
In Vitro Production of Haploids  

The term haploid refers to those plants which possess a gametophytic number of chromosomes 

(single set) in their sporophytes. The interest in haploids stems largely from their considerable 

production of homozygous plants and in their studies on the detection of mutations. 

The significance of haploids in the fields of genetics and plant breeding has been realized for a 

long time. However, their exploitation remained restricted because of low frequency (.001-.01%) 

with which they occur in nature. Spontaneous production of haploids usually occurs through the 

process of apomixis or Parthenogenesis (embryo development from an unfertilized egg). 

Artificial production of haploids was attempted through distant hybridization, delayed 

pollination, application of irradiated pollen hormone treatment and temperature shock. However, 

none of these methods were dependable and repeatable. It was in 1964 that Guha and 

Maheshwari reported the direct development of embryos and plantlets from microspores of 

Datura innoxia by the culture of excised anthers. Later, Bourgin and Nitsch (1967) obtained 

complete haploid plants of Nicotiana tabacum. Since then, anthers containing immature pollen 

have been successfully cultured for a wide range of economically important species. 

Haploids may be grouped into two broad categories: (a) Monoploids (monohaploids), which 

possess half the number of chromosomes from a diploid species, e.g. maize, barley; and (b) 

polyhaploids, which possess half the number of chromosomes (gametophytic set) from a 

polyploidy species, e.g. potato, wheat. Here, the general term haploid is applied to any plant 

originating from a sporophyte (2n) and containing (n) number of chromosomes. 

Haploid production through anther culture/ microspore has been referred to as androgenesis 

while gynogenesis is the production of haploid plants from ovary or ovule culture where the 

female gamete or gametophyte is triggered to sporophytic development. 

Androgenic Methods 

The Androgenic method of haploid production is from the male gametophyte of an angiosperm 

plant, i.e. microspore (immature pollen). The underlying principle is to stop the development of 

pollen cell whose fate is normally to become a gamete, i.e. a sexual cell, and to force its  

development directly into a plant. Haploids can be obtained by the culture of excised anthers and 

culture of isolated pollen (microspore). Here it is worthwhile to explain the structure of anther 

and development of pollen in vivo (Fig). An angiosperm stamen consists of a filament, 

connective tissue and anther. A typical anther shows two anther lobes and each lobe possess two 

microsporangia or pollen sacs.  During microsporogenesis in a young anther, there are four 

patches of primary sporogenous tissue, which either directly function as pollen mother cells 

(PMCs) or undergo several divisions. The PMCs form pollen tetrads by meiosis and when the 

callose wall of tetrad dissolves. The four pollen grains or microspores are liberated. The newly 

released microspore is uninucleate, densely cytoplasmic with the nucleus centrally located. As 

vacuolation occurs, the nucleus is pushed towards the periphery. At the first division or first 



pollen mitoisis, the microspore nucleus produces a large vegetative and a small generative 

nucleus. The second pollen mitosis is restricted to generative nucleus and forms two sperms and 

takes place in either the pollen or pollen tube.   

Anther Culture 

The technique of another culture is rather simple, quick and efficient. Young flower buds with 

immature anthers in which the microspores are confined within the anther sac at the appropriate 

stage of pollen development are surface sterilized and rinsed with sterile water. The calyx from 

the flower buds is removed by flamed forceps. The corolla is slit open and stamens are removed 

and placed in a sterile petri dish. One of the anthers is crushed in acetocarmine to test the stage of 

pollen development. It it is found to be correct stage, each anther is gently separated from the 

filament and the intact uninjured anthers are inoculated horizontally on nutrient media. Injured 

anthers may be discarded because wounding often stimulates callusing of the anther wall tissue. 

When dealing with plants having minute flowers such as Brassica and Trifolium, It may be 

necessary to use a stereo microscope for dissecting the anthers. In case of cereals, spikes are 

harvested at the uninulcear state of microspore development and surface sterilized. The 

inflorescence of most cereals at this state is covered by the flag leaf. Anthers can be plated on 

solid agar media in petri dishes. Normally 10-20 anthers are plated in a 6 cm petri dish. Anthers 

can be cultured on a liquid media and 50 anthers can be cultured in 10 ml of liquid medium 

(Fig). In responsive anthers, the wall tissue gradually turn brown and within 3-8 weeks they burst 

open due to the pressure exerted by the growing pollen callus or pollen plants. After they have 

attained a height of about 3-5cm, the individual plantlets or shoots emerging from the callus are 

separated and transferred to a medium that would support further development. The rooted plants 

are transferred to sterile soil mix in the pots.  

Anther culture has an advantage over microspore culture in being very quick for practical 

purposes, and also sometimes the anther wall has an influence on the development of 

microspores in it, acting as a conditioning factor.  



 

Microspore Culture 

Haploid plants can be produced through in vitro culture of male gametophytic cells, i.e. 

microspores or immature pollen. In a general procedure for microspore culture, anthers are 

collected from sterilized flower buds in a small beaker containing basal media (e.g. 50 anthers of 

Nicotiana in 10 ml media). The microspores are then squeezed out of the anthers by pressing 

them against the side of beaker with a glass rod (Fig 8.2). Anther tissue debris are removed by 

filtering the suspension through a nylon sieve having a pore diameter which is slightly wider 

than the diameter of pollen (e.g.40 u for Nicotiana, 100 u for maize etc.). It has been observed 

that smaller microspores do not regenerate, thus larger, good and viable microspores can be 

concentrated by filtering the microspore suspension through mylon sieves. This pollen 

suspension is then centrifuged at low speed ca. 150x g for 5 min. The supernatant of pollen is 



resuspended in fresh media and it is washed atleast twice. The microspores obtained are then 

mixed with an appropriate culture medium at a density of 103 to 104 microspores/ ml. The final 

suspension is then pipette into small petri dishes. To ensure good aeration, the layer of liquid in 

the dish should be as thin as possible. Each dish is then sealed with parafilm to avoid dehydration 

and is incubated. The responsive microspores form embryos or calli and its subsequent 

development to plant formation can be achieved by transferring to suitable media. 

Culture of anthers has proved to be an efficient technique for haploid induction. But it has one 

main disadvantage that plants not only originate from pollen but also from various other parts of 

the anther (especially in dicots) with the result that a population of plants with various ploidy 

levels are obtained. This difficulty can be removed by culture of isolated microspores with offer 

the following advantages: 

1. Uncontrolled effects of the anther wall and other associated tissues are eliminated and 

various factors governing androgenesis can be better regulated. But disadvantageous 

where anther wall has a stimulatory effect. 

2. The sequence of androgenesis can be observed starting from a single cell. 

3. Microspores are ideal for uptake, transformation and mutagenic studies, as microspores 

may be evenly exposed to chemicals or physical mutagens.  

4. Higher yields of plants per anther could be obtained.  

The various factors governing the success of androgenesis have been discussed below. 

Genotype: Success in anther culture is predominantly dependent on the genotype of the anther 

donor material. It has been repeatedly observed that various species and cultivars exhibit 

different growth responses in culture. It is now known that anther culture ability is genetically 

controlled. Thus, a general survey for tissue culture response of various cultivars must be 

undertaken with simple media, as complex media rich in growth regulators tend to favour 

proliferation of somatic anther tissue giving rise to callus of various ploidy levels. 

Physiological status of the donor plants: The physiological status of the plants at the time of 

anther excision influences the sporophytic efficiency of microspores. In order to allow for the in 

vitro development of pollen into an adult plant it is very important to start with healthy pollen 

cells. Therefore, it is good to culture anthers from plants grown under the best environmental 

conditions. The door plant should be taken care of from the time of flower induction to the 

sampling of pollen. The use of any kind of pesticide, whether externally applied or systemic 

should be avoided for 3-4 weeks preceding sampling. The response in culture is predominantly 

influenced by the different growth conditions during various seasons. The variation in response 

to anthers from plants grown under different environmental conditions may be due to the 

differences in the endogenous level of growth regulators. Critical environmental factors are light 

intensity, photoperiod, temperature, nutrition and concentration of carbon dioxide. It has been 

generally observed that plants grown outdoors during natural growing seasons are more 



responsive than greenhouse-grown material. Flowers from relatively young plants at the 

beginning of the flowering season are more responsive. It is therefore of prime importance that 

plants be grown under optimal growth conditions, watered with minimal salt solutions 

periodically, and that relatively young plants be used. 

Stage of Pollen: It has been established that selection of anthers at an appropriate stage of pollen 

development is most critical. Anthers with microspores ranging from tetrad to the binucleate 

stage are responsive. But as soon as starch deposition has begun in the microspore, no 

sporophytic development and subsequently no macroscopic structure formation occurs. Data has 

established that uninucleate microspores are more prone to experimental treatment for culture 

just before or during first mitosis. There is an optimum stage for each species. For example, 

pollen at or just after the pollen mitosis in Datura innoxia, Nicotiana tabacum, early bicellular 

stage in Atropa belladonna and Nictotiana  sylvestris and mid to late uninucleate stage of 

microspore development in cereals has been found to give the best results. 

Pretreatment of anthers:     

 

    

The Ploidy Level and Chromosome Doubling 

The ploidy of plant derived from anther or microspore culture is highly variable. The wide range 

of ploidy levels seen in androgenetic plants has been attributed to endomitosis and/or fusion of 

various nuclei. Variations in ploidy observed in anther cultures appears to be a function of the 

developmental stage of anthers at the time of excision and culture, with higher ploidy levels 

more prevalent in anthers cultured following microspore mitosis. Moreover, haploid tissues are 

quite susceptible to changes in ploidy level during cell proliferation and growth in vitro. For 

obtaining homozygous lines, the plants derived through anther culture must be analysed for their 

ploidy status. Various approaches to determine ploidy level are: 

1. Counting of plastids in the stomata: The ploidy level of a plant may be determined by 

counting the number of plastids in the stomata of a leaf. For example, in potato 

monohaploids have 5-8, dihaploids 10-15, and tetraploids 18-24 chloroplasts per guard 

cell.  

2. Chromosome number: It can be counted from pollen mother cells of buds which can be 

collected from the regenerated plants and fixed in Carnoy’s solution. Acetocarmine or 

propionocarmine can stain cells. Root tips are also utilized for chromosome counting. 

Fixed root tips are normally hydrolyzed in 1N HCI at 60 degree Celsius for 10 min 

followed by staining with acetocarmine.  



3. Number of nucleoli: Haploid plants contain one nucleolus while diploids contain 2 

nucleoli. Number of nucleoli is directly related to the ploidy status of a plant. Leaves can 

be incubated overnight with orcein and number of nucleoli can be counted.  

4. Flow cytometric analysis: Leaves of potential haploid plants are finely chopped and intact 

interphase nuclei are freed from the cells. At this stage nuclear DNA content reflects the 

ploidy state of the donor which is determined by flow cytometry. This method is very 

quick.   

Diploidization 

Haploids can be diploidized to produce homozygous plants by following methods: 

1. Colchicine treatment: Colchicine has been extensively used as a spindle inhibitor to 

induce chromosome duplication. It can be applied in the following ways: 

i) The plantlets when still attached to the anther are treated for 24-48 h with 0.5% 

colchicines solution, washed thoroughly and replanted.  

ii) Anthers can be plated directly on a colchicines-supplemented medium for a week and 

when the first division has taken place, these are transferred to colchicines free medium 

for androgenesis process to take place. This method can be followed in maize where male 

and female flowers are bome separately and diploidization is a problem. 

iii) Colchicine-lanolin paste (0.4%) may be applied to the axils of leaves when the plants are 

mature. The main axis is decapitated to stimulate the axillary buds to grow into diploid 

and fertile branches.  

iv)  Repeated colchicines treatment to axillary buds with cotton wool plugs over a period of 

time (e.g. 14 days in potato). 

v) In cereals, vigorous plants at 3-4 tiller stage are collected, soil is washed from the roots 

and are cut back to 3 cm below the crown. The plants are placed in glass jars or vials 

containing colchicines solution (2.5 g colchicines dissolved in 20 ml dimethyl sulfoxide 

and made up to a liter with water). The crowns are covered with colchicines solution. The 

plants are kept at room temperature in light for 5 h, the roots are washed thoroughly with 

water and potted into light soil. 

2. Endomitosis: Haploid cells are in general unstable in culture and have a tendency to 

undergo endomitosis (chromosome duplication without nuclear division) to form diploid 

cells. This property of cell culture has been exploited in some species for obtaining 

homozygous plants or for diploidization. A small segment of stem is grown on an 

auxincytokinin medium to induce callus formation. During callus growth and 

differentiation there is a doubling of chromosomes by endomitosis to form diploid 

homozygous cells and ultimately plants.  

Significance and Uses of Haploids 

1. Development of pure homozygous lines.  



2. Developing asexual lines of trees/perennial species.  

3. Hybrid development. 

4. Induction of mutations.  

5. Induction of genetic variability.  

6. Generation of exclusively male plants.  

7. Cytogenetic research.  

8. Significance in the early release of varieties.  

9. Hybrid sorting in haploid breeding. 

10. Disease resistance.  

11. Insect resistance.  

12. Salt tolerance.  

13. Doubled haploids in genome mapping.  

Problems 

1. High level of management and expertise is required to operate the tissue culture 

production of haploids. 

2. Diploids and tetraploids often regenerate at the same rate as the haploids.  

3. Selective cell division must take place in the haploid microspores and not in other 

unwanted diploid tissues. This selective cell division is often impossible.  

4. Callus formation whether it has arisen spontaneously or has been induced by regulators is 

usually detrimental.  

5. The relatively high incidence of albinism in some types of anther and pollen culture.  

6. The lack of selection of traits during the derivation of haploid material. 

7. There is little chance of isolating a haploid from a mixture of haploids and higher ploidy 

levels since latter ones are easily outgrown. 

8. The doubling of a haploid does not always result in the production of a homozygote.  

 

Chromosome elimination technique for production of Haploid in cereals (Barley and 

wheat): 

Kashna and Kao (1970) reported a noval technique for the production of haploids in barley.the 

methopd involves crossing of Hordeum vulgare (2n=14) with H. Bulbosum (2n=14). In nature, 

the seeds produced from such a cross develops for about 10 days and then begins to abort. 

However, if immature embryos are dissected two weeks after pollination and cultured on B6 

medium without 2,4-D they continue to grow. The plants obtained from such embryos are 

monoploids are not caused by parthenogenesis, but by the elimination of H.bulbosum 

chromosomes. The evidences were 1. The occurances of cells in the embryo with more than 

seven chromosomes, 2. The percentage of seeds set is higher then observed by induced 

parthogenesis 3. When diploid H. Vulgare is pollinated with tetraploid H. Bulbosum, the 



percentage of seed set is similar to the diploid cross. Monoploid wheat has also been obtained by 

crossing triticum aestivum (2n=6x=42) with diploid H. Bulbosum (2n = 2x = 14) where the 

chromosomes of bulbosum are eliminated and haploids of T. Aestivum are obtained (Barclay, 

1975). 

 Advantages 

i. The frequency of haploid formation is quite high by this method. In barley varieties 

namely Mingo, Rodeo, Craig and Gwylan have been released through bulbosum 

technique of chromosome elimination. The varieties were more tolerant to powdery 

mildew and barley yellow mosaic virus diseases and superior in yield contributing 

characters as compared to parent.  

ii. No aneuploids are obtained by this method.  

Disadvantages 

This technique has a disadvantage of being highly laborious because it involves crossing, 

embryo excision and then regeneration. 


