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Abstract Anther culture has emerged as an alternative
for traditional plant breeding practices for homozygosity
development, which in the case of medical plants resulting
in increased yield of phytoconstituents. The response of
anthers during culture is governed by the various
constituents of the nutrient media. The carbohydrate in the
nutrient media plays a pivotal role as it acts as a source of
carbon skeleton and maintains the osmoticum. In the
present research, anthers of Catharanthus roseus (L.) G.
Don. at early to late uninucleate stage of development were
selected for the experiment. The anthers were cultured to
evaluate the androgenic potential under the influence of
different types and concentrations of carbohydrates viz.
sucrose, glucose, maltose, and galactose. It was found that
out of four carbohydrates except maltose, all performed
best at 30 gm/l. The maximum rate of androgenic callus
induction was noted in sucrose at 30 gm/l (69.66+1.52%).
All the carbohydrates showed the least rate of calli
induction at high concentration i.e. 70 gm/l. The embryo
like structures were able to develop on the media
supplemented with the combination of 1 mg/l BAP, 0.5
mg/l Kinetin and 0.5 mg/l NAA (13.33£5.77%). The
ploidy analysis of randomly selected 30 calli and 10 leaves
revealed that Catharanthus roseus has haploid
regeneration tendencies and also possesses a tendency for
spontaneous double haploid formation.

Keywords Sucrose, Haploids, Anther, Maltose,
Catharanthus roseus, Carbohydrates

1. Introduction

The strong and growing demand in today’s marketplace
for natural, renewable products has refocused attention on
in vitro plant materials as potential factories for secondary
phytochemical production. Double Haploid (DH)
technology is valuable in the breeding of medicinal plant
species [1] and for generating resources to develop new
varieties showing enhanced vigor and yield i.e. high levels
of medicinal compounds [2]. In this context, raising in vitro
haploids in Catharanthus roseus (L). G. Don. offers
anticipated benefits which would have been remained
unexpressed in natural heterozygous diploid population.

Anther culture is still restricted by many factors which
govern the phenomenon of androgenesis. Among the many
decisive factors, media constituents are some of the
invincible factors which determine the success rate in
androgenesis [3]. In vitro cultures of plant tissues including
those which turn green when exposed to light are not
autotrophic with respect to carbonaceous nutrition [4].
Cultures require an external source of organic carbon for



66

energy and biosynthesis; the type and the concentration
needed for the best possible growth vary with different
cultures [5]. Thus, in nutrient media, sugar provides the
carbon skeleton and energy and it also acts as an
osmoticum in the induction medium. High concentration of
the sucrose in the medium is responsible for maintaining
osmotic pressure of the nutrient medium [6]. Gene
expression induced by sugar plays an important role in the
diversion of microspore from the gametophytic to the
sporophytic pathway [7]. The higher applicability of
sucrose as a carbon and energy source in in vitro culture is
because sucrose is a disaccharide that has high solubility in
water with a role as a molecule transporter. Sucrose can be
easily penetrated through the plasma membrane [8, 9].

In C. roseus the reports available on in vitro cultures
mainly focused on the plant regeneration through somatic
tissues [10-12], some reported phytochemical production
via callus culture [13, 14] and a very few studies are
performed on androgenesis [15-18]. Since the reports of
androgenesis success in Catharanthus roseus have been
limited and also lacking the experiments on the factors
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influencing the androgenesis, this study is undertaken to
investigate the potential of various carbon sources to act as
an efficient energy source and optimal osmoticum.

2. Materials and Methods

2.1. Plant Material

The Catharanthus roseus plants were raised in the pots
in the greenhouse at the Departmental botanical garden.
The plants were grown at 27°C and 65% humidity without
the application of any fertilizers and pesticides. The
explant donor plants were selected on the basis of floral
buds having microspores at the early to late uninucleate
stage of development (Figure 1 and 2). The developmental
stages of microspores inside the anthers were determined
by 1% acetocarmine staining. The floral buds (Figure 1)
and the microspore developmental stages (Figure 2) belong
to the same plant.
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(A: Meiotic bud; B: Pollen tetrad stage; C to F: Uninucleate stage; G to L: Mature pollen)

Figure 1. (A-L): Morphological variations in floral buds with respect to the microspore developmental stages
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(A to B: Meiotic bud; C: Pollen tetrad stage; D to F: Uninucleate stage; G: Mature pollen)

Figure 2. (A-G): Variations in microspore developmental stages in floral buds of Catharanthus roseus
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2.2. Explant Preparation

The floral buds having anthers at early to late
uninucleate stage of development were subjected to
optimal cold pretreatment at 8°C for 10 days [19]. The
pretreated floral buds were surface sterilized in 1%
labogent, 0.1% mercuric chloride and 50% ethanol for 5
minutes, 2 minutes and 2 minutes respectively, followed by
two successive wash by distilled water for 2 minutes each.

2.3. Anther Culture

The pretreated anthers were excised from surface
sterilized floral buds. Anthers were cultured in agar
solidified MS media having variables as different types and
concentrations of carbon source i.e. sucrose, glucose,
maltose, and galactose at 30 gm/l, 50 gm/l and 70 gm/l. A
constant pre-optimized growth regulators combination i.e.
7 mg/l 2,4-D, NAA 0.5 mg/l and BAP 1.5 mg/l was utilized
for calli induction [20]. In every experimental set, 100
anthers were inoculated to evaluate the rate of androgenic
callus induction. Culture conditions were maintained at
25+1°C temperature, 50-60% relative humidity and
complete 24 hours dark period. Control set without
carbohydrate was also run.

The Embryo Like Structures (ELS) developed on
induced callus were maintained on Himedia’s MS media
PT100 supplemented with ABA 0.01 mg/l, GA; 5.0 mg/l,
and myo-inositol 100 mg/I for 10 days under 16 hours light
period. Later, such ELS were cultured on MS media
supplemented with BAP, Kinetin (KIN) and NAA. Culture
conditions were maintained at 25+1°C temperature,
50-60% relative humidity and 16 hours light period.
Control set without growth regulators was also run. All the
experiments were repeated three times.

2.4. Ploidy Analysis

The ploidy status of induced callus and leaves from plant
regenerated was analyzed. The selection done was random;
30 callus samples and 10 leaves were examined by Applied
Biosystems attune acoustic focusing flow cytometer.

2.5. Data Analysis

All experiments were repeated thrice and the data
obtained were subjected to ANOVA at 95% confidence
interval through Graphpad Prism version 6.

3. Results

3.1. Inductive Effects of Carbohydrates

The obtained results for the callus induction experiments
confirmed the influential inductive effect of studied

carbohydrates. The derived data subjected to two-way
ANOVA with Dunnett’s multiple comparison test with
control showed that all the means were significant at
P<0.05 for calli induction.

The first response in callus induction was noted after 21
days in glucose at 50 gm/l. An indirect androgenesis was
observed as the anther culture responded by forming callus
via repeated divisions of microspore. The maximum
percentage of callus induction was found in sucrose at 30
gm/l at i.e. 69.66 + 1.52% (Figure 3 A, Figure 4) and least
was observed in galactose at 70 gm/l i.e. 40.33 £+ 4.16%
(Figure 4). The time required to respond in maximum and
minimum callus inducing concentration was 25 and 28
days respectively.

(A: 30 gm/1 Sucrose; B: 30 gm/l Maltose; C: 50 gm/1 Sucrose; D: 50 gmy/1
Maltose; E: 30gnv/1 Glucose; F: 30 gm/I Galactose)

Figure 3. (A-F): A variable response in androgenic callus induction in
Catharanthus roseus (L.) G. Don. in different types and concentrations of
carbohydrates

In the performed experiment, all four carbohydrates
showed inhibition in callus induction at high concentration
i.e. 70 mg/l (Figure 4). Except for maltose at 50 gm/l
(Figure 3 D, Figure 4), all three carbohydrates performed
well at 30 gm/l concentration as compared to other two
concentrations (Figure 3 A, E, F and Figure 4). At high
induction rate among all four carbohydrates order of
influence is sucrose > maltose > glucose > galactose. With
an increase in the concentration of each source, although
there is a difference among induction efficiency at each
level but no significant notable differences were observed
in all carbohydrate sources except maltose (Figure 3 A-F
and Figure 4). All the carbohydrates showed the decreased
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rate of calli induction with increasing concentration of
carbohydrate source from 30 gm/l, 50 gm/l, and 70 gm/l,
except maltose. In maltose, rate of influence was 50 gm/1 >
30 gm/1 > 70 gm/I1.
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The experiment was repeated three times and two-way ANOVA with
Dunnett’s multiple comparison test with control showed that all mean
were significant at P < 0.05 for calli induction

Figure 4. Percentage of calli induction in various types and
concentrations of carbohydrates in anther culture of Catharanthus roseus
(L.) G. Don

3.2. Plant Regeneration via Embryo Like Structures

All experimental sets resulted in the formation of calli
which sometimes bears the embryo like structures. Such
developed ELS were utilized for plant regeneration. The
developed ELS were incubated for maintenance of
viability and vigor and then cultured on twelve
combinations of plant growth regulators along with one
control set.

The obtained results showed an inadequate response in
plant regeneration and instability of culture, as the plantlets
developed could not reach the maturity. In the observations
for plant regeneration, the shoot induction/initiation
assumed to be differing from plant regeneration. The shoot
induction means the stage when ELS show bifurcation or
development of green coloration at the apical position.
Whereas, shoot regeneration means conversion of
bifurcation or developed green coloration into the green
leaf like structures.

The first response was noted after 40 days in 1.5 mg/l
BAP. Out of thirteen sets, only eight combinations showed
shoot induction by forming bifurcation at the apical tip. But
out of those, only two combinations i.e. BAP, Kinetin and
NAA at 0.5 mg/l, 1.0 mg/l and 0.5 mg/1 respectively along
with BAP, Kinetin and NAA at 1.0 mg/l, 0.5 mg/l and 0.5
mg/l respectively were found to be beneficial for plantlets
formation (Figure 5 A,B). These regenerated plantlets were
able to attain a maximum of 3.0+0.2 cm shoot length.
Establishment of prolonged culture was not possible.
Among all twelve combinations, seven sets were
responded by shoot initiation but the rate of initiation was

found to be low. The best induction and best regeneration
response were noted in the same combination i.e. BAP,
Kinetin, and NAA at 1.0 mg/l, 0.5 mg/l and 0.5 mg/l
respectively.

(A: BAP 1.0 mg/l, Kinetin 0.5 mg/l and NAA 0.5 mg/l; B: BAP 0.5 mg/l,
Kinetinl.0 mg/l and NAA 0.5 mg/l).

Figure 5. (A-B) The response of ELS showing shoot regeneration in
Catharanthus roseus(L.) G. Don. in MS media

3.3. Ploidy Analysis

The flow cytometry analysis of randomly selected thirty
calli and ten leaves samples revealed 78% haploid callus,
whereas diploids were 12.24% and aneuploids were 9.76%.
While out of ten randomly sampled leaflets of the plants
regenerated from ELS, nine showed haploid status i.e.
99%.

4. Discussion

Earlier reports on anther culture of Catharanthus roseus
don’t perform experiments to deduce the efficient carbon
source [15-18].

The obtained dominance of sucrose over maltose in
callus induction can be due to the fact that maltose is
hydrolyzed 20 times slower than sucrose, so the absorption
and metabolism of maltose as compared to sucrose
required more time. Such effect of maltose leads to the
decline in level of carbohydrates and consequently low
available carbon skeleton and energy for growth and
development. Also, the slow growth of callus under the
influence of maltose was reported to be associated with the
enhanced protein synthesis and decline in starch and
hexose endogenous levels [21]. Like present report for
maltose, in barley anther culture, a relatively high
concentration of maltose i.e. 62 gm/l in the induction
medium has been proven successful. Also, maltose could
be used from 60 gm/I to 90 gm/I in anther culture of rye,
rice, and wheat [22]. Studies on Petunia anther culture
reported the inhibitory effect of fructose and glucose to
pollen [23]. For Clementine anther culture, galactose at 9
gm/l and lactose at 18 gm/l are frequently used [24].
Similar to present findings, sucrose was found to be the
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excellent carbohydrate source, compared to glucose in the
anther culture of two mandarin cultivars and two
Clementine [25]. In contrast to the present findings,
glucose performed better than sucrose in rye culture [26].

Parallel to a current study, results noted by Mousa [27]
revealed that in Broccoli (Brassica oleracea var italica),
higher percentage of androgenic embryoids (90%) was
produced on MS medium with sucrose concentration (30
gm/l). Results obtained for the choice of carbon source in
anther culture of Brassica oleracea L. for callus and shoot
development are in accordance with the present study [28].
Ismaili and Mohammadi [29], reported maximum
embryogenesis in YPm basal medium supplemented with
60 gm/l sucrose and the lowest rate was observed in
medium with 60 gm/l maltose. High concentrations of
sucrose or maltose were found to be essential for
embryogenesis in anther culture of maize.

In the case of plant regeneration, Kim et al., [17]
reported the low frequency of plant regeneration via
embryogenesis in Catharanthus roseus. But all the
developed plants were somatic in origin and diploids, no
haploid regeneration was reported. Unlike this, Lee et al.,
[18] obtained efficient plant regeneration via
embryogenesis in C. roseus but the ploidy analysis for
knowing the somatic or gametic origin of regenerants was
not reported. George, [16] obtained no embryogenesis and
no plant regeneration in anther culture of C. roseus and
reported only 5% response for calli production. Calli thus
obtained was all reported to be diploid.

In contrast to the efficiency of the present report, Lantos
et al., [30] reported an efficient anther culture protocol for
spelt wheat. The number of ELS was produced 62.2 per
100 anthers. The culture of ELS regenerated 30.6 green
plantlets per 100 cultured anthers. The rate of green
plantlets generation was 89.0%. Whereas, Kahrizi et al.,
[31] reported a low success rate of androgenesis is on
Hordeum vulgare L. The results obtained showed the effect
of genotype on embryo induction and total plant
regeneration. The best results for embryo production, green
and total plant regeneration were reported to be 74.792%,
7.293%, and 17.29%, respectively. This relation between
high rates of embryoids induction with low rate of plant
regeneration is also evident in the present report.

The obtained ploidy variation during culture is also
affirmative with respect to the ploidy variation occurs
during culture period in various genotypes. Along with
haploids or DHs, non-haploids i.e. diploid, triploid,
tetraploid, pentaploid, hexaploid, aneuploid have also been
reported for various genotypes in anther culture studies
[32].

5. Conclusions

In the studies on androgenesis in Catharanthus roseus
(L.) G. Don. various conclusions were drawn from the
experiments conducted. It was concluded that sucrose at 30

gm/l was more beneficial than other three carbon sources,
except in maltose. The ELS produced required incubation
on media were designed for maintenance of vigor and
viability. But still, a low regeneration rate was achieved
with the combination of 1 mg/l BAP, 0.5 mg/l Kinetin and
0.5 mg/l NAA. In the ploidy analysis, it is concluded that
Catharanthus roseus showed haploid regeneration
tendencies and also possessed the tendency for
spontaneous double haploids production.
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