Morphogenetic Responses in Vitro of Hypocotyl Tissues 1
of Chili Pepper (Capsicum annuum L..) to Growth Regulators

ABSTRACT

Cultured hypoctyl sections of chili pepper (Capsicum
annuum L., anche type, var, Esmeralda) derived from asepti-
cally germinated seedlings were evaluated on the basis of
their morphogenetic responses to combinations of IAA with
BA, Kin or 2iP, and NAA or 2, 4-D with BA, Shoot and root
differentiotion and callus formation were observed on the
cut ends of the explantsafter eight weeks of incubation under
continuous light at 25 = 2°C. Regeneration of adventitious
shoots was more prolific in explints cultured on Murashige
and Skoog basal medium (MS) containing 5-50 oM IAA plus
either 25-50 oM BA or 2iP, wheseas rhizogenesis predomi-
nated in hypocotyl segments incubated on media supplemen-
ted with FAA or NAA alone (1-50 M), IAA induced com-
pact callus at all the concentrations tested (1-50 uM). NAA
produced compuct or friable callus depending on the quantity
added to the medium, whereas 2, 4-D elicited friable callus
development.

INTRODUCTION

ecause of their rich aroma, flavor, pungency
and color, chili peppers are important ifems in
the human diet around the world, Latin Amer-
icans being the main consumers. Chili peppers help to
preserve food, have medicinal value, are an excelient
source of vitamins A and C, and are low in caloric
value (9). The most important cultivated chili pepper
species of the northern hemisphere is Capsicum
annuum, having its center of domestication in Mexico
{19).

Piant celi and tissue cultures have been used as al-
ternative systems for plant improvement {1, 5, 15).
Because of their regeneration capability, cells and tis-
sues of Solanaceae have been extensively used for in
vitro studies. For example, totipotency was first de-
monstrated in single cells of Nicotiana tabacum (20},
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COMPENDIO

Secciones de hipocotilo de chile (Capsicum annuum 1.;
tipo ancho var. Esmeralda) derivadas de plintulas obtenidas
en condiciones asépticas fueron evaluadas con base en sus res-
puestas morfogenéticas en combinaciones de fdcido indolacé-
tico (IAA) con benciladenina (BA), cinetina (Kin) o 2-isopen-
tenitadenina (2iP); y dcido naftalenacético (NAA) o acido
2, 4-diclorofenoxiacético (2, 4-D) con BA. La diferencincidon
de brotes adventicios y rafees, ¥ la formacion de callos fue
observada en los extremos de los explantes después de ocho
semanas de incubgzeion en fuz continua y & 25 & 2°C, La rege-
neracién de brotes adventicios fue mds abundante en explan-
tes cultivados en el medio bdsico de Murashige y Skoog (MS)
conteniendo 5-50 uM de JAA mds 25-50 uM de BA o 2iP,
mientras que ka rizogénesis prodomind en segmentos de hipo-
eotito incubados en medios que contenizn FAA o NAA solos
{1-50 uM). El IAA indujo callos compactos en todas las con-
centraciones probadas {1-30 uM). El NAA produjo callos
compactos o frinbles dependiendo de In cantidad adicionada
al medio de cultivo, mientras que el 2, 4-D indujo ef desarro-
{lo de caltos friables,

and the first haploid plants regenerated in vitro were
derived from anther cultures of Datura innoxia (7).

Morphogenetic studies with cells and tissues of
Capsiciom are limited. There are only two reporis on
plant regeneration from culiured hypocotyl and coty-
ledon segments (8, 15). Fari and Czako (3) studied
the relationship between the position of the explant
taken from the hypocotyl and their morphopenetic
responses 1 vitra The isolation and culture of pro-
toplast of Cupsiciom annuum and their regeneration
into plants has been described by Saxena er al. {17).
The obtention of haploid plants through in virro tech-
niques has also been achieved (6, 18) Since the
knowledge of the tissue culture responses of chili
pepper is still limited, and considering that the opti-
mum concentration of prowth regulators for organ
induction varies with cultivar (12), it would be ¢on-
venient to extend the studies of morphogenesis to
other Capsiciom materizls These kind of investigations
may be uselul for sccelerated vegetative multiplica-
tion of superior individuals or {or the improvement of
chili pepper via penetic transformation techniques
{10, 13)

The purpose of the present study was to investi-
gate the morphogenetic responses of hypocotvl seg-
ments of chili pepper cuitured in the presence of dif-
ferent combinations of growth regulators.
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MATERIALS AND METHODS

Seeds of chili pepper (Capsicum annuum L ancho
type var. Esmeraida) were surface sterilized by im-
mersion in 96% ethanol for 5 min followed by
20 min in 20% {v/v) commercial bleaching sclution
(Cloralex) containing 0 1% Tween 20 After washing
thoroughly in sterile deionized water, the seeds were
sown on the basal medium described by Murashinge
and Skoog {14) and were incubated at 25 & 2°C
under continuous light (daylight fluorescent tubes;
1 300-2 000 lux) for four weeks Hypocotyl explants
(1 cn: in length) were excised from the seediings and
the segments were transferred to glass bottles (100 ml)
containing 20 ml of MS basal medium supplemented
with auxins and cytokinins at various concentrations
The auxins, indoleacetic acid (1AA), naphtholeneace-
tic acid (NAA) and 2, 4-dichlorophenoxyacetic acid
(2, 4-D), and the cyiokinins, benzyladenine {(BA},
Zisopentenyladenine (2iP) and Kinetin (Kinj were
tested at concentrations of 0, 1, 5, 125, 25 and
50 uM. Sucrose (3%) was added to the media as car-
bon source The pH was adjusted to 5 7 before auto-
claving (121°C: 20 min) and the media were gelled
with 0 8% agar Thirty-six treatments {including a
contral lacking phytoregulators) resulied from each
auxin/cytokinin combination For each treatmenl ten
bottles were inoculated with two explants each Cub-
tures were maintained for eight weeks under the same
conditions described for aseptic seed germination

Al the experiments were carried oul at least twice
RESULIS
Effect of FAA/BA

Figures | and 2 show the growth and morphoge-
netic responses of ¢hili pepper hypocotyl segments to
varicus concentrations of 1AA and BA When the ex-
plants were grown on media supplemented with TAA
alone there was no shoot induction Low percentages
of shooting (3-59%) were observed in the presence of
BA alone (Fig 2a) However, when BA (12 5-50 uM)
was supplemented with JAA (1-50 uM) shoot regener-
ation occurred on the cut ends of the explants. Ad-
ventitious shoot initiation was more pronounced on
media containing 5-50 uM IAA plus 25-530 uM BA

Rhizogenesis occurred predominantly on media
supplemented with IAA alone (1-30 pM) The regen-
erated roots formed on the cut ends of the segments
and were long and thin. At all concentrations of TAA
tested, root formation decreased as the concentration
of BA increased. Higher percentages of root organo-
genesis were observed on media containing [2.5-
50 uM IAA (Fig 2b).

Most combinations of [AA and BA supported the
formation of compact calius, as did 1AA or BA alone
As the concentration of 1AA was raised, calius growth
increased, while increasing the BA concentration had
the opposite effect {Fig. 2¢)

Effect of [AA/2iP

Cultured hypocotyl tissues demonstrated variable
morphogenetic responses to the 36 culture media
containing various concentrations of [AA and 2iP
{Figs | and 3) Shoot formation in this instance was
afso limited to the cut surface of the explants. Shoot-
ing could occasionally be obtained with 2iP alone
(Fig 3a) Media containing 1-50 uM IAA in conjunc-
tion with 35-50 uM 2iP induced adventitious shoot
initiation However, combinations of 5-50uM [AA
plus 25-50 uM 2iP were more effective in bringing
about shoot differentiation

Hypocotyl explants rooted in almost all the treat-
ments tested (Fig 3b) Low percentages of rooting
{2-20%) were found to occur in tissues incubated on
media supplemented with 2iP only In general, there
was an increase in rhizogenesis in relation to the in-
crease in auxin concentration, whereas the elevation
of cytokinin levels progressively inhibited root differ-
entiation. The maximum response occurred in the
presence of 5-50 uM TAA with 0-1 uM 2iP

Callus was induced in most treatments (Fig. 3c)
In all cases white-greenish calli were observed.
However, callus growth was most prolific on media
containing high 1AA to 2iP ratios

Effect of IAA/Kin

Figs 4 and 5 show the distribution and the degree
of respanses of explanis to different 1AA/Kin ratios
Shoot differentiation was erratic in some treatments
and was observed in only a few explants (Fig 3a).
Combinations of [AA and Kin resulted in the produc-
tion of calli or calli with roots. As in the cases of BA
and 2iP, Kin alone induced poor root formation
{2-15%) (Fig 5b) Higher root production was ob-
tained on media suppiemented with 5-50 uM IAA +
0-1 uM Kin. Compact callus was produced on the cut
surfaces of the explants in ail treatments. However,
callus growth was promoted by high 1AA concentra-
tions and inhibited by increasing levels of Kin
(Fig 5¢).

Effect of NAA/BA
The morphogenetic responses of hypocotyl tissues

to this combination are shown in Figs 4 and 6. NAA
and BA treatments elicited shoot organogenesis, but
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[AA {uM)

|AA {uM)

Fig i

BA (M)

Shoot, root, and calius formation in hypocolyl explants of Capsicum anpuum var Esmeralds, in the presence of JAA/BA (a),
and FAA/2IP {1
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BA(}jM) this response was restricted to media containing
[-50 uM NAA plus 12.5-50 uM BA, and the percent-
0 ! 5 12.5 25 50 ages ranged from 2 to 19% (Fig 6a)
0 0 0 3 5 5
0 ! ! ! The highest frequencies of root formation were
O [0 ] 2110 14126 observed in the presence of the auxin alone (Fig. 6b).
! L ! ¢ ¢ A trend towards decreased rhizogenesis was found to
0 0 2 124 | 36 | 26 occur as the concentration of NAA or BA was in-
5 I N I creased The roots induced by NAA were short and
- 0 0 |27 |44 | 37 thick in comparison to those induced by 1AA
i [ it
; High percentages of hypocotyl explants showing
25 § O 0 ? 3? }? F?t callus formation were observed in the presence of
5 5 = 5 NAA, BA or combinations of both growth regulators
50 ! ;,} ij{,} ??, {Fig 6¢) However, there were differences in the
- extent of the response and in the texture of the calli
As the NAA conceniration was increased from | to
50 uM, so more prolific callusing was obtained. Caljus
produced in explants cultured on media containing
1-25 uM was compact whereas that induced in the
0 119 lzz 6 0 0 presence of 50 uM of this auxin was friable The
0 i 3 i extent of callus growth was neg?tiviiy affl'ected by
: . increasing the BA concentration of either, alone or in
I 5? zio ij : (,) ‘:1 ? conjunciion with NAA
% o |74 150 z "j z 0 Effect of 2, 4-D/BA
é 12.5 ?fi |5‘|" E|5 ? F e Low percentages of shoat initiation (2-20%) were
— - - obtained only with 1 M 2, 4-D in combination with
84 {78 |17 |22 8 5 12.5-50 uM BA (data not shown). No root formation
25 {rrr gt ! ' 4 1 was detected on media supplemented with 2, 4-D
92 [37 132 |21 g 6 either alone or in combination with BA (Fig. 4). Hy-
50 fra |4 t i I 3 pocotyl explants callused in the presence of 1-50 uM
2, 4-D. As 2 rule, 2, 4-D alone induced friable callus
while combinations of this auxin with BA rendered
compact callus. A reduction in callus growth was ob-
served when BA concentration was raised. The
medivm containing 12 5 uM 2, 4-1) proved to be opti-
9 871 95 51 90 95 mal for callus induction and proliferation
4] & LI O R 1 +
46 | 97 | 94| 91| 92| 89
1 i L T T I (O + DISCUSSION
54 | 97 ) 100} 100} 92| 92
5 + P R b + ¥ The present study has revealed that hypocoiyl
64 | 100] 100 109 92| 92 explants of Capsictin annuuwm var. Esmeralda are
12.5 R : 1 capable of forming shoots or roots adventitiously, as
, well as callus, depending on the combination and con-
25 6'7’ ?’Z'} 1?? ?Z Bf 9? centration of growth regulators present in the culture
medium. Combinations of BA and 2iP with {AA were
50 1_27 l?? 1?? ?: 99 8?_ more effective in bringing about adventitious shoot
differentiation In general, the presence of high levels
of cytokinin and low or high concentration of auxin
Fig. 2. Percentages of hypocotyl explants showing differen- were necessary for eliciting shoot formation [AA

tiation of shoots (a), roots (b} and calius formation
{¢) in the presence of 1AA and BA at various concen-
trations. 20 replicates per treatment Extent of re-

sponses: =

high

negligible; +, low; ++4, moderate; +++,

{0-57 uM) and BA (4 4 to 8.9 uM) have been repor-
ted to be the best auxin/cytokinin combination for
shoot induction in hypoceotyl and cotyledon explants
of red peppers (C annuwm cvs California Wonder
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Fig- 3. Frequency (%) af hypocotyl segiments showing dil-

ferentiation of shoots (a), roots (b} and bearing
callus formation (c¢), on media containing IAA and
2iP at different concentrations 20 replicates per
treatment. Degreee of responses: see Fig 2

and Pimiento, and C frutescens cv Bharath) (8) Ac-
cording to Phillips and Hubstenberper (16) MS basal
medium confaining (0 3-22 8 uM 1AA + 44.4-222 uM
BA promoted shoot organogenesis in hypocotyl sec-
tions, cotyledon pieces and shoot tips of C anmunm
cvs. (alifornia Wonder, Yolo Wonder {sweet bell
types), New Mexico No. 64, and NuMex R Naky
{long green chili types) The present work showed
that the best hormone combination for shoot induc-
tion in hypocotyl explants of var. Esmeralda (“ancho”™
type chili pepper) were 5.50 uM 1AA with 25-50 uM
BA These differences in growth regulator require-
ments for shoot regeneration could be the result of
genotypic and developmental differences of the ex-
plant source as has been observed for Lycopersicon
esculenittom tissues (4, 12)

Our results show that regeneration of shoots was
also possible on media containing IAA combined with
2P, and the percentages of induction were similar to
that of TAA -+ BA This observation has not been re-
ported before and therefore this combination could
he used as an alternative for shoot induction in Cap-
Sicuin tissues.

The poor shoot differentiation induced by [AA/
Kin in the present work confirms the results reported
previousty (8, 16) This combination has been found
to elicit shooting in hypocotyl explants of Solanum
imelongena, and in stem, leaf and cotyledon segments
of Lycopersicon esculentiem (11, 21), indicating that
the hormonal requirements for shoot differentiation
varies with species

Rooting of hypocotyl explants occurred mainly on
the media supplemented with JAA or NAA (1-50 uM).
Nevertheless, morphological differences were obser-
ved: TAA induced long, thin roots whereas NAA pro-
duced short, thick roots. On the other hand, 2, 4-D,
when added alone to the culture medium, prevented
root and shoot organogenesis. However, when com-
bined with BA, shoot differentiation took place at
low frequencies. Gunay and Rao (8}, and Phillips and
Hubstenberger {16) have also reported inhibition of
root and shoot induction in hypocotyl and cotyledon
explants of chili peppers grown in the presence of
2. 4-D. Furthermore, occasionat shoot differentiation
has been observed in treatments with 2, 4.D and Kin

(16).

In general, 2, 4-D has been shown to induce friable
callus formation in several species {2} and this respon-
se was also observed in the present work This auxin
is being used in our laboratory for establishing callus
and cell suspension cultures.
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Fig. 5. Percentages of hypocotyl segments showing shoot
Fig. 4 Growth and motphogenetic responses of hypoceotyl (a), root (b} and callus formation {c}, on media sup-

tissues of chili pepper caltured on media with TAA/
Kin (z), NAA/BA (b), and 2,4-D/BA (c), at various
concentrations

plemented with 1AA and Kin at various concentra-
tions 20 replicates per treatment. Extent of re-
sponses: see Fig. 2.
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Fig 6§ Frequency (%) of hypecotyl segments showing differentiation of shoots (a), roots (b) and callus formation {¢}, on culture media
containing NAA and BA at different concentrations 20 replicates per treatment Degree of responses: see Fig 2
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