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ARTICLE INFO ABSTRACT

Article history: Background: In vitro cell suspension cultivation systems have beenliargported as
Received 28 May 2016 safe and standardized methods for production afretary metabolites with medicinal
Accepted 29 July 2016 and agricultural interes€apsicum annuum is one of the most widely grown vegetable
Published 17 August 2016 in the world and its biological activities have bedemonstrated against insects, fungi,

bacteria and other groups of organisms. The detation of procedures for the
dedifferentiation of cells into callus cells ane tsubsequent study of the callus growth

Keywords: pattern are necessary for the establishment ofscelpbensions and also to subsidize
Callogenesis, growth curve, secondary studies regarding the bioactivity of its secondamtabolites. To date, no study has
metabolites. described the development of protocols for calhguction inC. annuum L. cv. Etna.

Objective: The objective of this study was to establish aqurok for dedifferentiation
of leaf cells of the cultiva€. annuum cv. Etna and to determine the growth pattern of
the calluses with a focus on the deceleration phaben the callus cells must be
subcultured into a liquid medium in order to edtdblcell suspension cultivations
aiming at the production of secondary metaboliResults: The treatment that resulted
in the highest %CI, ACCC and callus weight wasdbmbination of 4.52 uM 2,4-D +
0.44 uM BA. The calluses produced were friable ahitish and their growth pattern
followed a sigmoid shape. The deceleration phastest on the Z3day of cultivation.
Conclusion: Callus induction in leaf explants 6f annuum cv. Etnacan be achieved in
MS medium supplemented with 4.52 uM 2,4-D + 0.44 BM which results in high
cellular proliferation; in order to start a cellspension culture, callus cells on thé23
day of culture should be used.

INTRODUCTION

Capsicum annuum is a species of hot pepper which has been largetliesi because of its biological active
compounds (Koffi-Nevryet al., 2012). The insecticidal effect of its leaf extrhas been demonstrated, causing
antifeedant effect ilgpodoptera litura, a dangerous pest of many economically importeops; and imAchaea
Janata, which attacks leaves @ficinus communis (Devanand and Rani, 2011); its seed powder shomedd t
effect agains&itophilus zeamais and Callosobruchus maculatus, insects that cause damage in stored maize and
cowpea, respectively (Oni, 2011). Acaricidal effagere reported against the two-spotted spider mite
Tetranychus urticae, with high mortality in larva, nymph and adultgts (Erdogaset al., 2010). Its bactericidal
or inhibitory effects have been demonstrated ag&neptococcus mutans (Santoset al., 2012)Vibrio cholerae,
Saphylococcus aureus and Salmonella typhimurium (Koffi-Nevry et al., 2012), Ralstonia solanacearum,
Clavibacter michiganensis andErwinia carotovora (Gameset al., 2013). Antifungal effects have been reported
againstColletotrichum lindemunthianum, Candida tropicalis (Diz et al., 2011)andAlternaria solanii (Gameset
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al., 2013). The identification of the bioactivity €. annuum substances encourages the evaluation of their
utilization as alternatives in the control of agttaral pests.

Biotechnological approaches, more specifically plassue cultures, have potential as a supplement t
traditional agriculture in the industrial productiof bioactive plant metabolites (Rao and RavishanR002).
Cell suspension cultivation systems are used fagelascale culturing of plant cells from which sedary
metabolites are extracted. The advantages of tethad are: cell suspensions provide a continulgbte
source of natural products, which can be produtedrate similar or superior to that of intact gtafVanisree
et al., 2004);in vitro production overcomes the secondary metabolitemiagrical distribution in the intact
plants (Far and Taie, 2009); cultured cells are tfEmicrobes and insects and the cells of anytgan easily
be multiplied to yield their specific metabolitdBafsaeimehr and Mousavi, 2009); gireduction of secondary
compounds under controlled conditions preventstdlations in concentrations due to geographicalses,
and environmental variations (Murtleyal., 2014); and ensures sustainable conservatiomadiothal utilization
of biodiversity (Costet al., 2011). The determination of procedures for thdiffierentiation of cells into callus
cells and the subsequent study of the callus gropdtiern are necessary for the establishment df cel
suspensions (Santa al., 2015). Protocols for callus induction have bestablished for som€apsicum
species and varieties; Kintzias al. (2000) promoted callus induction in leaf explanfsC. annuum cv.
Colombo, Kittipongpatan&t al. (2007) induced callus in leaf explants ©f annuum, Umamaheswari and
Lalitha (2007) induced formation of large and ftaballuses in leaf explants &f annuum, Khanet al. (2011)
promoted callogenesis on internodal explant€.ahnuum cv. Pusa Jwala.

This research is part of a project in whiahvitro produced secondary metabolites fr@apsicum species
will be tested against agricultural pests and diseaTo date, no study has described the develdpoien
protocols for callus induction i€. annuum L. cv. Etna. As such, this study provides a prokdoo callus
induction from leaves and an identification of ttedlus growth pattern, focusing on the decelerapbase,
when the callus cells must be subcultured intoidiquedium in order to produce cell suspension cettand
the production of secondary metabolites.

MATERIALS AND METHODS

The experiments were carried out at the Plant €uiture Laboratory at Embrapa (Brazilian Agriav
Research Corporation) in Porto Velho, Brazil. Seefl€apsicum annuum L. cv. Etna were purchased at the
local market and submitted to disinfestation praced by washing with running tap water and a detgrggent
for five minutes, immersion in 70% ethanol for aneute and in a 1.5% (v/v) sodium hypochlorite ok for
15 minutes, and then rinsed three times with stevdter. Under aseptic conditions, the seeds weligidually
inoculated into test tubes with 10.0 mL of an MSu¢skhige and Skoog, 1962) basal culture medium
supplemented with 30.0 g'isucrose and 6.0 g'Lagar, pH 5.8, autoclaved at 121°C for 20 minuédter 45
days of cultivation, the plants were approximat8lycm tall. Under aseptic conditions, the explantren
produced by cutting the leaves in explants of T}, vhich were individually inoculated into test tsbeith
10.0 mL of an MS basal culture medium as mentidpefre, supplemented with 2,4-Dichlorophenoxyacetic
acid (2,4-D) (0, 4.52, 9.05 and 18.10 pM) and 6#8gaminopurine (BA) (0, 0.44, 2.22 and 11.10 pM) in
factorial combinations. All the explants were inatdd in a growth chamber at 26x£1°C under light gled by
cool white fluorescent tubes (50 pmol?ns?) 16 hours a day. Treatments were arranged in apledety
randomized design. After 49 days, evaluations wiemrge by assessing the percentage of explants whéus
induction occurred (%Cl); the explant area covebgdcallus cells (ACCC), according to Mendongtaal.
(2013), who established the following scores: 0%, @ = 25%, 2 = 50%, 3 = 75% and 4 = 100% of leaha
covered by callus; and the fresh weight of the &x3, by using a precision scale. Variance analgsdsTukey
tests (P<0.05) were performed by using the Assrstastatistical program.

In order to determine the growth curve, the exgamtre individually transferred, with the adaxiaté up,
into test tubes (25 x 150 mm) containing 10.0 mlawfMS basal culture medium as mentioned, supplden
with the growth regulators combination that redlilte the highest callus cell proliferation; 4.52 (|@#-D +
0.44 uM BA. The explants were incubated in a groetfamber under the mentioned conditions. In the
subsequent 49 days, calluses were carefully segafeim the culture medium and weighed. From tluzga
sets the lag, exponential, linear, deceleration dealine phases of callus growth were determineelseé data
were submitted to regression analysis (Gomes, 2009)

RESULTS AND DISCUSSION

Dedifferentiation became apparent on tied@y of culture, with a swelling of the explantsidrom the 7'
to the 14 day callus formation could be observed in somdaenp. The calluses thereby produced were friable
and whitish. As mentioned by Souenal. (2014), friable calluses are distinct from contpaalluses, as the
former are characterized by loosely aggregated,ceith lower density and the latter are thickegragates of
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cells with higher density. The friable calluses dadifferent cell types with different structural can
histochemical characteristics, mainly characterizgdhe presence of small isodiametric cells, rigpjglowing,
with high frequency of cell division (Souz al., 2011). This kind of callus can be used to itétigell
suspension cultures, for the cells can easily déspim the liquid medium.

There was no callus induction on the MS medium euthgrowth regulators, which indicates the necegssit
of their supplementation for callus formation (Tadl). All the tested combinations of 2,4-D and BA,
combination or not, led to the induction of callsisen the explants. Callus induction in all the axpd was
observed in five treatments; 11.10 uM BA; 4.52 pM-R + 0.44 uM BA; 4.52 uM 2,4-D + 2.22 uM BA; 9.05
UM 2,4-D + 0.44 uM BA; and 18.10 uM 2,4-D + 2.22 |BA. It is possible to establish an optimum range f
callus induction, with the combination of 2,4-D1fng}.52 to 9.05 uM with BA from 0.44 to 2.22 uM.

Khanet al. (2011) studied the effects of 2,4-D and BA ominbdal explants dE. annuum cv. Pusa Jwala
and observed 70% callus induction with the use®®0 Ju1M2,4-D in isolation (in comparison with 60% with
9.05 uM2,4-D observed in the present study); but the coatlin of 10.0 uM2,4-D + 1.78 pMBA resulted in
95% callus induction (in comparison with 60% obserwith 9.05 uM,4-D + 2.22 uMBA in this study).

Umamaheswari and Lalitha (2007) also recordeddhmdtion of large and friable calluses in leaf expé
of C. annuum, by supplementing the medium with 9.05 |2M-D in combination with the cytokinin kinetin
(KIN) at 2.32 pM. These authors tested several kioflexplants; young leaves, buds, pericarp tiseodal
segments, and placental region, cultivated in anm@8ium with 2,4-D, gibberellic acid (GA indole-3-acetic
acid (IAA), 1-naphthaleneacetic acid (NAA) and KilNdiverse combinations. The placental region stieahi
to the combination of 9.05 ui,4-D + 2.32 uMKIN surpassed all the other treatments in relatorthe
production of callus and this tissue is being uUsedhe commercial production of capsaicin.

Barbosaet al. (1994) observed different morphogenic responseshé same concentrations of BA,
Thidiazuron (TDZ) and adenine in apical, cotyledgnand hypocotyledonary explants @ annuum. In
general, TDZ and BA promoted callus formation and B isolation resulted in axillary bud formation.
However, BA at the concentration of 2.22 uM in &mn promoted moderate callus formation in the¢hr
types of explants (in the present work this coneion resulted in 40% callus induction in leaf kxys).

Callus induction is supposed to be reached withoembnal balance guaranteed by combinations of
exogenous growth regulators; auxins, cytokinins ementually gibberellins (Santes al., 2015). In general,
cytokinins and auxins, or only one of these classegrowth regulators, can be enough to promote the
induction; 2,4-D is the most often used auxin fos ppurpose and has been referred to as essengiafrie cases
(Santoset al., 2014a). The auxins are able to start cell divisind to control the processes of growth and cell
elongation (Nogueirat al., 2008). Often, slightly similar concentrationsaafxins and cytokinins in the culture
medium promote callus induction, but the resporeesteractions of these classes of growth regtdatan
vary according to the regulator, explant and gem®tyeculiarities (Cordeiret al., 2007). They can act together
in synergistic interaction or not, leading to déatiéntiation. These interactions have been usedtestdd in
different forms to establish and to refine the ¢éxamcentrations in each situation (Sardioal., 2014b).

The ACCC and the weight of the explants followee same pattern described by the %CI, with a trénd o
higher callus cell proliferation in a maximum rangith combinations of 2,4-D from 4.52 to 9.05 pMhvBA
from 0.44 to 2.22 yuM (Tables 2 and 3).

Specifically in relation to the ACCC, two treatmemlistinguished themselves from other treatmen&2 4
UM 2,4-D + 0.44 uM BA and 9.05 pM 2,4-D + 0.44 uM\Bwith scores of 4.00 and 3.60, respectively. A
similar study was developed by Santsal. (2014a), who found the highest ACCC (100%)Kialanchoe
pinnata Lam. leaf explants by supplementing the medium wWig2 uM 2,4-D + 8.88 uM BA, witB1% callus
induction and 50 to 100% leaf explants covered dijus cells. Santost al. (2015) evaluated the proliferation
of callus cells in leaf explants & carniconnectivum C. DC. and estimated the maximum ACCC from 47.79 to
48.59%, corresponding respectively to the suppléaten of the media with 10.58 uM BA and 9.57 uM-D,.
Cerqueiraet al. (2002) achieved high callus induction in leaf lexps of Tridax procumbens Linn. with 10.74
UM NAA + 8.88 UM BA, observing 100% of the explamea covered by callus cells.

Evaluating simultaneously the three variables; % CC and weight of the explants, the highest w&lue
at a significant level, were observed with the coration of 4.52 uM 2,4-D + 0.44 pM BA, which re®dtin
100% callus induction, the score 4.0 (100% of tkelant area covered by callus cells) and callusils &n
average weight of 713 mg. The same result was wbddoy Kittipongpatanat al. (2007), who found the
highest callus cell proliferation in leaf explanfsC. annuum with the combination of 4.52 uM 2,4-D + 0.44 uM
BA. However, the authors do not mention the cultioa variety utilized. Kintziost al. (2000) used much
higher concentrations; 13.6 uM 2,4-D + 9.0 uM BAptomote callus induction in leaf explants@fannuum
cv. Colombo.

Almost the same ratio observed in the present shatiween 2,4-D and BA (1 : 0.1) was found by Nufiez-
Palenius and Ochoa-Alejo (2005), who establishdl stespension ofC. annuum var. Tampiquefio 74 by
supplementing the MS medium with 6.25 uM 2,4-D 660uM BA.
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Kanget al. (2005) induced calluses & annuum L. cv. P1482 with 9.05 uM 2,4-D, in order to eststbla
cell suspension culture. In the present study tbiscentration was not very efficient to promoteluslcell
proliferation in relation to other treatments. éincbe attributed to the type of explant, for thediauthors do
not mentioned the organ used as a source of esplasing roots as a source of explants, Ma (200@)ded
calluses inC. annuum with a combination of 4.52 uM 2,4-D + 0.46 pM KINlhe same combination and
concentrations were used by Isktlkal. (2014) to produce calluses frd@ annuum hypocotyl explants. Kehie
et al. (2012) also used a combination of 2,4-D (9.05 [avidl KIN (2.32 uM) to promote callus induction in
hypocotyl tissue o€. chinense.

Callus growth. The callus growth pattern followed a sigmoid shéfigure 1). It was possible to identify a
lag phase from the day of inoculation until tHeday; an exponential phase from tH&@®@ the 17" day; a linear
phase from the I7to the 2% day; a deceleration phase from th& 28the 28 day; a stationary phase from the
29" to the 3% day; and a decline phase from th&'38 the 3% day.

In the scientific literature there were not fouriddies regarding the determination of callus groedhves
for the genusCapsicum. Callus growth curves in general are establistie@éntify the stages or phases of
fundamental growth processes, in order to deterrfireexact moment to subculture the calluses intewa
medium (Santogt al., 2010). These stages are: 1) lag phase: metbubbilization starts and synthesis of
proteins and specific metabolites occurs, withalit multiplication; 2) exponential phase: cell didin reaches
the maximum; 3) linear phase: cell division redyc8sdeceleration phase: cell division decreaseks cell
expansion occurs — this is when the cells havestrdnsferred to a new culture medium due to tdeation of
nutrients, agar dryness and accumulation of toulostances; 5) stationary phase: neither cell dimisior
weight increase occur, but the secondary metabadliteumulation reaches the maximum; and 6) dephase:
loss of weight due to cellular death (Cagral., 2008; Nogueirat al., 2008; Santost al., 2010).

The pattern of the callus curve is dependent orsgieeies and explant under consideration (Feibah,
2013) and the sigmoid pattern is peculiar to dediffitiated tissues (Peixogbal., 2011). The focus of callus
growth curves is to determine the beginning ofdbeeleration phase, which is the exact momenttowture
the calluses into a new liquid medium in orderdtablish cell suspensions (Sangbal., 2010). In this case, the
adequate moment to subculture callus cells fromdrglants ofC. annuum cv. Etna into a liquid medium is on
the 23" day. Likewise, Balbuenat al. (2009) used callus cells & solmsianum on the 24 day of culture to
initiate cell suspension cultures. Sangbsl. (2010) observed the deceleration phase startinfp® 4% day in
C. canephora calluses; Nogueir@t al. (2008) identified this phase starting on thé" @ay for Byrsonima
intermedia A. Juss.; and Castret al. (2008) found the beginning of this phase on thé" @ay for
Sryphnodendron adstringens (Mart.) Coville. Kehieet al. (2012) mention the callus subculture every 30sday
order to establish cell suspension cultures fropolptyl tissue o€. chinense cv. Naga King Chili.

The determination of a protocol for cellular dediffntiation and the study of the callus growthgrattnC.
annuum cv. Etna will allow the establishment of a cell peigsion culture. This suspension will provide
substances to be tested against agricultural pestsdiseases. Furthermore, as observed by Danetutle
(2005), cell suspension cultures can produce snbssathat are not produced by the plant that atgohit, so
they can be a source of new substances and thubionaetive compounds.

Table 1: Percentages of callus induction in leaf explarfit€.cannuum cv. Etnain an MS medium supplemented with BA and 2,4-D, 49
days after inoculation.

BA (uM)
2,4-D (uM) - 0.44 2.22 11.10
- 0bB 20 bB 40 bB 100 aA
4.52 40 aB 100 aA 100 aA 60 bB
9.05 60 aB 100 aA 60 bB 13cC
18.10 40 aB 67 aB 100 aA 60 bB

*Means followed by the same capital letter in tbe's or small letter in the columns do not diffegrsficantly at 5% probability by Tukey's
test.

Table 2: Scores (from 0.0 to 4.0) for area of the explanteced by callus cells (ACCC) &. annuum cv. Etnaleaf explants in an MS
medium supplemented with BA and 2,4-D, 49 dayg &ficulation.

BA (uM)
2,4-D (uM) - 0.44 2.22 11.10
- 0.00 aB 0.40 cB 0.40 bB 2.40 aA
4.52 0.80 aB 4.00 aA 1.40 bB 1.00 bB
9.05 0.80 aB 3.60 aA 0.80 bB 0.40 bB
18.10 0.87 aB 1.73 bA 2.40 aA 1.40 bB

*Means followed by the same capital letter in tbe's or small letter in the columns do not diffegrsficantly at 5% probability by Tukey's
test.
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Table 3: Average fresh weight (mg) &. annuum cv. Etnaleaf explants in an MS medium supplemented withéBd 2,4-D, 49 days after
inoculation.

BA (LM)
2,4-D (UM) - 0.44 2.22 11.10
- 2.93 aB 33.80 dB 52.25 cB 226.03 aA
452 70.93 aD 713.00 aA 252.52 aB 146.62 aC
9.05 112.02 aB 382.41 bA 103.86 cB 28.10 bC
18.10 53.28 aB 144.23 cA 167.44 bA 160.80 aA

*Means followed by the same capital letter in tbes or small letter in the columns do not diffegrsficantly at 5% probability by Tukey’s
test.

1160 1155

1011
1000 -

200 788

600

Weight (mg)

400

343

0 0 T T T 1

0 10 20 30 40
Days after inoculation

Fig. 1: Growth pattern o€. annuum cv. Etnacalluses cultivated in an MS medium supplementad %52 puM
2,4-D and 0.44 uM BA, with the lag (green), expdrar(yellow), linear (orange), deceleration (red),
stationary (blue) and decline (black) phases.

Conclusions:

Callus induction in leaf explants @ annuum cv. Etnacan be achieved in MS medium supplemented with
4.52 uM 2,4-D and 0.44 uM BA; callus cells on t/8 2lay of culture are appropriate to start a celpsnsion

culture.
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