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ABSTRACT

Production of haploid plants using techniques such as anthers and ovule
culture has long been considered impartant for genetic studies and plant breeders.
These haploid plants can be used to produce homozygous dihaploid plants useful for
plant breeding This study is concerned with the production of dihaploid plants of
Cucurbita pepa L. from ovule culture technique, gynogenic plants of squash were
successfully produced by in vitro culture from unpollinated ovules at one day before
anthesis. The ovules were placed on two media induction. Tweo temperature
procedures were compared: 1) cold pre-treatment at 4°C for 0,8,16 days of all three
genotypes. The highest number of ptantlets per 100 ovules was obtained from Rosina
(22.5) ovules cultured on MS medium suppiemented with 1.0 mg/ 2,4-D and 1.0 mg/l
Kin without cold treatment. While Eskandarani cv. gave the highest number of
embryogenic callus on MS medium supplemented with 5.0 mg/ 2.4-D at 8 days . 2)
Cold (4°C) and heal (35°C) shocks post-treatment of Eskandarani cv, for 0, 4, 8, 16
days. The highest number of plantlets per 100 ovules {17.0) was obtained from ovules
cultured on MS medium supplemented with 5.0 mg/l 2,4-D at 35°C far 16 days, On the
other hand. the highest number of embryogenic callus {100 0) was obtained from
ovuies cultured on MS medium supplemented with 5.0 mg/l 2 4-D at 4 days for 35°C.
Plantlets were acclimatized in the controlled environment. In each genotype, the root
tips of plantlets were cytologically examined for plo.dy level.

The derived plants are classified to 64% haploid and 36 % diploid. Therefore,
the ovule culture could be used as efficient method for haploid production in squash.

INTRODUCTION

Summer squash, (Cucurbita pepo L) is a member of the
Cucurbitaceae family and is considered one of the most popular vegetable
crops in Arabian countries, pure lines are often considered a first step in
genetic improvement of vegetable crops. This pure line are genetically pure
or homozygous plants resuiting from continuous self-fertilization for several
generation, this takes more than seven years o produce such pure lines. The
utilization of biotechnology and new in vitro culture technigues is necessary to
reduce the number of years needed to obtain pure lines. One of the most
successful methods to obtain such pure lines 1s anther ar ovule culiure
techniques which considerably speed up the production of haploids for plant
breeding programs. Successful production of haploid plants depends on a
number of factors, especially the genotype, media composition, donor plant
growing conditions and the age of ovules {number of days post-pollination) at
culture. Therefore, the goal of this work was to study some factors affecting
the production of squash haploid plants by ovule culture to achieve the pure
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lines which are used as promising materials for breeders or as good
productive genotypes for commercial cultivars and for Fy seed production

MATERIALS AND METHODS

This investigation was carried out in the Tissue Culture Laboratory,
Vegetable Crops Department, Faculty of Agriculture, Cairo University, Giza,
Eagypt, as well as in the Tissue Culture Laboratory, Horticulture Department,
Faculty of Agriculture, Kafr El-Sheikh, Tanta University, during the period
from 2004 to 2006.

II-1- The first experiment

This experiment was carried out to study the effect of three cultivars of
Squash; i.e. , Eskandarani , Gabbla , Rosina F; by temperature pre-treatment
at 4°C for 0 , 8, and 16 days on two media and their interaction on induction
of haploid plants through unfertilized ovule culture.

Plant materials and pre-treatment procedures:

According to Metwally (1898) squash owvaries of three cultivars
(Eskandarani ,Gabbla .Rosina ) were harvested one day before anthesis and
were exposed to cold temperature at 4°C for 0, 8 ,16 days (Fig.1 ). After that,
petals and style were removed. Then, the obtained ovaries were sterilized
by soaking in 70% ethanol for two minutes, and rinsed three times with sterile
distilled water, all this sterilization procedures occur inside the culture cabinet
laminar air flow hood, then ovaries were placed on a sterilized paper towel to
absorb the excessive surface water.

Fig. 1. ovary one day before anthesis.

4982



J. Agric. Sci. Mansoura Univ., 33 (7), July, 2008

Media compaosition and culture conditions:

Two different induction media were used to produce haploid plants
from three cultivars through ovule culture technique. These media were M3
basal medium supplemented with one of the following combinations of plant
growth regulators: f
1- MS medium +5.0 mg/l 2, 4-D.

2- MS medium +1.0 mg/l 2, 4-D +1.0 mg/ Kin.

The pH was adjusted to 5.8 and sclidified with 8.0 g/l Agar and
supplied with 30 g/l sucrose before autoclaving. The medium of each
treatment was distributed into Petri dishes. Each one containing 30 mi
medium under aseptic conditions. The ovules were excised from ovaries
under cabinet laminar flow hood, 100 ovules were placed on each Petri dish
Then the dishes were sealed with parafilm and incubated at 25 °C 1 under
16h photoperiod for four weeks (Fig. 2).

Fig. 2. Ovule at excision time.

Then ovules were transferred to hormone free MS medium for four
weeks (Fig. 3, 4), the following data were recorded:
1- Number of direct plantlets per 100 cultured ovules.
2- Number of unresponsed ovules per 100 cultured ovules.
3- Number of ovules that turn to callus.

e
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Fig. 3. Ovules 4 weeks after culture.
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Fig. 4. Regenerated plantlets from ovule culture on free hormone after 4
weeks

I-2-The second experiment:

This experiment was carried out to study the effect of the heat and
cold shocks as post-treatment after ovules culture, which are known as heat
or cold pre-incubation on two different media by using Eskandarani summer
squash cultivar
Media preparation and culture condition:

The two media previously descried at the first experiment were
distributed into Petri dishes, and 100 owvules of Eskandarani cv. were
cultivated on each Petri dish containing 30 ml media. The Petri dishes were
sealed with parafilm and exposed to low and high treatment temperature
Post-treatment temperature:

Cultured ovules were exposed to cold shock at 4°C for 0, 4 .8 and 16
days and heat shock at 35°C for 0, 4 , 8 and 16 days before incubation ,due
to the fact that temperature shocks tend to improve gynogenesis.

After post-treatment temperature plates with ovules were incubated at
25 °C +1 under 16h photoperiod for four weeks. After that the ovules were
transferred to hormone free MS medium and incubated under the same
conditions for four weeks. Then the following data were recorded:

1- Number of direct plantlets per 100 cultured ovules.

2- Number of unresponsed ovules per 100 cultured ovules.
3- Number of ovules turn to callus.

llil- PLANTS ADAPTATION:

After obtaining -plantlets they were transplanted individually into jars
containing MS medium without hormones, and kept in 16h photoperiod (3000
lux) for four weeks. plantlets produced long and rolled root systems. Root
system was cut off and plantlets were transferred into jars containing 50 mi of
strength hormone free MS medium supplemented with 1g/l pure sodium
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chioride and kept in 16 h photoperiod (3000 lux) for 10 days untii  a good
root system was established (2 or 3 roots at 1-2 cm in length). (Fig 5 ).

Fig. 5. Plantlets with storage root system after 4 weeks.

After that, the plants were washed under tap water and cultured in
autoclaved sterilized pots containing peat moss and covered with clear plastic
bags (Fig. 6) in order to maintain its humidity and were placed in the
greenhouse for one week. Then, they were plated in the soil (Fig. 7).
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Fig 7. transferred plaﬁfs to soil.

For cytological study, root tips of plants were cut off at approximately
2-3 cm length. After that, root tips were placed in colchicine soldtion 0.05 %
wiv for three hours and they were washed with distilled water. They were
fixed in 3:1 ethanol: glacial acetic acid for 24 hours at room temperature then
washed with distilled water. Finally, these washed root tips were stored in 70
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% ethanol and kept in the refrigerator until being examined. Root slides
examined with light microscope for chromosome counts after being stained
with acetocarmine.

RESULTS AND DISCUSSION

H-1-First experiment:
H-1-1- Effect of cultivars:

Genotype proved to be one of the most important factors affecting
gynogenesis in squash. Effect of cultivars on the production of embryos
is presented in Table 1. The results show that variable responses were
expressed by each of the three cultivars tested. The highest number
of direct plantlets per 100 cultured ovules was achieved in ovules
from Resina cv. (7.375), while Gabbla cv. gave 5625 plantlets per 100
ovules. On the other hand. Eskandarani cv. gave the lowest response
(2.292 plantlets per 100 ovules).

Table 1: Effect of cultivars on ovule culture and piantiets regeneration
from squash plants.

Cultivar No. of direct No. of unresponsed | No. of ovules turn to
plantiets / 100 ovule! ovule /100 ovule callus /100 ovule
Gabbla 5625 b 37.500 b 56.000 b
Eskandarani 2.292 ¢ 33.167 ¢ 64.500 a
Rosina F1 7.375 a 45.667 a 46.833 ¢
F. test - e >

** Indicate highiy significant differences at p<0.01 according to F test .
Means followed by a common letter are not significantly different at the 5 % level
according to Duncan's test

Early work indicated that in unpollinated ovule embrycgenesis occurs
in the embryo sac cells especially in the egg cells which were abie to divide
and give embryos or callus (Paliares, 1984).

Data in Table 1 show that cultivars significantly affected ovules which
turn into embryogenic callus. The highest number of ovules which produced
embryogenic callus resuited from Eskandarani cv. {64.500 calli per 100
ovules). Gabbla cv. gave 56.000 calli per 100 cultured ovules, while the
lowest number of owvules that turned into callus were obtained from
Rosina cv. 46.833. Data in Table 1 show that cultivars were highly significant
for the number of unresponded ovules, the highest number of unresponded
ovules per 100 ovules was obtained from Rosina cv, 45.667, while Gabbla cv.
gave 37.500 and the lowest number of unresponded ovules was 33.167 from
Eskandarani cv.

A difference in response among genotypes was demonstrated.
These results support previous reports of the effect of genotype on ovule
culture in Cucurbitaceae. Vaulx and Chambonnet (1986) reported in squash
that plants from 8 heterozygous F, cultivars differed in their response to ovule
culture. Shail and Robinson (1987); Kwack and Fujieda (1988) suggested
that induction of plantlets fram Cucurbita pepo L. and Cucurbita moschata
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ovule culture depend on cultivars, It also supports reports of the important
role of genotype on gynogenesis in other species. Hanna (1994) found that
Texas Grano 1025 cv. produced more regenerated plantlets (1.224) than did
Texas Grano 1015 cv. {1.1050)

lI-1-2- Effect of media composition:

Growth regulators in ovary and ovule culture media was reported to be
an essential and critical factor for optimal regeneration of haploid plants and
may vary with species.

By using two media, data in Table 2 show that there were highly
significant differences between the two media upon the number of
direct plantlets and the number of unresponded ovules per 100 cultured
ovules, and the number of ovules that turned to embryogenic callus.

MS media supplemented with 1.0 mg/l 2,4-D and 1.0 mg/l Kin gave the
highest number of piantiets per 100 cultured ovules (7.361),while the media
supplemented with 50 mg/ 2,4-D gave the lowest number of plantlets per
100 cultured ovules (2.833). The media supplemented with 50 mgh
2.4-D gave the highest number of unresponded cultures ovuies
(44 .306),while the media supplemented with 1.0 mg/l 2,4-D and 1.0 mg/l Kin
produced the lowest one (33.250).

Data in Table 2 also show that the medium supplemented with 1.0
mg/l 2,4-D and 1.0 mg/l Kin gave the highest number of ovules that turned to
callus per 100 ovules (59.111), while the other medium which was
supplemented with 50 mgfl 2 4-D gave the lowest one (52.444) These
results indicated that plant growth regulators are important for
embryogenesis, and this correspond with the results obtained by Kwack
and Fujieda {1988) on Cucurbita moschala. Vauix and Chambonnet (1986)
also indicated that the best medium for squash ovule cuiture is MS medium
supplemented with 2 4-D and Kin at a concentration that ranged from 0.01 to -
1.0 mg/. Metwally et al (1998) reported that the best medium for
gyncgenesis was MS medium supplemented with 1.0 mg/l 2, 4-D and 1.0 mg/l
Kin.

!

Table 2: Effect of media on ovule culture and plantlets regeneration
from squash plants.

Medium {mg/l No. of direct

2,4.D Kin; plantiets /100

No. of ovules turn

No. of unresponsed | "= "\ "in0

ovules / 100 ovule

ovule ovule
£D 0.0 2833 b 44.306 a 52,444 h
1.0 1.0 7.361 a 33.250 b 59111 a |
| F. test - o o

“ Indicate highly significant differences at p<0.01 according to F test .
Means followed by a common letter are not significantly different at the 5 % tevel
according to Duncan's test.

11-1-3- Effect of temperature pre-treatment:

The effect of cold pre-treatment of various durations was investigated
in this experiment. Data presented in Table 3 show that ovules from flower
buds without pre-treatment produced a hetter embryogenic response than
which were treated with 4°C for 8 and 16 days. The highest number of
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plantlets per 100 cultured ovules resulted from ovaries without cold pre-
treatment (7.250), while the lowest one was from ovaries treated with
4°C for 8 and 16 days {4.708 and 3.33),respectively. The differences between
the highest number and the lowest cne were statistically significant.

The high number of unresponded ovules per 100 cuitured ovules was at
16 days cold pre-treatment (54.500), while the lowest one was at
8 days coid pre-treatment (29.583). On the other hand, 8 days cold pre-
treatment gave the highest number of ovules that turned to callus per 100
cuftured ovules {65.250), while the lowest one was at 16 days cold
pre-treatment (42.125).

Table 3: Effect of temperature pre-treatment on ovule culture and
plantiets regeneration from squash plants.

Cold pre- No. of direct No. of unresponsed |No. of ovules turn to
l treatment({day) | plantlets / 100 ovule| ovule/ 100 ovule calius /100 ovule
' 0 7.250 a 32.250 b 59.958 b _
8 4708 b 29583 c 65.250 a
i 16 3.333 ¢ 54.500 a 42125 ¢
F. test . ** "

= indicate highly significant differences at p<0.01 according to F test .
Means foliowed by a common letter are neot significantly different at the § % level
according to Duncan 's test,

These different responses to cold pre-treatment have a positive effect
on the development of embryos in some species. Similar resuits have been
reported by Kwack and Fujieda (1988) for some Cucurbita ovaries which
treated with cold pre-treatments and the best one was at 5°C for 2 days. Also,
Lux et al. (1990) found that cold- pretreatment of sugar beet flower buds
at 4°C lead to increase embryos yield at 4-5 days. Hanna (1994} reported
an enhancing effect for cold pre-treatment at 4°C for 4 days in onion. While
Metwally et al (1998) reported that the highest embryogenic ovules was
obtained from ovules without cold pre-treatment. '

lI-1-4- Effect of cultivars, cold pre-treatment and media on squash ovuie
culture and plantlets regeneration:

Data presented in Table 4 show that the differences among t. eatments
were highly significant for all three parameters. The highest number of
plantlets per 100 cuitured ovules was obtained from Rosina cv. ovules
without cold pre-treatment and cultured on MS medium supplemented with
1.0 mg/l 2,4-D and 1.0 mg/l Kin (22.500).While the lowest number of plantlets
per 100 cultured ovules was obtained from Eskandarani cv. ovules treated for
8 and 16 days cold pre-treatment on MS medium supplemented with 5.0
mg/l 2.4-D {0.00), and from Gabbia cv. ovules at 16 days coid pre-treatment
and cultured on MS medium supplemented with 1.0 mg/l 2,4-D and 1.0 mg/I
Kin (0.00).

The highest number of unresponded ovules per 100 cultured ovules
was from 16 days cold pre-treatment of Rosina cv. ovules cultured on
MS medium supplemented with 5.0 mg/l 2,4-D (92.00), while the lowest one
was from Eskandarani cv. ovules which were exposed for 8 days cold pre-
treatment and cultured on MS medium supplemented with 5.0 mg/l 2,4-D
{10.00). Data in Table 4 show that the highest number of ovules that turned to
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callus per 100 cultured ovules was obtained from Eskandarani cv. ovules
which were treated for 8 days cold pre-treatment and cultured on MS medium
supplemented with 5.0 mg/l 2,4-D (90.00).0n the other hand, the lowest one
was obtained from Rosina cv. ovules which was treated for 16 days cold pre-
treatment and cultured on MS medium sUpplemented with 5.0 mg/l 2,4-D
(7.00)

Table 4: Effect of cultivar, temperature pre-treatment and media on
ovule culture and plantlets regeneration from squash plants.

. No. of
No. of direct No. of

Treatment plantiets / 100  unresponsed o;r:l::a:"tl::srn

Cultivar  Cold(day)  Mediummgn  °ovule  ovule/1000vule 0y e
A R e

50 00 vWelhi AR NANERN

0 1.0 1.0 LELER YT vve. d

Gabbla 5.0 0.0 g g ro.2.- hi °%.2. . de
] 1.0 1.0 . b Vi vr.a.. b

16 5.0 0.0 Yer @ the.. d st.3.. h

1.0 1.0 ARRE Vr.... b Yol

0 5.0 0.0 V.¥e . hi t..va. of ov.s.. gfg

1.0 1.0 7.000 de rae. . fg er,e.. g

. 5.0 0.0 0.000 j PRI Srere @

Eskandarani 8 10 1.0 2500 h Tive. wave. ¢
16 5.0 0.0 0.000 j tha.. @ aA.2. - def

1.0 1.0 2500 h  ¥i.9..gh ievae de

0 5.0 0.0 6.000 f raNo. fg 22,73 fg

1.0 1.0 22.500 a VAeaem 24, def

: .0 0. 1.000 i AT, Toonn
Rosina F1 8 ?_0 1-,8 '\.t.?f]e‘f Th, o0 |c YT ¥a. B

1 5.0 0.0 1.000 | 4t...oa Voo j
A0 10 7.500 d To.eihi oY efg

F. test . b -

** Indicate highty significant differences at p<0.01 according to F test .
Means folowed by a common letter are not significantly different at the 5 % level
according to Duncan 's test

II-2- Second experiment:

This experiment was carried out to study the effect of the heat (35°C)
and cold (4°C) shocks on ovules culture and plantlets regeneration as
post-treatment on two different media by using Eskandarani cv.
1-2-1-Effect of thermal shocks (cold post-treatment 4°C, and heat
post-treatment 35°C):

Many factors are responsible for ovule culture; temperature shocks are
believed to improve gynogenesis by diverting normal gametophytic
development into a sporophytic pathway leading to the formation
of haploid embryes. Data in Table 5 show that the highest number of plantiets
per 100 cultured ovules {6.313) was obtained from owvules which were
exposed to heat shock (35°C) after culture. While the lowest one {3.438) was
obtained from ovules which were exposed to a cold shock (4°C), and the
differences were highly significant. On the other hand, cold post-treatment
gave the highest number of unresponded ovules per 100 cultured ovules
(37.219), while the heat post-treatment gave the lowest number of
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unresponded ovules (12.750). Also. highly significant differences occurred
between heat and cold post-treatment for the number of ovules that turned to
calius per 100 cuitured ovules. High temperature gave the highest number
(80.938}), while low temperature gave the lowest number (59.344).

The embryo induction experiment demanstrated that heat treatment at
35°C (Table 5) during the induction phase increased haploid embryos
formation and plantlets regeneration. Similar results have been reported by
Gemes-Juhasz et al. (2002) in cucumber, Hanna (1994} also found, in onion,
that exposing ovules to 4°C for 4 days were the best pre-treatment and
yielded highest number of plantlets.

Table 5: Effect of temperature pre-treatment on ovule culture and
plantiets regeneration from squash plants (Eskandarani cv.).

Pre-treatment No. of direct No. of unresponsed | No. of ovules turn
plantlets / 100 ovule! ovules / 100 ovule [to callus/100 ovule
Low temperature 3438 b 37.219 a 59.344 b
_ High temperature |- 6313 a : 12.750 b 80.938 a
Ftest L i Ak LE

** Indicate highly significant differences at p<9.01 according to F test .
Means followed by a common letter are not significantly different at the 5 % level
according to Duncan's test

H-2-2-Effect of heat and cold post-treatment and media components
interaction on Eskandarani cv. ovule culture:

Data in Table 6 show the responsiveness of ovules culture to thermai
shock at 35°C and chilling at 4°C for different lengths of time ( 0.4 .8 and 16
days). The effect of thermal shock and chilling treatments on the number of
plantlets per 100 cultured ovules was highly significant. The hichest number
of plantlets (17.250) was obtained from ovutes treated with a treatment
8 days at 4°C, which was cultured on MS medium supplemented with
1.0 mg/l 24-D and 1.0 mg/! Kin, and from ovules treated with
a treatment of 16 days at 35°C which was cultured on MS medium
supplemented with 5.0 mg/l 2,4-D (17.00). While no plantlets were obtained
from- untreated ovuies (control} on MS medium supplemented with
1.0 mg/l 2.4-D and 1.0 mg/l Kin and with treatment of 4 days at 4 °C on both
media, and with treatment of 16 days at 4 °C on MS medium suppieémented
with 1.0 mg/l 2,4-D and 1.0 mg/l Kin. Also, with treatment of 4 days at 35°C
on MS medium supplemented with 5.0 mg/2,4-D .

Data presented in Table & aiso show that the highest number
of unresponsed ovules per 100 cultured ovule (83.750) was obtained from
ovules treated for 16 cays at 4°C and cultured on MS medium supplemented
with 1.0 mg/l 2.4-D and 1.0 mg/t Kin. While all ovules cuitured for 4 days at
35°C treatment on MS medium supplemented with 5.0 mg/i 2,4-D turned to
embryogenic callus{100) . In contrast, the lowest number of ovules that
turned to callus per 100 cultured ovules (16.250) was obtained from ovules
treated with 4°C for 16 days and cultured on MS medium supplemented
with 1.0 mg/t 2,4-D and 1.0 mg/l Kin.
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Table 6: Effect of temperature pre-treatment and media interaction on
ovule culture and plantlets regeneration from squash plants
{Eskandarani cv.).

Treatment No. of direct No. of No. of
plantlets / unresponsed ovules turn
Post-treatment  Cold(day} Medium mg/l 100 ovuie ovule/ 100 ovules to callus

2,4-B Kin 1100 avule

0 5.0 0.0 1.¥e.g £..¥o.C av.e..g

1.0 1.0 o f ALY -3 Vo, oo f
5.0 0.0 vonef @.¥9.h ft.re.b
Low temperature{4®) 4 1.0 1.0 oeanf SA ey £t.v 01 h
8 .0 0.0 LY, rao.od CITLERY
1.0 1.0 iv,to.a T, te. @ ¢l.2..q
5.0 0.0 APL Y- Ve ve.f VA Vo .@

16 1.0 1.0 oreof Ar.No.a 13,78
0 5.0 0.0 V.We.@ i ¥Yo.qo av.e. g
1.0 1.0 oo f L LRy 11,13.p
4 50 00 RS § e Veo,seag

- AR % Ab,Ta.
High temperature{35°C) ;:g ;:g oo _; A o _;
8 10 1.0 ALY t.-shi A Vo de
15 5.0 0.0 A | LN LAPURRY, |

1.0 1.0 Veveeg roro. ALV . g

F. test L - pio

** Indicate highly significant differences at p<0.01 according to F test.
Means followed by a common letter are not significantly different at the 5 % level
according to Duncan's test,

i - Cytological Studies:

Root-tips from 20 androgenic and gynogenic plants from each
genotype were cylologically examined under a light microscope. Plants
aerived from ovule culture, are classified to 84 % haploids (2n =x = 20) and
{36) % were diploid {2n = 2x = 40) in Rosina F, , and were 58 % haploid and
42 % were diploid in Gabbla cv. , and were 41 % haploid and 58 % were
diploid in Eskandarani cv ( Fig. 8 ).

- 1

. & -
. . v . DT

Fig. 8. Mitotic metaphase of haploid plants (2n=x=20)

In conclusion using the improved ovule culture methods allow
efficient haploid-plants and doubled haploid lines in squash in order to
develop new varieties.
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