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ABSTRACT. Haploid-tissue culture has arisen during the 1960’s. Since then
haploid plants or calluses have been obtained in a number of families of An-
giosperms. Many investigators found that anther culture can be affected by
many factors. The particular stage of development of the anthers at the time
of culture, and plant-growth environment are two important factors. Chil-
ling anthers or buds, soaking detached flowers in cold water for several days
and incorporating activated charcoal to the media help in increasing em-
bryonic potential of pollens in culture.

There are two approaches for doubling chromosome number in haploids:
(1) Inducing doubling chemically by colchicine and (2) Selection of diploids
among plants regenerated from haploid callus in tissue culture.

Haploids are required for two main reasons: the presence of one set of
chromosomes and obtaining homozygous plants from diploidization. These
two advantages can help in applying haploids in breeding programs. Some
of its uses are: obtaining mutated cells, tissues or flowering plants easily and
as fast as possible, obtaining new combinations of characters which other-
wise cannot be detected until F,orF,, ihtroducing new characters from wild
type of cultivars, to produce heterosis effect and can also be employed for
transformation study. -

Introduction

Tissue culture technique was developed in the later part of the nineteenth century.
The first successful organ culture was achieved by White using tomato root-tipsl!].
Later on Gautheret was able to culture cambial tissue isolated from carrot in vitro!2.

. In 1941, Van Overbeek ez al. were able to isolate and culture embryos from Datura
on medium containing coconut milk, the liquid endosperm extracted from
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coconut?®!, Later on many investigétors were able to culture embryos of different
plants successfully, in vitro 19,

~ One method for increasing the propagation of plant is shoot apex culture!!!"*3]. The
growth of bacteria free crown gall tissue was reported by White and Braun!'¥l. A sum-
mary in this field has been outlined by Butcher!'”.

The first cell culture that developed into whole plant was by Steward in carrot!1®,
Different techniques for culturing single cell were developed!!’-**], Several studies on
cell suspensions were also conducted by Torrey & Reinert® and Torrey et al.?],

During the 1960s, the technique of protoplast isolation and culture was de-
veloped??. Later on, several investigators reported on culturing protoplasts®-23].

Another development during 1960s was culturing the angiosperm anthers, haploid
tissues, to produce haploid embryos and plantsi?¢2°,

' Applying tissue culture technique was always useful in the field of agriculture. In
this paper, haploids produced from anther culture and its application in biotechnol-
ogy will be outlined.

Haploid Plants from Anther Culture

Haploid plants possess one set of chromosomes. The phenotype, in these plants, is
the result of a single-copy genetic information. Haploids have many uses in plant
breeding especially in studies on the induction of mutations and also for the produc-
tion of homozygous plants. In 1964, Guha and Maheshwari discovered that the pol-
len of Angiosperm, Datura innoxia, could be triggered into active growth by cultur-
ing it within the anther (anther culture)/?®l. Growth was organized and led to the for-
mation of haploid plants!?®]. Since then anther culture technique have been applied in
many Angiosperms. Datura innoxia and Nicotiana tabacum have played major roles
in the development of anther culture *"). The families in which haploid plants or calli
have been obtained by anther culture are: Liliaceae, Solanaceae, Rubiaceae,
Rosaceae, Iridaceae, Gramineae, Ranunculaceae, Geraniaceae, Salicaceae,
Primulaceae, Gesheriaceae and Vitaceae®!l.

Factors Affecting Anther Culture

1. Anther Stage of Development. The particular stage of development of the an-
thers at the time of culture is the most important factor in achieving success in the
production of embryoids. In culture, although androgenesis can be induced in an-
thers at the tetrad stage or at the binucleate pollen stage!®?. However, microspores
just before or at the time of first mitosis are more suitable for the induction of an-
drogenesis®®l. Sunderland reported that in flowers of many plant anthers fall into one
-of three categories, premitotic, mitotic, and post mitotic®l. In premitotic category,
the best response is obtained by using anthers in which the microspores have com-
pleted meiosis but have not yet started the first pollen division (e.g. Hordeum vul-
gare). Anthers of plants belonging to the mitotic group respond successfully at the
time of the first pollen division (e.g. Datura innoxia). The early bicellular stage of
pollen development is best in the post mitotic plants (e.g. Nicotiana sp.).
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In species having a determinate number of anthers per bud, the stage in pollen de-
velopment can be determined by removing one anther from each bud and examining
the pollen after treatment with suitable stain. Acetocarmine (4% W/V carmine re-
fluxed for 24 hours in 50% V/V acetic acid and filtered) is a useful general stain, but
with species possessing alow DNA content, it is recommended that the pollen should
first be stained with Feulgen reagent®®. Whole anthers are fixed in acetic acid:
ethanol, 1:3 V/V, for several hours at 4°C, taken down to water through a graded
series of ethanol, hydrolysed in 5N HCI for 1 hour at room temperature and stained
in Feulgen reagent for at least 2 hours. The anthers are then squashed in acetocar-
mine. Staging based on one anther is acceptable for most species and gives a fairly ac-
curate assessment of the situation in the other anthers of the bud.

2. Plant genotype is one of the most important factors affecting the success of in
vitro induction of haploids. The induction frequency of callus from anthers as well as
the frequency of differentiation were higher in hybrid rice than commercial var-
ieties®l. Foroughi-Wehr in 1982 stated that culture responsiveness in wheat is a
heritable complex character involving at least two different and separately inherited
mechanisms:

i) the ability of microspores within anthers to divide and give rise to calluses and,
subsequently,
ii) the ability of calluses for morphogenesis to yield green or albino plants*®.

It is highly desirable that a general survey of various cultivars be undertaken!™).

3. Plant-growth environment is very important in the formation of pollen embryos
and plantlets in anther culture. It includes, temperature, photoperiod, light inten-
sity, and age of plant. It has been found in Nicotiana knightiana that the number of
anthers responding is doubled by an increase in plant growth temperature from 14°C
to 20°CP%, Higher yields of embryos have been reported by Dunwell (1976) in
Nicotiana tabacum using donor plants grown under short days and high light inten-
sities!®®. The effect of the age of donor plant on number of anthers-producing plants
and on number of plants produced have been reported by Sunderland and Dunwell
in Nicotiana tabacum”, They illustrated extent of the decline in both factors
throughout the flowering period.

4. Several treatments of anthers, flower buds or plants before culturing help in in-
creasing the embryonic potential of pollens in culture. Nitsch and Norreel (1973)
found an apparent increase in response of anthers of Datura innoxia taken from de-
tached buds that had been kept in refrigerator for 48 hours®. Low temperature and
pretreatment of anthers for periods of 2-30 days at 3-10°C may stimulate em-
bryogenesis. It was found that incase of tobacco, best results will be obtained by chil-
ling the buds approximately 12 days (7-8°C) prior to culture!®!.

The effect of cold treatment is indirect. The increase in androgenesis is mainly at-
tributed to the fact that low temperature (3-5°C) retains the pollen viability longer,
delays senescence, and prevents the abortion of pollen and thereby increases the
number of available viable pollens which are destined to form embryos!*’!. Brief ex-
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posure to higher temperature have been reported to stimulate repeated division of
pollen, for example in brassica pollens, embryogenesis is stimulated in anthers sub-
jected to 30°C for 24 hours or 40°C for just 1 hour!*,

Other type of pretreatment is soaking the detached flowers in water for several
days!l. In case of species like D. innoxia which have large buds, individual buds at
the critical stage are placed with their stalks in water and kept in a refrigerator at 4-
5°C. Species with small buds are best treated as whole or part inflorescence, and gras-
ses as whole tillers®. An alternative and easier method is to enclose the excised
parts in polytene bags containing a few drops of water. The bags are sealed and
placed in refrigerator in darkness. In general 3-4 days are satisfactory.

Sangwan-Norreel found that centrifugation of anther at 3-5°C for approximately
30 min. gave good results in Datura innoxia Mill*2,

Anther Media

Basal media of White!!!, Murashige and Skoog!**! and Nitsch and Nitsch®®), with
slight modifications and the additions of growth regulators have been used for the
culture of excised anthers®!l. The normal level of sucrose is 2-4%. Sunderland and
Dunwell grouped species into two categories with respect to medium-require-
mentsP’. The first category includes species that are hormone independent. Only a
simple basal medium is required for producing plantlets or calli from-pollens in an-
thers. From these species, Datura innoxia and Nicotiahat abacum are two examples.
Hormones utilized in this class must come from the anther wall or the pollen itself.
As a basal medium, they suggested the formulation of Murashige & Skoog (MS)#3
or Bourgin and Nitsch (H medium)®! for these species. Incorporation of activated
charcoal into the medium has stimulated the induction of androgenesis in tobacco
anthers* %1 The charcoal is thought to adsorb inhibitory substances and thereby re-
duce the number of potential pollen embryos that would normally have aborted.
However, it is more probable that the level of growth substances (both endogenous
and exogenous) is regulated by absorption into charcoal™). '

The second category includes species that are hormone dependent. Auxins are the
main hormones concerned. The need for cytokinins and other hormones is less cer-
tain. Examples of species belonging to this class are: Hordeum, Oryza and Triticum.
In this class, sucrose must be supplied to ensure induction and is most effective when
supplied in concentrations from 5-15%. MS medium is one of the principal basal
media used in this class. Also the modified Miller medium (MM medium) has been
used successfully!®l. The basal medium can be supplemented by growth factors in'the
form of yeast extract, coconut milk, potato extract, hydrolysates of both protein and
nucleic acids and amides such as glutamine and asparagine™]. The formulations of
media that have been mentioned in this paragraph are presented in Table 1.

Techm'ques

The flower buds are excised at the suitable stage, surface-sterilized with a 5% sol-
ution of commercially available bleach or-a 1% calcium hypochlorite solution for 10
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TaBLE  Formulations of basal medium commonly used in anther culture (mg/1).

White Murashige | Bourgin& | Nitsch & - Modified
(1943) and Skoog | Nitsch (H) Nitsch Miller (MM)
(MS) (1962) | (1967) (1969) | (Chuetal. 1975)
Macronutrients .
Ca(NO,)4H,0 288 - - - -
KhO, : 80 1900 | 950 950 | 2830
NH, NO, - 1650 | 720 720 -
KCl 65 - Gl - - -
KH, PO, - | 170 68 | 68 ) 400
NaH, PO, 4H,0 19 - - - , -
CaCl,2H,0 - | 40 | 166 166 | 166
MgSO, 7H,0 737 370 | 185 | 185 ‘ 185
Na,S0, 200 f r= o = - -
NH4SO4 - BT At § | SRl e 463
“f. i

Micronutrients ) -
Fe(SO,), 2.5 - - - -
FeSO,7H,0 R 278 o 2718 . 27.8
Na, EDTA - | 33 | 315 373 - L. 37.5
MnSO, 4H,0 6.7 23 . 25 25 | 4.4
H, BO, 1.5 62 10 0 | 1.6
ZnSO, 4H,0 2.2 8.6 10 0 1.5
Kl 0.75 083 |+ - oy fd 0.8
Na,MoO, 2H,0 o= 0.25 25 0.25 -
CuSO, 5H;0 - | 002 | . 025 .025 R
CoCl, 6H,0 - 0.025 27.8 -k -
Organic , L 4
Biotin — s I .05 0.05 | =
Glycine 30} 20 .} 20 20 | - 2.0
Inositol = | 100 | 100 100 -
Nicotinic acid 05| 05 | 50 5 0.5
Pyridoxine - HC1 01 05 | 05 0.5 0.5
Thiamine - HCI 0.1 0.1 0.5 0.5 1.0
Folicacid - - 0.5 5 -
Sucrose 20000 20000 20000 20000 50000

minutes and then washed twice with sterile, distilled water. However, the flower
buds obtained from plants grown in green house, if dissected carefully, need no
sterilization®!l, Anthers can be cultured either on agar-solidified culture media or by
floating them on the surface of a liquid medium. The anthers are cultured at 25°C in
light or darkness. Light is essential after plantlet formation has been initiated for the
production of chlorophyll and normal plant growth. Continuous illumination from
cool-white fluorescent lamp (300 lux) gives satisfactory results*’. Depending upon
the plant species, it takes about 3-8 weeks for pollen plantlets to emerge from the an-
thers. The plantlets when approximately 5 cm tall can be removed from the culture
and freed from agar by gently washing with running tap water. The plantlets are then



30 S.A. Shahin

transferred to small pots containing autoclaved soil. To reduce sudden shock and to
prevent desiccation, it is advisable to cover these plantlets with glass beakers and to
keep them in a well-lit humid green house. After one week, the beakers are removed
and after further two weeks, they are again transferred into larger pots where they
develop to maturity?*!l.

Production of Homozygous Diploid Plants

There are two approaches for doubling chromosome number of haploid plants: (1)
Selection of diploids from among plants regenerated from haploid callus in tissue cul-
ture. (2).Inducing doubling chemically by colchicine. The first method includes the
production of callus from stem segments or other parts of the pollen plant and then
transferring the callus to a regeneration medium®). A technique for inducing
plantlets formation starting with leaf explants from haploids has been given by Kas-
perbauer and Wilson[*l. One method of chromosome doubling employs aged leaf
tissue from haploid plant because older leaves have the potential to regenerate both
haploid and diploid plants. The diploids result from chromosome endoreduplica-
tion, which frequently occurs in cultured plant tissuel*’].

In the second method, colchicine may be applied to either embryos or haploid
plants. A simple procédure is to immerse the anthers with the newly formed plantlets
in anaquous solution of colchicine 0.5% W/v) for 24-48 hrsl*’l, Alternatively, mature
plants may be treated with the drug either in the form of lanoline paste (0.4%)
applied to auxiliary buds of decapitated plants or as a 0.1% solution applied to whole
inflorescence for 1-2 days. Inagaki showed that in wheat, the haploid plants treated
at the 2-3 tiller stage with 0.1% colchicine solution produced seeds at a frequency of
95.6% treated plants!®l.

However, spontaneous doubling of chromosomes in anther culture is highly desir-
able because the time consuming and tedious procedure of artificially doubling can
be avoided. Bajaj reported that the diploid plants, in general, appear to rise from the
somatic anther tissuel?”l. Some seem to arise from fusion of pollen nuclei. The em-
bryos and plants produced from such pollen would be completely homozygous as
well as being diploid. Metz et al. produced high frequency of spontaneous doubling
(more than 60%) in two lines of wheat. Centurk and NB88 using longer time in cul-
ture and high culture temperature conditions®. The frequency of diploidy might be
high enough to eliminate colchicine treatment step.

Haploids and Its Biotechnological Applications

Significance and uses of haploids are summarized by Reinert and Bajajl®!l and by
Straubl!l. Haploids are required for two main reasons: the presence of one set of
‘chromosomes, and obtaining homozygous plants from diploidization. These two ad-
vantages of haploid plants can help in applying haploids in breeding programs. Some
of its uses are briefly outlined in the following points : »

1. Haploid is the way to obtain, as fast as possible, mutated cells, tissues, or flow-
ering crop plants since the second unchanged genome is absent, and the gene activity
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can express itself freely. In most cases haploids are sterilize, because meiosis leads to
germ cells that lack chromosomes. If mutants are made by colchicine treatment,
these diploid mutants should be fully fertile. ’

2. Itis known that chromosomes exchange parts not only during meiosis but also
during mitosis. When this exchange of parts takes place in diploid plants, it will re-
main genetically unnoticed, because it occurs between two homologous chromo-
somes and it is an exchange of identical parts. In mitosis of haploids, the exchange’
takes place between non-homologous chromosomes. Many haploids apparently
form a source and many genetically changed cells are produced. These changes
which first occur in parts of tissues can also be turned into mutated plants. In the hap-
loid Petunia Straub showed that parts of haploid genome very regular undergo such
dislocation®. The transferred parts are involved in the genetic basis of anthocyanin
formation in the flowers. After exchange the gene for anthocyanin in haploid Petunia
is located in position where it remains inactive. This is why normally blue-flowering
haploid Petunia shows white sectors of various sizes and a great degree of variega-
tion.

3. A feature of anther culture is that the plant which are obtained exhibit various
levels of ploidy. Desirable plants can be obtained and incorporated into the breeding
program.

Badea and Raicu obtained plants from culture of anthers of diploid, tetraploids
and hexaploids of Datura innoxial™\. The produced plants are haploid, diploid, trip-
loid, tetraploid, hexaploid and aneuploid. Lanee et al. were able to obtain secondary
embryoids from the epidermal or subepidermal zones of the primary embryoids of
Datura innoxia™. 12% of the secondary embryoids contained a few aneuploid cells
or were mixoploids.

Shimada obtained variation of chromosome number in 2 cultivars of wheat: Oro-
fen and Dansheng 15. The variation of chromosome number in both cultivars was
maintained after eighteen months of subculturingl®!. Wang produced 62 plantlets
from anthers of F, hybrid between hexaploid triticale Rosner and common wheat
Kdong 58 through anther culture!®®). The cytological studies showed that the chromo-
some compositions of pollen plants were various including different aneuploids.
Metz et al. reported that doubled haploid population was obtained from two hard red
winter wheats, Centurk and NB88. Most regenerates were either haploid or diploid.
Among the regenerates haploid aneuploids and diploid aneuploids were ob-
servedP?.

4. New combinations of characters which otherwise cannot be detected until the
F,, and in the homozygous form until the F, or even later generations, may already be
selected from haploid plants which develop from the pollen grains of an F, hybrid.
When these are diploidized, the new combination is already available as a fertile
pure line.

5. Using wild forms as plant material for the introduction of certain characters,
we are dealing with plants of mixed genetic background. If one obtains haploids from
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such wild forms, the haploids will proved to have variability for the production of ag-
ronomically useful substances. There is no doubt that all wild types segregate when
haploids are produced. To change any character, whether morphological or
metabolical, success will come faster by the haploid technique than by the analysis of
the F, after selfing.

- 6. Heterosis effect can be achieved by first obtaining homozygous material
through inbreeding and second, intercrossing the inbred lines. Cases are known in
which haploids behave like inbred lines. A plant that has been analyzed in this re-
spect is the cultivated potato.

7. Haploids can be used to obtain homozygosity for genes in cases where it is dif-
ficult to achieve such as self-incompatible alleles in rye, and thus the number of gen-
erations of self pollinations are elfminated. This is very important in winter barley
because of the time required for vernalization.

8. Haploids can be used to transfer cytoplasm from one line to another in one
step. Using zea mays monoploids Kernicle successfully transferred the genotypes of
inbred lines into cytoplasm that caused male sterility®!].

9. Insome plants of horticulture importance which are normally propagated veg-
etatively by means of corns, it takes 8-10 years to produce a clone which is large
enough for commercial purpose. In these cases, anther culture has obvious advan-
tages. Specific desirable gene combinations may be linked in a haploid form and then
converted to the fertile homozygous diploid or polyploid forms in relatively short
time.

10. Haploids can be employed for transformation studies. Doy et al. used haploid
tomato Lycopersicon esculentum cell cultures and reported their transformation by
the incorporation of phage lambdal™’l,
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