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ABSTRACT

Androgenesis in phanerogams is a very distinct process. This technique has been proven unique
breakthrough to shorten the breeding period of the cultivars for the production and fixing of
agronomic traits in the homozygous state in a single generation. Catharanthus roseus (L.) G. Don.
(Periwinkle) being an important pharmaceutical plant was selected for the investigation to study
the effect of various pretreatment on callus induction in anther culture at constant concentrations of
growth regulators i.e. 2, 4-D, NAA and BAP. Out of the five pretreatments chosen cold
pretreatment at 8°C for 10 days was found to be the best 66.33 + 1.74% and least was observed in
centrifugation at 2000rpm for 6 hours 28.00 + 0.57%. While 2,4-D=7mgL"*, NAA=0.5mgL™ and
BAP=1.5mgL™ were found to be suitable for maximum calli production at all concentrations of
2,4-D. Plantlets regenerated by culturing embryo like structure are all reported to be haploid.
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INTRODUCTION

Androgenesis in phanerogams elucidates the biological mechanism behind to tipotency of a single
celled microspore to develop in a double haploid plant via embryogenesis or calli formation. The
process of androgenesis can be achieved by blocking the normal development of male
gametophyte from its gametophytic development and forcefully diverting it to the sporophytic
development. Such a diverting force is provided by means of a pretreatment to floral buds at early
to late uninucleate stage of development prior to culture. Amongst the various physiological
factors involved pretreatment is one of the significant factors that influence the response towards
androgenesis?. A temperature shock as a pretreatment has been reported to improve the
androgenetic response in many plant species®*. Narkhedkaret al.” in preliminary studies have
reported the requirement of cold shock and dark period for anther culture of C. roseus. Saradamani
et al.® reported that callus induction was found to be best in 2, 4 - D. However the reports on
isolated microspore culture are rather limited” ® 1% inmajority cases, the in vitro response of
microspores is observed within the anthers.

Catharanthus roseus (L.) G. Don. (Periwinkle) is an important pharmaceutical plant. Different
parts of the periwinkle are being used traditionally for curing many diseases. Keeping this
perspective, today’s research aims to enhance the level of important alkaloids to satisfy the
growing demand.By utilizing such a qualitative improvement practicesfor enhanced production of
metabolites from dedifferentiated tissue raised by anther culture increased production of
azadirachtin have been reported in Azadirachtaindica®.

Ever since the commencement of modern practices of plant breeding, it aims to establish the
inbreeding homozygous lines, which normally requires six consecutive inbreeding generations®>.
The importance of haploid can be judged by its utility in attaining the quick and comprehensive
homozygosity amongst the offspring whose phenotype exactly reflects the genotype which reduces
cultivars effort for selection of quantitative characters. Thus, in present investigation effect of
various pretreatment and different level of 2,4-D concentration on callus induction was evaluated
and the platform is build up for the production of homozygous lines by reporting the development
of haploids in Catharanthus roseus.

MATERIALS AND METHOD

Donor Plant
The donor plant was selected from Botanical Garden at Department of Botany, Sant Gadge Baba
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Amravati University, Amravati having GPS location N 20°56.364°, E 077°48.052". The selection
of floral buds for pretreatment was done by staining the microspore in acetocarmine.

Pretreatment of Anther

Excised floral buds were having anther at early to late uninucleate stage of development were
exposed to the following pretreatments.

i) Control, ii) Heat shock (Hst) 35°C/3h, iii) Heat shock (Hst) 35°C/6h, iv) Centrifugation (Cft)
2K/3h, v) Centrifugation (Cft) 2K/6h, vi) PEG 1.5% /2d, vii) PEG 3.0%/2d, viii) Mannitol
0.3M/2d, ix) Mannitol 0.7M/2d, x) Cold (Ct) 8°C/5d, xi) Cold (Ct) 8°C/10d.

At next level of optimization, anthers were cultured on 1ImgL™ to 10 mgL *concentrations of 2,4-D
along with two combinations of BAP=0.5mgL™" (B1,), Kinetin=1.5mgL™(K1s/10) and vice versa at
pre-optimized pretreatment in the present study for efficient callus production.

Explant preparation and establishment of culture

Pretreated floral buds were surface sterilized by using 0.1% HgCl,and 50% ethanol. First of all,
HgCl,wash was given for 3 minutes followed by a single wash of distilled water for 2 minutes.
Then50% ethanol was used for 2 minutes followed by two successive washes by distilled water for
4 minutes. Later, anthers were excised from buds for inoculation. Himedia’s MS media, PT021,
with CaCl, and Vitamins without Sucrose and Agar was employed for anther culture. Sucrose and
Agar were added in the concentration of 3% and 0.8% respectively. Culture conditions were
maintained at Temperature 25 + 1°C; Relative Humidity 50-60% and complete 24 hours dark
period. Control set without any pretreatment was also run.

Embryo like structures (ELS) observed on callus then subcultured on Himedia’s MS media, PT100
with combinations of BAP, Kinetin and NAA and maintained at Temperature 25 + 1°C; Relative
Humidity 50-60% and 16 hours light and 8 hours dark period. Control set without any growth
regulator was also run.

Ploidy analysis

Randomly thirty callus and ten leaves of the regenerated plantlets were selected for ploidy analysis
by Applied Biosystems attune acoustic focusing flow cytometer.

Data Analysis

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

RESULTS AND DISSCUSSION

The early to late uninucleate stage of microspore development in the anthers for pretreatment and
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inoculation was deduced by acetocarmine as a nuclear stain (Figure 1 D and E). The conducted
study confirmed that various pretreatments and level of 2,4-D has a significant effect (p < 0.05) on
anther callus induction (Table 1 and Table 2). Also, it was confirmed that interaction effect of both
factors was significant at 95% confidence level. The entire callus produced was rough and hard.
Initially, callus was white to pale yellow at early stages of development and in prolonged culture it
starts browning.

Table 1: Anther culture of C. roseus on MS media supplemented with growth regulators

exposed to different pretreatments.

Sr.  Explant Explant Pretreatment Growth Days to callus % callus
No. Number regulators induction induced
(mean +SD)
1 Control - _
2 Anther 100 Hst 35°C/3h 2,4-D=5 20 51.33+0.88
3 Hst 35°C/6h mgL™; 20 29.66+0.66
4 Cft 2K/3h NAA=0.5 29 29.33+1.20
5 Cft 2k/6h mgL™: 26 28.00+0.57
6 PEG 1.5%/2d BAP=2mgL" 24 37.66+0.33
7 PEG 3%/2d ! 25 32.00+1.00
8 Mann. 0.3M/2d 26 43.66+1.33
9 Mann. 0.7M/2d 25 40.00£0.57
10 Ct 8°C/5d 20 58.66+0.66
11 Ct 8°C/10d 21 66.33+1.74

The experimental set was repeated three times. Mean within columns are significant at P<0.05.
Table 2: Effect of different level of 2,4-D at pre-optimized pretreatment on callus induction

in Anther culture.

Sr. Explant Explant Growth Days Total % callus
No. No. Regulators  to callus callus induction
Induction induced (mean + SD)
1 Anther 50 Control 24 0.66+0.57 1.33+£1.15
2 D1N1/2B15/10 20 2.33+0.57 4.66%1.15
3 D1 Nis10 Bayz 23 3.00+0.00 6.00+0.00
4 D, Ny/2 Bisio 23 5.00+1.00 10.00+2.00
5 D2 N1s/10 Bayz 21 4.00+1.00 8.00+2.00
6 D3 N2 B1sio 19 6.00+1.00 12.00+2.00
7 D3 Nis/10 Bayz 23 7.33+0.57 14.66+1.15
8 D4 N1 Bis1o 21 13.00+£3.00 26.00+6.00
9 D4 Nis10 Bayz 18 12.66+2.08 25.33+4.16
10 D5 Ny/2 Bis/o 25 18.00+1.70 36.00+3.46
11 Ds Nis/10 Bay 24 19.66+0.57 39.33+1.15
12 Dg N1/2 B1s/1o 21 24.66+2.08 49.331+4.16
13 Dg N15/10 B1j2 22 26.00+1.00 52.00+£2.00
14 D7 N1/2B1s0 23 37.66+3.51 75.3317.02
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15 D7 N15/10B12 25 35.00+1.00 70.00+2.00
16 Dg N1/2B15/10 18 32.66%2.30 65.33+4.61
17 Dg N15/10B1/2 24 32.66+0.57 65.33+1.15
18 Dg N1/2B15/10 27 29.66x1.15 59.33£2.30
19 Dg N15/10B1/2 21 30.66+1.15 61.33+2.30
20 D10 N1/2B15/10 21 26.66x1.52 53.33£3.05
21 D10 N1510B1/2 24 26.00x0.00 52.00x0.00

The experimental set was repeated three times. Mean within columns are significant at P<0.05.
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Figurel: A. Donor Plant; B-F. Pollen developmental stages (B. Pollen tetrad formation, C.
Mature tetrad, D. Early uninucleate pollen, E. Late uninucleate pollen, F. Binucleate pollen)
The minimum period required for the response of anthers towards callus induction was found to be
20 days (Table 1). No response was observed in control set, this is in agreement with established
fact of androgenesis that a stress must be provided to a gametophyte so as to divert it towards
sporophytic development; similarly zero callus induction was reported in control set'*. In present
investigation highest rate of calli induction was reported in anthers pretreated at 8°C for 10 days
i.e. 66.33 + 1.74. The second maximal rate was again under the influence of cold treatment at 8°C
but for 5 days i.e. 58.66 = 0.66. Another pretreatment which was significant for callus induction
was heat shock at 35°C for 3 hours. This signifies the importance of temperature stress in the
divergence of the developmental pathway. Least response was found in centrifugation at 2000 rpm
for 6 hours i.e. 28.00 + 0.57 (Tablel).Tang et al.*® also reported that cold pretreatment (4°C/24hr)
was best for callus induction in Momordica charantia L. followed by heat shock while
6

centrifugation (2K rpm/12hr) has no significant effect. Likewise, Ranaweera and Pathirana®

reported the highest rate of callus induction in floral buds incubated at 8°C for 24 hours. But
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Cistue et al.’

conclude that mannitol pretreatment was better for some varieties of Barley than
cold treatment.

In the experiments on optimization of 2,4-D level, each concentration of 2,4-D is taken with two
combinations of NAA and BAP (Table 2) at pre-optimized pretreatment i.e. 8°C for 10 days. 2,4-D
being a potent callus inducer study was conducted at an entire admissible concentration of growth
regulators i.e. 1 to 10 mgL'l (D12 3....10).- The rate of calli induction increased with increasing
concentration of 2,4-D upto 7mgL™ and later decline in the rate was observed in further increase in
concentration. The best rate of callus induction was observed in 2,4-D=7mgL*, NAA=0.5mgL"
and BAP=1.5mgL™(Table 2). Similarly, Perera et al.'® deduce the mutual enhancing effect of NAA
and 2,4-D on pollen callus/fembryo formation. According to the report on wheat by Tomar and
Punia'® an increase in the concentration of 2, 4-D in culture media produced good callus.
Ranaweera and Pathirana™® while studying on Sesame cultivar MI3 conclude that media containing
2,4-D= 10mgL™ and 2mgL™ each of IAA and BAP gives the maximum calli production.
Confirmation of significant effect of pretreatments and 2,4-D concentration(in variables) on callus

induction can be inferred by taking other parameters as a constant.
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Graph 1: Callus derived ELS culture on MS media with growth regulators.
The experimental set was repeated three times. Mean within columns are not significant at P<0.05.
Here, B1=BAP 0.5mgL™"; B2=BAP 1.0mgL™; B3=BAP 1.5mgL™; B4=BAP 2.0mgL™; K1=KIN
0.5mgL; K2=KIN 1.0mgL%; K3=KIN 1.5mgL%; K4=KIN 2.0mgL™,
BN=BAP:NAA::1.5:0.5mgL™; KN=KIN:NAA::1.5:0.5mgL™;
BKN1=BAP:KIN:NAA::0.5:1.0:0.5mgL™; BKN2=BAP:KIN:NAA:: 1.0:0.5:0.5mgL™.
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Furthermore, randomly thirty callus sampled for ploidy analysis by flow cytometry showed 80%
haploid callus, whereas mixoploid were 6.66% and diploids were 13.33% (Figure3 A-D).
Likewise, such variation is also supported as microspore-derived calli and embryoids often show
aneuploids, dihaploids, and polyploids®.

The callus generated showed the presence of Embryo Like Structures (ELS) in more or less
number irrespective of the pretreatment (Figure 2). These ELS were cultured on twelve
combinations of growth regulators along with one control set showed a limited response towards
plant regeneration and the establishment of stable culture. Out of thirteen sets, only eight
experimental sets showed shoot induction by forming bifurcation and green coloration at an apical
position above the media. But only two combinations i.e. BAP:KIN:NAA::0.5:1.0:0.5mgL™ and
BAP:KIN:NAA::1.0:0.5:0.5mgL™ found to produce plantlets (Graph 1, Figure 4). These
regenerated plantlets could attain a maximum of 3.0£0.2cm shoot length. Establishment of
prolonged culture was not successful in the experiments performed. In case of callus induction,

Kim et al.?! obtained callus in media supplemented with 1ImgL™ NAA and 0.5 mgL™ Kinetin.

Singh et al.?? reported maximum calli in MS media with BAP and NAA at ImgL™ and shoot

proliferation at BAP 1.5mgL™ and NAA 1.0mgL™ for Catharanthus roseus. Multiple shoot
|.23

induction was reported by Mehta et a
NAA.

in MS medium supplemented with 0.5 mg/l BAP = 1mg/I

Figure 2: Callus induction in periwinkle showing ELS in anther culture of cold pretreated
buds at 8°C for 10 days.

L [ S L L

Figure 3: Flow cytometry analysis. A. Diploid standard, B-D. Variation in ploidy status of
callus (B. Haploid, C. Mixoploid and D. Diploid)
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A B C
Figure 4: Successive stages of plant regeneration from ELS in MS media with BAP 1.0mgL ™,

KIN 0.5mgL™" and NAA 0.5mgL™.
Moreover, indiscriminately all ten leaflets sampled and analyzed for ploidy status showed haploidy

(Figure 5 B). However, Kim et al.**

reported the high frequency plant regeneration from anther
derived cell suspension culture via somatic embryogenesis in Catharanthus roseus but plant

regenerated were all diploid.
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Figure 5: Flow cytometry analysis. A. Diploid standard, B. Haploid (Leaves of regenerated
plant)
CONCLUSION

From the findings, it is concluded that pretreatment and 2,4-D concentration has a significant
effect on the calli induction. Wherein, cold pretreatment at 8°C for 10 days is most significant and
least effective noted was centrifugation at 2000 rpm for 6 hours. Whereas, 2,4-D at 7mgL™
concentration was best for callus induction. Haploid induction efficiency was higher than
spontaneous diploidization in the experiment carried out. Besides, a protocol needs to be optimized
for the establishment of stable culture and dihaploid plant regeneration.

253 WWW.ajptr.com



http://www.ajptr.com/

Rambhauiji et. al., Am. J. PharmTech Res. 2016;6(4) ISSN: 2249-3387

ACKNOWLEDGMENT

Authors are grateful to Dr. Kiran Kharat, Head, CFALS, Deogiri College, Aurangabad (M.S.) for
providing flow cytometry facility and University Grants Commission, New Delhi for providing

fellowship.
REFERENCES

1. Zheng MY, Liu W, Weng Y, Polle E, Konzak CF. Production of doubled haploids in
Wheat (Triticum aestivum L.) through microspore embryogenesis triggered by inducer
chemicals. In Maluszynski M, Kasha KJ, Forster BP, Szarejko | (eds.), Doubled Haploid
production in crop plants- Amannual, Kluwer/Dordrecht/Boston/London 2002;83-94.

2. Cistué L, Romagosa I, Batlle F, Echavarri B. Improvements in the production of doubled
haploids in durum wheat (Triticum turgidum L.) through isolated microspore culture. Plant
Cell Reports 2009;28(5):727-35.

3. Xie JH, Gao MW, Liang ZQ, Shu QY, Cheng XY, Xue QZ. The effect of cool pretreatment
on the isolated microspore culture and the free amino acid change of anthers in japonica
rice (Oryza sativa L.). J Plant Physiol 1997;151:79-82.

4. Kiviharju E, Pehu E. The effect of cold and heat pretreatments on anther culture response
of Avena sativa and A. sterilis. Plant Cell Tiss Org Cult 1998;54:97-104.

5. Narkhedkar VR, Tidke JA, Chikhale NJ, Bhusari SN. Cold stress induced callogenesis
from isolated anthers of Catharanthus roseus (L.) G. Don. Int J Pharma Bio Sci
2016;7(2):40-45.

6. Saradamani N, Muralimohan S, Sudhakar R, Pola SV, Dora VSN. In vitro morphogenesis
in cultivated varieties of Sorghum bicolor (L.) Moench. Plant Cell Biotechnology and
Molecular Biology 2003;4:43-48.

7. Wei ZM, Kyo M, Harada H. Callus formation and plant regeneration through direct culture
of isolated pollen of Hordeum vulgare cv. Sabarlis. Theor Appl Genet 1986;72: 252-55.

8. Datta SK, Wenzel G. Isolated microspore derived plant formation via embryogenesis in
Triticum aestivum. Plant Sci 1987;48:49-54.

9. Datta SK, Wenzel G. Single microspore derived embryogenesis and plant formation in
barley (Hordeum vulgare). Arch Zeuchtungforch 1988; 18:125-31.

10. Datta SK, Potrykus I. Direct pollen embryogenesis in cereals. Experentia 1998; 44: 43.

WWW.ajptr.com 254



http://www.ajptr.com/

Rambhauiji et. al., Am. J. PharmTech Res. 2016; 6(4) ISSN: 2249-3387

11.

12.

13.
14.
15.

16.

17.

18.

19.

20.

21.

22.

23.

255

Négeli M, Schmid, JE, Stamp P, Buter P. Improved formation of regenerable callus in
isolated microspore culture of maize: impact of carbohydrates, plating density and time of
transfer. Plant Cell Rep 1999;19:177-84.

Srivastava P, Chaturvedi R. Increased production of azadirachtin from an improved method
of androgenic cultures of a medicinal tree Azadirachta indica A. Juss. Plant Signal Behav
2011;6(7):974-81.

Datta SK. Androgenic haploids: Factors controlling development and its application in crop
improvement. Curr Sci 2005;89(11):1870-78.

Ayed OS, Buyser JDe, Picard E, Trifa Y, Amara HS. Effect of pre-treatment on isolated
microspores culture ability in durum wheat (Triticum turgidum subsp. Durum Desf.). J
Plant Breeding Crop Sci 2010;2(2):30-38.

Tang Yi, Xiaomei Li, Juan Li, Chao Ma, Jia Lai, Huanxiu Li. Effect of different
pretreatment on callus formation from anther in balsam pear (Momordica charantia L.). J
Med Plants Res 2012;6(17):3393-95.

Ranaweera KKDS, Pathirana R. Optimization of media and conditions for callus induction
from anthers of Sesame cultivar MI3. J Natn Sci Coun Sri Lanka 1992;20(2):309-16.
Cistue L, Ramos A, Castillo AM. Influence of anther pretreatment and culture medium
composition on the production of barley doubled haploids from model and low responding
cultivars. Plant Cell Tiss Org Cult 1999;55:159-66.

Perera PIP, Yakandawala DMD, Hocher V, Verdeil, Weerakoon LK. Effect of growth
regulators on microspore embryogenesis in coconut anthers. Plant Cell Tiss Org Cult
2009;96:171-80.

Tomar PC, Punia MS. Callus induction and efficient plant regeneration in wheat (Triticum
aestivum L.). Annals of Agri Bio Research 2003;8(1):1-4.

Debata BK, Patnaik SN. In vitro anther and pollen culture for induction of haploids.Plant
Science Research in India (eds Trivedi ML, Gill BS, Saini SS). 1989;885-901.

Kim SW, Song NH, Jung KH, Kwak SS, Liu JR. High frequency plant regeneration from
anther-derived cell suspension cultures via somatic embryogenesis in Catharanthus roseus.
Plant Cell Rep 1994;13:319-32.

Singh R, Kharb P, Rani K. Rapid micropropagation and Callus Induction of Catharanthus

roseus in vitro Using Different Explants. World J Agric Sci 2011;7(6):699-704.
www.ajptr.com



http://www.ajptr.com/
http://www.academicjournals.org/JPBCS
http://www.academicjournals.org/JPBCS

Rambhauiji et. al., Am. J. PharmTech Res. 2016;6(4) ISSN: 2249-3387

24. Mehta J, Upadhyay D, Paras P, Ansari R, Rathore S, Tiwari S. Multiple shoots regeneration
of (anti-cancer plant) Catharanthus roseus - An important medicinal plant. Am J Pharm

Tech Res 2013;3(1):785-93.

/ AJPTR is
e Peer-reviewed
e bimonthly
e Rapid publication
Cubmit your manuscript at: editor@ajptr.com

WWW.ajptr.com



http://www.ajptr.com/
mailto:editor@ajptr.com

