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Abstract 
 
Pre-treatments significantly affect frequency of gynogenic embryogenesis. In gynogenesis, a change from gametophytic 
phase to the sporophytic phase is provided by stress treatments. Heat and/or cold shocks are given alone or in 
combination with each other to induce stress conditions. Also, pre-treatments can be applied at different types of 
explant, such as flower buds, ovules/ovaries, or inflorescence. With regard to different explants, the type, level, and 
duration of pre-treatment are different, and the regeneration efficiencies vary as well. In this review, it was discussed 
the effects of pre-treatments, cold or heat shock, in haploid induction via gynogenesis in different vegetables species.  
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INTRODUCTION  
Plants with gametophytic chromosome number 
in their sporophyte whether diploid or 
polyploid chromosome number are named 
haploids (Chen et al., 2011). In vitro haploid 
production is very important in plant breeding 
because of the shortening of the time required 
for the production of homozygous lines 
compared with conventional breeding methods 
(Shalaby, 2007; Chen et al., 2011). Haploid 
plants originating from gametes carry the 
genetic information of only one set of 
chromosomes, so they can be regarded as 
genetically homozygotic. Male and female 
gametophytes are used in production of haploid 
plants. The sporophytic developmental pathway 
starting from immature female gametes is 
known as in vitro gynogenesis (Juhasz and 
Jakse, 2005; Yarali and Yanmaz, 2013). In 
vitro haploid production via gynogenesis has 
been routinely used for inbred production in 
many Amaryllidaceae and Cucurbitaceae 
species (Gupta and Singh, 2016; Yarali and 
Yanmaz, 2017). Gynogenesis consists of in 
vitro culture of unfertilized ovule, ovary and 
whole flower buds (Asif, 2013; Yarali and 
Yanmaz, 2013; Gupta and Singh, 2016). One of 
the most important points for success in ovule, 
ovary or flower bud cultures is the size of the 
flower bud, that is, the period of ovule 
development (Mukhambetzhanov, 1997; 
Bohanec, 2009). However, due to the lack of 

information on what is the molecular 
mechanism that triggers gynogenetic 
development, it is not known exactly how the 
gynogenesis phenomenon occurs at the cellular 
level. Many researchers have been 
recommended that female gametes of flower 
buds used gynogenesis studies should be 
collected before anthesis (Bohanec, 2009; 
Palmer and Keller, 2005; Chen et al., 2011; 
Asif, 2013). Asif (2013) expressed that 
development stage of microspores is an 
excellent indicator to identify the exact time for 
in vitro culture. The most responsive 
ovaries/ovules had nearly mature or fully 
mature embryo sacs (Gemes-Juhasz et al., 
2002). 
The most common factor affecting 
embryogenesis is stress treatments. Cold or 
heat shock are commonly used for induce stress 
conditions. The floral organs are pre-treated to 
stimulate the process of sporophytic 
development in female gametophytes. The 
essential benefits of pre-treatment for stock 
plants were to eliminate variation arising from 
outer factors. Without imposing stress, a 
change from gametophytic to the sporophytic 
phase is very difficult. Pre-treatments can be 
applied at different types of explant, such as 
flower buds, isolated ovules/ovaries, or 
inflorescence. With regard to different explants, 
the type, level, and duration of pre-treatment 
are different, and the regeneration efficiencies 
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vary as well. However, duration, time, type, 
and level of pre-treatment vary considerably 
from one species to another (Asif, 2013; Chen 
et al., 2011; Dhatt and Thakur, 2014). As a 
result of these stress factors, leading to the 
formation of gynogenetic embryos or 
morphogenic callus, the development of the 
gametes is diverted from the gametophytic path 
of development to the sporophytic path (Keller 
and Korzun, 1996; Chen et al., 2011). 
However, there are not enough researches on 
the effect of pre-treatments on embryo 
induction in vitro gynogenesis. In this review, 
it was discussed the effects cold or heat shock 
pre-treatments in different vegetables species in 
Amaryllidaceae and Cucurbitaceae that 
gynogenesis has been the most successful 
method used for haploid plants production. 
 
Amaryllidaceae - species:  
The family Amaryllidaceae has a large number 
of species such as onion, garlic and leek. 
Doubled haploids were obtained successfully 
from these species using dihaploidization 
techniques (Yaralı and Yanmaz, 2016). 
However, more research has been conducted 
out in onion (Allium cepa L.) via gynogenesis. 
For this reason, researchs on onion are mainly 
evaluated in this part. 
Puddephat et al. (1999) investigated that the 
effect of temperature pre-treatments of stock 
ovaries on gynogenic embryogenesis induction. 
Flower buds of onion excised from stock plants 
maintained at 15ºC with natural daylight to 
flower under glasshouse conditions were ten 
times more responsive than those taken from 
plants raised under glasshouse conditions, or 
held at 10ºC. In addition, they found that 
decreasing donor plant growth temperature in 
the final phases of flower development 
increased the efficiency of gynogenesis. 
Similarly, Alan et al. (2004) reported that 
flower buds from onion plants stored at 10ºC 
for 4-23 days in beakers of water had more 
responsive to induction of gynogenesis and 
were comparable to fresh flower-buds. In 
another study, Hanna (1994), reported that cold 
pre-treatment at 4ºC for 4 days enhanced 
gynogenic embryo induction in onion. In 
contrast to these findings, Keller and Korzun 
(1996) stated that the 30°C temperature pre-
treatment was suppressed embryo regeneration 

in onion. Cold treatments either had no effect 
or had negative effects in gynogenic embryo 
induction. In another study used different 
Allium species and varieties, was found that the 
low temperature applied to flower buds before 
culture was particularly inhibiting effect on the 
leek, and there was no effect on the hybrid 
cultivars (Keller, 1990). Schum et al. (1993) 
used a dark preculture at 10°C for up to 12 days 
but did not obtain consistent results for all 
genotypes. A heat pre-treatment led to 
suppression of regeneration. No or even 
negative effects of cold pre-treatment were 
reported by Muren (1989) (Keller and Korzun, 
1996). Hassandokht and Campion (2002), 
investigated the effect of cold treatment at 
17°C applied to flowers in culture was 
evaluated in six Iranian and two Italian onions. 
The results showed that an inhibitory effect of 
cold on haploid formation.  
 
Cucurbitaceae - species: 
Diao et al. (2009) investigated the effect of 
thermal shock pre-treatment at 35oC for 
different period of time on embryo formation 
via gynogenesis (ovary culture) in Cucumis 
sativus L. The results showed that heat shock 
treatment for 3 days at 35oC at the beginning of 
the culture had higher embryo formation rate 
than 2 or 4 days. Gemes-Juhasz et al. (2002), 
aimed produced gynogenic plants of pickling 
cucumber via gynogenesis. They extracted 
cucumber ovaries and placed on induction 
media and cultured in the dark conditions for 
2–5 days, at 24oC, 28°C or 35oC. They found 
that the heat treatment increased the efficiency 
of gynogenesis. The highest number of 
embryos occurred following the 35oC induction 
treatment. The flow cytometry analysis showed 
that 87.7% of the regenerants were haploid. In 
another study by conducted out by Wang et al. 
(2008) was stated that 36°C pre-treatment 
could induced high frequency embryoids than 
the 4ºC pre-treatment in cucumber. Shalaby, 
(2007) investigated that influence of 
temperature (4ºC and 32°C) for 0, 4, 7 and 12 
days on the ovule culture the in vitro 
gynogenesis induction of squash. According to 
research datas, ovules incubated at 4 or 32°C 
for 4 days produced a better embryogenic 
response than others treatments. Contrary to 
positive results in hot shock temperature 
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treatments, some researchers suggested that 
cold treatments were more efficient for 
induction of gynogenic embryogenesis. For 
example, Kwack and Fujieda (1988), found that 
the cold treatment of Cucurbita moschata 
ovaries at 5oC for 2 days was efficient for 
embryogenesis.  
Despite the cited examples of a positive 
influence of cold or heat treatment, Bohanec 
(1998) suggested that in vitro gynogenesis is 
generally not stimulated by shock treatment 
such as low or high temperatures. For example, 
in Cucurbita pepo Metwally et al. (1998), 
found no beneficial effect of cold pre-treatment 
on gynogenesis. They picked ovaries from 
squash plants and exposed to cold temperature 
(4oC) for 0, 2, 4 and 8 days and ovules were 
cultured. Then the dishes were incubated at 25 
± 1oC under 16 h photoperiod for 4 weeks. 
Data from the research indicated that cold 
treatment at 4oC for 2, 4 or 8 days suppressed 
of embryogenesis compared with the control. 
The control ovules gave the highest 
embryogenic ovules per 100 cultured ovules. 
Similarly, Yang and Zhou (1982) reported that 
cold temperature pre-treatment was ineffective 
in ovary and ovule culture of most species. 
 
CONCLUSIONS  
In this review, it was evaluated the effects of 
cold or heat shock pre-treatments in different 
vegetables species in Amaryllidaceae and 
Cucurbitaceae that gynogenesis has been the 
most successful method used for haploid plants 
production. When the researches are evaluated, 
it can be said that cold and hot pre-treatments 
have positive effects on the haploid embryo 
induction. But the numbers of researches on 
pre-treatments are not enough. Therefore, more 
research is needed to make a clearer 
determination about effects of temperature pre-
treatments. 
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