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MATERIALS AND METHODS
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Germination and Conversion

Germination of Somatic embryos wag tested in solid as
well as agitating liquid media under the three light
conditions described. Twenty five embryos at the
cotyledonary stage were placed for germination in
wide mouthed 250 ml Erlenmeyer flasks containing
30ml of half-strength ang full-strength S| medium
having 30 g |! Sucrose (SHS30). The liquid medium was
agitated in a gyratory shaker (B-Braun CertomabR) at
110 rpm., Germination was recorded after 20 d. There
were five replications per treatment, Ap embryo was
considered as germinated perfectly, only whep it
produced a clear taproot and distinct cotyledonary
leaves,

For conversion, germinated somatic embryos were
grown under diffused light on filter paper bridges dipped
in static liquid SHS30 medium in test tubes, The medium
was replenished every 5d and conversion was recorded
after 20 d,

Acclimatization ang establishment of regenerated plants
in soil

running tap water and planted in plastic pots filled with
moistened sterile sand and covered with polythene bags
having 4-5 holes for aeration. After successful establish-
ment in the sand they were transferred to smal] earthen
Pots (30 cm diameter) filled with garden soil and kept in
a greenhouse for further growth.

Statistical anq} lysis

Mean and standard error were calculated for embry-
Ogenesis, germination and conversion, L.SD was used to
fompare treatment means at the 959, level of

\Probability in the case of embryogenic induction,

Effect of grow regulators

rowth regulators such as 2,4-dichlorophenoxyacetic
acid (24-D) and a-naphthalene acetic a¢iq (NAA) at
fOncentrations 0.5, 2.0 and 5.0 mg 1! were used either
Bingly or in combination with 6-benzylaminopurine
IBAP) o 0.1, 0.5 and 1.0mg I, The explants were
fUltured fo, one month on growth regulator containing
fcdia and (hep transferred to growth regulator-free
RtiS3() medium for somatic embryogenesis.
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Ontogeny and developmeny of somatic embryos
Ontogeny and sequential development of somatic
embryos were studied by histological analysis of seed
explants at different stages of somatic embryogenesis.
For histological analysis, the explants and somatic
embryos were fixed in 1:1:18 mixture of formalin-glacial
acetic acid-50% ethanol (FAA) for 24 hours, dehydrated
in an ethanol-TBA (tertiary butanol) serjes and infil-
trated with and embedded in paraffin (5(»58°C, Merck,
India). Sections of 8-10 pm were cut using a Lejca
rotary microtome and stained with Heidenhain’s jron-
alum-haematoxyﬁn (Johansen, 1940). The sections were
observed and photographed under appropriate magnifi-
cations using a Lejca DMRB research microscope,

Chromosome number of regenerated plangs

Chromosome analysis was carried out following the
procedure standardized for black pepper (Nair et af,
1993), Twenty regenerated plants were randomly
selected and analysed for chromosome number, Chyo.-
mosome number was counted from at legst five well
Spread mitotic metaphase plates Per plant. Photomicro.-
graphs were taken under the 100x of immersion
objective of a Iejca DMRB research microscope using
an 8X photolens,

RESULTS
Induction of somatic embryogenesis

Seed germination started within 15 d of culture under
all light conditions and continued up to 30 d. By this time

as germination jg epigeal. Freshly germinated black
Pepper seed consists of a pair of smal] pale green folded
cotyledons attached to the seed coats containing other
seed tissues inside, a smal] slender hypocotyl and 2
primary root with one or two lateral roots, The point of
attachment of seed coat with cotyledons is surrounded
by a ring-like brownish translucent tissye that was
originally covering the micropylar region of intact
seed, like a dome shaped projection.

After 60 d of culture, a few seeds on the full strength
SHS30 medium maintained in 24 darkness, exhibited 5

By 90d of culture, more seeds Started to produce

15g I and 30g I produced somatic
embryogenesis from seeds. Medium containing 45 g |
Sucrose failed to give any response. The somatic
embryogenesis occurred under 24 h darkness, 8 h dark-
ness and 16 h diffuseq light but not under 16 h of normal
light. A combination of sucrose in the medium at 30 gl!
and culture maintenance under 24 h darkness induced a
signiﬁcantly high bercentage of seeds with somatic
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embryos (23.3). However, the number of somatic
embryos per responding sced was not significantly
different (Table I). Somatic embryos matured on the
induction medium itself. A few even started germination
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Medium strength Lig

ht condition

e
% Germination

% Conversion = SE

on the same medium. Some primary embryos, which had i Half 24 h dark -
become detached from the seed explant by chance and i ; 16 h diffused 0.8::2,65 612+
y | Solid 16 h normal 82.4+271 24453
fallen on the medium, were found to produce secondary | o4 66.4=2.71 58.3+3.04
embryos from their root pole (Figure 1D). ] Full 24 h dark WRE
g 11% h diffused gg'gf 23 35.9£2.77
J h normal S 54'91 %
Germination, conversion and ex Vitro establishment of Sy 70.4:£0.98 54:223.’%2
plantlets Li Half 16 h éifﬁﬁ; d 88.8+2,65 1
Somatic embryos germinated readily in almost all the -iquid (suspension) 16 h normal gg'gf%ﬁ 77'21(5'51;3
treatments tested and gave more than 65% germination. o 8150 76.6+2.23
Maximum germination (97.6) was obtained in full- Full 16 h diffused 97.6:+0.98 Gy
strength liquid medium under 24 h darkness (Table II). Data on germination were collected 20 d after cul - Joueig gg'gfé'ﬁg 83.'352'2'}'
after culture and conversion o 84.512:84

The germinated somatic embryos had well-developed
cotyledons and taproots (Figure 2A, 2B). Conversion
rate of germinated somatic embryos ranged from 54.9 to
85.2%. In general conversion rate was higher in somatic
embryos germinated in the liquid medium. Further
growth of embryos germinated in solid medium was
very slow. Somatic embryos successfully germinated and
converted into plantlets were hardened and established
in soil with 80% efficiency. The plants were found to be
morphologically uniform and grew vigorously under ex
vitro conditions (Figure 2C, 2D).

Effect of growth regulators
Growth regulators in the medium were found to be

highly inhibitory for the induction of somatic embryos.
No somatic embryogenesis was observed on explants
cultured in medium supplemented with NAA or 24-D
either alone or in combination with BAP. Callusing was
observed from the micropylar ring tissue in the medium
supplemented with 0.5 mg ' 2,4-D alone. This callus
gradually became necrotic and turned brownish without
giving any embryogenic response. No callusing was
observed with other concentrations of 2,4-D as well as

other growth regulators.

Ontogeny and development of somatic embryos
le cell origin of

small i
o ?;?;::Z ;Xoglasmlc cells with deeply stained
the outermost Iay:zr ](?f ?h(;)s-eEcg;llDryos o
oute ma i
::tljl\t:::eg;?]ts suspensor-like structure ?;‘?iZu‘:éthSIg)Sm;ﬂ
de\:e[opmenst SI'IE‘IEE Wwas not observed at any phaée of
ik embrl e .mllcropyl.ar ring tissue from which
e yos ongmated.ls an extension of the inner
e thzr ét;flgeullilllent tls‘sue‘which forms the outer
re%;'(')n of mature intacteseglr?ecuon T
e rls:;:)iloog;:ﬁlt stqdws of somatic embryos confirmed a
s Vapscul 1_ydlr|ght frlon} the globular stage (Figure
ko Edm ifferentiation was prominent from the
e ancd pShos:)t?ge towards (Figure 4B, 4C, 4D, 4E 4F)
e meristems were observed from thf; lat .
0 the cotyledonary stage (Figure 4E, 4F) :

after 20 d of germination; SE = standard error

Histological analysis revealed the sing
somatic embryos. The outermost layer of the micropylar
ring tissue proliferated on contact with the cultul_‘e
medium. This tissue was slightly brown. Certain cells 1n
the peripheral region of this tissue became densely
cytoplasmic and divided repeatedly to form masses of

Somatic embryogenesis from germinating seeds of black pepper. (A)
Initiation of proembryos from micropylar ring tissue of germinating
seed (arrowed) after 60d of culture. (B) Emergence of early stages of
somatic embryos after 90 d. (C) Many primary embryos of different
developmental stages after 120 d. (D) Secondary embryogenesis from
the root pole of a primary embryo. Bars represent 1 mm inA,Band C
and 0.5 mm in D. (SC - Seed coat; H - Hypocotyl; CO — Cotyledon; PE
— Proembyros; SE — Somatic embryos; SEC — Secondary embryos).

TasLE I :
watic embryogenesis from seeds of black pepper

medium after 90 d of culture

‘Karimunda’ on growth regularor—frge_SH‘

Effect of light and sucrose concentration on induction of son

Sucrose Percent somatic No. of somatic emb:_yos pet
Photoperiod (g™ embryogenesis = SE responding seed =
16 hours normal light 15 0.00 G-gg
30 0.00 035
a5 0.00 00
16 hours diffused light 15 10.00+1.05 5502"%@3
: 30 14672170 5.0
a5 0.00 Mgt e
5.40+051 g
24 hours darkness 15 12.00+=1.70 :
3(; 23.361302.1] 6IOO(Ji[:.(iSMB y s “tveloped cotyledons, t yos showi Histological sections (LS) of 3
: - 3 | Estal]; : S, il ing w ; mi i
4 o308 e i;i?lghed in plastic cusg rfﬂ?éda{:r?tljas!leeﬁ:emold'"ll[l;als. (9] P]a%n!::g f:f,mfdf Hzgr)y i%e““is- (A) Singclgnz)éfsrcl;sscl;(t:o;%f'ls?cla':k bpcppcr i [
SE ste [ =0, 678 ; — : rowing i < tle sand. A 4 ; ulti ; asic embryogeni !
SE standard error LSD (P = 0.05) 3 _ & ‘i’ofzg;ﬁill:eg “él(l)hn ]gargie](:: soil. Bars r;()rez‘.ent rleﬁ?;ejl: l,id gcm]: cells. (D) Soxnalggléflﬁll)rr;;rsl Ii'(r){ﬁlr::ﬂc: ftrompt[]ex_ ) Clusiery()fgeg;%r;c(")l-]
1 min Cand 4 cm in D » on the peripheral regi p from the embryogenic cell 1
. and B, 58 m mr cgl;’: d"f}"(’;lﬁ;?;;ilag 1Essuc. Bars repregscnt 25 uziuisr:e:
. . (su — suspens

or like structure),
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: : tions (LS) of the somatic em t (C) Late
e declopmentt s (4 Gllar 5 Eary e () Lt
E) Early cotyledon m in F.
heart (B) ggrp;d%( W ¢, 100 pm in B, D and E, anc)i 200 pr
represent LErm _ root meristem; sm — shoot meristem

lants
number of regenerated p '
Chgﬁrlt(::gzt]; regenerated plants which were cyt};);cr)g;f
cally analyzed had the nornial chromosome num

black pepper (2n=52) (Figure 5).

TON ; : :
DITSl(ljeUISjesent study reports direct somatlc eslgrl;rgt&i)c
3 first time.
is in black eperforthe. :
gent(:?lsoslr\lvel:ea proI(JluEed from the tissue at mllctror[fg'rl:;
?ciréi(l)i of germinating seedsl, on.growﬂ;nrc;zg(l)lﬂa:e? e
S
dium. Ovules, nucellar tissue | 3
ffgure!;ea:'e particularly liable to display du‘e_ctt S(;)mvf:itltcl
5 bryogenesis, as they are closely associa ebe g
ff:;];la]):z gametophyte (George, 1993}. This Engied e
to the presence of pre-embryogenic detelml1 i
((I)JEDCS) as stated by Sharp ef al. (1982). In pr:-]o bl
Carica ar;d Hevea, somatic embryos originate SRl
i er integuments of ovules (Litz and Qonover, ic’ar
Eng ami et al., 1991) and in carrot, tissue of m'et;. ang
zdrzzoat produce somatic embfyos directly (SrlmmS A
sNI’(erilf;orian 1988). The nucellar tissue of mar-:y p(all_l e
, i is in vitro
ity for direct embryogenesis m.
:111?1 ?Igzg:li/r 1976; Eichholtz et al., 19_79, R;l:%gzw\z;rggé
| i tic em
. Litz, 1987). In Citrus, soma :
%gfi,edufrom the nucellus even in Cmm&?ﬁ ;ggg )arﬁ
normally monoembryonic (Kunitake and ' n,h_om .the
s reported that somatic embryos arise el
x?cropyhr end of Citrus nucellus. In lhfii pé‘faseclzly fmﬁi
: i ; btained dire
i somatic embryos were 0 . '
Si:ams:l)t’er layers of ring-like micropylar tissue in the

FiG. 5 g
i enerated from
i root tip of a plantlet reg
itoti taphase cell from the roo iy
s ns‘l(fm:?lic‘ embryo showing 2n=52. Bar represents 5 ju

inati ‘ issue layers covering the
ge'rmmaﬁ:ngof Sﬁ?adcsl; };licl:)epeilsseed isy composed of Hli
chr()p)())st layer of inner integument abo.ve and ;
mﬂcrﬁn‘ idermis below (Kanta, 1962; Ravindran et al.,
HUCS mKZIt)lta (1962) reported the dens_ely cytoplalsmlc
2O(t)u2r; of radially elongated cells of the innermost nayc:g
mfl inner integument at the mlcrlopylarh rfag(:?erisﬁc
geveloping seeds of black pepper. Th1§ 1ls a ‘;’ iﬁiams ik
f cells having embryogenic potential ( etk
gflaheswaran, 1986). Even though most of these ;:cgz@)g it
filled with tannin as the seed matures (Ktal};z;ar’]nd miéht
appears that some retained their 91'1gmal ] 'al 2 Il
o ressed their embryogenic potential on e
hf_l\’e e Iture medium in ideal conditions. It is lOglC;:l
E 'thlf ilu t the origin of somatic embryos in this case 1;
i :hi]?:}on: ?mce]lar epidermis or other m{cellus rele;)t;:_
?i(sjsue in which case the frequepcy of Erm‘;?grzr:ﬁ P)}f
ogenc’sis would havula been ve_:rzri ]]-;lgt:; lzlasetn :rnﬁsjs oL
e p?ppirriie?:?nlﬁ Oﬁgggveryhistological evidepce
.fOl'llTl " tEat e?nbryos originate from qutermost re%lq?l
mdlCﬂltf;i) lar tissue which is inner m@egumcnta 3;1 !
Of' r'mCPlEit regeneration through somatic embryog "
Or'lg“;as been previously reporiec_l in blac_k peprrJyo
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1alg1ts from mature seeds (Joseph ef al.,5_30 '1‘1 o
exgucrose concentrations in the range of 1 ! lgfor t
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1Snonlatic embryogenesis‘ Lgingaxgsr'ggé];g ru;ging e
glrgglrl;r:s \(véiloriegrc:(litesill? 1932) and cotyledon explants
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are important, sho
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plants at the chromosomal level. This ¢
to the direct formation
callus phase.

The origin of somatic embryos from the integumental
layer of seed which is part of the mother plant and high
germination and conversjon obtained in the present
study indicate the feasibility of the system for commer-
cial micropropagation. Secondary embryogenesis may
be helpful in scaling up the process,

an be attributed
of embryos without an active
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