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Abstract  : 

This research was carried out to study the spontaneous chromosome doubling of two wheat 

genotypes (W23 and W86) by using androgenesis technique. For this purpose a completely 

randomized design with 3 replications under in vitro condition was used. Statistical analysis of 

embryogenesis and cytogenetic results showed that genotype had a significant effect on haploid 

embryogenesis (P<0.01) and spontaneous chromosome doubling (P<0.05). The results showed 

that the genotype W23 had higher potential to show haploid embryos (76 embryos from 100 

anthers) whereas the genotypes W86 had the lowest and gave 22 embryos from 100 anthers. 

Regarding spontaneous chromosome doubling, the highest percentage (19%) was observed in the 

genotype that had the lowest embryogenesis (W86) and the lowest (16%) was observed in the 

genotype with the highest embryogenesis (W23). All large embryos which used had high 

regeneration ability and good performance in plantlet formation. 

Key words: Triticum aestivum L., haploid embryogenesis, spontaneous chromosome doubling, 
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Introduction : 

The method of in vitro plant breeding has been used for improving different traits in many crops 

(Hagio et al., 1995; Kahrizi et al., 2007). The isolated microspore culture is as a powerful tool of 

in vitro plant breeding for haploid and doubled haploid plant production. This technique may 

allow faster production of new varieties than using conventional breeding methods and has been 

successfully employed in many crop plants (Kasha et al., 1997; Kahrizi, 2001). 

The regeneration potential of the culture is dependent upon donor plants, staging, pre-treatment, 

isolation and culture media (Kasha et al., 1997; Kahrizi et al., 2000). Haploid plants chromosome 

must be doubled to restore fertility for use in plant breeding. Chromosome doubling of 

microspore-derived from plantlets and calli is a critical step in haploid breeding programs 

(Mozafari et al., 1997).For androgenesis experiments, colchicine is the most commonly used 

compound in doubling the chromosomes. It has been applied to regenerated plants after transfer 

to soil (Inagaki, 1985) or in vitro either initially in the microspore culture substrate (Hansen and 

Anderson, 1998a). Colchicine, however, is toxic carcinogenic and expensive (Hansen and 

Anderson, 1998b). Spontaneous chromosome doubling rates among microspore-derived from 

wheat plants were 15-25% (Navarro-Alvarez et al., 1994). It has been  
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revealed that spontaneous chromosome doubling in barley constituted 70-80% of regenerated 

population and only 15-20% plantlets were haploids (Tiwari and Rahimbaves, 1992). 

The present paper focused on the effect of genotype on spontaneous chromosome doubling in 

bread wheat via microspore culture and described the successful production of wheat doubled 

haploid without applying colchicine or other chemical agents. 

Materials and Methods : 

Microspore donor plant: Two hexaploid wheat advanced line (W23 and W86) were used to 

investigate spontaneous chromosome doubling via androgenesis.The growth conditions of donor 

plants are critical to microspore culture success and were the same as described
 
previously 

(Kahrizi, 2009). Donor plants were grown in Research Field of Razi University. 

Microspore culture and embryos subculture: Immature
 
spikes were harvested when the majority 

of microspores were
 
at the mid to late uninucleate stage and the leaf sheath was then surface-

sterilized
 
with 70% ethanol for 1 min and sodium hypochlorite 1.5% for 8 min before pre-

treatment. The system of staging
 
microspores described previously was used by Kahrizi et al. 

2000. The anthers were removed and placed in 0.3 M mannitol solution for 4 days and 25
o
C. The 

liquid collected from the filtration (through
 
two layers of Whatman No. 2 filter paper 42.5 mm 

under vacuum) was centrifuged for 10 min at 700 rpm in 40 ml glass graduated centrifuge tubes 

(Kimax, San Fransico) to gently pellet the microspores. 

The collected microspores resuspended in liquid CHB medium (Chu et al., 1990) that included
 
90 

g l
-1

 maltose monohydrate, 730 mg l
-1

 glutamine, 0.5 mg l
-1 

2,4-D, and 10 mg l
-1

 PAA. In brief, 

microspores were at the plating density of 4×10
4
 ml

−1
. The cultures were incubated at 25°C in the 

dark for 3 weeks.
 
At this stage, embryo-like-structures (ELS) emerged. Visible embryos were 

counted, and large ones (≥1.5 mm in diameter) subcultured
 
to 190-2 regeneration medium 

(Zhuang and Jia, 1980) and incubated at 25
o
C in a 16/8 hour low light/dark cycle where they 

would remain until they had developed green leaves. At the 3 to 5 leaf stage, the plantlets were 

transferred to MS regeneration medium (plant growth regulator-free) in magenta boxes. 

After root formation on the mentioned medium the plantlets were transferred to potting mix 

supplemented with liquid fertilizer. The plants were grown in a misting chamber at growth 

conditions of donor plants as described. Under these conditions plants established rapidly. 

Afterwards, plants were transferred to the greenhouse and allowed to flower and set seed. 

Cytogenetic tests were carried out by using Mujeeb-Kazi and Miranda (1985) method by 

chromosome counting in the mitotic metaphase and ploidy level of the plants was determined. 

Then spontaneous chromosome doubling was evaluated through set seed percent and 

cytogenetically tests.  

Statistical analysis: T test was carried out in order to determine the effect of genotypes. All data 

were normalized by transformation using the Arcsin√x function statistical analysis.  

  

Results and Discussion : 

Statistical analysis of embryogenesis and cytogenetic results (because of only 2 genotypes there 

are not shown as table) showed that genotypes had a significant effect on haploid embryogenesis 

(P<0.01) and spontaneous chromosome doubling (P<0.05). The results showed that the genotype 

W23 had the highest potential in appearing haploid embryo (76 embryos from 100 anthers) 

whereas the genotypes W83, gave 22 embryos from 100 anthers. Regarding spontaneous 

chromosome doubling, the highest percentage (19%) was observed in genotype that had the 
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lowest embryogenesis (W86) and the lowest (16%) was observed for the genotype with the 

highest embryogenesis (W23). All large embryos used had high regeneration ability and good 

performance to plantlet formation. 

The genotype of the donor material can affect androgenic embryogenesis, plant regeneration and 

albinism in wheat (Kahrizi, 1998). Results showed that genotype significantly affected the 

embryoid formation. The results are in agreement with some investigators (Moieni, A., and 

Sarrafi, A. 1996; Kahrizi et al., 2000) is in disagreement with authors (Li and Devaux, 2003; 

Kasha et al., 2004) who reported that there were no significant differences in embryo induction 

among genotypes. 

The haploids must be chromosomally doubled to restore fertility for use in plant breeding 

programs. If chromosome doubling occurs at some stages
 
during androgenesis (induced or 

spontaneously), the regenerated plants from these microspores
 
are completely homozygous 

(doubled haploid) fertile individuals.
 
Such doubled haploid plants from haploid microspores 

provide excellent
 
material for plant genetics researches, plant breeding and transformation 

(Kahrizi, 2001). 

For androgenesis experiments, colchicine, (S)-N-(5, 6, 7, 9-tetrahydro-1, 2, 3, 10-tetramethoxy-9-

oxobenzo[a]heptalen-7-yl) acetamide, is the most commonly used antimitotic agent in doubling 

the chromosomes of seedling from such experiments (Inagaki, 1985) or in vitro either initially in 

the microspore culture substrate (Hansen and Anderson, 1998a). Colchicine, however, has a 

relatively low efficiency for plant microtubules and has carcinogenic effects for human and is 

expensive (Hansen and Anderson, 1998b). In cytogenetic section of this research we focused on 

chromosome doubling of haploids without applying any antimitotic agent as well as the effect of 

genotype upon chromosome doubling was studied. 

The mechanism of chromosome doubling is not thoroughly clarified
 
and the relationship to the 

influence of pre-treatments is obscure,
 
with endoreduplication and nuclear fusion as the most 

likely
 
method. A C-mitosis, such as occurs during colchicine treatment,

 
may result in a simple 

restitution nucleus with a doubled chromosome
 
numbers. In Datura, it was proposed that both 

endoreduplication
 
and nuclear fusion were involved in chromosome doubling and

 
that the 

combination of both methods could explain the ploidy
 
levels obtained that were higher than 

diploid (Sunderland, 1974; Sunderland et al., 1974; Mavromatis et al., 2006). Nuclear fusion was 

described as occurring
 
when two nuclei synchronously entered into division, formed

 
a common 

metaphase plate and spindle and resulted in two nuclei,
 
each with more than one set of 

chromosomes (Sunderland, 1974).
 
If one or both of the nuclei had undergone endoreduplication

 

prior to nuclear fusion, triploid or higher ploidy level plants
 
could be formed. Both the stage of 

the microspore when collected for pre-treatment
 
and the pathway of nuclear development have 

also been considered
 
to influence the frequency of doubling (Sunderland, 1974). It is

 
concluded 

that microspores collected at uninucleate stages 1–3
 
(early, mid and late, respectively) resulted in 

mostly haploid
 
and doubled haploid plants while those collected at later stages

 
(4-6, mitosis and 

binucleate) resulted in mostly doubled
 
haploids as well as some triploid and tetraploid plants. It 

has also been demonstrated in wheat
 
that the pre-treatment method will influence the pathway 

along
 
which the nuclei will develop (Hu and Kasha, 1999). 

Development from
 
the normal gametophytic to an embryogenic (sporophytic) switch can be 

induced
 
by the pre-treatment of anthers or spikes. The pre-treatments also influence the stage of 

microspores. Hu and
 
Kasha (Hu and Kasha, 1999) found that uninucleate microspores of wheat 
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completed
 
the first mitotic division during both the 28 days cold pre-treatment

 
and the 6-7 d 0.4 

M mannitol pre-treatment at 28°C. It was also reported
 
that a spike pre-treatment combining 0.4 

M mannitol solution
 
and cold pre-treatment for 4 d in wheat essentially blocked the

 
mitotic 

division of the nucleus, holding all microspores at
 
the same stage during pretreatment, and also 

resulted in the
 
formation of large numbers of true embryo-like structures (ELS) (Hu and Kasha, 

1999).
 

The success of microspore culture is highly related to the potentially study crop plants. Studies in 

wheat microspore culture showed an overall significant different response among genotypes for 

embryo-like-structures (ELSs) formation. All of large embryos used regenerated into plantlets. 

These results also has demonstrated that ploidy of bread wheat can be obtained without using 

colchicine or other antimitotic agents and are genotypic independently. 

We recommend that more genotypic variations can be used for making better estimate of 

(according to these results) the effect of genotype on androgenesis and spontaneous chromosome 

doubling. Utilization of other medium ingredients and plant growth regulators may be effective in 

isolated microspore culture and spontaneous chromosome doubling frequency in wheat. 
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