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ABSTRACT

Gynogenesis is a suitable method for haploid plant production from alliaceae plants. These haploid plants

can be doubled to produce homozygote plants for breeding purposes. This experiment was carried out to

investigate the effects of polyamines (putrescine and spermidine) on gynogenesis of two Iranian onion cultivars.

The experiment was factorial in base of completely randomized design, with two cultivars and twelve media.

Cultivar ‘Sefid- e- Kurdistan’, showed a higher embryo generation capacity (6.90%) than cultivar ‘Sefid- e-

Neishabour’ (3.33%). The medium containing 0.01 mM BA, 0.01 mM 2,4-D, 2 mM putrescine and 0.1 mM

spermidine produced the highest number of gynogenic embryos in both cultivars. About 73.6% of regenerated

plants were haploid. Therefore, polyamines could improve onion gynogenesis.
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Introduction

Iranian onion cultivars have good horticultural characteristics e.g. good storability, good shape, resistance

to thrips (Thrips tabaci Hind) (Alimousavi, 2006), but the yield is lower than foreign hybrid cultivars.

Therefore, growers use foreign hybrid seeds and there is the risk of loosing Iranian onion germplasms due to

1displacement by these hybrids. So, production of F  hybrid seeds by using these germplasms is necessary and

this depends on the generation of inbred lines. Production of inbred lines using traditional systems takes a long

time, while gynogenesis offers the possibility of haploid and dihaploid lines production in a shorter time.

Genotype and composition of culture medium have important effect on onion gynogenesis (Bohanec and Jakse,

1999).

Polyamines such as putrescine, spermidine, spermine, cadaverine and agmatine are plant growth regulators

involved in all growth and development process of plants (Kumar et al., 1997). Increasing polyamine

biosynthesis has been shown to precede or accompany callogenesis (Ponchet et al., 1982) and organogenesis

(Aribaud et al., 1994). Martinez et al. (2000) reported positive effects of polyamines (putrescine and

spermidine) on in vitro onion gynogenesis. 

The main aim of this research was to determine the effects of polyamines (putrescine and spermidine) on

gynogenic ability of two Iranian onion cultivars which one of them (S. Kurdistan) is resistance to thrips.

Materials and methods

Plant materials

The seeds of two Iranian onion cultivars, Sefid- e- Kurdistan and Sefid- e- Neishabour, being long day
cultivars, were planted in the research field of University of Tehran. In early of October 2004, 20 bulbs of

each cultivar selected and after disinfection with fungicide (Ridomil 2 g l ) were cultured in pots containing-1

light texture medium and were kept out of greenhouse for vernalization (Hassandokht et al., 2000). Vernalized
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plants transferred to greenhouse in February 2005. Umbels were collected when most flowers were close to
anthesis (3-5 days before opening) (Campion et al., 1992), sterilized in a 1% sodium hypochlorite solution for

10 minutes and rinsed three times in sterile distilled water. 

Media and culture conditions

0 0 0 2 2 2The flowers were asepticaly removed from each umbel and cultured on P B, P D, P BD, P B, P D, P BD
media as induction media I (Table 1). Thirty flowers were placed in each 90 x 15 mm petri dish and each

treatment contained 300 cultured flowers. The procedure had three sequentive different phases, first culture of
flowers on induction media I (Table 1), second subculture of flowers (after 15 days) on induction media with

1 00.1 mM spermidine (S ) or without spermidine (control S ) and third regeneration of plants on medium without
plant growth regulators (expression medium). Flowers were kept in the induction media (with or without

spermidine) untill the formation of gynogenic embryos. The growth regulator free medium (expression medium)
was used to develop embryos into plants (Campion et al., 1992). The composition of this medium was BDS

5macroelements (Dunstan and Short 1977) and B  micro salts (Gamborg et al., 1968) and 40 g l  sucrose. The-1

regeneration medium was sterilized by autoclaving at 121 °C for 15 minutes and media with putrescine or

spermidine were sterilized using 0.2 µm pore filters. Cultured flowers were incubated under flourecent lamps
(5000 lux) for 16 h days at constant 25 °C for entire duration of culture.

With the aid of a sterio- microscope, visible embryos were checked for ovule origin (presence of the ovule
integument attached to or wrapped around embryo), and were removed and cultured on the regenetation

medium for plant development. Any somatic calli and related plantlets that formed outside the ovaries were
eliminated as soon as they were visible in petri dishes.

The experimental design was factorial in the base of completely randomized design, with three replications,
using two cultivars and twelve media. The parameters of percent of gynogenic embryos/cultured flowers (E%),

percent of embryos which developed into plants/cultured flowers (R%) and percent of suvival rate (R/E%) were
recorded. The data was analyzed by SPSS ver.13.0.

Karyotype analysis

The ploidy level of all plants derived from ovules were checked by chromosome counting. The roots of

plants were treated in 0.1% colchicine for 3 h, fixed in carnoy (3:1 ethanol: glacial acetic acid), digested in
1 N HCl at 60 °C for 10 min and stained with 2% acetocarmine. For microscopic inspection of the karyotype,

the root tips were squashed in 50% acetic acid (Campion et al., 1992).

Results and Discussion

Cultured flowers opened one to two days after culture. After 30 days from start of culture, ovaries were
bigger than their original size. 

Embryos emerged from ovaries after 62- 124 days of culture. The shortest and longest time required for
embryo observation in Sefid- e- Kurdistan cultivar were 62 days after flower culture in medium containing 0.01

mM BA, 0.01 mM 2,4-D, 2 mM putrescine, 0.1 mM spermidine and 124 days on medium containing 0.01 mM
BA and 2 mM putrescine, respectively. In Sefid- e- Neishabur cultivar the shortest and longest time required

for embryo observation were 74 days after flower culture in medium containing 0.01 mM 2,4-D and 2 mM
putrescine and 78 days on medium containing 0.01 mM BA, 0.01 mM 2,4-D, 2 mM putrescine and 0.1 mM

spermidine, respectively.
Observation of integument wrapped around embryos, proved the gynogenic origin of embryos. Integument

color was white and in some case was black, like the normal seed resulting from pollination. Embryos were
originated directly from inside of embryo sac without contributing of callus (direct embryogenesis). Transferred

embryos ro regeneration medium were developed to whole plants after 2- 3 weeks. 
Analysis of variance (Table 3) showed significant differences (P#0.01) between cultivars and media for the

parameters of percent of gynogenic embryos/ cultured flowers, percent of regenerated plants/ cultured flowers
and survival rate percent. Interaction of cultivar and culture medium was significant for gynogenic embryos

and regenerated plants.
The highest percent of gynogenic embryos and gynogenic plants in Sefid- e- Kurdistan and Sefid- e-

Neishabur cultivars were obtained in medium containing 0.01 mM BA, 0.01 mM 2,4-D, 2 mM putrescine and

2 10.1 mM spermidine (P BDS ) and they were significantly higher than in media with only putrescine or

polyamines- free media (containing 2,4- D and BA) (Table 3). The maximum percent of gynogenic embryos
was 6.90% for Sefid- e- Kurdistan and 3.33% for Sefid- e- Neishabur (Table 4).

The mean percent of gynogenic embryos/ cultured flowers in Sefid- e- Kurdistan cultivar was about two
times higher than that of Sefid- e- Neishabur cultivar (2.51 % and 1.32 %, respectively) (Table 4). 
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Table 1: The com position of induction media I for gynogenesis of two Iranian onion cultivars

0 0 0 2 2 2 2Composition P B P D P BD P P B P D P BD

Basal medium* 0 0 0 2 2 2 2

Putrescine (2 m M ) - - - 0 0 0 0

2,4-D (0.009 m M ) - 0 0 - - 0 0

BA (0.009 m M ) 0 - 0 - 0 - 0

5*BDS macro salts (Dunstan and Short 1977) and B  micro salts (Gamborg et al. 1968), thiamine HCl 2 mg/l, pyridoxine HCl 1 mg/l,

nicotinic acid 1mg/l, myo- inositol 500 mg/l, agar- agar 6 g/l, sucrose 100

Table 2: Analysis of variance of gynogenic em bryos, regenerated plants and survival rate of two Iranian onion cultivars

S.O. V. d.f. M.S. (%)

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Gynogenic embryos Regenerated plants Survival rate 

Cultivar 1 25.49 ** 26.91** 100.11  *

M edium 9 12.52** 12.00** 49.08  n.s.

Cultivar x M edium 9 6.48** 6.29** 34.31  n.s.

Error 40 0.008 0.008 28.09

**, * and n.s.: Significant difference at 1%, 5% level and not significant, respectively.

Table 3: Comparison means of gynogenic embryos, regenerated plants and survival rate in culture media used in the experiment

Cultured media Gynogenic em bryos (%) Regenerated plants (%)Survival rate (%)

P0BS0 0.55 f 0.48 f 87.08 c

P0BS1 0.65 f 0.59 f 90.3abc

P0DS0 0.71 f 0.64 f 90.17 bc

P0DS1 0.91 f 0.81 f 88.62 bc

P0BDS0 0.88 f 0.80 f 90.35 abc

P0BDS1 1.66 d 1.52 d 91.41 abc

P2BS0 1.25 e 1.16 e 92.50 abc

P2BS1 1.51 e 1.41 ef 93.40 abc

P2DS0 2.89 c 2.78 c 93.97 abc

P2DS1 3.43 b 3.37 b 95.26 ab

P2BDS0 3.65 b 3.45 b 96.54 a

P2BDS1 4.97 a 4.75 a 94.78 ab

Colums with same letters did not show any significant differences at 1% level.

Table 4: Comparison of flower bud cultured, gynogenic em bryos, regenerated plants and haploid plants of two Iranian onion cultivars

Plant materials Total number of M aximum  gynogenic M ean gynogenic Regenerated plants, Haploid plants,

gynogenic em bryos  embryo(%)  embryo (%) total (%) total (%)

S. Kurdistan 28 6.90 2.51 18 (64.28) 13 (72.2)

S. Neishabur 7 3.33 1.32 4 (57.14) 3 (75)

Results of chromosome counting showed that 73.6% of regenerated plants were haploid (n=8) and the rest

were diploid (2n=16) (Table 4). Frequency of diploids may be influenced by genetic, environmental and

physiological factors (Alan et al., 2004). 

Emergence of gynogenic embryos from cultured flowers started after about 2 months, and decreased

substantially by the end of forth month. Most cultures were terminated after 4 months. In most cases one

gynogenic embryo was obtained from a responsive flower. 

Discussion

A total of 2674 flower buds from two cultivars were incubated, giving rise to 35 gynogenic embryos

(1.31%), of which 22 (62.86%) regenerated into plants. Among these 35 embryos, only 6 embryos (17.14%)

produced root.

Although Martinez et al. (2000) reported the highest gynogenic embryos production in medium containing

2 mM putrescine followed by 0.1 mM spermidine, results of present experiment showed that the highest

gynogenic embryos were obtained in medium containing 0.01 mM BA, 0.01 mM 2,4-D, 2 mM putrescine and

0.1 mM spermidine. Therefore, adding putrescine to induction medium during the first 15 days of culture

followed by spermidine, improved gynogenic embryos.

Previous reports have shown lower gynogenic embryos from different genotypes and different media

(Hassandokht et al., 2000; Campion et al., 1992). Bohanec and Jakse (1999) found average gynogenic embryo

production of 18.6- 22.6% for line and 51.7% for individual plants, indicating that gynogenesis is strongly

affected by genotype.

According to present results, use of polyamines (putrescine and spermidine) with 2,4- D and BA in

induction medium promote gynogenic embryo induction in onion, therefore it is suggested to examine them

in other onion cultivars.
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