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ABSTRACT
Catharanthus rosens (L.) also known as Madagascar periwinkle is a valuable ornamental and
medicinal plant mostly due to possessing two pharmaceutical important anticancer compounds;
vincristine and vinblastine. Successful and efficient methods for seed surface sterilization and 7 vitro
seed germination of C. roseus have been established in this study. Our analysis indicated that the effect
of the sterilizing treatments were significant (p = 0.05) for all the germination parameters assessed,
namely: NDFG (number of days of first germination), GP (germination percentage), MGT (mean
germination time), GR (germination rate) and CP (contamination percentage). The maximum GP
(94.66%) was observed in sterilized distilled water for 20 min as control whereas the lower GP (2.66%)
was observed in the 0.3% mercuric chloride treatment. For the surface sterilization treatments, we
observed the highest percentage of contamination (94.66% CP) in control seeds whereas the lower CP
was achieved by 5% Sodium Hypochlorite for 10 min and 0.3% mercuric chloride for 6 min (14.66%,
13.33%, respectively). In addition, the effect of concentration of minerals and sugars of germination
medium (sucrose and glucose) were significant (p = 0.05) for MGT, GR, GP, and NDFG. The maximum
GP (74.66%) were achieved by mineral water medium while the minimum (48.0%) was observed in
MS agar medium with 3% sucrose. The maximum length of shoot and root of i vitro developed
seedlings was achieved with the mineral water treatment. According to our results, we established the
best sterilization method (3% Sodium Hypochlorite for 5 min) and germination medium (mineral
water, using paper boat method) for 7 vifro seed germination and seedling development in C. rosess.
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1. INTRODUCTION

Contamination caused by bacteria, fungi, viruses, it is important to apply these sterilizing agents
yeast, etc. are considered as the main causes of at suitable concentrations for a specified period.
loss of samples during 77 vitro plant tissue culture. In spite of the best concentration and exposure
Sterilizing agents used during sanitization processes time, it is impossible to remove all the germs

should not affect the biological activity of the from plant tissue with a 3 to 15 percentage of
tissues while eliminating contaminants. Hence, contamination occurring over in plant propagated
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under laboratory condition [1]. The common
disinfectant agents which are widely recommended
in plant tissue culture techniques are sodium
hypochlorite (NaClO), calcium hypochlorite
(Ca(ClO),), mercuric chloride (HgCl,), silver
nitrate (AgNO,), ethanol (C,H,O) and hydrogen
peroxide (H,0,) [2].

In order to increase the population size as well as
preparation of sterilized tissue explants for further
experiments, 7z vitro seeds germination can be
considered as an alternative procedure. The main
factors which affect the 7 vitro seed germination
are selecting an appropriate germination medium,
the concentrations of sugar, minerals and also
additives, if required [3].

C. rosens (Apocynaceae) also known as Madagascar
periwinkle is a valuable ornamental and medicinal
plant mostly due to possessing two pharmaceutical
important anticancer compounds; vincristine and
vinblastine [4].

The seed, cotyledon and hypocotyl explants of
Madagascar periwinkle have been used for 7 vitro
secondary metabolites production and gene
manipulation studies. Therefore an efficient seed
surface sterilization and 7z vitro seed germination
protocol becomes a prerequisite for successful callus
induction, regeneration and genetic transformation
in an order to introduce trait of interest.
Hence, in the present study we attempt to enhance
the efficacy of seed surface sterilization protocol
as well as 2z vitro seed germination medium for
Catharanthus rosens (L.).

2. MATERIALS AND METHODS
2.1 Plant Material

The seeds of C. rosens procured from
Pakan-Bazr Company, Esfahan, Iran (Figure 1A).
The current experiments were attended at the
Department of Plant Production, Torbat Heydarieh
University, Iran with the objective to enhance the
effectiveness of the sterilizing agents on seed
surface sterilization with piddling side effect on
seed germination values and optimization of 7
vitro seed germination medium composition in
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order to obtain maximum percentage of 7 vitro
seed germination as well as seedling development.

2.2 Sterilization Treatments

Seeds of C. rosens were hand-sorted before
sterilization. For each treatment 25 seeds were
applicated and were soaked in distilled water
(DW) for 12 hours. The soaked seeds were then
treated with different concentrations of sterilizing
agents and exposure times under sterile condition
on a laminar flow cabinet as presented in table 1:

The seeds afterwards were rinsed three times
with sterile DW and were inoculated in test tubes
containing sterilized mineral water (MW) using
paper boat method (Figure 1C). These tubes were
shifted to the culture room with 25°C temperature
and 16/8 hours day light provided by fluorescent
tube lights (intensity of 40 umol/ms).

2.3 Germination Medium Treatment

In order to optimize the 7 vitro seed germination,
the seeds were surface sterilized with NaCIO 3%
(w/v) for 5 min (as the best result of section
2.2) and transferred aseptically on various fifteen
mediums as showed in table 2.

The pH of culture medium was adjusted to
5.8 (by using either HCl or NaOH), distributed into
vessels and autoclaved at 15 Psi, 15 min, 121°C.

2.4 Data Analysis

In order to determine the seeds germination
parameters we measured the radical emergence
duration. The C. roseus seedlings were developed
in the same time have been chosen and picked
up to measure the length of shoots and roots.
Twenty five healthy seeds were used for each trial
and all the trials were repeated at least three times.
IBM SPSS software (version 20) was applied in order
to carry out the ANOVA and Duncan Multiple
Range Test (DMRT) (P < 0.05). GP (germnation
percentage), MGT (mean germination time),
GR (germination rate) and CP (contamination
percentage) were recorded daily for 15 days.
Calculation of the seeds germination values have
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been done according to Younesikelaki et al. [5]
description.

3. RESULTS AND DISCUSSION
3.1 Seed Sutrface Sterilization

Various sterilizing agents were applied at
different concentrations and exposure times in
order to determine the optimum protocol for seed
surface sterilization and initiation of tissue culture
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of C. roseus (Table 1). Germination of seeds of
C. roseus was started within one to three days of
incubation. Treatment with absolute ethanol as
well as sterilized DW was ineffective; more than
90% contamination in both and no growth of
explants in the case of absolute ethanol has been
observed. Whereas dilution of ethanol up to 70%
increased the suitability of ethanol using as seed
surface sterilizing agent.

Table 1. Effect of diverse sterilization methods on 77 vitro seeds germination characteristics + std.

error in C. roseus.

Conc. of Sterilizing agent (7o) and

Duration of Treatment MGTZ*SE GR*SE GP*SE CPtSE NDFG*SE
Stetilized Distilled Water 30 min 3.68+0.82™  7.39£0.13°  94.66%1.33"  94.66+2.66' 1.33%0.33"
Mercuric Chloride 0.025 %, 2 min 5.5840.00" 2.40%0.15°  53.33%1.33°  33.33%1.33 2.67%0.33"
Mercuric Chloride 0.025 %, 4 min 576£0.87f%  2.00£0.01"  44.004239°  30.67+1.33"  2.67+0.33"
Mercuric Chloride 0.025 %, 6 min 8.63+0.43" 0.46+0.02>  18.66%1.33"  24.00£2.30"®  5.33%0.33"
Mercuric Chloride 0.05 %, 2 min 5.59+0.04° 1.45+0.05°  30.66+1.33°  29.33+133%  3.33+0.33™
Mercuric Chloride 0.05 %, 4 min 6.83+0.11"  0.36+£0.01°  10.66%1.33°  20.00+230°°  4.33%0.33"
Mercuric Chloride 0.05 %, 6 min 12.43+026™  0.1520.01°  6.66%1.33™  17.33%£1.33™  10.67+0.33'
Mercuric Chloride 0.1 %, 2 min 6.17+0.12° 0.2240.01"  9.33+1.33™  26.67+1.33%  533+0.33"
Mercuric Chlotide 0.1 %, 4 min 7.5040.22' 0.17+0.01"  533+133"  22.67+230™  6.67+0.66"
Mercuric Chlotide 0.1 %, 6 min 7760117 0.14+0.01"  4.00£1.33"  20.00+1.33  8.00+0.57"
Mercuric Chloride 0.2 %, 2 min 8.08+0.01’ 0.13£0.00°  533%1.33"  18.67+0.66™"  8.33+0.33"
Mercuric Chloride 0.2 %, 4 min 9.86+0.00' 0.09£0.03"  4.00+1.33"  1533%1.33"™  9.67+0.33"
Mercuric Chloride 0.2 %, 6 min 12.65+0.14™  0.07+0.01" 2.66+1.33" 13.33+1.33"  13.00£0.57
Mercuric Chloride 0.3 %, 2 min 135140.29°  0.26+0.21"  4.00£0.00'  14.67+1.33"  13.00£1.15
Metcuric Chloride 0.3 %, 4 min 14.02£0.04°  0.0620.03" 4.00£0.00° 10.67+1.33" 13.67£0.33
Mercuric Chloride 0.3 %, 6 min 14.13+0.03°  0.04£0.03'  2.66+0.1.33"  13.33+1.33"  13.67%0.88'
Sodium Hypochloride 1%, 5 min 3.3140.10" 8.30+0.11°  85.33%1.33°  33.33+230 1.67+0.33"
Sodium Hypochlotide 1%, 10 min 3.56+0.04" 8161014  7433%£2.66" 28.00%£1.33fghi  2.67+0.33"
Sodium Hypochloride 3%, 5 min 3.26+0.12" 7.80+£0.30"  77.33+133  30.66%1.33"  233%0.33"
Sodium Hypochloride 3%, 10 min 3.87+0.05™  7.21+0.08°  73.00£1.33"  26.66+1.33%"  2.00%0.57a"
Sodium Hypochloride 5%, 5 min 406201 7.10%0.065°  76.00£2.30"  22.66+1.33™  1.67£0.33"
Sodium Hypochlotide 5%, 10 min 4.2140.13° 6.60+0.22°  72.00£0.00"  14.66+0.66"  2.33%0.33™
Ethanol 70%, 2 min 3.3340.11" 10.3240.06  81.33%1.33 68.00+2.30 2.00+0.00"
Ethanol 70%, 5 min 4.79%0.04 6.53+0.17°  89.33+1.33' 58.66+3.52"  2.67+0.33"

Within each column, means with the same letter are not different (p < 0.05) significantly applying DMRT.
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At minimum concentration (0.025%) with
the shortest duration of exposure time (2 min),
HgCl, was not efficient as a sterilizing agent
where MGT, GR, GP, CP and NDFG were 5.58,
2.40, 53.33 and 2.67, respectively. By comparing
the sterilization agents over the germination
parameters (Table 1), it can be observed that HgCl,
is not suitable sterilizing agent for seed surface
sterilization of C. roseus. In addition, HgCl, also
destroyed the seeds coat which may affect the
seed germination values in C. roseus (Figure 1B).
Application of HgCl, as surface sterilizing agent
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have been reported, but it was also proved that
the application of HgCl, in the long exposure may
leads to the destruction of plant tissues and seed
mortality. Whereas short duration of application
may not removes the germs sufficiently [6].
NaClO treatment for 5 and 10 min at 1%,
3% and 5% w/v concentrations showed high
effectiveness as seed surface sterilizing agents
in C. rosens and seeds germination values were
not affected negatively and the best results were

achieved in treatment of the seeds with 3% or
5% NaClO -5 min (Table-1).

Figure 1. I vitro seeds germination of C. roseus. A) intact seeds, B) seeds coat destroyed by HgCl,, C)

seeds germination applying paper boat technique, D) seeds germination on: a- DW, b- MW (note the
length of shoot and root), c- /4 MS media free sugar, d- /2> MS media free sugar, e- full MS media free
sugar, f- full MS media 1% sucrose, g- full MS media 2% sucrose, h- full MS media 3% sucrose, i- full
MS media 1% glucose, j- full MS media 2% glucose, k- full MS media 3% glucose, 1- mineral water
solidified with agar, m- full MS media free sugar solidified with agar, n- full MS media 3% sucrose
solidified with agar, o- full MS media 3% glucose solidified with agar.
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The potent effect of NaClO against many species
of fungi and bacteria is because of formation of
HCIO during dilution in water and its concentration
has negative correlation with growth and activity
of fungi and bacteria due to its lethal damage on
DNA [7].

3.2 In vitro Seeds Germination

The seeds wete surface-stetilized (3% w/vNaClO
with duration of 5 min) followed by inoculation on
various germination medium in order to determine
the optimum 77 vitro seed germination condition
in C. roseusas described in table-2.
The ANOVA test indicated that various types of
seeds germination medium affect significantly the
seeds germination values (p = 0.05) (GR, GP,
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MGT, NDFG) and length of shoots and roots
of seedlings in C. rosens (Table-2).

Based on our measurments, the highest
GR-GP and lowest MGT-NDFG were found in
sterilized MW. In addition, the length of shoots
and roots were measured at the highest level in
sterilized MW as well. Whereas, the lowest seeds
germination values as well as length of shoots
and roots were observed in MS medium solidified
with agar and containing 3% sucrose.

According to our observations, the minerals
presented in sterilized MW initiate and accelerate
the seeds germination in C. rosexns. While seed
germination and seedling development values were
decreased by using Murashige and Skooge (MS)
minerals solution as germination media (Table-2).

Table 2. Effect of diverse media assayed on measured seeds germination characteristics t std. error

in C. roseus.

Type of Medium NDFG GP MGT GR MZ‘;:: ot Mf;‘:lgltzm
Distilled Wather 2.66+0.33"  70.33+2.66° 3.41£0.12° 5.80%0.03° 2.69+0.10° 3.51+0.08"
Mineral Wather 2.3310.33"  74.66+1.33" 3.1520.02" 8.02+0.22" 3.52+0.04"  3.41£0.07%
Y, MS Media Free Sugar 2.3310.33°  67.004230" 3.6410.22° 7.37£0.13" 3.3810.05"  1.03%0.03¢
1, MS Media Free Sugar 3.00+0.00 66.3311.33° 4.14+0.06% 5.72£0.16° 3.1820.06°  0.92+0.04°
Full MS Media Free Sugar 3.66+0.33"  64.66%1.33° 4.45+0.13°  4.60+0.06° 3.04£0.05%  0.71%0.02°
Full MS Media 1% Sucrose 3334033 62.33%11.33% 4.60+0.42° 3.98+0.03°° 2.98+0.04 0.67+0.03%
Full MS Media 2% Sucrose 4.0020.00° 58.66%2.66 5.05£0.05° 3.80%0.18™ 2.99+0.06"% 0.66+0.03
Full MS Media 3% Sucrose 433+0.33" 50.66%1.33™ 5.53%£0.20° 3.51%0.04" 2.7520.04" 0.55+0.03"
Full MS Media 1% Glocuse 2.66+0.33%  63.33+1.33° 4.32+0.18" 4.23+0.01% 3.0120.05"  0.69+0.03°
Full MS Media 2% Glocuse 3.3310.33% 59.33+2.66°" 4.9710.19% 3.91£0.05° 2.90%0.05*" 0.67+0.03"
Full MS Media 3% Glocuse 3.6610.33% 54.66+1.33" 5.16+0.10" 3.5520.10" 2.84%0.05" 0.58+0.03™
Mineral Wather + Agar 2.33+0.33"  68.66+1.33" 3.93+£0.09° 7.38+0.08" 3.33£0.05°  1.50£0.04°
Full MS Media + Agar Free Sugar  3.6620.33" 59.33£1.33 5.65+£0."™ 4.27£0.10° 3.07£0.04* 0.50+0.02"
Full MS Media + Agar +3% Sucrose ~ 4.66+0.33'  48.00+2.30" 5.84+0.06' 3.48+0.10" 1.95+0.04"  0.43+0.01"
Full MS Media + Agar +3%Glocuse ~ 4.3310.33" 50.66%1.33" 5.5720.09" 3.65+0.10" 2.23%0.06" 0.51+0.02"

Within each column, means with the same letter are not different (p < 0.05) significantly applying DMRT.



1112

It must be noted that sterilized DW had
insufficient minerals to activate or accelerate the
mechanism of germination compare to sterilized
MW, Interestingly, the solidification with agar and
the presence of sugars in the media showed negative
effects on in vitro seeds germination in C. roseus
(Table-2, Figure 1D). Based on the ANOVA test,
the concentrations of glucose and sucrose in the
seed germination media affect the seeds germination
values and seedlings development negatively. In
the other hand, we observed that increasing the
concentration of glucose and sucrose caused a
significant decrease in the germination values
and length of shoots and roots of seedlings in
C. rosens. This 1s in agreement with previous reports
for different plant species [8,9]. Sucrose involved
in signaling pathway as a signaling molecule for
seed germination regulation and development
of seedling [10].

The effect of the composition of the seed
germination media on 2 vitro seed germination
efficiency and seedling properties have been
reported in different plant species [5, 11].

4. CONCLUSIONS

The main aims of the present investigations were
first to define a sterilizing agent and optimization
of its concentration as well as exposure duration
and secondly, the development of an iz vitro
seeds germination media via manipulation of the
sugars and mineral concentrations to achieve the
maximum seeds germination values and seedlings
development. We report an optimized procedure
of in vitro seeds germination and development
of C. rosens. Based on our results, the 3% (w/v)
NaClO with duration of 5 min was the best
protocol for seed surface sterilization of C. roseus.
In addition, because of the negative effect of
sugars and high concentrations of minerals on
the 7n vitro germination and plantlet development,
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the sterilized mineral water (using paper boat
method) was the optimum germination medium
for this species. Hence, for further tissue culture
investigations we suggest to apply the mentioned
optimal protocols used for C. roseus seeds.

REFERENCES
[1] Leifert C., Waites W.M. and Nicholas J.R., J.
Appl. Bacteriol., 1989; 67: 353-361.

[2] Opyebanji O.B., Nweke O., Odebunmi O,
Galadima N.B,, Idris M, Nnodi UN., Afolabi A.S.
and Ogbadu G.H., Afr. J. Biotechnol., 2009; 8:
5395-99.

[3] Yan N, Hu H., Huang J.L., Xu K., Wang H.
and Zhou Z.K., Plant Cell Tiss. Org., 2000;
84: 113-117.

[4] Magdi El-Sayed, Young H.C., Frederich M.,
Sittiruk R. and Rob V., Biotechnol. Lett., 2004;
26: 793-798.

[5] Younesikelaki ES., Ebrahimzadeh M.H.,
Desfardi M.K., Banala M., Marka R. and
Nanna R.S,, Indian ]. Sci. Technol., 2016; 9(28):
1-5.

[6] Johnson M., Wesely E.G., Kavitha M.S. and
Uma V., Aszan Pac. |. Trop. Med., 2011;4: 196-
200.

[7] Dukan S., Belkin S. and Touati D., Biochern.
Biophys., 1999; 367(2): 311-316.

[8] Jang].C.and Sheen ., Trends Plant Sci., 1997,
2(6): 208-214.

[9] XuFE,Tan X.and Wang Z., Int. |. Biol., 2010;
2(1): 150-154.

[10] Arnd S. and Guo-Qing T., Trends Plant Sci.,
1999; 4(10): 401-407.

[11] Gibson S.1., Curr. Opin. Plant Biol., 2005;
8(1): 93-102.



