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Abstract 

induction of somatic embryogenesis from tissues in unopened flower buds ofcocoa was studied with respect to pliysiolopicsl ape. 
type of floral explant. genotype. and medium composition and phytohormones. Two-to-three-week-old staminodes ujere fnut~d fn 

be the best explants for embryogenesis. Embryogenesis a,ur  affected b! genotype and sugars. Two main types of abnormalities of the 
embryos were observed: fusion of the hypocotyls and multiple cotyledons. These embryos have a lower rate of conversion into 
plantlets. Cytological analyses of somatic embryo-regenerated plants revealed a somatic chromosome number of 211 = ? r  = 20. 
similar to seed-derived plants. 
p 2003 Elsevier Science lreland Ltd. All rights reserved. 
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1. Introduction 

Somatic embryogenesis is the principal developmental 
pathway in the regeneration of plants from cultured 
tissues of woody species [I] and provides a high 
potential for propagation by synthetic seeds. Other 
applications of somatic embryogenesis include disease 
and virus elimination, as well as germplasm conserva- 
tion. Efficient plant regeneration from somatic embryos 
also provides a foundation for crop improvement. 
including somatic hybridisation and genetic transforma- 
tion. For  cropsguch as  cocoa. a limiting factor is the 
lack of a reliable procedure for somatic embryogenesis 
and plant regeneration from a wide range of genotypes. 

In cocoa, the first reports o r  somatic embryogenesis 
[2,3] utilised immature zygotic embryo tissues. but these 
procedures were of little use for clonal propagation. Litz 
[4] was able t o  induce embryogenesis from cocoa leaf 
explants but without plant regeneration. The successful 
production of somatic embryos from non-sexual tissues 
and their conversion into plants [5,6] indicated a low 
efticiency of embryogenesis, which was strongly influ- 
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enced by genotype [7]. This study investigated somatic 
embryogenesis from 52 cocoa accessions. 

2. Rlaterials and methods 

Plant materials were obtained from bud grafted field. 
grown clonal plants at Kota Kinabalu. Sabah, arid Sg. 
Wangi Estate, Perak. Malaysia. 

2.2. Culture co~iditions 

Unopened flower buds (4-6 m m  in length) were 
> . d a c e  sterilised by washing with tap water. theti 
immersing in 70% ethanol for 5 min, 10% commercial 
hleach (5.25% (v/v) sodium hypochlorite) with h.IO'% 
sodium dodecyl sulphate (SDS) for 20 min, and I'X. 
bleach with 0.10% SDS for 20 min. Buds were then 
rinsed three times for 5 min each rinse in sterile reverse 
osmosis water. Staminodes were extracted, using scal- 
pels and forceps, following removal of sepals and petals. 
For callus initiation, staminodes were cultured in 90 mm 
diameter plastic Petri dishes containing 30 ml of callus 
initiation (MIM4ln)  medium. Dishes were sealed with 
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Tithle 2 
Emhr)ogen,c p~~lcllllill dilTe1ent Cocoa clolles 

- ~ 

No. Clone Expktnl callusing ('!:,I 
~ - 

I EET75 91.2 
2 ICS39 87.7 
3 EETY4 98.9 
4 CC18 84.8 
5 1cs40 60.0 
6 CCN 80. I 
7 GS39 77.6 
8 EET397 69.2 
9 lCSR9 h9.4 

10 NA33 XI.? 
I I  UFlO 40.4 
I? R?3 18.9 
I3 KKM19 90.0 
I4 LAFI7 60.0 
15 R I I 3  22.7 
16 SIC32 70.8 
17 R U  78.3 
I8 ITS88 hO.O 
19 LllT2 h7.8 
20 KKM4 91.7 
21 KKh17 97.3 
22 KKMlS 81.7 
23 CCIO 80.0 
24 GS36 74.3 
23 GS29 78.6 
26 MHP? 89.0 
27 CCRO 51.0 
28 SIAL93 78.0 
29 VF168 16.0 
30 IMC67 74.3 
31 PBC170 85.7 
32 PBCI23 95.7 
33 PBC113 43.6 
34 PBC137 88.7 
35 PBC159 91.0 
36 PBC179 92.3 
37 EET65 87.7 
36 PBCI62 82.7 
39 PBCI30 89.7 
40 PBC140 86.0 
41 PBC208 89.7 
42 PBCI?B 84.6 
43 DRI 78.7 
U ICS48 95.0 
45 lCSl00 91.0 
16 EET308 -35.7 
47 IMC14 90.3 
48 AMAZl5llS 47.9 
49 PA107 85.3 
50 BE10 69.5 
51 CAB64 83.4 
51 AMAZI? 97.1 
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E;bch cocoa clone war screened once due la the seasonal it\dilahility of flowers 0, > 100). Percentage of explants callurlnp war recorded folloivi~lg 4 
weeks culture of staminode explanrr on MlM4ln medium. 

(5.8%). PBC159 ( I.OU/o), EET65 (O.SO%). PBC208 (1.4'%,). 3.3. Eflecr of bbo.r(~I salr c o r ~ l p o . v i / i o ~ ~  oil e r i t b ~ o g e 1 1 e t i . c  

AMAZI5/I5 (4.7'%), CAB64 (4.8'%1), and A M A Z l 2  
(2.6%). Two types of callus were generally observed: Results were variable between clones. A M A Z l 2  gave 
compact white and yellow friable (Fig. IA and B). th: highest percentage of calli-producing embryos on 



l iy .  I .  Sumat>c crnbryapenesi, of cocoa from stiimlnodc tissucs: (A)  ;ipproxi~natcly 34.>veck-old yellon iri;khle ci~lius from clone AMAZl2 cultured 
oi l  11IM4ln medium (bar = 1.2 mm!. !B) itpproxiaiately 3-4-meek-old comp;ict brhite r;tllur irom clone ALIAZI? cultured ua MIM4ln medium 
!bill.= I .? mm). (C) approximi~tely 3-4-week-old somiitic embryos di'ferrnliated l'rom stamitlode cifillus of clone AMAZI? 011 MEbl??a medium 
Ihilr =2.0 mm). (D) cylolopiciil anzilyais uT a root tip cell of ;i rcpanei;tlcd plsntlet of clone AMAZILll5 (2,) =?.v=?O) (b;!r= I0 pm). (E) 
gcmlitlation of a somatic embryo (approximately X-l2.~vcek-old) ol'clone SIAL92 on MGM medium (bar = I 1  mm). (F) acclim;rtired plants from 
tutu difrcrcnl clones (AMAZI?. AMAZ15115, CA1164and SIALY3i (bar  = 5.5 m i ,  lG)  fusion oih)pouotyla on a som;~ticc!nbrya (;lpprosimately 6- 
c.\ri.ck-oId) of clone AMAZ12 on MLM22a medium (bar = 1.5 !nml, and 1111 inultiple cotyledons ofii romittic embryo (approximately 6-8-week- 
.,Id! i,fclaiie CAB64 on MEM??;fi mcdinni (b;!r = 1.5 oiin). 

DKW basal medium, whereas for clone CAB64 t h i s  was 
on MS-based medium ( T a b l e  3). . 
3:1. Elficr uf2.4-D o ~ i d  TDZ 011 rlre i n c l i ~ r r i o ~ i  ( f s o ~ i i o r i c  
aiih,:),oge~ie.sh 

The tire of 0.01 m_p I - '  2.4-D+0.01 mg I - '  TDZ in 
i l ~ l l ' e r e n t i a t i o n  medium was found t o  give the h i g h e s t  

. p e r c e n t a g e  of c d l l i - p r o d u c i n g  embryos for b o t h  clones 
btudied (Table 4). T h i s  was a p p r o x i m a t e l y  a s e v e n f o l d  

increase o v e r  t h e  c o n t r o l  for clone CAB64 and a sixfold 
iiicl'eilse o v e r  t h e  control for AMAZ12. 

A l t l i o u g h  m o s t  o f  the embryos o b t a i n e d  were norm;~l. 
i.e, with an embryo axis ( h y p o c o t y l s )  and  two c o t y l c -  

d o n s  ( F i x .  I C ) ,  some of t h e  e m b r y o s  were abnormal. 

dons ( F i g .  I H ) .  These embryos do n o t  germinate 
normally. b u t  are capable of producin_p secondary 
embryos on s u b s e q t i e n t  c u l l u r e s  on MEM(22a) medium. 

Tiihlc 3 
Ell'ect or basal mcdium on the inducliun or som;itic embryagenes!~ 

D.is;ll ,all in medium Percent calli-producitig one or more embryos 
(mean r S . E . M . )  

AMAZI? C,\UM 

MS 0 11.012.0 
D K W  (MEM22a) 28.0flO.!* 0 
WPM 13.(1+?.4 5.0k2.0 
BS 0 0 

Results are based on replic;ttes of 2 5  c;tlli per basal medium. Each 
1l-c.itrncnt was repeated at lcitst three tines. D;tt;i \\err collected 
Ibllo~vieg 6 u,eeks culture on c;ich tre;itment. . 

\ \ i t h  i'tlsion of hypocotyls ( F i g .  I G )  or tnttltipll: c o t y l e -  * P ~ 0 . 0 5  compared with other t reata~em mean value. 



Table 4 
EITect of2.J-D :lnd TDZ on !he iarluction of sonii~tic cmhr!ogcnc\i\ 
irom coco;! g~.not)per CAB64 and A M A Z I ?  

MS hi~s;il medium irontrol) 
MS hilsill i m c d i w i ~ ~ ?  lnlg I I GAl+  
0.01 mg I -  ' ?.A-D+ll.lll mg I -  ' TDZ 
MS h;~s;tl iltediilrn+? lnlg I - .  ' GAi + 
till) mg I '  2.4-D+0.01 rng I '  TDZ 
MS h;wl ntedium+? mg I '  GAS+ 
0.01 trig I ' 2.4-D+O.IO me I ' TDZ 
MS h;ts;il rnr.dl~~~n+? mg I - '  GA,+ 
0.10 mp I '  2.4-D+O.IO mg I '  TDZ 
MS basitl medium+? mg I '  G A i t  
0.01 nlg I '  2.4-Dr0.20 mg I '  TDZ 

Rerults werc b.~sc.d on ?j citlli prr mcdium pcr clans: eitch irenlment 
was repealed ill le;!rt thrce times. D.tti! $\ere collucted iblloning 6 
weeks culturc lo r  each truiltment. 

P <0.0j conipi~red with control mean taluc. 

The so~iiat ic chromosonie nuniber of regenerated 
plants of clones AMAZlZ and A M A Z l 5  is 20 (Fig. 
ID), similar to  the chromosonie numbers obtained from 
seed-derived plnilts. 

Some somatic embryos produced roots and developed 
into normal shoots (Fig. IE)  on MGM medium. 
Expanded leaves were observed after 2 months in 
culture. The growth of somatic embryo-derived plants 
was similar to  seed-derived plants. exhibiting an ortho- 
tropic growth habit. Once the plants developed a 
healthy ro<t and shoot system (approx. 2 months after 
culture on M G M  medium). they were transferred to soil 
and acclimatised to  ex vitro conditions (Fig. IF).  

4. Discussion 

In our  studies, 2-3-week-old flowers ga\,e the best 
frequency of embryogenesis with staminode explants. 
We also observed that cocoa flower explants collected at 
the beginning of the rainy season, especially after 
prolonged dry period, tend to  have a higher efficiency 
of embryogenesis. The general health of the mother 
plant and season of the year also affected embryogenesis 
frequencies in cocoa. 

Calli werc mainly of two types: compact n l i ~ t c  nr 
yellow friable. though other types may occasionally he 
\, .n. Chatelet et al. [I31 reported four different types 01 
c l i  induced from immature sced explants on mediutii 
i li various concentrations of 2.4-D and BAP: fluff!. 
id lite callus, hyperhydric translucent callus. mucour-like 
callus. and brown soft callus. Tlie control of calll~s t!pcq 
by different hormones was not studied in their expcri- 
ment. However. we obsc~.vcd thc influence of gcnot!po 
on callus type. Some clones like AMAZIZ and SlAL')? 
prod,uce a mixture of yellow rriable and compact \r liitc 
calli. whereas clones ICS.79 and GS29 produced solely 
compact white calli. Genotypic effect on the quality of 
callus produced was also observed in sorghum 1141. 
Eight clones were capable of undergoing embryogcnc<i\ 
using the same media. Thc frequency of somatic embryo 
productio~i is not high: all clones were belo\\ 10''/,,. Tlic 
ability to form somatic embryos is belie\'ed to be under 
genetic control, and individual genotypes within ;I 

species can differ in their ability to undergo som;~tic 
embryogenesis [I 51. 

In our study with dirfcrent carbon sourcc. rltc 
percentage of callus-producing embryos i n  clol~cc 
AMAZI 5/15 and AMAZ12 were highest in de\'elopmen~ 
media with maltose (data not shown). Elhag et al. [Ih] 
reported that cocoa embryogenesis from callr~s \\';I\ 

sensitive to carbon source. They found that embryogcn- 
esis increased in all tlie three clones studied >hen 
sucrose was replaced by glucose or  fructose. Whcti 
sucrose is replaced by other carbon soitrces, embryogcn- 
esis is enhanced in other plants also [17.18]. Maltose 
may be brokcn down more slowly than sucrose and 
consequently provides a readily metabolisable carbon 
source over a longer period of culture. Maltose probably 
also affects the process of enibryogenesis physiologi- 
cally, rather than a s  an energy sitpply. since its effeot can 
occur at low concentrations (191. 

MS-based media have been typically used for cocoa 
somatic embryogenesis [5.13.20]. D K W  [?I]  minerals 
were initially developed for in  vitro propagation of  
walnut, and were found to  be the best niedinm for 
somatic embryogenesis for many species [22]. DKW 
medium provided a significantly higher concentration i f  
calcium, sulphur, and magnesium compared with MS 
medium. These elements are probably essential for 
cocoa somatic embryogenesis and differentiation. In  
walnut, embryo induction was best on D K W  m g i r ~ n ~  
for most species, except for Jugluns n i ~ r o .  which 
preferred WPM medium 1231. 

Abnormalities of somatic embryos were frequently 
observed. Alemano et al. [24] divided embryos intothree 
categories. Category I consisted of normal embryos that 
exhibited clear bipolarity. well-defined shoot and roqt 
apices, and cotyledons. Category 2 was embryos that 
were fused a t  the cotyledons or hypocotyls. The t h ~ r d  
category was embryos that had a protoderm but did not 
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show bipolar orpanisation. Normally these abnormal 
embryos (categories 2 and 3) do not germinate into 
plantlers. The frequency of germination of somatic 
embryos and conversion into plants is still low. Further 
research is needed to improve this area. 
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