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ABSTRACT I t 

Callus crrltures rvere initiated from corm andpetiole explanfs of C. humboldfii on Murashige and 
Skoog 's basal ntedirtm (MS) supplemented with 2'4-Dichlorophenoxyacetic acid (2,4-0) (0.4rrrgh' - 
1.6nrgA) iff  combination rvifh Kinetin (ImgA) it1 flre dark. Callus rvas indrrced on niedia~srrpple- 
menred rvirlr 0.8mg/l Z,4-Dichloropfrenoxyaceric acid (2,4-0) in combination rvitlr kinetin (Inrgfl) 
and callus induced on this media slrowed the best gros~tlr. Direct regenerntiorr poterrtinl rvas 
lrigher in corm fharr in leaf explatits. Regeneration was not achieved in petiole explanfs. De novo 
plnnt regeneratiorr from callrrs cultrrres was not achieved and sortratic embryogenesis did trot yield 
any plarrtlets. Morplrological differences were observed among the regenerated plnntlets of C. 
Irrrmboldtii on hlrrrashige and Skoog medium (MS) supplemented ~vitlr 2,4-D (0.4mgA) in cornbi- 
nation rvitlt lntg /I Kinetin. Polyacrylanride gel electrophoresis slrorved orrljl I band each in the 
cotrtrol and in the regehetants, Irowekt, flrepositiort of rhe bands were diPfcrent. The resrrlt indi- 
cates that variation has occurred drrriHg in vifro crrlfrrrei In conclusion, it lras not been possible to 
generate platttlets from calt~ts and if has also not been possible to advance the callus beyond thc 
early stage of ernbryo development. The findings however inclrrde prodrrction of a nerv cultivar of 
C. Ir~~rrrboldfii, irtitiation/grotvrlt bf callrrs and direct regeneration ofplantlets in !Ire dark. 
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INTRODUCTION, , . ;  cause of its lack of inflorescence, multiplication 

Crrladitrrn htrnrbokitii ~ d h b t t  is an important or- of this species is done vegetatively either with 

namental. It is the smaflest species in the genus 'eyes' token from its corms or by division of the 

and is known by its small size (jietiol%' [lo- plants into separate pots therefore, variation is 

24cins long], blades [5-9cm ! long, ' 2-4,5cms limited or non-existent. 9 

broad]), freely suckering habit and its lack of Ih the ornamental horticulture industry, how- 
inflorescences (Croat and Lambert, 1986). Be- everi rapid introduction of new valuable plants 
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to the market is very ili~portont'and niicropropa- 
gation is one o f  tlie ~netliods that call be em- 
ployed. In vitro cultured cells can tlifferentiate 
into whole plants through organogenesis o r  so- 
matic embryogenesis. Plants regenerated in this 
way are knoivn to exhibit variation called 
'so~naclonal variation' (Larkin and Scowcroft, 
1981) and the genetic stability o f  the explant in 
vitro has been said to depend both on its degree 
of 01-gnnized structure ant1 tlie influence o f  tlie 
aseptic envil-onmenr in allowing expression of  
potential variability (Rice et ill., 1993). 

In Calrrditrr,r Ir~~rrrt~oitliri, naturi~l genetic viiria- 
tion will not easily occur due to the fact that i t  is 
vcgctatively propagated and lacks seed. 
So~naclonal variants will therefore be a uselul 
source for plant ilnprovement. previous workers 
have reported ~nicropropagation and callus Ibr- 
mation in C ( ~ / L I ~ ~ I ~ I ) I  species and other plants o f  
the Araceae family (Gliozeris et. ( I / . ,  3001; Tn- 
mosiunas and Gliozeris 2001; Ny~nan  PI .  l r l . ,  

1887; Geier, 1956 and Hal-tman, 1974). Lecoulle 
( I  951) also reported the discovery of o rlrw cul- 
tivar of  C(llat/iltrr~ lr~r~trholcltii 1i.o111 a pop~~ln t ion  
of C(rl(~riir~n~ /r~~~ir l~ol ( l t i i  tliat hat1 beer1 tissue 
cult~rre propagated b i ~ t  introduction of' other 
valuable variation th~-ol~gIi  somaclonal v i~r i i~ t io~i  
may be useful in progl-ammes that are tlesignecl 
to improve the characteristics of  the ornamentc~l 
foliage plant. 

In the present comm~~n ica t i on ,  \re repol-t tlie 
initiation o f  callus tissucs 1.1-om cxpl;~nts ill tlie 
dark. direct regeneri~lion cif' pli~ntlets :111d tliI'fe~.- 
tnces of  regenel-ated plants ot' C'. l~lr~rrl~ol~ltii 
sho\ved by electrol~liol~c.sis. 

hIr \TEKlALS it NI) R.lli~l'lIOI)S 
C o r ~ n s  o r  C ' ~ I / ( I ( / I ~ I I I I  I I ~ I ~ ~ I / ~ ~ / ~ I ~ I I  Scliott gro\v~i  111 

the Scseen I-lor~st: o f  tlie Delx~rl~ilelit 01' Ilotony, 
Obat'enii Awolo\vo University, Ilc-lfe, Nigeria, 
were used .as thc. source materials. Corili, petiole 
and leaf explants were \vaslied undel- running tap 
water to remove dil-t ancl  educe microbial popu- 
lation. C o r ~ n s  were deliuskrcl ;uid selectecl 1i)r a 
Iieal[hy appearance (i.e. \\titIiout ~iiolVor~iiatio~is 

or presence of  necrotic spots). ?'he explants were 
theri surface sterilized with 0.7% (wlv) sodium 
hypochlorite solution for 10 minutes. 2 drops of  
Tween 70 was added to the sterilizing solution. 
After I0 m i n ~ ~ t e s ,  the explants were rinsed three 
times in sterile distilled water. Tlie leaves were 
then trimmed into pieces of  about Icm x l c ~ n  
and the corm explants into small cubes of  about 
lcnl x l c ~ n  x Icm, using sterilized scapel. The 
petioles were cut into' segments of  about i c m  
long. Tlie explants were cultured on fill1 strength 
M:~r'~sIiige and Skoog's (1963) ~ned ium supple- 
111e11tei1 wit11 tl~roe dit'lkre~it concenlr~~tions 01' 
2,4-D (0.4, 0.8, 1.61iig/l) each combined with 
I.Omg/l kinetin and 3% (w/v) sucrose to test 
tlieir effect on direct regeneration and callus 
initiation o f  corm, lenf and petiole explants. M S  
~nedium lacking growth regulators served as 
control. The  media was solidified with 0.8% (w/ 
V)  agar (Oxoid Agar No I ,  Code Ll  I)  pH ad- 
justetl to 5.7 * 0.1 (with O.1N HCI and/or 0. IN 
N;1011,) using pH meter prior to autoclaving. 
l'lie ~ n e t l i u ~ n  w ;~s  tlispensed into 501111s Erlen- 
meyer flasks \vl~icli were then plugged with non- 
absorbent cotton wool, and then filrtlier covered 
\vith a l umi~ lu~ i i  roil. 7'11e mediu~n i l l '  ctrlture 
flasks were t l~eu  z~utocla\/ed using Gallenknmp 
portahle ~~u toc l ave  at 12 1°C and 15 lblin' pres- 
sure for 15 mi~i~r tes .  Cultures were maintninecl at 
35°C * 2°C in tlie dark. 

Survivors o f  tlic callus which developed were 
sub cultured on the same medil~ni  for about one 
~nontli  and were subsequently transferl.etl to M S  
nledin supplemented with either: 

I .  I ~ngl l .  3111g!! or 511igfI 01' O - O t ' ~ ~ z y l ; ~ ~ l e ~ i i ~ i ~  
i l l A )  i11 co~libin:~tion will1 0.1111glI 3,4, di- 
cliloroplienosy ilcetic acid (?,.I-D) 

7 .  O - l l ~ ~ - l i ~ ~ . y l i ~ ~ l i i ~ i ~  p ~ ~ r i ~ i e  (K i~ i e t i~ i )  (ImgII) 
alone, Ki~ietili (I\ng/l) in combination 

. wit11 7,4-D (0.21ngll) or, 

3. Nilplilhalene acetic acid (NAA) (0. I mgll) in 
combination with, Ilngll, 31iigIl or jmgll  
K i ~ ~ e t i n .  

I<egenerated platits were transl'el-I-etl to sterilized 



sawdust to acclimatize before being transferred 
to soil. 

Electrophoresis 
Proteins were extracted from fresh leaves of two 
control plants and three regenerated plants by 
homogenizing 1.6g each in a porcelain mortar in 
lOml of  0.85% sodii~ln chloride solution and 
were centrifuged at 10,000 revolutions per min- 
ute for fifteen minutes. The supernatant was 
subjected to polyacrylamide gel electrophoresis. 
Gels were prepared as presented in Table I. 

Four drops of each of the sample supernatants 
were taken in a test tube and then ten drops of 
glycerol, I"/n 2-rnecap~oethanol and sodium clo- 
decyl sulpliate (SDS) were added. These were 
boiled for'ten tnini~tes in a water bath to allow 
proper separation of chains and complete dena- 
turation. After cooling to room temperature, a 
drop of 0.05% Bromophenol blue which served 
as a dye tracer was added to the sa~iiple, ready to 
he layered on'the gel. 

Four drops of sample were added to the top of 
the stacking gel layer in each of the running 
tubes. The tubes were placed in a column acryla- 
mide gel apparatus with tris-glycine buffer in 
both upper and lower chatnbers, and a current of 
1'12 lnA was applied. The current was increased 
to 3 1nA per gel after stacking the protein in the 
upper gel. When the dye front had migrated to a 
distance of about l cm to the anode, tlie current 

was stopped. The gels were removed from the 
tubes and proteins fixcd in 40% Trichloroacetic 
acid (TCA) for I hour. .The gels were then 
stained with 0.05% Cootnassie brilliant blue for 
15 - 20 minutes after which clestaining com- 
menced at intervals of three hours in methanol, 
acetic acid and water (3:1:6) until the gels were 
destained. A measurement of the length of each 
gel and'that of the band, from the top of the gel, 
to the middle of the band was then taken. . .. 

RESULTS 
Leaf explants did not show any response to ali 
combinations of growth regulators used. Only 
the combination of O.41nglL 2.4-D and Img/L 
kinetin elicited a response from petiole explants 
- creamy wet looking callus was derived (Table 
2). i 
The results further showed that corm explants : -  i 

responded to all the combinations of 2.4-D (in ; : i 
, . ,  

combination with Img/L kinetin) employed. 
33% of corms cultured on 1.6mgIl 2,4-D gener- 
ated callus after 8 weeks though the callus was 
slow growing and did not survive. The combi- 
nation of O.Bmg/L 2,4-D and Img/L kinetin in- 
duced a 100% callus response from the corm 
explants and the callus generated remained 
healthy for more than a year. This callus did not 
generate shoot primordia on different differenti- 
ating media (Table 3) even after 6wks in culture. 
Flowcvcr, for media supplemented with .I mg/L 

Table I :  Upper and lower gels prepnration slio~ving the conlposltlon (volnrne in rnl) 

40% Acrylamide 
Upper gel buffer 0.5M Tris-HCI pll 6.8 
Lower gel buffer 1.5M Tris-CI pH 8.8 
Distilled water 
10% Sodiu~ii Dodecyl si~lpliate (SDS) 
10Y0 Ani~noniom per sulphate 
TEMED 
(~,~,~'~'-~etratiieth~leth~4enedi~mine) 

Stacking Separating 
Upper gel Lower gel 
I .0 10.00 
2.50 

10.00 
6.33 19.50 
0.10 0.40 
0.05 0.10 
20111 50111 , ,  



sawdust to acclimatize before being transferred 
to soil. 

Electrophoresis 
Proteins were extracted frotii fresh leaves of two 
control plants and three regenerated plants by 
ho~nogenizirrg I .6g each in a porcelain mortar in 
l01nl of  0.85% sodiu~n chloride solution and 
were centrifuged at 10,000 revolutions per min- 
ute for fifteen minutes. The supernatant was 
subjected to polyacryla~nide gel electrophoresis. 
Gels were prepared as presented in Table I. 

was stopped. The gels were re~noved from the 
tubes and proteins fixcd in 40% Trichloroacetic 
acid (TCA) for 1 hour. .The gels were then 
stained with 0.05'y0 Coomassie brilliant blue for 
15 - 20 ~ninutes nRer which destaining coln- 
menced at intervals of three hours in methanol, 
acetic acid and water (3:1:6) tintil the gels were 
destained. A measurement of the length of each 
gel and  that of the band, from the top of the gel, 
to the middle of the band was then taken. 

RESULTS - .  

Four drops of each of the sample silpernatants Leaf explants did not show any response to ali 

were taken in a test tube and then ten drops of combinations of growth regulators used. Only 
the combination of 0.4n1gIL 2,4-D and ImgIL glycerol, 1 %  2-~iiecap~oethanol and sodium clo- 

decyl sulphate (SDS) were added. These were kinetin elicited a response from petiole explants 
- creamy wet looking callus was derived (Table boiled for'ten minutes in a water bath to allow -. 

proper separation of chains and conlplete dena- 
turation. After cooling to room temperature, a 
drop of 0.05% Brornophenol blue which served 
as a dye tracer was added to the sample, ready to 
be layered on 'the gel. 

Four drops of sample were added to the top of 
the stacking gel layer in each of the running 
tubes. The tubes were placed in a column acryla- 
wide gel apparatus with tris-glycine buffer in 
both upper and lower chambers, and a current of 
I l l 2  mA was applied. The current was increased 
to 3 mA per gel after stacking the protein in the 
upper gel. When the dye front had migrated to a 
distance of about Icm to the anode, t!le current 

2).  
1 

The results further showed that corm explants b q  8 

responded to all the coinbinations of 2.4-D (in I , 
i 
* 

combination with ImglL kinetin) employed. 
33% of corms cultured on 1.6rngIl 2,4-D gener- 
ated callus after 8 weeks though the callus was 
slow growing and did not survive. The cornbi- 
nation of O.Rmg/L 2,4-D ancl ImgIL kinetin in- 
duced a 100% callus response from the corm 
explarits and the callus generntecl remained 
healthy for more than a year. This cnllus did not 
generate shoot prilnordia on different differenti- 
ating media (Table 3) even after 6wks in culture. 
t-lowever, for media srtpplernented with .I mg/L 

Table I :  Upper and lower gels prephration sl~olving the composltlon (volame in ml) 

Stacking Separating 
Upper gel Lower gel 

40% Acrylarnide 1 .O 10.00 
Upper buffer 0.5M Tris-HCI pl-I 6.8 2.50 
Lower gel buffer 1.5M Tris-CI pfl 8.8 10.00 
Distilled water 6.33 19.50 I 

10% Sodiu~n Dotlecyl sulphate (SDS) 0.10 0.40 : I I ,, 
10Y0 Am~nonir~ni  per sulphate 0.05 0.10 I ' 1 :. 
TEMED 20111 50111 ! , . 
(N,N,N'N'-~etrameth~leth~lenediamine) 
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Table 2: Et'fcct of different concentrations of 2,4-D in cotlibination with Inigll Kinetin on Callus 
Initiation and Plant Regeneration of different explants of C. h~~rriboldt i i  

Explant Corm Petiole Lenf Corrti Petiole Leaf Corn1 Petiole Leaf 

TOR R C C C 

NOS * SE 16 *9 .3  

SOC < I cm > l ctn < l cm 

Key: TOR - TJpe of Rrspotr.se NOR - N u  uf Ruurs NOS - Nu of 
Shuols 

T - T I  / ~ I I ; I I I ; J I  1 I S  SE - Srtr~rcltrr?l E I Y ~ I .  C' C(r//rrs 
R - H~*gg."rcr.~rrio~r c ~ / ' l ~ / g r ~ ~ i l c t  2,J-L) .-. 2, J , ~ l i c ~ h l o ~ ~ ~ ~ ~ l ~ ~ t r o . ~ ~ ~  trcrric ;rcic/ 

Tahle 3: Effect of differentiatitig rltedia on and O.lmg/L NAA also showed signs of adventi- 
iliduced calli tious shoot-like buds. 

C r o ~ r ~ t ~  Callus fro111 C. hirrr~bolcltii tuber transferred to Re "lator 6 weeks after 
niedia supplemented with kinetin (I rngll) either 

K I N "  I Dry callus. Crca~u  + Green colour alone or in combination with 2,4-D (0.2mg/I) did 

I KIN,, I Growing callus not induce green shoot primordia rather, there 
I 
I 3-4 Atlventitious budlikc growth on callus was enhanced proliferation of callus instead of 
I K s N ~  I organogenesis. Globular stage embryo with sus- 

B 1 2 -  \\fettisli callus, several advcl~litious budlikc pensor was seen under the ln,croscope after 
growtli on callus 

3weeks of inoculating callus into embryo induc- 
U\?.J-Dl, Callus growing 

ing medium. Combination of 0.41ndL 2,4-D and 
B -  C';~llus g r u w i ~ ~ g  I mg/L kinetin produced 33% direct regeneration 
K ,  Prolif'cra~ion orcallus of shootlets from corlns of C. h r o t ~ h o l r l ~ i i  (Table 
K,  I I'roIifer.;~tiu~~ l)rc;illlls 2). The regenerated shoots elongated fi~rther and 

- roots developed on the salne media without 
Key: transfer to media devoid of phytohortnones. No 
B - 6-benzyladc~lil~c callus was however produceti in the corm. 
N - Nnplltnlent. acetic acid 
2,4-D - 2.4-tlicl~loroplienoxy acetic acid 
K - Kinetin 

Vi~riat ions 

Subscript - co~iccritration of growlll regulator used in  ~iidl Plantlets generated tiom c0l.m explant of C. 
h ~ r r r ~ h o l ~ l ~ i i  using 0.4nigIL 2,4-D and I mg/L ki- 
netin showed inoq>hological differences in the 

BA and 0.1 l n d L  ?,4-D, there was humation of plilnt.s and co lour  of. l e a v e s  polyacryla- 
adventitious shoot-like buds after 4wks in cul- ,,ide gel  e leclrop~loresis  c;tl-l-ied out on the 
ture. Mctlia supple~iientrtl will1 5mglL kitletin leaves showed tlley a l l  lIatt one band each 

juctrrri~l cfl/'scirrrcr trrirl t e c l r ~ r o l o ~ ,  tlolrrnre 2 7  rro. 1, crpri l2007 J I  



. . 

: 'Table 4: Relative Mobility, (Rhl) 

8 ,  

Sample Value 

A 1.6 

B 1.5 

(Platc 1 C ) .  Thc band in C: I~rtrrlholiffii prlr.ct1t 
plant (Plate I C4) ancl the plantlet that tlirl not 
differ fi.0111 tllc parent plant werc similar (Platc 1 
CI). 'The ba~lrls i l l  tllc rcgencrants (I'latc I C'2 cYc 

C3) looked alike anif were differcnt frorii hot11 
the parent and the plantlets that wcrc similar to 

. the parent. This was consistent tvitli the Relative 
Mobility (Rbt)  values obtained from the Ineas- 
rrrelnent of the length of gels and the tlistaricc 
migrated by the bands ( ~ a b l d  4). 

Key 
A - C. Irrrnrholdtii normal platltlct 
I3 - C, lrrrnrholdfii plantlet wit11 coloor dc\,intion 
C - C. Irrtrrtl~oldtii plantlet with sli;~pc arid culuur deviation 
D - C. I~rrnrholdtii parent plant 

F ~ E .  1: Scatter diagram o f  leaf size of  C: hrr~rrboldfi/rii 
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/ l . ~ . ~ l l ' ~ , ~ ~ l l / l / / l ~ ( ~  l / t , /  ;1.,7/ / l / l l l l / / l ~ i  l ~ l / l ~ l l / i ~ l l / /  I - 
I > I S ~ U S S I < ) I V  
111 tlic I ~ I ' L X I I I  \ ~ t l t l > . .  0 S I I I ~ ~ I .  2.4-1) i l l  C ~ I I I I ~ > ~ I I ; I -  
ti011 \i.i\li l~iigil .  L I I I ~ I I I I  \ \ ; IS  Ii)1111tl 10 sl~o\\, 
loo1%, I-esponsr l i~r  c;~llus ilicluctioti oti ( I I C  COI.III 

esplants ('l':~hlc 2 ) .  ; IS c~o~llll;~l.ctl to 0.4 atid I .O 
riigll 7.4-D. Silicc 1 ~ ~ 1 t I i  I I I C  i ~ ~ ~ l ~ ~ c t i o l i  ;111d 1)lolil'- 
csation ot'callt~s C ~ C I L ' I . I ~ I ~ I I C ~  1I1c ~ l ' l ; ' c t i \ ~ ~ l c s ~  0 1 '  
:I ~iie(l i t~~ii  ( I{c~~io \ \ i  ;111 t l  l .~)l 'llc~., lt105), O.S~lig!l. 
2.4-D 1 1 1  C O I I ~ ~ > ~ I ~ : I I ~ ~ I I ~  \ \  1 \ 1 1  1111gil. I , I I I ~ \ I I ~  is L ~ I I I -  
siclcrcd to be ~ I I C  ' I T L ' I I C I ,  111cdi;i S ~ I I J ~ I ~ C I I I C I I ~  [i)tr 
c;llllls ill~ltlctioll I ~ l ~ O l l l  ~ ~ O l ~ I l l  cs~>l;lllls. s;l~isll tS/ 

01. (100j)  I-eportetl s i~l i i l ;~~-  rcs~rlts i l l  /~'t~i/il/trt~i~r 
Irrrl.~e/~or.si.\~ (L-il;lcc.a<). \vlie~-t: ~)~.olt~corl~llihc 
hotlics (i'LI3) c ~ I I ~ I I I . L ' ( I  O I I  MS h i ~ ~ i ~ l  l l i c~ l iu l~~  
s~rl?plernentetl \ \ g i t l i  eitl~cl. O.S~iig/l~ 7.4-1) 01. 

NiIA ill c o ~ ~ i l > i ~ i i ~ ~ i o ~ i  \ V I I I I  0.511igIl- hi~ictit~ pro- 
liferatecl ant1 pl.ocl~lcctl Ootli bulblets ;llicl c;~llus. 
IZegenel-atioii of' plaritle~s li.ot11 C ; I I I U S  11;~s. I I O \ V -  
ever. been tlil'ficalt. I:~rrlii;~tion ol' \ \ I I ; I I  loi)I<ctI 
like aclventiriuus slioot bucls \+!:IS noticctl 011 c;~l- 
111s S L I S ~ ~ ~ C C  l~f'ter 4 \VCCLS of' ~ ~ ~ I I I S I ~ I .  to ;I I ' C ~ C I I -  
cr:ilio~i 1iictIi~1111 c t ~ ~ ~ i ; ~ i ~ i i ~ i g  111igIl. Ill\ ; I I I ( I  

( 0. InigJL 2.4-1). 1.liis. l~o\vcvcr, so011 dis;ll)l>c;~~.c~l 
as the callus cli;~ngctl to a watcry 1i)l-lil. ( icic~.  
( 1956) ivorking on leal' segmeiits ol' .~lrrtlrrri~irrtrr 
species. repol-rerl that I - L ' ~ ~ I I C S ; ~ ~ ~ O I I  \V;IS highly 
dependent on g,cnorypt. ant1 that N114N0, Icvcl 
has n signilicanc cl'l>ct on colltrs at~rl sl~oot Ii)r- 
~iiation. 

Tlie getietic still-~iliry 01'  ilic cxpli~~it it1 ~,itt.o I I ~ I S  
been si~itl to bc ~ l c l ~ c ~ i t l c ~ i ~  [~orli or1 its tlcgl-cC 01' 
otgnnizetl struc~tll-c ;111[1 rlic i t i l l ~ ~ c ~ i ~ e  01' tlle 
:lsc'ptic L * I I \ J ~ ~ ~ I ~ I I I C I ~ I  i l l  :~IIo\vilig C Y I ) ~ C S S ~ O I I  01' 
potc11ti:iI v:~ri:~Oili~y ( I{IL.C (11 , . 1007) ;111tl 11ic 
po~e~i \ I ;~l  i ~ i s t ~ ~ l ~ i l i t ~  ( 1 1 .  ; I C ~ \ , L ~ I I I I I ~ O ~ I S  I . L * ~ C I I L . I . ; I I ~ ~ ) I I  
11~1s bee11 ~iicritio~~ccl Ii11. so111e I I I ~ I ~ O C O ~ ~ I ~ ~ I ~ I I L I L I S  
getiera \vIie~c [lie I~ici~Ic~icc oI ' ;~xil l :~~~y I I I C I . ~ S I ~ I I I S  

is relatively lo\\:. I'ol!,ac~!/l;~~l~itlc gel c lec~~-opl~o-  
rcsis of' tlie It.a\cs 1i.011l rl~c pli~titlcts iri \vllicli 
~iiorpliolugical clil'l>~.enccs wcl-e t~oticctl sl~o\\,ctl 
:I differelice in tlic Ioc;~tiorl o l ' I )a~~t l  I)ct\\,cc~i ~ l i c  
palent phnt a ~ ~ c l  ~ l i c  ()l;l~~llers tl~at ili(licatccl 
\,ariatiun. 'l'his i~llplics t11i1 t  [lie ~ w o r e i ~ ~ s  i l l   he 
1 1 i t 1 ~ 1 1 i t  a1.e dil ' l>~-c~i~ Ii.o111 1li:11 o,l. [ I I C  \ v i I t l  type. 
Electrol~li(~~-ct-ic sclxllalloll tl~.llc~itls O I I  c l~a~ .yc  oli 

I 

tlic ~>roteili, tlie ti.iction;~l coet.ticiclit ol' tlie gel 
~~lil!crii~l uti[l tlic clcctl.ic lioltl i~~lc t~si ty .  Silicc the 
gcl ~ ~ ~ a t c r i a l  ;111tl t l~c  \olt ;~gc al~pliccl ~11.c tllc ~ ; I I I I C  

li)r I)orh tlie wild type allti !lie I l ~ ~ ~ t a r ~ t ,  i t  iriiplies . . 

tliat 111e prc~tciti t.csolvetl in the wilt1 type ant1 tlic 
I I I ~ I ~ ~ I I I I S  i1i.C (~i~~lbrcll t ,  I t  is l > o ~ ~ ~ l > l ~  t1l;ll 1 1 1 ~  

cl~al-gc tlil'lkretice may be clue to tlon- conscrv:l- 

nccoulll li)s l l ~ c  ~l~or~pl~oli~gic.al ili t'li.senccs 011- 
scrvctl i l l  plienotyl~es. Sincr tlicrc is no seed 
~xogc l~y ,  tlil'li.sc~~tiatior~ hetwocti gonetic atid 
cpigcl~ctic v i ~ r i ; ~ t i o ~ ~  nlay I)t :  tliflicult. The scatter 
tli;~gra~ii, Iiowevel., sliows a eIe:~r (lilli'~-e~ice be- 

LAcct)utlc (1081) also foulid ;I new near albino 
cultiv;lr, wliic11 is coliipletely clilt'erent li.0111 the 
I I ~ , ) ~ I I C I .  pl:tnt out of the several thousands 01' tis- 
SIIL' 

culturecl I.'. Irrr~rrl~olrl/ii plalits identical to the 
origitii~l. 'l'liis l ~ e  I I ; I I I I C ~  C'(rI(r(1ii1~11 'Mi~sccl'. 
Sitliil;lr results but with C'trlrri/ir~~rr hic.o/ot. Iii~vc 
hecn reportctl. Ali~netl (:I rrl. (2002), socorded 
variations in sli:~pe ;tnd colo~lr pattern of rogen- 
uriltecl plants ol' C'. hic.olor., Miljib et (11. (7000) 
also reportetf chlorophyll tfeliciency in a sizeable 
1i~111i1)cr ol ' rege~~or;~~ztl  plalitlets of C. hicolo~.. 

Sonlatic embryogenesis wi\s not obtained in this 
stucly a l t l io~~gl~  glol)ulat- stage embryo with at- 
~;~clictl susperlsot w;~s noticed alier 3 weeks in 
e ~ ~ i l ) ~ - y o  ilitluci~~g ~lictlillt~i. l'liis s~lggests tllilt the 
c;~llr~s gc~ie~.i~tctl li.0111 I.'. I r ~ r ~ ~ ~ l ~ ~ l ( l t i i  COI-111 011 

~llctli;~ s ~ r l ~ p l e ~ n r ~ ~ t c t l  with O.Xlng/L ?,+I) :~ntl 
l111g11.. Iiinctil~ illay Ilc e ~ t ~ l ~ r y o g c ~ ~ i c .  

I I I  coliclusion, tliis i ~ t t c ~ ~ ~ p t  to rleveloj, i\ ~~rotocol  
li)r tile tiss~lc c11l1u1-o ol' C'. /rrr~rrl)o/~//ii ; I I I ~  10 

c l~rc i t l i~ t~ its c:~llus intlt~ction ant1 1)1:11it srgcnel.;1- 
ti011 v i g u ~ ~ r  is 1)y 110 Iiienlis conclr~si\lc. I low- 
cvcr. i t  Iias heell est;~l~lisl~ed tl i r l t  callus can be 
i~itlrrc:ctl ;111cl ~ ~ ~ : ~ i ~ ~ t ; i i n e d  in tlie rli~rk on MS Ilir- 
t l i ~ ~ r i ~  sr~l)plci~ientetl \vitli O.timg/L 2,4-1) ;111cl 

I ~iig/I. I \ ~ I ! C I ~ I I  ;IS gsowtl~ ~.eg~~l;~tol . .  Wliile i t  has 
~iot I>ccl~ 1)ossiiblc lo gc~~c~.;t lc ~)latitle~s li.0111 citl- 
[us, pt.ocluction ol ' :~  new cullivar ol' C :  Irir~rrhc~ltl- 
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tii from direct regeneration has been achieved if 
this variation is stable. Further sti~dies on  media 
~iianipulation in order to inrluce rcgeneratiuti 
from callus and generation of embryoids Illrough 
somatic e~nbryogenesis will be in order. 
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