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ABSTRACT

Haploid plant development through androgenesis is highly genotype dependent. Hence, native high yielding bitter gourd
cultivar Faisalabad long was explored for androgenesis and development of embryogenic calli from somatic tissues.
Flower buds of different sizes (small 11-13 mm; medium 13-15 mm; large 15-17 mm in length) at popcorn stage were
collected. The floral buds ranging from 13-15 mm in size higher percentage of uninucleate microspores compared with
other sizes. Cold pretreatment of anthers at 4°C up to 48 hours and cultures under dark conditions significantly enhanced
callus induction (71% and 45%) response compared with cultures under long days on MS media supplemented with
NAA and BAP (3.22+0.88 µML-1). Rest of the PGRs used did not induce calli. Anther derived calli showed development
of embryogenic masses upon transfer to starvation media (½MS salts), however the embryos did not develop further and
could not germinate. Hence, further studies are suggested for better embryo germination and maturation.
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INTRODUCTION

Hybridization programs are based on inbred or
pure parental lines for developing hybrids of interest.
Conventional breeding methods need several generations
to develop nearly homozygous lines. Alternate techniques
involve development of haploids using anther culture,
microspore culture and ovule culture. These techniques
shorten the breeding cycle, ensures fast track complete
homozygosity and use of plant material for further
genetic improvements (Dunwell, 2010; Germana, 2011).
Many factors influence androgenesis, including plant
genotype, physiological state of the parent plant,
microspore development stage, temperature pretreatment
of flower buds and the culture medium (Bajaj, 1990). In
cucurbitaceae, androgenesis has been reported in
squashes, muskmelon and cucumber (Lazarte and Sasser,
1982; Dryanovska, 1985; Metwally et al., 1998). Bitter
gourd (BG) also called as bitter melon, bitter apple or
karela (Momordica charantia L.) is one of most popular
cucurbitaceous vegetable commonly cultivated in South
East Asia and China (Krawinkel and Keding, 2006). The
genus Momordica includes 45 species of climbing
herbaceous plants native to South Asia. These are grown
for their fleshy fruits having diverse shapes, colors and
skin. The axillary flowers contain androecium comprising
3 stamens (Kumar et al., 2010). BG ranks first among
cucurbits for iron (0.43 mg/100 gm FW) and vitamin C
availability. It is known to treat diabetes, cancer and other
major diseases (Fang et al., 2011). In Pakistan, pumpkins,
squashes and gourds are produced as merely 9.92 metric
tons/ha compared with China (18.5 metric tons/ha) and

average of Asian countries 13.7 metric tons/ha,
respectively (FAOSTAT, 2011). This huge yield gap in
Pakistan is due the absence of high yielding hybrids
better adapted to local environment suggesting dire need
to initiate indigenous crop improvement programs.
Production of haploids in BG through anther culture
would allow breeders for an efficient release of pure
parental lines and better screening for resistance to
diseases. Since genotype and explant age play a critical
role in androgenesis (Murovec and Bohanec, 2012), high
yielding native BG cultivar Faisalabad long (FL) was
selected to establish androgenesis system for future crop
improvement applications. Cultivar FL is good quality,
long fruit bearing and resistant against melon fruit fly
(Hussain, 1990; Gogi et al., 2010). Further, cold
treatment is known to enhance microspore embryogenesis
in Brassica napus and B. oleracea anthers inside the buds
(Gu et al., 2004; Yuan et al., 2011). Hence, the current
study was initiated to explore anthers of cultivar
Faisalabad long for their genotypic potential to develop
embryogenic calli on different media and culture
conditions.

MATERIALS AND METHODS

Plant materials, anther collection and fixation: Seeds
of elite indigenous BG cultivar Faisalabad long were
taken from Ayub Agriculture Research Institute (AARI),
Faisalabad. The crop was raised in vegetable research
area of the Horticulture Institute, UAF as source of
anthers. Flower buds of different sizes (small 11-13 mm;
medium 13-15 mm; large 15-17 mm in length) at popcorn
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stage were collected from the donor plant population at 8-
10 am in the morning. The buds were counted for no. of
anthers and anther length under different sizes after
removal of petals (Fig. 2A). For cytological studies, buds
were kept in fixative solution (alcohol: acetic acid 3:1)
for upto 12 h and preserved in 70% ethanol solution
(v/v). The anthers were excised from these buds, crushed
over a microscope glass slide by applying gentle pressure
on the cover slide. Slides were observed under the Nikon
Optiphot Fluorescence Microscope at 40x for the uni-
nucleate stage of the microspores (Summers et al., 1992).
The buds containing more percentage of anther with early
to late uni-nucleate stage microspores were selected and
stored moistened in plastic bags for cold pretreatment at
4°C for different time intervals (0, 24, 48, 72, 96 hrs) in
dark (Fig. 2B).

Explant sterilization and culture conditions: After
treatment, the buds were surface disinfected with 70%
ethanol (v/v) + 1-2 drops of Tween-20 detergent for 2-3
minutes followed by 2-3 rinses with sterile water. Then
the flower buds were sterilized in 5% sodium
hypochlorite (v/v) solution for 5 minutes followed by 3
rinses with sterile water. Petals were removed aseptically
and anthers were carefully excised with forceps and
placed on MS (Murashige and Skoog, 1962) media
modified with different auxins and cytokinin either alone
or in combination for androgenesis called as MSA media
(Table 1). Sucrose (30 gL-1) was added as carbon source.
Medium pH was adjusted at 5.7 and 8 g of agar
(Phytotech, USA) was added as a solidifying agent in the
media. Media were sterilized using autoclave for 20
minutes at 121 ± 1°C and 15 psi. Thirty anthers were
cultured per treatment and calli induced were sub-
cultured to MSO (control) and starvation media (½ MS
salts, ¼ MS salts) for regeneration. Cultures were placed
under long day (LDs: 16 h light: 8 h dark) and dark
conditions in the growth room facilitated with 60-70
µEm-2 sec-1 light intensity using white fluorescent light
and maintained at temperature 25 ± 1°C.

Statistical analysis: Experiments were replicated twice
with at least 30 test tubes per treatment containing one
explant per tube. These experiments were laid out
according to Completely Randomized Design (CRD) and
data were analyzed using Genstat software (12th Ed.) and
Least Significant Difference (LSD) test was used for
estimation of significant differences between individual
treatments (Steel et al., 1997).

RESULTS

Medium sized buds produced more anthers at desired
stage for androgenesis: Significant differences were
observed for number of developed and under-developed

anthers under 13-15 mm and 15-17 mm anther sizes
compared with 11-13 mm size (Fig. 1a). Anther length
was significantly higher in 15-17 mm long buds in
developed and under-developed anthers compared with
other categories (Fig. 1b) . Cytological analysis of buds
of different length revelaed higher percentage > 80% of
uni-nucleate to early bi-nucleate microspores in medium
sized (13-15 mm) buds compared with other categories.
Hence these buds were selected as anther source.

Dark conditions enhanced androgenic response
compared to Long Days (LDs): Anthers cultured on
different types of androgenesis media induced calli only
on MS media supplemented with different levels of
NAA+BAP. Callus induction response peaked at low
levels of NAA+BAP (1.07+0.88 µML-1 and 2.14+0.88
µML-1) under Dark (61%-71%) compared with LDs
conditions (49%-61%) as shown in Fig. 3. A later peak
was observed for callus induction under LDs (3.22+0.88
µML-1) that was statistically non-significant to calli
induced under D conditions. Taken together, calli
induction was early and higher under D compared with
LDs conditions (Fig. 3). Both callus induction and
proliferation rate was higher at 3.22+0.88 µML-1 of
NAA+BAP compared with other treatments and calli
were greenish yellow in color, compact and friable in
texture (Fig., 2C; Table 2).

Cold pre-treatment improved androgenic response:
Anther pretreatment at 4°C significantly enhanced callus
induction response (40-45%) compared with control
(26%) (Fig. 4). Cold treatment up to 48 h showed
maximum callus induction response and further increase
in the treatment time did not enhance callus induction
suggesting 48 h as the optimal interval for low
temperature treatment for BG anthers. Callus induction
response remained consistently higher throughout
treatments on MSA media at 3.22+0.88µML-1 of
NAA+BAP compared with control and other PGR
treatment levels suggesting it as the optimal callus
induction level (Fig. 4). Consistent to previous results
higher callus induction response (61%-63%) was
obtained at 3.22+0.88 µML-1 levels of NAA+BAP
independent of culture conditions and pre-treatment
suggesting it as the optimal level for callus induction
(Fig. 5).
The induced calli were sub-cultured to MSO and
starvation media to induce embryogenesis. The calli
showed development of embryogenic masses on
starvation media (½MS media) after 3 weeks of culture
on surface of the calli, however, no further embryo
development could be induced after 8-10 weeks of
subcultures. These findings suggest that the pseudo
embryo like structures may be induced that could not
grew and germinate.
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Table 1. Media composition for androgenesis (MSA media)

Treatments MS media + PGRs (µML-1)
2,4-D NAA BAP NAA + BAP BAP + NAA

To 0 0 0 0 0
T1 0.90 1.07 0.88 1.07+0.88 0.88+1.07
T2 1.81 2.14 1.77 2.14+0.88 1.77+1.07
T3 2.71 3.22 2.66 3.22+0.88 2.66+ 1.07
T4 3.62 4.29 3.55 4.29+0.88 3.55+1.07

Table 2. Morphological characterization of anther derived calli on NAA and BAP

Poor (-)
Normal (+)
Good (++)
Better (+++)
Excellent (++++)
CI callus induction
CP callus proliferation

Fig. 1. Anther number (a) and size (b) in relation to unopened floral bud length in Bitter gourd cv.
Faisalabad long. Values are means of number of anthers and anther length per bud, where n = 10. Error bars
indicate SE. The vertical bars sharing different letters show significant difference between the calculated (P <
0.05) values.

MS media + PGRs
(µML-1)

CI CP Calli color

Control - - -
1.07+0.88 ++ + Light green
2.14+0.88 ++ ++ Light green
3.22+0.88 +++ ++++ Greenish yellow
4.29+0.88 ++ ++ Greenish yellow

a
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Fig. 2. Callogenic response of anthers and leaf disc in Bitter gourd cv. Faisalabad Long. The figures show A)
medium sized floral buds after petal removal, B) fully developed vacuolated microspore, C) androgenic calli induced on
MS media supplemented with NAA + BAP and D) in vitro propagated plants of Bitter gourd from stem cuttings in
compost plus sand media after acclimatization.

b
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Fig. 3. Photomorphogenic response in Bitter gourd cv. Faisalabad long anthers for callus induction on
MS medium supplemented with NAA+BAP (µML-1). Values are based on the analysis of calli induced
after 4 weeks of culture in vitro, where n = 30. Error bars indicate SE. The vertical bars sharing different
letters show significant difference between the calculated (P < 0.05) values for callus induction compared
with control.

Fig. 4. Effect of cold shock pre-treatment in Bitter gourd cv. Faisalabad long anthers at 4°C for 0-96
hrs time intervals for callus induction on MS medium supplemented with NAA+BAP (µML-1).
Values are based on the analysis of calli induced after 4 weeks of culture in vitro, where n = 30. Error
bars indicate SE. The vertical bars sharing different letters show significant difference between the
calculated (P < 0.05) values for callus induction compared with control.
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Fig. 5. Interactive response of pre-treatment (cold shock at 4°C) and culture conditions (light/dark for
callus induction on MS medium supplemented with NAA+BAP (µML-1)  in Bitter gourd cv.
Faisalabad long anthers . Values are based on the analysis of calli induced after 4 weeks of culture
in vitro, where n = 30. Error bars indicate SE. The vertical bars sharing different small/capital letters
show significant difference between the calculated (P < 0.05) values for callus induction compared
with control.

DISCUSSION

Pure line development through classical
breeding needs time and resources. Androgenesis has
enormous potential to produce double haploid lines
through microspore or pollen derived embryos or calli
(Segui-Simarro et al., 2011) and can be induced in both
monocots and dicots (Dunwell, 2010). Haploids can be
regenerated from anther or microspore explants and
genome can be doubled using genome doubling agents
like colchicine. The doubled haploid plants will be 100%
homozygous and could be used as parental lines in
hybridization programs and a better plant material for
genome mapping studies. In more than 250 crops
including herbaceous cereals to perennial tree crops,
haploid plant development protocols are available (Segui-
Simarro et al., 2011). However, except few model crops,
efficiency of plant regeneration is still quite low
suggesting further fine tuning the technology. One of the
most critical reasons of low efficiency is that optimized
protocols are not equally functional for all the genotypes
available under different geographic localities in a crop
(Corral-Martinez et al., 2010). Other physical and
environmental cues like light conditions, media, stress
and temperature also play an important role in induction
of androgenesis as reported in eggplant and other crop sp.
(Rotino et al., 2005; Karami and Saidi, 2010). Hence, BG

cultivar Faisalabad long was explored for androgenesis
under long days and dark culture conditions and using
cold pretreatment of anthers. Consistent to previous
finding, we obtained higher calli induction and
proliferation response on MS media supplemented with
NAA and BAP. Cold treatment at 4°C for upto 48 h and
dark cultures significantly enhanced calli growth
compared with cultures under long days (LDs). Similar
effects of cold treatment enhancing calli induction are
reported in oil seed rape and broccoli (Gu et al., 2004;
Yuan et al., 2011). The calli when transferred to
starvation media showed embryogenic masses that did
not regenerate into plants and developed non-functional
zygote-like shoot apical meristem (SAM). Similar
response was reported in other crops where neither calli
nor embryos showed plant regeneration like eggplant
(Bal et al., 2009) and pepper where plant regeneration
was as low as 0.1 per bud from microspore culture
(Regner, 1996). The problems in obtaining embryos from
anthers and microspore culture are also confirmed by
Parra-Vega et al. (2010) in sweet pepper as some of the
embryos developed in to undifferentiated callus like
growth similar to report in eggplant as well. In another
report, calli were induced in Chinese bitter melon on
media supplemented with higher concentration of kinetin
and AgNO3, however, calli did not regenerate in to
embryos (Tang et al., 2012). We differ in media
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composition, pH, agar % and growth conditions provided
for androgenesis. Consistent to our results, dark cultures
also enhanced androgenic response in carrot anthers
(Gorecka et al., 2005). In contrast, cold treatment
declined androgenic competence of anthers in pepper
(Ciner and Tipirdamaz, 2002). These findings suggest
further digging out the deficiencies in the available
techniques to enhance better transformation efficiency of
embryogenic masses in to mature germinating embryos
or induce better shoot primordia to induce shoot
regeneration in the calli. Further, some cultivars show
null response to one method while these may respond to
the other (Malik et al., 2008). There is need to further
deepen our knowledge about the genotypic behavior of
different cultivars to complex interactive effect of media,
culture conditions and different stress types to enhance
efficiency of haploid development.

Conclusions: We demonstrate here enhanced androgenic
response in anthers of BG cultivar Faisalabad long in
response to dark culture conditions and cold shock for 48
h. These results may contribute to our understanding in
the process of better androgenic behavior from anthers
that may be further useful for the transformation of
important biomolecules in BG.

REFERENCES

Bajaj, Y.P.S (1990). In vitro production of haploids and
their use in cell genetics and plant breeding. In:
Bajaj YPS (Ed.) Haploids in Crop Improvement
1. Biotechnology in Agriculture and Forestry.
Springer-Verlag Berlin, Heiderberg pp. 3-44.

Bal, U., S. Ellialtioglu and K. Abak (2009). Induction of
symmetrical nucleus division and multi-nucleate
structures in microspores of eggplant (Solanum
melongena L.) cultured in vitro. Sci. Agric. 66:
535-539.

Ciner, D.O. and R. Tipirdamaz (2002). The effects of
cold treatment and charcoal on the in vitro
androgenesis of pepper (Capsicum annuum L.).
Turk. J. Bot. 26: 131-139.

Corral-Martınez, P., F. Nuez and J.M. Segui-Simarro
(2010). Genetic, quantitative and microscopic
evidence for fusion of haploid nuclei and growth
of somatic calli in cultured ms1035 tomato
anthers. Euphytica doi:10.1007/s10681-010-
0303-z

Dryanovska, O.A. (1985). Induced callus in vitro from
ovaries and anthers of species from the
Cucurbitaeceae family. Comp. Ren. Acad. Bulg.
Sci. 38: 1243-1244.

Dunwell, J.M. (2010). Haploids in flowering plants:
origins and exploitation. Plant Biotech. 8: 377-
424.

FAOSTAT (2011). Statistic database. Retrieved 30
March 2013, from http://faostat.fao.org/.

Fang, E.F., C.Z. Zhang, W.P. Fong and T.B. Ng (2011).
RNase MC2: a new Momordica charantia
ribonuclease that induces apoptosis in breast
cancer cells associated with activation of
MAPKs and induction of caspase pathways.
Apoptosis 4: 377-387.

Germana, M. (2011). Gametic embryogenesis and
haploid technology as valuable support to plant
breeding. Plant Cell Rep. 30: 839-857.

Gorecka, K., D. Krzyzanowska and R. Gorecki (2005).
The influence of several factors on the
efficiency of androgenesis in carrot. Appl.
Genet. 46: 265-269.

Gogi, M.D., M. Ashfaq, M.J. Arif and M.A. Khan
(2010). Bio-physical bases of antixenotic
mechanism of resistance in bitter gourd
(Momordica charantia L.) against melon fruit
fly, Bactrocera cucurbitae (Coquillett) (Diptera:
Tephritidae). Pak. J. Bot. 42: 1251-1266.

Gu, H.H., P. Hagberg and W.J. Zhou (2004). Cold
pretreatment enhances microspore
embryogenesis in oilseed rape (Brassica napus
L.). Plant Growth Regul. 42: 137-143.

Hussain, A. (1990). Vegetable Research in Pakistan. In:
Shanmugasundaram, S. (Ed.) Vegetable
Research and Development in South Asia. Proc.
Workshop, September 24-29, 1990. Islamabad,
Pakistan, pp. 71-79.

Karami, O. and A. Saidi (2010). The molecular basis for
stress-induced acquisition of somatic
embryogenesis. Mol. Biol. Rep. 37: 2493-2507.

Krawinkel, M.B. and G.B. Keding (2006). Bitter gourd
(Momordica charantia L.): a dietary approach to
hyperglycemia. Nutr. Rev. 7: 331-337.

Kumar, D.S., K.V. Sharathnath, P. Yogeswaran, A.
Harani, K. Sudhakar, P. Sudha and D. Banji
(2010). A medicinal potency of Momordica
charantia L. Int. J. Pharma. Sci. Rev. & Res. 1:
95-100.

Lazarte, J.E. and C.C. Sasser (1982). Asexual
embryogenesis and plantlet development in
anther culture of Cucumis sativus L.
HortScience 17: 88.

Malik, M. R., F. Wang, J. Dirpaul, N. Zhou, J.
Hammerlind, W. Keller, S.R. Abrams, A.M.R.
Ferrie and J.E. Krochko (2008). Isolation of an
embryogenic line from non-embryogenic
Brassica napus cv. Westar through microspore
embryogenesis. J. Exp. Bot. 59: 2857-2873.

Metwally, E. I., S.A. Moustafa, B. I. El-Sawy, and T.A.
Shalaby (1998). Haploid plantlets derived by
anther culture of Cucurbita pepo. Plant cell,
tissue and organ culture (3): 171-176.



Usman et al., J. Anim. Plant Sci. 25(1):2015

188

Murashige, T. and F. Skoog (1962). A revised medium
for rapid growth and bioassay with tobacco
tissue cultures. Physiol. Plant. 15: 473-497.

Murovec, J. and B. Bohanec (2012). Haploids and
doubled haploids in plant breeding. In:
Abdurakhmonov I. (Ed.) Plant Breeding.
InTech: 87-106.

Parra-Vega, V., N. Palacios-Calvo, P. Corral-Martınez
and J.M. Seguı-Simarro (2010). Establishment
of isolated microspore cultures in pepper of the
California and Lamuyo types. In: Prohens, J. and
A. Rodriguez-Burruezo. (Eds.) Advances in
genetics and breeding of Capsicum and
eggplant. UPV PressValencia, Spain, pp. 411-
415.

Regner, F. (1996). Anther and microspore culture in
Capsicum. In: Jain S.M., S. K. Sopory and R.E.
Veilleux. (Eds.) In vitro haploid production in
higher plants. 3. KluwerAcademic Publishers,
The Netherlands, pp. 77-89.

Rotino, G.L.,D. Sihachakr, F. Rizza, G. Vale, M.G.
Tacconi, P. Alberti, G. Mennella, E. Sabatini, L.
Toppino, A. D’Alessandro and N. Acciarri
(2005). Current status in production and
utilization of dihaploids from somatic hybrids

between eggplant (Solanum melongena L.) and
its wild relatives. Acta Physiol. Plant. 27: 723-
733.

Segui-Simarro, J.M., P. Corral-Martinez, V. Parra-Vega
and B. Gonzalez-Garcia (2011). Androgenesis in
recalcitrant solanaceous crops. Plant Cell Rep.
30: 765-778.

Steel, R. G. D., J. H. Torrie and D. A. Dickey (1997).
Principles and Procedures of Statistics. A
biological approach. McGraw Hill Book Co,
New York, pp. 336-354.

Summers, W.L., J. Jaramillo and T. Bailey (1992).
Microspore developmental stage and anther
length influence the induction of tomato anther
callus. HortScience 27: 838-840.

Tang, Y., H., Li, Z. Yan, J. Lai, Q. Luo and L. Zhang
(2012). Additives promote adventitious buds
induction from anther culture of Bitter melon
(Momordica charantia L.). Res. J. Biol. Sci. 7:
69-72.

Yuan, S.X., Y.Z. Liu, L.M. Fang, M. Yang, Y.
Zhuang,Y. Zhang and P.T. Sun (2011). Effect of
combined cold pretreatment and heat shock on
microspore cultures in broccoli. Plant Breed.
130: 80-85.


