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Abstract A high frequency simple method of plant
regeneration has been developed in male sterile line MS
12 of chilli. Different factors affecting plant regeneration
were studied i.e., age of the explant, wounding of the
cotyledons and the media composition. Cotyledons of
8-day old in vitro grown seedlings were excised and
cultured on MS media supplemented with different
concentrations and combinations of BAP, kinetin and
IAA. The frequency of plant regeneration, days taken to
plant regeneration and number of shoots per explant were
influenced by age of explants, wounding and
concentrations of growth regulators added to the media.
Twenty four day old wounded cotyledons recoded
maximum plant regeneration (77.77 %), minimum days
to plant regeneration and maximum number of shoots
(20.00) on MS media supplemented with BAP (9mg l-1),
kin (2 mg l-1) and IAA (2 mg l-1) which declined
significantly with either decrease or increase from this
optimum level. The shoots when attained approximately
2 cm height were sub-cultured onto the ½ strength MS
medium supplemented with IBA (2mg/l) for one week

and subsequently transferred to the ½ MS hormone free
medium on which simultaneous shoot elongation as well
as root formation took place. The plantlets thus obtained
were transferred to poly bags containing FYM:sand:soil
in the ratio of 1:1:1 under glass house conditions for
establishment..
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Introduction

Chilli (Capsicum annuum L.) is an indispensable ingredient
employed for food preparation in the world and an
important product utilized in the pharmaceutical, food,
cosmetic and poultry industries. India is the world’s
largest producer of chillies producing over 25 percent
of the world’s production, closely followed by China
(24.00 percent), Spain (17.00 percent) and Mexico (8.00
percent). Due to the strong domestic demand in India
only about 4 percent of total production is exported (Juan,
2009). To meet the domestic as well as foreign market
demand of chilli development of superior genotypes is
among few options available.

Chilli is a cross pollinated plant with a high level of
heterogeneity in seed population (Tanksley, 1984). Such
variability is undesirable in commercial chilli seed
production because of a high proportion of offtypes.
Superiority of F1 hybrids have been reported for fruit
yield, earliness, high productivity, high fruit weight and
dry recovery (Hundal, 1995). Chilli cultivation in Punjab
was revolutionized by evolution of chilli hybrids CH1
and CH3 at Punjab Agricultural University, Ludhiana,
which involves genetic male sterile line MS 12 as female
parent. The major bottleneck in this line is the occurrence
of 1:1 ratio of fertile: sterile plants which require rouging
of fertile plants at the time of anthesis by observing each
and every individual (Hundal and Khurana, 1993). If the
asexual reproduction of elite stocks can be done using
biotechnological tools, the tedious rouging process can
be avoided and seed yield per unit area can be increased.
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Moreover, red pepper does not have natural ability for
vegetative propagation. Therefore, in vitro propagation
methods may be used for its clonal multiplication.
Several tissue culture protocols have been described
(Phillips and Hubstenberger, 1985; Agrawal et al.,. 1989;
Ochoa-Alejo and Ireta-Moreno, 1990; Arroyo and
Revilla, 1991; Valera-Montero and Ochoa-Alejo 1992;
Ebida and Hu 1993; Ezura et al., 1993; Christopher and
Rajam, 1994; Binzel et al., 1996; Ahmad et al., 2006).
Additionally, achieving the elongation of in vitro formed
shoot buds in itself poses a considerable challenge
because the ill-defined buds or shoot like structures either
resist elongation or produce rosettes of  distorted leaves
which generally do not produce normal shoots (Arroyo
and Revilla, 1991; Valera-Montero and Ochoa-Alejo,
1992). This obstacle is related to the high diversity of
the existing genotypes, which results in a great variety
of responses to in vitro tissue culture. Earlier, meager
work has been done on clonal propagation of male sterile
lines which would facilitate the 100 percent genetically
pure plant stand as well as utilization of male sterile
plants in other hybridization programmes. Therefore,
in the present investigation following factors were
studied i.e. age of seedlings, wounding of cotyledons
and the media composition.

Materials and Methods

The seeds of chilli male sterile line MS 12  were surface
sterilized with 75 percent commercial bleach for 20
minutes followed by four to five rinses in sterile water
and germinated on half strength (inorganic salts strength
reduced to half) (Murashige and Skoog, 1962) media
containing thiamine HCl (0.1 mg l-1), pyridoxine HCl
(0.5 mg l-1), nicotinic acid (0.5 mg l-1), myo-inositol
(100 mg l-1), sucrose (3.0 g l-1) and agar (0.8 %). The
pH of media was adjusted to 5.8 by adding 1N NaOH/
1N HCl solution drop-wise. The in vitro germinated
seedlings served as an explant source for plant
regeneration studies. Cotyledons were excised from 12,
18, 24 and 30 day old in vitro grown seedlings.
Cotyledons were wounded under laminar air flow cabinet
with the help of sterilized needles, scalpels and forceps.
These explants were inoculated onto MS media
supplemented with combinations and concentrations of
BAP, kinetin and IAA (Table 1).  The media was first
dispensed into glass jars (100 ml/jar) when still hot.
These glass jars were properly capped before
autoclaving at 1.05 kg cm-1 square pressure and 121°C
temperature for 22 minutes. To prevent the inoculation
of microbes, all decontamination procedures and aseptic
manipulations were performed in a laminar flow hood
(Kreider, 1968).  The experiment was repeated five
times. The number of explants per genotypes varied

from 100-200. The observations were recorded on
percent plant regeneration, days taken to shoot
regeneration and number of shoots per culture. The data
were analyzed following the computer software package
CPCS-I using factorial CRD design (Singh and Cheema,
1985).

Results and Discussion

Percent Plant Regeneration

Although, regeneration in chilli was successfully
performed for variety of cultivars for many years (Phillips
and Hubstenberger, 1985; Agrawal et al.,. 1989; Ochoa-
Alejo and Ireta-Moreno, 1990; Arroyo and Revilla, 1991;
Valera-Montero and Ochoa-Alejo 1992; Ebida and Hu
1993; Ahmad et al., 2006). but a meager work has been
done on micropropagation of chilli male sterile line.
Therefore, miropropagation of chilli male sterile line was
undertaken to determine the in vitro morphogenic
response of cultured explants as affected by different
factors.  In vitro plant regeneration is the result of
interplay of factors including source of explant, culture
medium and plant growth regulators concentration and
culture conditions (Bhatia  et al., 2004 ). Percent plant
regeneration varied significantly with the age of the
explants, wounding of explants as well as media
composition. The data presented in Fig. 1 and Fig. 2 on
wounded and unwounded cotyledons, respectively,
indicated that lower level of growth regulators did not
enhance per cent plant regeneration in all the age groups
which reached to a maximum in twenty four day old
cotyledons on MS 5 media supplemented with BAP (9mg
l-1), kin (2 mg l-1) and IAA (2 mg l-1). With either
decrease or increase from the optimum level, a
significant decline in percent plant regeneration was
recorded in all the age groups. The comparison of
percent plant regeneration in Fig. 1 and Fig. 2 on percent
plant regeneration indicated that wounding of cotyledon
explants resulted in higher per cent plant regeneration
than the unwounded explants owing to better absorption
of nutrients on cut surface. Ramirez-Malagon and
Ochoa-Alejo, (1996) reported that 9 d old wounded
hypocotyl were the best explants for shoot regeneration
when inoculated on culture medium without growth
regulators. It was observed that very high levels of BAP
(9mg l-1) were necessary for maximal shoot regeneration
(Hossain et al., 2003). Shivegowda et al., (2003)
reported that in vitro regeneration was greatly influenced
by the cytokinins used. Different combinations of BAP
along with IAA, or kinetin also have been reported to
induce plant regeneration (Agrawal et al., 1989). Gupta
et al., (1998) also reported that BAP 3 mg/l and IAA 1
mg/l were the best shooting supplement.
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Number of days taken for shoot regeneration

It was observed from data presented in Fig. 3 and 4
that the number of days taken for shoot bud initiation
from wounded and unwounded cotyledon explants
varied from 22-28 days. The minimum number of days
i.e. 22.66 was taken by the 24 day old wounded
cotyledons followed by 18 day old (24.33) on M6 media
containing BAP (10mg l-1), kin (5 mg l-1) and IAA (1 mg
l-1). Similarly, in unwounded cotyledons as presented in
Fig 4 it was observed that minimum number of days to
shoot regeneration were taken on M6 media by 18 days
old cotyledons i.e. 24.66 followed by 24 day old.

Number of shoots

Data on the average number of shoots from wounded
as well as unwounded cotyledons on different media
compositions and age groups is presented in Fig 5 and
6, respectively. The maximum number of shoots per
explant were recorded  on MS media supplemented with

BAP (9 mg l-1), kin (2 mg l-1) and IAA (2 mg l-1) in
wounded as well as unwounded 24 day explants i.e. 20
and 17 shoots, respectively. But the number of shoots
were reduced with either increase or decrease in the
concentration of growth regulators. The results showed
that 24 day old wounded cotyledons were best explants
for generating more number of shoots per explant (20.0)
followed by 18 day old wounded cotyledons (18.0) and
24 day old unwounded cotyledon explants i.e. 17.0
shoots per explant. Chilli unlike solanaceous species is
considered recalcitrant to regeneration especially at the
shoot elongation stage and is the main obstacle in
obtaining normal plants. In chilli micropropagation,
auxins like IAA in combination with cytokinins like BAP
and Kinetin was extensively used for shoot regeneration.
The ratio of BAP and IAA i.e. high BAP/low IAA, low
BAP/ low IAA and low IAA alone has been reported
necessary for normal shoot induction, shoot elongation
and optimum rooting, respectively (Phillips and
Hubstenberger, 1985). Withdrawal of IAA from the
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Figure 1. Per cent shoot regeneration from wounded coty-
ledons as affected by ages of explants and combination
and concentration of growth regulators
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Figure 2. Per cent shoot regeneration from unwounded coty-
ledons as affected by ages of explants and combination
and concentration of growth regulators
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Figure 3. Number of days taken to shoot regeneration from
wounded cotyledons as affected by ages of explants and
combination and concentration of growth regulators
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 Figure 4. Number of days taken to shoot regeneration from
unwounded cotyledons as affected by ages of explants
and combination and concentration of growth regulators
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regeneration medium resulted in an increase in the
number of shoots but shoot buds were small (Agrawal
et al 1989).

Rooting and acclimatization

Shoots thus obtained were isolated aseptically and placed
on the rooting media. The percent rooting was 100
percent when in vitro raised shoots were cultured on ½
strength MS medium supplemented with IBA (2mg/l)
for one week and subsequently transferred to the ½
MS hormone free medium and took two weeks for root
initiation. Simultaneous shoot elongation and root
formation took place within 10-15 days of culturing on
the rooting media. Root system was fully developed
within 20-25 days. The roots were well developed and
healthy in appearance. Our observations are consistent
with the earlier finding in which IBA was successfully
employed for rooting in Capsicum (Agrawal et al. 1988).
Shivegowda et al (2002) reported that IBA was superior
to IAA for rooting of shoots in chilli. Ramirez-Malagon
R and Ochoa-Alejo N (1996) reported that rooting was
achieved by giving IBA pulses of 60 mg/L for 3 h to
shoots followed by sub-culturing on MS medium without
growth regulators. Christopher & Rajam (1996) reported
that rooting of regenerated shoots was achieved on 5.7

Figure 5 . Number of shoots regenerated from wounded
cotyledons as affected by ages of explants and combina-
tion and concentration of growth regulators
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Figure 6 . Number of shoots regenerated from unwounded
cotyledons as affected by ages of explants and combina-
tion and concentration of growth regulators
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Table1: Different concentrations and combinations of BAP,
kinetin and IAA used for the shoot regeneration in chilli
Medium  Abbreviation 
MS + BAP 1mg/l +Kin 1 mg/l +IAA0.5 mg/l MS1 
MS +  BAP 3 mg/l +Kin 2mg/l +IAA1mg/l MS2 
MS +  BAP 6mg/l + Kin 4mg/l  +IAA 1mg/l MS3 
MS +  BAP 7.5 mg/l +Kin 3 mg/l +IAA 1mg/l MS4 
MS +  BAP 9 mg/l +Kin 2mg/l  +IAA 1mg/l MS5 
MS +  BAP 10 mg/l +Kin 5mg/l  +IAA 1mg/l MS6 
MS +  BAP 10 mg/l +Kin 7.5 mg/l +IAA 1 mg/l MS7 
 

µM IAA containing medium, and the rooting response
was better from shoots induced on medium fortified
with 5.7 µM  IAA plus 13.3 µM  BA.  Phillips and
Hubstenberger reported (1985) that MS media containing
0.05 mg/1 each of IAA and BA promoted shoot
elongation and rooting of some explant sources, while
0.05-4 mg/1 IAA with 10-50 mg/1 BA promoted
adventitious shoot bud formation.

Since the micropropagated plants are raised in the most
congenial environmental conditions, hardening is
imperative to ensure the survival of the micropropagated
plants upon transfer to soil under the natural conditions
Therefore, plantlets were hardened for three days prior
to transfer to soil on moist cotton with ½ MS salts.
Keeping the potted plants under high humidity during
first six days helped a lot to obtain the high survival
after planting. Plants having 4-5 well developed leaves
performed well after their transfer to soil. The
regenerated plants did not show any detectable variation
in morphology, exhibited vigorous growth, well
developed branches, attained early maturity and displayed
the features of male sterility. The experiment replicated
for several cycles indicated the reproducibility of the
protocol. The tissue culture approach appears highly
relevant to multiplication of male sterile lines for further
use in hybrid seed production.

lkjka'k

fepZ ds ms/2 fiRr ̀vuqoZj iafDr esa fodkl mPp vkòfRr lkekU;
fo/k ds ikS/k iqu:Riknu }kjk fd;k x;kA ikS/k iqu:Riknu dks
izHkkfor djus okys fofHkUu xq.kd tSls ,El ikS/k mez] cht i= dh
t[e vkSj ek/;e la?kVd cht i= dh 8 fnu mez JAA vkSj
dkbusfVu] BAP dh la?kVd vkSj fofHkUu ek=k ds lkFk ms ek/;e
iwjd ij Ñf=e vkSj vkckndkjh esa ikS/k òf) FkkA foVªks esa ikS/k
iqu:Riknu dh vkòfr] ikS/k ysus dk fnu vkSj ,El ikS/k dyh dh
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la[;k dks ek/;e dh òf) la?kVd vkSj t[e ,El ikS/k dh meZ
izHkkfor djrk gSA 24 fnu dh cht i= t[e dks JAA vkSj BAP
ds lkFk ms ek/;e iwjd ij mPp ikS/k iqu:Riknu (77.77%)
U;wure ikS/k iqu:Riknu fnu ds fy, vafdr fd;k ftlesa bl Lrj
ls òf)] ,o U;wure ds lkFk lkFkZd FkkA dyh tc ,d lIrkg ds
fy, IBA ds lkFk ms ek/;e ij ò)d eqDr ek/;e ds i’pkr~
LFkkukarfjr fd;kA fo"kk.kq [kkn% jsr% feV~Vh (1:1:1) dks Xykl ?kj
fLFkfr esa LFkkukUrfjr dj fn;k x;kA

References

Agrawal S, Chandra N and Kothari SL (1989) Plant regeneration
in tissue cultures of pepper (Capsicum annuum L. cv.
Mathania). Pl. Cell Tiss. Org. Cult. 16: 47-55.

Agrawal S, Chandra N, Kothari SL (1988) Shoot tip culture of
pepper for micropropagation. Curr. Sci. 57: 1347-1349.

Ahmad N, Siddique I and  Anis M (2006) Improved plant
regeneration in Capsicum annuum L. from nodal segments.
Biol. Plant. 50 (4): 701-704.

Arroyo R and Revilla MA (1991) In vitro plant regeneration from
cotyledon and hypocotyl segments in two bell pepper
cultivars. Pl. Cell Rep 10: 414-416.

Bhatia P, Ashwath N, Senaratna T and Mid More D (2004) Tissue
culture studies in tomato (Lycopersicon esculentum L.). Pl
Cell Tiss Org Cult. 78:1-21.

Binzel ML, Sankhla N, Joshi S and Sankhla D (1996) Induction of
direct somatic embryogenesis and plant regeneration in
pepper (Capsicum annuum L.). Pl Cell Rep.  15: 536-540.

Christopher T and Rajam MV (1996) Effect of genotype, explants
and medium on in vitro regeneration of red pepper. Pl Cell
Tiss. Org. Cult. 46:245-250.

Christopher T, Rajam MV (1994) In vitro clonal propagation of
Capsicum spp. Pl. Cell Tiss. Org. Cult 38: 25-29.

Ebida AI and Hu CY (1993) In vitro morphogenetic responses
and plant regeneration from pepper (Capsicum annuum L.
cv. Early California Wonder) seedling explants. Plant Cell
Rep. 13: 107-l 10.

Ezura H, Nishimiya S and Kusumi M (1993) Efficient regeneration
of plants independent of exogeneous growth regulators in
bell pepper (Capsicum annuum L.). Pl Cell Rep. 12:

676-680.
Gupta CG, Lakshmi N and Srivalli T (1998) Micropropagation

studies on a male sterile line of Capsicul annuum L. at
Nagarjuna University, Caps.  Eggpl.  Newslett. 17: 42-45.

Hossain AM, Kunihiko K, Mineo M and Kazuhiro N  (2003)
Somaclonal variation of regenerated plants in chilli pepper
(Capsicum annuum L.) Euphytica. 130: 233-239.

Hundal JS (1995) Progress of heterosis breeding in chilli at PAU
Ludhiana. The Pb. Veg. Grower. 30:58-61.

Hundal JS and Khurana DS (1993) CH-1:A new hybrid of chilli.
Prog. Fmg.  29 (2) :11, 13.

Juan H (2009) Trading in chillies NCDEX (India). http://
www.chilefoundry.co.uk/?p=1634

Kreider JW (1968) Some practical aspects of the use of laminar
air flow systems for tissue culture manipulations. Appl.
Microb. 16:1804-1805.

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

Ochoa-Alejo N and Ireta-Moreno L (1990) Cultivar differences
in shoot-forming capacity of hypocotyl tissues of chilli
pepper (Cupsicum annuum L.) culture in vitro. Sci. Hort.
42: 21-28.

Phillips GC and Hubstenberger JF (1985) Organogenesis in
pepper tissue cultures. Pl. Cell Tiss. Org. Cult. 4: 261-269.

Ramirez-Malagon R and Ochoa-Alejo N (1996) An improved and
reliable chilli pepper (Capsicum annuum L.) plant
regeneration method Pl. Cell Rep. 16:226-231.

Shivegowda ST, Mythili JB, Lalitha A, Suiprasad GVS, Gowda R
and Gowda TKS (2002) In vitro  regeneration and
transformation in chilli pepper (Capsicum annuum L.) J.
Hort. Sci. Biotech.77(5):629-634.

Singh B and Cheema CS (1985) CPCS-computer software package,
Punjab Agricultural University, Ludhiana, India.

Tanksley DS (1984) High rates of cross-pollination in Chile
pepper. Hort. Sci. 4:580-582.

Valera-Montero LL and Ochoa-Alejo N (1992) A novel approach
for chilli pepper (Capsicum unnuum L.) plant regeneration:
shoot induction in rooted hypocotyls. Plant Sci. 84:
215-219.


