 2006a). An attempt was made to
use hypocotyls and leaves of Chich-qua as explantss, but
we failed to induce adventitious shoot (He e al. 2002b).

Adventitious shoots regenerate from cotyledons of Chi-
eh-qua is more poorly than other crops of Cucurbitaceae.
More efforts should be applied to improve the regeneration
competence of Chieh-qua.

SELECTION OF SOMACLONAL VARIATION WITH
RESISTANCE

In vitro selection is a promising technique to improve resis-
tance to disease, particularly for pathogens known to pro-
duce toxins. Compared with classical crossing methods, it
is an immediate and inexpensive way of generating or se-
lecting plant variants with tolerance to either the pathogen
or its toxin from susceptible varieties. Mutants with resis-
tance have been obtained in several crops (Pathania and
Misra 2003; El-Hadrami et al. 2004). Somaclonal variants
of cotton (Gossypium hirsutum L.) regenerated from em-
bryogenic callus grown in medium with selection pressure
exhibited resistance to Fusarium wilt caused by Fusarium
oxysporum (Zhang et al. 1998). Similar work was attemp-
ted in Chieh-qua. A protocol of in vitro selection was repor-
ted using fusaric acid (FA, a toxin produced by F. oxyspo-
rum) as the selection agent. Cotyledon-derived clustered
buds were inoculated on regeneration medium with FA.
More than 60% of explants browned after about 15 days’
culture. The survivors were cultured on fresh regeneration
medium without FA for about 3 weeks, and selected on re-
generation medium with FA again. The regenerated plant-
lets were found to be pathogen-resistant (He et al. 2006D).

APPLICATION OF MOLECULAR MARKERS

Molecular markers are valuable tools in the evaluation of
genetic diversity and resistance genes. Assessing genetic
diversity was carried out in one Chieh-qua cultivar and two
Chinese wax gourd cultivars using RAPD genetic markers
with twenty 10-mer random primers. Of the twenty primers
used, one could not be amplified, 7 amplified monomorphic
DNA patterns, and 12 gave reproducible polymorphic DNA
amplification patterns. Only 3 primers gave unique banding
patterns for each of the 3 cultivars. The three cultivars were
very similar when comparison using RAPD patterns (Meng
et al. 1996). In addition, 9 inbred lines of wax gourd were
analysed using 130 RAPD primers, of which 26 were infor-
mative and amplified 163 DNA marker bands. A total of 47
polymorphic bands were obtained with a mean of 1.8 per
primer which, in combination, discriminated all the inbreds
from each other. Pair-wise genetic distance measurements
ranged from 0.056 to 0.179, suggesting a narrow genetic
base for the inbreds. The results indicated significant posi-
tive correlations of genetic distance with hybrid perfor-
mance and heterosis (Sureja et al. 2006).

Gynoecy plays an important role in Chiech-qua heterosis
breeding. Identification of the markers linked to this cha-
racter will facilitate selection of gynoecious Chieh-qua
lines in a breeding program. A 1150 bp gynoecy-specific
fragment was amplified in the primer combination of TGA
GCGGACA. This marker was verified using individual
DNA of the F, population and the band could only be am-
plified in the gynoecious plants (Chen ef al. 2002).

Seed purity testing using RAPD was also attempted in
Chieh-qua. Eight random primers were used in RAPD of
male/female parents and F,. Three of these random primers
had been successfully amplified; two of them were specific
in the female parent. The other had specific amplified frag-
ments that lay between those of the male/female parents
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and F; showing polymorphism of the amplified fragment
(Li et al. 1999).

MOLECULAR BIOLOGY IN PATHOGENY
ATTACKING CHIEH-QUA

Pathogenicity, vegetative compatibility grouping and AFLP
analysis were correlated and could effectively distinguish
isolates of F. oxysporum from cucurbitaceous (Vakalounakis
et al. 1999). Differences in pathogens of brought wilt di-
sease in wax gourd and Chieh-qua were studied. F. oxyspo-
rum f. sp. Chieh-qua is distinct from F. oxysporum f. sp.
benincasae in cultivar susceptibility and can be differen-
tiated by pathogenicity tests with appropriate hosts (Xie et
al. 2006). Genetic relationships between these two specia-
lized forms and races of F. oxysporum f. sp. benincasae
were determined by the DNA sequences of ribosomal DNA
internal transcribed spacer (ITS) region. The length of ITS1
and ITS2 sequence of F. oxysporum f. sp. Chich-qua and
benincasae was 558 bp and 545 bp, respectively. They were
94.3% homologous.

Viral diseases have become a devastating disease of
Chieh-qua in GuangDong province since 2000. Zucchini
yellow mosaic virus (ZYMV) is an important pathogeny. A
Guangzhou isolate of ZYMYV infecting Chieh-qua was iden-
tified by indicator tests and partial sequence amplification
using 2 primers (ZCP5F (5'-GCCAAGCTTTCGGGCACTC
AGCAAACTG-3') and ZCP3R (5-GGTCTCGAGCTGCA
TTGTGTTCACACCCA-3"). The coat protein (CP) gene of
this virus was amplified by RT-PCR, and ligated into the ex-
pression vector PET-22b(+). The recombinant plasmid PET-
ZCP was transformed into E. coli BL21 (DE3) and then in-
duced to express by IPTG. The CP gene was highly expres-
sed by SDS-PAGE and western blot analysis. The molecular
weight of the recombinant protein was about 330 kD. Anti-
serum with high specificity was produced after a rabbit was
immunized with purified recombinant protein, and the titer
was determined to be 1/4096 by antigen coating plate-
ELISA (Song et al. 2005).

CONCLUDING REMARKS

It has been proved that biotechnology has provided promi-
sing approaches for cultivar improvement of Chieh-qua.
Efficient methods for plant regeneration in vitro have paved
the way for variant selection in vifro and genetic transfor-
mation. Somaclonal variation has potential application for
developing disease resistant genotypes. Identification of
markers linked to useful characters facilitated selection of
prospective lines in breeding programs. However, further
studies about culture of different tissues and markers linked
to important characters should be carried out in order to im-
prove the breeding efficiency of Chieh-qua. In addition, dif-
ferent ways to create new material of Chieh-qua ought to be
explored. It is expected that biotechnology will play an im-
portant role in Chieh-qua breeding.
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