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ABSTRACT 

 
Four tomato F1 hybrid cultivars (Roma, Maya, Rio Grande and T-55) were used 
to develop haploid lines during 2005-08. Anthers were cytogenetically analyzed 
for anther size and meiotic stage. Anthers of varying sizes and meiotic stages 
were collected at different flowering stages. These were subjected to various 
pretreatments like low temperature (4, 7 and 10°C) and high sucrose 
concentration (5, 7, 10, and 12%) for enhancement in androgenic response. 
Anthers were cultured on MS basal media containing different concentrations 
of cytokinins, auxins, vitamins and adjuvant. Plants regenerated from 
androgenic calli were analyzed for their ploidy level under microscope and 9-15 
chromosomes  could be visualized per haploid cell. 
 
KEYWORDS: Lycopersicon esculentum; haploids; tissue culture; 

regeneration; Pakistan. 
 

INTRODUCTION 
 
Tomato yield in Pakistan is low as compared to advanced countries. During 
2003-04 total area under cultivation in Pakistan was 39000 hectares with a 
production of 412800 tons (2). Among several reasons for low yield, scarcity 
of local hybrids and improved cultivars is very important. 
 
Production of new varieties is realized through hybrid breeding methods in 
which production of F1 hybrid varieties, displaying characteristics of higher 
performance than their parents, require pure or inbred lines which are 
produced either by repeated selfings if applicable, or doubling the 
chromosome number of the haploids. Haploids may be used to facilitate the 
detection of mutations and recovery of unique recombinants, since there is no 
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masking of recessive alleles. Haploids are the plants containing only a single 
copy of each chromosome, such as the egg and pollen cells (6).  
 
In a study conducted by Romani et al. (11) flower establish buds from peach 
tomato plants (Solanum sessiliflorum) were collected to a protocol of callus 
induction from anther culture. Asceptic cultures were achieved after 
immersion of explants into 70 percent ethanol for 45 seconds followed by 0.8 
percent sodium hypochlorite for 5 minutes. Cultivated anthers developed 50 
and 70 percent of calli with 0.1 mg/L-1 indole-3-acetic acid (IAA)+5 mg/L 
kinetin (KIN) and 0.1 mg/L indole-3-acetic acid (IAA)+10 mg/L kinetin (KIN), 
respectively. The calli oxidation increased in treatments free of activated 
charcoal, daily pre-refrigeration (4Â°C for 48 h) and 20 mg/L of kinetin (KIN). 
The best plant growth regulator concentration for stimulating calli formation 
was 5 mg/L of kinetin (KIN).  
 
Haploid production in tomato has been achieved by culturing either anther, 
microspores, ovary or ovules (5). The first step in hybrid seed development is 
to develop inbred parent lines by repeated self-pollination. This can be a very 
slow process which requires 4-6 years. However, by culturing pollen grains in 
the laboratory, haploid plants that contain only one copy of each chromosome 
can be produced. These plants can then be induced to double their 
chromosome number by a chemical treatment, quickly resulting in plants that 
have two identical sets of chromosomes, or are completely inbred 
(homozygous). This procedure can dramatically reduce the time required to 
develop inbred parents for breeding of F1 hybrid varieties and facilitates the 
selection of recessive traits. The production of haploid plants from anther or 
pollen culture would allow for the fixation and analysis of new gene 
combinations from hybrid plants (including inter-specific hybrids) in less time 
than is required in conventional breeding programs, as well as allowing the 
development of homozygous true breeding tomato lines. Haploid cell cultures 
would also prove more amenable to mutant isolation, somatic cell protoplast 
fusion and genetic engineering techniques. However, achievement of these 
goals in tomato has been frustrated by an extremely low efficiency of 
haploid/dihaploid plant recovery. Apparently haploid and double haploid shoot 
production occurs as a result of organogenesis from an initial proliferation of 
callus and not via androgenesis (10). In-vitro androgenesis has been the 
mainstream approach in the production of pure lines via haploids 
chromosome number of which is later doubled to restore diploidy (4). 
Generally green plant regeneration from androgenic calli is very low 
irrespective of race. Low anther culture response, high percent of albino 
plantlet regeneration and abundance of haploids are the principal constraints 
in establishing successful anther culture.  
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Improvement of tomato through either conventional or non-conventional 
breeding is the objective of plant breeders. Genetic variations have been 
exploited to serve this purpose. It should be realized that plant breeding is a 
slow and time-consuming process having severe biological limitations (12). 
However, production of double haploids from superior F1 hybrids and tissue 
culture multiplication is a short cut to evolve new varieties. 
 

MATERIALS AND METHODS 
 
This study was conducted in National Centre of Excellence in Molecular 
Biology, Lahore during 2005-08. For this purpose floral buds of different sizes 
were collected and analysed under microscope for the size and meiotic stage 
of pollen mother cells. For cytogenetic studies, collected buds were washed 
with water to remove dust and any pesticide residues. The meiotic stage was 
fixed using fixative (3:1 of ethanol and acetic acid) for 24 hours. Buds were 
washed with distilled water three times. Floral buds were divided into two 
parts; one was incubated with enzyme solution (2% pectinase and 3% 
cellulase) at 37°C for 30 minutes and then washed with distilled water. 
 
Floral buds were dissected and anthers were separated on glass slide. 
Individual anthers were fixed on slide with fixative and rub until cells 
separated out. Slides were air dried and chromosomes were stained with one 
percent acetocarmine solution. Olympus BX51 microscope was used to study 
different stages of meiosis. The slides were fixed by dipping in 70, 95, 100 
percent ethanol solution respectively for five minutes in each solution and 
labelled with date, name of cultivar/variety and  meiotic stage. 
 
In-vitro studies 
 
Pre culture treatments 
 
The floral buds were collected and surface sterilized by washing with tap 
water, soaking in 70 percent ethanol for 30 seconds, immersing in 0.1 
percent mercuric chloride for five minutes followed by three washing with 
autoclaved distilled water. Sterilized buds were placed at different 
temperatures and sucrose concentration to enhance androgenesis.  Surface 
sterilized buds were given a low temperature treatment (placed on moistened 
filter papers) at 4°C, 7°C and 10°C for duration of 2, 4, 6, 7, 8, and 9 days. 
After temperature treatment, buds were placed on MS media having various 
concentrations of sucrose (3%, 5%, 7%, 9% and 12%) and placed at 25 ± 
2°C. Half petri plates were kept under dark and other half were placed under 
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light 2000 lux for one week and then all plates were shifted to full light (3000 
lux).  
 
Initiation of callus 
 
The anther, microspores and whole buds were used as ex-plant for haploid 
callus induction. In total, 625 explants of each hybrid were cultured on 15 
callus induction media (Table1). Modified Murashige and Skoog (8) basal 
media supplemented with growth regulators was used during study pertaining 
to haploid callus initiation and regeneration. The pH of medium was adjusted 
to 5.7, filter sterilized Zeatin, IAA, GA3 and Kinetin were added to autoclaved 
medium under a laminar flow cabinet when temperature of medium cooled 
down in the range of 35°C to 45°C while other hormones were added before 
autoclaving. Different combinations of harmones were used for haploid callus 
induction (Table 1). 
 
This media was solidified by 2.23 g/l phytagel (Sigma). Sucrose was used as 
carbon source at a concentration of 3 percent in all media. Activated charcoal 
was added at a concentration of 0.1g m/liter in media to remove the effect of 
phenolics. All tissue culturing was carried out in sterilized environment under 
a laminar airflow cabinet. 
 
Regeneration 

 
From each treatment proliferating light green embryogenic calli were selected 
and cultured on eight different regeneration media (R1 to R8) alongwith 
control and subcultured regularly after every week on their respective media 
(Table 2). The calli were regenerated into plantlets after 30-45 days. Then the 
regenerants were cultured after 20 days of regeneration on medium with half 
concentration of harmones and after 25 days on control medium.  
 
Cytogenetic studies of regenerated plants 
 
Plantlets regenerated from the callus were checked for either haploid or not. 
Root was found best ex-plant to check the haploids. The root cells were 
observed under Olympus BX51 microscope and number of chromosomes 
were also counted. 
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RESULTS AND DISCUSSION 
 
Developmental stage of male gametophytic cells suitable 
for haploid callus production 
 
Buds of all sizes at different stages of cell division were collected and 
evaluated for initiation of haploid callus.  Out of all possible floral bud 
developmental stages of haploid callus production from anther culture, the 
stage between prophase I and anaphase I was found as the most responsive 
in Rio Grande, while in Maya and T-55 stage between 1st anaphase and 2nd 
telophase gave promising results. In Roma stages between 1st anaphase and 
1st metaphase were responsive (Fig. 1). With regard to anther size, it ranged 
1.5-2.5 mm and 1.7-3.0 mm in other cultures (Fig. 2). 
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Time response of anther collection 
 
Anthers isolated from plants at beginning of flowering produced a higher 
percentage of callus formation. Callus formation was decreased after 30 days 
of flowering and reduced by 40–50 percent after 50 days of initiation (Table 
3). The results indicated that anthers isolated from plants at the beginning of 
flowering produced a higher percentage of callus formation and 
organogenesis Table 3. Segui-simarro and Nuez (13) also report similar 
findings. 
 
 

Table 3. Effect of days to flowering on androgenesis. 
 

Cultivars Response towards callus (%) 
 10 Days 20 Days 30 Days 40 Days 50 Days 
Roma 19 17 13 7 5 
Maya 25 23 20 11 6 
Rio Grande 44 40 38 16 9 
T-55 32 29 22 10 4 

 
 
Pre culture treatment 
 
Effect of low temperature treatment on callus initiation 
 
The floral buds of Roma produced maximum number of embryogenic calli 
(28) when placed at 4°C for two days while number of calli were reduced 
when floral buds were exposed to low temperature for more than two days 
(Table 4). Floral buds of Maya produced maximum number of embryogenic 
calli (11) when placed at 7°C for two days while number of calli was reduced 
when floral buds were exposed to low temperature for more than two days. 
Floral buds of Rio Grande produced maximum number of embryogenic calli 
(37) when placed at 10°C for nine days while number of calli reduced when 
floral buds were exposed to low temperature for more than nine days (Table 
4).  
 
Similarly floral buds of T-55 also produced higher number of calli (13) at 10ºC 
for four days while number of calli reduced at low temperature for more than 
six days. These results indicate that treatment of anther with low temperature 
(4, 7, 10 °C) before culturing on media enhanced the process of 
androgenesis. Shtereva et al. (14) also found that low temperatures had 
significant oxidation effects on anther survival and process of androgenesis.  
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Table 4. Effect of low temperature treatment on callus initiation. 
 

Varieties Temperature  No. of days 
  2  4  6  7  8  9 

Roma 4 °C   28 20  9  7  -  - 
7 °C  14 10  2 2  1  - 
10 °C   2   7  3  3  1  1 
Control   3   2  - -  -  - 

Maya 4 °C    7   4  3 -  -  - 
7 °C   9   5  3  1  -  - 
10°C   4   3  1  1  -  - 
Control   2   2  -  - -  - 

Rio Grande 4 °C   8   6   5  3  2  2 
7 °C 21 19 16 12  8  5 
10 °C 20 23 26 24 30 37 
Control    10 17 15 

T-55 4 °C   5   3   2  1  -  - 
7 °C   8 12   8  -  -  - 
10°C   7 13   9  4  2  1 
Control   5 11   3  -  -  - 

 
Sucrose treatment: Floral buds of Roma and Maya produced maximum 
number of embryogenic calli (36 and 28) when placed at 5 percent sucrose 
while number of calli were reduced when floral buds were exposed to less or 
high sucrose concentration (Table 5). Floral buds of Rio Grande produced 
maximum number of embryogenic calli (40) when placed at 7 percent sucrose 
while number of calli were reduced when floral buds were exposed to less 
sucrose concentration (Table 5). 
 

Table 5. Effect of sucrose concentration on androgenic response. 
 

Varieties Sucrose concentration 
Control 3 % 5 % 7 % 9 % 12 % 

Roma 5 12 36 33 29 20 
Maya 7 10 28 27 18 12 
Rio Grande 2 9 24 40 27 19 
T-55 4 11 32 30 26 21 

 
Similarly floral buds of T-55 produced maximum number of embryogenic calli 
(32) when placed at 5 percent sucrose while number of calli were reduced 
when floral buds were exposed to less sucrose concentration (Table 5). 
These results showed that placing buds in high sucrose concentration 
increase the ability of androgenesis. Due to high sucrose floral buds swell out 
and burst in early stage so the callus starts proliferating directly from 
microspores as described earlier by Segui-Simarro and Nuez (12) and Sharp 
et al. (15). 
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Effect of activated charcoal: Activated charcoals added to media minimize 
the effects of phenolics produced in media. Callus produced on media 
supplemented with activated charcoal was found embryogenic as compared 
with control (Fig. 3B-1 and 3B-2). Perera et al. (10) also commented on 
beneficial effects of activated charcoal. 
 

Callus induction: 
 

Two types of callus appeared from anthers cultured on different media i.e. 
one from outer core (somatic cells) of anther and other from inner side of 
anther (from microspores) which was found haploid (Fig. 3 C). Segui-Simarro 
and Nuez (12) also report similar findings. The both types of calli were 
separated under dissecting microscope and allowed to proliferate further. 
Callus from outer core was discarded later after cytogenetic identification of 
ploidy level and inner core was maintained for further proliferation. Callus 
began to appear after 3-5 weeks of culturing in the absence of light. After 
callus induction cultures were shifted to light.   Best callus formation was 
observed on C 14 medium supplemented with 9µM 2, 4-D, 1.6µM Kinetin, 1.8 
µM thiamine HCL and 3µM folic acid (Table 6). For further proliferation of 
callus, callus was sub cultured after every two weeks. Different media for 
callus were tried and found that medium C-14 was one best for callus 
induction and regeneration of haploid plantlets under in-vitro conditions which 
are in agreement with Bhatia, et al. (5). 

 

Table 6. Media response towards anther culture. 
 

Media Roma Maya Rio-Grande T-55 
Control - - - - 
C1 w W w w 
C2 w G hg w 
C3 g - - g 
C4 g W f/w w 
C5 f/g W f/g f/w 
C6 w G g - 
C7 f/w W g - 
C8 - - w - 
C9 - - - - 
C10 - - - - 
C11 w W g - 
C12 g G g f/w 
C13 - - w W 
C14 w f/g f/g G 
C 15 w f/w f/w G 

w = white callus, g = green callus, f/g = friable green callus, 
f/w = friable white callus, hg = hard green callus 
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Regeneration of plantlets 
 
Regeneration was only found from anther derived callus of Rio Grande on R-
8 medium (Fig. 3 F-1 and F-2). Same medium gave variable results when 
calli were transferred from different initial media. Calli transferred from C14 
medium showed single shoot regeneration (Fig. 3 F-1), while in calli 
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developed from C12 medium multiple shoots were observed. In R1 only roots 
were observed in Rio Grande (Fig. 3 E). In control medium no regeneration 
was observed. Regeneration was initiated after two weeks of transfer to the 
regeneration medium. Different media for regeneration were tried and found 
that medium R-8 was best for regeneration of haploid plantlets under in-vitro 
conditions which are also observed by Pacheco-Sanchez et al. (9). 
 
Cytogenetic analysis of haploids 
 
Mitotic chromosomes  were  prepared  by  the  method described by Abbasi 
et al. (1) on microscopic glass slides and observed under Phase Contrast 
Microscope (Olympus Model BX51). Slides were prepared to study 
chromosome number and differentiation of haploid chromosomes of Rio 
Grande was noted as compared with diploid cells from control plants. 
Variation was also observed among the normal haploid chromosome 
numbers. Cell with chromosome number 11, 13 and 15 was also observed 
(Fig. 4 B-1 and B-2). The variation in chromosome number was due to non-
disjunction of chromosomes (Fig. 4C). One of the main objectives of our 
studies was to make cytogenetic evaluation of haploid plants. The green 
plantlets regenerated from anther calli were examined for their ploidy level. 
The result showing haploid (12) chromosomes alongwith different ploidy level 
at haploid showing 13, 15 and 17 chromosomes. This variation is normally 
due to abnormality at prophase I during anther development. Chromosome 
from haploid were observed under microscope by anther squash technique 
using acetocarmine stain as used by Jauhar, et al. (7). 
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CONCLUSION 
 

The study concludes that anthers isolated from plants at beginning of 
flowering produced a higher percentage of callus formation and 
organogenesis. Callus formation was lower after 30 days of flowering and 
reduced by 40-50 percent after 50 days of flowering. The ability to form callus 
mainly depends on the physiological state of donor plants and the season 
during which the anthers were cultured. It has been reported that flower buds 
which developed later give rise to pollen grains of lower androgenetic ability. 
The results revealed great chances of developing pure lines from anther 
culture of F1 Hybrids to get uniform characteristics. The adopted pattern of 
molecular analysis and haploidization is an ideal way to develop pure lines. 
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