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ABSTRACT
A study was designed to obtain hapolid and double haploid (DH) plants from cucumber cultivars tolerant to
Pseudoperonospora cubensis. The main goal was to identify RAPD molecular markers associated with downy
mildew resistance. On average, 20% of embryos generated in two experiments, were converted to haploid plants.
RAPD markers that differentiated susceptible and resistant H and DH plants were identified. Somaclonal varia-

tion in DH lines was seldom detected.
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INTRODUCTION

Two methods of cucumber haploid production are
known. The first method utilizes an in vitro culture of ei-
ther ovules or ovaries. The second method, called haploid
parthenogenesis, consists of pollination with irradiated po-
llen followed by haploid embryo rescue and in vitro cultu-
re (Gemes-Juhasz et al. 2002; Truong-Andre 1988; Niemi-
rowicz-Szczytt and Dumas de Vaulx 1989; Sauton 1989;
Przyborowski and Niemirowicz-Szczytt 1994; Caglar and
Abak 1996).

In 1990 the Dutch seed company Nunehems Zaden BV
(Haelen, The Netherlands) patented a method for ovule
culture method (patent NP-374755), however, no data was
provided on the efficacy and application of this invention.
More recently, a similar approach was reported by Gemes-
Juhasz et al. (2002). No information was reported on mor-
phology and number of DH plants obtained in that study.

The second approach, the embryo rescue method, has gi-
ven in general better results than the ovary culture (Truong-
Andre 1988; Niemirowicz-Szczytt and Dumas de Vaulx
1989; Sauton 1989; Przyborowski and Niemirowicz-
Szczytt 1994; Caglar and Abak 1996). In this method, polli-
nation with an irradiated pollen resulted in direct formation

of haploid embryos that developed into haploid plants. For
instance, Przyborowski and Niemirowicz-Szczytt (1994) re-
ported that an average of 1.2 to 3.1 embryos per fruit were
obtained in six cucumber genotypes and approximately
50% of the excised haploid embryos developed into plants.
Therefore this method was used to obtain haploids for mo-
lecular research presented in this work.

In Europe, severe outbreaks of downy mildew [Pseudo-
peronospora cubensis (Berk. et Curt.) Rostovzev] causing
yield reductions on field-grown cucumbers have been re-
ported during the past twenty years (Doruchowski and La-
kowska-Ryk 1992). An efficacious utilisation of genes for
resistance in cucumber breeding would greatly accelerate
the rate of release of resistant cultivars. Random Amplified
Polymorphic DNA (RAPD) marker analysis technique is
relatively inexpensive and is straight forward technologi-
cally. Therefore, this technique was chosen for the identifi-
cation of putative marker-target gene associations. A se-
cond objective of our research was to identify RAPD mar-
kers that could be employed at early stages of plant deve-
lopment for the selection of resistant individuals.

A third objective was to determine the occurrence of so-
maclonal variation in the DH plants. The DH plants by the
virtue of being produced in an in vitro system may be sub-
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ject to culture-induced somaclonal variation, and thus show
genetic segregation in later generations. It is important to
know whether somaclonal variation is a real and serious si-
de-effect in DH production.

MATERIALS AND METHODS

Haploid plant production

The haploid embryo production utilised the process of
haploid parthenogenesis (Przyborowski and Niemirowicz-
Szczytt 1994). Female flowers of three resistant to Pseudo-
peronospora cubensis hybrids® Krak’, ‘Frykas’ and ‘lzyd’,
and one susceptible hybrid ‘Polan’, were pollinated with
pollen irradiated at 0.3 kGy gamma rays, cobalt source,
0.80 Gy/min at the Department of Food Safety and Public
Health, Warsaw University of Life Sciences. Flowers of 40
plants of each cultivar grown at a Warsaw University of
Life Sciences greenhouse at the Wolica Experimental Sta-
tion were used in the pollination. Three to five weeks after
pollination presence of individual haploid embryos was de-
tected using a stereo microscope. The embryos were remo-
ved aseptically from the ovaries and transferred to E20A
medium (Sauton and Dumas de Vaulx 1987). Embryos that
developed into plants were maintained on MS medium
(Murashige and Skoog 1962). The experiment was conduc-
ted during the months of May and June and then August
and September.

Two methods of dipliodization were used. One method
consisted of direct regeneration of plants from young ha-
ploid leaf tissue (Faris et al. 2000) and the second method
was a colchicine treatment of apical meristems of H plants
(Nikolova and Niemirowicz-Szczytt 1996). Direct regene-
ration from leaf explants of haploid plants obtained in the
spring (May and June) was conducted in the autumn (Sep-
tember-November) of the same year, whereas the haploids
obtained in the summer/autumn (August-September) were
used in regeneration during winter/spring of next year (Ja-
nuary-April).
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RAPD analysis

The DNA was isolated from plants grown under gree-
nhouse conditions (23/25°C, 16 h photoperiod, 1000 pmol
m2s!) using the third and the fourth leaf from the apical
meristem.. Four grams of leaf tissue were frozen in liquid
nitrogen, followed by DNA extraction procedure according
to Van der Beek et al. (1992).

PCR reactions were conducted using Gene Amp PCR
System 9700 (PE Applied Biosystems, Forster City, CA,
USA). Each 25 pL of the reaction mixture contained 40 ng
template DNA, 0.2 pM primer, 10 mM Tris-HCI, 50 mM
KCI, 1.5 mM MgCl1,, 100 pM of each dNTP, 0.25
pg BSA-bovine serum albumin and 1.5 units of Taq poly-
merase. The amplification conditions were as follows: one
cycle of three minutes at 94°C 45 cycles consisting of one
minute at 94°C one minute at 35°C two minutes at
72°C followed by one cycle of 10 minutes at 72°C The am-
plification products were separated using 1.5% agarose gel,
stained with ethidium bromide and photographed under
UV light (UVI-KS 4000i Gel Documentation and Analysis
System, UVltec, Ltd, Cambridge, UK).

Taq polymerase, PCR buffer, dNTPs, BSA, and MgCl,
were supplied by MBI Fermentas (Vilnius, Lithuania); 10-
-mer primers were synthesized by Ramson Hill Bioscience,
Inc.(Ramona, CA, USA). The sequences of the primers
corresponded to those in Operon 10-mer kits A-P (Operon
Technologies Inc. Alameda, CA, USA). All RAPD analy-
ses were standardized, and performed at least twice.

RESULTS

Cucumber haploid development

Fruit developed from about 50% of pollinated flowers
and numerous haploid embryos and plants were obtained in
four hybrid varieties as a result of pollination with irradia-
ted pollen (Table 1).

Typically, 2 -3 fruit per plant for total of 119 fruit were
obtained from pollination of 40 plants in each cultivar. The
number of embryos that developed from seeds within five
weeks after the pollination ranged between 70 and 116 per

TABLE 1. Cucumber haploid embryo and plant development from four F, donor cultivars in two environments.

a. Spring

F, donor cultivar Fruits Embryos Plants Embroys regenerated
(No.) (No.) (No.) into plants (%)

Polan 132 116 9 7.8

Krak 102 76 16 21.1

Frykas 127 79 15 19.0

Izyd 120 85 14 16.5

Total 481 356 54 15.2

b. Summer/Autumn

Polan 123 92 20 21.7

Krak 100 74 31 41.9

Frykas 130 70 25 35.7

Izyd 117 97 9 9.3

Total 470 333 85 25.5
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cultivar. In total, the number of embryos developed from
the four cultivars was similar in each season (356 in spring
and 333 in summer/autumn). Average number of embryos
that developed into plants varied from experiment to expe-
riment and from cultivar to cultivar, ranging between 7.8 to
41.9%. Haploid plants were obtained in each genetic back-
ground, the results were consistent over the two years.
Using cytometric evaluation all plants were classified as
monohaploids (n=7). These plants were maintained in vitro
and vegetatively propagated to provide material for chro-
mosome doubling.

RAPD analysis

In the first stage of analysis, 240 primers were evaluated
using five genotypes (two 2n regenerants of ‘Polan’, one
In and one 2n regenerants of ‘Izyd’, and one In regenerant
of ‘Frykas’). The tested primers produced on average 10.3
distinctive banding profiles. Those with clear and reproduci-
ble amplification profiles were selected for further analysis.

Comparison of haploids and their DH lines

Selected primers generated 6 to 15 bands, 100 to 2750 bp
in size. Eleven haploid plants derived from cvs. ‘Izyd’,
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‘Frykas’ and ‘Krak’, gave amplification band patterns
identical to their DH plants. The haploid and DH plants de-
rived from the hybrid ‘Polan’ gave different results. Thirty
two out of 40 primers gave identical results, whereas eight
primers showed one additional band in DH plants.

Search for RAPD bands associated
with tolerance to Pseudoperonospora cubensis

RAPD analysis was performed to identify primers (selec-
ted before using bulked segregant analysis BSA — data
unpublished) differentiating between susceptible and resi-
stant plants among haploid and DH plants developed from
hybrids ‘Polan’ (susceptible), ‘Frykas’ and ‘Izyd’ (both re-
sistant). The primers used generated 5 to 19 amplification
products. Nine primers generated polymorphic bands that
differentiated haploid and DH plants from susceptible ‘Po-
lan’ and plants derived from the resistant varieties. Among
these, five primers (A14, C11, D18, E2, and E14) produced
a band present in both, H and DH susceptible plants deri-
ved from ‘Polan’; three primers (B6, E15 and E20) genera-
ted an unique band for H and DH plants derived from ‘Fry-
kas’ and ‘Izyd’; one primer (D13) generated one band spe-
cific for resistant plants and one band specific for suscepti-

Fig. 1. DNA polymorphism in H (In) and
DH (2n) plants derived from susceptible cv.
‘Polan’ (P) and resistant cvs. ‘Frykas’ (F)
and ‘Izyd’ (I) generated with the use of pri-
mers E14, D13, B6 and E15. Line 1 - MW-
DNA size marker (GeneRuler™ DNA Lad-
der Mix, MBI, Fermentas).
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Fig. 2. Amplification profiles (primer G5) of three DH progenies derived from P356 haploid plant. Line 1 — MW-DNA size marker (GeneRuler™ DNA
Ladder Mix, MBI, Fermentas). Lines 2 and 3 — amplification profile of DH plants of P356/1Rd without additional bands. Lines 4-13 — amplification profi-
le of DH plants of P356/3Ra with additional band suggesting somaclonal changes. Lines 14 and 15 — amplification profile of DH plants of P356/4Ra wi-

thout additional bands.

ble plants. These bands were 580 bp and 1480 bp in size
for the resistant and the susceptible plants, respectively.
Polymorphism generated by selected primers is shown in
Figure 1.

Analysis of somaclonal variation

Thirteen primers were used to differentiate 21 secondary
regenerants (R,) derived from 11 primary (R;) regenerants.
Five of thel3 primers were discriminatory between R, and
R, plants and produced one additional band between 1650-
-3000 bp in size. Among the 11 tested populations, additio-
nal bands were detected in three R, populations derived
from cultivars ‘Polan’(two) and ‘Frykas’(one) (Fig. 2).

DISCUSSION

The frequency of embryo development was comparable
in the two experiments performed in this study (about 0.7
embryo per fruit).This efficiency is not considered high
when compared to the efficiency of 1.2 to 3.1 embryos per
fruit published earlier (Przyborowski and Niemirowicz-
Szczytt 1994). However, the results presented here are uni-
que in the fact that embryos and haploid plants were obtai-
ned from each of the four tested varieties.

Reported here frequency of plant regeneration, calcula-
ted by dividing the total number of plants by the number of
ovaries that produced embryos, ranges from 0.07 to 0.31%.
Frequency of 0.0 to 7.1%, was reported by Gemes-Juhasz
et al. (2002), however, in that study the plantlets were ob-
tained through ovary culture.

Presented here results are similar to those observed in
muskmelon (Cucumis melo L.) which has been studied to
a greater extent than cucumber (Sauton and Dumas de
Vaulx 1987; Cuny et al. 1993; Ficcadenti et al. 1995; Abak
et al. 1996; Ficcadenti et al.1999; Lotfi et al. 2003).

It was reported that ovary culture results in fewer plants
and in the increase in the percentage of mixoploids as com-
pared to haploid embryo rescue (Ficcadenti et al.1999; Lotfi
et al. 2003). In contrast, pollination with irradiated pollen,
embryo rescue, and subsequent in vitro culture, was repor-
ted to produce stable muskmelon haploid plants (Sauton
and Dumas de Vaulx 1987; Cuny et al. 1993; Ficcadenti et
al. 1995; Abak et al. 1996). The latter method clearly pro-
duces more desirable results.

The application of RAPD analysis using selected 28 pri-
mers has shown that it was possible to obtain identical am-
plification profiles for 11 haploids and obtained from them
DH plants derived from cultivars ‘Izyd’,” Frykas’, and
‘Krak’. Each of the 11 haploid plants had a distinctive ban-
ding profile that was identical to the profile obtained for
derived from them diploids. This result suggests that it sho-
uld be possible to use RAPD analysis for selection of di-
stinctive genotypes at the haploid level. Selection at the ha-
ploid level would allow early elimination individuals not
containing desirable characteristics, such as disease resi-
stance.

Unfortunately, this strategy is not applicable to all popu-
lations of haploids and their DH lines, for instance additio-
nal banding pattern was observed in the DH plants derived
from cultivar ‘Polan’ as compared to the haploid plants.
Therefore, the concept of early selection at the haploid
level using RAPD analysis requires further study and opti-
misation.

Another outcome of this study was identification of pri-
mers that generated highly specific amplification profiles
allowing differentiation among H and DH lines derived
from different varieties. Identification of cultivar-specific
polymorphism is particularly useful in cucumber, which is
characterized by a relatively low level of polymorphism in
general (Kennard et al. 1994).
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The marker study performed to differentiate resistance
and susceptibility to downy mildew was preliminary, and
was limited to the assessment of primers identified in the
pilot study. Further research is needed to verify linkage be-
tween the identified markers and the susceptible and resi-
stant phenotypes in progenies obtained from crosses be-
tween DH lines derived from the susceptible cultivar ‘Po-
lan’ and resistant to downy mildew DH lines identified in
this study. The marker-phenotype linkage needs to be veri-
fied before these markers are used in practical selection.

Horejsi et al. (2000) reported five RAPD markers linked
to downy mildew resistance gene (dm), among which one
of the primers, G14, was linked to dm at 16.5 cM. The sa-
me primer was used in this study, but it did not differentia-
te between resistant and susceptible plants. Furthermore,
primers that we report as generating polymorphic products
allowing differentiation between resistant and susceptible
plants were described as not effective in the cited above
publication. It is possible that a conversion of RAPD pro-
ducts into sequence specific transferable SCAR markers
could result in more unambiguous evaluation (Myburg et
al. 1998; Liu et al. 1999; Janila and Sharma 2004).

An important goal of the RAPD analysis was to confirm
the genetic homogeneity of the DH lines. Only three DH li-
nes out of 21 lines derived from three cultivars and tested
with five selected primers showed an additional band
1650-3000 bp in size. The presence of an additional band
may be indicative of somaclonal variation. Moreover, the
banding pattern shows the somaclonal changes to be homo-
zygotic, a phenomenon that is characteristic of tissue cultu-
re as a source of genetic variation (Karp 1995).

The applicability of the RAPD methodology for the do-
cumentation of somaclonal variation is a subject of discus-
sion (Anastassopoulos and Kleil 1996; Fourre et al. 1997,
Saker et al. 2000; Phong et al. 2001; Tang 2001). The re-
sults of the tests are highly dependent on the number of the
primers used and the number of plant lines. As reported he-
re, the results of the RAPD analysis are in agreement with
the phenotypic uniformity of the DH lines. This is not, ho-
wever, a guarantee that the results would be similar if more
different primers were tested.
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