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A review on anther culturing an effective tool in double haploid production 3 

 4 

ABSTRACT 5 

At present, anther culture is a ground-breaking technique  for plant breeding. Haploids are plants 6 

with a gametophytic chromosome number and double haploids will be haploids that have 7 

experienced chromosome duplication. The development of haploids and double haploids (DHs) 8 

through gametic embryogenesis permits a solitary advance improvement of homozygous lines 9 

from heterozygous guardians, shortening the time required to create homozygous plants in 10 

correlation with the modern reproducing strategies that take lesser time than conventional 11 

methods. The anthers of plants are taken and treated with cold temperature. Further the explant is 12 

sterilized with disinfectants, dissected in laminar flow and placed on the media. At specific 13 

interval culture were  transferred on the regeneration, shooting and rooting media, then 14 

chromosomes are counted for conformation. Chromosomes are doubled with colchicine 15 

treatment. There are a few accessible techniques to acquire haploids and double haploid 16 

production DHs, of which in vitro anther culture is the best and widely utilized. Final, double 17 

haploids play important role in product enhancement through genome mapping, quantitative 18 

locus investigation, hereditary modification/manipulation and focuses for genome change 19 

programs. This review article deals with the complete methodology of double haploid production 20 

by anther culture, its effectiveness over other techniques and its uses. 21 

Keyword: Anther culture, haploids, double haploids, modern breeding, homozygosity. 22 

INTRODUCTION  23 

The varietal development is very tedious and time taking process through old conventional 24 

techniques because it includes the steps like screening, development of lines, evaluation, 25 

recognition and crossing for getting highly homozygous lines [1]. Infinite capitals of water land 26 

and fertilizers it is very difficult to cope the major challenges faced by the main food crops e.g. 27 

maize, wheat and rice in limited time. Enhanced production goals can be acquired through 28 

modern biotechnological tools and statistical techniques coupled with innovative breeding 29 

strategies [2]. The breeding techniques can be enhanced by the use of double haploid production 30 



 

 

delete techniques particularly in corn and barley [3]. DH production has been used in tobacco, 31 

barley, canola, wheat, rice and maize [4]. Double haploid production is referred as third crucial 32 

revolutionary methodology. Rewrite The former being hybrid seed technology and offseason 33 

nurseries [1]. The success rate of double haploids vary crop to crop and its success depends on 34 

the efficiency of the methods used for the production of the haploids. 35 

The plants having half number of chromosomes in their cells are called haploid plants. Haploids 36 

occur naturally in the population but their probability to occur is very less. Naturally occurring 37 

haploid was first found in Datura stramonium L. [5]. In maize, first time haploidy was initiated 38 

by Chase in 1952 [6]. They can also be produced artificially through methods such as wide 39 

hybridization, chromosome elimination and pollination with mutated pollen (in vivo). This can 40 

also be induced through immature gametophyte culturing [7]. Haploids can be subjected to  41 

delete some agents such as colchicine and its chromosome number is doubled and it is called 42 

doubled haploid(2n=2x). Colchicine is a chemical that is widely used in transformation of 43 

haploids into doubled haploids through chromosomal doubling in vivo and some chemicals such 44 

as acenaphthene has also been used for the same purpose in tobacco [1]. The timing and quantity 45 

of application of these chemicals has direct consequences on the rate of regeneration and 46 

percentage of  delete green plants/plantlets  [8].  47 

Development of plants from the male parts/  pollen grains (androgenesis) is indicating the 48 

totipotency of the plant and is very successful process. It is acclimatization that is present in the 49 

plants and only express in the climatic severities [7]. Embryogenesis from unfertilized gametes 50 

(female parts) such as  ovaries or ovules (Gynogenesis) is not very popular as it is least efficient 51 

method but it can be used in the crops where other techniques are not working well [9]. The 52 

regeneration of viable plants through pollens has been found in 200 species belonging to 53 

different families [7] Please check reference. A lot of modern genetic techniques such as 54 

quantitative trait loci and gene association have gained advantage from the doubled haploids 55 

[10]. Anther culturing is preferred for doubled haploid production because it is an easy and 56 

simple method and it allows the experiment to be conducted at large scale and can be done in 57 

different crop species. While other techniques like isolated microspore culture and others require 58 

dexterous manpower and complex apparatus as compared to anther culturing [7]. Anther 59 

culturing for doubled haploids is effective because higher number of anthers are produced and 60 



 

 

occurrence of doubled haploids is more probable than other methods [11]. Plants when obtained 61 

from anther culturing followed by doubling of chromosome number have fixed genes (dominant 62 

or recessive) and offer ease of selection according to their suitability [12]. Through doubled 63 

haploid production not only homozygous lines can be obtained but the time for obtaining 64 

homozygosity is condensed to merely some/replace months [13]. The efficiency of anther culture 65 

for doubled haploid production is dependent on factors such as genotype used, growth 66 

conditions, pretreatment of spikes and developmental stages of pollens or anthers [14]. This 67 

review explains haploid and double haploid production through anther culturing and complete 68 

procedure for conducting experiments. 69 

 70 

Anther culturing 71 

Conventional recombination breeding begins with hybridization between parents take 6-9 cycles 72 

and 3-5 years of field evaluation before a breeding line and release as a new variety. In 1968, 73 

Niizeki and Oono were produced first haploids by anther culturing [15] in crop/plant name.  74 

Anther culturing is a suitable technique that fix homozygosity even in F1 [16] and haploids 75 

improved by colchicine treatment. DHs line can bypass the inbreeding process [7] and has been 76 

successfully improved high yield and grain quality [17]. 77 

History of anther culture for haploid and double haploid production:  78 

In 1921, First time Bergner observed sporophytic haploid in a weed species Datura stramonium 79 

L. [7]. Haploids importance was recognized in plant breeding and genetic research. Dunwell, 80 

2010 reported the occasional haploids in range of species [18]. All angiosperm crops did not 81 

response embryogenesis induction but wheat (Triticum aestivum L.), tobacco (Nicotiana spp.), 82 

barley (Hordeum vulgare L.) and rapeseed (Brassica napus L.) are model species to study 83 

microspore embryogenesis because of high regeneration efficiency [9] and members of legume 84 

family or many woody plants, are remain recalcitrant to this type of in vitro morphogenesis [19] 85 

[20]. Researchers developed efficient techniques for haploid and DH production with an 86 

increasing number of genotypes and practical experiences of  pollen embryogenesis protocols are 87 

used [9]. About 300 new varieties have been developed belonging to various families of the plant 88 

kingdom [7]. Mostly haploid derived varieties have been developed in following crops, 89 



 

 

asparagus, barley, Brassica, eggplant, melon, pepper, rapeseed, rice, swede, tobacco, triticale and 90 

wheat. [21] reviewed the intellectual property (IP) protection and the patenting system of haploid 91 

plants.  92 

Anther collection stage: 93 

Anther culturing efficiency can be improved by correctly identifying maturity stage of anther in 94 

indica rice varieties [22], wheat [23], barley [24] and bud of chickpea [25]. Development of 95 

anther stage different and depend on the genotypes of species. The development stage of pollen 96 

is commonly tested in one anther per floral by the acetic-carmine method. The anthers at 97 

different stages of development and prepared in acetocarmine staining solution (1% 98 

acetocarmine in 45% acetic acid) or DAPI (40, 6-diamidino-2-phenylindole dihydrochloride). To 99 

observed under microscope and to determine the stage of pollen development like in tobacco 100 

bicellular stage, in some crops late uninucleate to early-bicellular pollen grains and pollen at 101 

uninucleate stage produce mostly haploids plants [7]. Tetrad stage is not suitable for anthers 102 

culturing and after first pollen mitosis it falls fastly, starch deposition begins, sporophytic 103 

development stop and macroscopic structures do not form in microspores. At this stage, cold 104 

treatment can deviate from normal growth and development. Developmental stage of pollen is 105 

important to optimize the anther culture [26] [27]. [28] reported convenient morphological 106 

marker that is a distance from flag leaf to penultimate leaf auricle and estimated the maturity 107 

stage of pollen. 108 

 109 

 110 

Preparation of explant: 111 

The experiments can be conducted in screen house, net houses, green house and field [29]. 112 

Mostly researchers used screen houses [30], net houses [29] and field [31]. Booting stage (mid 113 

uninucleate at reduction division stages) were used for collecting the anthers according to 114 

method of [32]. [33] take panicles of rice with boot leaf sheath and washed with tap water, 115 

spread with 70% ethanol, cover with moist tissue paper, kept in polythene bag and cold shock at 116 

8oC for 8 days. On the day of culture, panicles were sterilized with freshly prepared 0.1% HgCl2 117 

solution for 10 minutes. Again, four times wash with distilled water. [30] cold-treated to panicles 118 



 

 

at 8-10oC for 7-10 days. After 10 days, sterilized surface with 20% (v/v) chlorox for 20 minutes. 119 

[34] took explants at booting stage and wrapped in moist tissue paper, cover with aluminum foil 120 

and kept in refrigerator 8-10 days (treatment uniform) for cold treatment to panicle. Antisepticise 121 

sample with 70% alcohol for 2 minutes and 0.1% HgCl2 solution for 8 minutes and many times 122 

clean with distilled water. [31] did not wash explant and wrapped panicles in moistened water. 123 

Cold pretreatment at 12oC, 15 days in darkness.  On culturing day, panicles sterilized with 94% 124 

ethanol and flame sterilized for a few seconds. In wheat, [23] took tillers with spikes and clipped 125 

off at surface level and tagged. They were kept in water for 6-8days (treatment uniform)  at 4oC 126 

in dark environment. Spikes inside flag leaves were sterilized with 20% chlorax solution for 7 127 

min and rinsed 3–4 times (treatment uniform)  in sterile water. In barley, [24] cut spikes with 128 

flag leaf from inflorescences node and kept in beaker containing solution 5.0 mg L-1 CuSo4.5H2o 129 

and 62gL-1 mannitol in the dark at 4oC for 4 days.  After it remove flag leaf from the spikes and 130 

placed in sterilized petri dish and small amount (15mm) kept to rise the humidity. In chickpea, 131 

[25]took buds of different size and store in plastic container were kept in refrigerator at 4oC for 132 

3-4 day. Then selected those buds at uninucleate stage and washed with buffer bleach for 20 133 

minutes. Sterilization of anther and Anther culturing were done in laminar air flow.  134 

Media for anther culturing: 135 

Culture medium provides nutrition and also decides the microspores and having important aspect 136 

in androgenesis. Most common used media MS [35] and N6 [36] for anther culturing of cereals 137 

shown in table 1.1. Since 1978, several medium formulations are reported inducing N6-like Heh-138 

2, Heh-5, SK-3, SK-8, Szechuan medium, Chaleffs R-2 and Medium V shown in table 1.1 [37]. 139 

In cereals, Low inorganic ammonium nitrogen (NH4+) had proved too good for androgenesis 140 

and N6 medium containing low NH4+ is using for rice anther culture. N6 media with organic 141 

ingredients like casein hydrolysate, yeast extracts and coconut water show enhanced androgenic 142 

callus induction [15] [33].      143 

 144 

 145 

Table 1.1 146 

Table 1.1: Media used for anther culturing. 147 



 

 

Components N6 

(mg/L) 

B5 

(mg/L) 

He2 

(mg/L) 

SK1 

(mg/L) 

 Components  MS mg/L

(NH4)2SO4 463 134 231 231 N2H4O3            1650.000 

KNO3     3535 3125 3181 3180 KNO3                1900.000 

KH2PO4   400 0 800 540 KH2PO4      170.000 

NaH2PO4.H2O   0 150 0 0 - - 

MgSO4.7H2O    185 250 3.5 185 MgSO4              180.690 

CaCl2.2H2O   166 150 166 440 - - 

H3BO3  1.6 3 1.6 6.2 H3BO3              6.200 

MnSO4.4H2O   22.3 10 22.3 22.3 MnSO4.H2O     16.900 

ZnSO4.7H2O  8.6 2 1.5 1.5 ZnSO4.7H2O     8.600 

Na2MoO4.2H2O  0.25 0.25 0.25 0.25 MoO3·H2O       0.213 

KI  0.8 0.8 0.8 0.8 KI                       0.830 

CuSO4.5H2O  0.025 0.025 0.025 0.025 CuSO4.5H2O    0.025 

CoCl2.6H2O  0.025 0.025 0.025 0.025 CoCl2·6H2O     0.025 

FeSO4.7H2O  27.8 27.8 27.8 27.8 FeH14O11S       27.800 

Na2EDTA  37.5 37.5 37.5 37.5 Na2EDTA 37.300 

Thiamine-HCl  2.5 10 10 2.5 Thiamine 

hydrochloride    

0.100 

Nicotinic acid  2.5 1 0.5 2.5 Nicotinic acid  0.500 

Pyridoxine-HCl   2.5 1 0.5 2.5 PyridoxineHCl   0.500 

Glycine  2 0 2 2 Glycine              2.000 

Inositol  100 100 100 100 myo-Inositol      100.000 

2,4-D 1 1 1 1 - - 

NAA  1 1 1 1 - - 

Kinetin 0.5 0.5 0.5 0.5 - - 

Maltose  30 30 30 30 Sucrose              30 

Gelrite  2,700 2,700 2,700 2,700 - - 

Yeast Extract  100 0 0 0 - - 

Casein 0 2002 200 200 - - 



 

 

Hydrolysate  

AgNO3  0 8 8 8 - - 

References  [35] [36] [37]. 
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At late uninucleate or early binucleate stage of microspore development were dissected under 149 

sterile conditions. The culture anthers were inoculated onto a modified YP induction medium 150 

(year reference) and supplements with 5 g/L charcoal, 500 mg/L tryptone, 120 g/L sucrose and 2 151 

g/L gelrite at pH 5.8 and anther were incubated in the dark at 29 °C for 4 weeks [38]. [39] used 152 

Modified YP without plant growth regulator, Modified YP +2 mgl-1kinetin, Modified YP +3 153 

mgl-1kinetin, Modified YP +2 mgl-1kinetin+2 mgl-1 IAA, Modified YP +2 mgl-1kinetin+2 154 

mgl-1 NAA and Modified YP +2 mgl-1kinetin+2 mgl-1 2-4-D media in their research. [40] used 155 

MS medium containing, various concentrations of BAP, Kinetin, NAA (1-Naphthaleneacetic 156 

acid) and 2,4-D (2,4- Dichlorophenoxyacetic acid) either alone or in combination. The cultures 157 

were maintained at 25±2 °C and a 16 hours’ photoperiod for four weeks. Different media were 158 

used for regeneration and shooting is shown in table 1.2. 159 

Table 1.2 160 

Table 1.2: Regeneration and shooting media for haploid plant production 161 

Regeneration 

median 

Composition  

MSB0 MSB with 30 g/l sucrose, 5 mg/l BA, 0.2 mg/l NAA, and 6 g/l agar 

MSB1 MSB with 40 g/l sucrose, 5 mg/l BA, 0.2 mg/l NAA, and 6 g/l agar 

MSB2 MSB with 40 g/l sucrose, 4 mg/l BA, 1 mg/l NAA, 5 mg/l adenine, and 6 g/l 

agar 

MSB3 MSB with 40 g/l sucrose, 4 mg/l BA, 0.5 mg/l NAA, 10 mg/l adenine, and 6 g/l 

agar 

XN N6 with 40 g/l sucrose, 4 mg/l BA, 1 mg/l NAA, 5 mg/l adenine, and 6 g/l agar 

R1 MSB with 40 g/l sucrose, 4 mg/l BA, 1 mg/l NAA, and 6 g/l a 

Shooting 

media  

Composition  



 

 

MR1 MSB (1/2 macrosalts content) with 30 g/l sucrose, 1 mg/l IBA, and 6 g/l agar 

MR2 MSB (1/2 macrosalts content) with 30 g/l sucrose, 0.5 mg/l IBA, and 6 g/l agar 

MR3 MSB (1/2 macrosalts content) with 40 g/l sucrose, 0.25 mg/l IBA, 0.25 mg/l 

NAA, and 6 g/l agar 

MR4 MSB (1/2 macrosalts content) with 40 g/l sucrose, 0.25 mg/l IBA, 0.5 mg/l 

NAA, and 6 g/l agar 

References  [41] 

 Chromosome counting: 162 

Methods for ploidy level determination in haploids and DH plants and can be identified by 163 

chromosome counting during meiotic cell division. Root tips or other meristamatic tissues can be 164 

used for chromosome counting during mitotic division [42]. Chromosome counting during 165 

mitotic division is time consuming and difficult in small chromosomes like Brassica napus [43]. 166 

Chromosome doubling by colchicine: 167 

Haploid plants are short, infertile and sterile due to pollen or egg not able to produce pollen and 168 

egg because of absence of homologous pair in meiotic division. Chromosome double must be 169 

needed for the survival of haploid plant [44]. Colchicine, an alkaloid found in the seeds of 170 

autumn crocus (Colchicum automnale). It is an antimitotic agent and used for chromosome 171 

doubling, restored fertility of delete some sterile interspecific, intergeneric hybrids of plants, 172 

andro-and gynogenic haploids. Effective colchicine treatments have been reported for several 173 

crop plants like wheat, maize, rapeseed, Indian mustard, and watermelon [45]. Plant breeding 174 

programme needs doubled haploid for hybrid development [44]. Treatment of Colchicine can be 175 

applied on post pollination to the tillering stages of the haploid plants. In wheat and barley, 176 

colchicine treatment is normal suggested the 3- to 4-tiller stage, time 5–8 hours (treatment 177 

uniform) by submerging root system in a colchicine solution having 0.3 ml/l Tween 20, 2% 178 

dimethyl sulfoxide (DMSO), 0.1% colchicine, and 10 mg/l of gibberellic acid. Doubling rate can 179 

reach 95.6%. The colchicine can be practiced before the seedling stage of haploid plants by using 180 

0.5% colchicine to the rescue medium for 48 h. The colchicine solution (1% colchicine with 100 181 

ppm 2,4-D) can be injected into the uppermost internode of pollinated spikes at 48 and 72 hours 182 

after pollination, and the chromosome-doubling rate varies from 33% to 100%. After treatment, 183 

the plantlets were washed with running water, transferred to soil and having in a growth chamber 184 



 

 

at 14– 16°C (uniform temperature) under 16/8 h day/night before the new tillers emerged. The 185 

plants were shifted to normal conditions in a greenhouse. The plant survival rate reached 99% 186 

and the chromosome-doubling rate varies  96–98% [5]. Please check reference 187 
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Fig 1; Diagram explaining the anther culture techniques 225 

Implementations of Doubled Haploids 226 

Double haploids production is very attractive tool in modern plant breeding. Many methods can 227 

be used for production of DHs, gynogenesis is used as a substitute method in plants where issue 228 

of male sterility is high [46].  Anther culturing has many advantages over classical techniques in 229 

the betterment of the crop plants [47]. Instant fixation of homozygous genes, improved selection, 230 
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increased genetic variation and early expression of recessive genes are some important benefits 231 

of doubled haploids [15]. Following are delete some important uses of DHs explained by [48]. 232 

Uses in Breeding Crops: 233 

1. DHs can be used to synthesize the homozygous lines or pure lines in self-pollinated crops 234 

and inbred lines in cross pollinated crops. 235 

2. Additional and alternative lines explain can be produced. 236 

3.  Earlier release of variety is obtained as it reduces the time for achieving the 237 

homozygosity. 238 

4. Development of homozygous lines/ As there is great similarity so no masking effect of 239 

genes. 240 

5. Greater efficacy is observed because it is easy to combine targeted genes in homozygous 241 

line. 242 

6. Selection is done in first generation of haploids because high selection pressure is applied 243 

at this stage. 244 

Uses in Genomics: 245 

Important applications of doubled haploid in field of genomics. 246 

1. This can be used to recover the recessive genotypes. 247 

2. Occurrence of mutation and its spectrum can be studied through doubled haploids. 248 

3. The great help in mapping of population can be taken from doubled haploids. 249 

4. It is reproducible and can be conducted at different sites explain. 250 

5. The expressivity of a gene can be increased through DHs. 251 

6. Genes can be located and tagged in the DH populations. 252 

7. Traits can be selected through recognition of markers. 253 

8. DH populations also help in Quantitative trait loci because authentic phenotyping of traits 254 

can be performed. 255 

 256 

Doubled haploids are known for their extreme homozygosity and reduced time required for 257 

fixing desirable genes. The time needed can be reduced by 4 years by using DHs as compared 258 

with old breeding methodologies [49]. By using DHs the number of meiotic steps are reduced as 259 



 

 

compared to filial generations in getting homozygosity. DHs face less crossing over so they are 260 

contributed by the greater portion of the parental DNA than by single seed descent. It is 261 

indicating that DHs will inherit higher segment of DNA from parents than other methods [50]. 262 

DHs can be used where high parental proportion is required. According to Frisch and Melchinger 263 

(reference year) in quantity of 0.99 quantile SSD (single seed descent) method was able to 264 

recover 78% of parental genome while DHs progeny ensured higher proportion by showing 82% 265 

parental contribution. Hence doubled haploids in addition to reducing the time required is also 266 

involved in resembling more closely to parents than other methods. It can be referred as reverse 267 

breeding [51]. 268 

Conclusion and future horizons: 269 

Haploid and doubled haploid breeding is a very fertile system of modern breeding. It can be the 270 

substitute of conventional breeding in which all steps are very laborious and time consuming in 271 

future. Anther culturing is a very effective technique that has been successfully used in many 272 

important plant species for the reducing time required to develop important genotypes and 273 

achieving extreme homozygosity. The plants like coffee require high time for regeneration such 274 

species can be subjected to these techniques and time span can be reduced. Although anther 275 

culture is responsive to a wide range of genotypes and gives satisfactory results but many 276 

important species are under considerations. Many other mechanisms involved in haploid 277 

breeding at molecular and biochemical level needed to be studied. In addition to this anther 278 

culturing needed to be cost effective, more efficient, practical and satisfying the breeding needs. 279 

Hence there is need of improvement of protocols to develop new genotypes. Modern fields of 280 

genetics have benefitted the micro embryogenesis. The advancements and research in this field 281 

will improve understanding of this process and lead to effective procedures development for 282 

embryogenesis in future. Further increasing number of facts and evidences shows the interest of 283 

future  researchers in anther culture for double  haploid production 284 
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