
SUPEROXIDE DISMUTASE GENE INTEGRATION 
AND 

EXPRESSION IN TRANSGENIC  HEVEA BRASILIENSIS

TH ES IS

Submitted to

MAHATMA GANDHI UNIVERSITY 
Kottayam

For the Partial Fulfil lment of the Requirements for the Award of the Degree of

DOCTOR OF PHILOSOPHY 

IN BOTANY

By

SOBHA. S.

Biotechnology Division 

Rubber Research Institute of India 

Kottayam, Kerala, India

May 2005



The Rubber Research Institute of India
Rubber Board (Ministry of Commerce and Industry, Govt, of India) 
Kottayam-.686 009, Kerala, India . - • --

Dr. A. Thulaseedharan
Deputy Director (Biotechnology)

May 16, 2005

Certificate

This is to certify that the thesis entitled “Superoxide dismutase gene 
integration and expression in transgenic H e v e a  b r a s i l i e n s i s ”  is an authentic 
record o f original research work carried out by Mrs. Sobha S., at the Rubber 
Research Institute of India, Kottayam- 686 009 under my supervision for the 
award of the degree of Doctor of Philosophy in the Faculty of Science, 
Mahatma Gandhi University, Kottayam. It is also certified that the work 
presented in this thesis has not been submitted earlier for any other degree or 
diploma.

(Dr. A. Thulaseedharan)

Tele Phone: 9 1 -4 8 1 -2 3 5 3 3 1 1  to 2353320 Fax: 9 1 -4 8 1 -2 3 5 3 3 2 7  
E-Mai: thu laseedharan@  rubberboard.orq.in



DECLARATION

I hereby declare that this thesis entitled “Superoxide dismutase 
gene integration and expression in transgenic Hevea brasiliensis” is an
authentic record of the research work carried out by me under the 
supervision of Dr. A. Thulaseedharan, at Rubber Research Institute of India, 
Kottayam. The work presented in this thesis has not been submitted earlier 
for any other degree or diploma at any university.

Kottayam Sobha. S
16-05-05 Scientist S2

Biotechnology Division 
Rubber Research Institute of India



Jic^nowCedgements

I  sincereCy e:>^ress my gratitude and indeStedness to my guide (Dr. Ji. iXiuCaseedftaran, 
(Deputy (Director ((BiotecfinoCogy) <Rji66er <Kffsearcfi Institute o f  India, T^pttayam, fo r  fiis vaCuaBCe 
guidance, constant support and encouragement tfirougfiout tfie course o f  my (Pfi.<D. programme. 
Hfis profound insigfit, vaCuaBCe suggestions and appreciation fteCped me m ucfifor tfie successfiiC 
completion oftftis worl{,

I  am very gratefuC to (Dr UvLathew, (Director o f  <R§searcfi, I  fo r  providing tfie
CaBoratory faciCities to undertal{e tftis programme and fo r  fiis encouragement in tfiis worl{. I  
also express my gratitude to (Dr. Vijayafijimar, Joint (Director(<Rgsearcft), (R ^I.

I  wisfi to egress my sincere tfianl{§ to (Dr. 94.. S- Latfia, (Reader, ScfiooC o f  (Biosciences, 
Mafiatma gandfii Vniversity, K ^ttayam for e:>(tending tfie much needed support to improve tfie 
quafity o f  my worli^

I  wisfi to record my deep sense o f  gratitude to (Dr. S- Susfiama^mari, 9Axs. <P. ‘Kjimari 
Jayasree, (Dr. <P. Venfiatacriafam, Mrs. (R^g. Kjifa, Mrs. %, (Rfl{fia, Mrs. % Jay as firee (Scientists), 
Mrs. Leda (Pavitfiran (Scientific Jlssistant), Miss. (Priya. (P. and Mrs. Safeena. (<S ŝearcfi 
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INTRODUCTION

I n  n a tu re , p la n ts  a re  o f te n  e x p o s e d  to  a  v a r ie ty  o f  a b io tic  s tre s se s  su c h  as 

d ro u g h t, te m p e ra tu re  e x tre m es , sa lin ity , h e a v y  m e ta l to x ic ity  a n d  h ig h  C O 2 co n ten t. 

T h e s e  e n v iro n m e n ta l s tre s se s  a re  s e r io u s  p ro b le m s  in  a g r ic u ltu re  as it a d v e rse ly  

a ffe c ts  th e  g ro w th  an d  d e v e lo p m e n t o f  p la n ts , c a u s in g  s ig n if ic a n t y ie ld  re d u c tio n  in 

m o s t  o f  th e  c ro p s  (G ro v e r  et al., 2 0 0 3 /  A n u n d e r ly in g  m e c h a n ism  fo r  re d u c tio n  in  

c ro p  y ie ld  u n d e r  s tre ss  c o n d itio n s  is e x c e s s iv e  p ro d u c tio n  o f  re a c tiv e  o x y g e n  sp e c ie s  

(R O S )  th a t can  d a m a g e  lip id s , n u c le ic  a c id s , an d  p ro te in s , le a d in g  to  d is ru p tio n  o f  

n o rm a l p h y s io lo g ic a l p ro c e sse s . G re en  p la n t tis su e s  m a y  p ro d u c e  m o re  R O S  th an  

a n im a l t is su e s , b e c a u s e  p la n ts  g e n e ra te  o x y g e n  d u r in g  p h o to sy n th e s is  a n d  c o n s u m e  

it d u r in g  re sp ira tio n . F u rth e r , b e c a u s e  o f  th e ir  g ro w th  u n d e r  h ig h  lig h t in te n s itie s  

an d  a  h ig h  c e llu la r  c o n c e n tra tio n  o f  d io x y g e n , p lan ts  a re  su b je c te d  to  o x id a tiv e  

s tre s s . In c re a se d  a n tio x id a n t e n z y m e  a c tiv itie s  h a v e  b ee n  re p o rte d  in  re sp o n se  to  

h e a t an d  lig h t c o n d itio n s  th a t ca u se  su n sc a ld  in  v e g e ta b le s , fru its  an d  f lo w ers  

(R a b in o w itc h  an d  S k lan , 1980). T h e re fo re , th e re  is a  c o n tin u o u s  n ee d  to s c a v e n g e  

th e se  R O S  to  m a in ta in  th e  c e l l 's  in teg rity . G e n e tic a lly  m o d if ie d  p lan ts  w h ic h  o v e r­

e x p re ss  a n tio x id a n t e n z y m e s  o r  so m e  d e fe n se  re la te d  p ro te in s  h a v e  b e t te r  c h a n c e  o f  

su rv iv a l u n d e r  th e  s tre s se d  e n v iro n m e n ta l c o n d itio n s  th a n  n o n  m o d if ie d  p lan ts  

(M c K e rs ie  e[ al., 1999).

N a tu ra l R u b b e r  (N R ), has b ee n  u sed  as an  in d u stria l ra w  m a te r ia l fo r the  

m a n u fa c tu re  o f  a b o u t 3 5 ,0 0 0  p ro d u c ts  e s sen tia l fo r m a n k in d . N R  h as  b e e n  rep o r te d  

to  o c c u r  in m o re  than  2 0 0 0  p lan t sp e c ie s . M a jo rity  o f  th e m  b e lo n g  to  th e  fam ily  

Moraceae, Euphorhlaceae  and  Appocynanaceae.  H o w e v e r , th e  ru b b e r  c o n te n t in 

all th e se  s p e c ie s  is n o t a d e q u a te  to  cu ltiv a te  th e m  c o m m e rc ia lly  as  a  s o u rc e  o f  

n a tu ra l ru b b e r  (G e o rg e  el al., 1980). O c c u rre n c e  o f  la tex  in th e  p la n t p a r ts  is a 

c o m m o n  fe a tu re  to  all th e se  sp ec ie s . Hevea hrasiliensis  ( p a ra  ru b b e r  tree )  b e lo n g in g  

to  th e  fa m ily  Euphorhlaceae  is th e  m a jo r  so u rc e  o f  c o m m e rc ia l n a tu ra l ru b b e r  

m a in ly  b e c a u s e  o f  its a b u n d a n c e  in la tex , q u a lity  an d  c o n v e n ie n c e  o f  h a rv e s tin g . In  

Hevea bra.siliensi.s. n a tu ra l ru b b e r  (c is -1 .4 -p o ly iso p re n e )  is s y n th e s iz e d  in 

s p e c ia liz e d  ce lls  ca lle d  la tic ife r  ce lls  ( la te x  v es se ls )  an d  s to re d  in th e  fo rm  o f  la tex .



L a le x  is a  sp e c ia liz e d  fo rm  o f  c y to p la sm  p re se n t in  a lm o s t all p a rts  o f  th e  p la n t an d  

is a b u n d a n t in  th e  la tic ife ro u s  ce lls  d is tr ib u te d  in th e  b a rk  o f  th e  m a in  tru n k . It is 

h a rv e s te d  f ro m  m a tu re  ru b b e r  tree s  th ro u g h  a  p ro c e ss  o f  c o n tro lle d  w o u n d in g  o f  th e  

b a rk , te rm e d  ta p p in g  (F ig . 1). T h e  la tex  th u s  o b ta in e d  b y  re g u la r  ta p p in g  o f  the . 

m a tu re  tree s  c o n ta in s  a b o u t 3 0 -4 5 %  ru b b e r  (N a ir, 2 0 0 0 ). In I n d ia  ru b b e r  is 

c u ltiv a te d  in  a b o u t 5 .7  lakh  h e c ta re s  w ith  an  a n n u a l p ro d u c tio n  o f  a b o u t 7.1 lakh  

to n e s  (R u b b e r  S ta tis tic a l N ew s, 2 0 0 4 ). In d ia  ran k s  fo u rth  a m o n g  th e  m a jo r  n a tu ra l 

ru b b e r  p ro d u c in g  c o u n tr ie s  in te rm s o f  to ta l p ro d u c tio n  an d  f irs t in  te rm s  o f  

p ro d u c tiv ity . T h e  h ig h e s t p ro d u c tiv ity  co u ld  b e  a ttr ib u te d  to th e  R R II 105 c lo n e  

e v o lv e d  by  th e  R u b b e r  R e se a rc h  In s titu te  o f  In d ia  w ith  an  a v e ra g e  y ie ld  o f  2 2 1 0  

k g /h a / y r  (M a th e w , 200 5 ).

H. hrasUiensis is an  o p en  p o llin a te d , h ig h ly  h e te ro z y g o u s  p e re n n ia l tre e  c ro p  

w ith  a  lo n g  b re e d in g  cy c le . It is p ro p a g a te d  u s in g  se e d s  o r  th ro u g h  v e g e ta tiv e  

p ro p a g a tio n  by  b u d  g ra ftin g . S eed s  w e re  u se d  as th e  p la n tin g  m a te r ia l d u r in g  th e  

e a r ly  p e r io d s  o f  ru b b e r  cu ltiv a tio n . T h e  m a jo r  d isa d v a n ta g e  o f  s e e d  p ro p a g a te d  tree s  

is th e  la ck  o f  g e n e tic  u n ifo rm ity , w h ich  re su lts  in w id e  v a r ia tio n  in g ro w th , y ie ld , 

d is e a se  to le ra n c e  an d  o th e r  se c o n d a r) ' ch a ra c te rs . L a te r  b u d  g ra f tin g  b e c a m e  th e  

a c c e p te d  p ra c tic e  o f  p ro p a g a tio n  fo r co m m e rc ia l p la n tin g  in all ru b b e r  p ro d u c in g  

co u n trie s . B u d  g ra f tin g  in v o lv e s  th e  g ra f tin g  o f  s u ita b le  b u d s  (sc io n )  f ro m  h ig h  

y ie ld in g  tre e s  on  to  a s so r te d  ro o t stocks. T h e  n e w  c lo n e  th u s  fo rm e d  is a  tw o -p a r t  

tre e , c o m p ris in g  o f  a  ro o t sy s tem  b e lo n g in g  to  the  s to c k  p a r t an d  a  sh o o t sy s tem  

c o n tr ib u te d  by th e  b u d  o f  th e  don o r. T h e  a d v a n ta g e  o f  b u d -g ra f t in g  is th e  u n ifo rm ity  

e x h ib ite d  by  d if fe re n t in d iv id u a ls  d u e  to the u n ifo rm  g e n e tic  c o n s titu tio n  o f  the  

sc io n  (S a ra s w a th y a m m a  et al.. 2000 ). H o w e v e r , a  m a jo r  d is a d v a n ta g e  o f  th is 

te c h n iq u e  in ru b b e r  is th a t, th e  ro o t s to c k s  a re  d e riv e d  fro m  o p e n  p o llin a te d  h ig h ly  

h e te ro zy 'g o u s  s e e d lin g s  an d  h e n c e  lead  to s to c k -sc io n  in te ra c tio n  le a d in g  to  in tra - 

c lo n a l v a r ia tio n s  in field  p e rfo rm a n c e s  (C o m b e , 1975; S e n e v ira tn e  an d  F le g m a n n , 

1996).

In c re a se d  c ro p  p ro d u c tiv ity  is th e  p rim ary ' a im  o f  an y  p la n t b re e d in g  

p ro g ra m m e . H y b rid iz a tio n  an d  se le c tio n  is th e  m o st im p o rta n t c o n v e n tio n a l m e th o d  

o f  Hevea  b re e d in g . T h is  in v o lv e s  the  p ro c e ss  o f  re p e a te d  b a c k -c ro s s in g  and  

s e le c tio n , w h ic h  w ill ta k e  se v e ra l g e n e ra tio n s  b e fo re  a  se t o f  d e s ira b le  g e n e s  co u ld  

b e  tra n s fe rre d  to  a c u l t i \  ar. H o w e v e r , se v e ra l fac to rs  re s tr ic t im p ro v e m e n t Heveo 

by  c o n v e n tio n a l m ean s. T h e  p e re n n ia l n a tu re  o f  the  c ro p , the  lo n g  ju v e n i le  p e rio d .



Fig. 1: A  mature rubber plantation. Inset shows the trunk of a single tree under tapping



th e  h e te ro z y g o u s  n a tu re  etc. a re  th e  m a in  b a r r ie rs  fo r  th e  s lo w  p ro g re ss  in  Hevea  

b re e d in g . F u r th e r ,  a t te m p ts  to  g e n e ra te  h y b rid s  a re  U m ited  b e c a u s e  o f  th e  se a so n a l 

an d  a s y n c h ro n o u s  f lo w e r in g  a m o n g  d if fe re n t c lo n e s  an d  p o o r  se e d  se t (b e lo w  5 % ) 

(K a v ith a  et a l ,  1989). T ra n s fe r  o f  u se fu l tra its  fro m  d is ta n tly  re la te d  sp e c ie s  w h ic h  

do  n o t se x u a lly  c ro ss  w ith  th e  c ro p  p la n t is n o t p o ss ib le  th ro u g h  c o n v e n tio n a l 

b re e d in g  (P a ro d a , 1999).

W ith  th e  e v e r  in c re a s in g  d e m a n d  - su p p ly  g ap  in  N R  o n  th e  o n e  h a n d  an d  

c o n s tra in ts  in  c o n v e n tio n a l b re e d in g  on th e  o th e r, e ffo rts  o n  R e se a rc h  an d  

D e v e lo p m e n t, to w a rd s  c ro p  im p ro v e m e n t a re  b e in g  e x te n d e d  to  the  g e n e ra tio n  o f  

n e w  c lo n e s  th ro u g h  m o d e m  b io te c h n o lo g ic a l a p p ro a c h e s . A d v a n c e s  in  m o le c u la r  

a n d  ce ll b io lo g y  o v e r  th e  p a s t fe w  d e c a d e s  h a v e  led  to  th e  d e v e lo p m e n t o f  a  w id e  

ra n g e  o f  te c h n iq u e s  fo r  m a n ip u la tin g  g e n o m e s . G e n e tic  e n g in e e r in g  is  o n e  a p p ro a c h  

th a t e n a b le s  th e  tra n s fe r  o f  g e n e s  o f  in te re s t a c ro ss  se x u a l in c o m p a tib ili ty  b arrie rs . 

M o re o v e r , g e n e tic  tra n s fo rm a tio n  o ffe rs  a  n o v e l a p p ro a c h  to  b re e d e rs  b y  a d d in g  

v a lu a b le  g e n e s  fo r  sp e c if ic  c h a ra c te rs  in  a  re la tiv e ly  s h o r t  p e r io d  o f  tim e. 

R e g e n e ra tio n  o f  tr a n s g e n ic  p la n ts  c o u ld  resu lt in a c c e le ra te d  c ro p  im p ro v e m e n t in 

b o th  q u a lity  as  w ell as q u a jitity  in a  s u s ta in a b le  m an n e r. F o re ig n  g e n e  in te g ra tio n  by  

g e n e tic  e n g in e e r in g  co u ld  b e  c o n s id e re d  as a n a lo g o u s  to  p la n t b re e d in g  b y  

h y b r id iz a tio n , b u t it p ro v id e s  m o re  p re c ise  an d  a c c u ra te  a d ju s tm e n ts  to  th e  g e n o m e  

( S h a rm a  et al.,  20 0 3  a). T h e  m o d if ic a tio n  o f  p la n t g e n o m e  th ro u g h  g e n e tic  

e n g in e e r in g  te c h n iq u e s  h a v e  o p e n e d  n e w  v is ta s  fo r  th e  p ro d u c tio n  o f  c ro p  p la n ts  and  

fo re s t  tre e s  w ith  in c re a se d  re s is ta n c e  to  sa lin ity  s tre s s , h ig h  te m p e ra tu re , d ise ase , 

in se c t p e s t, d ro u g h t an d  o th e r  e n v iro n m e n ta l c o n d itio n s .

In c re a s in g  d em ajid  fo r  N R  led  to  w id e  sc a le  ru b b e r  c u ltiv a tio n  in  In d ia  n o t 

o n ly  in  th e  tra d itio n a l tra c ts  o f  K e ra la  an d  K a n y a k u m a ri d is tric ts  o f T a m iln a d u ,  b u t 

a lso  to  n o n - tra d itio n a l/m a rg in a l a re as  o f  K a rn a ta k a , M a h a ra sh tra , O rissa , W e s t 

B e n g a l a n d  th e  N o rth  E as te rn  s ta te s  w h ic h  a re  e x p o se d  to  a  w id e  ra n g e  o f  b io tic  and  

a b io tic  s tre s se s . U n lik e  m ig ra to ry  b ird s  and  a n im a ls , p lan ts  c a n n o t run  a w a y  f ro m  

a d v e rs e  e n v iro n m e n ta l c o n d itio n s  an d  th e y  a re  o ften  s tu c k  w h e re  th e y  g e rm in a te . 

T h e y  a re  e x p o s e d  to  v a rie ty  o f  b io tic  an d  a b io tic  s tre s se s  in  c o o rd in a tio n  w ith  th e  

c h a n g in g  e n v iro n m e n t. P lan ts  re sp o n d  to v a r io u s  a b io tic  s tre s se s  by  a l te r in g  th e ir  

m e ta b o lic  e v e n ts , in o rd e r  to  a d a p t m a x im a lly  to  th e  c h a n g e d  e n v iro n m e n ta l 

co n d itio n s . In p la n ts , re a c tiv e  o x y g en  sp e c ie s  a re  n a tu ra lly  g e n e ra te d  d u r in g  p la n t 

m e ta b o lism  an d  a re  en h a n ce d  as a  c o n s e q u e n c e  o f  v a r io u s  a b io tic  s tre s se s  lik e  w a te r



d e f ic it,  s a lin ity , h ig ii lig h t in te n s itie s  (S c a n d a lio , 1990; G re sse l an d  G aJu m , 1994) 

an d  a lso , d u r in g  in fe c tio n  by  v a rio u s  p la n t p a th o g e n s . S ev e ra l e n v iro n m e n ta l 

s tre s se s  a lso  im p o s e  th e ir  d e tr im e n ta l e ffe c ts  o n  p la n ts  v ia  to x ic  o x y g e n  sp e c ie s , 

w h ic h  in c lu d e  a ir  p o llu tio n s  (o z o n e , su lp h u r  d io x id e ) , tra n s ie n t d ro u g h t, c o ld  an d  

w a te r  lo g g in g  (B o w le r  e( al., 1992; G re sse l a n d  G a lu m , 1994).

O x id a t iv e  s tre s s  is a  c o n s ta n t b u rd e n  o f  p la n ts  re su lt in g  f ro m  to x ic  o x y g en  

sp e c ie s , su c h  as su p e ro x id e  an io n , h y d ro x y l ra d ic a ls  a n d  a d d itio n a l to x ic  o x y g e n  

sp e c ie s . A n  e x c e s s  o f  R O S , c a u s in g  o x id a tiv e  s tre s s , is h a rm fu l to  c e lls  as th e se  

m o le c u le s  c a n  d a m a g e  n u c le ic  ac id s , p ro te in s  an d  p e ro x id a tio n  o f  lip id  m e m b ran es . 

T h e  a c c u m u la t io n  o f  R O S , p a r tic u ia rfy  su p e ro x id e  an io n , c a u se s  a  p ro c e s s  o f  

o x id a tiv e  d e te r io ra tio n  th a t u ltim a te ly  lead s  to  cell d e a th  (T h o m p s o n  et al., 1987). 

T h e re fo re ,  p ro te c tio n  o f  th e  ce lls  fro m  th e  d a m a g in g  e f fe c t o f  f re e  ra d ic a ls  is h ig h ly  

e s se n tia l fo r  th e ir  su rv iv a l in  a e ro b ic  en v iro n m e n t. In  Hevea brasiliensis, la tex  

e x p lo ita t io n  by  th e  in te n s iv e  ta p p in g  a lso  in d u c e s  w o u n d  re la te d  s tre s s  re a c tio n s  in 

ce lls . F u r th e r ,  ru b b e r  y ie ld  in  H. brasiliensis is c lo se ly  re la te d  to  r e s is ta n c e  o f  

la t ic ife ro u s  sy s te m s  to  o x id a tiv e  stress.

In Hevea brasiliensis, ta p p in g  p ane l d ry n e ss  (T P D ), c h a ra c te r is e d  b y  th e  

b ro w n in g  an d  d ry in g  o f  th e  b a rk  o f  th e  ta p p in g  p an e l, is a  s e r io u s  p ro b le m  a ffe c tin g  

m o s tly  th e  h ig h  y ie ld in g  c lo n es  as w ell as p la n ts  su b je c te d  to  in te n s iv e  ta p p in g . T P D  

is g e n e ra lly  c o n s id e re d  as a p h y s io lo g ic a l d iso rd e r . T h e  firs t v is ib le  s y m p to m  is 

c o n tin u e d  d rip p in g  o f  la te x  w ith  lo w  d ry  ru b b e r  co n ten t. S o m e tim e s  th e  in itia l 

s y m p to m  is d e v e lo p e d  as th e  p a rtia l d ry n e ss  o f  ta p p in g  p an e l an d  th e  b a rk  tu rn s  to  

lig h t b ro w n  in co lo u r. S ig n if ic a n t y ie ld  lo ss  o c c u rre d  all o v e r  th e  ru b b e r  g ro w in g  

c o u n tr ie s  d u e  to  th e  in c id e n c e  o f  T P D . M a n a g e m e n t o f  T P D  is o f  p o te n tia l 

e c o n o m ic  in te re s t as it re n d e rs  th e  tree s  u n p ro d u c tiv e . C h re s tin  (1 9 8 9 )  re p o r te d  th a t 

T P D  a f fe c te d  tre e s  e x h ib ite d  h ig h  le v e ls  o f  N A D (P )H  o x id a se  a c tiv ity , w h ic h  le ad s  

to  th e  fo rm a tio n  o f  re a c tiv e  o x y g e n  sp e c ie s  lik e  su p e ro x id e  d is m u ta s e  (O 2'  ) th a t 

d a m a g e  lu to id  m e m b ra n e s  re su ltin g  in th e  c e ssa tio n  o f  la te x  p ro d u c tio n . In  T P D  

a f fe c te d  b a rk , th e  f re e  rad ic a l a c c u m u la t io n  w as  fo u n d  to  b e  h ig h  w ith  a  re d u c e d  

leve l o f  S O D  a c tiv ity  (D a s  et al., 1998).

P la n ts  h a v e  e v o lv e d  se v e ra l d e fe n se  sy s te m s  a g a in s t o x id a tiv e  s tre s s  

in c lu d in g  th e  a c c u m u la tio n  o f  lo w  m o le c u la r  w e ig h t c o m p o u n d s  an d  e n z y m e s  

in v o lv e d  in  d e to x if ic a tio n  o f  re a c tiv e  o x y g e n  sp e c ie s  (S c a n d a lio s , 1993).



S u p e ro x id e  d is m u la s e  (S O D ) [ E C .1 .15 .1 .1 ] is an  e s se n tia l an d  p e rh a p s  th e  m o s t 

im p o r ta n t  c o m p o n e n t o f  th e  R O S  s c a v e n g in g  m e c h a n ism , b e c a u s e  it a c c e le ra te s  th e  

sp o n ta n e o u s  d ism u ta tio n  o f  su p e ro x id e  rad ic a l to  h y d ro g e n  p e ro x id e  (H 2O 2) and 

m o le c u la r  o x y g e n  (O 2) (F r id o v ic h , 1986). P e ro x id a se  an d  c a ta la se  e n z y m e s  

e l im in a te  th e  h y d ro g e n  p e ro x id e . T h u s  th e  c o m b in e d  a c tio n  o f  th e se  e n z y m e s  

c o n v e r t s u p e ro x id e  rad ic a l an d  h y d ro g e n  p e ro x id e  to  w a te r  a n d  m o le c u la r  o x y g en , 

th e re b y  a b a tin g  th e  fo rm a tio n  o f  th e  m o s t to x ic  an d  h ig h ly  re a c tiv e  o x y g e n  sp ec ie s .

O v e r -p ro d u c tio n  o f  S O D  to e n h a n c e  th e  o x id a tiv e  s tre s s  to le ra n c e  is 

e n v isa g e d  u ltim a te ly , p o ss ib ly  re s u lt in g  in  in c re a se d  c ro p  y ie ld s  u n d e r  

e n v iro n m e n ta l s tre s s  co n d itio n s . C o n v e n tio n a l m e th o d  o f  Hevea  b re e d in g  w ill ta k e  

y e a rs  to  d e v e lo p  p la n ts  su ite d  to  su c h  e n v iro n m e n ta l c o n d itio n s  an d  to le ra n t  to  T P D . 

M o re o v e r , Hevea  b e in g  s e n s itiv e  to  Agrobacterium, a v a ila b ili ty  o f  - p la n t  

re g e n e ra tio n  sy s te m  th ro u g h  so m a tic  e m b ry o g e n e s is  an d  ea sy  v e g e ta tiv e  

p ro p a g a tio n  th a t a re  ra re  in o th e r  w o o d y  sp e c ie s , m a k e  ru b b e r  p la n ts  a m e n a b le  to  

g e n e tic  im p ro v e m e n t th ro u g h  g e n e tic  tra n s fo rm a tio n  ap p ro ach .

In  v ie w  o f  th e  a b o v e  facts th e  p re se n t s tu d y  w a s  u n d e r  ta k e n  w ith  th e  fo llo w in g  

objectives;

•  G e n e tic a lly  tra n s fo rm  Hevea brasiliensis ca llu s  w ith  th e  c D N A  se q u e n c e  

c o d in g  fo r  S u p e ro x id e  d ism u ta se  u n d e r  the  c o n tro l o f  F ig w o r t  M o sa ic  V iru s  

3 4  S p ro m o te r.

•  O p tim iz e  th e  c o n d itio n s  fo r  p la n t re g e n e ra tio n  fro m  Hevea  tra n sg e n ic  ca llu s  

v ia  s o m a tic  e m b ry o g e n e s is .

•  C o n f irm a tio n  o f  th e  g e n e  in te g ra tio n  an d  th e  c o p y  n u m b e r  th ro u g h  m o le c u la r  

ap p ro a c h e s .

•  E v a lu a te  th e  o v e r-e x p re s s io n  o f  th e  in te g ra te d  g e n e  in  re s p o n s e  to  a b io tic  

s tre s s  a t th e  m R N A  an d  e n z y m e  level.



REVIEW OF LITERATURE

Hevea bmsiliensis  is th e  m a jo r  s o u rc e  o f  c o m m e rc ia l n a tu ra l ru b b e r , 

w h ic h  a c c o u n ts  fo r  99  p e rc e n t o f  th e  w o rld  n a tu ra l ru b b e r  p ro d u c tio n  an d  4 0  

p e rc e n t o f  th e  e la s to m e r  sa le  m ark e t. O v e r  9 0  p e rc e n t o f  th e  n a tu ra l ru b b e r  is 

p ro d u c e d  in S o u th  E a s t A sia . T h e  tra d itio n a l ru b b e r  c u ltiv a tio n  a re a  in  In d ia  is 

K e ra la  a n d  th e  a d jo in in g  d is tric ts  o f  T a m iln a d u  a n d  K a rn a ta k a  s ta te s . P re s su re  o n  

a v a ila b ili ty  o f  la n d  an d  so c io -e c o n o m ic  c o n s tra in ts  n e c e s s ita te s  th e  e x p a n s io n  o f  

ru b b e r  c u ltiv a tio n  to  th e  n o n - tra d itio n a l/m a rg in a l a re as , w h ic h  a re  e x p o s e d  to  

e x tre m e  c lim a tic  c o n d itio n s  su c h  as se v e re  c o ld , e le v a te d  te m p e ra tu re  an d  ligh t 

in te n s it ie s , le a d in g  to se v e re  a b io tic  s tresses . T a p p in g  p a n e l d ry n e ss  (T P D ), o ften  

a s so c ia te d  w ith  h ig h  y ie ld in g  c lo n es  w ith  e x te n s iv e  ta p p in g , is a n o th e r  se r io u s  

p ro b le m  in ru b b e r  p la n ta t io n s  a ll o v e r  th e  w o rld  re su ltin g  in  s ig n if ic a n t y ie ld  loss. 

It h a s  b ee n  re p o r te d  th a t T P D  is a lw a y s  a s so c ia te d  w ith  an  a c c u m u la t io n  o f  f re e  

rad ic a ls . T h e re fo re , a  h ig h  leve l o f  s u p e ro x id e  d ism u ta se  in  th e  b a rk  a n d  la tex  

c o u ld  d e to x ify  f re e  ra d ic a ls  th u s  p ro v id in g  p ro te c tio n  a g a in s t T P D . C o n v e n tio n a l 

m e th o d s  o f  b re e d in g  w o u ld  ta k e  se v e ra l y e a rs  to  d e v e lo p  p la n ts  c a p a b le  o f  

w ith s ta n d in g  su c h  s tress  s itu a tio n s  an d  fo r  m a x im iz in g  p ro d u c tiv ity  in  th e se  areas. 

T h is  n e c e s s ita te s  th e  n ee d  fo r  d e v e lo p in g  tra n sg e n ic  p la n ts  in te g ra te d  w ith  th e  

g e n e  c o d in g  fo r  su p e ro x id e  d ism u ta se  fo r  to le ra n c e  to  e n v iro n m e n ta l s tre s s  as w ell 

as T P D .

T h e  c o n v e n tio n a l m e th o d s  o f  Hevea  b re e d in g  an d  m a jo r  c o n s tra in ts  in 

c ro p  im p ro v e m e n t by  c o n v e n tio n a l b re e d in g  a re  rev ie w ed . B io te c h n o lo g ic a l 

ap p ro a c h e s  fo r  c ro p  im p ro v e m e n t an d  the  fe a s ib ili ty  o f  d e v e lo p in g  tra n sg e n ic  

Hevea  p la n ts  in te g ra te d  w ith  th e  g e n e  c o d in g  fo r  su p e ro x id e  d ism u ta se , fo r  

e n h a n c e d  to le ra n c e  to  a b io tic  s tre s se s  a n d  T P D  is a lso  re v ie w e d . S ev era l rep o r ts  

a re  a v a ila b le  p e r ta in in g  to  m o d e l p lan ts  an d  o th e r  an n u a l c ro p  p la n ts  e n g in e e re d  

fo r  e n v iro n m e n ta l s tress  to le ran ce . H o w e v e r , w ith  re sp e c t to  tr e e  c ro p s  su c h  

in fo rm a tio n  is lim ited .



2,1. Crop improvement in H. hrasiliensis: Conventional methods, 
achievements and constraints

T h e  o rig in a l g e n e tic  m a te ria l o f  the  P a ra  ru b b e r  tree , Hevea hrasiliensis 

(W ild .e x  A d r. D e  Ju s s .)  M uell. A rg  w a s  in tro d u c e d  to S o u th  E a s t A s ia  by  S ir  

H e n ry  W ic k h a m  in 1876  fro m  th e  A m a z o n  r iv e r  b as in  in  B ra z il, th e  c e n te r  o f  

d iv e rs i ty  o f  th e  g e n u s  (A n n a m m a  an d  K av ith a , 2 0 0 0 ). D u rin g  th e  e a rly  p h a s e  o f  

b re e d in g , la tex  y ie ld  jDer se_w as the  m a in  o b je c tiv e , an d  sy s te m a tic  b re e d in g  an d  

s e le c tio n  re su lte d  in a  n e a rly  te n  fo ld  in c re a se  in  a v e ra g e  y ie ld  i.e. 3 0 0  k g /h a /y r  in  

th e  o r ig in a l m a te r ia l to  an  a v e ra g e  y ie ld  o f  2 5 0 0  k g /h a /y r  fo r  th e  m o d e m  clones. 

T h u s  ru b b e r  b re e d in g  is in d e ed  o n e  o f  th e  o u ts ta n d in g  su c c e ss  s to r ie s  o f  th is  

c e n tu ry  (S im m o n d s , 1985; A n n a m m a  et a i ,  1990). H o w e v e r , th e re  a re  se v e ra l 

p ro b le m s  a s so c ia te d  w ith  c o n v e n tio n a l b re e d in g  an d  s e le c tio n  th a t  h a m p e r  q u ic k  

re le a s e  o f  c lo n es.

H. hrasiliensis  is a  p re d o m in a n tly  c ro ss  p o llin a te d , p e re n n ia l tre e  c rop . 

C ro p  im p ro v e m e n t is m a in ly  e f fe c te d  th ro u g h  h y b r id is a tio n  a n d  se lec tio n . 

A rtif ic ia l p o llin a tio n  b e tw e e n  se le c te d  p a re n ta l c lo n es , e v a lu a tio n  o f  F i h y b rid s  

an d  s e le c tio n  o f  p ro m is in g  re c o m b in a n ts  fo r c o m m e rc ia l p la n tin g  has b ee n  an d  

still is th e  m o s t im p o r ta n t m e th o d  o f  d e v e lo p in g  c lo n es  w ith  d e s ira b le  g e n e tic  

co n s titu tio n . T h e  b e s t g e n o ty p e s  in  o n e  g e n e ra tio n  (c lo n e s )  a re  u se d  as p a re n ts  in  

th e  n e x t c y c le  b re e d in g  f ro m  w h ic h  im p ro v e d  g e n o ty p e s  a re  se lec ted . T h is  

p ro c e ss  w as  re fe r re d  to  as c y c lic a l ‘G e n e ra tio n -w ise  A sso r ta t iv e  M a tin g ’ 

(S im m o n d s , 1985), A cc o rd in g ly , p r im a ry  c lo n e s  d e v e lo p e d  fro m  se e d lin g  tree s  

se rv e d  as p a re n ts  in  th e  firs t h y b r id is a tio n  se rie s . T h e  s e c o n d  an d  th ird  leve l 

h y b r id s  w e re  e v o lv e d  by  c ro s s in g  s e le c te d  h y b r id  c lo n es. T h e s e  c lo n e s  a re  

e v a lu a te d  in th re e  c o n s e c u tiv e  p h a se s  v iz ., sm a ll sca le , la rg e  s c a le  a n d  b lo c k  tria ls . 

In  In d ia , b re e d in g  w o rk  w as in itia te d  s in c e  1954 , th e  p ro g ra m m e  is c o n tin u o u s  

an d  h a n d  p o llin a tio n  is a t te m p te d  ev e ry  y ea r . C lo n e s  d e s ig n a te d  as R R II 100, 

2 0 0 , 3 0 0  a n d  4 0 0  se rie s  w e re  d e v e lo p e d  d u r in g  th e  p a s t few  d e c a d e s . A m o n g  

th e se , R R II  105 is an  ea r lie r  an d  m o s t p ro m is in g  se le c tio n , re su lta n t o f  a  c ro ss  o f  

tw o  p r im a ry  c lo n es  T j i r  1 and  G1 1 (N a ir  and  G e o rg e , 1969; N a z e e r  et a l ,  1986 ; 

A n n a m m a  e / (7/., 1990).

T h e  m a jo r  d if f ic u lty  in  th e  a fo re m e n tio n e d  p ro c e d u re  is th a t th is  m e th o d  is 

e la b o ra te  an d  tim e  c o n su m in g , re q u ir in g  a b o u t 30  y e a rs  f ro m  n u rse ry  e v a lu a tio n  

to  th e  f in a l re le a se  o f  a  clone. T h e re  is no  s h o r tc u t  to  sy s te m a tic  e x p lo ra tio n  o f



la rg e  n u m b e r  o f  p ro g e n ie s  at le a s t d u rin g  th e  in itia l s ta g e s  o f  e v a lu a tio n . E v e n  

th o u g h  th is  c o n c e p t o f  ‘p ro m o tio n  p lo ts ’ w as  in tro d u c e d  in M a la y s ia , by  ta k in g  

th e  p ro m is in g  s e e d lin g s  f ro m  n u rse ry  d ire c tly  in  to  a  la rg e -s c a le  tr ia l, it c o u ld  n o t 

s u b s t i tu te  th e  c u r re n t  p ro c e d u re  (S im m o n d s , 1985). M o re o v e r , th e  n a tu re  o f  

f lo w e r in g  an d  f ru it  s e t is y e t a n o th e r  b o ttle n e c k  in  h y b r id is a tio n  p ro g ra m m e s . In  

th e  tra d itio n a l ru b b e r -g ro w in g  tra c t in  In d ia , f lo w e r in g  is re s tr ic te d  to  o n ly  1-2 

m o n th s  d u r in g  F e b ru a ry  to  M arch . T h is  s h o r t p e r io d  an d  a lso  n o n - s y n c h ro n iz a tio n  

o f  f lo w e r in g  in  c e r ta in  p o te n tia l c lo n e s , lim its  th e  p ro d u c tio n  o f  su f f ic ie n t 

le g itim a te  fa m ilie s  fo r  m a k in g  e f fe c tiv e  se le c tio n  as w e ll as  th e  a t te m p ts  fo r  th e  

d e s ire d  c ro s s -c o m b in a tio n s . T h e  a v e ra g e  f ru it  se t re s u lta n t o f  c o n tro lle d  

p o llin a tio n  is g e n e ra lly  le ss  th a n  5 % , e v e n  u n d e r  b e s t c l im a tic  c o n d itio n s . T h e  

s u c c e ss  ra te  v a rie s  w id e ly  w ith  c lo n e s  an d  se aso n s  f ro m  less th a n  I to  12%  

( K a v i th a e r  al., 1989 ; C h a n d ra se k h a r  el a i ,  200 5 ).

O rte t se le c tio n  o r  m o th e r  tre e  s e le c tio n , th e  o ld e s t b re e d in g  m e th o d  

in v o lv e s  sy s te m a tic  s c re e n in g  o f  se e d lin g  p la n ta tio n s  fo r  s u p e r io r  m o th e r  trees. 

R a p id  p ro g re ss  w ith  m o th e r  tre e  se le c tio n  w as  a c h ie v e d  in  In d o n e s ia  an d  

M a la y s ia , w h ic h  re su lte d  in  th e  re le a se  o f  a  la rg e  n u m b e r  o f  e a r ly  p r im a ry  c lo n es  

lik e  T j ir  1, P R  107, G T  1, G1 1 etc. S eed lin g s , th o u g h  n o t c o m p a ra b le  w ith  h ig h  

y ie ld in g  c lo n e s  in  p ro d u c tio n  p o te n tia l, h a v e  sp e c ia l a g r ic u ltu ra l m e rits  lik e  

re s is ta n c e  to  d ise a se s , d ro u g h t e tc . In In d ia  R R II 5 , a  p ro m is in g  se le c tio n  fo r 

y ie ld  an d  R R II 3 3 , a  c lo n e  to le ra n t to  a b n o rm a l le a f  fall c a u se d  by Phytophthora  

spp, a re  re su lta n t o f  o r te t  se le c tio n  p ro g ra m m e . T h e  o r te ts  a lso  h a v e  to  b e  

e v a lu a te d  in  th e  s a m e  m a n n e r  as th a t o f  h y b rid  c lo n es . N e v e r th e le s s ,  n o w  a  d ay s 

e x te n s iv e  s e e d lin g  a reas  h a v e  b ee n  re p la c e d  b y  m o d e m  h ig h  y ie ld in g  c lo n es  

(S im m o n d s , 1985 ; A n n a m m a  an d  K av ith a , 2 0 0 0 ) . A p a r t f ro m  th e se , sp e c ia l 

te c h n iq u e s  lik e  p o lj 'p lo id y  and  m u ta tio n  b re e d in g  h a v e  a lso  b e e n  a t te m p te d  on  a  

l im ite d  sc a le , b u t th e  p ro g re ss  in  th e se  fie ld s  is ra th e r  s lo w  (M a rk o se  et al., 1981; 

S a ra s w a th y a m m a  e? a / . ,  1980 ; 1988).

L a c k  o f  re lia b le  ea rly  s e le c tio n  m e th o d s  is y e t a n o th e r  p ro b le m  

c o n f ro n tin g  th e  a t te m p ts  to  re d u c e  th e  b re e d in g  cy c le . S tu d ie s  o n  th e  c o rre la tio n  

b e tw e e n  n u rse ry  lev e l an d  m a tu re  p h a se  y ie ld  h a v e  re v e a le d  o n ly  lo w  to  m o d e ra te  

c o rre la tio n  (O n g  et a l ,  1986) an d  se le c tio n  b a se d  o n  n u rse ry  y ie ld  c o u ld  o n ly  b e  a  

fa ir  in d ic a to r  o f  th e  m a tu re  y ie ld , so  th a t o n ly  m ild  se le c tio n  sh o u ld  b e  a d o p te d  a t



th e  im m a tu re  p h a se  to  av o id  the  risk  o f  lo o s in g  p o te n tia l h ig h  y ie ld e rs  as w e ll as 

u se fu l re c o m b in a n ts  fo r  se c o n d a ry  c h a ra c te rs  (S im m o n d s , 1985).

A t p re se n t,  e x te n s iv e  a re a s  a re  b e in g  c u ltiv a te d  w ith  a  h a n d fu l o f  h ig h  

y ie ld in g  c lo n e s , w h ic h  a re  m o re  o r  less c lo se ly  re la ted . G e n e tic  s tu d ie s  in  g en e ra l, 

h a v e  in d ic a te d  in b re e d in g  d e p re ss io n  an d  u n p re d ic ta b le  in te ra c tio n s  w h e n  re la te d  

p a re n ts  a re  u se d  fo r b re e d in g  (G ilb e r t et al., 1973; N g a  an d  S u b ra m a n ia m , 1974). 

T h e  p e r fo rm a n c e  o f  c lo n es  v a rie s  a c ro ss  lo c a tio n s  b e c a u s e  o f  g e n o ty p e  X  

e n v iro n m e n t in te ra c tio n  (P a a rd e c o o p e r , 1964; J a y a s e k e ra  e? a / . ,  1977). E ffo r ts  a re  

ta k e n  to  s tu d y  th e  e x te n t o f  in te ra c tio n  b e tw e e n  g e n o ty p e  an d  e n v iro n m e n t so  as 

to  p ic k  o u t th e  ideal c lo n e  fo r  sp e c if ic  lo c a tio n s . R R II 105 c lo n e  p e r fo rm s  w ell in  

th e  tra d itio n a l trac ts  b u t it is s u sc e p tib le  to  d ro u g h t in  te rm s  o f  g ro w th  

(S a ra s w a th y a m m a  et al., 2000)

T ra d it io n a lly  th e  e lite  c lo n e s  o f  H. brasiliensis  p la n ts  a re  e a s ily  

p ro p a g a te d  th ro u g h  b u d  g ra f tin g  w h ic h  in v o lv e s  th e  g ra f tin g  o f  se le c te d  c lo n e s  on 

to  se e d lin g  ro o ts to c k s . T h is  e n su re s  g e n e tic  h o m o g e n e ity  o f  th e  s c io n  in  th is  

h ig h ly  h e te ro z y g o u s  sp ec ie s . M o n o c lo n a l se e d lin g s  a re  g e n e ra lly  u se d  as s to c k s  

w h ic h  a re  n o t a lw a y s  v ig o ro u s , d u e  to  th e  p o ss ib ili ty  o f  in b re e d in g  d e p re ss io n . A s 

an  a l te rn a tiv e , p o ly c lo n a l se e d  g a rd e n s  w ith  p ro v e n  c lo n e s  a re  to  b e  ra is e d  fo r  th e  

p ro d u c tio n  o f  g o o d  p o ly c ro ss  ro o t s to c k s , w h ic h  ag a in  is a  c u m b e rs o m e  p ro c e d u re  

(S im m o n d s , 1985). In Hevea, th e  ro o t s to c k s  w h ic h  a re  d e r iv e d  f ro m  cross  

p o llin a te d  se e d s  a re  h ig h ly  h e te ro z y g o u s  an d  h e n c e  lead  to  s to c k -s c io n  in te ra c tio n  

le a d in g  to  in tra -c lo n a l v a ria tio n s  in  f ie ld  p e rfo rm a n c e s  (C o m b e , 1975; 

S e n e v ira tn e  an d  F le g m a n n , 1996). In a d d itio n , th e  in te ra c tio n  o f  s to c k -s c io n  on  

p ro d u c tiv ity  an d  o th e r  s e c o n d a ry  c h a ra c te rs  s till re m a in s  an  a re a  le ss  u n d e rs to o d  

(A n n a m m a  an d  K a v ith a , 2 0 0 0 ). P ro p a g a tio n  by  ro o t  cu ttin g s , th o u g h  fe a s ib le  in 

ru b b e r , h as  th e  d is a d v a n ta g e  th a t su c h  p la n ts  la ck  tap  ro o ts  an d  a re  w in d  

s u s c e p tib le  (S im m o n d s , 1985). T h e  m ic ro p ro p a g a tio n  o f  e lite  c lo n e s  w ith  its  o w n  

ro o t sy s te m  c o u ld  re d u c e  in tra -c lo n a l v a r ia tio n  d u e  to  s to c k -s c io n  in te ra c tio n .

D e s p i te  th e  su c c e ss  o f  c o n v e n tio n a l c ro p  im p ro v e m e n t m e th o d s  in 

e v o lv in g  h ig h  y ie ld in g  c lo n e s , ru b b e r  b re e d in g  h as  n o t y e t g o n e  fa r  in  b re e d in g  

fo r  sp e c if ic  c h a ra c te r /s itu a tio n s . E s se n tia lly  a  sm a ll h o ld e r ’s c ro p , ru b b e r  is b e in g  

p u sh e d  to  p o o re r  so ils  in d rie r, m a rg in a l a re a s  e x p e r ie n c in g  v a r io u s  s tress  

e n v iro n m e n ts  in c lu d in g  d ro u g h t, d ise a se s , fro s t, w in d  etc. A s su c h , sp e c if ic  

p r io ritie s  in b re e d in g  o b je c tiv e s  vary  w ith  c h a n g in g  a g ro c lim a tic  c o n d itio n . D u e



to  th e  d ire c tio n a l s e le c tio n  fo r  y ie ld , g e n e tic  im p ro v e m e n t o f  m a n y  se c o n d a ry  

c h a ra c te rs  in f lu e n c in g  y ie ld  an d  o v era ll p e r fo rm a n c e  h as  b e e n  ig n o re d . P re s su re  

o n  la n d  a v a ila b ili ty  a n d  so c io -e c o n o m ic  co n s tra in ts , fu r th e r  n e c e s s ita te s  

a l te rn a t iv e  a p p ro a c h e s  fo r  d e v e lo p in g  c lo n e s  c a p a b le  o f  w ith s ta n d in g  s tre s s  

s itu a tio n s  an d  h a rd y  e n v iro n m e n ts .

2. 2. Biotechnological approaches for crop improvement in Hevea brasiliensis

In  re c e n t y ea rs , th e  g lo b a l c o n s u m p tio n  o f  n a tu ra l ru b b e r  is s te a d ily  

in c re a s in g  a n d  th e  p ro d u c tio n  h as  a lso  to b e  in c re a se d  so  as to  m e e t th e  d em an d . 

F u r th e r ,  m a n y  o f  th e  re c e n tly  d e v e lo p e d  h ig h  y ie ld in g  Hevea  c lo n es  a re  

s u s c e p tib le  to  o n e  o r  m o re  o f  th e  u n d e s ira b le  tra its  su c h  as  ta p p in g  p a n e l d ry n e ss  

(T P D ) - a  p h y s io lo g ic a l d iso rd e r , d ro u g h t, l e a f  fa ll d ise a se s  c a u se d  by  

Phytophthora  sp p : an d  Cornyespora  an d , o th e r  e n v iro n m e n ta l s tre s se s  lik e  

e le v a te d  te m p e ra tu re , h ig h  lig h t in te n s ity  etc. T h e  c ro p  lo ss  d u e  to  th e se  tra its  is 

v e ry  h e a v y  a n d  th e re  is an u rg e n t n ee d  to  in tro d u c e  re s is ta n t g e n e s  in to  th e  h ig h  

y ie ld in g  c lo n es . T h e  n a r ro w  g e n e tic  b ase , h ig h ly  h e te ro z y g o u s  n a tu re , th e  lo n g  

b re e d in g  cy c le , lo w  se ed  se t etc. a re  th e  m a jo r  lim ita tio n s  o f  c ro p  im p ro v e m e n t b y  

c o n v e n tio n a l b re e d in g .

2.2.1. M arker assisted selection

Iso z y m e s , m ic ro sa te lli te s  an d  re s tr ic tio n  f ra g m e n t le n g th  p o ly m o rp h ism  

(R F L P ) h a v e  a lre a d y  b ee n  a p p lie d  to  ru b b e r  tre e  to  in v e s tig a te  th e  p o ly m o rp h ism s  

b e tw e e n  c lo n e s  (C h e v a llie r , 1988 ; L e c o n te  et a i ,  1994). G e n e tic  d iv e rs i ty  o f  th e  

Hevea  g e rm p la sm , in c lu d in g  w ild  an d  c u ltiv a te d  m a te r ia ls , h a s  b e e n  s tu d ie d  w ith  

is o z y m e  an d  n u c le a r  R F L P s  (C h e v a llie r , 1988 ; B e sse  et a i ,  199 4 ; S e g u in  et al.,

1996). G e n e tic  m a p p in g  fo r  ru b b e r  tre e  w o u ld  b e  u se fu l, in  o rd e r  to  g a in  a  b e t te r  

k n o w le d g e  o f  th e  g e n o m e  o rg a n iz a tio n  to  e n a b le  c o m p a r iso n  w ith  o th e r  g e n e ra  o f  

th e  Euphorbiaceae  fam ily  su c h  as c a s sa v a  to  d e p ic t g e n e tic  b as is  o f  k ey  

q u a n t ita tiv e  tra i ts  su c h  as  re s is ta n c e  to  S o u th  A m e r ic a n  L e a f  B lig h t (S A L B ) an d  

to  d e v e lo p  m a rk e r-a s s is te d  se le c tio n  fo r  th e se  tra its  (F re g e n e  et a i ,  1997). A  

s a tu ra te d  g e n e tic  lin k a g e  m ap  o f  ru b b e r  tre e  {Hevea  sp p .)  w as  d e v e lo p e d  b a s e d  o n  

R F L P , A F L P , m ic ro sa te lli te  an d  iso z y m e  m a rk e rs  b y  L e s p in a s s e  et al. (2 0 0 0 ). 

M o le c u la r  te c h n iq u e s  lik e  R A P D , m ic ro sa te lli te , A F L P  etc. c o u ld  b e  e f fe c tiv e ly  

u se d  fo r  th e  d e v e lo p m e n t o f  m o le c u la r  m a rk e rs  an d  g e n e tic  a n a ly s is  in  Hevea



(V enkatacha la iT i et al.,  2 0 0 4 ; B in d u  R o y  et al., 2 0 0 4 ). M o le c u la r  m a rk e r-a s s is te d  

s e le c tio n  w ill h e lp  th e  p la n t b re e d e r  to id e n tify  a n d  se le c t th e  d e s ire d  p la n ts  a t a n  

e a rly  s ta g e  a n d  h a s te n  th e  tra n s fe r  o f  d e s ira b le  g e n e s  in  to  c u ltiv a rs  (M o h a n  et a l ,

1997).

2. 2,2. Development of in vitro plant regeneration system

A lth o u g h , e l ite  c lo n e s  o f  ru b b e r  p la n ts  c a n  b e  p ro p a g a te d  ea s ily  th ro u g h  

b u d  g ra f tin g , th e  in te ra c tio n  o f  u n ifo rm  sc io n s  w ith  th e  u n se le c te d  se e d  d e r iv e d  

s to c k s  (s to c k -s c io n  in te ra c tio n )  is a  m a jo r  p ro b lem . D e v e lo p m e n t o f  p ro to c o ls  fo r  

th e  in vitro p ro p a g a tio n  o f  s e le c te d  g e n o ty p e s  is h ig h ly  d e s ira b le  fo r  m ass 

p ro d u c tio n  o f  tru e - to - ty p e  in d iv id u a ls  (T h u la se e d h a ra n  et al., 2 0 0 0 ). E v e n  th o u g h , 

s e v e ra l r e p o r ts  on  Hevea  m ic ro p ro p a g a tio n  u s in g  d if fe re n t e x p la n ts , m o s tly  

d e r iv e d  f ro m  se e d lin g s  a re  a v a ila b le , an  e ff ic ie n t p ro to c o l fo r  la rg e -sc a le  

m ic ro p ro p a g a tio n  o f  e lite  Hevea  c lo n es is y e t to  b e  ev o lv ed .

T is s u e  c u l tu re  in Hevea hrasiliensis w as  in it ia te d  b y  B o u y c h o u  in  1953 

w ith  th e  o b je c tiv e  o f  p ro d u c in g  c a llu s  fo r  th e  s tu d y  o f  la tic ife ro u s  sy s te m  

(B o u y c h o u , 1953 ). T h is  lin e  o f  re se a rc h  w a s  ta k en  up  b y  C h u a  in  1966  a t  th e  

R u b b e r  R e se a rc h  In s titu te  o f  M a la y s ia  (C h u a , 1966). H e  o b se rv e d  c a llu s  in d u c tio n  

f ro m  ep ic o ty l an d  g re e n  s te m s  o f  y o u n g  Hevea  s e e d lin g s  o n  M S  m e d iu m  p ro v id e d  

w ith  a  h ig h  c o n c e n tra tio n  o f  s u c ro se  (1 0 0  g/1). L a te r, W ilso n  an d  S tre e t (1 9 7 5 )  

re p o r te d  th e  in it ia t io n  o f  ce ll su sp e n s io n  c u ltu re  by  su b  c u ltu r in g  th is  c a llu s  in  

liq u id  m e d iu m  an d  g re e n  sh o o ts  w e re  o b ta in e d  f ro m  th e se  ce ll su sp e n s io n s  on  

m e d iu m  c o n ta in in g  2 -c h lo ro e th y lp h o sp h o n ic  ac id  (2 -C E P A ) (A u d le y  et a l ,  1975 ; 

A u d le y  an d  W ilso n , 1978). P a ra n jo th y  an d  G h a n d im a th i (1 9 7 5 )  d e s c r ib e d  the  

c u ltu re  o f  s h o o t ap ice s  d e r iv e d  fro m  2 to  3 w e e k  o ld  a s e p tic a lly  g ro w n  se ed lin g s . 

T h e y  o b ta in e d  ro o te d  p la n tle ts  w ith in  4  w ee k s  o f  c u ltu re  in  liq u id  M S  m e d iu m . 

H o w e v e r , th e se  sh o o ts  fa iled  to  g ro w  o n  so lid  m e d iu m . L a te r  E n ja lr ic  a n d  C a rro n  

(1 9 8 2 ), u s in g  sh o o ts  d e r iv e d  fro m  1-3 y e a r  g re e n h o u s e  g ro w n  se e d lin g s  as 

e x p la n ts , d e v e lo p e d  ro o ted  plants.

T h e  e x p la n ts  d e r iv e d  fro m  e lite  c lo n es  o f  m a tu re  Hevea  tre e s  a re  h ig h ly  

re c a lc itra n t  an d  o n ly  lim ite d  rep o rts  a re  a v a ila b le  on  su c c e ss fu l m ic ro p ro p a g a tio n  

u s in g  c lo n a l m a te r ia ls  (T h u la se e d h a ra n  et a l ,  2 0 0 4 ). T h e  m a jo r  p ro b le m  w ith  

c lo n a l m a te r ia l f ro m  m a tu re  tree s  is th e  fa ilu re  o f  p ro d u c in g  a d e q u a te  ro o t sy s te m  

w ith  ta p ro o t q u a lity  necessary ' fo r tre e  s ta b ili ty  (C a rro n  an d  E n ja lric , 1983). T h e



ro o t sy s te m s  o f  a x illa ry  b u d  o r ig in a te d  p lan ts  o f  ju v e n ile  o rig in  d id  n o t c o n ta in  a  

tap  ro o t, th o u g h  th e  tre e  g ro w th  o b se rv e d  in th e  f ie ld  w as  c o m p a ra b le  to  th a t o f  

e m b ry o  c u ltu re d  an d  bud  g ra fted  p la n ts  w h ic h  c o n ta in e d  tap  ro o t  sy s tem s  

(S e n e v ira tn e  el al.,  1995). S in h a  el al. (1 9 8 5 )  su c c e e d e d  in  d e v e lo p in g  sh o o ts  by  

a x illa ry  b u d  c u ltu re  f ro m  d iffe re n t c lo n es  b u t th e y  fa ile d  to  o b ta in  ro o tin g . 

A so k a n  et al. (1 9 8 8 )  re p o rte d  sh o o t an d  ro o t d e v e lo p m e n t f ro m  th e  s h o o t  tip s  

d e r iv e d  f ro m  clonal tree s  (G T  1) fo r  th e  firs t tim e , on  a  m e d iu m  c o n ta in in g  (1 .5 -  

3 .0  m g /l)  lA A  an d  (0 .5 -1 .5  m g/I) K n. T h e  ro o te d  p la n tle ts  w e re  su c c e s s fu l ly  

t r a n sp la n te d  in  th e  fie ld . S e n e v ira tn e  an d  F le g m a n n  (1 9 9 6 )  o b ta in e d  m u ltip le  

a x i lla ry  s h o o t  p ro d u c tio n  fro m  n o d a l e x p la n ts  o f  ju v e n i le  o r ig in  o n  a  m e d iu m  

c o n ta in in g  th id ia z u ro n  a t (0 .0 2  m g /l)  in  c o m b in a tio n  w ith  N A A  (0 .2  m g /l). S h o o t 

e lo n g a tio n  w as  o b ta in e d  on a  grow 'th  re g u la to r  fre e  m e d iu m . E lo n g a te d  a x illa ry  

sh o o ts  p ro d u c e d  ro o t in th e  p re se n c e  o f  IB A  (2 .0  m g /l). M e n d a n h a  et al. (1 9 9 8 )

■ d e s c r ib e d  sh o o t d e v e lo p m e n t fro m  a x illa ry  b u d s  c u ltu re d  o n  M S  m e d iu m  

s u p p le m e n te d  w ith  (1 .0  m g /l)  o f  each  K n an d  2 ,4 -D , 2 %  s u c ro se  an d  4 %  agar. 

S h o o ts  d e v e lo p e d  f ro m  a x illa ry  b u d s  ro o te d  v ig o ro u s ly  w h e n  c u l tu re d  o n  M S  

m e d iu m  p ro v id e d  w ith  N A A , lA A  an d  IB A . P h y s io lo g ic a l s ta g e  o f  th e  e x p la n ts  

w as  fo u n d  to  h av e  s ig n if ic a n t ro le  in m ic ro p ro p a g a tio n  an d  d e ta ile d  s tu d ie s  w e re  

c a rr ie d  o u t by  m a n y  re se a rc h e rs . R e ju v e n a te d  ex p lan ts  b y  m ic ro g ra f tin g  an d  b u d s  

o f  n o d a l e x p la n ts  ta k e n  f ro m  d o rm a n t b ra n c h e s  w e re  fo u n d  to  e x h ib it  b e t te r  in 

vitro r e sp o n se  (S e n e v ira tn e  an d  W ijis e k a ra , 1997; L a rd e t et al., 1998). C o n d itio n s  

fo r  an  e ff ic ie n t an d  re p ro d u c ib le  sy s te m  fo r  in vitro m ic ro g ra f tin g  fo r  th e  

in d u c tio n  o f  e x p la n t re ju v e n a tio n  as w ell as fo r  the  re s c u e  o f  im p o r ta n t  d if f ic u lt to  

ro o t p la n t m a te r ia ls  w e re  s ta n d a rd iz e d  by  K a la  el al. (2 0 0 2 ).

A lth o u g h , p ro g re ss  has  b ee n  a c h ie v e d  on  m ic ro p ro p a g a tio n  u s in g  sh o o t 

tip s  a n d  a x illa ry  b u d s , m a n y  p ro b le m s lik e  e x p la n t v ia b ility , b u d  sp ro u tin g , s h o o t 

e lo n g a tio n  an d  d if f ic u lty  in p ro d u c in g  ta p ro o t still p e rs is ts . E v en  th o u g h  e x te n s iv e  

w o rk  h as  b ee n  d o n e  o v e r  the  p as t few  d e c a d e s  on  in vitro m ic ro p ro p a g a tio n  o f  

Hevea,  la rg e  sc a le  c o m m e rc ia l a p p lic a tio n  o f  tis su e  c u ltu re  te c h n iq u e s  is s till n o t 

a v a ila b le  (T h u la s e e d h a ra n  el al., 200 4 ).

S o m a tic  e m b ry o g e n e s is  p a th w a y  co u ld  o v e rc o m e  d iff ic u lt ie s  w ith  c lo n a l 

p ro p a g a tio n  o f  d if f ic u lt  to  ro o t tre e  sp e c ie s  an d  a c c e le ra te  th e  in tro d u c tio n  o f  

im p ro v e d  c lo n e s  in to  co m m e rc ia l p ro d u c tio n  an d  p ro v id e s  a  ra p id  an d  re lia b le  ■



re g e n e ra tio n  s y s le m  a m e n a b le  to  g e n e tic  m a n ip u la tio n  s tu d ie s  fo r  a l te ra tio n  o f  tre e  

g e n o m e s  (E v e rs  et at., 1988).

2, 2.3, Somatic embiyogenesis as a means of micropropagation

S o m a tic  e m b ry o g e n e s is ,  th e  fo rm a tio n  o f  e m b ry o s  f ro m  so m a tic  ce lls  h as  

b ee n  p ro v e d  as a  p ro m is in g  m e a n s  o f  m ic ro p ro p a g a tio n . S o m a tic  e m b ry o g e n e s is  

se rv e  as  a  p o te n tia l to o l fo r  p la n t p ro p a g a tio n  s in c e  1958 w h e n  th e  p la n t e m b ry o s  

w e re  o b ta in e d  f ro m  so m a tic  t is su e  o f  c a r ro t c u ltu re  in vitro (S te w a rd , 1958) an d  

an  e v e r  in c re a s in g  n u m b e r  o f  sp e c ie s  h a v e  b ee n  in d u c e d  to  fo rm  s o m a tic  e m b ry o s . 

S o m a tic  e m b ry o s  d e r iv e d  f ro m  th e  so m a tic  ce lls  c lo se ly  re se m b le  th e ir  se x u a l 

c o u n te rp a r ts  ev e n  th o u g h  th e y  h a v e  b y p a sse d  g e n e tic  s e g re g a tio n  and  

re c o m b in a tio n . C o n se q u e n tly , th is  re p re se n ts  a  m e th o d  o f  c lo n a l p ro p a g a tio n  

m a in ta in in g  th e  g e n o ty p e  o f  th e  p la n t f ro m  w h ich  th e  e x p la n t tis su e s  a re  d e r iv e d  

(A k in s  a n d  V asil, 1988). T h u s  so m a tic  e m b ry o g e n e s is  c o u ld  b e  u se d  as a  to o l in  

m a in ta in in g  f id e lity  a m o n g  re g e n e ra n ts  (P a rro t et a l ,  1991). P lan t re g e n e ra tio n  

v ia  s o m a tic  e m b ry o g e n e s is  h a s  re c e n tly  b e c o m e  an  a ttra c tiv e  to o l fo r  th e  

p ro d u c tio n  o f  tr a n sg e n ic  H. brasiliensis  p la n ts , b e c a u s e  o f  its  s in g le  ce il o r ig in  

(S u sh a m a k u m a r i et al., 2000 ).

2.2.4. Somatic embi’yogenesis in Hevea brasiliensis

E x p e r im e n ts  on  so m a tic  em b i'y o g en es is  o f  Hevea brasiliensis  w as in itia te d  

by  S a tc h u th a n a n th a v a le  an d  I ru g a lb a n d ra  (1 9 7 2 )  w ith  th e  a im  o f  o b ta in in g  

h a p lo id  p la n ts  by  c u ltu r in g  an th er. S a tc h u th a n a n th a v a le  (1 9 7 3 )  re p o r te d  ca llu s  

fo rm a tio n  f ro m  a n th e r  tis su e s  an d  p o llen  g ra in s . P a ra n jo th y  an d  G h a n d im a th i 

(1 9 7 5 ; 1 9 7 6 ) in d u c ed  c a llu s  fro m  segments  o f  ep ic o ty l o r  h y p o c o ty l an d  p ie c e s  o f  

c o ty le d o n s  o n  M S  m e d iu m  w ith  lo w  lev e ls  o f  h o rm o n e s  o r  in  th e  a b s e n c e  o f  

h o rm o n e s . H o w e v e r , th e y  fa iled  to  d e v e lo p  p la n tle ts  f ro m  th is  ca llu s . C h e n  et al. 

(1 9 7 8 )  re p o rte d  th e  d e v e lo p m e n t o f  firs t p o lle n  p la n t in  Hevea  by  p o lle n  c u l tu re  in 

M S  m e d iu m  s u p p le m e n te d  w ith  2 ,0  mg/1 2 ,4 -d ic h lo ro p h e n o x y a c e t ic  ac id  (2 ,4 -D ) 

an d  0 .5  mg/1 k in e tin  (K n). W a n g  et al. (1 9 8 0 ) su c c e e d e d  in  d e v e lo p in g  an d  

tra n s p la n tin g  s o m a tic  p la n ts  d e r iv e d  fro m  a n th e r  w all. C a rro n  (1 9 8 1 )  u sed  

in te g u m e n t tis su e  o f  se ed  fo r  so m a tic  e m b ry o g e n e s is  an d  s u b s e q u e n t p la n tle t 

d e v e lo p m e n t. C a rro n  an d  E n ja lric  (1 9 8 2 )  cu ltu re d  a n th e r  w a ll fo r  c a llu s  in d u c tio n  

an d  s u b s e q u e n t em b r) 'o id  d e v e lo p m e n t. L a te r  W a n g  et al. (1 9 8 0 )  d e v e lo p e d  130



s o m a tic  p la n ts  f ro m  C h in e se  c lo n e  H ail^en 1 an d  S C A T C  8 8 - 1 3  c lo n e s  b y  a n th e r  

c u l tu re  a n d  so m e  o f  th e se  p la n tle ts  w e re  su c c e s s fu lly  tra n s fe rre d  to  soil. G ao  et al. 

(1 9 8 2 )  d e v e lo p e d  so m a tic  p lan ts  f ro m  un - p o llin a te d  ov u le . S h ijie  et al. (1 9 9 0 )  

d e v e lo p e d  p o lle n  p la n ts  fro m  13 c lo n es  an d  th e y  h a v e  b e e n  su c c e s s fu l ly  

t r a n sp la n te d  in  th e  fie ld . W ith  th e  a v a ila b le  re p o rts  d e a lin g  w ith  in vitro Hevea  

re g e n e ra tio n , it c o u ld  b e  sa id  th a t th e  re g e n e ra tio n  a b ili ty  o f  Hevea  is h ig h ly  

g e n o ty p e  d e p e n d e n t an d  a  sp e c if ic  p ro to c o l m u s t b e  d e v e lo p e d  fo r  ea ch  c lo n e  o r  

c u l tiv a r  (S h ij ie  et a l ,  1990). D as et al. (1 9 9 4 ) d e v e lo p e d  ca llu s  f ro m  an th e rs  o f  

s e v e ra l Hevea  c lo n es  o n  a  m e d iu m  w ith  6 %  su c ro se . C o ld  tre a tm e n t o f  a n th e rs  at 

8 -1 0 °C  fo r  2 4 h  h a d  a  p ro m o tiv e  e f fe c t on  c a llu s  d e v e lo p m e n t. T h e  f re q u e n c y  o f  

e m b ry o g e n e s is  w as  e n h a n c e d  in th e  p re se n c e  o f  N 6  b e n z y la d e n in e  (B A ) a n d  2 -  

is o p e n ty la d e n in e  (2 ip ). V e is se ire  et al. (1 9 9 4 a ; 1994b) in d u c e d  e m b ry o g e n ic  ca lli 

f ro m  in te g u m e n t t is s u e  o f  im m a tu re  se ed s  o n  m e d iu m  c o n ta in in g  2 3 4  m M  

s u c ro se , 9 )j.M B A  an d  9 |iM  3 ,4 -d ic h lo ro p h e n o x y a c e t ic  ac id  (3 ,4 -D ). A b sc is ic  

a c id  (A B A ) s t im u la te d  e m b ry o  d e v e lo p m e n t in  l iq u id  m e d iu m . W a n g  a n d  C h e n  

(1 9 9 5 )  re g e n e ra te d  p la n tle ts  th ro u g h  so m a tic  e m b ry o g e n e s is  f ro m  s ta m e n  c u ltu re s  

a n d  a  re g e n e ra tio n  f re q u e n c y  o f  4 0 .5 %  w as o b ta in e d  w ith  th e  o p tim iz e d  

co n d itio n . C a illo u x  el al. (1 9 9 6 )  an d  L in o ss ie r  et al. (1 9 9 7 )  s tu d ie d  th e  ro le  o f  

su c ro s e  an d  A B A  o n  e m b ry o  in d u c tio n . B la n c  et al. (2 0 0 2 )  a s se ss e d  th e  e f fe c t o f  

c a rb o h y d ra te  ty p e s  o n  s o m a tic  em b ry o g e n e s is .

E x te n s iv e  ex p e rim en ts  w ere  ca rried  o u t by m a n y  resea rch e rs  to  en h a n ce  the  

fre q u en c y  o f  so m a tic  em b ry o  induc tion  an d  p lan t regeneration . A tte m p ts  w e re  m ade  

to  s ta n d a rd iz e  th e  o p tim u m  g ro w th  reg u la to r  co n cen tra tio n s an d  th e  b a lan c e  b e tw e en  

d iffe ren t g ro w th  regu la to rs, th e  nu tritional req u irem en ts  an d  th e  ph y sica l fac to rs  such  

as ligh t an d  te m p era tu re  for m ax im u m  callus p ro life ra tion , em b ry o  in d u c tio n  and  

su b se q u e n t reg e n e ra tio n  o f  n o rm al an d  h ea lth y  p lan tle ts. A s a  resu lt im m a tu re  an th er 

(b e fo re  m ic ro sp o ro g e n esis)  (Jay asree  et al., 1999) and  im m a tu re  in flo rescen ce  

(S u sh a m ak u m ai et al., 2 0 0 0 ) w ere  iden tified  as th e  su itab le  ex p lan ts  an d  p ro toco ls  

w ere  d e v e lo p e d  fo r h igh  freq u en cy  so m a tic  em bryo  in d u c tio n  an d  p la n t 

reg e n e ra tio n  fo r R R II 105, the m ost p o p u la r  In d ian  Hevea  c lone. S im u lta n eo u s ly  

a ttem p ts  w e re  m a d e  to iso la te  sin g le  ce lls as w ell as p ro to p la sts  fro m  d iffe ren t ex p lan t 

so u rce s  f ro m  Hevea hrasiliemis (S u sh am ak u m ari et al., 1999). T h ey  co u ld  d ev e lo p  

an  e ffic ien t an d  rep ro d u c ib le  p ro toco l fo r  so m atic  em b ry o  in d u c tio n  an d  p lan t



reg e n e ra tio n  fro m  em b ry o g e n ic  cell su sp e n sio n  d eriv ed  p ro top lasts  o f  R R II 105 c lone 

(S u sh a m ak u m ari e r a / . ,  2000a).

2. 2. 5 (1). Factors influencing plant regeneration via somatic embi*yogenesis

C o n s id e ra b le  p ro g re ss  h as  b ee n  m a d e  in  th e  la s t d e c a d e s  o n  so m a tic  

e m b ry o g e n e s is  so  as to  m a k e  it a  m ic ro  p ro p a g a tio n  sy s te m  a n d  a  re lia b le  in vitro 

p la n t re g e n e ra tio n  sy s te m  fo r  th e  d e v e lo p m e n t o f  tra n sg e n ic  p lan ts . H o w e v e r , the  

re q u ire m e n t o f  e s se n tia l n u tr itio n a l, h o rm o n a l an d  p h y s ic a l fa c to rs  re s tr ic t 

e ff ic ie n t p la n t re g e n e ra tio n .

InH evea,  C h e n  et al. (1 9 7 8 ) o b se rv e d  ca llu s  in d u c tio n  o n  M S  as w e ll as 

o n  M B  m e d iu m  w h ich  c o n ta in e d  m a cro  e lem e n ts  an d  iro n  sa lt o f  M S  m e d iu m , 

an d  m ic ro e le m e n ts  an d  o rg a n ic  g ro v ^ h  su b s ta n c e s  o f  th e  m e d iu m  d e s ig n e d  by  

B o u rg in  fo r  to b a c c o . L a te r  C a rro n  an d  E n ja lr ic  w h ile  d e v e lo p in g  a  p ro to c o l f ro m  

in n e r  in te g u m e n t o f  s e e d s  o b se rv e d  th a t th e  w h o le  p ro c e ss  o f  e m b ry o g e n e s is  

in v o lv e d  fo u r  s u c c e s s iv e  p h ases : c a llo g e n e s is , d if fe re n tia tio n  o f  e m b ry o id s , 

m u ltip lic a tio n  o f  e m b ry o id s  and  f in a lly  d e v e lo p m e n t o f  e m b ry o s  in to  p la n tle ts  , 

(C a r ro n  a n d  E n ja lr ic , 1984).

G ro w th  re g u la to rs  h a v e  an  im p o r ta n t ro le  in  d e v e lo p in g  a n  in vitro p la n t 

re g e n e ra tio n  sy s tem . A u x in  w as fo u n d  to  b e  n e c e s sa ry  fo r  c a llu s  in d u c tio n  f ro m  

d if fe re n t e x p la n ts  o f  Hevea  (C h e n  el al., 1978; C a rro n  a n d  E n ja lric , 1984 ; 

J a y a s re e  et al.,  1999; S u sh a m a k u m a ri et al., 2 0 0 0 ). E x te n s iv e  e x a m in a tio n  o f  th e  

a c tio n  o f  a u x in s  (2 ,4 -D , N A A  and  lA A ) re v e a le d  th a t, lA A  an d  2 ,4 -D  h ad  

sy n e rg is t ic  e f fe c t an d  c a llu s  in d u c tio n  w as o b se rv e d  o n  th e  b asa l m e d iu m  

s u p p le m e n te d  w ith  (0 .3  mg/1) 2 ,4 -D  and  (I.O  mg/1 lA A ). In d u c tio n  o f  

e m b ry o g e n ic  c a llu s  w a s  s tro n g ly  s tim u la te d  e ith e r  b y  a  d e c re a s e  in  e x o g e n o u s  

a u x in s  a n d  c y to k in in s  o r  by  th e  a d d itio n  o f  A B A  to  th e  c u ltu re  m e d iu m  (E tie n n e  

et a l ,  1991).

S tu d ie s  on  fa c to rs  in f lu e n c in g  c a llu s  f r ia b ili ty  an d  s o m a tic  e m b ry o g e n e s is  

in  d if fe re n t c lo n e s  o f  Hevea  rev e a le d  th a t c a llu s  f r ia b ili ty  w as  e n h a n c e d  in  P B  2 6 0  

c lo n e  e i th e r  by  re d u c in g  th e  c o n c e n tra tio n  o f  K n  o r  3 ,4 -D  (2 .0  mg/1 - 0 .2  mg/1) 

d u r in g  f irs t  c u l tu re  o r  b y  m a in ta in in g  h ig h  s u c ro se  (351 m M ) o r  c a lc iu m  (1 2  m M ) 

le v e ls  d u r in g  s u b c u ltu re s  (M o n to ro  el at., 1993). A lth o u g h , B A  w as  n o t e s se n tia l 

fo r  c a llu s  in d u c tio n , c a llu s  p ro life ra tio n  w as  p ro m o te d  by  th e  a d d itio n  o f  1-5 mg/1 

B A  (C a rro n  an d  E n ja lr ic , 1984). M o re o v e r, fo r  th e  in d u c tio n  o f  n o rm a l e m b ry o s  it



w as n e c e s sa ry  to  c o n tro l th e  h o rm o n e s  o f  c a llu s  in d u c tio n  a n d  p ro life ra tio n  m e d ia  

a t a  r a th e r  lo w  le v e l. C o n tin u o u s  e x p o s u re  o f  th e  c a llu s  to  a u x in  c o n ta in in g  

m e d iu m  led  to lo ss  o f  m o rp h o g e n e tic  p o te n tia l (C h en  et a i ,  1978). E m b ry o  

in d u c tio n  w a s  o b se rv e d  o n  a  m e d iu m  p ro v id e d  w ith  K n  (0 .2 -0 .3  mg/1) N A A  (0 .2 -  

0 .3 m g/1) an d  g ib b e re llic  ac id  (GA3) (0 .2 -0 .6 mg/1). L a te r  W a n g  et al. (1 9 8 0 )  

s u c c e e d e d  in  d e v e lo p in g  s o m a tic  p la n ts  f ro m  an th e r . C a rro n  an d  E n ja lr ic  (1 9 8 2 ), 

c u ltu re d  a n th e r  w all fo r  c a llu s  in d u c tio n  an d  d e v e lo p e d  e m b ry o id s .

A  d e ta ile d  in v e s tig a tio n  o n  th e  re sp o n se  o f  v a r io u s  c y to k in in s  o n  in vitro 

g e rm in a tio n  o f  Hevea  so m a tic  e m b ry o s  w a s  ca rrie d  o u t u s in g  B A , z e a tin  (Z n ) , K n  

an d  th id ia z u ro n  (T D Z ). T h e  re su lts  re v e a le d  th a t T D Z  w as  s u p e r io r  to  B A  an d  Z n  

w h ile  K n  s h o w e d  th e  le a s t resp o n se . M a x im u m  g e rm in a tio n  (8 0 % ) an d  p la n t 

d e v e lo p m e n t (8 2 % ) w as  o b ta in e d  w h e n  th e  m e d iu m  w as  s u p p le m e n te d  w ith  (0 ,2 5  

m g/1) T D Z  (Ja y a s re e  et a l ,  2 0 0 1 a). E ffe c t o f  GA3 o n  e m b ry o  in d u c tio n  an d  

g e rm in a tio n  in  Hevea hrasiliensis  (c lo n e  R R II 105) w as  a n a ly z e d  b y  J a y a s re e  an d  

T h u la s e e d h a ra n  (2 0 0 1 ). T h e y  o b se rv e d  th a t lo w e r  le v e ls  o f  GA3 up  to  (2 .0  mg/1) 

fa v o u re d  e m b ry o  in d u c tio n , g e rm in a tio n  an d  s u b se q u e n t d e v e lo p m e n t o f  fu ll 

p lan ts . S lig h t re d u c tio n  in  re sp o n se  w as  o b se rv e d  fo r  b o th  in d u c tio n  and  

g e rm in a tio n  o f  e m b ry o s  b y  a u to c la v in g  GA3.

L in o s s ie r  an d  co  w o rk e rs  (1 9 9 7 ) a n a ly z e d  th e  u s e  o f  h ig h  c o n c e n tra tio n  o f  

p o ly e th y le n e  g ly c o l (P E G ) fo r  im p a rtin g  o sm o tic  s tre s s  fo r  th e  d e v e lo p m e n t o f  

em b ry o s . T h e y  re p o r te d  th a t th e  p re se n c e  o f  140 g/1 P E G  g re a tly  re d u c e d  

se c o n d a ry  e m b ry o g e n e s is  an d  im p ro v e d  th e  c o n v e rs io n  o f  p ro -e m b ry o n ic  m a sse s  

in to  to rp e d o -s h a p e d  em b ry o s , w h ile  th e  a d d itio n  o f  e x o g e n o u s  A B A  (1 0  |J.M) 

f a v o re d  o n ly  th e  fo rm a tio n  o f  g lo b u la r  s ta g e  e m b ry o s  (L in o s s ie r  et a l ,  \991). 

S e v e ra l e x p e r im e n ts  w e re  ca rrie d  o u t by  d if fe re n t g ro u p s  fo r  d e te rm in in g  th e  

e f fe c t o f  d e s ic c a tio n , m e d iu m  o sm o la r ity  an d  a b s c is ic  ac id  (A B A ) o n  th e  

m a tu ra tio n  o f  s o m a tic  e m b ry o s  and  c o n v e rs io n  in to  p la n tle ts  (E tie n n e  et al., 1993; 

C a illo u x  et a i ,  1996; L in o ss ie r  et a i ,  1997). A d d itio n  o f  351 m M  s u c ro se  in 

p re se n c e  o f  1.0 |j.M A B A  en a b le d  the  a c c u m u la tio n  o f  p ro te in  re se rv e  an d  

e n h a n c e d  th e  in d iv id u a liz a tio n  o f  sh o o t and  ro o t m e ris te m s  th e re b y  im p ro v in g  

e m b ry o  g e rm in a tio n  an d  c o n v e rs io n  in to  p la n tle ts  (E tie n n e  et a i ,  1993). I t is 

re p o r te d  th a t in c o rp o ra tio n  o f  2 3 4  m M  su c ro se  as an  o s m o tic u m  in c o m b in a tio n  

w ith  lO.O |j,M  A B A  e n h a n c e d  e m b ry o  m a tu ra tio n  (C a illo u x  et al., 1996).



E ffe c l o f  d if fe re n t c a rb o h y d ra te s  su c h  as su c ro se , m a lto se , f ru c to s e  and  

g lu c o s e  o n  ea rly  s o m a tic  e m b ry o g e n e s is  w a s  a s se ss e d  b y  B la n c  et al. (2 0 0 2 ). 

T h e y  o b se rv e d  th a t so m a tic  e m b ry o g e n e s is  w a s  s ig n if ic a n t ly  h ig h e r  w ith  m a lto se , 

ra th e r  th a n  w ith  g lu c o se , f ru c to se  o r  su c ro se . In  th e  p re se n c e  o f  m a lto se , ca llu s  

g ro w th  w as  s lo w  a n d  o n ly  h a l f  th a t w as se e n  w ith  s u c ro s e  an d  th e  in d u c tio n  o f  

e m b ry o g e n e s is  w a s  u n ifo rm  an d  tw ic e  as fa s t as w ith  s u c ro s e  supp ly .

2. 3. Plant genetic transformation

G e n e tic  im p ro v e m e n t o f  tre e  sp e c ie s  by  c o n v e n tio n a l b re e d in g  m e th o d s  is 

a  ra th e r  s lo w  an d  e la b o ra te  p ro cess . A d v a n c e s  in  m o le c u la r  an d  ce ll b io lo g y  o v e r 

th e  p a s t  fe w  d e c a d e s  h a v e  led  to  th e  d e v e lo p m e n t o f  a  w id e  ra n g e  o f  te c h n iq u e s  

fo r  m a n ip u la tin g  th e  g e n o m e  o f  any  sp e c ie s . R e c e n t d e v e lo p m e n ts  in  m o le c u la r  

b io lo g y  te c h n iq u e s  lik e  g e n e  ta g g in g , g e n e  m a p p in g  an d  o th e r  te c h n iq u e s  su c h  as 

R F L P , P C R , a n d  tra n sg e n ic  te c h n o lo g y  h a v e  in c re a se d  th e  p re c is io n  an d  

e f f ic ie n c y  o f  p la n t b ree d in g . D e v e lo p m e n ts  in  re c o m b in a n t D N A  te c h n o lo g y  

c o m b in e d  w ith  in vitro p la n t re g e n e ra tio n  te c h n iq u e s  h a v e  p a v e d  th e  w a y  fo r  th e  

su c c e s s fu l in te g ra tio n  o f  fo re ig n  g e n e s  in to  th e  g e n o m e  o f  m a n y  p la n t sp e c ie s  w ith  

s ta b le  e x p re s s io n  o f  an  in tro d u c e d  fo re ig n  g e n e  (B e v a n  , 1984 ; Z a m b ry sk i et a l ,  

1983). G e n e tic  e n g in e e r in g  e n a b le s  m o v e m e n t o f  g e n e s  o f  in te re s t a c ro ss  se x u a l 

in c o m p a tib il i ty  b a rr ie rs  n o t o n ly  a m o n g  sp e c ie s  a n d  g e n e ra  b u t  a lso  a m o n g  

k in g d o m s  (P a ro d a , 1999). T h is  te c h n iq u e  h as  led  to  a  q u a n tu m  le ap  in  th e  

u n d e rs ta n d in g  o f  so m e  b as ic  a sp e c ts  o f  p la n t d e v e lo p m e n t, p h y s io lo g y  an d  

b io c h e m is try  (B irc h , 1997).

2.3. \ .  Agrobacterium tmmfaciens'. a natural vector for genetic ti'ansforaiation

P la n t g e n e tic  e n g in e e r in g  s ta rte d  w ith  th e  d is c o v e ry  th a t Agrobacterium  

tumefaciens c o u ld  tra n s fe r  a  se t o f  g e n e s  f ro m  th e  T i-  p la sm id , in to  in fe c te d  p la n ts  

an d  th is  D N A  c o u ld  b e c o m e  c o -v a ie n tly  in te g ra te d  in to  th e  g e n o m e  o f  th e  h o s t 

ce ll, w h e re  it g e ts  e x p re sse d  (R o b e r ts , 1982). G e n e tic  t r a n s fo rm a tio n  can  b e  

d e f in e d  as th e  tra n s fe r  o f  fo re ig n  g e n e s  iso la te d  f ro m  p la n ts , a n im a ls , b a c te r ia  o r 

v iru s  in to  a  n e w  g e n e tic  b a c k g ro u n d  an d  it in v o lv e s  se v e ra l d is t in c t s ta g e s , n a m e ly  

in se rt io n , in te g ra tio n , e x p re ss io n  an d  in h e ri ta n c e  o f  th e  n e w  D N A . C o n s e q u e n t to  

e x te n s iv e  re se a rc h  c o n d u c te d  in se v e ra l la b o ra to r ie s  (H o e k im a  et al.,  1983;



C a p la n  et al., 1983; C h ilto n , 1983; S ch ell an d  M o n ta g u , 198 3 ), e n o u g h  

in fo rm a tio n  w as  a c c u m u la te d  to  re n d e r  th e  Agrohacterium  sy s te m  a  su re  

c a n d id a te  fo r  th e  g e n e tic  tra n s fo rm a tio n  o f  p lan ts.

Agrohacterium  m e d ia te d  g e n e  tra n s fe r  has  b ee n  su c c e s s fu lly  u se d  fo r  a  

b ro a d  ra n g e  o f  p la n t taxa. T h e  in te ra c tio n  o f  Agrohacterium  w ith  h ig h e r  p la n t 

ce lls  to  d e liv e r  T -D N A  se e m s to  b e  u n iv e rsa l. A n  in c re a se d  u n d e rs ta n d in g  o f  th e  

m e c h a n ism s  o f  g e n e  tra n s fe r  a n d  in te g ra tio n  o f  tra n sg e n e s  in to  p la n t g e n o m e s  

sh o u ld  h e lp  to  im p ro v e  th e  u se  o f  th is  v e c to r  fo r  g e n e tic  m a n ip u la tio n  o f  e lite  

g e n o ty p e s  o f  th e  d e s ire d  tre e  sp ec ie s .

S ig n if ic a n t v a r ia tio n  in  v iru le n c e  h as  b ee n  re p o r te d  w ith  Agrohacterium  

s tra in s  c a r ry in g  d if fe re n t T i p la sm id s  in  so m e  p la n t sp e c ie s  (M o rr is  et a l ,  1989 ; 

E llis , 1995 ). T h is  h as  led  to  th e  se le c tio n  o f  s tra in s  th a t w e re  s p e c ia lly  su ita b le  fo r  

tr a n s fo rm a tio n  o f  d if fe re n t g ro u p s  o f  p lan ts . T h e  e ff ic ie n c y  o f  Agrohacterium  

m e d ia te d  tra n s fo rm a tio n  ca n  b e  o p tim iz e d  b y  u s in g  h y p e r  v iru le n t s tra in s  b y  

tre a tm e n ts  su c h  as w o u n d in g , v a c u u m  in filtra tio n  o f  b a c te r ia  in to  th e  e x p la n t, p r e ­

tre a tm e n t o f  th e  e x p la n ts  w ith  v ir -g e n e  in d u c e rs  (e.g . a c e to sy rin g o n e ) , 

o p tim iz a tio n  o f  te m p e ra tu re  an d  d u ra tio n  o f  c o -c u ltiv a tio n  (B id n e y  et al.,  1992; 

S a n ta re m  et a l ,  1998 ; H a n se n  an d  C h ilto n , 1999).

Agrohacterium rhizogenes  h as  a lso  b e e n  u se d  as a  v e c to r  f o r  g e n e  tra n s fe r  

in  a  n u m b e r  o f  p la n t sp e c ie s . Its a b ility  to  tra n s fe r  tra n sg e n e  in to  w o o d y  p la n t ce lls  

w a s  d e m o n s tra te d  b y  H u a n g  et al. (1 9 9 1 ), an d  s in c e  th e n  th is  sp e c ie s  h as  b ee n  

u se d  fo r  tra n s fo rm a tio n  o f  se v e ra l p la n ts  (T z f ira  et al.,  1996). Agrohacterium  

rhizogene  h a s  a lso  b ee n  u se d  to  aid  in th e  p ro d u c tio n  o f  a d v e n tit io u s  ro o ts  o n  

e x p la n ts  o f  w o o d y  sp e c ie s  (M a g n u ss e n  et al.,  1994). F o r  lo n g , th e  in a b ility  o f  

Agrohacterium  to  tra n s fe r  T -D N A  to m o n o c o ty le d o n o u s  p la n ts  w a s  c o n s id e re d  as 

a  m a jo r  lim ita tio n . H o w e v e r , w ith  e f fe c tiv e  m o d if ic a tio n , in  T i p la sm id  v ec to rs  

an d  f in e r  jn o d if jc a lio n s  o f  Ira jis fo rm a lio n  c o n d itio n s , a  n u m b e r  o f  

m o n o c o ty le d o n o u s  p la n ts  (rice , w h ea t, m a ize , e tc) h a v e  n o w  b ee n  tra n s fo rm e d  

(H ie i et a i ,  1994; I sh id a  e / « /., 1996).



G e n e tic  e n g in e e r in g  o f  c ro p  p la n ts  in te g ra te d  w ith  sp e c if ic  g e n e s  h a s  b ee n  

a c h ie v e d  e i th e r  by  d ire c t g e n e  tra n s fe r  o r  hy Agrobacterium tumefaciens m e d ia te d  

g e n e tic  tra n s fo rm a tio n . Agrobacterium  m e d ia te d  tra n s fo rm a tio n  h as b e e n  w id e ly  

u se d  b e c a u s e  o f  its e ff ic ie n c y , s im p lic ity  a n d  s ta b ili ty  o f  th e  in te g ra te d  g e n e  

( Jo sh y  a n d  Jo sh y , 1991: D a le  el al., 1993). T h e  m e th o d  o f  su c h  tra n s fe r , w h ic h  is 

c h o se n , is g e n e ra lly  g o v e rn e d  b y  th e  p la n t sp e c ie s  an d  its  r e g e n e ra tio n  re s p o n s e  in  

t is s u e  c u ltu re . O n e  o f  th e  c r it ic a l fa c to rs  in  th e  g e n e tic  tr a n s fo rm a tio n  o f  a  

p a r t ic u la r  p la n t sp e c ie s  is th e  a b ility  o f  th e  ta rg e t c e lls , o n c e  tra n s fo rm e d , to  

d e v e lo p  in to  c o m p le te  p la n ts  v ia  so m a tic  e m b ry o g e n e s is  o r  o rg a n o g e n e s is  

(H o rsc h  e ta l . ,  1985).

T h e  p ro to c o l d e sc r ib e d  b y  H o rsc h  et al., (1 9 8 5 )  fo r  th e  tra n s fo rm a tio n  o f  

to b a c c o  le a f  d isc s  fo rm s  th e  b as is  o f  m o s t m o d if ie d  p ro c e d u re s  u se d  w ith  

Agrobacterium tumefaciens. L a te r, tra n sg e n ic  p la n t e x p re s s in g  a n  a g ro n o m ic a l ly  

d e s ira b le  tra i t  w as  d e v e lo p e d . T h e  m o d if ic a tio n  o f  p la n t g e n o m e  th ro u g h  g e n e tic  

e n g in e e r in g  a p p ro a c h e s  has b ee n  p e r fe c te d  to a  g re a t e x te n t in  s e v e ra l c ro p s  an d  

th e  f ir s t  m a jo r  b re a k th ro u g h  fo r  e n v iro n m e n ta l s tre s s  w a s  tra n s g e n ic  to b a c c o  w ith  

in c re a se d  lo w  te m p e ra tu re  to le ra n c e  (M u ra ta  et a l ,  1992).

S ig n if ic a n t p ro g re ss  h as  b ee n  m a d e  in d e v e lo p in g  tra n sg e n ic  p la n ts  d e v o id  

o f  a n t ib io tic  m a rk e r  g e n e s  {nptW o r  hpt) o r  h e rb ic id e  r e s is ta n c e  m a rk e rs  (e .g  bar) 

a re  e s se n tia l fo r  s e le c tiv e ly  p ro p a g a tin g  tra n s fo rm e d  ce lls  an d  tis su es . E lim in a tio n  

o f  m a rk e r  is a d v o c a te d  s in c e  th e  a n tib io tic  re s is ta n t g en e s  m a y  b e  tra n s fe rre d  to  

p a th o g e n ic  b a c te r ia  o r  the  h e rb ic id e  re s is ta n c e  g e n e  m a y  b e  tra n s fe rre d  to  w eed s. 

T h is  c a n  b e  a c h ie v e d  b y  c o - tra n s fo rm a tio n  o f  m u lt ip le  T -D N A  o r b y  s ite -  sp e c if ic  

re c o m b in a t io n  s tra te g ie s  an d  d e p lo y m e n t o f  A c /D s-  b a s e d  tra n sp o s itio n  

(V e lu th a m b i et al., 2 0 0 3 ). B e s id e s  m a rk e r  e l im in a tio n , it o ffe rs  th e  fo llo w in g  

a d v a n ta g e s : 1) it en a b le s  th e  su c c e s s iv e  ro u n d s  o f  tr a n s fo rm a tio n  so  th a t, u se fu l 

tra n s g e n e  ca n  b e  s ta c k e d  w ith o u t c ro ss in g  2 ) re te n tio n  o f  p ro m o te rs  in te g ra te d  

a lo n g  w ith  th e  se le c tio n  m a rk e rs  w h ic h  w ill le a d  to  th e  p re s e n c e  o f  m u lt ip le  

co p ie s  o f  a  p ro m o te r ,  th e re b y  a c tiv a tin g  s ig n a ls  fo r  tra n sc r ip tio n a l g e n e  s ilen c in g . 

T h e  c o - tra n s fo rm a tio n  s tra te g y  w as su c c e s s fu lly  d e p lo y e d  in  r ic e  fo r  e n g in e e r in g



p ro v ita m in  A  b io sy n th e s is . A  to ta l o f  fo u r  g e n e s  c o n ta in e d  in  tw o  s e p a ra te  T - 

D N A  c a s se tte s  w e re  tra n s fe rre d  to g e th e r  in  r ic e  (Y e  et al., 2 0 0 0 ).

U n d e s ira b le  g e n e s  in  th e  p la n t g e n o m e  can  b e  s e le c tiv e ly  s ile n c e d  in  th e  

ta rg e t tis su e s  b y  th e  a n tis e n se  a p p ro a c h  (B o u rq u e , 1995). T h e  a n t is e n se  R N A  g e n e  

in d u c e d  s ile n c in g  h a s  b ee n  su c c e s s fu lly  u se d  to  m a n ip u la te  p h y s io lo g ic a l p ro c e ss  

s u c h  as  f ru it  r ip e n in g , p h o to sy n th e s is  a n d  s o u rc e -s in k  re la tio n sh ip s . S m ith  et al. 

(1 9 8 8 )  w e re  p io n e e rs  in  th e  a p p lic a tio n  o f  a n tise n se  c D N A  in  g e n e tic  

t r a n s fo rm a tio n  o f  p lan ts . D e la y e d  r ip e n in g  o f  to m a to  f ru it w as  a c h ie v e d  b y  

e x p re s s io n  o f  th e  a n tise n se  A C C  s y n th a se  o r  A C C  o x id a se  c D N A s (O e lle r  et a l ,  

1991 ; H a m ilto n  et al., 1990). In h ib itio n  o f  th e  f ru it s o f te n in g  h a s  b e e n  a c h ie v e d  

b y  a n t is e n s e  p o ly g a la c tu ro n a se  g e n e  (G ra y  et al., 1992) an d  b y  a n t is e n se  p e c tin  

m e th y le s te ra s e  g e n e s  (T ie m a n  et al., 1992). T h e  a n t is e n se  te c h n o lo g y  a llo w e d  th e  

s e le c tiv e  a c c u m u la t io n  sp e c if ic  in te rm e d ia te s  in  m e ta b o lic  p a th w a y s  b y  re d u c in g  

th e  a c tiv i ty  o f  a  s in g le  en zy m e . F o r  e.g. th e  m o d u la tio n  o f  c a rb o h y d ra te  sy n th e s is  

in  p o ta to  w a s  a c h ie v e d  b y  a n tise n se  s ta rc h  sy n th a se  (V isse r  et al., 1991).

G e n e tic  e n g in e e r in g  a lso  a llo w s  th e  u se  o f  se v e ra l d e s ira b le  g e n e s  in  a  

s in g le  e v e n t,  an d  re d u c in g  th e  tim e  re q u ire d  to  in te g ra te  n o v e l g e n e s  in to  e lite  

b a c k g ro u n d  (S h a rm a  et a l ,  2 0 0 3 b ) . T h e  d e m o n s tra tio n  th a t s u b s ta n tia lly  la rg e  

s tre tc h e s  o f  D N A  (up  to  28  k b ) can  b e  tra n s fe rre d  in  to  p la n t c e lls  b y  

Agrobacterium tumefaciens (H a m ilto n  et al., 1996 ) su g g e s ts  th e  p o s s ib ili ty  o f  

tr a n s fe rr in g  s e v e ra l g e n e s , e.g. th o se  c o n tro llin g  a  c o m p le te  m e ta b o lic  p a th w a y  

in to  p la n t ce lls . P la c in g  m u lt ip le  g e n e s  in  o n e  T -D N A  is te c h n ic a l ly  d if f ic u lt  d u e  

to  th e  lo ss  o f  s in g le  re s tr ic tio n  s ite s  in  su c c e s s iv e  c lo n in g  s te p s . T h is  lim ita tio n  

w as  o v e rc o m e  b y  su c c e s s fu lly  e n g in e e r in g  p ro v ita m in  A  b io sy n th e s is  g e n e s  in  

r ice  (Y e  e /  al., 2 0 0 0 ). T h u s , it is p o s s ib le  to  tra n s fo rm  m u ltip le  g e n e s  o f  a  p a th w a y  

b y  c o - tra n s fo rm a tio n  o f  m u lt ip le  T -D N A s.

S ig n if ic a n t p ro g re ss  h as  b ee n  m a d e  o v e r  th e  p a s t d e c a d e s  in  h a n d lin g  and  

in tro d u c tio n  o f  e x o tic  g e n e s  in to  p la n ts , an d  h as  p ro v id e d  o p p o r tu n itie s  to  m o d ify  

c ro p s  fo r  in c re a se d  y ie ld , im p a r t re s is ta n c e  to  b io tic  a n d  a b io tic  s tre s s  fa c to rs  an d  

im p ro v e  n u tr it io n  (S h a rm a  et al., 2 0 0 3 b ). A lth o u g h , g e n e tic  t r a n s fo rm a tio n  an d  

s ta b le  in te g ra tio n  o f  fo re ig n  g en e s  h a v e  b een  su c c e ss fu l in  m a n y  c e re a l c ro p s  an d  

h e rb a c e o u s  a n n u a l p la n ts , th e  su c c e ss  in p e re n n ia l tre e  c ro p s  is ra th e r  lim ite d



(D a n d e k a r  et al.,  1988 ; J a m e s  et a i ,  1989; U e n o  et al.,  1996). T h e  m a in  

d if f ic u lt ie s  a s so c ia te d  w ith  d e v e lo p in g  tra n s fo rm e d  tre e s  a re  th e  la c k  o f  e ff ic ie n t 

t is s u e  c u l tu re  sy stem s. I f  th e  p la n t m a te r ia l c o u ld  b e  m a n ip u la te d  in  s te r i le  c u ltu re , 

an d  la rg e  n u m b e r  o f  re g e n e ra n ts  c o u ld  b e  o b ta in e d  f ro m  s in g le  ce ll, th e n  

t ra n s fo rm a tio n  ca n  b e  e a s ily  a c h ie v e d  in  tre e  c ro p s. B u t e x c e p t fo r  a  fe w  sp e c ie s , 

m o s t tre e s  c a n n o t b e  m a n ip u la te d  in t is s u e  c u ltu re  w ith  th e  s a m e  e a se  as 

h e rb a c io u s  d ic o ts  (T h o rn b u rg , 1990).

2. 3. 3. Genetic transform ation in Hevea brasiliensis

T h e  p o ss ib ili ty  o f  g e n e tic  tr a n s fo rm a tio n  in  Hevea brasiliensis  w as  f ir s t  

e x p lo re d  in  1991 (A ro k ia ra j an d  R a h a m a n , 1991) b y  Agrobacterium  m e d ia te d  

t ra n s fo rm a tio n  o f  ca lli d e r iv e d  f ro m  in vitro an d  in vivo  s e e d lin g  cu ltu re s . 

T u m o u rs , d e v e lo p e d  on  th e  c o -c u ltiv a te d  e x p la n ts  p ro d u c e d  o c to p in e  in d ic a tin g  

th a t tr a n s fo rm a t io n  h as  ta k e n  p lace . T h e y  sc re e n e d  se v e ra l w ild  ty p e  s tra in s  o f  

Agrobacterium  o f  n o p a l in e  ty p e  (C 5 8  an d  T 3 7 )  an d  o c to p in e  ty p e  L B A 4 4 0 4  an d  

5 4 7 /7 1 . S tra in  C 5 8  a n d  its d isa rm e d  d e r iv a tiv e  p G V 2 2 6 0 , p G V 3 8 5 0  a n d  s tra in s  

G V 2 2 6 0  a n d  G V 3 8 5 0  c o n s tru c te d  w ith  th e  su p e r  v iru le n t p la sm id  p T o K 4 7  

w o rk e d  w ell.

T h e  m a jo r  o b je c tiv e s  o f  Hevea  g e n e tic  tr a n s fo rm a tio n  in  d if fe re n t 

la b o ra to r ie s  a re  (a ) to  im p ro v e  th e  a g ro n o m ic  tra its  o f  e l ite  Hevea  c lo n e s  an d  

(b )  p ro d u c tio n  o f  p h a rm a c e u tic a ls  an d  o th e r  v a lu a b le  re c o m b in a n t p ro te in s  in  th e  

t r a n s g e n ic  ru b b e r  tree . In  th e  im p ro v e m e n t o f  a g ro n o m ic  tra its , th e  u n d e r ly in g  

d ire c tio n  is to w a rd s  d e v e lo p m e n t o f  tra n sg e n ic  ru b b e r  tre e  w ith  in c re a se d  ru b b e r  

b io sy n th e s is ,  t im b e r  v o lu m e , re s is ta n c e  to  d ise a se s , v a r io u s  a b io tic  s tre s se s  etc. 

(A ro k ia ra j et al.., 2 0 0 2 b ; T h u la se e d h a ra n , 2 0 0 2 ).

T h e  f irs t  t ra n sg e n ic  Hevea  p la n t w as p ro d u c e d  b y  th e  in te g ra tio n  o f  P - 

g lu c u ro n id a s e  (G U S ) an d  n e o m y c in  p h o s p h o tra n s fe ra se  (nptll) g e n e s  in to  ca llu s  

c u ltu re s  by  p a r tic le  g u n  m e th o d  (A ro k ia ra j et al., 1994). T h e  tra n s fo rm e d  ca llu s  

w a s  su b se q u e n tly  re g e n e ra te d  in to  c o m p le te  p lan tle t. G e n e tic  tra n s fo rm a tio n  w as 

c o n f irm e d  b y  h is to c h e m ic a l s ta in in g , f lu o ro m e tr ic  a s sa y  fo r  G U S  ac tiv ity , E L IS A  

fo r  d e te c tin g  e x p re s s io n  o f  th e  nptll  g ene . F u rth e r , th e  p re se n c e  o f  fo re ig n  g e n e  in  

th e  tr a n s fo rm e d  ca llu s , e m b ry o id s  an d  tra n sg e n ic  p la n ts  w a s  c o n f irm e d  b y  th e



p o ly m e ra se  ch a in  re a c tio n  (P C R ). L a te r  g e n e tic  tra n s fo rm a tio n  h a s  a lso  b ee n  

a c h ie v e d  u s in g  Agrobacterium  s tra in s  G V 2 2 6 0  a n d  G V 3 8 5 0  in to  w h ic h  th e  

p la sm id  w as  in tro d u c e d  fo r  Hevea  tra n s fo rm a tio n  (A ro k ia ra j et a l ,  1998 ). T h e  

p re se n c e  o f  G U S  g e n e  in  th e  tra n sg e n ic  p la n ts  w a s  c o n f irm e d  b y  S o u th e rn  b lo t 

a n a ly s is . T h e y  o b s e rv e d  G U S  e x p re ss io n  in  th e  le av e s , la tex , p h lo e m  an d  la tic ife rs  

o f  tr a n s fo rm e d  p lan ts . T o d a te , Agrobacterium  m e d ia te d  m e th o d  is th e  p re fe r re d  

te c h n iq u e  for Hevea  g e n e tic  tran sfo rm a tio n .

A tte m p ts  w ere  m a d e  to  ov er express th e  reco m b in an t p ro te in , h u m a n  se ru m  

a lb u m in  (H S A ) in  th e  se ru m  frac tio n  o f  la tex  o f  Hevea brasiliensis. Agrobacterium 

tumefaciens m ed ia ted  tran sfo rm atio n  o f  Hevea ca llus w as ca rried  o u t u sing  a  b in a ry  

v e c to r  p L G M K H S A , co n ta in in g  H S A  c D N A  fo r iso la ting  h u m a n  se ru m  a lb u m in  in  

th e  se ru m  frac tio n  o f  latex. S ix teen  tran sg en ic  p lan ts in teg ra ted  w ith  th is  g e n e  w ere  

d ev e lo p e d  an d  es tab lish ed  in soil. T h e  p resen ce  o f  H S A  cD N A  w as co n firm e d  by 

P C R  an d  th e  16 p lan ts  w ere  positive. T h e  p rese n ce  o f  rec o m b in an t p ro te in  w as 

d e tec ted  in th e  la tex  an d  le a f  ex tracts  o f  tran sg e n ic  p lants u s in g  tw o  s ite  E L IS A  an d  

by  W e s te rn  b lo t analysis. T h e  p resen ce  and th e  q u an tity  o f  H S A  in th e  la tex  w as 

assay ed  by  E L IS A  test. T h e  am o u n t o f  H S A  varied  fro m  p la n t to  p la n t an d  a  

m a x im u m  o f  33  ug /m l o f  la tex  w as  ob ta ined . W este rn  b lo t o f  la tex  ex tracts  fro m  

tran sg e n ic  p lan ts  sh o w ed  th e  p resen ce  o f  a  p ro te in  b and  o f  a p p ro x im a te ly  68  k D a th a t  

w as rec o g n ize d  by  the m o n o c lo n al an tib o d y  ag a in s t H S A , w h ile  con tro l p lan ts  gave 

on ly  a  very  lo w  b ack g ro u n d  labeling  (A rok iara j et al., 2 0 0 2  a).

T h e  p ro d u c tiv ity  o f  ru b b e r  trees  has b ee n  in c re a se d  b y  c o n v e n tio n a l 

b re e d in g  a n d  b y  th e  a p p lic a tio n  o f  f lo w  s tim u la n ts . M o le c u la r  s tu d ie s  h a v e  h e lp e d  

to  id e n tify  s e v e ra l g en e s  fo r  g e n e tic  tra n s fo rm a tio n  w ith  th e  a im  o f  im p ro v in g  

la te x  p ro d u c tio n . W h ile  a n a ly z in g  m o s t o f  th e  e n z y m e s  in v o lv e d  in  ru b b e r  

b io sy n th e s is  in  Hevea, L y n en  (1 9 6 9 )  o b se rv e d  th a t th e  a c tiv ity  o f  3 -h y d ro x y -3 -  

m e th y lg lu ta ry l C o e n z y m e  A  re d u c ta se  (H M G R ) w h ic h  c a ta ly z e s  th e  fo rm a tio n  o f  

m e v a lo n a te  a p p e a re d  to b e  s ig n if ic a n tly  lo w  c o m p a re d  to  o th e r  en z y m e s 

su g g e s tin g  th a t  th e  c o n s titu t iv e  lev e l o f  th is  e n z y m e  m a y  b e  a  l im itin g  fa c to r  in  

ru b b e r  b io sy n th e s is  ( D ’A u z a c , 1997). T h is  led  to  th e  su g g e s tio n  th a t - ru b b e r  

b io sy n th e s is  m a y  b e  in c re a se d  b y  e n h a n c e d  sy n th e s is  v ia . tr a n sc r ip tio n  an d  

tra n s la t io n  o f  hm grl,  in v o lv e d  in  ru b b e r  b io sy n th e s is  a n d  b y  m a x im iz in g  th e  

sp e c if ic  a c tiv i ty  o f  th e  e n z y m e  a lre a d y  in situ. W ith  a  v ie w  to  d e v e lo p  tra n sg e n ic  

p la n t w ith  e n h a n c e d  H M G R  a c tiv ity , A ro k ia ra j et al. (1 9 9 5 )  tra n s fo rm e d  an th e r



d e r iv e d  c a llu s  w ith  the g e n e  c o d in g  fo r  hmgr\.  T ra n sg e n ic  e m b ry o s  w ere  

d e v e lo p e d , b u t the )' fa ile d  to  re g e n e ra te  tra n sg e n ic  p la n ts  f ro m  th e  e m b ry o id s . 

O th e r  c a n d id a te  g e n e s  th a t h a v e  c o n tro l o n  th e  ra te  o f  b io sy n th e s is  o f  la tex , c lo n ed  

fo r  g e n e tic  t r a n s fo rm a tio n  w e re  ru b b e r  e lo n g a tio n  fa c to r  (R E F ), p ro te in a c e o u s  

s t im u la to r  (c IF -5 A )  and  th e  sm a ll ru b b e r  p a r tic le  p ro te in  (S R P P ) (A ro k ia ra j et a l ,  

2 0 0 2  b).

T o  e n h a n c e  tim b e r  p ro d u c tio n , se v e ra l g en e s  h a v e  b e e n  id e n tif ie d  to  

in c re a se  th e  g ir th in g  ra te  o f  tre e  tru n k  fo r  tr a n s fo rm a tio n  in  Hevea.  T h e  

e n d o g e n o u s  le v e ls  o f  g ib b e re llin s  in  h y b rid  asp en  tree s  w e re  in c re a se d  b y  o v e r­

e x p re s s in g  a  g ib b e re llin  sy n th e s is  g e n e  f ro m  th e  m o d e l plant Arabidopsis thaliana 

( E r ik s s o n  e t a i ,  2 0 0 0 ). T h e y  o b se rv e d , p ro fo u n d  im p ro v e m e n ts  in  g ro w th  ra te s  

a n d  b io m a s s  p ro d u c tio n  w ith  lo n g e r  s te m  fib e rs  in  tra n sg e n ic  tre e s  c o m p a re d  w ith  

u n m o d if ie d  w ild - ty p e  trees. O th e r  im p o r ta n t p h e n o ty p e s  a l te re d  in  th e  m o d if ie d  

tre e s  w e re  s h o o t e lo n g a tio n  an d  s te m  d ia m e te r . T h is  s tu d y  o p e n s  th e  w a y  to  

g e n e tic a l ly  m o d ify  ru b b e r  trees  to  g ro w  fa s te r  an d  p ro d u c e  m o re  b io m a ss  s im p ly  

b y  in c re a s in g  e n d o g e n o u s  g ib b e re llin  lev e ls . It h a s  b e e n  re p o r te d  th a t a  g ro u p  o f  

e n z y m e s , th e  4 -C o u m a ra te  C o A  lig a se s  (4 -C L s )  a re  im p o r ta n t in  lig n in  sy n th e s is  

in  th e  d e v e lo p in g  x y le m  tis su e s  o f  h y b rid  aspen . T ra n s g e n ic  p la n ts  w ith  a l te re d  

le v e ls  o f  a  sp e c if ic  4 -C L  e n z y m e  d isp la y e d  m o d if ie d  p h e n o ty p e s  in c lu d in g  a l te re d  

s te m  d ia m e te rs , x y le m  ce ll s iz e  and  g e n e ra l w o o d  p ro p e r tie s  (H u  et al., 1998). 

M o d ify in g  s p e c if ic  e n z y m e s  in v o lv e d  in th e  w o o d  fo rm in g  p ro c e s s  can  a lso  

p o te n tia lly  in f lu e n c e  im p o r ta n t tree  p a ra m e te rs  an d  h e n c e  im p ro v e  tim b e r  

p ro d u c tio n .

2. 3. 4. Control of oxidative stress tolerance in plants

In  n a tu re  p la n ts  e n c o u n te r  a  w id e  ra n g e  o f  e n v iro n m e n ta l s tre s se s  th a t 

d e tr im e n ta lly  a f fe c t th e ir  g ro w th  and  d ev e lo p m e n t. P lan ts  e x h ib it  a  v a r ie ty  o f  

r e sp o n se s  th a t e n a b le  th e m  to  to le ra te  an d  su rv iv e  a d v e rse  e n v iro n m e n ta l 

c o n d itio n s  th ro u g h  p h y s ic a l a d a p ta tio n s  as  w e ll as m e ta b o lic  a lte ra tio n s . S o m e  o f  

th e  c o m m o n  m e ta b o l ic  a lte ra tio n s  o b se rv e d  in p la n ts  e x p o s e d  to  a b io tic  s tre s se s  

a re  a  d e c re a s e  in  n e t p h o to sy n th e s is  (D u b e y , 1997), an  in c re a se  in  re sp ira tio n  

(L iv e n a  a n d  L ev in , 196 7 ), d e c re a se  in th e  a c tiv itie s  o f  s o m e  im p o r ta n t e n z y m e s  o f  

n itro g e n  m e ta b o lism  su c h  as n itra te  re d u c ta se  (S r iv a s ta v a , 1980 ; R a o  and  

G n a n a m , 199 0 ), sy n th e s is  an d  a c c u m u la tio n  o f  n o n  to x ic  lo w  m o le c u la r  w e ig h t



o rg a n ic  m o le c u le s  w id e ly  k n o w n  as c o m p a tib le  so lu te s  su c h  as p ro lin e , 

g ly c in eb e ta in e , m ann ito l etc. (M e C u e  and H an so n , 1990; A lia  and  S arad h i, 1993; 

H an so n  et a / .,  1994). P lants ex p o sed  to  ab io tic  stresses g en e ra te  excess o f  reac tive  

o x y g en  sp e c ie s  (R O S ) su ch  as su p e ro x id e  (0 2 ‘), h y d ro g en  p e ro x id e  (H 2O 2) an d  the 

m o s t p o te n t o x id an t, th e  hyd roxy l rad ical (O H ’) (A sa d a  an d  T ak a h ash i 1987; 

S can d a lio s , 1993; F o y er et al., 1994). T h e  level o f  R O S  can  in c re ase  d u e  to  various 

e n v iro n m en ta l fac to rs  such  as h ig h  ligh t in tensity , d ro u g h t, te m p era tu re  stress, 

sa lin ity , h e a v y  m e ta ls , path o g en s and a ir po llu tan ts  - ozone, S O 2. ac id  rain  and  various 

o th e r  re d o x  ac tiv e  com p o u n d s. A lso  d u rin g  in fec tion  by  p la n t p a th o g en s  to x ic  o x y g en  

rad ic a ls  a re  in v o lv ed  (S candalios, 1993; G ressel and  G alum , 1994).

In c re a s e d  le v e ls  o f  R O S  o r  f re e  rad ic a ls  c re a te  a  s itu a tio n  k n o w n  as 

o x id a tiv e  s tre s s , w h ic h  le a d s  to a  v a rie ty  o f  b io c h e m ic a l a n d  p h y s io lo g ic a l le s io n s  

o f te n  r e s u lt in g  in  m e ta b o l ic  im p a irm e n t an d  cell dea th . T h e s e  le s io n s  in  tu rn  le ad s  

to  m e m b ra n e  le a k a g e , se n e sc e n c e , c h lo ro p h y ll d e s tru c tio n  an d  d e c re a s e d  

p h o to s y n th e s is  in  p la n ts  (D u b e y , 1997). O x id a tiv e  s tre s s  is a  c o n s ta n t b u rd e n  to 

p la n ts  re s u lt in g  f ro m  to x ic  o x y g e n  sp e c ie s  su c h  as  su p e ro x id e , h y d ro x y l rad ic a ls  

a n d  a d d itio n a l to x ic  o x y g e n  sp ec ie s . A s a  c h a lle n g e  to  th e  to x ic  a n d  p o te n tia lly  

le th a l e ffe c ts  o f  a c tiv e  o x y g e n , a e ro b ic  o rg a n ism s  e v o lv e d  p ro te c tiv e  s c a v e n g in g  

o r  a n t io x id a n t d e fe n se  sy s te m s , b o th  e n z y m a tic  a n d  n o n -e n z y m a tic  (H a lliw e ll  an d  

G u tte r id g e , 1985). N o n  e n z y m a tic  m e c h a n ism s  in c lu d e  th e  a c tio n  o f  ca ro tin o id s , 

w h ic h  o c c u r  in g re a t a b u n d a n c e  in h ig h e r  p la n ts  and  p e r fo rm  m a n y  fu n c tio n s  to  

p ro te c t  p la n ts  f ro m  s o la r  rad ia tio n  d am ag e . A sc o rb ic  ac id , v it E  o r  a -  to c o p h e ro l 

an d  fe r re d o x in  a re  o th e r  a g e n ts  s c a v e n g in g  f re e  ra d ic a ls  in  c h lo ro p la s ts  v ia  a  

re d o x  re a c tio n  (A lle n , 1975). E n z y m a tic  a n t io x id a n t d e fe n se  in c lu d e  en z y m e s  

c a p a b le  o f  re m o v in g , n e u tra liz in g  o r  s c a v e n g in g  o x y g e n  in te rm e d ia te s , eg , 

s u p e ro x id e  d ism u ta se  d e to x if ie s  s u p e ro x id e  rad ic a l to  h y d ro g e n  p e ro x id e , 

a s c o rb a te  p e ro x id a se  an d  g lu ta th io n e  re d u c ta se , w h ich  a re  b e lie v e d  to  s c a v e n g e  

h y d ro g e n  p e ro x id e  in  c h lo ro p la s ts  an d  m ito c h o n d r ia  re sp e c tiv e ly  (F r id o v ic h , 

1986; F o y e r  an d  H a lliw e ll , 1976).

2. 3. 4 (1). Role of SOD in abating oxidative stress

S u p e ro x id e  d is m u ta s e  (S O D ) [E C . 1 .15 .1 .1 ] is th e  f irs t  e n z y m e  in v o lv e d  in 

th e  d e to x ify in g  p ro c e ss  o f  th e  a c tiv e  o x y g e n  sp e c ie s . It is a  fa m ily  o f  m e ta llo



e n z y m e s , w h ic h  a re  k n o w n  to a c c e le ra te  th e  s p o n ta n e o u s  d is m u ta t io n  o f  

s u p e ro x id e  rad ic a l to  h y d ro g e n  p e ro x id e  (H 2O 2)  an d  m o le c u la r  o x y g e n  (O 2) 

(F r id o v ic h , 1986).

SOD ^
2 (O 2 + 2lT )  -------- ►  H2O2 + O2

P e ro x id a s e  an d  c a ta la se  e n z y m e s  e lim in a te  th e  h y d ro g e n  p e ro x id e . T h u s  

th e  c o m b in e d  a c tio n  o f  th e se  e n z y m e s  c o n v e r t su p e ro x id e  rad ic a l a n d  h y d ro g e n  

p e ro x id e  to  w a te r  an d  m o le c u la r  o x y g e n , th u s  a b a tin g  th e  a c c u m u la t io n  o f  th e  

m o s t  to x ic  an d  h ig h ly  re a c tiv e  o x y g en  sp ec ie s .

S O D  ex is ts  in  fo u r  iso fo n n s , th e  c y to so lic  C u /Z n  S O D , th e  c h o lo ro p la s t 

re s id in g  C u /Z n  S O D , th e  m ito c h o n d ria l M n  S O D  an d  th e  c h lo ro p la s t  r e s id in g  F e  

S O D . A ll th e s e  a re  n u c le a r  g en e s  b u t th o se  c o d in g  fo r  m ito c h o n d r ia l an d  

c h lo ro p la s tic  S O D s  c o n ta in  tra n s it  p e p tid e s  th a t le ad  th e  m a tu re  S O D s to  th e ir  

d e s tin a tio n  (B e y e r  et a i ,  1991). T h e  g e n e s  fo r  th e  cy to so l an d  c h lo ro p la s t  C u /Z n  

S O D s  w e re  iso la te d  f ro m  to m a to  an d  th e ir  tra n sc r ip tio n  w a s  fo u n d  to  b e  h ig h ly  

re g u la te d  b y  e n v iro n m e n ta l c o n d itio n s  su c h  as  d ro u g h t, p a ra q u a t an d  e th y le n e  

(T re v e s , 1990). O v e r  e x p re s s io n  o f  s u p e ro x id e  d ism u ta se , c a ta la se  a n d  p e ro x id a se  

h as  b e e n  o b s e rv e d  in p la n ts  e x p o se d  to  a b io tic  s tre s se s  (B o w le r  et a i ,  1992 ; 

S c a n d a lio s , 1993; F o y e r  et a i ,  1994; 1997). O w in g  to  th e  im p o r ta n c e  o f  th e se  

a n t io x id a n t e n z y m e s  in p ro v id in g  p ro te c tio n  a g a in s t th e  to x ic  o x y g e n  sp e c ie s  

s e v e ra l a t te m p ts  h a v e  b ee n  su c c e s s fu lly  m a d e  to  in tro d u c e  th e  g e n e s  fo r  th e se  

e n z y m e s  in  p la n ts  to  e n h a n c e  th e ir  to le ra n c e  to  a b io tic  s tresses ,

2. 3. 5. Tapping panel diyness (TPD)

In  re c e n t y ea rs  s ig n if ic a n t y ie ld  loss o c c u rre d  all o v e r  th e  ru b b e r  g ro w in g  

c o u n tr ie s  d u e  to  th e  in c id e n c e  o f  ta p p in g  p ane l d ry n e ss  (T P D ), a  se rio u s  

p h y s io lo g ic a l d iso rd e r . T h e  f irs t v is ib le  sy n d ro m e  is c o n tin u e d  d r ip p in g  o f  la tex  

w ith  lo w  d ry  ru b b e r  co n ten t. S o m e tim e s  p a rtia l d ry n e ss  o f  ta p p in g  p a n e l is 

d e v e lo p e d  as th e  in itia l s y m p to m  and  th e  b a rk  tu m s lig h t b ro w n . T P D  w as 

re p o r te d  in p la n ta t io n s  in A s ia  s in c e  th e  b e g in n in g  o f  th e  2 0 "’ c e n tu ry  (B e lg ra v e , 

1917; K e u c h e n iu s , 1919). It is re p o r te d  th a t T P D  in c id e n c e  is 5 -1 0 %  a m o n g  

s e e d lin g s  a n d  1 5 -3 0 %  a m o n g  h ig h  y ie ld e rs , o f  w h ic h  R R II  105 c lo n e  is v e ry  

s u s c e p tib le  an d  no  Hevea  c u ltiv a r  is c o m p le te ly  r e s is ta n t  to  T P D  (S re e la th a ,



2 0 0 3 ) . K r is h n a k u m a r  et al. (1 9 9 7 )  re p o rte d  th a t th e  tra n s -z e a t in  r ib o s id e  le v e ls  in  

th e  b a rk  s a m p le s  o f  T P D  to le ra n t p la n ts  a re  h ig h e r  c o m p a re d  to  s u s c e p tib le  p lan ts . 

In  T P D  a f fe c te d  tre e s , sp e c if ic  o rg a n e lle s  in th e  la tex  k n o w n  as lu to id s  a re  m o re  

p ro n e  to  d a m a g e  le a d in g  to  d e s ta b iliz a tio n  o f  la tex . T P D  is o f  e c o n o m ic  

im p o r ta n c e  as it re n d e rs  th e  tree s  u n p ro d u c tiv e .

2. 3. 5 (1). Role of SOD in the prevention of TPD

It h as  b ee n  w ell d o c u m e n te d  th a t T P D  is a lw a y s  a s so c ia te d  w ith  an  

a c c u m u la t io n  o f  fre e  rad ica ls . C h re s tin  (1 9 8 9 ), re p o r te d  th a t T P D  a f fe c te d  tree s  

e x h ib ite d  h ig h  le v e ls  o f  N A D (P )H  o x id a se  ac tiv ity , w h ic h  led  to  th e  fo rm a tio n  o f  

r e a c tiv e  o x y g e n  sp e c ie s  lik e  su p e ro x id e  d ism u ta se  (O 2')  th a t d a m a g e d  lu to id  

m e m b ra n e s  re su lt in g  in  th e  c e ssa tio n  o f  la tex  p ro d u c tio n . S O D  is b e lie v e d  to  

a s s is t in  th e  m a in te n a n c e  o f  th e  lu lo id  m e m b ra n e  in te g r ity  (C h re s tin , 1989). T h is  

is so  b e c a u s e  lu to id s  f ro m  dry  tree s  a p p e a r  to  e x h ib it  h ig h  N A D (P )H  o x id a se  

a c tiv ity  w h ic h  le ad s  to  th e  re le a se  o f  s u p e ro x id e  an d  sc a v e n g in g  o f  su c h  to x ic  

o x y g e n  sp e c ie s  by  S O D  p ro v id e s  p ro te c tio n  a g a in s t d a m a g e  to  lu to id  m e m b ra n e  

(C h re s tin , 1989). In  T P D  a ffe c te d  b a rk  th e  f re e  rad ic a l a c c u m u la tio n  w a s  fo u n d  to  

b e  h ig h  w ith  a  re d u c e d  leve l o f  S O D  a c tiv ity  (D a s  et al., 1998). In se r tio n  o f  

c D N A  c o d in g  fo r  S O D  g e n e  m a y  b e  a b le  to  s c a v e n g e  th e  e x c ess  s u p e ro x id e  

e f fe c tiv e ly  th u s  p ro v id in g  p ro te c tio n  a g a in s t T P D .

2. 3. 6. Development of transgenic plant for environmental stress tolerance

S ev e ra l re v ie w s  d isc u sse d  th e  p ro te c tio n  o f  p la n ts  a g a in s t o x id a tiv e  s tre s s  

b y  g e n e tic  t r a n s fo rm a tio n  (B o w le r  e{ al., 1992 ; G re sse l a n d  G a lu n , 199 4 ; F o y e r  et 

al., 199 4 ; A llen , 1995). B a rte ls  an d  N e ls o n  (1 9 9 4 )  re v ie w e d  so m e  a p p ro a c h e s  to  

im p ro v e  a b io tic  s tre s s  to le ra n c e  by  m o le c u la r -  g e n e tic  m e th o d o lo g ie s . O n e  o f  th e  

m o s t su c c e ss fu l a p p ro a c h  fo r  e n h a n c in g  th e  to le ra n c e  o f  p la n ts  to  a b io tic  s tre s se s  

h a s  b e e n  th ro u g h  id e n tif ic a tio n  an d  su c c e ss fu l tr a n s fe r  o f  th e  g e n e s  fo r  v a r io u s  

c o m p a tib le  s o lu te s  o r  b y  th e  o v e r  e x p re s s io n  o f  a n t io x id a n t e n z y m e s . T h e  g e n e s  

fo r  sy n th e s is /  o v e r -p ro d u c tio n  o f  c o m p a tib le  so lu te s  viz. p ro lin e , g ly c in e b e ta in e , 

m a n n ito l, t r e h a lo s e  1 an d  f ra c ta n s  w h ic h  a re  k n o w n  to  im p a r t s tre s s  to le ra n c e  in  

p la n ts  (T a rc z y n s k i et al., 1993; K ish o re  et al., 1995; G ro v e r  et al., 1999). T h e  k ey  

e n z y m e s  in c lu d e  s u p e ro x id e  d ism u ta se , c a ta la se  a n d  a s c o rb a te  p e ro x id a se , 

g lu ta th io n e  p e ro x id a s e  etc. w h ic h  s c a v e n g e  h y d ro g e n  p e ro x id e . A c tiv itie s  o f



e n z y m e s  a s so c ia le d  w ith  a s c o rb a le  g lu ta th io n e  c y c le  viz. a s c o rb a te  p e ro x id a se , 

m o n o d e h y d ro a s c o b a te  re d u c ta se , d e h y d ro a sc o rb a te  re d u c ta s e  an d  g lu ta th io n e  

re d u c ta se , w h ich  w o u ld  p lay  a  vital ro le  in  th e  d e to x if ic a tio n  o f  to x ic  o x y g e n  

sp e c ie s  a lso  in c re a se  in  p la n ts  u n d e r  s tress . In  m o s t ca se s  in v e s tig a to rs  a t te m p te d  

to  o v e r  e x p re s s  g e n e s  c o d in g  fo r  su p e ro x id e  d ism u tase .

T o b a c c o  p la n t w as  tra n s fo rm e d  w ith  th e  g e n e  c o n s tru c t  h a rb o u r in g  th e  

b in a ry  v e c to r  th a t e n c o d e s  th e  M n  S O D  o f  N. plumhaginifolia. C a M V  3 5 S  

p ro m o te r  w as  in c lu d e d  in th e  g e n e  c o n s tru c t. T ra n sg e n ic  p la n ts  th a t p ro d u c e d  M n  

S O D  in th e ir  c h lo ro p la s ts  w ere  to le ra n t to  p a ra q u a t (B o w le r  el al., 19 9 1 ) an d  

o z o n e  (V a n  C a m p , el al., 1994). T ra n sg e n ic  p o ta to  p la n ts  o v e r-e x p re s s in g  

c h lo ro p la s t  C u /Z n  S O D  o f  to m a to  sh o w e d  to le ra n c e  to  p a ra q u a t  an d  su c h  

to le ra n c e  w a s  a lso  o b se rv e d  in ro o t  c u ltu re s  o f  tra n sg e n ic  p la n ts  o v e r -e x p re s s in g  

th e  a l ie n  g e n e  fo r  cy to so l S O D  (P e rl et a l ,  1993).

R e s is ta n c e  a g a in s t th e  c o m b in a tio n  o f  h ig h  lig h t an d  c h i ll in g  as w e ll as 

p a ra q u a t to le ra n c e  w a s  o b se rv e d  in tra n s g e n ic  to b a c c o  p la n ts  th a t  o v e r-e x p re s s e d  

p e a  c h lo ro p la s t C u -Z n  S O D  (G u p ta  e( al., 1993a). T h e y  h a v e  fu r th e r  re p o r te d  th a t 

th e se  tr a n s g e n ic  p la n ts  a lso  had  e le v a te d  a s c o rb a te  p e ro x id a se  (A P X ) a c tiv ity  

(G u p ta  et a l ,  1993b), T h e  p ro te c tio n  a g a in s t o x y g e n  ra d ic a ls  a n d  its re la tio n  to  

m e c h a n is m  o f  s tre s s  to le ra n c e  w a s  re v ie w e d  by  F o y e r  et al. (1 9 9 4 ). A  f ie ld  tr ia l 

su p p o r te d  th e  c o n n e c tio n  b e tw e e n  tra n s ie n t d ro u g h t r e s is ta n c e  an d  o v e r­

e x p re s s io n  o f  S O D . M e  K e rs ie  et al. (1 9 9 6 ) d e v e lo p e d  a lfa lfa  tr a n sg e n ic  p la n ts  

th a t o v e r -e x p re s s e d  the  M n  S O D  g e n e  e ith e r  in  th e  c h lo ro p la s t o r  m ito c h o n d ria . 

T h e y  o b s e rv e d  th a t th e  tra n sg e n ic  p lan ts  h ad  less in ju ry  f ro m  w a te r  d e f ic it  th a n  

c o n tro l (u n tra n s fo rm e d )  p lan ts . S o m e  e x a m p le s  o f  tra n sg e n ic  p la n ts  in te g ra te d  

w ith  R O S  s c a v e n g in g  e n z y m e s  a re  g iv e n  in  T a b le  2 .1 . G e n e tic  e n g in e e r in g  

a p p ro a c h e s  h a v e  n o w  b e c o m e  a  v e ry  u se fu l te c h n iq u e  fo r  tr a n s fe r r in g  th e  g e n e  fo r  

a b io tic  s tre s s  to le ra n c e , b u t th e  su c c e ss  w as  a c h ie v e d  m o s tly  in  m o d e l p la n ts  lik e  

Nicotiana tahacum  o r  Arahidopsis thaliana. A m o n g  a n n u a l c ro p  p la n ts  J a p o n ic a  

ric e  an d  In d ia n  m u s ta rd  h av e  b ee n  su c c e s s fu lly  tra n s fo rm e d  fo r  a b io tic  s tress  

to le ra n c e  (X u  et al., 1996; S ak a m o to  et al., 1998; P ra sa d  e t a i ,  2 0 0 0  a, h).



Table 2 .1 .Transgenic plants integrated with AOS scavenging enzymes

Plant species 
transformed

Gene/source/ gene 
_____ product

Product
synthesized

Enhanced tolerance to:

Medicago sativa SODIN.plumhaginifolial superoxide
SOD dismutase

N tabacum GR/E. colil glutathione
glutathione reductase reductase

N tabacum SOD(Cu-Zn)/ Pea superoxide
superoxide dismutase dismutase

N  tabacum SOD(Cu-Zn)/ petunia/ superoxide
SOD dismutase

S. tuberosum SOD (Cu-Zn)/ superoxide
tomato/SOD dismutase

M. sativa SOD superoxide
{Mh)IN.plumbaginiofolia dismutase
/ SOD

freezing stress 
(McKersie et al.,l993 
Ozone
(Aono et a l, 1993) 
chilling and draught 
(Gupta et a/., 1993a) 
no tolerance to ozone 
(Pitcher et a l,  1991) 
oxidative stress (Pearl et 
al., 1993)
drought (McKersie et al., 
1996).

A lth o u g h , w o rk  h as  b ee n  d o n e  on  th e  g e n e tic  tr a n s fo rm a tio n  o f  Hevea 

brasiliensis  b y  th e  in te g ra tio n  o f  fo re ig n  g e n e s  su c h  as m a rk e r  g e n e s  a n d  g en es  

c o d in g  f o r  re c o m b in a n t p ro te in s  (A ro k ia ra j et al., 1994 ; 1998 , 2 0 0 2 a ) , s ig n if ic a n t 

p ro g re s s  h as  n o t b ee n  m a d e  in th e  d e v e lo p m e n t o f  tra n sg e n ic  p la n ts  in te g ra te d  

w ith  a g ro n o m ic a J ly  important traits (S o b h a  e / al., 2 0 0 3 ; J a y a s h re e  e t a l ,  2 0 0 3 ). 

F o r  th e  w id e  s c a le  p la n tin g  o f  H evea brasiliensis in  v a r io u s  a g ro -c lim a tic  

c o n d itio n s , p la n ts , w h ic h  can  w ith s ta n d  e n v iro n m e n ta l s tre s se s  a re  n e e d e d .



MATERIALS AND METHODS

3.1. Development of transgenic plants 

3. 1. 1 . Induction of callus

T h e  e x p la n t u se d  fo r  the  g e n e tic  tra n s fo rm a tio n  o f  H evea brasiliensis  w as 

n e w ly  fo rm e d  y e l lo w  f r ia b le  c a llu s  d e r iv e d  f ro m  im i-nature an th e r . Y o u i\g  f lo w e r  

b u d s  (F ig . 2 ) w e re  co lle c te d  f ro m  1 5 -y ea r-o ld  Hevea brasiliensis  (c lo n e  R R II  105) 

tre e s  g ro w in g  in  th e  R u b b e r  R e se a rc h  In s titu te  o f  In d ia  e x p e r im e n ta l f ie ld s . T h e  

f lo w e r  b u d s  w e re  w a sh e d  th o ro u g h ly  in  ru n n in g  ta p  w a te r  fo r  10 m in  to  re m o v e  

d u s t an d  o th e r  su r fa c e  c o n ta m in a n ts . S u rfa c e  s te riliz e d  w ith  0 .1 %  (w /v )  m e rc u ric  

c h lo r id e  s o lu t io n  c o n ta in in g  2 -3  d ro p s  o f  T w e e n -2 0  fo r  th re e  m in u te s  a n d  w a sh e d  

e x te n s iv e ly  in  s te r i le  d is t ille d  w ate r. Im m a tu re  an th e r , a t d ip lo id  s ta g e  (b e fo re  

m ic ro s p o ro g e n e s is )  w e re  d is se c te d  o u t a se p tic a lly  u n d e r  a  s te re o m ic ro s c o p e . F ew  

d ro p s  o f  s te r i le  a s c o rb ic  ac id  (0 .1 % ) so lu tio n  w e re  sp re a d  o v e r  th e  f lo w e r  b u d s  

d u r in g  d is s e c tio n  to  p re v e n t o x id a tio n  an d  b ro w n in g  o f  th e  an th e r . T h e  d isse c te d  

an th e rs  (5 -6  n u m b e rs )  w e re  in o c u la te d  o n  s te r i le  c a llu s  in d u c tio n  m e d iu m  re p o rte d  

e a r lie r  ( J a y a s re e  et al., 1999). T h e  c a llu s  in d u c tio n  m e d iu m  w a s  m o d if ie d  

M u ra s h ig e  an d  S k o o g  (1 9 6 2 )  (M S ) m e d iu m . M S  m e d iu m  w a s  m o d if ie d  b y  

lo w e r in g  th e  NH4NO3 c o n c e n tra tio n  to  1.0 gm/1 an d  re p la c in g  M S  v ita m in s  w ith  

B 5  (G a m b o rg  et a l., 1968) v itam in s . T h e  c o m p o s itio n  o f  th e  c a llu s  in d u c tio n  

m e d iu m  is g iv e n  in  T a b le  3 .1 .

T h e  pH  o f  th e  m e d iu m  w as a d ju s te d  to  5. 6 w ith  IN  p o ta s s iu m  h y d ro x id e  

an d  m a d e  u p  the  v o lu m e  to  o n e  lite r  w ith  d o u b le  d is t ille d  w a te r . P h y ta g e l 

( sy n th e tic  a g a r . S ig m a  U S A ), 2 .0  g w as  a d d e d  to  th e  m e d iu m  an d  h e a te d  to  bo il 

w ith  c o n s ta n t s tir r in g  till p h y ta g e l g e ts  d isso lv ed . T h e  m e lte d  m e d iu m  (10  m l) w as 

p o u re d  to  g la ss  c u ltu re  tu b e s  (1 5 0 x 2 5  m m ) and  p lu g g e d  tig h tly  w ith  n o n - 

a b s o rb a n t c o tto n  p lugs. T h e  m e d iu m  w as a u to c la v e d  a t 121°C , 15 lb p re s su re  fo r

15 m in u te s  an d  s to re d  a t 2 5 “C.
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Fig. 2: Hevea (Clone RRII 105) flower buds for dissection of immature anther



Ingredients Concentration in (mg/1)
(un less ind icated  o therw ise)

Modified MS m ajor salts
N H 4N O 3 1 0 0 0 .0 0
K N O 3 1900. 00
C a C b  (anhy) 333 . 00
MgS0 4  (anhy) 181.00
K H 2P O 4 170. 00
MS M inor salts 
KI 0. 83
H 3B O 3 6 .2 0
M n S 0 4 . 4 H 2O 22. 30
ZnS0 4 . 7 H 2O 8 .6 0
N a 2M o O 4. 2 H 2O 0 .2 5
C U S O 4. 5 H 2O 0 .0 2 5

C 0 CI2. 0. 025
F e S 0 4 .7 H 2 0 27 . 8 0
N a2 E D T A . 2H 2O 3 7 .3 0

B5 vitamins
T h iam in e  H C l. 10.00
P y rid o x in e  H C l. 1.0 0
N ico tin ic  acid 1 . 0 0

M y o -in o s ito l 100.00

C a se in e  h y d ro ly z a te 4 0 0 .0 0
Sucrose 5 0 .0  g
C o c o n u t w a te r 5 .0  %
2 ,4 -D ic h lo ro p h e n o x y a c e tic  ac id  (2 ,4 -D ) 2 .0

K in e tin  (K n ) 0.5

3. 1. 2. Agrobacterium  tuniefaciens strain and binary vector.

T h e  A grobacterium  tumefaciens s tra in  u se d  fo r  th e  g e n e tic  tra n s fo rm a tio n  

o f  H evea brasiliensis  w a s  E H A IO I. T h e  p la sm id  v e c to r  (p D U  9 6 .2 4 1 2 )  (F ig . 3 ), 

u se d  in th is  s tu d y  w as  d e v e lo p e d  at P r o f  A .M  D a n d e k a r ’s L a b o ra to ry , 

D e p a r tm e n t o f  Pom olog> ', U n iv e rs ity  o f  C a lifo rn ia , U S A  in  a  c o l la b o ra t iv e  

re se a rc h  p ro g ra m m e  w ith  R u b b e r  R e se a rc h  In s titu te  o f  In d ia  a n d  U n iv e rs ity  o f  

C a lifo rn ia . T h e  v e c to r  co n ta in s  p -g lu c u ro n id a s e  (uidA) as th e  r e p o r te r  g ene , 

n e o m y c in  p h o s p h o tra n s fe ra s e  (nptU) as th e  p la n t s e le c ta b le  m a rk e r  g e n e  and  

H evea  M a n g a n e s e  S u p e ro x id e  d ism u ta se  (H b  M n  S O D ) g e n e  u n d e r  th e  c o n tro l o f  

F ig w o rt M o ssa ic  V iru s  (F M V ) 3 4 S  p ro m o te r.
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Fig. 3: Binary vector of pDU96.2412 used for genetic transformation

Fig. 4: Details o f  SOD, GUS and n p t  II genes between RB and LB o f  
T-DNA region o f pDU96.2412



T h e  7 0 2  n u c le o tid e  H b  M n S O D  c D N A  w as o b ta in e d  b y  R T -P C R  o f  

m R N A  iso la te d  f ro m  b a rk  tis su es  o f  H evea brasiliensis  u s in g  p r im e r  se q u e n c e s  

c o r re s p o n d in g  to  p re v io u s ly  p u b lis h e d  se q u e n c e  o f  H evea  M n  S O D  (M ia  an d  

G a y n o r , 1993). T h e  H b  M n  S O D  c D N A  w as c lo n e d  in to  th e  v e c to r , p C R  2.1 

( In v itro g e n , C A ) to  c re a te  p T A  M n .S 0 D 7 . T h e  4 0 0  bp  F M V  34S  p ro m o te r  w as 

P C R  a m p lif ie d  f ro m  th e  p la sm id  pM S  34  o b ta in e d  f ro m  S te v e  D a u b e rt, U n iv e rs ity  

o f  C a lifo rn ia  a t D a v is , U S A  w h ich  c o n ta in e d  th e  p ro m o te r  s e q u e n c e s  (S a n g e r  et 

al., 1990). T h is  frag m en t w as u sed  to  c reate  a  p la sm id  p D U  95 .1411  th a t co n ta in s  a  

f iinc tional e x p re ss io n  ca sse tte  w ith  4 0 0  bp  34S  p ro m o te r  u p s trea m  f ro m  a  n o s 3 ’ s ite  

w ith  SiBamH 1 in  th e  m idd le. T h e  H b M n  S O D  co d in g  se q u en c e  w a s  rem o v e d  fro m  

p T A M n S O D ?  and  w as liga ted  w ith  BamHl d igested  in te n n e d ia te  v e c to r  to  fac ilita te  

th e  lig a tio n  o f  H b  M n  S O D  frag m en t d o w n strea m  fro m  th e  34S  p ro m o te r  and 

u p strea m  fro m  the  nos 3 ’ se q u en c e  (Fig. 4 ), creating  the  b in a ry  v e c to r  p D U  96 .2412 . 

T h e  b in a ry  v e c to r  w as in tro d u ced  into the Agrobacterium  s tra in  E H A  101. T h e  

A grobacterium  s tra in  c o n ta in in g  th e  p la sm id  v e c to r  w as  s to re d  in  g ly c e ro l s to c k  

a t - 8 0 “C  an d  is very  s ta b le  u n d e r  n o n se le c tiv e  c o n d itio n s .

3. 1. 3. P reparation of antibiotics

T h e  b in a ry  v e c to r  u se d  in the  p re se n t s tu d y  c o n ta in s  th e  g e n e  se q u e n c e  fo r  

n e o m y c in  p h o s p h o tra n s fe ra s e  {nptW) an d  re s is ta n c e  to  g e n ta m y c in . K a n a m y c in  

(5 0  m g/1) an d  g e n ta m y c in  (2 0  mg/1) w e re  u sed  fo r  b a c te ria l se le c tio n . T h e  nptW 

g e n e  c o n fe r  re s is ta n c e  to  fo u r  a n tib io tic s  viz. n e o m y c in , k a n a m y c in , p a ro m o m y c in  

an d  g e n e tic in  (G a lu n  an d  B re im an , 1997). A ll th e se  a n tib io tic s  a re  w a te r  so lu b le  

an d  th e  s to c k  so lu tio n s  w e re  p re p a re d  an d  s te r iliz e d  u s in g  M il l ip o re  f ilte r  (0 .2 -  

[xm. p o re  size . T h e s e  a n tib io tic s  a re  re la tiv e ly  s ta b le  an d  c o u ld  b e  s to re d  a t -20°C  

fo r  o n e  m o n th  w ith o u t d e g ra d a tio n .

3. 1 . 4. Antibiotic kill cui*ve tests

A n tib io t ic  k ill-c u rv e  te s ts  w ere  c a rr ie d  out w ith  tw o -m o n th  o ld  c a llu s  w ith  

d if fe re n t c o n c e n tra tio n s  o f  th e  a n tib io tic s  to  id e n tify  th e  o p tim u m  c o n c e n tra tio n  o f  

th e  a n t ib io tic  th a t ca n  b e  e f fe c tiv e ly  u se d  fo r  th e  se le c tio n  o f  tr a n s fo rm e d  ce ll 

lines . T w o -m o n th  o ld  H evea  ca llu s  c lu m p s  w e re  c u ltu re d  o n  c a llu s  in d u c tio n  

m e d iu m  su p p le m e n te d  w ith  d if fe re n t c o n c e n tra tio n s  o f  th e  a n tib io tic s  (T a b le . 3 ,2 ),



T e n  c a llu s  c lu m p s  w e re  cu ltu red  o n  each  p la te  w ith  th re e  re p lic a tio n s . A fte r  th re e  

w e e k s , th e  c a lli w e re  tra n s fe rre d  to  fre sh  a n tib io tic  c o n ta in in g  m e d iu m . T h re e  

s u b c u ltu re s  w e re  m a d e  a t th re e  w ee k s  in te rv a l.

Table 3. 2 . A n tib io t ic  c o n c e n tra tio n s  tr ie d  fo r  k ill-c u rv e  test.

A n tib io tic s

N e o m y c in

K a n a m y c in

P a ro m o m y c in

G e n e tic in

C o n c e n tra tio n s  tr ie d  (m g/1)

2 0 0 , 3 0 0 , 4 0 0 , 5 0 0 , 6 0 0 , 7 0 0 , 80 0 , 9 0 0 ,1 0 0 0 .

5 0 , 100, 150, 2 0 0 , 2 5 0 , 3 0 0 , 35 0 , 400 .

5 0 , 100, 150, 2 0 0 , 2 5 0 , 3 0 0 , 35 0 , 400 .

5 0 , 100, 1 5 0 ,2 0 0 , 2 5 0 , 300.

3. 1. 5. P reparation of Agrobacterium  culture for infection

T h e  b a c te r ia l c u l tu re  [or Agrohacterium  in fe c tio n  w a s  p re p a re d  a c c o rd in g  to  

D a n d e k a r  et al. (1 9 8 9 ). A  s in g le  c o lo n y  Agrobacterium  h a rb o u r in g  th e  b in a ry  

v e c to r  (p D U 9 6 .2 4 1 2 )  w as s tre a k e d  on  so lid  A E L B  m e d iu m  s u p p le m e n te d  w ith  

g e n ta m y c in  (2 0  mg/1) an d  k a n a m y c in  (5 0  mg/1) and  g ro w n  o v e rn ig h t a t 2 8 “C. 

A fte r  2 4  h o u rs  a  s in g le  c o lo n y  o f  th is a c tiv e ly  g ro w in g  b a c te r ia  w a s  tra n s fe rre d  to  

2 0  m l liq u id  A E L B  m e d iu m  c o n ta in in g  th e  a b o v e  a n tib io tic s  in  th e  s a m e  

c o n c e n tra tio n .

AELB medium

Tn> 'ptone 10 g/1, y e a s t e x tra c t 5 g/1, p H  7

T h e  A grobacterium  w as a l lo w e d  to g ro w  o v e r  n ig h t a t 2 8 ”C  in  a  ro ta ry  

s h a k e r  a t 2 5 0  rp m  to  g e t a  d e n s ity  o f  10^ c e lls /m l (an  o p tic a l d e n s ity  o f  0 .5  a t 4 2 0  

n m .). T e n  m l o f  th is c u ltu re  w as  c e n tr ifu g e d  a t 2 5 0 0  rp m  fo r  10 m in  fo r  

s e p a ra tin g  th e  b a c te ria . R e -s u sp e n d e d  th e  b a c te r ia  in  100  m l s te r i le  M S  b asa l 

m e d iu m  c o n ta in in g  2 0  m g /l a c e to sy r in g o n e , 115 m g /l p ro lin e  a n d  153 mg/1 

g ly c in e b e ta in e  to  g e t a  b a c te ria l d e n s ity  o f  10* ce lls /m l. T h e  b a c te r ia l ce lls  w e re  

a l lo w e d  to  g ro w  in th is  m e d iu m  in a  ro ta ry  sh a k e r  a t 2 5 0  rp m  fo r  fo u r  h o u rs  a t 

28°C . T h is  b a c te ria l c u l tu re  w as u se d  fo r  ca llu s  in fec tio n .



3. 1. 6 . Agrobacteriiun  infection and co-culture

In itia lly  Agrohaclerium  in fe c tio n  w as  c a rr ie d  o u t w ith  d if fe re n t s ta g e s  o f  

th e  a n th e r  d e r iv e d  ca llu s  v iz . e m e rg in g  c a llu s , c a llu s  p ro life ra te d  fo r  2 0 , 4 0  a n d  50  

d ay s a f te r  in it ia t io n  fo r id e n tify in g  th e  idea l s ta g e  o f  th e  c a llu s  fo r  g e ttin g  

m a x im u m  tra n s fo rm a tio n  fre q u en c y . A p p ro x im a te ly  1.0 g o f  th e  y e l lo w  f r ia b le  

c a llu s  w a s  ta k e n  in  s te rile  (3 0  m m ) g la ss  p e tri p la te s  c o n ta in in g  5 m l o f  th e  

Agrobacterium  cu ltu re . T h e  ca llu s  c lu m p s  im m e rse d  in  b a c te ria l c u ltu re  

( in o c u lu m ) w e re  c u t in to  sm a ll p ie c e s  w ith  s te r i le  sc a lp e l b la d e  a n d  k e p t in  th e  

Agrobacterium  in o c u lu m  fo r  10 m in . T h e  in fec ted  caJli w e re  th e n  b lo tte d  d ry  w ith  

s te r i le  f i l te r  p a p e r  to  re m o v e  th e  ex c ess  b a c te ria l s u sp e n s io n  a n d  c a re fu lly  

tra n s fe rre d  to  so lid  c o -c u ltiv a tio n  m e d iu m .

3. 1.7. P reparation of co-cultivation medium

T h e  b asa l m e d iu m  u se d  fo r  ca llu s  in d u c tio n  w as u se d  as th e  b asa l m e d iu m  

fo r  c o -c u ltiv a tio n  a lso . A fte r  a u to c la v in g  th e  m e d iu m  w as  c o o le d  to  5 0 -5 5 °C , 

f i l te r  s te r i l iz e d  (0 .2 -  |j.m m il lip o re  f ilte r)  a c e to sy r in g o n e  (2 0  mg/1), p ro lin e  (115  

mg/1) an d  g ly c in e b e ta in e  (153  mg/1) w e re  a d d e d  to  th e  m e d iu m , m ix e d  th o ro u g h ly  

an d  p o u re d  a p p ro x im a te ly  3 0  m l to  90  m m  s te rile  d isp o s a b le  p e tri p la tes . T h e  

m e d ia  p la te s  w e re  se a le d  w ith  parafilm . and  u se d  as th e  co -  c u l tiv a tio n  m e d iu m .

C o -c u ltiv a tio n  w as ca rrie d  o u t fo r  7 2  h o u rs  in th e  d a rk  a t 2 6  ±  2°C . A fte r  

72  h o u rs  th e  ca lli w e re  b lo tte d  d ry  w ith  s te rile  f ilte r  p a p e r  an d  tra n s fe rre d  to 

s e le c tio n  m e d iu m . E x c e p t fo r  th e  a n tib io tic s , th e  b asa l m e d ia  c o m p o s itio n  o f  

s e le c tio n  m e d iu m  w as  sa m e  as th a t o f  c a llu s  in d u c tio n . F o r  id e n tify in g  th e  su ita b le  

a n t ib io tic  fo r  g e ttin g  m a x im u m  rec o v e ry  o f  tra n s fo rm e d  ce ll lin e s  w ith  nptW 

se le c ta b le  m a rk e r  g en e , d if fe re n t a n tib io tic s  viz . k a n a m y c in , p a ro m o y c in  an d  

g e n e tic in  w e re  te s te d . S e p a ra te  se le c tio n  m e d ia  w e re  p re p a re d  w ith  th e  d if fe re n t 

a n tib io tic s  by  in c o rp o ra tin g  th e  o p tim u m  c o n c e n tra tio n  o f  th e  a n tib io tic s  

( id e n tif ie d  by  th e  k ill-c u rv e  te s t) . In  th e  se le c tio n  m e d iu m  5 0 0  mg/1 c e fo ta x im e  

w as a d d e d  to p re v e n t th e  o v e rg ro w th  o f  ihe  Agrobacterium. T h re e  su b c u ltu re s  

w e re  m a d e  o n  th e  se le c tio n  m e d iu m  al th ree  w e e k s  in te rv a l fo r  the  e lim in a tio n  o f  

escap es.



3. 1 . 8 . Selection of transfonned cell lines by GUS histochemical staining

A fte r  4 0 -5 0  days c u ltu re  in th e  se le c tio n  m e d iu m , a n tib io tic  re s is ta n t y e llo w  

c a llu s  e m e rg e d  fro m  the  Agrohacterium  in fec ted  ca llu s . A p p ro x im a te ly  2  m g  o f  

th e  a n t ib io tic  re s is ta n t c a llu s  w as  te s te d  fo r  G U S  h is to c h e m ic a l s ta in in g . G U S  

h is to c h e m ic a l s ta in in g  w as c a rrie d  o u t a c c o rd in g  to  J e ffe rso n  (1 9 8 7 )  an d  the  G U S  

p o s it iv e  ce ll lin e s  w e re  se lec ted .

T h e  G U S  s ta in in g  so lu tio n  c o n ta in s  th e  fo llo w in g  c o m p o n e n ts

•  S o d iu m  p h o sp h a te  b u ffe r  (p H  7 .0 )  50. 0 m M

•  E th y le n e d ia m in e te tra a c e tic  ac id  10. O m M

•  T r i to n  X - 100 0 .1 0 %

•  P o ta s s iu m  fe r ro c y a n id e  2. 0 m M

•  P o ta s s iu m  fe r r ic y a n id e  2. 0 m M

•  X -g lu c  1. 0 m M

A p p ro x im a te ly  2 m g  o f  th e  a n tib io tic  re s is ta n t p ro life ra tin g  c a llu s  sa m p le s  

w e re  c o lle c te d  an d  p la ce d  se p a ra te ly  in to  5 m l sc in til la tio n  v ia ls  c o n ta in in g  o n e  m l 

o f  G U S  s ta in in g  so lu tio n . T h e  v ia ls  w e re  p la c e d  in a  d e s ic c a to r  an d  v a c u u m  

in f iltra tio n  w as c a rrie d  o u t fo r f iv e  m in u te s . A fte r  s lo w  re le a se  o f  th e  v a c u u m  the  

s a m p le s  w e re  in c u b a te d  a t 3 7 °C  o v e r  n igh t. V isu a l o b se rv a tio n s  w e re  m a d e  fo r  

G U S  s ta in in g .

3. 1 . 9. Callus proliferation and embi'yogenic callus induction

T h e  p u ta tiv e ly  tra n s fo rm e d  cell lin e s  s e le c te d  f ro m  in d e p e n d e n t 

tr a n s fo rm a tio n  e v e n ts  w e re  p ro life ra te d  s e p a ra te ly  in  c a llu s  p ro life ra tio n  m e d iu m . 

M S  b a sa l m e d iu m  as w ell as th e  b asa l m e d iu m  u se d  fo r  ca llu s  in d u c tio n  w e re  

te s te d  fo r  ca llu s  p ro life ra tio n . T h e  basa l m e d ia  w e re  fo rtif ie d  w ith , c a se in  

h y d ro ly z a te  (4 0 0  m g/1), g lu ta m in e  (3 0 0  mg/1), s u c ro se  (3 0  g/1) a n d  5 %  (v /v ) 

c o c o n u t w a te r . E ffe c t o f  v a rio u s  g ro w th  reg u la to rs  v iz  2 ,4 -d ic h lo ro p h e n o x y a c e t ic  

ac id  (2 ,4 -D ) , n a p h th a le n e a c e tic  ac id  (N A A ) an d  N 6 -b e n z y la d e n in e  (B A ) a t 

d if fe re n t c o n c e n tra tio n s  w e re  te s te d  fo r  ca llu s  p ro life ra tio n .

T h e  g ro w th  re g u la to r  c o m b in a tio n s  an d  c o n c e n tra tio n s  te s te d  fo r  c a llu s  

p ro life ra tio n  w ere :



2 .4 -D  (0 .0 -  2 ,0  mg/1) +  N A A  (0 .0 -  0. 5 m g /l)

2 .4 -D  (0 .2 -1 ,0  m g/I) +  N A A  (G .0-0 ,5  m g/I) + B A  (0.1 -  1.0 mg/1).

F o r  e m b ry o g e n ic  c a llu s  fo rm a tio n , th e  p ro life ra tin g  ca lli w e re  s u b c u ltu re d  

o n  p ro life ra tio n  m e d iu m  a t 3 0  d ay s  in te rv a l. U n tra n s fo rm e d  ca llu s  w as  c u ltu re d  

s e p a ra te ly  as co n tro l.

3 . 1 .1 0 .  S o m a t ic  e m b i^ o  in d u c t io n

F o r  e m b ry o  in d u c tio n  e m b ry o g e n ic  c a lli w e re  su b c u ltu re d  o n to  e m b ry o  

in d u c tio n  m e d iu m . M o d if ie d  M S  basal m e d iu m  w as u sed  fo r  e m b ry o  in d u c tio n . 

T h e  m o d if ic a tio n  w as  m a d e  b y  c h a n g in g  th e  c o n c e n tra tio n  o f  N H 4N O 3 to  825 

mg/1, K N O 3 to  9 5 0  mg/1 a n d  re p la c in g  M S  v ita m in s  w ith  B 5 v ita m in s . C a se in  

h y d ro ly s a te  (4 0 0 . 0 m g/1), c o c o n u t w a te r  (5 %  (v /v ) an d  s u c ro s e  3 0 .0  g /l w e re  

a d d e d . T h e  p H  o f  th e  m e d iu m  w as  a d ju s te d  to  5 .6  b e fo re  au to c la v in g . E ffe c t  o f  

v a r io u s  g ro w th  re g u la to r  c o m b in a tio n s  (1 )  g ib b e re llic  ac id  (G A 3), N A A  a n d  K n , 

(2 ) G A 3, N A A , K n  an d  B A  on  e m b ry o  in d u c tio n  w a s  a s sessed . T h e  c o m b in a tio n  

an d  c o n c e n tra t io n  o f  g ro w th  re g u la to rs  u se d  fo r  e m b ry o  in d u c tio n  w ere ;

G A 3 (0 .2  -  1.0 m g/1) +  N A A  (0 .2  mg/1) +  K n  (0 .0  - 0. 5 mg/1)

G A 3 (0.3 -  1.5 mg/1) +  N A A  (0.2 mg/1) +  K n  (0.3 mg/1) +  B A  (0.0 - 0 .5  mg/1)

T h e  c u ltu re s  w e re  m a in ta in e d  b y  su b c u ltu r in g  e v e ry  f o u r  w e e k s  o n  th is  

m e d iu m . O b se rv a tio n s  w e re  re c o rd e d  a fte r  8 w ee k s  o f  cu ltu re .

E ffe c t o f  w a te r  s tre s s , o n  e m b ry o  in d u c tio n  an d  ca llu s  fre sh  w e ig h t in 

u n tra n s fo rm e d  an d  tra n s fo rm e d  c u ltu re s  w e re  a s sessed  by  in c o rp o ra tin g  d if fe re n t 

c o n c e n tra tio n s  o f  p h y ta g e l ra n g in g  f ro m  0 .2 %  to 1 .0 % (w /v ). In  o rd e r  to  s tu d y  th e  

e ffe c t o f  o s m o tic  s tre s s  on  e m b i^ o  in d u c tio n  an d  ca llu s  fre sh  w e ig h t, v a ry in g  

c o n c e n tra tio n s  o f  p o ly e th y le n e  g ly c o l (P E G , M ol, w l 6 0 0 0 )  (2 % -1 2 %  w /v ) w e re  

in c lu d e d  in th e  e m b ry o  in d u c tio n  m e d iu m  fo rtified  w ith  N A A  (0, 20  mg/1), B A  

(0. 30  mg/1), K n (0. 30  mg/1) and  G A 3 (0 .60  m g/l),

3 .1 .1 1 .  E m b iy o  m a t u r a t i o n

F o r  e m b ry o  m a tu ra tio n  th e  g lo b u la r /to rp e d o  s ta g e  e m b ry o s  w e re  

tra n s fe rre d  to  m a tu ra tio n  m e d iu m . T h e  basa l m e d iu m  u se d  fo r  e m b ry o  in d u c tio n  

w as  u se d  fo r  e m b ry o  m a tu ra tio n  a lso  e x c e p t fo r  the h o rm o n a l c o m b in a tio n s . A n



e x p e r im e n t w a s  c a rr ie d  o u t w ith  GA3 a n d  B A  fo r  id e n tify in g  th e  o p tim u m  

c o n c e n tra tio n  o f  th e  g ro w th  re g u la to rs  fo r  g e ttin g  m a x im u m  e m b ry o  m a tu ra tio n . 

E ffe c t o f  GA3 an d  th id ia z u ro n  (T D Z ) on  em b ry o  m a tu ra tio n  w a s  a lso  e v a lu a te d  

w ith  d if fe re n t c o n c e n tra tio n  o f  GA3 and  T D Z .T h e  h o rm o n a l c o m b in a tio n s  te s te d  

w ere ;

G A s ( 0 .1 - 0 .6  m g/1) +  B A  (0.1 - 0 .5  mg/1)

GA3 (0 .1 -  0 .6  mg/1) +  T D Z  (0 .0  - 0 .5 mg/1)

T h e  c u ltu re s  w e re  m a in ta in e d  by  su b c u ltu r in g  e v e ry  fo u r  w e e k s  o n  th e  

m a tu ra tio n  m e d iu m . O b se rv a tio n s  w e re  re c o rd e d  a f te r  8 w eeks.

E ffe c t o f  P E G  an d  a b s c is ic  ac id  (A B A ) on  e m b ry o  m a tu ra tio n  w as  s tu d ie d  

by  in c o rp o ra t in g  d if fe re n t c o n c e n tra tio n s  o f  P E G  (2 -1 2 %  w /v )  e i th e r  a lo n e  o r  in  

c o m b in a t io n  w ith  0.1 mg/1 A B  A  in  th e  m a tu ra tio n  m e d iu m . E ffe c t  o f  w a te r  s tress  

o n  e m b ry o  m a tu ra tio n  w as  a lso  e v a lu a te d  by  su p p le m e n tin g  th e  m a tu ra tio n  

m e d iu m  w ith  p h y ta g e l (0 .2 -1 .0 %  w /v).

3. 1. 12. Em biyo germination and plant regeneration

F o r  p la n t re g e n e ra tio n , m a tu re  so m a tic  e m b ry o s  w e re  tra n s fe rre d  to  h a l f  - 

s tre n g th  M S  m e d iu m  la c k in g  h o rm o n e s  as  w e ll as on  m e d iu m  fo rtif ie d  w ith  

d if fe re n t g ro w th  re g u la to rs  viz. B A , GA3 and  in d o le -3 -b u ty r ic  ac id  (IB A ). A n  

e x p e r im e n t w a s  c a rrie d  o u t w ith  GA3 a n d  IB A  to id e n tify  th e  o p tim u m  

c o n c e n tra tio n  o f  th e  g ro w th  re g u la to rs  re q u ire d  fo r  g e ttin g  m a x im u m  p lan tle ts . 

E ffe c t  o f  B A  o n  e m b ry o  g e rm in a tio n  w a s  te s te d  w ith  d if fe re n t c o n c e n tra tio n s  o f  

B A  (0 .0 -0 .5  m g/1) and  GA3 (0 .0 -0 .5  mg/1) c o m b in e d  w ith  (0 .1  mg/1) IB A . T h e  

fu lly  d e v e lo p e d  p la n tle ts  w e re  k e p t fo r h a rd en in g .

3. 1. 13. Culture conditions

U n le s s  o th e rw ise  m e n tio n e d , th e  pH  o f  th e  m e d iu m  w a s  .ad justed  to  5 .6  

w ith  I N  K O H . Ph>4agel (0 .2 % ) w as ad d ed  as g e llin g  a g e n t b e fo re  a u to c la v in g  at 

121“C  an d  15 lb  fo r  15 m in . A lso  (0 .2 % ) ac tiv a te d  c h a rc o a l (S ig m a )  w as  in c lu d e d  

in  th e  e m b ry o  in d u c tio n , m a tu ra tio n  an d  p la n t re g e n e ra tio n  m e d iu m . F o r  ca llu s  

p ro life ra tio n  an d  e m b ry o  in d u c tio n , c u ltu re s  w e re  m a in ta in e d  a t 2 6  ±  2 °C  u n d e r  

c o m p le te  d a rk n e ss . F o r  e m b ry o  m a tu ra tio n  an d  p la n t re g e n e ra tio n , th e  c u ltu re s  

w e re  m a in ta in e d  a t 26  ±  2 °C  u n d e r  16 h p h o to p e rio d  (40  )iE  m '^ s ') .



3.1 .14 . Acclimatization of the plants

T h e  tran sg e n ic  and  u n tran sfo rm ed  (con tro l) p lan ts w e re  tran sfe rred  to  h o rm o n e  

free  h a lf-s tren g th  M S m ed iu m  and  m a in ta in ed  in th is  m e d iu m  till o n e  to  tw o  w horls  

o f  m a tu re  leaves w ere  d ev e lo p ed . T h e  p lan ts w ere  then  taken  o u t o f  the cu ltu re  tubes 

an d  w ash e d  in ru n n in g  tap  w a te r  to  rem o v e  the  ag a r and  tran sp lan ted  in to  sm all 

p o ly th e n e  bags o r  in ea rth en w are  po ts  (5 ”x l 0 ”) filled w ith  so ilrite , so il an d  sand  

(1 :1 :1 ). T h e se  p lan ts w ere  co v e red  w ith  th in  tran sp a ren t p o ly th en e  bags to  m a in ta in  a  

re la tiv e  h u in id ity  o f  a b o u t 9 0 -9 5 %  an d  m ain ta in ed  in  g lass  h o u se  a t 28  ±  2 °C . T h e  

p la n ts  w e re  k e p t at th is  re la tiv e  h u m id ity  fo r  sev en  days and  th en  g rad u a lly  red u ced  

th e  re la tiv e  h u m id ity  to 60 -6 5 %  by m ak in g  h o le s  in  th e  p la s tic  cover. A fte r tw o  

w eek s th e  p ro tec tiv e  co v e r w as rem o v ed  and the  p lan ts w ere  m a in ta in ed  in  th e  g l ^ s  

h o u se  a t 5 0 -5 5 %  rela tive  hum idity . A fter tran sp lan tin g  to  ea rth en w are  po ts, th e  p lants 

w ere  irrigated  o n ce  in tw o  days and  also  p ro v id ed  w ith  h a lf-s tren g th  H o a g la n d ’s 

so lu tio n  o n ce  in  tw o  w eeks.

3. 2 . Molecular analysis of transgenic plants 

3. 2.1. Isolation of DNA from transgenic and control plants

T o ta l g e n o m ic  D N A  w a s  iso la te d  fo llo w in g  th e  m o d if ie d  p ro to c o l o f  D o y le  et 

al. (1 9 9 0 ). T h is  m o d if ie d  C T A B  p ro c e d u re  c o n s is ts  o f  th e  fo llo w in g  step s:

•  Y o u n g , u n in fe c te d  leav es w e re  c o lle c te d  f ro m  th re e  tra n sg e n ic  p la n ts  d e r iv e d  

f ro m  th re e  in d e p e n d e n t tra n s fo rm a tio n  e v e n ts  an d  o n e  u n tra n s fo rm e d  (co n tro l)  

p la n t, m a in ta in e d  in  th e  g re e n  h o u se .

•  T h e  le a v e s  w e re  w a sh e d  th o ro u g h ly  in  ta p  w a te r  a n d  r in se d  w ith  s te r i le  

d is t ille d  w ate r.

•  2  g  le a f  tis su e  w as  g ro u n d  to a  f in e  p o w d e r  in  L iq u id  N itro g e n  u s in g  a  s te rile , 

p re -c o o le d  m o r ta r  and  pestle .

•  T h e  p o w e re d  tis su e  w as h o m o g e n iz e d  w ith  20  m l 2 X  C T A B  e x tra c tio n  b u ffe r.

2x CTAB buffer:

2 %  C T A B , 1.4 M  N aC l, 2 0  n iM  E D T A , 0.1 M  T ris -H C l p H -8 .0 , 

0.1%) P o ly v in y lp o ly p y r ro lid o n e  (P V P P ) an d  0 .1 %  p -m e rc a p to e th a n o l



T h e  sa m p le s  w e re  in c u b a te d  a t 6 0 °C  fo r  3 0  m in  in  a  50  m l c e n tr ifu g e  tu b e . 

C e n tr ifu g e d  a t 8 ,0 0 0  rp m  fo r  10 m in , th e  su p e rn a ta n t w a s  tra n s fe rre d  to  a  n e w  

s te r i le  tu b e  an d  th e  p e lle t  w as  d isc a rd ed .

E q u a l v o lu m e  o f  T r is -s a tu ra te d  p h e n o l-c h lo ro fo rm -iso a m y l a lc o h o l (2 5 :2 4 :1 )  

w a s  a d d e d  an d  m ix e d  g e n tly  b y  in v e r t in g  th e  tu b e s .

T h e  s a m p le  w as  sp u n  a t 10 ,000  rp m  fo r  10 m in  an d  th e  a q u e o u s  p h a s e  w as  

tra n s fe r re d  to  a  f re sh  tu b e . T h e  o rg a n ic  p h a s e  c o n ta in in g  th e  d e n a tu re d  

p ro te in s  w as  d isc a rd e d .

5. 0  |o,l o f  D N A a se  fre e  R N A a se  (1 0  m g /m l s to c k )  w as  a d d e d  an d  in c u b a te d  a t 

3 7 °C  fo r  1 h to  re m o v e  R N A .

P ro te in a s e  K  3 .0  (il (2 0  m g /m l-  B a n g a lo re  G e n e i)  w as  a d d e d  an d  in c u b a te d  a t 

3 7 °C  fo r  1 h to  in a c tiv a te  th e  R N A a s e  an d  o th e r  re s id u a l p ro te in s .

E q u a l v o lu m e  o f  ch io ro fo rm .’iso am y l a lco h o l w a s  a d d e d  to  th e  sa m p le , m ix e d  

g e n t ly  a n d  c e n tr ifu g e d  a t 10 ,000  rp m  fo r 10 m in.

T h e  a q u e o u s  p h a se  w a s  tra n s fe rre d  to  a  fresh  tu b e  an d  th e  o rg a n ic  p h a se  

c o n ta in in g  the  lip id s  ajid c a rb o h y d ra te s  w e re  d isc a rd ed .

T o  th e  s a m p le  eq u a l v o lu m e  o f  ch lo ro fo rm : iso a m y l a lc o h o l w as  a d d e d , m ix ed  

g e n tly  a n d  c e n tr ifu g e d  a t 10 ,000  rp m  fo r 10 m in.

A q u e o u s  p h a s e  w as tra n s fe rre d  to  a  fresh  tu b e  an d  th e  o rg a n ic  p h a s e  w as  

d isc a rd e d .

T o  th e  s a m p le  0 .6  v o lu m e  ic e -c o ld  iso p ro p y l a lc o h o l w a s  a d d e d  to  p re c ip ita te  

th e  D N A  a n d  in c u b a te d  in ice  fo r  20  m in.

T h e  tu b e  w as  k e p t in  ice  fo r  20  m in  to  p re c ip ita te  D N A . T h e  p re c ip ita te d  D N A  

w a s  p e lle te d  by  c e n tr ifu g in g  a t 8 ,0 0 0  rp m  fo r  10 m in  a t 4 °C .

T h e  D N A  w as w a sh e d  in 7 0 %  ethano l.

i) T h e  p e lle t w as  a ir-d r ie d  an d  d isso lv e d  in 1.0 m l o f T E  b u ffe r  (1 0 :1 ) .

ii) A f te r  c h e c k in g  th e  q u a n tity  an d  q u a lity  in a  s p e c tro p h o to m e te r ,  th e  D N A  

s a m p le s  w e re  s to re d  a t -2 0 ° C .



T h e  q u a lity  an d  q u a n tity  o f  g e n o m ic  D N A  w a s  c h e c k e d  in  an  U V  

s p e c tro p h o to m e te r  (B e c k m a n  U S A ). T h e  q u a lity  w as  c h e c k e d  by  m e a su r in g  th e  

ra tio  o f  a b s o rb a n c e  at 2 6 0  n m  and  2 8 0  n m  (2 6 0 /2 8 0 )  re sp e c tiv e ly . A  ra tio  b e tw e e n  

1 .7 :1 .8  in d ic a te  g o o d  q u a lity  D N A  w ith o u t p ro te in  c o n ta m in a tio n . D N A  

q u a n tif ic a tio n  w a s  c a rrie d  o u t u s in g  th e  fo llo w in g  fo rm u la :

1 O D  a t 2 6 0  n m  =  5 0  ng  o f  D N A , T h e  O D  o f  each  D N A  sa m p le  w as  m e a su re d  

an d  q u a n tif ie d  acco rd in g ly .

3. 2. 3. Isolation of plasmid DNA

P la sm id  D N A  w as iso la te d  f ro m  E. coli (D H  5 a )  c a r ry in g  th e  b in a ry  v e c to r  

p D U  9 6 .2 4 1 2  fo llo w in g  th e  a lk a lin e  ly sis  m e th o d  (S a m b ro o k  e t a l ,  1989).

• A n  o v e rn ig h t g ro w n  s in g le  c o lo n y  o f  E. coli (D H  5 a )  c a r ry in g  th e  b in a ry  

v e c to r  p D U  9 6 .2 4 1 2  w as  in o c u la te d  in to  3 .0  m l L B  m e d iu m  c o n ta in in g  2 0  

mg/1 g e n ta m y c in  an d  (50  mg/1) k a n a m y c in , in a  15 m l tu b e  c a p p e d  w ith  c o tto n  

p lu g s . In c u b a te d  th e  c u ltu re  o v e rn ig h t at 3 7 °C  in an  o rb ita l s h a k e r  a t  2 5 0  rpm . 

LB medium

T r j 'p to n e  10 g/1. Y e a s t e x tra c t 5 g/1 an d  S o d iu m  c h lo rid e  

lO g /1 , pH  7

1,5 m l o f  th e  c u l tu re  w as ta k e n  in  a  m ic ro fu g e  tu b e . C e n tr ifu g e d  a t 1 2 ,0 0 0  rp m  

fo r  5 m in  a t  4 °C , T h e  m e d iu m  w as d e c a n te d  o f f  c o m p le te ly  f ro m  th e  pellet. 

R e -s u s p e n d e d  th e  b ac te ria l p e lle t in  100 |j,l o f  so lu tio n  I by  v ig o ro u s  v o r te x in g  

an d  th e  tu b e s  w e re  s to re d  on  ice  fo r  5 m in.

Solution I

5 0  m M  g lu c o se , 25  m M  T ris .C i pH  8 and  

10 m M  E D T A  p H  8

A u to c la v e d  a t I2 1 ° C , 15 lb an d  s to re d  a t4 ° C



2 0 0  |i l  o f  f re sh ly  p re p a re d  so lu tio n  II w as  a d d e d  to  th e  tu b e s  an d  m ix e d  f iv e  

t im e s  ra p id ly  by  in v e rs io n  an d  s to re d  th e  tu b e s  a t ro o m  te m p e ra tu re  fo r  5 m in . 

Solution II

0 .2  M  N a O H  (fre sh ly  d ilu te d  f ro m  10 M  s to c k )

S D S  1%

150 )j,l o f  S o lu tio n  III w as a d d e d  to the  tu b e s  an d  th e  c o n te n ts  w e re  v o r te x e d  

g e n tly  to  d is p e rs e  th e  so lu tio n  th ro u g h  th e  v isc o u s  b a c te r ia l ly sa te . T h e  tu b e s  

w e re  re tu rn e d  to  ice fo r  5 m in.

Solution III

5 M  p o ta s s iu m  a c e ta te  60  ml

G la c ia l a c e tic  ac id  11.5 ml

D is ti l le d  w a te r  28 .5  ml

•  C e n tr ifu g e d  a t 1 2 ,000  rp m  fo r  5 m in  at 4 ° C  to  c o lle c t th e  c le a r  su p e rn a ta n t 

in to  a  fre sh  tu b e .

•  A n  eq u a l v o lu m e  o f  p h en o l : c h lo ro fo rm  w as a d d e d  to  th e  co lle c te d  

su p e rn a ta n t,  k e p t fo r 10 m in , c e n tr ifu g e d  a t 8 ,0 0 0  rp m  fo r  10 m in  a t ro o m  

te m p e ra tu re  an d  c o llec te d  th e  u p p e r  a q u e o u s  phase .

•  R N A  in  th e  s a m p le  w as d e g ra d e d  by  in c u b a tin g  a t 3 7 °C  fo r  1 h  a f te r  th e  

a d d itio n  o f  1 (il D N A a se  free  R N A a se  (1 0  m g /m l s to ck ).

•  P la sm id  D N A  w a s  p re c ip ita te d  by  th e  a d d itio n  o f  2 v o lu m e  o f  e th an o l an d  

sp u n  a t 8 .0 0 0  rp m  for 10 m in a t 4°C .

•  T h e  D N A  p e lle t w as w a sh e d  w ith  7 0 %  a lco h o l (v /v ) d ried  th e  p e lle t  th e n  

d is s o lv e d  in 50  |il T E  b u ffe r  (1 0 :1 , pH  8).

3. 2. 4. Polymerase chain reaction

3. 2. 4 (a). Amplification of npt II and Hb SOD genes by PCR

F o r  th e  d e te c tio n  o f  nptW g e n e , fo rw ard  (5 '-G A G G C T A T T C G G C T A

T G A C T -3 ’) an d  re v e rse  ( 5 ’-A A T C T C G T G A T G G C A G G T T G -3 ’) p r im e rs

c o rre s p o n d in g  th e  n /? /llc o d in g  reg io n  o f  th e  p la sm id  v e c to r  w as used . T h e



tr a n s g e n e  (H b  M n  S O D ) as w ell as n a tiv e  S O D  g e n e  w e re  a m p lif ie d  w ith  g e n e  

sp e c if ic  p r im e rs  5 ’-A T G G C T C T G C G A T C A G T G A C C C -3 ’( fo rw a rd )  a n d  5 ’- 

C T A A G A A G A G C A T T C T T T G G C A T -3 ’ (re v e rse ) . T h e  P C R  re a c tio n s  w e re  

c a rr ie d  o u t in  2 0  |al v o lu m e s  c o n ta in in g  100 |aM  d N T P s , 2 5 0  n M  o f  each  p r im e r, 

I X  T a q  D N A  p o ly m e ra se  b u ffe r  c o n ta in in g  1,5 m M  M gCh  an d  0 .5  U  Taq DN A  

p o ly m e ra se  (B a n g a lo re  G en e i, In d ia )  w ith  2 0  ng  te m p la te  D N A , in  a  th e rm a l 

c y c le r  (P e rk in  E lm e r-4 8 0 ). F o r th e  a m p lif ic a tio n  o f  n pd l  g e n e , th e  P C R  

c o n d itio n s  w e re ; in itia l d e n a tu ra tio n  a t 94°C  fo r 4 m in  fo llo w e d  b y  3 5  cy c le s  o f  

9 4 °C  fo r  1 m in , 55°C  fo r 1 m in  3 0  sec. an d  7 2 °C  fo r  2  m in . T h e  f in a l e lo n g a tio n  

w as  a t 72°C  fo r  7 m in. F o r  th e  a m p lif ic a tio n  o f  H b  S O D  n a tiv e  g e n o m ic  s e q u e n c e  

D y N A s y m e  E X T  D N A  p o ly m e ra se  (F in n z y m e s , F in la n d )  w as  used . In itia l 

d e n a tu ra tio n  at 94°C  fo r  2 m in w as  fo llo w e d  by  35 cy c le s  o f  9 4 “C  fo r  3 0  se c , 58°C  

fo r  I m in  an d  69°C  fo r  2  m in  an d  a  final e lo n g a tio n  a t 69°C  fo r  7 m in. A m p lif ie d  

D N A  fra g m e n ts  w e re  e le c tro p h o re se d  in 1 .5%  a g a ro se  g e ls , s ta in e d  w ith  e th id iu m  

b ro m id e  an d  v isu a liz e d  u n d e r  U V  light.

3. 2. 5. Southern hybridization analysis 
3. 2 , 5 (a). Restriction digestion of genomic DNA

D N A  fro m  o n e  u n tra n s ro rm e d  and th re e  tra n sg e n ic  p la n ts  o b ta in e d  fro m  

th re e  in d e p e n d e n t tra n s fo rm a tio n  ev e n ts  sh o w in g  p o s it iv e  s ig n a ls  in  G U S  

h is to c h e m ic a l s ta in in g  an d  P C R  w e re  u se d  fo r  so u th e rn  h y b r id iz a tio n  an a ly s is . 10 

|j.g o f  g e n o m ic  D N A  w a s  d ig e s te d  w ith  E c o R I to  d e te c t th e  f ra g m e n ts  o f  p re d ic te d  

s iz e  an d  w ith  Sac] to  c o n firm  th e  in te g ra tio n  in  to  th e  h o s t g en o m e ,

Reaction mixture for restriction digestion

D N A  10 ^il (1 0  (j,g), e n z y m e  b u ffe r  3|j,l, re s tr ic tio n  e n z y m e  2  p,l (20  

U ) an d  s te r i le  d is tille d  w a te r  15 p.1

T h e  d ig e s tio n  w as c o n tin u e d  o v e rn ig h t at 3 7 °C  an d  th e  f ra g m e n ts  w e re  s iz e  

f ra c tio n a te d  in  I.O %  a g a ro se  gel,

•  P re p a re d  1 .0%  (w /v ) a g a ro se  g e l c o n ta in in g  0 .1 %  (w /v ) e th id iu m  b ro m id e . 

T h e  re s tr ic tio n  d ig e s te d  D N A  sa m p le s , u n d ig e s te d  D N A  an d  p la sm id  D N A  

sa m p le s  w e re  lo a d e d  in to  th e  s lo ts  o f  th e  a g a ro se  gel.



•  R u n  th e  g e l a t 5 0  V  till s a m p le s  h a v e  m ig ra te d  in to  th e  g e l a n d  th e n  re d u c e d  

th e  v o lta g e  to  25.

•  E le c tro p h o ro s is  w a s  c o n tin u e d  till th e  d y e  f ro n t m ig ra te d  to  tw o - th i r d  le n g th  

o f  th e  gel.

•  P h o to g ra p h e d  th e  gel on  a  U V  tran s illu m in a to r .

•  T r im  th e  ge l to  final s iz e  an d  then  m a rk e d  o n e  co m er.

3. 2. 5 (b). Blotting of the DNA fragments

•■DNA in  th e  gel w a s  d e p u r in a te d  b y  so a k in g  in  a  so lu tio n  o f  0 .2 5  N  H C l fo r  15 

m in . T h e n  th e  ge l w as b r ie f ly  r in sed  tw ic e  w ith  d is t ille d  w ater.

•■ D enatu ration  o f  th e  D N A  w as c a rrie d  o u t b y  tre a tin g  th e  gel in d e n a tu ra tio n  

s o lu tio n  fo r  25  m in  w ith  g e n tle  sh ak in g . T h e n  it w a s  r in sed  w ith  w a te r

D enaturation Solution

0 .2  M  N a O H , 1.5 M  N aC l

♦ N e u tra l iz e d  th e  ge l by  so a k in g  in  n e u tra liz a tio n  b u ffe r  f o r  3 0  m in.

N eutralization Solution

1 M T r i s - H C lp H  8, 1.5 M  N a C l

♦ C a re  w a s  ta k e n  to  se e  th a t gel w a s  c o m p le te ly  im m e rse d  in  a ll so lu tio n s  w h ile  

tre a tm e n t.

♦  A fte r  n e u tra liz a tio n  the  gel w as b r ie f ly  w a sh e d  in lO X  S S C  an d  k e p t ready .

2 0  X SSC

3 M  N a C l, 0 .3  M  S o d iu m  c itra te  
p H  a d iu s te d  to  7________________________

♦ D N A  w a s  tra n s fe rre d  fro m  the  tre a te d  gel to  n y lo n  m e m b ra n e  (H y b o n d  N"”, 

A m e rsh a m , U S A ) th ro u g h  c a p illa ry  b lo ttin g  tra n sfe r  m e th o d  (S a m b ro o k  et al,

1989).



♦ A  g la ss  tra y  w a s  f ille d  to  a  h e ig h t o f  1 cm  (a b o u t 2 0 0  m l) w ith  10 X  SSC. A  

s u ita b le  p la tfo rm  w ith  d im e n s io n s  b ig g e r  th a n  th e  ge l w as  p la c e d  in  th e  tray .

♦ T h e  s u r fa c e  o f  th e  p la tfo rm  w as  c o v e re d  w ith  W h a tm a n  N o .3 filte r  p a p e r  p re ­

s o a k e d  in  10 X  S S C  so th a t th e  en d s  o f  th e  p a p e r  a re  im m e rse d  in th e  S SC .

♦ T h re e  sh e e ts  o f  W h a tm a n  N o .l  f ille r  p ap e r, b e in g  c u t ex a c tly  to  th e  s a m e  

d im e n s io n s  o f  th e  ge l an d  p re so a k e d  in lO X  S S C , w as p la c e d  o n  to p  o f  th e  

p la tfo rm . A n y  a ir  b u b b le s  w as re m o v e d  b y  ro llin g  th e  s u r fa c e  w ith  a  g la ss  rod .

♦ T h e  g e l w a s  p la c e d  c a re fu lly  on  to p  o f  th is  (u p s id e  d o w n ) an d  th e n  a  H y b o n d  

N +  n y lo n  m e m b ra n e  p re so a k e d  in  I OX S S C  w as p la c e d  on  to p  o f  th e  gel. A n y  a ir  

b u b b le s  w e re  re m o v e d  by  g e n tly  ro llin g  a  g la ss  ro d  o n  th e  su rfa ce .

♦  T w o  sh e e ts  o f  th e  p re -so a k e d  f ilte r  p a p e r  w as  p la c e d  o n  to p  o f  th is . T h re e  m o re  

sh e e ts  o f  c lea n  d iy  filte r  p a p e r  w as  th en  s ta c k e d  o n  it o v e r  w h ic h  c ru d e  filte r  

p a p e rs  c u t to  th e  g e l d im e n s io n  w as  s ta c k e d  to  a  h e ig h t o f  1. 5 cm . O v e r  th is , a  

s u ita b le  w e ig h t o f  a ro u n d  2 0 0  g  w as p la ce d . T h e  w e ig h t sh o u ld  n o t c ru sh  th e  gel 

b u t sh o u ld  b e  a b le  to  c o m p re ss  th e  p a p e rs  tigh tly .

♦ T h e  t r a n s fe r  w as  a l lo w e d  to p ro c e e d  fo r  a  p e rio d  o f  12-16  h o u rs .

♦  A fte r  th e  t ra n s fe r  th e  a s se m b ly  w a s  d isa s se m b le d  an d  th e  n y lo n  m e m b ra n e  w as 

b r ie f ly  w a sh e d  in 5 X  S S C  an d  a ir-d ried .

♦  T h e  m e m b ra n e  w a s  f ix e d  u s in g  a  U V  c ro ss  lin k e r  (H o e fe r , U S A ) a t  1 2 ,0 0 0  

J/cm ^. T h e  m e m b ra n e  w a s  w ra p p e d  in  S a ra n  w ra p  an d  s to re d  b e tw e e n  c ru d e  f ilte r  

p a p e r  in th e  re f r ig e ra to r  till use.

3. 2. 5 (c) Preparation of labeled probe

T h e  nptW g e n e  p ro b e  w as ra d io la b e le d  u s in g  ‘M u ltip r im e  D N A  la b e lin g  k it 

(A m e rsh a m , U K ). It u til iz e s  ra n d o m  h e x a -n u c le o tid e s  to  p r im e  D N A  sy n th e s is  on  

d e n a tu re d  te m p la te  D N A  a t n u m e ro u s  s ites  a lo n g  its le n g th . T h e  la b e lin g  w as  

c a rr ie d  o u t fo llo w in g  th e  m a n u fa c tu re r ’s in s tru c tio n s .

♦ A b o u t 5 0  ng  o f  te m p la te  D N A  w as d ilu ted  to 5 |o,l w ith  d o u b le  d is t ille d  w a te r  

an d  b o ile d  fo r  5 m in  to d en a tu re .

♦ Im m e d ia te ly  c h ille d  on  ice fo r  5 m in  tind c e n tr ifu g e d  briefly .

♦ 11.5 |j,l o f  n u c le a se  fre e  a u to c la v e d  w a te r  w as added .

♦ A d d e d  2 .5  |̂ 1 o f  b u ffe r  w h ic h  c o n ta in e d  all th e  d N T P s  e x c e p t d C T P .

♦ 2 .5  fj,l o f  r a n d o m  p r im e r  so lu tio n  w as  added .



♦ T o  th is  2 .5  jj.1 o f  a-^^P  la b e le d  d C T P  (Sp . A c tiv ity  ~  3 0 0 0  C i/m M o l o r  10 |J. 

C i/|j,I) w a s  ad d e d .

♦ F in a l ly  1 p.1 o f  th e  e n z y m e  (K le n o w  f ra g m e n t o f  D N A  p o ly m e ra se  I) w a s  a d d e d  

an d  m ix e d  g e n tly  by  p ip e ttin g  up  an d  do w n .

♦  T h e  la b e le d  p ro b e  w a s  p u r if ie d  b y  p a s s in g  th ro u g h  a  S e p h a d e x  G -5 0  c o lu m n  as

fo llo w s ;

♦  S e p h a d e x  G -5 0  w a s  a d d e d  to  S T E  b u ffe r  to  fo rm  th e  s lu r iy  (1 0  g  o f  d iy  p o w d e r  

y ie ld s  a ro u n d  160 m l o f  s lu rry ).

♦  A  l it t le  g la s s  w o o l w as p la c e d  a t  th e  b o tto m  o f  a  1 m l c o lu m n  a n d  1 m l o f  th e  

s lu rry  w a s  a d d e d  w ith o u t the fo rm a tio n  o f  a ir  b u b b le s .

♦ T h e  c o lu m n  w a s  sp u n  a t 3 0 0 0  rp m  fo r 3 m in  in a  sw in g in g  b u c k e t ro to r.

♦  M o r e  s lu r ry  w a s  a d d e d  un til th e  S e p h a d e x  tig h tly  p a c k e d  u p  to  1 m l level.

♦ T h e  c o lu m n  w as th e n  e q u ilib ra te d  f irs t w ith  S T E  b u ffe r  an d  th e n  w ith  d ist.

w ate r.

♦  T h e  la b e le d  p ro b e  w as  th en  p a s se d  th ro u g h  th e  co lu m n . T h e  e lu te d  f ra c tio n  w as 

co lle c te d  in  a  1.5 m l m ic ro -c e n tr ifu g e  tube.

♦ T h e  c o lu in n  p u r if ie d  p ro b e  w as  d e n a tu re d  by  b o ilin g  a t 100°C  fo r  3 m in  an d  

im m e d ia te ly  c h ille d  in  ice. It w as  s to re d  in the  f re e z e r  till use.

3. 2. 5 (d). Hybridization

♦ H y b r id iz a tio n  o f  th e  la b e le d  p ro b e  to  th e  n y lo n  m e m b ra n e  w a s  p e r fo rm e d  

a c c o rd in g  to  S a m b ro o k  ef al, (1 9 8 9 ).

♦ T h e  b lo tte d  m e m b ra n e  w a s  p la c e d  in  a  h y b r id iz a tio n  tu b e  an d  p re -h y b r id is a tio n  

so lu t io n  (0 .2  m l/cm ^  o f  th e  b lo t) , 25  m i fo r  th e  13x 1 0  cm  m e m b ra n e  w a s  ad d ed .

Pre-hybridization solution

6 X  S S C , 5 X  D e n h a rd t’s re a g en t an d  0.5 %  S D S

♦ T h e  p re -h y b rid is a t io n  w as ca rrie d  o u t a t 6 5 °C  fo r  1 h r  in  a  h y b r id iz a tio n  o v e n  

(A m e rsh a m , U K ) w ith  ro ta ry  m o v e m e n t a t v e ry  lo w  sp eed .

♦ T h e  p re -h y b r id iz a tio n  so lu tio n  w a s  p o u re d  o u t an d  th e  h y b r id iz a tio n  so lu tio n  

(p re -h y b r id iz a t io n  so lu tio n  w as u se d  as h y b r id iz a tio n  so lu tio n )  w a s  p o u re d  in to



th e  tu b e . L a b e le d  d e n a tu re d  p ro b e  w as  a d d e d  an d  in c u b a te d  w ith  s lo w  ro ta t io n  fo r

16 h r  at 6 5 °C.

3. 2. 5 (e). Blot washing and autoradiography

A fte r  h y b r id i/.a lio n , the m e m b ra n e  w as  w a sh e d  tw ic e  a t ro o m  te m p e ra tu re  

fo r  5 an d  15 m in  re sp e c tiv e ly  w ith  so lu tio n  I

W ashing solution I

2 X S S C ,  0.1 % S D S

♦ T h e  b lo t  w a s  th en  su b je c te d  to  h ig h  s tr in g e n t w a sh  a t 6 5 °C  fo r  3 0  m in  w ith  

s o lu t io n  II

W ashing solution II

0.1 X S S C ,  0 .5  % S D S

♦ T h e  m e m b ra n e  w as th e n  f lo a ted  b r ie f ly  in 0.1 X  S S C  a t R T  th e n  s u b je c te d  to  

a u to ra d io g ra p h y .

♦ T h e  m e m b ra n e  w as w ra p p e d  in a  sa ra n  w ra p  an d  p la c e d  in s id e  th e  X -ra y  

casse tte . A n  X -ra y  sh e e t w as p la ce d  o v e r  it a f te r  m a rk in g  th e  o rie n ta tio n .

♦ A n  in te n s ify in g  sc re e n  w as p la ce d  o v e r  th is  a s se m b ly  an d  th e  c a s s e tte  w as 

c lo se d  tig h tly  an d  p la ce d  in -7 0 °C  fo r 2 days. S u b se q u e n tly  th e  X -ra y  s h e e t w as 

re m o v e d  an d  d e v e lo p e d  in th e  d e v e lo p e r  so lu tio n  u n d e r  sa fe  red  light.

♦  A s s o o n  as  th e  s p o ts  d ev e lo p , th e  X -ra y  s h e e t  w a s  c le a n e d  w ith  w a te r  and  

q u ic k ly  p la c e d  in th e  f ix e r  fo r  a  fe w  m in u tes .

♦  T h e  s h e e t  w a s  e x te n s iv e ly  w a sh e d  in w a te r  an d  d ried .

3. 3. SOD expression by Northern hybridization.
N o rth e rn  h y b rid i/.a lio n  w as  ca rrie d  o u t u s in g  th e  R N A  iso la te d  f ro m  

u n tra n s fo rm e d  an d  tra jis fo rm e d  e m b ry o g e n ic  ca lli as w e ll as f ro m  le av e s  o f  

tr a n s fo rm e d  an d  u n tra n s fo rm e d  p lan ts  su b je c te d  to  stress.



3. 3. 1. Induction of stress

T ra n s fo rm e d  an d  u n tra n s fo rm e d  (c o n tro l)  e m b ry o g e n ic  c a lli w e re  c u ltu re d  

o n  h o rm o n e  f re e  h a l f  s tre n g th  M S  m e d iu m . W a te r  s tre s s  w as  in d u c e d  to  th e  ca llu s  

c u ltu re s  u s in g  p h y ta g e l (0 .4  %  and  0 .6 %  vv/v). F o r  th e  in d u c tio n  o f  sa lin ity  s tre ss , 

c a llu s  s a m p le s  w e re  su b c u ltu re d  on m e d ia  c o n ta in in g  100 m M  an d  2 0 0  m M  

s o d iu m  c h lo rid e . A fte r  s tress  in d u c tio n  fo r  15 d ay s , to ta l R N A  w a s  is o la te d  f ro m  

th e  sa m p le s .

T o  d e te rm in e  th e  e x p re ss io n  o f  M n  S O D  m R N A  in u n tra n s fo rm e d  

(c o n tro l)  an d  tra n s fo rm e d  p lan ts  d u e  to e n v iro n m e n ta l s tre s s , le a v e s  w e re  e x c ise d  

f ro m  th e  p la n ts . T h e  le a v e s  w e re  s lic e d  se p a ra te ly  in to  s e c tio n s  (1 x 1 .5  c m ) an d  

in c u b a te d  w ith  4 0 %  (w /v ) P E G  (M ol. w t 6 0 0 0 ) fo r  fo u r  h o u rs . T h e  co n tro l (no  

s tre s s )  le a f  s a m p le s  w e re  in c u b a te d  in D E P C  tre a te d  w ate r. A fte r  s tre s s  in d u c tio n  

fo r  4  h o u rs , to ta l R N A  w as iso la te d  fi-om th e  sa m p le s .

3. 3.2. RNA isolation from leaf and callus samples

T o ta l R N A  w as  iso la te d  f ro m  u n tra n s fo rm e d  an d  tra n s fo rm e d  c a llu s  an d  

le a f  sa m p le s  su b je c te d  to  s tress  an d  co n tro l (w ith o u t s tre s s )  a c c o rd in g  to  th e  

p ro to c o l re p o r te d  by  V e n k a ta c h a la m  et al. (1 9 9 9 )  a f te r  m o d if ic a tio n s . A ll th e  

re a g e n ts  re q u ire d  w e re  p re p a re d  in D E P C  tre a te d  w ate r. T h e  p ro to c o l in v o lv e d  th e  

fo llo w in g  s te p s

•  O n e  g ra m  e a c h  tis su e  ( le a f  an d  ca llu s )  w e re  s e p a ra te ly  g ro u n d  to  a  f in e  

p o w d e r  in L iq u id  N itro g en .

•  10 m l e x tra c tio n  b u ffe r  w as a d d e d  to the  f in e  p o w d e r  an d  th e  h o m o g e n a te  w as 

tra n s fe r re d  to  a  s te rile  c e n tr ifu g e  tu b e .

Extraction buffer

0 .2  M  N a C l, 0.1 M  T ris -H C l (p H  8), 0 .01 M  E D T A ,

1 .5%  S D S , 0 .1 %  p -m e rc a p to e th a n o l (a d d e d  im m e d ia te ly  b e fo re  u se ) 

an d  0 .1 %  (w /w ) in so lu b le  P V P P  (a d d e d  to th e  h o m o g e n a te ).

E q u a l v o lu m e  o f  e x tra c tio n  b u f fe r  sa tu ra te d  p h e n o l w as  a d d e d , m ix e d  g e n tly  

an d  c e n tr ifu g e d  at 1 0 ,0 0 0  rp m  fo r  15 m in.



•  T h e  u p p e r  a q u e o u s  p h a se  w a s  tra n s fe rre d  to  a  fre sh  c e n tr ifu g e  tu b e  an d  r e ­

e x tra c te d  w ith  eq u a l v o lu m e  o f  c h lo ro fo rm .

•  C e n tr ifu g e d  a t 1 0 ,000  rp m  fo r 10 m in  an d  th e  a q u e o u s  p h a s e  w a s  c o llec te d .

•  1 /3  v o lu m e  8 M  L iC l w a s  a d d e d  an d  k e p t fo r  R N A  p re c ip ita tio n  o v e rn ig h t 

a t -2 0 °C .

•  T h e  R N A  w as p e lle te d  by  c e n tr ifu g a tio n  a t 1 0 ,000  rp m  fo r  10 m in  a t 4 °C .

•  T h e  p e l le t w a s  w a sh e d  firs t w ith  2 M  L iC l fo llo w e d  b y  7 0 %  e th a n o l, a ir -d r ie d  

a n d  d is s o lv e d  in  1 m l D E P C  tre a te d  s te r ile  w ate r.

•  F o r  fu r th e r  p u rity , th e  R N A  w a s  re -p re c ip ita te d  w ith  O.I vo l 3 M  so d iu m  

a c e ta te  (p H  5 .2 )  an d  2 .5  vol o f  e th an o l

•  T h e  p re c ip ita te d  R N A  w as p e lle te d  b y  c e n tr ifu g in g  th e  sa m p le s  a t 1 0 ,0 0 0  rp m  

fo r  10 m in  a t 4 °C  an d  w a sh e d  th e  p e lle t tw ic e  w ith  7 0 %  eth an o l.

•  R N A  p e lle t w as  a ir -d r ie d , re -su sp e n d e d  in 2 0 0  |i l  o f  s te r i le  D E P C  w ate r.

•  T h e  iso la te d  R N A  w as u se d  im m e d ia te ly  fo r  s u b se q u e n t a n a ly s is  o r  s to re d  in  3 

v o l o f  e th a n o l a t -70  °C .

T h e  q u a lity  o f  R N A  w as c h e c k e d  in an  U V  sp e c tro p h o to m e te r  as d e s c r ib e d  in 

( s e c tio n  3. 2. 2 )  an d  its q u a lity  an d  D N A  c o n ta m in a tio n , i f  any , w as  c h e c k e d  in 

1%  a g a ro se  gel. (T h e  a g a ro se  gel e le c tro p h o re s is  w a s  ca rrie d  o u t a c c o rd in g  to  th e  

s ta n d a rd  p ro to c o l (S a m b ro o k  et al., 1989).

3. 3. 2 (a). Electrophoresis of RNA

A g a ro s e  (1 %  w /v ) w as  m e lte d  in  31 m l o f  D E P C  tre a te d  H 2O a n d  c o o le d  to  

6 0 °C . In  a  fu m e  h o o d , 10 m l o f  5 X  fo rm a ld e h y d e  g e l ru n n in g  b u f fe r  (M O P S ) an d

9 m l o f  fo rm a ld e h y d e  w a s  a d d e d  to  g iv e  a  f in a l c o n c e n tra tio n  o f  I X  an d  2 .2  M  

re sp e c tiv e ly . T h e  gel w as a l lo w e d  to  se t fo r a t le a s t 3 0  m in  a t ro o m  te m p e ra tu re .

5X Form aldehyde gel running buffer (MOPS buffer)

0 .1 M  M O P S  p H  7, 4 0  m M  so d iu m  a c e ta te , 5 m M  E D T A  p H  8

F ro m  le a f  sa m p le s  tw e n ty  ^.g o f  R N A  an d  f ro m  ca llu s  f if te e n  |o,g o f  R N A  

w as in c u b a te d  fo r  15 m in  at 6 5 °C  a lo n g  w ith  4  |j,! M O P S  b u ffe r , 7 )j,I 

fo rm a ld e h y d e  an d  2 0  ^.I fo rm a m id e . A fte r  a  b r ie f  sp in , 4  ^1 o f  R N A  lo a d in g  b u ffe r



w as a d d e d  an d  lo a d e d  in th e  gel. T h e  ge l w as  ru n  in  IX  M O P S  b u f fe r  a t  5 0 V  fo r  

3 -4  h o u rs  (u n til th e  b ro m o p h e n o l b lu e  h ad  m ig ra te d  to  2 /3  o f  th e  g e l). T h e  ge l 

w as  p h o to g ra p h e d  an d  then  tra n s fe rre d  to n y lo n  m e m b ran e .

3. 3.2 (b) RNA blotting

B e fo re  tra n s fe r  to  th e  m e m b ra n e , th e  g e l w a s  w a sh e d  th r ic e  in  D E P C  

tre a te d  H 2O  to  re m o v e  th e  fo rm a ld e h y d e . T h e  n y lo n  m e m b ra n e  (H y b o n d  N + , 

A m e rsh a m , U K ) w as  c u t in to  the  s iz e  o f  th e  g e l an d  w a s  p re so a k e d  in  lO X  S S C . 

B lo ttin g  w a s  c a r r ie d  o u t as d e s c r ib e d  in th e  S o u th e rn  p ro to c o l [S e c  3 .2 .5 .(b )] . 

A fte r  tr a n s fe r ,  th e  m e m b ra n e  w as  air- d r ie d  an d  U V  c ro ss  lin k e d

3 .3 .2 ( c )  P reparation of labeled probe and hybridization

T h e  S O D  p ro b e  w as p re p a re d  an d  p u r ifie d  as m e n tio n e d  in  (se c tio n  3 .2 .5 c  

& 3 .2 .5 d ) . H y b rid iz a tio n  o f  th e  la b e le d  p ro b e  to  th e  n y lo n  m e m b ra n e  w as  

p e r fo rm e d  a c c o rd in g  to  S a m b ro o k  et al. (1 9 8 9 ). T h e  p re -h y b rid iz a tio n  w a s  c a rrie d  

o u t a t 4 2 °C  fo r  3 h rs in  a  h y b r id iz a tio n  o v e n  (A m e rsh a m , U K ) w ith  ro ta ry  

m o v e m e n t al v e ry  lo w  speed .

T h e  p re -h y b r id iz a tio n  so lu tio n  w as  p o u re d  o u t an d  h y b r id iz a tio n  so lu tio n  

w as  a d d e d  in to  th e  tu b e . L ab e le d  d e n a tu re d  p ro b e  w as  a d d e d  an d  in c u b a te d  w ith  

s lo w  ro ta tio n  a t 4 2 °C  fo r  16 hrs.

3. 3. 2 (d) W ashing and autoradiography

T h e  m e m b ra n e  w as  w a sh e d  firs t w ith  so lu tio n  1 fo r  15 m in  a t ro o m  te m p e ra tu re .

Solution 1

2 X S S C ,  0 .1 %  SD S

T h e n  tw o  lo w  s tr in g e n t w a sh in g  w e re  g iv e n  w ith  s o lu tio n  II fo r  5 m in  e a c h  a t 

ro o m  te m p e ra tu re . T h is  w as  fo llo w e d  by  a  s tr in g e n t w a s h in g  in  p re -w a rm e d  

s o lu t io n  II a t 4 2 °C  fo r 15 min.

Solution II

0. I X  S S C , 0 .1 %  S D S



T h e  m e m b ra n e  w as r in se d  w ith  2 X S S C  an d  th e  e x c e s s  liq u id  w a s  re m o v e d  

w ith  b lo tt in g  p ap e r. It w as th e n  w ra p p e d  in a  U V  tra n s p a re n t sa ra n  w ra p  an d  

e x p o s e d  to  X -ra y  f ilm  w ith  in te s ify in g  sc re en s . T h e  X -ra y  c a s se tte s  w e re  p la c e d  a t 

- 7 0 ° C  fo r  tw o  d ay s  an d  th e  film  w as w a sh e d  an d  f ix ed  as d e s c r ib e d  in  S o u th e rn  

p ro to c o l [sec  3 .2 . 5 (e)).

3. 4. Estimation of superoxide dismutase, peroxidase and catalase 
enzyme activities in transformed callus.

3. 4.1. Induction o f  stress

T h e  tra n s fo rm e d  e m b ry o g e n ic  c a llu s  w a s  u se d  fo r  th e  s tu d ie s  o n  e n z y m e  

a c tiv ity  a f te r  in d u c tio n  o f  s tre ss , k e e p in g  u n tra n s fo rm e d  c a llu s  as co n tro l. W a te r  

s tre s s  w a s  in d u c e d  by  s u b c u ltu r in g  th e  c a llu s  on  h o rm o n e  free  h a l f  s tre n g th  M S  

m e d iu m  so lid if ie d  w ith  d if fe re n t c o n c e n tra tio n s  o f  p h y la g e l (0 .2 -1 .0 % ). O sm o tic  

s tre s s  w a s  in d u c e d  by  s u b c u ltu r in g  th e  c a llu s  o n  m e d ia  c o n ta in in g  d if fe re n t 

c o n c e n tra tio n s  o f  e i th e r  p o ly e th y le n e  g ly c o l (P E G , m o le c u la r  w e ig h t 6 0 0 0 )  

m a n n ito l o r  so rb ito l (2 -1 0 % ) in h o rm o n e  f re e  h a l f  s tre n g th  M S  m e d iu m  so lid if ie d  

w ith  (0 .2 %  w /v )  p h y ta g e l. T h e  c u ltu re s  w e re  m a in ta in e d  in  d a rk n e ss  fo r  3 0  days. 

T h e  e n z y m e  a ssa y  w as  c a rr ie d  o u t a f te r  s tre s s  in d u c tio n  fo r  o n e  m o n th . F o r  

d e te rm in in g  th e  e f fe c t o f  lig h t o n  S O D  e n z y m e  a c tiv ity  th e  c u ltu re s  w e re  k e p t 

u n d e r  c o n tin u o u s  lig h t fo r  th ir ty  days.

3. 4. 2. Enzyme preparation

T ra n s fo rm e d  and  u n tra n s fo rm e d  e m b ry o g e n ic  ca lli (0 .5  g ) w e re  

h o m o g e n iz e d  in  a  s te r i le  p re -c h il le d  m o r ta r  and  p e s tle  a f te r  f re e z in g  in  liq u id  

n itro g e n  an d  th e  f in e  p o w d e r  w as  re - s u sp e n d e d  in 5 m l p h o sp h a te  b u ffe r  (O .IM , 

p H  7 .0 ). T h e  re su lt in g  s lu rry  w a s  f ilte re d  th ro u g h  c h e e se  c lo th  a n d  th e  f il tra te  w as 

c e n tr ifu g e d  a t 8 ,0 0 0  rp m  at 4 °C  fo r  10 m in u tes . T h e  s u p e rn a ta n t w a s  u se d  fo r  th e  

a ssay  o f  s u p e ro x id e  d ism u ta se , p e ro x id a se  an d  c a ta la se  e n z y m e  a c tiv itie s .

3. 4. 3. Assay of Superoxide dismutase

S u p e ro x id e  d ism u ta se  e n z y m e  a c tiv ity  w a s  e s tim a te d  fo llo w in g  th e  

m e th o d  o f  K a k k a r  et al. (1984 ).



Reagents for SOD assay

S o d iu m  p y ro p h o sp h a te  0 .0 5 2  M  p H  8 .3 , p h e n a z in e  m e th o s u lp h a te  186  |j,M , 

n i t ro b lu e  te tra z o l iu m  3 0 0  |^M , P -N A D H  7 8 0  i^M , a c e tic  ac id  12 N

T h e  a s sa y  m ix tu re  c o n ta in e d  th e  fo llo w in g  co m p o n e n ts

>  S o d iu m  p y ro p h o sp h a te  b u ffe r  p H  8.3 1.2 m l

>  N itro b lu e  te tra z o liu m  0 .3 m l

>  P h e n a z e n e  m e th o su lp h a te  0 .1 m l

>  E n z y m e  p re p a ra tio n  0 .0 5  m l

>  W a te r  1.15 m l

T h e  re a c tio n  w a s  s ta rte d  by the  a d d itio n  o f  0 .2  m l o f  P -N A D H  reag en t. 

A llo w e d  th e  re a c tio n  to  c o n tin u e  fo r  90  se c  a t 3 0 °C  an d  th e n  s to p p e d  th e  re a c tio n  

b y  a d d in g  1m l a c e tic  ac id . T h e  re a c tio n  m ix tu re  d ev o id  o f  e n z y m e  se rv e d  as 

co n tro l. C o lo u r  in te n s ity  o f  th e  c h ro m o g e n  in  th e  re a c tio n  m ix tu re  w a s  m e a su re d  

a t 5 6 0  n m  in a  B e c k m a n  U V  sp e c tro p h o to m e te r .

•  O n e  u n it o f  e n z y m e  ac tiv ity  is d e f in e d  as th e  e n z y m e  c o n c e n tra tio n  re q u ire d  

to  in h ib it  th e  o p tic a l d e n s ity  a t 5 6 0  nm  b y  5 0 %  in o n e  m in u te  u n d e r  th e  as say  

c o n d itio n s  an d  e x p re sse d  as sp e c if ic  a c tiv i ty  in  m illi u n its  /  m in / m g  p ro te in .

3. 4. 4. Estimation of Peroxidase enzyme activity

P e ro x id a s e  e n z y m e  a c tiv ity  in  th e  sa m p le  w as  e s tim a te d  a c c o rd in g  to  

A d d y  a n d  G o o d m a n  (1 9 7 2 ).

Reagents for Peroxidase assay 

P h o s p h a te  b u f fe r  100 m M  p H  6 .5 , G u a ico l

10 |iM , H y d ro g e n  p e ro x id e  2 0  |J.M.

T h e  a s sa y  m ix tu re  c o n ta in e d

>  P h o s p h a te  b u ffe r  2 .5  m l

>  G u a ic o l 0 .5  ml

>  E n z y m e  p re p a ra tio n  10 |o.l

T h e  re a c tio n  w a s  s ta r te d  by a d d in g  0 .2  m l H 2O2. T h e  a m o u n t o f  te tra g u a ic o l 

fo rm e d  d u r in g  th e  re a c tio n  w as  m e a su re d  in a  sp e c tro p h o to m e te r  a t  4 2 0  n m  fo r  

tw o  m in u te s  at 15 se c o n d s  in te rv a l. E n z y m e  a c tiv ity  w as  c a lc u la te d  f ro m  the 

in c re a s e  in  a b s o rb a n c e  a t 4 2 0  n m  a f te r  th e  a d d itio n  o f  h y d ro g e n  p e ro x id e .



O n e  u n it o f  e n z y m e  a c tiv ity  w a s  d e f in e d  as th e  c h a n g e  in  O D /m in u te  an d  

sp e c if ic  a c tiv ity  w a s  e x p re s se d  in  te rm s  o f  u n its /m in /m g  p ro te in .

3. 4. 5. Catalase enzyme assay

C a la la s e  e n z y m e  a c tiv ity  w a s  e s tim a te d  b y  th e  m e th o d  o f  M a c h ly  and  
C h a n c e  (1 9 5 4 ). T h e  e s tim a tio n  w as d o n e  sp e c tro p h o to m e tr ic a lly  fo llo w in g  th e  
d e c re a s e  in  a b s o rb a n c e  a t 2 4 0  nm .

Reagents for catalase assay
P h o s p h a te  b u ffe r  lO m M  p H  7 , h y d ro g e n  p e ro x id e  3 0  |j,M

T h e  a s sa y  m ix tu re  c o n ta in e d
>  P h o s p h a te  b u ffe r  2 .5 m !

>  E n z y m e  p re p a ra tio n  0 .5  m l

T h e  re a c tio n  w as  s ta r te d  b y  th e  a d d itio n  o f  0.5 m l H 2O 2. C h a n g e  in  o p tic a l 

d e n s ity  a t 0. 30  an d  a f te r  60  se c o n d s  w e re  m e a su re d  a t 2 4 0  nm . S p e c if ic  a c tiv ity  

w as  e x p re s se d  as m iili m o les  o f  H 2O2 c o n s u m e d /m in /m g  p ro te in .

3. 4 6 . Protein estimation

T h e  p ro te in  c o n te n t in  th e  s a m p le s  w as  e s tim a te d  fo llo w in g  L o w ry  et al. (1 9 5 1 ).

Reagents for protein assay

S o d iu m  h y d ro x id e  0.1 N , c o p p e r  su lp h a te  0. 5 % , S o d iu m  c a rb o n a te  2  % , 

S o d iu m  p o ta s s iu m  ta r ta ra te  1% ,

A lk a l in e  c o p p e r  reag en t: p re p a re d  by  m ix in g  0 ,5  m l c o p p e r  su lp h a te , 0 .5  m l 

s o d iu m  p o ta s s iu m  ta r ta ra te  an d  50  m l so d iu m  ca rb o n a te . F o lin -  p h en o l 

re a g e n t (2 N ) s to c k  d ilu ted  I; I w ith  d o u b le  d is t i l le d  w ate r.

* S ta n d a rd  p ro te in  so lu tio n  (1 0 0  |o.g/ml) w as p re p a re d  fre sh ly  by  d is s o lv in g  10 
m g  b o v in e  s e ru m  a lb u m in  in  100 m l O .IN  so d iu m  h y d ro x id e .

T o  0 .2  m l o f  t is s u e  ex tra c t, 1.8 m l o f  so d iu m  h y d ro x id e  (O .IN ) an d  5 m l o f  

a lk a lin e  c o p p e r  re a g en t w e re  a d d e d  and  k e p t fo r  15 m in. T h e n  0 .5  m l o f  d ilu te d  

F o lin -p h e n o l re a g e n t w as  ad d e d , m ix ed  w ell, k ep t fo r  30  m in  an d  rea d  th e  O D  at 

6 7 5  nm . T o  th e  b lan k . 0 .2  m l o f  w a te r  an d  to  th e  s ta n d a rd  0 .2  m l o f  b o v in e  s e ru m  

a lb u m in  s ta n d a rd  w e re  a d d e d  in s tea d  o f  en z y m e  e x tra c t an d  tre a te d  as ab o v e . 

Statistical analysis

A ll th e  e n z y m e  a n a ly se s  w ere  re p e a te d  th re e  tim es  an d  th e  d a ta  w as  a n a ly z e d  

s ta tis tic a lly .



RESULTS

T h e  p re se n t s tu d y  w as u n d e r ta k e n  to  d e v e lo p  a  su ita b le  m e th o d  fo r  the  

Agrobacterium  tumefaciens m e d ia te d  g e n e tic  tra n s fo rm a tio n  o f H evea brasiliensis 

in c o rp o ra t in g  a g ro n o m ic a l ly  im p o r ta n t traits. T h e  g e n e  c o d in g  f o r  s u p e ro x id e  

d is m u ta s e  u n d e r  th e  c o n tro l o f  F M V  3 4 S  p ro m o te r  w as  se le c te d  w ith  a  v ie w  to  

d e v e lo p  tra n s g e n ic  Hevea  p lan ts  w ith  in c re a se d  e n v iro n m e n ta l s tress  to le ran ce . 

A tte m p ts  w e re  a lso  m a d e  to o p tim iz e  th e  c o n d itio n s  fo r  in c re a s in g  th e  

re g e n e ra tio n  f re q u e n c y  o f  tra n sg e n ic  p la n ts  f ro m  th e  tra n s fo rm e d  ce ll lin e s  an d  to  

a s sess  th e  o v e r -e x p re s s io n  o f  th e  in te g ra te d  gene .

4.1. Development of Transgenic plants
4 . 1.1. Induction of callus for Agrohacteruun  infection

C a llu s  in d u c tio n  in Hevea brasiliensis  (c lo n e  R R II 105) f ro m  im m a tu re  

a n th e r  w a s  f irs t n o tic e d  as th e  sw e llin g  o f  th e  ex p la n ts  a f te r  tw o  w e e k s  in  c u ltu re  

fo llo w e d  b y  c a llu s  in it ia t io n  b e tw e e n  4 0 -5 0  days in  m o d if ie d  M S  m e d iu m  

fo r tif ie d  w ith  (2 .0  m g/1) 2 ,4 -D  an d  (0 .5  mg/1) K n  (F ig . 5). T h is  e m e rg in g  c a llu s  as 

w e ll as  c a llu s  p ro life ra te d  fo r  2 0 , 4 0  an d  50  d ay s a f te r  c a llu s  in i t ia t io n  w e re  u se d  

fox Agrobaclerium  in fec tio n .

4.1.2. Identification of ideal explant stage for Agrobacterium  infection

W h e n  e m e rg in g  c a llu s  w as  u se d  as the  e x p la n t, th e  tra n s fo rm a tio n  

f re q u e n c y  w as  fo u n d  to b e  4% . W ith  tw o -m o n th  o ld  c a llu s  (2 0  d ay s  a f te r  c a llu s  

in it ia t io n )  11 %  tra n s fo rm a tio n  f re q u e n c y  w as  o b ta in e d . W ith  a g e d  c a llu s  (4 0 -5 0  

d ay s  a f te r  c a llu s  in it ia t io n )  the  tra n s fo rm a tio n  e ff ic ie n c y  w a s  o n ly  2% . F ro m  th e  

o p tim iz a tio n  e x p e r im e n ts  it w as  o b se rv e d  th a t tw o -m o n th  o ld  (2 0  d ay s  a f te r  c a llu s  

in it ia t io n ) , y e l lo w  f r ia b le  c a llu s  w as th e  id e a l s ta g e  o f  th e  e x p la n t fo r  

A grobacterium  m e d ia te d  g e n e tic  tra n s fo rm a tio n  an d  p la n t reg e n e ra tio n .



4 .1.3. Identification of the ideal antibiotic for the selection of transformed callus

In  th e  k ill-c u rv e  test, th e  p e rc e n ta g e  o f  ce lls  s u rv iv e d  d e c re a s e d  w ith  

in c re a s in g  c o n c e n tra tio n  o f  th e  an tib io tic s . S in c e  th e  e f fe c t o f  th e se  a n t ib io tic c  in  a  

f re sh ly  p re p a re d  m e d iu m  p e rs is ts  o n ly  fo r  14-15  d ay s , th re e  su b c u ltu re s  w e re  

m a d e  in  fre sh  a n t ib io tic  c o n ta in in g  m e d iu m  a t th re e  w e e k s  in te rv a L  fo r  

id e n tify in g  th e  o p tim u m  c o n c en tra tio n . T h e  a n t ib io tic  c o n c e n tra tio n  a t w h ic h  n o  

ce ll p ro life ra t io n  o c c u rs  and  all th e  c lu m p s  tu m e d  b ro w n  a f te r  th re e  su b c u ltu re s  

w a s  s e le c te d  as th e  o p tim u m  c o n c en tra tio n .

Table. 4.1. A n tib io tic  k ill -c u rv e  te s t  fo r  th e  
se le c tio n  o f  tra n s fo rm e d  ca llu s

A n tib io tic  O p tim u m  conc.
____________________________ id e n tif ie d  (mg/1)

N eo m y c in
K an a m y c in  3 0 0 .0 0

P a ro m o m y c in  200 . 00

G e n e tic in  1 0 0 .0 0

Ten C i i l lu s  clunip.s were cultLircd for every anlibiolic concentration. All the 
experiments were repeated tlirice.

In  th e  k ill c u rv e  te s t n e o m y c in  w as fo u n d  to  b e  in se n s itiv e  to  Hevea callus 

ev en  a t a  c o n c e n tra tio n  o f  800 mg/1. T h e re fo re , it w as n o t u se d  fo r  th e  se c tio n  o f  

t r a n s fo rm e d  ca llu s . K ill-c u rv e  te s t ca rrie d  o u t w ith  g e n e tic in  re v e a le d  th a t th e  

o p tim u m  co n c e n tra tio n  re q u ire d  fo r  th e  se le c tio n  o f  tra n s fo rm e d  ca llu s  w as  100 

mg/1. T ra n s fo rm a tio n  e x p e r im e n t w as c a rrie d  o u t tw ic e  w ith  g e n e tic in  as th e  

a n tib io tic  fo r  se le c tio n  an d  se v e ra l tra n s fo rm e d  cell lines w e re  o b ta in e d  b u t n o n e  

o f  th e se  p u ta tiv e ly  tra n s fo rm e d  cell lines p ro d u c e d  e m b ry o g e n ic  ca llu s . T h e  

m in im u m  c o n c e n tra tio n  o f  k a n a m y c in  req u ired  fo r  th e  se le c tio n  o f  p u ta tiv e ly  

tra n s fo rm e d  ca llu s  w as found  to be  3 0 0  mg/1. T h e  o p tim u m  c o n c e n tra tio n  

id e n tif ie d  fo r p a ro m o m y c in  w as 2 0 0  mg/1 (T a b le  4 .1 ). S ta n d a rd iz a tio n  

e x p e r im e n ts  re v e a le d  th a t p a ro m o m y c in  (2 0 0  mg/1) o r k a n a m y c in  (3 0 0  mg/1)) 

c o u ld  b e  e f fe c tiv e ly  u se d  fo r th e  se le c tio n  o f  tra n sfo rm e d  ca llus.

The Agrohacterium  in fec ted  ca llu s , a f te r  th re e  su b  cu ltu re s  a t tliree  w eeks 

in te rv a l in  th e  s e le c tio n  m e d iu m , a n tib io tic  re s is ta n t y e l lo w  fria b le  c a llu s  em erg ed  

w ith in  4 5 -5 0  days f ro m  th o se  ce lls  in w h ich  g en e  in te g ra tio n  h a v e  o c c u rre d  and  

th e  u n tra n s fo rm e d  ca llu s  b e c a m e  browTiish b la ck  (F ig . 6).



Fig.5: Callus formed two months after 
inoculation o f  immature anther

Fig.6: Proliferation o f transformed callus in the 
selection medium (arrow)

B

Fig. 7; Histochemical staining for GUS expression in the callus 
A- Untransformed (yellow), B- Transformed (blue )



4 .1. 4. Selection of transform ed callus by GUS histochemical staining

T h e  a n t ib io tic  re s is ta n t y e llo w  fria b le  ca lli e m e rg e d  fro m  th e  in fe c te d  ca lli 

w e re  u se d  fo r G U S  h is to c h e m ic a l s ta in in g  as w ell as fo r  fu rth e r  re g e n e ra tio n  

s tu d ie s  a f te r  c o n f irm a tio n  o f  g en e  in te g ra tio n . G U S  h is to c h e m ic a l s ta in in g  w as 

c a r r ie d  o u t w ith  a p p ro x im a te ly  2 m g  o f  the  y e llo w  fria b le  ca llu s , p -g lu c u ro n id a s e  

c a ta ly se s  th e  h y d ro ly s is  o f  the  su b s tra te  \ - g lu c  and  lib e ra te s  a  m o le c u le  o f  

5 -b ro m o -4 -c h lo ro - in d o x y l (X H ) w h ic h  is in e q u i lib r iu m  w ith  its  ta u to m e r , 5 - 

b ro m o -4 -c h lo ro -  in d o x y l (X ) In th e  p re se n c e  o f  o x y g e n , th e  s o lu b le  in d o x y l (X ) 

a n d  (X H ) a re  d im e r iz e d  to  fo rm  in so lu b le  d iX -in d ig o  a n d  d iX H - le u c o  in d ig o  

re su lt in g  in  th e  b lu e  co lo ra tio n . T h e  ca llu s  in w h ic h  g e n e  in te g ra tio n  h a d  o c c u rre d  

b e c a m e  d a rk  b lu e  in c o lo r  (G U S  p o s itiv e )  (F ig .7 )  and  th e se  p u ta tiv e ly  tra n s fo rm e d  

cell Im es w e re  se le c te d . F ro m  the k a n a m y c m  c o n ta in m g  m e d iu m  18 p u ta tiv e ly  

tra n s fo rm e d  ce ll lin e s  w e re  o b ta in e d  ou t o f  3 0 0  ex p lan ts . A  tra n s fo rm a tio n  

f re q u e n c y  o f  6 %  w as o b ta in e d  w ith  k an a m y c in . W h e n  p a ro m o m y c in  w as  u se d  fo r  

s e le c tio n  2 2  tra n s fo rm e d  cell lines w e re  o b ta in e d  o u t o f  200  e x p la n ts , g e ttin g  1 1 %  

tra n s fo rm a tio n  f re q u en c y . W ith  g e n e tic in  18 p u ta tiv e ly  tra n s fo rm e d  ce ll lin e s  

w e re  o b ta in e d  f ro m  150 ex p lan ts  an d  a  tra n s fo rm a tio n  f re q u e n c y  o f  12%  w as 

o b ta in ed .

4 .1. 5. Callus proliferation and einbiyogenic callus induction

T h e  p u ta tiv e ly  tra n s fo rm e d  ca llu s  a n d  u n tra n s fo rm e d  ca lli w e re  

p ro life ra te d  in m o d if ie d  M S  b asa l m e d iu m  fo rtif ie d  w ith  v a ry in g  c o n c e n tra tio n s  o f  

g ro w th  re g u la to rs  2 ,4 -D , N A A  and  B A . A  d e ta ile d  s tu d y  w as  c o n d u c te d  to 

u n d e rs ta n d  th e  e ffe c t o f  a u x in  on c a llu s  p ro life ra tio n  on  m o d if ie d  M S  m e d iu m  

fo rtif ie d  w 'ith d if fe re n t c o n c e n tra tio n s  o f  2 .4 -D  (0 .0 -2 .0  mg/1) a n d  N A A  (0 .0 -0 .5  

m g/I). N o  c a llu s  in d u c tio n  and  p ro life ra tio n  w as  o b se rv e d  in th e  a b s e n c e  o f  2 ,4 -D  

an d  N A A , w h e re  as ca llu s  p ro life ra tio n  in c re a se d  w ith  in c re a s in g  c o n c e n tra tio n s  

o f  th e  au x in s . C a llu s  p ro life ra tio n  w as  fa v o u re d  by th e  a d d itio n  o f  2 ,4 -D  -

(0 .5 -1 ,5 0  m g/1) and  N A A  (0 .1 -  0 .3 )  mg/1, w h ile  h ig h e r  c o n c e n tra tio n s  o f  2 ,4 -D  

(a b o v e  1.25 mg/1) in d u c e d  h ard , c o m p a c t and  n o n e m b ry o g e n ic  ca llu s . A 

s y n e rg is tic  e f fe c t o f  th e se  tw o  au x in s  w as  o b se rv e d . T h e  o p tim u m  c o n c e n tra tio n  

o f  2 ,4 -D  and  N A A  re q u ire d  for o b ta in in g  a  ca llu s  p ro life ra tio n  f re q u e n c y  o f  

a ro u n d  6 0 %  w as fo u n d  to be  1,0 mg/I a n d  0 .2  m g/I re sp e c tiv e ly  (T a b le  4 .2 ). T h is

5S



p ro life ra t in g  c a llu s  on  fu rth e r  s u b c u ltu re  o n to  p ro life ra tio n  m e d iu m  s u p p le m e n te d  

w ith  B A  p ro d u c e d  fria b le  e m b ry o g e n ic  ca llus .

T a b le .  4 .2 . E ffe c t o f  2 ,4 -D  an d  N A A  o n  ca llu s  p ro life ra tio n

2 ,4 -D  (m g/1) N A A  (m g/1) C a llu s  p ro life ra tio n *  ra te

0.00 0.00
0 .5 0 0.10 +

0 .75 0 .15 +  +
1.00 0.20 +  +  +
1.25 0 .3 0 +  +
1.50 0 .4 0 +  +-
2.00 0 .5 0 +

• CalKis proliferation was scored by visual observation. Approximately 1 0 0  mg of 
callus was cultured on the proliferation medium. Callus induction frequency is expressed 
as + = 1 - 2 0 % ,  + + =  2 1 - 4 0 % ,  +  +  +  =  4 0 -  6 0 % .
Values are average of 10 replicate samples and the experiment was repeated three times

T h e  c o m b in e d  e ffe c t o f  2 ,4 -D . N A A  an d  B A  o n  ca llu s  p ro life ra tio n  w as 

d e te rm in e d  b y  su b c u ltu r in g  th e  c a lli o n  m e d ia  fo r ti f ie d  w ith  d if fe re n t 

c o n c e n tra tio n s  o f  2 ,4 -D  (0 .2 0  to  2  mg/1), N A A  (0 .0 -0 .5  m g /l)  an d  B A  (0 .1 -  1.0 

m g/I). R e su lts  in d ic a te  th a t B A  in  c o m b in a tio n  w ith  2 ,4 -D  an d  N A A  p ro m o te d  

c a llu s  p ro life ra tio n . C a llu s  p ro life ra tio n  w as  in c re a se d  w ith  in c re a s in g  

c o n c e n tra tio n s  o f  2 ,4 -D , N A A  an d  B A  (T a b le .4 .3 ). A  ca llu s  p ro life ra tio n

2 .4 -D N A A B A C a llu s  p ro life ra tio n ' 
ra te

0.20 0.00 0.10 +
0 .4 0 0 .05 0.20 + +
0 .6 0 0 .10 0 .3 0 + +
0 .8 0 0 .15 0 .40 + + +
1.00 0.20 0.50 + + + +
1.25 0 .3 0 0 .60 + + +
1.50 0 .4 0 0 .80 + +
2.00 0 .5 0 1.00 + +

•Rate of callus proliferation was taken by visual observation by scoring the percentage of callus 
proliferated in each culture Uibe, compared to imtial callus culture.
Callus induction frequency is expressed as + =1-20%, + + = 21 -40%, + + + = 40- 60%,
+  +  +  +  ^ 0- 80%

Values are average of 10 replicate samples and each experiment was repeated three times

f re q u e n c y  o f  a b o v e  7 0  %  w a s  a c h ie v e d  w ith  th e  h o rm o n a l c o m b in a t io n  2 ,4 -D  (1 .0  

m g /l) , N A A  (0 .2 0  m g /l) a n d  B A  (0 .5 0  m g/I). O n  fu r th e r  in c re a s in g  th e  a u x in  an d



c y to k in in  c o n c e n lra lio n s . a  re d u c tio n  in ca llu s  p ro life ra tio n  w as  o b se rv e d . E v e n  

th o u g h  c a llu s  p ro life ra tio n  w as  o b se rv e d  a b o v e  th is  o p tim u m  c o n c e n tra tio n , th is  

c a llu s  o n  fu r th e r  s u b c u ltu re  in th e  p ro life ra tio n  m e d iu m  no  e m b ry o n ic  c lu s te r  

fo rm a tio n  w as  o b se rv e d .

T o  u n d e rs ta n d  th e  e ffe c t o f  n itro g e n  o n  c a llu s  p ro life ra tio n , MS basal 

m e d iu m  as w ell a s  M S  m e d iu m  m o d if ie d  b y  c h a n g in g  th e  NH4NO3 c o n c e n tra tio n  

to  1000  mg/1 an d  su p p le m e n te d  w ith  2 ,4 -D  (1 .0  m g /l) , N A A  (0 .2 0  m g /l)  an d  B A  

(0 .5 0  m g /l)  w e re  te s te d  lo r  ca llu s  p ro life ra tio n . C a llu s  p ro life ra tio n  w as  o b se rv e d  

in b o th  M S  and  m o d ifie d  M S  m e d iu m  su p p le m e n te d  w ith  g ro w th  reg u la to rs . 

H o w e v e r , th e  f re q u e n c y  o f  c a llu s  p ro life ra tio n  w a s  h ig h e r  in  m o d if ie d  MS b asa l 

m e d iu m  th an  th a t w as  o b se rv e d  in M S  basal m ed iu m .

Y ellow , friable translucent calli w'ere developed from  all the forty independently 

transform ed cell lines (18 cell lines selected from  kanam ycin containing m ed ium  and 22 

cell lines from  parom om ycin). This callus, on  further subculture on to  the callus 

proliferation m ed ium  fortified w ith 2 ,4 -D  (1 .0  m g/I), N A A  (0 .2 0  m g /l)  an d  B A  (0 .5 0  

m g /l) , e m b r> 'o g en ic  ca lli w e re  fo rm e d . O ut o f  these forty cell lines, em bryogenic callus 

(Fig. 8) w as form ed onl\' from  five independently transfom ied  cell lines.

4.1. 6 . Somatic embryo induction

E m b ry o g e n ic  c a llu s , on  fu rth e r  s u b c u ltu re  o n to  em b ry o  in d u c tio n  m e d iu m , 

em b r> 'o n ic  c lu s te rs  w e re  fo rm e d  w ith in  fo u r  to  f iv e  w e e k s  w h ic h  fu rth e r  

d e v e lo p e d  in to  g lo b u la r  s ta g e  e m b ry o s  (F ig . 9). E ffe c t o f  K n  a n d  GA3 in 

c o m b in a t io n  w ith  0 .2  m g/l N A A  on e m b ry o  in d u c tio n  w as  e v a lu a te d . T h e  resu lts  

in d ic a te  th a t th e  a d d itio n  o f  K n in c o m b in a tio n  w ith  N A A  (0 .2  m g /l) f a v o u re d  the  

c o n v e rs io n  o f  e m b iy o n ic  m ass to  g lo b u la r /  to rp e d o  s ta g e  em b ry o s . T h e  n u m b e r  o f  

g lo b u la r /  to rp e d o  s ta g e  e m b iy o s  fo rm e d  p e r  un it m a ss  o f  c a llu s  v a rie d  w ith  

v a ry in g  c o n c e n tra tio n  o f  K n  and  th e  m a x im u m  w as o b se rv e d  w ith  0 .3  m g /l Kn. 

A n e m b ry o  in d u c tio n  f re q u e n c y  o f  4 2 .0  %  w as o b ta in e d  w ith  th e  h o rm o n e  

c o m b in a tio n  N A A  (0 .2  m g /l), GA;, (0 .6  m g /l) an d  K n (0 .3  m g/I) (T ab le . 4. 4).

T h e  b en e fic ia l effec t o f  B A  and  GA^ o n  em b ry o  in d u c tio n  w as  assessed  by 

ca rry in g  o u t an e x p e n m e n l w ith  B A  and  GA.i in p resen ce  o f  0 .2  m g/l N A A  and  0 .30  

m g/l K n. E m b r>'0 in duc tion  w as favou red  by th e  ad d itio n  o f  G A 3. E m b ry o  in duc tion  

fre q u en c y  increased  w ith  in c reasin g  co n cen tra tio n  o f  G A 3 and  ab o v e  (0.6  m g/l) 

em b ry o  in d u c tio n  w as dec reased  ind ica tin g  th a t G A ? co n cen tra tio n  had  a  cruc ia l role



F ig . 8 : T ra n s f o rm e d  e m b ry o g e n ic  c a l lu s

F ig . 9 : C lu s te r  o f  g lo b u la r  e m b ry o s  e m e r g in g  f ro m  

e m b ry o g e n ic  c a llu s



in p ro m o tin g  em b ry o  induction . In co rp o ra tio n  o f  B A  (0 .3 0  m g/l) s ig n ifican tly  

im p ro v e d  em b ry o  in duc tion  freq u en cy  (T a b le  4 .5). H ig h er co n c en tra tio n s  o f  BA 

(a b o v e  0 .3  m g/l) p ro m o te d  callus p ro life ra tio n  and  th e reb y  e m b ty o  in duc tion  

fre q u en c y  w as  d ecreased . T h e  o p tim u m  co n cen tra tio n  o f  g ro w th  reg u la to rs  iden tified  

fo r  e ff ic ien t em b ry o  induction  w as N A A  (0. 2 0  m g/I), B A  (0. 30  m g/I), K n  (0. 30  

m g /l) an d  G A ? (0 .6 0  m g/l) (T a b le  4 .5 ). A n em b ry o  in duc tion  freq u en cy  o f  5 2  %  w as 

o b ta in ed  w ith  th is  h o rm o n e  com bination .

Table 4.4. EtTect o f  K n and  GA? in co m b in a tio n  w ith  (0 .2  m g/l) N A A  on  em b ry o  
in d u c tio n  (% )*

K n G A 3
(m g /l) 0.2 0 .4 0.6 0.8 1.00

0.00 3 .0 0 5 .75 13.00 9 .0 0 8 .00*
0 .05 5 .5 0 8 .50 15.00 11.00 10.00  ■
0 .10 8 .5 0 19 .00 2 4 .5 0 19.25 13 .00
0.20 12.00 2 5 .0 0 3 2 .0 0 2 7 .5 0 2 5 .0 0
0 .3 0 18.25 3 0 .0 0 4 2 .0 0 31 .75 3 0 .0 0
0 .4 0 16.00 2 7 .0 0 3 1 .0 0 2 4 .0 0 22.00

0 .5 0 8.00 12.50 16 .00 10.00 9 .0 0

CD (5% )= 1.64
^Embryo induction frequency was calculated by visual counting the number of globular/ 
torpedo stage embryos formed from approximately 100 mg of embryogenic callus 
subcultured on to embryo induction medium and converting into percentage.
Values are average of ten replications and each experiment was repealed four times.

Table 4.5. E fiec t o f  B A  and  GA? in co m b in a tio n  w ith  (0 .3  m g/l) K n  and  
(0 .2 m g /l)N A A  on  em b ry o  induction  (% )*

G A 3 (m .i^)

B A  (m g /l) 0 .30 0 .6 0 0 .90 1.20 1.50

0.00 0.00 11.66 16.66 20.00 5 .0 0 *

0.10 18.33 21.6 6 20.00 15.00 8.33

0.20 26,66 35 .00 23 .33 18.33 15.00

0 .30 43.33 51 .6 6 30 .00 25 .0 0 15.00

0 .40 10.00 21.6 6 11.66 10.00 6 .66

0 .5 0 8.33 15.00 10.00 6 .66 5 .0 0

CD (5%) = 4. 71
•
Embryo induction frequency was calculated by determining the number of globular/ torpedo stage 

embryos formed from approximately 100 mg of embryogenic callus cultured on to embryo 
induction medium and converting into percentage.
VaJues are average of ten rcplicatcs and eacli experiment was repeated four times.



4.1.7. Effect of water and osmotic stress on embryo induction

E ffec t o f  o sm o tic  s tress  o n  em b ry o  in d u c tio n  revea led  tha t o sm o tic  stress 

in d u ced  by  th e  ad d itio n  o f  h igh  co n cen tra tio n  o f  P E G  im p ro v e d  em b ry o  in d u c tio n  

fre q u en c y  o f  u n tran sfo rm ed  as w ell as tran sfo rm ed  callus. E m b ry o  in duc tion  

fre q u en c y  w as  inc reased  w ith  in c reasin g  co n cen tra tio n  o f  P E G  and  the  o p tim u m  

co n c en tra tio n  id en tified  fo r o b ta in in g  m a x im u m  em b ry o  in d u c tio n  in tran sfo rm ed  and 

u n tran sfo rm ed  ca llu s w ere  found  to b e  8 .0 %  and  6%  (w /v ) respectively . A b o v e  th is 

co n c en tra tio n  ca llu s b ec am e  d eep  b ro w n  co lo u r, ind ica tin g  cell n ec ro sis  and  d am ag e  

to  the  tissues. E m b ry o  in d u c tio n  freq u en cy  o f  tran sfo rm ed  ca llu s  w as in c reased  by 

10%  in  m e d iu m  su p p le m e n ted  w ith  8 .0 %  (w /v) P E G , w h e re  as fo r u n tran sfo rm ed  

cu ltu res, 8%  in c re ase  w as  o b se rv ed  at 6 %  (w /v) P E G  co n c en tra tio n  (T ab le .4 . 6 ).

Table.4.6, E ffect o f  P E G  in d u ced  stress o n  em b ry o  in d u c tio n

P E G  co n  (% )
E m b ry o  in d u c tio n  (%)*

U n tran sfo rm ed  callus T ra n sfo rm ed  callus

0.00 4 7 .5 0  * 5 1 .0 0
2.00 47 .5 0 52 .5 0
4 .0 0 50 .0 0 5 5 .0 0
6 - 0 0 56,00 5 7 .5 0
8 ^ 0 48 .5 0 61.00

10.00 34 .00 46. 00
! 2.00 22 .50 34. 00

C D (A )=  1.51, CD (B) = 2.62

'Percenlage of embryo inJuclion was calculated as the mean number of embryos fomied from 
unit mass of llie ailliLs cultiucd on embryo induction medium provided with different 
concentrations of I’BCi, and converting into percentage.

In o rd e r  to a ssess  th e  e ffe c t o f  o sm o tic  s tre s s  on  c a llu s  fresh  w e ig h t 

v a ry in g  c o n c e n tra tio n s  o f  P E G  (2 -1 2 % ) w a s  in c lu d e d  in th e  e m b ry o  in d u c tio n  

m e d iu m  fo rtif ie d  w ith  N A A  (0. 20  mg/1), B A  (0. 30  m g/I), K n  (0. 3 0  mg/1) an d  G A 3 

(0 .6 0  mg/1). R e su lts  re v e a le d  that in the  c o n tro l (no  s tre s s )  ca llu s  p ro life ra tio n  w as 

o b se rv e d  an d  th e  c a llu s  fresh  w eig h t w as  in c re a se d  b y  2 2 % . C a llu s  p ro life ra tio n  

w as  im p a ire d  by th e  in d u c tio n  o f  o sm o tic  s tre s s  w ith  P E G  and  th e  c a llu s  fre sh  

w e ig h t d e c re a s e d  w ith  in c re a s in g  c o n c e n tra tio n  o f  P E G  in th e  u n tra n s fo rm e d  as 

w ell as tra n s fo rm e d  ca llu s  (F ig . 10)



Fig.lO E ffec t o f  o sm o tic  stress on  ca llu s  fresh  w eig h t
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W a te r  s tre s s  in d u c e d  by  th e  a d d itio n  o f  p h y ta g e l a lso  im p ro v e d  em b ry o  

in d u c tio n . E m b r\ 'o  in d u c tio n  e ff ic ie n c y  o f  tra n s fo rm e d  ca llu s  w as e n h a n c e d  fro m  

5 1 .6 %  to  6 2 %  in  m e d iu m  su p p le m e n te d  w ith  0 .6 %  (w /v ) p h y ta g e l th u s  g e ttin g  an  

in c re a se  o f  10 .4 %  (T able . 4 .7),

Table. 4.7. E ffec t o f  phy tagel induced  w ate r stress on em b ry o  induction*

P hytagel 
C one. (% )

E m bryo  in duc tion  (%)*

U n tran sfo rm ed  callus T ra n sfo rm ed  ca llu s

0.20 47 .5 0 51.00*
0.40 55.00 56 .0 0
0.60 37.50 62.00
0 .80 21.00 36 .0 0
1.000 12.50 14.00

CD (A) = 2. 02, CD(B) = 3.19

Percentage of einbr) o intluciion was calculated as tlie mean number of embryos fonned from 
unit mass of the callas cultured on stress induction medium and converting into percentage.

C a llu s  p ro life ra tio n  w as inh ib ited  b y  im p a rtin g  w a te r  s tress  to  th e  ca llu s 

cu ltu res. W a te r  s tress  in d u ced  by th e  add ition  o f  h igh  co n c en tra tio n  o f  p hy tagel 

(ab o v e  0 .2 % ) led to  red u c tio n  in ca llu s  w eight. T h is  d eh y d ra tio n  o f  th e  callus 

fav o u red  em b ry o  in d u c tio n  and  th e  embr>^o in duc tion  fre q u en c y  w as im p ro v ed



(T ab le .4 .7 ). A s th e  p h y ta g e l c o n c e n tra tio n  w as  fu r th e r  in c re a se d , th e  w a te r  

a v a ila b ih ly  w a s  d e c re a s e d  and  th e  c a llu s  in c o n ta c t w ith  th e  m e d iu m  firs t tu rn ed  

b ro w n  in c o lo u r  and  then  g o t d rie d  up w ith in  3 0  days . C a llu s  w 'eight d ec reased  as 

the  p h y ta g e l co n c en tra tio n  w as inc reased  and  the  m a x im u m  reduc tion  w as o b se rv ed  

at 1 .0%  phy tagel co n c en tra tio n  (Fig. 11).

F ig ,  11 E ffe c t o f  w a te r  s tre s s  on  ca llu s  f re sh  w e ig h t 
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4. 1. 8 . Embi-yo maturation

G lo b u la r/ to rp ed o  s tag e  em b ry o s in th e  m a tu ra tio n  m ed iu m , d ev e lo p e d  fu rther 

in to  m a tu re  e m b ry o s  w ith in  4 0 -5 0  days. E m b ry o  m atu ra tio n  w as  in itia ted  by  the 

co n v e rs io n  o f  g lo b u la r  s tag e  em b ry o s to  heart, to rp ed o  and  finally  to  c o ty led o n a iy  

s ta g e  em b ry o s  (Fig. 12 &  13). In th e  m a tu ra tio n  m ed iu m , a lo n g  w ith  transition  

p ro cess  f ro m  g lobu la i' to co ty led o n a iy  stage, m any  se co n d a ry  em b ry o s  w e re  also 

d e v e lo p e d  fro m  the  p rim ary  em bryos. E ffec t o f  g ro w th  reg u la to rs  su c h  as G A 3, B A  

and  T D Z  o n  em br>'o m a tu ra tio n  w as eva lua ted . E m b ry o  m atu ra tio n  w as s ig n ifican tly  

im p ro v e d  by  th e  ad d itio n  o f  GA? and  T D Z . C o m p ared  to em b ry o  in d u c tio n , lo w er 

co n c en tra tio n  o l' G A 3 w as  requ ired  fo r em bryo  m atu ra tion . T h e  o p tim u m  

co n c en tra tio n  o f  GA^ requ ired  for em b r\'o  m a tu ra tio n  w as (0 .4  mg/1). A s th e  G A 3 

co n c en tra tio n  w as  increased  ab o v e  0 .4  mg/1^ p recocious g e rm in a tio n  o f  the  em b ry o s 

w as o b se r\'ed . A n em b ry o  m atu ra tio n  freq u en cy  o f  4 3 %  w as o b ta in ed  w ith  the 

h o m io n e  co m b in a tio n  0 .3  mg/1 T D Z  and  0 .4  mg/I G A 3 (T ab ie .4 .8 ). It w as  a lso  

n o tic e d  th a t th e  p e rc en ta g e  o f  p lan t reg en era tio n  from  the  e m b r\ 'o s  m a tu red  on



F ig . 12: S o m a tic  e m b ry o s  u n d e r  d i f f e r e n t  d e v e lo p m e n ta l  s ta g e s  
( g lo b u la r ,  h e a r t ,  to r p e d o  a n d  c o ty le d o n a r y )

F ig . 13: M a tu re  e m b ry o s  w ith  w e l l - d e v e lo p e d  c o ty le d o n s



medium containing G A 3 and TDZ was higher than that was observed with G A 3 and 

B A  combinations

T a b le .  4 .8 , Effect of GA3 and TDZ on embryo maturation (%)*.

TDZ GA3 (mg/1)
(TTo 0 2 0  o3o MO OSO 060

0.00 0.00 10.66 17.00 13.33 9 .00 2 .00*
0.10 5.33 13.00 16.66 20.66 14.00 7 .00
0.20 10.33 17.00 20.00 31.33 23 .0 0 15.66
030 12.00 21.33 29 .33 43.00 33 .66 18.00
0 .40 9 .00 12.00 18.33 25 .00 20.66 13.33
0.5  0 2.66 5 .00 6.66 10.00 4 .33 2.00

CD (5% )= 1.53
♦Percentage of embryo maliiralion was calculated as the mean number of mature embryos obtained 
out of 100 globular /lorjicdo stage embryos subcultured on maturation medium. Tlie experiment 
was repeated thrice.

lncoq>oration o f  B A  in  th e  c u l tu re  medium favoured em bryo maturation. 

T h e  o p tim u m  c o n c e n tra tio n  o f  B A  and  GA? id e n tif ie d  fo r  g e ttin g  a  m a tu ra tio n  

f re q u e n c y  o f  3 5 %  w a s  fo u n d  to  be  0 .3  mg/1 and  0 .4  mg/1 re s p e c tiv e ly  

(T a b le .4 .9 ) .  E m b ry o  m a tu ra tio n  f re q u e n c y  o b se rv e d  w ith  th e  c o m b in a t io n  o f  B A  

an d  GA3 w a s  lo w e r  th an  th a t w as  o b ta in e d  w ith  T D Z  and  GA3.

Table. 4.9, E ffe c t o f  B A  and  GA3 o n  e m b r\ 'o  m a tu ra tio n  (% )*
GA3(mg/l)

B A  (m g/1)
0 .10 0.20 0 .3 0 0.40 0 .5 0 0 .6 0

0.1 2 .25 5 .0 0 9 .25 9 .75 6 .5 0 3 .0 0 *

0.2 5 .0 0 7 .0 0 12.00 15.50 10.00 5 .25

0 3 8 .25 12.25 21.0 35.00 19 .00 11 .0 0

0 .4 4 .7 5 11 .0 0 14.25 21 .7 5 15.25 6 .5 0
0.5 2.00 3 .00 5 .75 7 ,5 0 3 .5 0 1.25

CD (5% )= 1.91

•Percentage of embryo maturation was calculated as the mean niunber of mature embryos obtained out 
of 100 globular /torj^edo stage embryos cultured on maturation medium.
Experiment was repeated four times.

4 .1 .  9 . E ffe c t  o f  a m in o  a c id s  o n  e m b iy o  m a tu r a t io n

W h e n  c a s e in  h y d ro ly z a te  w as  u sed  as th e  so u rc e  o f  o rg a n ic  n itro g e n , th e  

e m b ry o  m a tu ra tio n  w as 4 3 % . S u p p le m e n ta tio n  o f  basal m e d iu m  w ith  a m in o  ac id s  

su c h  a s  g lu ta m in e  (200  m g /1), p ro lin e  (1 0 0  m g /1) and  g ly c in e  ( 1 0  m g /1) in c re a se d



th e  m a tu ra tio n  f re q u e n c y  to  47% . A s th e  o rg a n ic  n itro g e n  c o n c e n tra tio n  w as 

fu r th e r  in c re a se d  by  th e  a d d itio n  o f  a sp a ra g in e  (1 0 0  m g/I), a la n in e  a n d  a rg in in e  

(5 0  mg/1 e a c h ) , the  embr>^o m a tu ra tio n  w a s  re d u c e d  to 3 8 %  (F ig . 14).

F ig . 14 E ffec t o f  a m in o  ac id s  o n  e m b ry o  m a tu ra tio n
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Treatment

A -  No amino acid; H -  Pro (11)0 mg/i). (rJn (200 mg/]) and Gyl (JO ing/!); C -  Pro (100 mg/l), 

GIu (200 mg/1), Gly (10 mg/I), Asn ( 1 0 0  nig/i), A la (50  m g/I) an d  A rg  (5 0  mg/1).

4. 1. 10. Effect of w ater and osmotic stress on embryo m aturation

W a te r  s tre s s  in d u c e d  by th e  a d d itio n  o f  p h y ta g e l im p ro v e d  em b ry o  

m a tu ra tio n  fre q u en c y . S u p p le m e n ta tio n  o f  th e  m a tu ra tio n  m e d iu m  w ith  0 .4 %  

(w /v )  p h y ta g e l re su lte d  in  g e ttin g  a  m a tu ra tio n  f re q u e n c y  o f  5 7 .5 % , w h ic h  w a s  

s ig n if ic a n t ly  h ig h e r  th a n  th e  c o n v e rs io n  f re q u e n c ie s  o b ta in e d  w ith  th e  o th e r  

c o n c e n tra t io n s  o f  p h \^ a g e l (T a b le .4 .1 0 ). F u rth e r  in c re a se  in  p h y ta g e l 

c o n c e n tra tio n  c a u se d  b ro w n in g  o f  th e  em bi-yos a f te r  2 -3  w ee k s  and  a  re d u c tio n  in 

th e  f re sh  w e ig h t o f  th is  em br> '0s w a s  also  o b se rv e d  an d  th e se  e m b ry o s  fm a lly  g o t 

d r ie d  up.

E ffe c t o f  o s m o tic  s tre s s  (P E G ) a lo n e  a n d  in c o m b in a tio n  w ith  O.I mg/1 

a b s c is ic  a c id  (A B A ) on  em b ry o  m a tu ra tio n  w as  e v a lu a te d . P E G  a lo n e  W'as n o t 

e f fe c tiv e  in  p ro m o tin g  em b ry o  m a tu ra tio n . H o w e v e r , a d d itio n  o f  P E G  in 

c o m b in a tio n  w ith  0.1 m g/I A B A  in th e  m a tu ra tio n  m e d iu m , s ig n if ic a n t d if fe re n c e  

w as o b se rv e d  o n  th e  n u m b e r  o f  m a tu re  em br> 'os re c o v e re d  an d  c o n v e rs io n  o f  

embr>^os in to  p la n tle ts . S u p p le m e n ta tio n  o f  th e  m a tu ra tio n  m e d ia  w 'ith 6 .0 %  P E G  

(w /v )  in  c o m b in a t io n  w ith  0 .1 0  m g/I A B A  re su lte d  in 6 %  in c re a s e  in  m a tu ra tio n

6S



f re q u e n c y  o f  u n tra n s fo rm e d  as w e ll as tra n s fo rm e d  e m b ry o s  (T a b le .4 .1 1 ). E m b ry o  

m a tu ra tio n  w a s  m c re a se d  a t 4 ,0 -8 .0 % (w /v )  P E G  c o n c e n tra tio n s , fu r th e r  in c re a se  

in  P E G  c o n c e n tra tio n  c a u se d  b ro w n in g  o f  the  e m b ry o s  an d  th ey  n e v e r  g e rm in a te d .

Table. 4,10. E ffe c t o f  p h y ta g e l in d u c e d  w a te r  s tre s s  o n  e m b ry o  m a tu ra tio n

E m b ry o  m a tu ra tio n  (% )
P h y ta g e l C o n .(% )

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s

0 .2 0 4 5 .5 0 47 .50*
0.40 52.50 57.50
0 .6 0 3 2 .5 0 4 0 .0 0
0 .8 0 15.50 2 2 .5 0
1.00 5 .0 0 7 .5 0

C D (A ) = 3.63CD (B) = 5.74

1 replicate samples were taken for each treatment and the experiment was repeated four times.

Table.4.11. E ffe c t o f  P E G  an d  0.1 mg/1 A B A  o n  e m b ry o  m a tu ra tio n

P E G  con. (% ) E m b ry o  m a tu ra tio n  (% )"

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s

0 .0 0 4 5 .5 0 47 .50*

2 .0 0 4 6 .0 0 4 8 .0 0

4 .0 0 4 8 .0 0 5 2 .0 0

6.00 52.00 54.00

8 .0 0 4 2 .0 0 4 4 .0 0

10 .00 2 4 .0 0 2 6 .0 0

12 .00 14 .00 16 .00

CD (A) = 2.63 C D  (B ) =  4 .5 6  

*Ten replicate samples were taken for each treatment and the experiment was repeated four times.

A n o th e r  p h e n o m e n o n  o b se rv e d  in tra n sg e n ic  e m b ry o  m a tu ra tio n  p ro ce ss  

w a s  th a t  a ro u n d  15 to  2 0 %  o f  the la te  to rp e d o  s ta g e  e m b ry o s  in  th e  m a tu ra tio n  

m e d iu m  tu rn e d  in to  a b n o rm a l e m b ry o s  w ith  sw o lle n  c o ty le d o n s  b u t w ith o u t sh o o t 

apex . T h is  a b n o rm a li ty  m a y  b e  d u e  to  the  to x ic  e ffe c t o f  k a n a m y c in  u se d  in th e  

se le c tio n  m e d iu m . T h e se  tra n s fo rm e d  embr>'Os sh o w e d  p -g lu c u ro n id a s e  ac tiv ity .



as ju d g e d  f ro m  th e  b lu e  s ta in in g  o b se rv e d  in h is to c h e m ic a l te s t, in d ic a tin g  th e  

o c c u r re n c e  o f  tra n s fo rm a tio n  (F ig . 17).

4.1 .11 . Embryo geimination and regeneration of transgenic plants

E m b ry o  g e rm in a tio n  w as in itiated  by the  b ip o la r d iffe ren tia tio n  o f  (ro o t and  

sh o o t p rim o d ia )  th e  m a tu re  em br>'os (Fig. 15). T he  m a tu re  em b ry o s g e rm in a te d  and  

d ev e lo p e d  in to  p lan tle ts  (Fig. 16) afte r fo u r to five  w eek s w h en  in d iv id u a l em b ry o s 

w ere  cu ltu red  o n  half- s tren g th  M S m edium . E m b iy o  g e rm in a tio n  w as  o b se rv ed  on  

h o rm o n e  fre e  m e d iu m  as w ell as on  m e d iu m  fo rtified  w ith  g ro w th  regu la to rs. E m b ry o  

g e rm in a tio n  w as en h an ced  by the ad d itio n  o f  GA3. A lth o u g h  g e rm in a tio n  w as 

o b se rv e d  in  h o rm o n e  free  m ed ium , the  p lan tle ts  g e rm in a te d  in GA3 co n ta in in g  

m e d iu m  w e re  h av in g  m o re  v igo rous g ro w th  th an  th a t w as  d ev e lo p e d  f ro m  h o rm o n e  

free  m ed iu m . E v en  th o u g h  em b ry o  g erm in a tio n  w as o b se rv e d  a t h ig h er 

co n c en tra tio n s  o f  GA3. it ad v e rse ly  a ffec ted  fu rthe r d ev e lo p m e n t o f  th e  p lan tle t. E arly  

le a f  se n e sc e n c e  w as  o b se rv e d  in p lan tle ts  g e rm in a te d  at h ig h e r co n cen tra tio n s  (ab o v e  

0.3 mg/1) o f  GA3. A ddition  o f  IB A  (0 .1 -0 .3  m g/I) fav o u red  ro o t elongation . 

M a x im u m  p lan t co n v e rs io n  w as  o b se rv ed  o n  a  m e d iu m  su p p le m e n ted  w ith  0 .3  mg/1 

G A 3 and  0 .10  mg/I IB A  (T able . 4 .12).

Table. 4.12 E ffect o f  G A 3 and  IB A  o n  em b ry o  g erm in a tio n  {%)*

IB A G A 3 (m g /1)

(m g /1) 0.0 0.1 0.2 0 3 0.4 0.5

0.0 5.25 8.75 11.75 16.50 14.25 9.50*

0.1 7 .50 11.00 12.25 2 1 ^ 0 16.00 7.75

0.2 8.00 9.25 12.50 20 .75 14.75 8 .50

0.3 6 .75 8.00 10.75 19.00 14.00 7.25

0.4 5.25 7.25 9.00 15.50 11.00 6.25

0.5 3.75 6.75 7.25 13.00. 9 .25 6 .25

CD (5% )= 1.80
Ten replicate samples were taken for each experiment and the experim ^t was repeated tlirice.



j r

F ig . 15: G e r m in a t in g  e m b r y o s  w ith  s h o o t  a n d  ro o t 

p r im o d ia

F ig . 16: F u l ly  d e v e lo p e d  t r a n s g e n ic  p la n t le t  in  c u l tu r e  tu b e



Fig. 17: Transgenic embryo showing GUS expression 
A - Transformed (blue), B- Untransformed (yellow)

Fig. 18: Transgenic plantlet showing GUS expression 
A - Untransformed plantlet, B - Transgenic plantlet



E ffec t o f  B A  on em b ry o  g e rm in a tio n  an d  ftill p la n tle t d ev e lo p m e n t w as 

ev a lu a ted  in co m b in a tio n  w ith  G A 3 and  0 . 1 mg/1 IB A . E v en  th o u g h  B A  w as no t 

e ffec tiv e  in im p ro v in g  em bryo  g e rm in a tio n , ad d itio n  o f  B A  (0 .3  mg/1) in  th e  em b ry o  

g e rm in a tio n  m e d iu m  favo red  sh o o t elongation .

Table. 4.13. E ffect o f  B A  and  GA^ in co m b in a tio n  w ith  0 .1 mg/1 IB A  on

G A 3 (mg/1) +  0.1 m g  IB A
B A  (m g /1 ) ' 0.0 0.1 0.2 0 3 0 .4 0.5

0.0 5.25 8 .50 10.25 16.00 14.25 10 .00*

0.1 7.50 11.25 11.50 19.25 16.00 7 .00

0.2 7.75 11.70 13.00 19.25 14.50 5 .50

0 3 6,25 8 .50 12.50 19.50 15.25 6.00

0.4 4 .00 6.00 7.75 18.00 11.50 6 .50

0,5 2 .50 4 .25 5 .50 11.00 9 .00 5.25

C D (5% )=1.83
*
Ten replicate samples were takeji for each experiment and the experiment was repeated four times 

4.1 .12 . Acclimatization of the plants and tmnsplantation to soil

T h e  in viiro ra ised  tran sg en ic  and  u n tran sfo m ied  (co n tro l)  p lan ts  w ere  

ac c lim a tize d  b y  in itia lly  p lan tin g  in sm all ea rth en w are  po ts  (5 ”x lO ”) filled  w ith  s te rile  

so ilrite , san d  an d  soil. A fter tran sp lan ta tio n  re la tiv e  h u m id ity  o f  9 0 -9 5 %  fo r  six  to  

sev en  day s w as  req u ired  fo r the  su rv ival o f  the  plants. T h e  su rv iv a l ra te  d u rin g  

h a rd e n in g  w as 4 0 -4 5  %. T h e  acc lim a tized  p lan ts (Fig. 19) w e re  m a in ta in ed  in the  

g la ss  h o u se  till n ew  leav es em erged . T h e se  p lan ts  w ith  2 -3  w h o rls  o f  m a tu re  leaves 

w e re  tran sp lan te d  to b lack  p o ly th en e  bags (9 '/2” x 2 2 ”) filled  w ith  so il, san d  and  co w  

d u n g  (2 ;1 ;1 )  and  m a in ta in ed  in th e  g ree n h o u se  (F ig . 20 ). D u rin g  th is  tran sp lan ta tio n  

50-55  %  o f  th e  p lan ts  surv'ived.



F ig . 19: H a r d e n e d  t r a n s g e n ic  p la n ts  in  e a r th e n w a r e  p o ts

F ig . 2 0 : T ra n s g e n ic  p la n t  g r o w in g  in  p o ly th e n e  b a g



4. 2. Molecular analysis of transgenic plants

4. 2 .1. Polymerase chain reaction.
R N A  iso la ted  fro m  th ree  tran sg e n ic  p lan ts  d e v e lo p e d  th ro u g h  th ree  in d ep en d en t 

tra n sfo rm a tio n  even ts a lo n g  w ith  one  u n tran sfo rm ed  p lan t as n eg a tiv e  con tro l w ere  

u sed  in P C R  an a ly s is  u sin g  p n m e rs  d es ig n ed  fo r th e  am p lifica tio n  o f  nptW and  M n  

S O D  genes. T h e  p la sm id  vec to r w as used  as the  p o sitiv e  con tro l. T h e  p re se n ce  o f  

nptW g e n e  w as  c o n f im ie d  b y  th e  am p lifica tio n  o f  804  bp  s in g le  p ro d u c t in all the 

th ree  tran sg e n ic  p lan ts  and  in p o sitiv e  contro l. N o  am p lifica tio n  w as de tec ted  in the  

u n tran sfo rm ed  p lan t (Fig. 21 A /  W hen  P C R  w as p erfo rm ed  w ith  M n  S O D  gene 

sp e c if ic  p rim e rs , a  7 0 2  bp frag m en t w as am p lified  in  all tran sg e n ic  p lan ts  and  in the  

p o s itiv e  con tro l p lasm id . T h is  fragm en t co rresp o n d s  to  the cD N A  se q u en c es  co d in g  

fo r  M n  S O D  g e n e  that has been  in teg rated  in to  the  p lan t genom e. T h is  702  bp 

fra g m e n t w as  ab sen t in the u n tran sfo rm ed  plant. H o w ev er, a  3 .2  kb  n a tiv e  M n  S O D  

g en e  p re se n t in th e  tran sg e n ic  as w ell as u n tran sfo rm ed  p lan ts w e re  a lso  am p lified  in 

a  lo n g  P C R  (F ig . 2 1 B). T h is 3 .2  kb band, co rresp o n d s to  the  n a tiv e  g e n o m ic  D N A  

se q u e n c e  o f  M n  S O D  w h ich  w as ab sen t in the  p lasm id . T h e se  resu lts  in d ica te  the 

p re se n ce  o f  th e  tra n sg e n e  in the  gen o m e o f  Hevea tran sg e n ic  plants.

4 ^ . 2. Southern hybridization analysis

T h e  p re s e n c e  as w e ll a s  th e  in te g ra tio n  o f  th e  T -D N A  re g io n  in  to  th e  

g e n o m e  o f  the  p u ta tiv e  tran sg e n ic  p lan ts  w as  co n firm e d  b y  S o u th e rn  h y b rid iz a tio n  

analysis. G e n o m ic  D N A  w as d ig e s te d  w ith  th e  restric tion  en z y m e  EcoR  I to  show^ the 

in se rt o f  p red ic ted  s iz e  and  w ith  Sac I to  co n firm  th e  in teg ra tio n  in to  th e  p la n t g en o m e 

an d  th e  n u m b e r  o f  insertions. W h e n  the D N A  o f  th e  tran sg e n ic  p lan ts w e re  d ig ested  

w ith  EcoR  I, the  in teg ra ted  nptW g en e  o f  980  bp  g e t liberated  (Fig. 22  A). T h e  

la b e le d  npdl g e n e  p ro b e  g en e ra ted  a  band  o f  p red ic ted  s iz e  (9 8 0  bp ) w ith  EcoR I 

d ig ests  in all th e  th re e  tested  tran sg en ic  p lan ts and  in p o sitiv e  con tro l (v e c to r  p lasm id ) 

(Fig. 2 2 A , L a n e s -1,2 ,4 ,5& 6). N o  hybrid ization  cou ld  b e  de tec ted  in the  

u n tran sfo rm ed  p lan t (n eg a tiv e  co n tro l)  (L ane-3 ).

T h e  .Sac-1 en z y m e had a  un ique  restric tion  site  to w ard s  the  le ft b o rd er o f  

T -D N A . H y b rid iza tio n  o f  .She I d igests  w ith  np(\\ p ro b e  p ro d u ce d  bands w ith  m o re  

th a n  2 .5  kb size , rep re se n tin g  th e  D N A  fragm en ts co n ta in in g  th e  nplll g en e  an d  a  part 

o f  the  p la n t g en o m ic  D N A  located  ou tside  the  le ll T -D N A  b o rd er (F ig  2 2  B). T he



Fie. 21; Detection of transsenes bv PCR

1 2 3 4  5 6

804 bp

A. with npt II gene specific primers. Lanes: 1- Molecular weight marker,
2 - Plasmid DNA (positive control); 3 - Untransformed plant (negative 

control); 4-6 Transgenic plants

3.2 kb

702 bp

- with MnSOD gene specific primers. Lanes: 1- Molecular weight marker, 2 - Plasmid 
ĴA (positive control); 3 - Untransformed plant(negative control); 4-6 Transgenic plants



d iffe ren t h y b rid iz a tio n  p a tte rn s  o b se rv ed  fo r tran sg e n ic  p lan ts  in d ica te  ran d o m  

in te g ra lio n  an d  m u ltip le  in se rtio n  o f  the  T -D N A  in to  th e  g en o m e  o f  th e se  p lants. 

E ac h  band  tha t h y b rid ized  to the Sac I d igested  g en o m ic  D N A  rep rese n ts  a  s in g le  

co p y  o f  th e  transgene. A lthough , sam e am o u n t o f  d igested  D N A  w as lo ad ed  in each  

lane, th e  in tensity  o f  the  h y b rid iz in g  biinds in tran sg en ic  p lan ts  w as  d iffe ren t, fu rth e r 

in d ic a tin g  th e  d iffe ren ce  in T -D N A  co p y  n u m b e rs  (Fig. 2 2 B , L an es-4 ,5 & 6 ). N o  

h y b rid iz a tio n  w as  d e tec ted  fo r the  u n tran sfo rm ed  (n eg a tiv e  co n tro l)  (L an e-3 ). T h ese  

resu lts  co n firm e d  the su ccessfu l in teg ra tio n  o f  th e  fo re ign  g e n e  in  Hevea  th ro u g h  

Agrobacterium  m ed ia ted  g en e tic  transfo rm ation .

4. 3. N orthern hybridization analysis

T h e  a c c u m u la t io n  o f  m R N A  tra n sc r ip t lev e l o f  M n  S O D  g e n e  in re sp o n se  

to  w a te r  a n d  s a lin ity  s tre s s  w a s  d e te rm in e d  by  R N A  b lo t an a ly s is . F o r  N o rth e rn  

b lo t  a n a ly s is  to ta l R N A  w as  iso la te d  f ro m  tra n s fo rm e d  as w ell a s  u n tra n s fo rm e d  

c a llu s  su b je c te d  to w a te r  s tre ss  w ith  p h y ta g e l (0 .4  an d  0 .6 % ), k e e p in g  n o n ­

s tre s se d  co n tro l. R e su lts  in d ic a te  th a t m R N A  tra n s c r ip t le v e l in th e  tra n s fo rm e d  

c o n tro l c a llu s  vv^as h ig h e r  th an  th a t Vvas o b se rv e d  fo r  u n tra n s fo rm e d  c o n tro l ca llu s  

(F ig . 23  A . L a n e s -U T C  and  T C ). F u rth e r , th e  m R N A  tra n sc r ip t lev e l in the  

tra n s fo rm e d  ca llu s  su b je c te d  to w a te r  s tre s s  w ith  0 .4 %  (w /v )  p h y ta g e l 

c o n c e n tra tio n  (T  0 .4 % ) w as h ig h e r  w h en  c o m p a re d  w ith  th e  tra n s fo rm e d  ca llu s  

w ith o u t s tre s s  (T C ). It w as a lso  o b se rv e d  tha t th e  m R N A  e x p re s s io n  w as  fo u n d  to 

b e  lo w  in u n tra n s fo rm e d  and  tra n s fo rm e d  ca llu s  w ith  w a te r  s tre s s  a t 0 .6 %  

p h y ta g e l c o n c e n tra tio n  (L a n e s -  U T  0 .6 %  & T  0 .6 % ).

In  th e  c a se  o f  sa il s tre s s , w h ic h  w a s  in d u c e d  by  s o d iu m  c h lo r id e  (1 0 0  and  

2 0 0  n:\M ), o v e r -e x p re s s io n  o f  S O D  g e n e  vvas n o tic e d  a t 100 m M  N a C l in  n o rm a l 

as w e ll as tr a n s fo rm e d  ca llu s  (F ig . 23 B. L an e s- U TIO O  m M  & T 1 0 0  m M ). T h e  

m R N A  tra n s c r ip t l e \ e l  o f  tra n s fo rm e d  ca llu s  su b je c te d  to s tre s s  w ith  100 m M  

N a C l w a s  a b u n d a n t c o m p a re d  vsilh th e  u n tra n s fo rm e d  ca llu s  su b je c te d  to  sa m e  

s tre s s  (L a n e s -  LIT 100 m M  &  T  100 n iM ). C a llu s  sa m p le s  su b je c te d  to s tre s s  w ith  

2 0 0  m M  N a C l, th e  m R N A  tra n sc r ip t level w as  le ss in  tra n s fo rm e d  as w ell as 

u n tra n s fo rm e d  ca llu s  (L a n e s -  U T 2 0 0  m M  &  T 2 0 0  m M ) c o m p a re d  to th a t 

o b s e rv e d  w ith  100 m M  N aC l.



F ig .2 2 :  S o u th e rn  h y b r id iz a t io n  o f  g e n o m ic  D N A  f ro m  tr a n s g e n ic  p la n ts  

1 2 3 4 5 6

1.0

0.8

0.5

980 bp

A. D N A  digested w ith EcoR  I showing fragm ent o f  predicted size(980bp) after probing with npt II 
gene. Lanes: 1 - Labeled m olecular w eight m arker ; 2- Positive control (plasm id); 3-Untransform ed 
plant (negative control) and 4-6 Transgenic plants from  three independent transform ed cell lines

3 4 5 6
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B-D N A  digested w ith S a d  enzyme. PCR am plified 804 bp npt II gene was used as probe. Lanes: 1 - 
Labeled m olecular weight marker; 2- Positive control (plasm id); 3-U ntransform ed plant (negative
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A -  Transformed and untransformed callus subjected to water stress with phytagel. Lanes; UTC- 

Untransformed control; UT 0,4% and UT 0.6% - Untransformed callus subjected to water stress 
with 0.4% and 0.6% phytagel; TC-Transformed control; T 0.4% and T 0,6%-Transformed callus 
subjected to water stress with 0.4% and 0,6% phytagel

B -  Transformed and untransformed callus subjected to salinity stress with NaCI. Lanes; 
UTC-Untransformed control; UT100 ml\/1 and UT 200 mM- Untransformed callus with 100 and 
200 mM NaCI stress; TC-Transformed control; T 100 mM and T 200 mM -Transformed callus with 
100 and 200 mM NaCI

C -  Leaves from transgenic and untransformed Hevea plants subjected to water stress with 40% 
PEG. Lanes; TP1C -Transgenic plant -1 without stress; TP1S- Transgenic plant-1with stress; 
TP2C- Transgenic plant-2 without stress; TP2S- Transgenic plant-2 with stress; UTPC- 
Untransformed plant without stress, UTPS-Untransformed plant with stress



T o  in v e s tig a te  th e  e x te n d  to  w h ich  M n  S O D  m R N A  is o v e r  e x p re s se d  in  

tra n s g e n ic  p la n ts  d u e  to  e n v iro n m e n ta l s tre s s , le a v e s  w e re  e x c ise d  f ro m  tra n s g e n ic  

an d  u n tra n s fo rm e d  p la n ts  an d  su b je c te d  to w a te r  s tress  in d u c e d  w ith  4 0 %  P E G  

(M o l.w t 6 0 0 0 )  fo r  fo u r h o u rs . T h e  re su lts  s h o w e d  th a t m R N A  tra n s c r ip t  

a c c u m u la t io n  w a s  m o re  in th e  tra n sg e n ic  p la n ts  th a n  th a t w a s  o b se rv e d  in  th e  

u n tra n s fo rm e d  p la n t (F ig . 2 3 C, L an e s-  T P  1C, T P 2 C  &  U T P C ). T h e  m R N A  

tr a n s c r ip t  le v e l w a s  o b se rv e d  to  b e  h ig h e r  in  th e  s tre s s  in d u c e d  le av e s  (L a n e s  -  

T P I S  &  T P 2 S ) . E v en  th o u g h  e q u a l a m o u n t o f  R N A  (20 |j.g ) w a s  lo a d e d  in  ea ch  

la n e , s ig n if ic a n t  d if fe re n c e  in  th e  a c c u m u la tio n  o f  S O D  tra n sc r ip ts  w as  o b se rv e d  

b e tw e e n  tw o  tra n sg e n ic  p lan ts . T h e  h ig h e r  m R N A  lev e l o b se rv e d  in  th e  f irs t  p la n t 

c o m p a re d  w ith  th e  se c o n d  p la n t m a y  b e  d u e  to  in te g ra tio n  o f  m u lt ip le  c o p ie s  o f  

th e  tr a n s g e n e  (L a n e s -T P  IC  &  T P 2 C ).

4. 4. Estimation of superoxide dismutase, peroxidase and catalase 
enzyme activities in transformed callus.

4. 4.1. Effect of w ater and PEG stress on SOD enzyme activity

W a te r  s tre s s  w as  in d u c e d  to  th e  tra n s fo rm e d  e m b iy o g e n ic  c a llu s  as  w e ll as 

u n tra n s fo rm e d  e m b ry o g e n ic  c a llu s  w ith  0 .4 %  to 1 .0%  p h y ta g e l c o n c e n tra tio n s . In  

th e  c o n tro l (p h y ta g e l c o n c e n tra tio n  0 .2 % ), th e  u n tra n s fo rm e d  c a llu s  e x h ib ite d  9 .1 5  

m illiu n its  o f  e n z y m e  a c tiv ity  an d  th e  e n z y m e  a c tiv ity  o b se rv e d  in  th e  t r a n s fo n n e d  

c a llu s  a t th is  p h y ta g e l c o n c e n tra tio n  w as 10 .07  m illiu n its /m in /m g  p ro te in . A t 0 .4 %  

p h y ta g e l c o n c e n tra tio n , th e  tra n s fo rm e d  ca llu s  e x h ib ite d  16 .78  m illiu n its /m in /m g  

p ro te in . A t th is  p h y ta g e l c o n c e n tra tio n  th e  S O D  sp e c if ic  a c tiv i ty  in  th e  

t r a n s fo rm e d  ca llu s  w a s  5 0 %  h ig h e r  th a n  th a t w as  o b se rv e d  a t 0 .2 %  p h y ta g e l 

c o n c e n tra tio n . A s th e  p h y ta g e l c o n c e n tra tio n  w as  in c re a se d  a b o v e  0 .4 % , S O D  

a c tiv ity  s ta r te d  d e c lin in g  in tra n s fo rm e d  as w ell as in  u n tra n s fo rm e d  ca lli. A t 

p h y ta g e l c o n c e n tra tio n  0 .8 %  b ro w n in g  o f  th e  tis su e s  w as  o b se rv e d  an d  th e  

e n z y m e  a c tiv ity  w a s  d e c re a se d . C o m p a re d  w ith  th e  u n tra n s fo rm e d  ca llu s , th e  

t r a n s fo rm e d  c a llu s  e x h ib ite d  a  h ig h e r  S O D  a c tiv ity  a t a ll c o n c e n tra tio n s  o f  

p h y ta g e l (T a b le  4 .1 4 ).



Table. 4 .1 4 , E ffe c t o f  p h y ta g e l in d u c e d  w a te r  s tre s s  o n  S O D  ac tiv ity

P h y tag e l 
conc . (% )

S O D  a c tiv ity  (m illi u n its /m in /rn g .p ro te in )

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s
0 .2 9.15 10.07
0 .4 9 .88 1 6 .7 8
0 .6 8 .42 12.95
0.8 7.23 11.17
1.0 6 .5 9 8 .95

CD (AB)=0.89

A  s im ila r  S O D  e n z y m e  a c tiv ity  w as  o b se rv e d  w h e n  o s m o tic  s tre s s  w as  

in d u c e d  w ith  d if fe re n t c o n c e n tra tio n s  o f  P E G  ra n g in g  f ro m  2 .0  - 10%  (w /v ). W ith  

P E G  th e  m a x im u m  e n z y m e  ac tiv ity  (1 6 .2 7 )  w as  o b se rv e d  w ith  4 %  P E G , w h ic h  is 

m o re  th a n  4 0 %  h ig h e r  th a n  th e  co n tro l v a lu es  (T a b le .4 .I5 ) .

P E G  conc. S O D  ac tiv ity  (m ill iu n its /m in /m g .p ro te in . )

(% ) U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s
2 10.77 10.83
4 11 .23 1 6 .2 7
6 9 .38 15.07
8 7 .5 4 12.78
10 5 .83 11.80

CD (AB)=0,84

O n  fu r th e r  in c re a s in g  th e  P E G  c o n c e n tra tio n  th e  S O D  a c tiv ity  d e c re a s e d  in  

th e  t r a n s fo rm e d  as w ell as  u n tra n s fo rm e d  calli. T h e  d if fe re n c e  in  S O D  sp e c if ic  

a c tiv i tie s  o f  tr a n s fo rm e d  an d  u n tra n s fo rm e d  tis su e s  d u e  to  w a te r  an d  P E G  s tress  

w e re  fo u n d  to  b e  s ta tis t ic a lly  s ig n ific a n t. N o  s ig n if ic a n t d if fe re n c e  in  S O D  

sp e c if ic  a c tiv i ty  w a s  o b se rv e d  w h en  d if fe re n t c o n c e n tra tio n s  o f  m a n n ito l o r  

so rb ito l w e re  u se d  to im p a rt s tress . F u rth e r, no s ig n if ic a n t d if fe re n c e  in  th e  

e n z y m e  a c tiv itie s  w e re  o b se rv e d  b e tw e e n  th e  c u ltu re s  m a in ta in e d  in  c o m p le te  

d a rk n e s s  o r  o n  c o n tin u o u s  lig h t fo r  3 0  days.

P e ro x id a s e  e n z y m e  a c tiv ity  w as a lso  fo u n d  to  b e  h ig h e r  in  th e  tra n s fo rm e d  

c a llu s  o v e r -e x p re s s in g  S O D . T h e  h ig h e s t lev e l o f  p e ro x id a se  a c tiv ity  w as  

o b se rv e d  a t th e  c o n c e n tra tio n  in  w h ic h  th e  S O D  a c tiv ity  w as m a x im u m  ie. a t



0 .4 %  (w /v )  p h y ta g e l an d  4 %  (w /v ) P E G  c o n c e n tra tio n s  (T a b le  4 .1 6 ). A t th is  

c o n c e n tra tio n  p e ro x id a s e  a c tiv i ty  w as  fo u n d  to  b e  15 .83 an d  2 2 .1 8  u n its /m in /m g  

p ro te in  fo r  u n tra n s fo rm e d  an d  tra n s fo rm e d  ca llu s  re sp e c tiv e ly . O n  fu r th e r  

in c re a s in g  th e  p h y ta g e l c o n c e n tra tio n  p e ro x id a se  a c tiv ity  d e c re a s e d  in  c o n tro l as 

w e ll as tr a n s fo rm e d  ca lli an d  th e  lo w e s t e n z y m e  a c tiv ity  w as  o b se rv e d  a t 1 .0 %  

p h y ta g e l c o n c e n tra tio n  a t w h ic h  S O D  ac tiv ity  w as  a lso  low .

T a b le .  4 .1 6 . E ffe c t o f  p h y ta g e l in d u c e d  w a te r  s tre s s  o n  p e ro x id a se  a c tiv ity

P h y ta g e l c o n c .(  % ) P e ro x id a se  a c tiv ity  (u n its /m in /m g  p ro te in )

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s
0 .2 9 .53 11.80
0 .4 15.83 2 2 .1 8
0 .6 11.69 17.71
0 .8 11.35 16.34
1.0 9 .69 12.23

CD (AB)=1.62

H o w e v e r , in th e  u n tra n s fo rm e d  ca llu s  a  re d u c tio n  in  p e ro x id a s e  a c tiv ity  

w a s  o b se rv e d  a t 6 %  (w /v ) P E G  c o n c e n tra tio n  (T a b le  4 .1 7 ).

T a b le .  4 .1 7 . E ffe c t o f  P E G  in d u c ed  o sm o tic  s tre s s  on  p e ro x id a se  a c tiv ity

P E G  conc . (% )
P e ro x id a s e  a c tiv ity  (u n its /m in /m g  p ro te in )

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  c a llu s
2 .0 9 .7 2 11.28

4 .0 12 .49 15 .19

6 .0 9 .95 14.03

8 .0 12 .39 12 .86

10.0 7 .7 9 8.21

CD (AB)=1.37

C a ta la se  e lim in a te s  h y d ro g e n  p e ro x id e  by  c o n v e r t in g  it to  m o le c u la r  

o x y g e n  a n d  w ate r. In th e  p re se n t s tu d y , the  tre n d  o f  c a ta la se  a c tiv ity  w a s  s im ila r  to  

th a t o f  S O D  a n d  p e ro x id a se . In  th e  c a se  o f  c a llu s  su b je c te d  to  w a te r  s tre s s  vWth 

0 .4 %  p h y ta g e l,  c a ta la se  sp e c if ic  a c tiv i ty  w a s  0 .4 0  an d  0 .4 9  u n its /m in /m g  p ro te in  

fo r  u n tra n s fo rm e d  an d  tra n s fo rm e d  ca llu s  re sp e c tiv e ly . A t th is  p h y ta g e l 

c o n c e n tra tio n  S O D  an d  p e ro x id a se  a c tiv itie s  w e re  a lso  h ig h . F o r  all o th e r  

c o n c e n tra tio n s  c a ta la se  a c tiv ity  w a s  o b se rv e d  to  b e  h ig h e r  in  th e  tra n s fo rm e d



c a llu s  c o m p a re d  w ith  u n tra n s fo rm e d  c a llu s  a t th e  re s p e c tiv e  p h y ta g e l 

c o n c e n tra tio n s  (T a b le  4 .1 8 ).

Table. 4.18. E ffe c t o f  p h y ta g e l in d u c e d  w a te r  s tre s s  o n  c a ta la se  a c tiv ity

P h y ta g e l conc . c a ta la se  a c tiv ity  (u n its /m in /m g  p ro te in )
( /o )

U n tra n s fo rm e d  ca llu s T ra n s fo rm e d  ca llu s

0 .2 0 .28 0 .3 7

0.4 0.40 0.49

0 .6 0 .3 0 0 .4 6

0 .8 0 .2 6 0 .45

1.0 0 .2 2 0 .38

CD (AB)=0.028, CD(AB)=0.045

C a la la s e  e n z y m e  a c tiv ity  w as  in c re a se d  in  u n tra n s fo rm e d  an d  

tra n s fo rm e d  call! by th e  in d u c tio n  o f  o sm o tic  s tre s s  w ith  P E G . T h e  m a x im u m  

e n z y m e  sp e c if ic  a c tiv i ty  (0 .4 9  u n its /m in /m g  p ro te in )  w a s  o b se rv e d  in tra n s fo rm e d  

c a llu s  a t 4 %  P E G  c o n c e n tra tio n  an d  fo r  c o n tro l c a llu s  th e  v a lu e  w as  0 .3 6  

u n its /m in /m g  p ro te in . F o r  o th e r  P E G  c o n c e n tra tio n s  th e  d if fe re n c e  w as  n o t 

s ta tis t ic a lly  s ig n if ic a n t (T a b le  4 .1 9 )

Table. 4.19. E ffe c t o f  P E G  in d u c e d  o sm o tic  s tre s s  on  c a ta la se  a c tiv ity

P E G  conc . C a ta la se  a c tiv ity  (u n its /m in /m g  p ro te in )
(% ) U n tra n s fo rm e d  ca llu s  T ra n s fo rm e d  ca llu s
2 .0 0 .2 9 0.43
4.0 0.36 0.49
6 .0 0 .2 0 0 .3 9
8 .0 0 .28 0 .37
10.0 0 .2 2 0.33

CD (A) = 0.028, CD (B) = 0.045

T h e  re su lts  in d ic a te  th a t c a ta la se  a c tiv ity  w as a lso  in c re a se d  in tra n s fo rm e d  

as w e ll as u n tra n s fo rm e d  ca llu s an d  th e  m a x im u m  a c tiv ity  w a s  o b se rv e d  a t the 

c o n c e n tra tio n  a t w h ic h  S O D  and  p e ro x id a se  e n z y m e  ac tiv itie s  w e re  m a x im u m .



DISCUSSION

B io te c h n o lo g ic a l a p p ro a c h e s  h a v e  led  to  tre m e n d o u s  p ro g re ss  in  c ro p  

im p ro v e m e n t in  th e  re c e n t past. T h e  re c o m b in a n t D N A  te c h n o lo g y  c o m b in e d  w ith  

tis s u e  c u l tu re  te c h n iq u e  p ro v id e s  o p p o r tu n ity  to  in tro d u c e  n o v e l c h a ra c te rs  in to  

c o m m e rc ia lly  im p o r ta n t  c ro p  p la n ts , w h ic h  c a n n o t b e  a c h ie v e d  e a s ily  b y  

c o n v e n tio n a l b ree d in g . T h e  m o d if ic a tio n  o f  p la n t g e n o m e  th ro u g h  g e n e tic  

tr a n s fo rm a tio n  h e lp s  in  e x p re s s in g  th e  d e s ire d  g en es. T ra n sg e n ic  te c h n o lo g y  h as  

o p e n e d  n e w  v is ta s  fo r  p ro d u c in g  an n u a l as w ell a s  p e re n n ia l tr e e  c ro p s  w ith  

in c re a se d  to le ra n c e  to  h ig h  te m p e ra tu re , sa lin ity , d ise ase , in se c t/p e s t , d ro u g h t an d  

o th e r  b io tic  an d  a b io tic  s tresses .

T h e  p re se n t w o rk  w as  u n d e r ta k e n  to  d e v e lo p  su ita b le  p ro to c o ls  fo r  th e  

A grobacterium  tumefaciens m e d ia te d  g e n e tic  tra n s fo rm a tio n  as w e ll as to  d e v e lo p  

tra n s g e n ic  p la n ts  w ith  in c re a se d  to le ra n c e  to  e n v iro n m e n ta l s tre s s  an d  ta p p in g  

p an e l d ry n e ss . T h e  g e n e  c o d in g  fo r  s u p e ro x id e  d ism u ta se  u n d e r  th e  c o n tro l o f  

F M V  3 4 S  p ro m o te r  w as se le c te d  fo r  th is  s tudy . M e th o d s  fo r  e ff ic ie n t 

Agrobacterium  tumefaciens m e d ia ted  g e n e tic  tra n s fo rm a tio n  o f  H evea  ca lli an d  

fu r th e r  p la n t re g e n e ra tio n  w as  s ta n d a rd iz e d . P C R  an d  S o u th e rn  a n a ly se s  w e re  

c a r r ie d  o u t to  co n f irm  g e n e  in te g ra tio n . S in ce , S O D  is th e  f irs t e n z y m e  in v o lv e d  in  

th e  d e to x if ic a tio n  o f  re a c tiv e  o x y g e n  sp e c ie s , o v e r-e x p re s s io n  o f  th is  e n z y m e  m a y  

in it ia te  th e  a c tiv a tio n  o f  a  ch a in  o f  fre e  rad ic a l s c a v e n g in g  e n z y m e s . T h e re fo re , 

o v e r -e x p re s s io n  o f  S O D  and  o th e r  re la ted  free  rad ic a l s c a v e n g in g  e n z y m e s  su c h  

as p e ro x id a s e  an d  c a ta la se  in  re sp o n se  to  a b io tic  s tre s se s  w e re  a lso  s tu d ie d  in  

u n tra n s fo rm e d  as w ell as in  tra n s fo rm e d  ca llu s  cu ltu res .

5.1. Development of transgenic plants

In  o rd e r  to  a c c o m p lish  su c c e ss fu l g e n e tic  tr a n s fo rm a tio n  in  p la n ts , it is 

im p o r ta n t  to  h a v e  a n  e ff ic ie n t an d  re lia b le  in vitro  p la n t re g e n e ra tio n  sy s te m  f ro m  

th e  e x p la n ts /tis s u e s  w h ic h  a re  a m e n a b le  to  fo re ig n  D N A  in ta k e  an d  in te g ra tio n  

in to  its g e n o m e . In th e  a b se n c e  o f  a  h ig h  f re q u e n c y  in vitro  p la n t re g e n e ra tio n



sy s te m , it w o u ld  b e  d iffic u lt to  p ro d u c e  la rg e  n u m b e r  o f  tr a n sg e n ic  p la n ts  fro m  

in d e p e n d e n t tra n s fo rm a tio n  ev en ts . In H. hrasiliensis, so m a tic  e m b ry o g e n e s is  an d  

s u b s e q u e n t p la n t re g e n e ra tio n  h a v e  b ee n  re p o r te d  b y  d if fe re n t a u th o rs  f ro m  

d if fe re n t c lo n e s  a n d  ex p la n ts  (C h e n  et al., 1978; W a n g  et a l ,  1980; W a n  et a l,  

1982; C a rro n  et al., 1985; A so k an  et al., 1992 ; J a y a s re e  et al., 1999; 

S u s h a m a k u m a i et al., 2 0 0 0 ), O f  th e  a b o v e  re p o r te d  p ro to c o ls , th e  re c e n tly  

d e v e lo p e d  p ro to c o ls  by  J a y a s re e  et al. (1 9 9 9 )  and  S u sh a m a k u m a ri et al. (2000) 

a re  m o re  e ff ic ie n t and  re p ro d u c ib le  p la n t re g e n e ra tio n  sy s te m s  fo r  th e  m o s t 

p o p u la r  In d ian  c lo n e , R R II 105.

It is w e ll d o c u m e n te d  th a t, so m a tic  e m b ry o g e n e s is  an d  p la n t re g e n e ra tio n  

is h ig h ly  d e p e n d e n t o n  th e  n a tu re  o f  ex p la n t, th e  d e v e lo p m e n ta l s ta g e  o f  th e  

tis su e s  an d  c u l tu re  co n d itio n s . T h e  c u ltu re  c o n d itio n s  in c lu d e  c u ltu re  m e d iu m  as 

w ell as  e n v iro n m e n t and  th e  su c c e ss  in p la n t re g e n e ra tio n  is d e p e n d e n t u p o n  th e  

c o rre c t c o m b in a tio n  o f  all th e se  fac to rs  (M in o c h a  et al., 1993; 1995). T h e re fo re , 

s ta n d a rd is a tio n  o f  th e  re g e n e ra tio n  c o n d itio n s  in  a  tis su e  c u l tu re  e n v iro n m e n t b y  

c h o o s in g  th e  r ig h t ty p e  o f  tis su e  an d  th e  d e v e lo p m e n ta l s ta g e  o f  th e  e x p la n t is 

e s sen tia l. In  Hevea hrasiliensis, im m a tu re  o r  ju v e n ile  tis su e s  p ro v id e  th e  b e s t 

s o u rc e  o f  e x p la n l fo r  p la n t re g e n e ra tio n  v ia  so m a tic  e m b ry o g e n e s is  (C a rro n  an d  

E n ja rlic  1 9 8 4 ; G ao  et al., 1982; J a y a s re e  et al., 1999; S u sh a m a k u m a ri et al., 

2000).

In  th e  p re se n t s tu d y  c a llu s  in d u c tio n  f ro m  im m a tu re  a n th e r  (c lo n e  R R II 

105) w a s  in it ia te d  b e tw e e n  4 0  to  50  d ay s in  m o d if ie d  M S  m e d iu m  fo r tif ie d  w ith

2 ,4 -D  (2 .0  m g/1) an d  K n  (0 .5  mg/1). T h e  e m e rg in g  c a llu s  w a s  so f t a n d  p a le  y e l lo w  

in  c o lo u r , w h ic h  o n  fu r th e r  p ro life ra tio n  fo r  10 -20  d ay s b e c a m e  fria b le . C a llu s  

m a in ta in e d  in th e  p ro life ra tio n  m e d iu m  for 4 0 -5 0  days a f te r  c a llu s  in itia tio n , its 

f r ia b ili ty  d e c re a s e d  an d  b e c a m e  h ard  an d  co m p ac t. E a r lie r  M o n to ro  et al. (1 9 9 3 )  

in d u c e d  ca llu s  f ro m  th e  in le g u m e n ta l tis su e s  o f  im m a tu re  se e d s  o f  Hevea  (c lo n e  

P B  2 6 0 )  an d  o b se rv e d  th a t c a llu s  o ften  b e c o m e  b ro w n  an d  d e g e n e ra t in g  2-3  

m o n th s  a f te r  in d u c tio n . T h e re fo re , the ca llu s  s tru c tu re  an d  te x tu ra l c h a ra c te r is tic s  

sh o u ld  b e  ta k e n  in to  c o n s id e ra tio n  b e fo re  u s in g  th e  c a llu s  as th e  e x p la n t fo r  

g e n e tic  tra n s fo rm a tio n .

Agrohacterium  m e d ia te d  tra n s fo rm a tio n  e x p e r im e n ts  c a rr ie d  o u t w ith  

d if fe re n t s ta g e s  o f  Hevea  ca llu s  d e riv e d  fro m  iiru n a tu re  a n th e r  h e lp e d  to  id e n tify  

the  id ea l s ta g e  o f  th e  e x p la n t fo r o b ta in in g  m a x im u m  tra n s fo rm a tio n  freq u en cy .



In  th e  c u r re n t s tu d y , lo w  tra n s fo rm a tio n  f re q u e n c y  o b se rv e d  w ith  ju s t  e m e rg in g  

c a llu s  m a y  b e  d u e  to  th e  la ck  o f  f r ia b ili ty  an d  a  lo w  leve l o f  p h e n o lic  co n ten t. 

A c tiv e ly  g ro w in g  f r ia b le  c a llu s  fa c ilita te d  Agrobacterium  in fe c tio n  d u e  to  ca llu s  

f r ia b ili ty  a n d  h ig h  re g e n e ra tio n  p o te n tia l. A g ed , h a rd  ca llu s  r e s p o n d e d  o n ly  v e ry  

little . T h is  m a y  b e  d u e  to  th e  loss o f  m e ris te m a tic  a c tiv i ty  an d  f r ia b ili ty  le a d in g  to  

th e  fo rm a tio n  o f  h a rd  an d  c o m p a c t ca llu s . M ic h a u x -F e r r ie re  an d  C a rro n  (1 9 8 9 ) 

re p o r te d  th a t d u r in g  Hevea  so m a tic  e m b ry o g e n e s is  u s in g  in te g u m e n ta l tis su e s  th e  

c u l tu re  a g in g  led  to d e c re a s e d  m e ris te m a tic  ac tiv ity , th e  p ro -e m b ry o n ic  ce lls  

d e g e n e ra te  an d  f in a lly  th e  c a llu s  b e c a m e  b ro w n  an d  n e c ro tic . It w as  a lso  re p o r te d  

th a t a g e d  c a llu s  b e c o m e s  h a rd , c o m p a c t ajid  d e h y d ra te d  (C a rro n  et al., 1992). 

E a r lie r  re p o r ts  a lso  sh o w s  th a t m a in te n a n c e  o f  im m a tu re  a n th e r  d e r iv e d  p r im a ry  

c a llu s  in  th e  c a llu s  in d u c tio n  m e d iu m  fo r  a  p ro lo n g e d  p e r io d  le ad s  to the  

fo rm a tio n  o f  h a rd  and  c o m p a c t ca llu s  w ith  lo ss  o f  m o rp h o g e n e tic  p o te n tia l 

( J a y a s re e  et al., 2 0 0 1 b ) . T h o rp e  (1 9 8 2 ) re p o rte d  th a t ca llu s  m a in ta in e d  in  th e  s a m e  

m e d iu m  w ith o u t s u b c u ltu r in g , o f ten  u n d e rg o  ch a n g e s  w ith  tim e  a n d  th e se  ch a n g e s  

re d u c e d  th e  re g e n e ra tio n  c a p a c ity  o f  th e  tis su e . A ll th e se  re p o r ts  su p p o r te d  th a t 

ag e d  a n d  h a rd  c a llu s  w a s  in c o m p a tib le  fo r  Agrobacterium  in fe c tio n  an d  

re g e n e ra tio n  o f  tr a n s g e n ic  p lan ts . In th e  p re se n t s tu d y  a c tiv e ly  g ro w in g , tw o -  

m o n th  o ld , y e llo w , f r ia b le  c a llu s  w as id e n tif ie d  as th e  id ea l s ta g e  o f  th e  e x p la n t fo r  

g e n e tic  tra n s fo rm a tio n .

In  g e n e tic  tra n s fo rm a tio n , it is w ell d o c u m e n te d  th a t th e  tra n s fo rm a tio n  

e f f ic ie n c y  is h ig h ly  d e p e n d e n t o n  th e  m o le c u la r  s iz e  o f  th e  b in a ry  v e c to r , 

w o u n d in g  o f  th e  e x p la n t, p re - tre a tm e n t o f  th e  e x p la n ts  w ith  vir  g e n e  in d u c e rs  

(a c e to sy r in g o n e ) , o p tim iz a tio n  o f  te m p e ra tu re , d u ra tio n  o f  c o -c u ltiv a tio n , th e  ty p e  

o f  a n t ib io tic s  u se d  in  th e  se le c tio n  m e d iu m  fo r  in h ib itin g  th e  b a c te r ia l o v e rg ro w th  

a f te r  c o -c u ltu re  an d  fo r  th e  s e le c tio n  o f  tr a n sg e n ic  ce lls  (B id n e y  et al., 1992; 

S a n ta re m  et al., 199 8 ; H a n se n  an d  C h ilto n , 1999).

In  th e  p re s e n t s lu d j^  th e  tra n s fo rm a tio n  e f f ic ie n c y  w as  im p ro v e d  b y  p re ­

tre a tm e n t w 'ith  vir g e n e  in d u c e rs  and  w o u n d in g  th e  e x p la n t Aufmg Agrobacterium  

in fe c tio n . P re - tre a tm e n t o f  th e  Agrobacterium  in o c u lu m  w ith  2 0  mg/1 

a c e to sy r in g o n e , 153 mg/1 g ly c in e b e ta in e  an d  115 mg/1 p ro lin e  fo r  fo u r  h o u rs  

b e fo re  Agrobacterium  in fe c tio n  w as fo u n d  to  p ro m o te  th e  tra n s fo rm a tio n  

f re q u e n c y . A ld e m ita  an d  H o d g e s  (1 9 9 6 )  re p o rte d  th a t p re - in d u c t io n  o f



Agrobacterium  w ith  4 0 0  fiM  a c e to sy r in g o n e  p r io r  to  c o -c u ltiv a tio n  fa c ili ta te d  r ic e  

tra n s fo rm a tio n . In  H evea, w o u n d in g  o f  th e  c a llu s  d u r in g  th e  b a c te r ia l in fe c tio n  

re s u lte d  in  p h e n o lic  e x u d a tio n  a t the  w o u n d  sites , th u s  ^vomoimg Agrobacterium  

in fe c tio n . S e v e ra l re p o r ts  a re  a v a ila b le  in d ic a tin g  th a t th e  T -D N A  tr a n s fe r  o c c u r  a t 

w o u n d  s ites  w h e re  a c c u m u la tio n  o f  p h e n o lic  c o m p o u n d s  ta k es  p la c e  (H o o y k a a s  

a n d  S c h ilp e ro r t,  1992; W in a n s , 1992). In th e  c u rre n t s tu d y  th e  c o m b in e d  e ffe c t o f  

w o u n d in g  o f  th e  e x p la n t, p re - tre a tm e n t w ith  a c e to sy r in g o n e  a n d  th e  p h y s io lo g ic a l 

s ta g e  o f  th e  e x p la n t m ig h t h a v e  a ttr ib u te d  to  th e  h ig h  tra n s fo rm a tio n  f re q u e n c y .

T h e  u s e  o f  a  s e le c ta b le  m a rk e r  g e n e  a llo w s  th e  e ff ic ie n t s e le c tio n  o f  

tr a n s fo rm e d  cells. T h e  m o s t w id e ly  a c c e p te d  s e le c ta b le  m a rk e r  g e n e  fo r  

d ic o ty le d o n o u s  p la n ts  is nplW, w h ich  c o n fe rs  re s is ta n c e  to  n e o m y c in , k a n a m y c in , 

g e n e tic in  a n d  p a ro m o m y c in  (G a lu n  an d  B re im a n , 1997). S in c e  p la n t sp e c ie s  d if fe r  

in  th e ir  r e s p o n s e  to  su c h  p h y to to x in s , o n e  can  c h o o s e  a m o n g  th e se  a n tib io tic  

c o m p o u n d s  th a t is b e s t fo r  se le c tio n , in  c o m b in a tio n  w ith  nptW g ene .

In  th e  k il l -c u rv e  te s t, it w as  o b se rv e d  th a t Hevea  ca llu s  w a s  h ig h ly  to le ra n t  

to  n e o m y c in  (e v e n  at 8 0 0  mg/1) an d  se n s itiv e  to  g e n e tic in , k a n a m y c in  an d  

p a ro m o m y c in . T h is  ty p e  o f  d if fe re n tia l to le ra n c e  to  a n tib io tic s  w as  re p o r te d  in 

c itru s , r ic e  e tc . C itru s  e m b ry o g e n ic  c a llu s  h ad  a  re la tiv e ly  h ig h  to le ra n c e  to  

k a n a m y c in  an d  to  g e n e tic in , b u t it w as  s e n s itiv e  to  p a ro m o m y c in  (V a rd i et al.,

1990). S im ila r ly , k a n a m y c in  re d u c e d  th e  re g e n e ra tio n  p o te n tia l w h e n  u se d  fo r  r ice  

tra n s fo rm a tio n  b u t g e n e tic in  w as su ita b le  fo r  th e  se le c tio n  o f  tr a n s fo rm e d  r ice  

in te g ra te d  w ith  nptW g e n e  (P e n g  et al., 1992). E v e n  th o u g h  e f f ic ie n t 

tr a n s fo rm a tio n  (1 2 % ) w as  o b ta in e d  w ith  g e n e tic in , th e  e m b ry o g e n ic  c o m p e te n c e  

o f  th e  t ra n s fo rm e d  ca llu s  o b ta in e d  w a s  very  lo w  o r  ev en  nil. T h is  in d ic a te s  th a t 

g e n e tic in  w as  m o re  le th a l to  Hevea  c a llu s  th an  th e  o th e r  tw o  an tib io tic s . W h e n  

p a ro m o m y c in  w a s  u se d  fo r  se le c tio n , 11 %  tra n s fo rm a tio n  f re q u e n c y  w as  

o b se rv e d . T h is  m a y  b e  d u e  to  th e  re a so n  th a t, p a ro m o m y c in  m a y  b e  le ss  to x ic  to  

H evea  c a llu s  a n d  m o re  n u m b e r  o f  tra n s fo rm e d  ce lls  h a v e  u n d e rg o n e  p ro life ra tio n . 

W ith  k a n a m y c in , a  tra n s fo rm a tio n  f re q u e n c y  o f  6 %  w a s  o b ta in e d . T h is  re s u lt  w as  

in  c o n c u r re n c e  w ith  th e  ea r lie r  re p o r t b y  R u g n i et al. (1 9 9 1 )  th a t th e  

tra n s fo rm a tio n  f re q u e n c y  is d e p e n d e n t on  the  n a tu re  o f  a n tib io tic  e m p lo y e d  a fte r 

c o -c u ltiv a tio n  and  fo r  th e  se le c tio n  o f  t ra n s fo rm e d  ce lls .



T h e  G U S  p o s it iv e  ce ll lin es  w e re  s e le c te d  an d  c u ltu re d  o n  ca llu s  

p ro life ra tio n  m e d iu m . C a llu s  p ro life ra tio n  an d  e m b ry o  in d u c tio n  f re q u e n c y  w as 

in f lu e n c e d  by  th e  c o m p o s itio n  an d  c o n c e n tra tio n  o f  th e  b asa l m e d iu m  an d  g ro w th  

re g u la to rs  u sed . N itro g e n  h as  a  k ey  ro le  in  p la n t g ro w th  an d  d e v e lo p m e n t b e c a u s e  

it h a s  d ire c t e ffe c ts  on  ra te  o f  ce ll g ro w th , d if fe re n tia tio n  an d  to tip o te n c y  (K irb y  et 

a i ,  1987). N itra te s  a re  g o o d  so u rc e s  o f  n itro g e n  su p p ly  to  p la n ts  s in c e  it is re a d ily  

ta k e n  u p  a n d  m e ta b o liz e d  b y  th e  ce lls  an d  e ffec ts  on  a  n u m b e r  o f  d e v e lo p m e n ta l 

p ro c e s s  le a d in g  to  ro o t  b ra n c h in g , b u d  d o rm a n c y  an d  ap ic a l d o m in a n c e  (G o u ld  et 

a l ,  1 9 9 1 ; S h a n ja n i, 2 0 0 3 ).

In  th e  p re se n t s tu d y  c a llu s  p ro life ra tio n  w a s  in f lu e n c e d  b y  th e  N  c o n te n t in  

th e  b a s a l m e d iu m . M o d ifie d  M S  m e d iu m  c o n ta in in g  lo w e r  a m m o n iu m  n itra te  

c o n c e n tra t io n  p ro m o te d  ca llu s  in d u c tio n  an d  p ro life ra tio n  c o m p a re d  to  M S  basa l 

m e d iu m  c o n ta in in g  h ig h  N H 4N O 3 co n ten t. S im ila r ly  in  th e  c a se  o f  s o y b e a n , ca llu s  

g re w  b e t te r  w h e n  N H 4N O 3 in  M S  m e d iu m  w as  s u b s titu te d  b y  (N H 4) 2S 0 4  o f  

G a m b o rg  B 5 m e d iu m  as a  s o u rc e  o f  re d u c e d  n itro g en . B o n g a  a n d  v o n  A d e rk a s  

(1 9 9 2 )  re p o r te d  th a t, in th e  so m a tic  e m b ry o g e n e s is  o f  m a n y  w o o d y  sp e c ie s , th e  

o rg a n iz e d  ce ll g ro w th  w as in h ib ite d  by  th e  full s tre n g th  o f  M S  sa lts  a n d  th e  

to x ic ity  w a s  re d u c e d  by lo w e rin g  th e  a m o u n t o f  a m m o n iu m  o r  to ta l n itro g en .

A u x in s  h a v e  a  s ig n if ic a n t ro le  in so m a tic  e m b ry o g e n e s is . T h e y  s tim u la te  

ce ll d iv is io n  an d  ce ll e n la rg e m e n t. T h e  au x in , c y to k in in  ra tio  c o n tro ls  v a s c u la r  

d if fe re n tia tio n , in d u c tio n  o f  s o m a tic  e m b ry o g e n e s is  fo rm a tio n  o f  s h o o t ap ice s  o r 

b u d s  etc. A u x in s  in d u c e  ro o tin g  a lso . T h e  m o s t f re q u e n tly  u se d  a u x in s  a re  2 ,4 -D , 

N A A , IB A  an d  lA A . In th e  c u rre n t s tu d y  c a llu s  in d u c tio n  an d  p ro life ra tio n  w a s  

o b se rv e d  in th e  p re s e n c e  o f  2 ,4 -D . L o w e r  c o n c e n tra tio n  o f  2 ,4 -D  p ro d u c e d  y e llo w  

f r ia b le  c a llu s  w ith  h ig h  e m b ry o g e n ic  p o te n tia l an d  th e  o p tim u m  c o n c e n tra tio n  

id e n tif ie d  fo r  c a llu s  p ro life ra tio n  an d  fu r th e r  cell d if fe re n tia tio n  w as  1.0  m g /1. 

E v e n  th o u g h  c a llu s  p ro life ra tio n  w as  o b se rv e d  a t h ig h e r  c o n c e n tra tio n s  o f  2 ,4 -D  

(2.0  m g /1) , th is  c a llu s  on fu r th e r  s u b c u ltu re  on to  e m b ry o  in d u c tio n  m e d iu m  

d e v e lo p e d  o n ly  vei-y few  em b ry o s . M o re o v e r , th e  e m b ry o n ic  c lu s te r  fo rm a tio n  

w a s  a d v e rs e ly  a ffe c te d . It is w e ll d o c u m e n te d  in Hevea  th a t th e  c a llu s  in d u c tio n  

a n d  p ro life ra tio n  w a s  fa v o u re d  by  th e  a d d itio n  o f  2 ,4 -D  (C h e n  e( al., 1978; 

A so k a n  et a i ,  1992 ; J a y a s re e  et a i ,  1999). J a y a s re e  et al. (1 9 9 9 )  re p o rte d  th a t

2 ,4 -D  (2 .0  m g/1) in d u c e d  em b r^ 'o g en ic  c a llu s  f ro m  im m a tu re  a n th e r  an d  a b o v e  th is  

c o n c e n tra tio n , e v e n  th o u g h  c a llu s  in d u c tio n  w as o b se rv e d , th e  c a llu s  te x tu re  and



e m b ry o g e n ic  c o m p e te n c e  w as  v e ry  p o o r  in d ic a tin g  th a t th e  c o n c e n tra tio n  o f  2 ,4 -D  

w a s  c ru c ia l fo r  c a llu s  in it ia t io n  an d  fu rth e r  m o rp h o g e n e s is .

I t is  w e ll d o c u m e n te d  th a t in  m a n y  p la n t sp e c ie s , c a llu s  in it ia t io n  w as  

f a c ilita te d  by  th e  a d d itio n  o f  2 ,4 -D  in th e  c u ltu re  m e d iu m . M ic h a le z u k  et al. 

(1 9 9 2 )  re p o r te d  th a t 2 ,4 -D  p ro m o te d  c a llu s  in d u c tio n  in  c a r ro t  cells . T h e y  a lso  

re p o r te d  th a t b o th  e x o g e n o u s  an d  e n d o g e n o u s  a u x in s  w e re  c lo se ly  in v o lv e d  in  th e  

p ro c e s s  o f  s o m a tic  e m b ry o g e n e s is , an d  the  c o m p e te n c e  o f  th e  c e lls  to  in it ia te  

e m b ry o g e n e s is  w as a f fe c te d  b y  e x p o s u re  to  2 ,4 -D . F o r  ric e  so m a tic  

e m b ry o g e n e s is  a lso  an a u x in  tre a tm e n t w as e sse n tia l to  in d u c e  e m b ry o g e n ic  

c o m p e te n c e  (H e y s e r  et al., 1983; A b ey  an d  F u tsu h a ra  1986; R u e b  et al., 1994). 

P a d m a n a b h a n  et al. (2 0 0 1 )  rep o rted  that, sw e e t p o ta to  so m a tic  e m b ry o g e n e s is  

e x h ib ite d  a  g re a te r  re sp o n s iv e n e ss  to 2 ,4 -D  fo r  c a llu s  in d u c tio n  an d  g a v e  r is e  to  

g re a te r  n u m b e r  o f  c o m p e te n t em b ry o s.

In  Populus  s o m a tic  e m b ry o g e n e s is , 2 ,4 -D  w as  su p p le m e n te d  in  th e  

m e d iu m  in a ll c a se s  to  in it ia te  e m b ry o g e n ic  c a llu s  (P a rk  an d  S o n , 1988). In  citrus,

2 ,4 -  D  h as  b ee n  f re q u en tly  used  to in d u ce  e m b ry o g e n ic  calli fro m  n u c e lla r  an d  ov u la r 

ex p lan ts  o f  C. limon and  C. volekomeriana (S aad , 1975). A ll th e s e  re p o r ts  su g g e s te d  

th a t a m o n g  th e  v a r io u s  ty p e s  o f  au x in s , 2 ,4 -D  w as  m o s tly  u se d  f o r  ca llu s  

in itia tio n . N A A  w as a lso  u sed  s in g ly  o r  in  c o m b in a tio n  w ith  2 ,4 -D  fo r  ca llu s  

in it ia t io n  a n d  e m b ry o  in d u c tio n . In  th e  p re se n t s tu d y  c a llu s  p ro life ra t io n  w as  

im p ro v e d  b y  th e  a d d itio n  o f  N A A  a lo n g  w ith  2 ,4 -D . A d d itio n  o f  lo w  co n c en tra tio n  

o f  N A A  in c o m b in a tio n  w ith  2 ,4 -D  in th e  p ro life ra tio n  m e d iu m  im p ro v ed  

em b ry o g e n esis  d u e  to  th e  sy n e rg is tic  e f fe c t o f  th e se  tw o  g ro w th  re g u la to rs . 

I n c o rp o ra tio n  o f  N A A  (0 .2  mg/1) in  c o m b in a tio n  w ith  2 ,4 -D  (1 .0  m g/1) re su lte d  in  

th e  fo rm a tio n  o f  y e llo w , f r ia b le  tra n s lu c e n t c a llu s  an d  th e  ca llu s p ro life ra tio n  

f re q u en c y  w a s  a lso  en h an ced . T h is  s tudy  also  in d ica te  th a t co m b in a tio n  o f  tw o  aux ins 

w as su p e rio r  to  a  s in g le  au x in  in  p ro m o tin g  so m a tic  em b ry o g en esis . S im ila r  effects 

w ere  re p o rte d  in th e  so m a tic  em b iy o g en e s is  o f  b lu e  p ea rl w h e re  a  h ig h  f re q u e n c y  

c a llu s  fo rm a tio n  w as  o b ta in e d  f ro m  le a f  e x p la n ts  o f  b lu e  p e a r l o n  m e d ia  

c o n ta in in g  2 ,4 -D  an d  N A A  (S u z u k i an d  N a k a n o , 2 0 0 1 ). In ta b le  g ra p e s  a lso , th e  

f re q u e n c y  an d  te x tu re  o f  c a llu s  fo rm a tio n  w as in f lu e n c e d  b y  th e  in c o rp o ra t io n  o f  

d if fe re n t a u x in s  in  th e  c u ltu re  m e d iu m  (B ro w n  et al., 1994). M a rtin  (2 0 0 4 )  

a s se ss e d  th e  b e n e f ic ia l e f fe c t o f  N A A  on  c a llu s  in d u c tio n  o f  Centella asiatica  (L .) 

an d  re p o r te d  th a t the  c a llu s  in itia te d  on M S  m e d iu m  fo rtif ie d  w ith  N A A  an d  K n



fa v o u re d  s o m a tic  e m b ry o g e n e s is  an d  p la n t re g e n e ra tio n  c o m p a re d  to  th e  ca llu s  

d e r iv e d  o n  2 ,4 -D  an d  K n  c o n ta in in g  m e d iu m .

F o r  e m b ry o n ic  c lu s te r  fo rm a tio n  th e  n u tr ie n t c o m p o s it io n  a n d  th e  

h o rm o n e  c o n c e n tra tio n s  o f  th e  c u ltu re  m e d iu m  is v e ry  im p o r ta n t  an d  th is  v a r ie s  ■ 

w ith  e a c h  c ro p  an d  g en o ty p e . In  th e  c u rre n t s tu d y , a f te r  th e  in d u c tio n  o f  c a llu s  in  

an  a u x in  c o n ta in in g  m e d iu m , th e  c a llu s  w as tra n s fe rre d  to  a  m e d iu m  c o n ta in in g  

lo w  a u x in  a n d  c y to k in in . It w as  n o te d  th a t a  s te p w ise  d e c re a s e  in  2 ,4 -D  an d  

a d d itio n  o f  B A  in  th e  p ro life ra tio n  m e d iu m  s tim u la te d  e m b ry o g e n ic  c a llu s  

fo rm a tio n . In s o m a tic  e m b ry o g e n e s is , g e n e ra lly  c y to k in in s  a re  u se d  in  

c o m b in a t io n  w ith  a u x in s  fo r  b o th  e m b ry o  in d u c tio n  a n d  fu r th e r  p la n t 

d e v e lo p m e n t. H o w e v e r , the  a u x in /c y to k in in  ra tio  is c ru c ia l fo r  e v e ry  s ta g e  o f  

s o m a tic  e m b ry o g e n e s is .  In  th e  p re se n t s tu d y , a  h ig h e r  a u x in /c y to k in in  ra tio  

p ro m o te d  c a llu s  p ro life ra tio n  an d  e m b ry o g e n ic  ca llu s  in d u c tio n . In  Populus 

s o m a tic  e m b ry o g e n e s is  a lso , a  h ig h e r  a u x in  (2 ,4 -D ) to  c y to k in in  (B A ) ra tio  (5; I )  

r e su lte d  in  th e  fo rm a tio n  o f  h ig h e s t n u m b e r  o f  g lo b u la r  e m b ry o s  (M ic h le r  an d  

B a u e r  1991). In  M edicago, the c o m b in a tio n  o f  2 ,4 -D  w ith  a  c y to k in in  w as  

re q u ire d  f o r  in d u c in g  so m a tic  e m b ry o g e n e s is  f ro m  p ro to p la s ts  (A rc io n i ef al., 

1982),

In  m o s t p la n t sp e c ie s , c a llu s  g ro w th  on  2 ,4 -D  c o n ta in in g  m e d iu m  fo r  a  

s h o r t p e r io d  an d  its su b se q u e n t tra n s fe r  to  a  2 ,4 -  D  fre e  m e d iu m  b r in g s  a b o u t 

d if fe re n tia tio n  o f  e m b ry o s  (B all et a l ,  1993). In  th e  p re se n t s tu d y  a lso , c u ltu r in g  

o f  e m b ry o g e n ic  c a llu s  o n  a  m e d iu m  s u p p le m e n te d  w ith  G A s an d  d e v o id  o f  2 ,4 -D  

p ro m o te d  th e  fo rm a tio n  o f  g lo b u la r  s ta g e  e m b ry o s  f ro m  p ro -e m b ry o n ic  c lu s te rs . 

S im ila r ly  in  w h e a t  an d  b arley , a l th o u g h  2 ,4 -D  h as  b ee n  u se d  fo r  c a llu s  fo rm a tio n  

a n d  p ro life ra tio n , re d u c tio n  o r rem o v a l o f  2 ,4 -D  f ro m  th e  re g e n e ra tio n  m e d iu m  

w as  e s se n tia l fo r  p la n t d e v e lo p m e n t fro m  th e  ca llu s  (G o u ld  et al., 199 1 ; B all et al., 

1993).

In  th e  c u r re n t s tu d y , w h ile  a n a ly s in g  th e  e ffe c t o f  B A  o n  e m b ry o  

in d u c tio n , it w as  o b se rv e d  th a t in c o rp o ra tio n  o f  B A  (0 .3  m g/1) s ig n if ic a n tly  

im p ro v e d  e m b ry o  in d u c tio n . A t h ig h e r  c o n c e n tra tio n s , e m b ry o  in d u c tio n  

f re q u e n c y  w a s  re d u c e d  d u e  to ca llu s  p ro life ra tio n . C o n tra d ic to ry  re p o rts  a re  

a v a ila b le  re g a rd in g  th e  b en e f ic ia l e f fe c t o f  c y to k in in  o n  so m a tic  e m b rj 'o  

in d u c tio n . In  Hevea, e v e n  th o u g h  B A  w a s  n o t e s se n tia l fo r  c a llu s  in d u c tio n , 

in c o rp o ra t io n  o f  B A  (1 -5  mg/1) p ro m o te d  ca llu s  p ro life ra tio n  an d  em b ry o



in d u c tio n  (C a r ro n  an d  E n ja lr ic , 1984). E m b ry o g e n e s is  in  s o m e  Citrus s p e c ie s  w as  

in h ib i te d  b y  th e  e x o g e n o u s  a p p lic a tio n  o f  c y to k in in s  su c h  as B A , K n  a n d  Z e a  o r  

a u x in s  l ik e  lA A , N A A  in th e  c u l tu re  m e d iu m  b u t in s o m e  s p e c ie s  su p p le m e n ta tio n  

o f  b a sa l m e d iu m  w ith  c y to k in in s  su c h  as  B A , K n  an d  Z e a  re su lte d  in  e m b ry o id  

fo rm a tio n  (B h a n s a li  an d  A ry a , 1 9 7 8 a; K o c h a b a  et a l ,  197 2 ; C h a d u rv e d i an d  

M itra , 1 9 7 5 ; H id a k a  an d  K a jiu ra , 1988).

In c o rp o ra tio n  o f  G A 3 in th e  e m b iy o  in d u c tio n  m e d iu m  fa v o u re d  the  

c o n v e rs io n  o f  p ro -e m b ry o n ic  c lu s te rs  to  g lo b u la r  e m b ry o s  an d  m a x im u m  e m b ry o  

in d u c tio n  w as  o b se rv e d  at 0.6  m g /1 an d  a b o v e  th is  c o n c e n tra tio n , th e  e m b ry o  

in d u c tio n  f re q u e n c y  w a s  d e c re a se d . It w as a lso  n o tic e d  th a t th e  e f f ic ie n c y  o f  

e m b ry o  in d u c tio n  w as  m o re  d e p e n d e n t on  th e  c o n c e n tra tio n  o f  GA3 as w e ll as  th e  

c o m b in a t io n  o f  a u x in  an d  cy to k in in . T h e  c o m b in a tio n  o f  GA3, N A A  an d  K n  w as 

fo u n d  to  b e  b e t te r  fo r  e m b ry o  in d u c tio n  th a n  th e  c o m b in a tio n  o f  GA3 a lo n g  w ith  

N A A . C o n f lic tin g  re p o r ts  a re  a v a ila b le  re g a rd in g  th e  in f lu e n c e  o f  GA3 o n  so m a tic  

e m b ry o g e n e s is .  A d d itio n  o f  a u to c la v e d  o r  f ilte r  s te r iliz e d  GA3 to  th e  in d u c tio n  

m e d iu m  o r  e m b ry o  d e v e lo p m e n t m e d iu m  in c re a se d  th e  n u m b e r  o f  e x p la n ts  

p ro d u c in g  e m b ry o s  in  fen n e l a n d  it w as a lso  n o tic e d  th a t  th e  e m b ry o g e n ic  

f re q u e n c y  o f  p e tio le  e x p la n ts  o f  se v e ra l fe n n e l g e n o ty p e s , p re v io u s ly  c o n s id e re d  

as p o o r ly  r e s p o n d in g  w a s  h ig h ly  e n h a n c e d  by  th e  a d d itio n  o f  GA3 to  th e  c u ltu re  

m e d iu m  (H u n a u lt  an d  M a a ta r , 1995). In  Santalum album  L  a lso  GA3 e n h a n c e d  

s o m a tic  e m b ry o g e n e s is  (S ita  et a l., 1979; S ita , 1986). H ig h e r  c o n c e n tra t io n  o f  

GA3 in  c o m b in a t io n  w ith  lA A  in  th e  in itia tio n  p h a se  e n h a n c e d  e m b ry o id  

fo rm a tio n  in  s p in a c h  (X ia o  an d  B ra n c h a rd  1993). H o w e v e r , e m b ry o  in d u c tio n  w as 

in liib ite d  by  th e  a d d itio n  o f  GA3 in c a r ro t ce lls  (T is se ra t an d  M u ra sh ig e , 1977), 

o v u le  c u l tu re  o f  Citrus sinensis (K o c h a b a  et al., 19 7 8 ) an d  so y b e a n  (P h il lip s  and  

C o llin s , 1981).

P h y ta g e l ( sy n th e t ic  ag a r)  is n o rm a lly  u se d  as a  g e llin g  a g e n t fo r  th e  

p re p a ra tio n  o f  t is su e  c u ltu re  m e d iu m . T h e  u se  o f  h ig h  c o n c e n tra tio n  o f  p h y ta g e l 

(0 .4 -1 .0  %  w /v )  as  g e llin g  ag e n t w ill m a k e  th e  m e d iu m  to o  h a rd  a n d  d ry  an d  

th e re b y  w a te r  a v a ila b ili ty  to  th e  c u ltu re s  w ill b e  re d u c e d . In  th e  p re s e n t  s tu d y , 

w h e n  e m b ry o g e n ic  c a llu s  w as  c u ltu re d  on  m e d iu m  c o n ta in in g  h ig h e r  

c o n c e n tra tio n s  o f  p h y ta g e l (0 .4 % -1 .0 % ), the  c a llu s  p ro life ra tio n  w as  in h ib ite d  and  

fre sh  w e ig h t o f  th e  c a llu s  w as d e c re a s e d  in d ic a tin g  d e h y d ra tio n  o f  th e  ca llu s . T h e  

b e n e f ic ia l e f fe c t o f  w a te r  s tress  w a s  th a t th e  d e s ic c a tio n  tre a tm e n t p ro m o te d  ce ll



m o rp h o g e n e s is  an d  th e re b y  fa v o u re d  th e  c o n v e rs io n  o f  p ro -e m b ry o n ic  m a ss  to  

so m a tic  e m b rj 'o s . A b o v e  0 .6 % , th e  re d u c tio n  in  f re s h  w e ig h t w a s  h ig h  in d ic a tin g  

th a t th e  ce lls  w e re  to o  m u c h  d e h y d ra te d . T h is  d e h y d ra tio n  led  to  ce ll n e c ro s is  an d  

lo ss  o f  e m b ry o g e n ic  p o te n tia l. In  c o n tro l, (w ith o u t s tre s s )  th e  e m b ry o g e n ic  ca llu s  

w as  w a te ry  a n d  c a llu s  p ro life ra tio n  w as  o b se rv e d  w h ic h  m ig h t h a v e  im p a ire d  the  

e f f ic ie n c y  o f  e m b ry o  in d u c tio n . D u rin g  w h ea t transfo rm ation , it w as  o bserved  th a t 

des icca tion  o f  p lan t tissues by cu ltu ring  on  m e d ia  con tain ing  h ig h  concen tra tions o f  

phy tagel b e fo re  Agrobacterium  in fec tion  enhanced  T -D N A  delivery  an d  increased  

s ta b le  tran sfo n n a tio n  (C heng e ta i ,  2003).

T h e  ro le  o f  P E G  in  in d u c in g  o sm o tic  s tress  is d u e  to  th e  fac t th a t P E G  

m o le cu le s  a re  to o  large to m o v e  th ro u g h  th e  cell w all an d  do n o t ca u se  p la sm o ly sis  

an d  n o n -p la sm o ly s in g  o sm o tica  a re  m o re  e ffec tiv e  in  p ro m o tin g  so m a tic  em b ry o  

m a tu ra tio n  in so m e  c o n ife r  spec ies  (A ttre  et al., 1991). In th e  cu rren t s tudy , ca llu s  

g ro w th  w as  o b se rv e d  at lo w  c o n c e n tra tio n s  o f  P E G  (2 -4 %  w /v )  an d  a t h ig h e r  

c o n c e n tra tio n s  th e  c a llu s  g ro w th  w as  d e c re a se d . T h e  fre sh  w e ig h t d e c re a s e d  w ith  

in c re a se d  P E G  c o n c e n tra tio n  an d  lo w e s t v a lu es  w e re  n o tic e d  a t h ig h e s t (1 2 % ) 

P E G  c o n c e n tra tio n . T h is  re d u c tio n  in c a llu s  g ro w th  (u p  to  a  c o n c e n tra tio n  o f  10%  

P E G )  fa v o u re d  th e  c o n v e rs io n  o f  e m b ry o g e n ic  c a llu s  to  p ro -e m b ry o s . T h e  p ro ­

e m b ry o s  fu rth e r  d e v e lo p e d  in to  g lo b u la r  s ta g e  e m b ry o s  in  th e  s a m e  m e d iu m , 

th e re b y  im p ro v in g  th e  e m b ry o  in d u c tio n  fre q u e n c y  in  n o rm a l as w e ll as 

t r a n s fo rm e d  c a llu s  cu ltu res . A t 12%  P E G , the  e m b ry o  in d u c tio n  f re q u e n c y  w as  

d e c re a s e d  d u e  to  e x c e s s iv e  d ry in g  o f  th e  c a llu s , w h ic h  w a s  e v id e n t f ro m  th e  

re d u c tio n  in  fre sh  w e ig h t o f  th e  ca llu s . S u ch  v a r ia tio n  in  g ro w th  d u e  to  e x c e s s iv e  

d e h y d ra tio n  w as  re p o r te d  in ric e  (R e d d y  et al., 1994 ) an d  in  c itru s  (H a y y in , 1987).

T D Z  is o n e  am o n g  th e  m o st ac tiv e  cy to k in in  like  su b s tan ce s  fo r  w o o d y  p lan t 

tis su e  cu ltu re . E m b ry o  m a tu ra tio n  w as fav o u red  by  th e  ad d itio n  o f  T D Z  in  p resen ce  

o f  G A 3. T h e  co m b in a tio n  o f  T D Z  an d  G A 3 re sp o n d e d  b e tte r  than  th e  co m b in a tio n  o f  

B A  an d  G A 3. T h e  s tim u la to ry  e ffec t o f  T D Z  on  em b ry o  m a tu ra tio n  m ay  b e  a ttr ib u ted  

to  th e  fac t th a t T D Z , a substitu ted  phenyl u rea, exh ib its  a  s tro n g  cy to k in in  like  

activ ity . A lth o u g h , th e  p rec ise  m o d e  o f  ac tion  o f  T D Z  is n o t k n o w n , T D Z  m ay  induce  

th e  sy n th e s is  o r accu m u la tio n  o f  en d o g e n o u s  cy to k in in s  (H u e tte m a n  an d  P reece, 

1993). T D Z  is less su scep tib le  to  the  p la n t’s deg rad ing  enzym es than  endo g en o u s 

cy tok in ins and  is also  ac tive  at lo w er concen tra tions than the  am in o p u rin e  cy tok in ins 

(M o k  e ta l., 1987). B an e ijee  et al. (2004 ) reported  that T D Z  in d u c e d  h ig h  f re q u e n c y



s h o o t p ro life ra tio n  in  Cineraria marcilima  L. F urther, add ition  o f  T D Z  in th e  cu ltu re  

m e d iu m  p ro v ed  su p e rio r to th e  com b in ed  trea tm en ts o f  B A  and  N A A . T D Z  w as  earlier 

rep o rted  as a  p o ten t g row th  reg u la to r fo r the induction  o f  so m a tic  em bryos in  m a n y  tree  

crops like w h ite  ash  (B ates  et al., 1992), eastem  b lack  w aln u t (N eu m an  et al., 1993) and 

xnHevea em bryo  g en n in a tio n  (Jayasree  etal., 2001a).

T h e  d if fe re n t n itro g e n  so u rc e s  in th e  c u ltu re  m e d iu m  a lso  d e te rm in e  th e  

n a tu re  o f  g ro w th  an d  m o rp h o g e n e s is  o f  th e  ce lls . In  M S  b a sa l m e d iu m  N H 4N O 3 

an d  K N O 3 se rv e s  as  th e  s o u rc e  o f  (N O 3'). C a se in  h y d ro ly z a te  a n d  v ita m in s  se rv e  

as th e  s o u rc e  o f  ( N H / ) ,  A m in o  ac id s  a re  th e  p r im a ry  s o u rc e s  o f  o rg a n ic  n itro g e n  

fo r  th e  g ro v /th  o f  m a n y  e u k a ry o tic  ce lls  an d  th e y  p ro m o te  c o m m u n ic a tio n  

b e tw e e n  c e lls  a n d  tis su e s  w ith in  m u lt ic e llu la r  o rg a n ism s  (Y o u n g  et a l ,  1999). 

S tu d ie s  o n  e f fe c t o f  a m in o  a c id s  o h  e m b ry o  m a tu ra tio n  an d  p la n t re g e n e ra tio n  

re v e a le d  th a t a d d itio n  o f  so m e  am in o  a c id s  su c h  as  p ro lin e , g lu ta m in e  a n d  g ly c in e  

f a v o u re d  e m b ry o  m a tu ra tio n . T h is  m ay  b e  d u e  to th e  re a so n  th a t th e  p re se n c e  o f  

a m in o  a c id s  in  th e  c u ltu re  m e d iu m  in c re a se d  the  lev e l o f  re d u c e d  n itro g e n  w h ic h  

s t im u la te d  th e  d e v e lo p m e n t o f  so m a tic  em b iy o s . A s th e  o rg a n ic  n itro g e n  

c o n c e n tra tio n  w a s  fu rth e r  in c re a se d  b y  th e  a d d itio n  o f  a s p a ra g in e  (1 0 0  mg/1), 

a la n in e  an d  a rg in in e  (50  m g/i ea ch ), th e  e m b rj 'o  m a tu ra tio n  w as  re d u c e d  to  3 8 % , 

d u e  to  th e  a b s o rp tio n  o f  N H 4'' ions re su lt in g  in  th e  l ib e ra tio n  o f  H'^ le a d in g  to  

r e d u c tio n  in  p H  o f  th e  m e d iu m . N ie d z  (1 9 9 4 ) s tu d ie d  th e  c lo se  c o rre la tio n  

b e tw e e n  pH  an d  th e  N O ^ ' to  N H /  ra tio  on  c itru s  c a llu s  g ro w th  an d  re p o r te d  tha t 

in o rg a n ic  N  u p ta k e  ca n  s tro n g ly  in f lu e n c e  p H  s in c e  th e  u p ta k e  o f  N O 3'  a n d  N H 4’' 

changes the  pH  in o p p o site  d irections. AbsorjDtion o f  N H )”" resu lts in th e  p ro d u ctio n  o f  

H^ w h ich  a re  excre ted  into the m ed ium , low er the pH  and  fu rther red u ce  the  cation  

u p tak e  by co m p etitiv e  effects (K irby  and M engel, 1967). T h is reduc tion  in p H  m igh t 

h av e  ad v erse ly  affec ted  the p ro p er m atu ration  o f  the em bryos. It is w ell d o cum en ted  

th a t th e  reduction  in the level o f  inorganic n itrogen  in the  cu ltu re  m e d iu m  and 

su p p lem en ta tio n  w ith  am ino  ac ids su ch  as g lu tam ine  and L -p ro line  in d u ced  som atic  

em b ry o g en esis  in  a  n u m b er o f  p lan t species su c h  as M edicago saliva  (L a i et al., 

199 2 ), r ice  (O z a w a  el al... 1996), w h ite  s p ru c e  (B a r re t et al., 1 9 9 7 ), an d  c o tto n  

(B e n ito  et al., 1997 ; H a q  an d  Z a fa r , 2 0 0 4 ). T h e  m o rp h o lo g y  o f  re g e n e ra te d  

Indica rice  s h o o ts  w a s  s tro n g ly  a f fe c te d  by  th e  (N O 3')  /  (N H 4"̂ ) ra tio  (G r im e s  an d  

H o d g e s , 1990). In  th e  ca se  o f  co tto n , b o th  s o u rc e  an d  a m o u n t o f  n itro g e n  in  

th e  m e d iu m  s h o w e d  s ig n if ic a n t e ffe c ts  on  ce ll g ro w th  an d  e m b ry o g e n e s is



(H a q  an d  Z a fa r ,  2 0 0 4 ). T h e  p o s it iv e  e f fe c t o f  p ro lin e  o n  so m a tic  e m b ry o g e n e s is  in  

M edicago arborea  w as e v id e n t f ro m  the  n u m b e r  o f  e m b ry o s  d e v e lo p e d  (O z a w a  et 

al., 1996 ). H o w e v e r , th e  p o s it iv e  e f fe c t o f  p ro lin e  c a n n o t b e  e x te n d e d  to  all am in o  

ac id s  s in c e  th is  e f fe c t w as  n o t p ro d u c e d  w h en  a la n in e , s e r in e  a n d  try p to p h a n  w e re  

ad d e d  to  th e  c u ltu re  m e d iu m  fo r  p la n t re^ jen era lio n  f ro m  s u sp e n s io n  c u ltu re s  o f  

Iris germ anica  (S h im iz u  et al., 1997). T h is  s tim u la to ry  e f fe c t o f  p ro lin e  w as  

c o n tra d ic to ry  to  th e  re su lts  o b ta in e d  w ith  p e a n u ts , w h e re  th e  a d d itio n  o f  p ro lin e  to  

th e  c u l tu re  m e d iu m  re d u c e d  th e  to ta l n u m b e r  o f  so m a tic  e m b ry o s  fo rm e d  (M u rc h  

et al., 1999). In m o st cases certain  am ino  acids p rov ide  h ig h e r em bryo  y ie ld  and 

quality  (E lk o n in  and P akhom ova, 2000; L irio  e ta l ,  2001).

T h e  p re se n t re su lts  a lso  in d ic a te  th e  s tim u la to ry  e f fe c t o f  g lu ta m in e , 

p ro lin e  an d  g ly c in e  on e m b ry o  m a tu ra tio n  and  th e  a d v e rse  e f fe c t o f  c o m p le x  

c o m b in a t io n  o f  am in o  ac id s . S im ila r  e ffe c t w as  re p o r te d  in Pinus strobus  so m a tic  

e m b ry o  m atu ration , w hich  p roceeded  in the  p resence  o f  g lu tam ine , w h ile  co m p lex  

co m b in atio n  o f  eight am ino  acids show ed  little effec t on  m a tu re  em bryo  p roduction  

(E lizabeth  et al., 2000).

T h e  im p o r ta n c e  o f  w a te r  re la tio n s  in  c o n tro llin g  e m b ry o  m a tu ra tio n  w as 

p ro p o s e d  b y  F isc h e r  et al. (1 9 8 7 ), an d  has b e e n  su p p o r te d  b y  e v id e n c e  f ro m  b o th  

.z y g o tic  a n d  so m a tic  em b ry o  c u ltu re  e x p e r im e n ts  (X u  et al., 19 9 0 ) an d  in situ  

s tu d ie s  (S a a b  an d  O b e n d o rf , 1989). A tte m p ts  to  s tim u la te  th e  in vivo  e n v iro ru n e n t 

th ro u g h  m o d if ic a tio n  o f  the  c o m p o s itio n  o f  m a tu ra tio n  m e d iu m  sh o w e d  in c re a se d  

s to ra g e  c o m p o u n d  leve ls  an d  d e s ic c a tio n  to le ra n c e  (F in k e ls te in  an d  C ro u c h , 1986; 

X u  e t a l ,  1990).

D e s ic c a tio n  is a  n a tu ra l e v e n t o b se rv e d  d u r in g  th e  la te  p h a se s  o f  

em b ry o g e n s is . A  se v e re  d e c re a s e  o f  m o is tu re  c o n te n t e x p e r ie n c e d  b y  fu lly  

d e v e lo p e d  se e d  e m b ry o s  is a  k ey  e v e n t re q u ire d  fo r  th e  te rm in a tio n  o f  th e  

d e v e lo p m e n ta l p ro c e sse s  in  p re p a ra tio n  fo r  g e rm in a tio n  (K e rm o d e , 1995). T h e  

im p o s itio n  o f  a  w a te r  s tre s s  is a lso  re q u ire d  in c u ltu re  fo r  in c re a s in g  th e  conversion  

freq u en cy  o f  th e  em bryos (A ttree  etal., 1991).

S u p p lem e n ta tio n  o f  m atu ra tio n  m e d iu m  w ith  6 %  (w /v) P E G  im p ro v ed  tlie 

em b ry o  m a tu ra tio n  b y  6 %. F u rth e r  in c rease  in  P E G  co n c en tra tio n  im p a ired  em bryo  

m atu ra tion . F o r  so y b e a n  em br> 'o m a tu ra tio n  S aab  an d  O b e n d o r f  (1 9 8 9 )  m o n ito re d  

w a te r  an d  o s m o tic  p o te n tia ls  in  so m a tic  e m b ry o  ax is , c o ty le d o n , se ed  c o a t an d  p o d  

tis su e s  d u r in g  p e r io d s  o f  se ed  g ro w th  and  m a tu ra tio n  in situ an d  fo u n d  th a t



c h a n g e s  in  w a te r  re la tio n s  w e re  lim ite d  to  th e  la s t se v e n  d ay s o f  m a tu ra tio n . T h e y  

o b se rv e d  a  sh a rp  d e c lin e  in  w a te r  c o n te n t in  a ll o f  th o s e  tis su e s  a t th a t  p e r io d . In  

so y b e a n  z y g o tic  e m b ry o  in vitro  g e rm in a tio n , th e  ra te  an d  d e g re e  o f  d e s ic c a tio n  o f  

m a tu re  e m b ry o s  w a s  c ru c ia l to  th e ir  su b s e q u e n t g e rm in a tio n  a b ility  ( O b e n d o r f  et 

a i ,  1998). S tu d ie s  on  so y b e a n  (E g li, 1990 ), a lfa lfa  (X u  et al., 1990 ) an d  rap e  

seed . (F in k e s te in  an d  C ro u c h , 1986) h a v e  sh o w n  th a t e m b ry o  m a tu ra tio n  w as  

f re q u e n tly  a s so c ia te d  w ith  a  lo w  o sm o tic  p o te n tia l in  tis su e s  o r  m e d iu m  

s u r ro u n d in g  th e  em b ry o s . A ll th e se  re p o rts  su g g e s te d  th a t e x c e s s iv e  d e s ic c a tio n  

o f  e m b ry o s  le d  to  t is su e  n e c ro s is , lo ss  o f  s to ra g e  p ro te in s  a n d  u ltim a te ly  led  to  

d ry in g  o f  th e  em b ry o s .

D u rin g  z y g o tic  e m b ry o  g e rm in a tio n  a lso , th e  p ro c e ss  in  w h ic h  th e  e m b ry o  

is a w a k e n e d  re q u ire s  sp e c if ic  p h y s ic a l c o n d itio n s . S im ila r ly  in  th e  c a se  o f  so m a tic  

e m b ry o s , a l th o u g h  th e  d e v e lo p m e n t is a r tif ic ia l, n ee d  p re c ise  c u ltu ra l c o n d itio n s  

f o r  in it ia t io n  a n d  d e v e lo p m e n t o f  sh o o ts  an d  ro o ts  le a d in g  to  c o m p le te  p la n tle t 

fo rm a tio n . G ib b e re llin s  h a v e  s ig n if ic a n t in f lu e n c e  on  d o rm a n c y  b re a k in g  an d  

fu r th e r  g ro w th  a n d  d e v e lo p m e n t o f  p la n ts  (H o o ley , 1994).

H evea  s o m a tic  e m b ry o  g e rm in a tio n  w a s  a lso  in f lu e n c e d  b y  GA3. 

A lth o u g h , e m b ry o  g e rm in a tio n  w as  o b se rv e d  in  h o rm o n e  f re e  m e d iu m , 

in c o rp o ra t io n  o f  GA3 in  c o m b in a tio n  w ith  IB A  in th e  g e rm in a tio n  m e d iu m  

fa v o u re d  b ip o la r  d if fe re n tia tio n  an d  c le a rly  im p ro v e d  e m b ry o  g e rm in a tio n . E v e n  

th o u g h  th e  e x a c t m e c h a n ism  o f  th e  p ro m o tiv e  e ffe c t o f  GA3 o n  e m b ry o  

g e rm in a tio n  is n o t c lea r, th e  u ltra  s tru c tu ra l s tu d ie s  c a r r ie d  o u t b y  C h o i et al. 

(1 9 9 9 )  s h o w e d  th a t so m a tic  e m b ry o s  d e v e lo p e d  in vitro  m ay  b e  d o rm a n t a f te r  

m a tu r in g  an d  th u s  re q u ire d  a  d o rm a n c y  b re a k in g  tre a tm e n t. T h e  b e n e f ic ia l e ffe c t 

o f  GA3 on  s o m a tic  e m b rj 'o  g e rm in a tio n  h as  b ee n  re p o rte d  in g ra p e  w in e  (M u llin s  

a n d  S r in iv a sa n , 1 9 7 6 ) an d  in  Panax ginseng  (C h a n g  an d  H u ss in g , 1980 ; C ho i et 

a l ,  1999). Citrus sinensis  e m b ry o s  d e r iv e d  fro m  o v u le s  w e re  g e rm in a te d  by  

s u p p le m e n tin g  GA3 (1 .0  mg/1) in  th e  basa l m e d iu m  an d  th e  p re s e n c e  o f  GA3 in  th e  

g e rm in a tio n  m e d iu m  s tim u la te d  ro o tin g  as w ell as s te m  e lo n g a tio n  (B u tto n  an d  

B o m m a n , 1971). In the g ro w th  an d  d e v e lo p m e n t o f  to m a to  em b ry o s , it w as 

o b se rv e d  th a t lo w  c o n c e n tra tio n s  o f  GA3 a p p e a re d  to  s tim u la te  g ro w th  fo llo w in g  

g e rm in a tio n  b u t lA A  w as  n o t as e ffec tiv e . C o m b in a tio n s  o f  lA A  p lu s  GA3 vvere 

a n ta g o n is t ic  re s u lt in g  in  p o o r  g ro w th . C o m b in a tio n s  o f  K n  an d  GA3 o r K n  an d  

lA A  w e re  m o s t  b e n e f ic ia l fo r  th o s e  e m b ry o s  (N ea l an d  T o p o le sk i,  1985). GA3



w h e n  u se d  a t c o n c e n tra tio n s  f ro m  10'* to  10 '“̂ M  p ro m o te d  th e  g ro w th  o f  c a ra w a y  

s o m a tic  e m b ry o s  an d  so m e  e m b ry o s  g ro w n  in  m e d ia  w ith  GA3 e x h ib ite d  

e x te n s iv e  r o o t  g ro w th  (A m m ira to , 1997). ■

F o r  a c c l im a tiz a tio n , th e  p ia n tle ts  w e re  tra n s p la n te d  in  sm a ll e a r th e n w a re  

p o ts  o r  p o ly th e n e  b a g s  f il le d  w ith  so ilr ite , so il an d  sa n d , an d  m a in ta in e d  in  g lass 

h o u se  a t 28  ±  2 °C  w ith  a  h ig h  re la tiv e  hum id ity . C o v e rin g  th e  p lan ts  w ith  a  th in  

tran sp a ren t p o ly th e n e  bag  w as effec tiv e  to  m ain ta in  re la tiv e  h u m id ity  o f  9 0 -9 5 % . 

H ig h  re la tiv e  h u m id ity  w as n ecessa ry  fo r p rev en tin g  w iltin g  o f  leav es d u e  to  w ate r 

loss. S iril an d  D h ar (1 9 9 7 ) repo rted  that co v e rin g  th e  in vitro ra ised  p lan ts  w ith  

p o ly th e n e  b ag s fo r the  first tw o  w eeks w as n ecessa ry  fo r the ac c lim a tza tio n  o f  Chinese 

ta llo w  tree . In  the  cu rren t s tudy  h ig h  h u m id ity  w as n ee d ed  on ly  fo r  th e  firs t s ix  to  

sev en  days and  expended periods u n d e r this h u m id ity  led to fungal g row th . T h e re fo re  

a  g rad u a l red u c tio n  in the  re la tiv e  h u m id ity  w as essen tia l an d  th is w as  ac h ie v ed  by 

m a k in g  h o le s  in th e  p o ly th en e  cover. A fte r tw o  w eek s th e  p ro tec tiv e  co v e r w as 

rem o v ed . T h e s e  p la n ts  w e re  m a in ta in e d  in g la ss  h o u s e  fo r  7 -8  w e e k s  to  a c h ie v e  

s te m  e lo n g a tio n  an d  fo rm a tio n  o f  n e w  leaves. S en ev ira tn e  et al. (1 9 9 3 ) also 

rep o rted  th a t th e  in vitro ra ised  Hevea sh o o t tip derived  p lan ts w ere  acc lim a tize d  by 

co n tro llin g  th e  am b ie n t cond itions, m ain ly  hum id ity . A fte r  a c c lim a tiz a tio n , th e  

p la n ts  w e re  p la n te d  in p o ly th e n e  b ag s  f ille d  w ith  so il, sa n d  an d  c o w  d u n g  ( 1 : 1:1  

w /v ). T h e  p la n ts  w e re  irrig a te d  w ith  w a te r  o n c e  in  tw o  d ay s  a n d  H o a g la n d 's  

m in e ra l s o lu tio n  w a s  a p p lie d  ev e ry  a l te m a te  w eek .

5. 2. Molecular confirmation of gene integration

5.2.1. Polymerase chain reaction analysis

T h e  p re se n c e  o f  nptW g en e  w as co n f in n e d  by the  am p lifica tio n  o f  8 0 4  bp 

s in g le  p ro d u c t in all the  th re e  tran sg e n ic  p lan ts an d  in  p o sitiv e  con tro l. W h e n  P C R  

w as p e rfo rm ed  w ith  H b S O D  g en e  sp ec ific  p rim ers, a  702  bp f ra g m en t w as am p lified  

in  all tra n sg e n ic  p lan ts  and  in  con tro l p lasm id . T h is  fra g m en t co rre sp o n d s  to  the 

cD N A  se q u en c es  co d in g  fo r a 702  bp  S O D  tran sg en e  o f  Hevea  tran sg e n ic  plants. 

T h is  7 0 2  b p  f ra g m en t w as ab sen t in the g en o m e  o f  u n tran sfo m ied  plant. T h ere fo re , 

th is  b an d  w as n o t d e tec ted  in th e  u n tra n sfo n n e d  plants. T h e  n a tiv e  S O D  g en e  

(g en o m ic  se q u en c e) o f  Hevea is a b o u t 3 .2  kb, w h ich  w as p rese n t in  the  tran sfo rm ed  

as w ell as u n tra n s fo n n e d  plants. H o w ev er, the  3 .2 k b  g en o m ic  f ra g m en t in  the



tran sg e n ic  p lan ts  w as am p lified  on ly  w h en  ex ten d ed  P C R  w as ca rrie d  out. T h ese  

resu lts  in d ic a te  th e  p resen ce  o f  th e  tran sg en e  in th e  g e n o m e  o f  Hevea  tran sg en ic  

plants.

5. 2. 2. Southern hybridization analysis

In teg ra tio n  o f  the T -D N A  reg ion  in to the g e n o m e  o f  the p u ta tiv e  tran sg en ic  

p lan ts  w as  co n firm e d  by S o u th ern  h y b rid iza tio n  analysis. W h e n  th e  D N A  o f  the  

tra n sg e n ic  p lan ts  w e re  d ig ested  w ith  EcoR  I, the  in teg ra ted  nptU g e n e  f ra g m en t o f  980  

bp g e t liberated . T h is is d u e  to  the  p resen ce  o f  th e  EcoR  I re s tric tio n  sites o n  b o th  

s ides o f  th e  npt II sequence. T h e  d C T P  labeled  npt II g e n e  p ro b e  g en e ra te d  a  b and  

o f  p red ic ted  s ize  (9 8 0  bp) w ith  EcoK  I d igests in all th e  th ree  te s ted  tran sg e n ic  p lan ts  

an d  in p o sitiv e  con tio l (v ec to r  p lasm id). N o  h y b rid iza tio n  co u ld  b e  d e tec ted  fo r 

u n tran sfo rm ed  n eg a tiv e  con tro l plant. T h e  resu lts  co n firm  th e  p re se n ce  o f  the 

tran sg e n e  in th e  g en o m ic  D N A  o f  tlie tran sg en ic  p lan ts.

T h e  Sac 1 e n z y m e  had a  u n iq u e  restric tion  s ite  to w ard s  the  left b o rd e r  o f  T - 

D N A . H y b rid iz a tio n  o f  Sac I d igests  w ith  npt II p ro b e  p ro d u ce d  bands w ith  m o re  

th an  2.5 kb size, rep resen tin g  th e  D N A  frag m en ts  co n ta in in g  th e  npt II g e n e  and  a  

p a r t o f  th e  p la n t g e n o m ic  D N A  located  o u ts id e  the  left T -D N A  b o rder. T h e  d iffe ren t 

h y b rid iz a tio n  pa tte rn s o bse rved  fo r  transgen ic  p lan ts  in d ica te  ra n d o m  in teg ra tio n  and  

m u ltip le  in se rtio n  o f  th e  T -D N A  in to  the  g en o m e  o f  th e se  p lan ts. E ac h  b an d  th a t 

h y b rid iz ed  to  the  Sac  1 d igested  g en o m ic  D N A  rep resen ts a  s in g le  co p y  o f  th e  

transgene . A lth o u g h , sam e  am o u n t o f  d igested  D N A  w as lo ad ed  in each  lane, the 

in ten sity  o f  th e  h y b rid iz in g  bands in tran sg e n ic  p lan ts w as d iffe ren t, f lir th e r in d ica tin g  

th e  d iffe ren ce  in  T -D N A  co p y  num bers. N o  h y b rid iza tio n  w as d e tec ted  fo r  the  

u n tran sfo rm ed  n eg a tiv e  contro l. T h e se  resu lts  co n firm e d  th e  su ccessfu l in te g ra tio n  o f  

th e  fo re ig n  g e n e  in  Hevea th ro u g h  Agrohacterium  m ed ia ted  g en e tic  tran sfo rm atio n . 

T h is  ty p e  o f  m u ltip le  in se rtio n  has b ee n  rep o rted  in  th e  g en e tic  tran sfo rm a tio n  o f  

Pinus m diata  (W a lte r  et a i ,  1998) and  in  b an a n a  (G an ap a th i et al., 2001 ). H ern an d e z  

et al. (1 9 9 8 )  rep o rted  th a t in  th& Agrohacterium  m ed ia ted  g en e tic  tra n sfo rm a tio n  o f  

av a ca d o . S o u th ern  b lo t ana lysis  p e rfo rm ed  w ith  EcoR  1 revea led  th e  p resen ce  o f  

d iffe ren t n u m b e rs  o f  b an d s  in d ica tin g  th e  in teg ra tion  o f  T -D N A  a t d iffe ren t sites.



D ete c tio n  o f  R N A  tran sc rip t levels w as p e rfo rm ed  by  N o rth e rn  b lo t analysis. 

T h e  p rim ers  u sed  fo r ihe sy n th esis  o f  the p ro b e  fo r  th e  p resen t s tu d y  co rre sp o n d s  to  

M n  S O D  cD N A  from  Hevea hrasiliensis (M ia  and  GaynoA-, 1993). M n  S O D  

tra n sc rip t le v e ls  w e re  ob se rv ed  in th e  u n tran sfo rm ed  and  tran sfo rm ed  ca llus and  

leav es co llec te d  f ro m  u n tran sfo m ied  and  tran sg en ic  plants. In d u c tio n  o f  w a te r  stress 

u sin g  0 .4 %  and  0 .6 %  led to th e  accu m u la tio n  o f  M n  S O D  m R N A . A  h ig h e r  tran sc rip t 

leve l w a s  o b se rv e d  in  th e  s tress  induced  callus u n tfan sfo rm ed  and  tran sfo rm ed  callus 

co m p a re d  \v ith  th e  co n tro ls  (no  stress). In th e  case  o f  callus su b je c ted  to  sa lin ity  stress 

w ith  so d iu m  ch lo ride , th e  m R N A  level w as ob se rv ed  to b e  h ig h e r at 100 m M  N aC l 

c o m p a re d  w ith  th e  co n tro l tran sfo rm ed  as w ell as u n tran sfo rm ed  ca llus . B u t a t 2 0 0  

m M  co n c en tra tio n  th e  m R N A  tran sc rip t level w as lo w er th an  th a t w as  o b se rv e d  at 

100 m M  N aC l c o n c en tra tio n  d u e  to in h ib itio n  o f  ca llus g row th .

N o rth e rn  h y b rid iz a tio n  ana ly sis  ca rried  o u t w ith  u n tran sfo rm ed  as w ell as 

tra n sg e n ic  leav es su b je c ted  to  w ate r s tress w ith  4 0 %  P E G  rev ea led  d iffe ren ce  in  

in ten s ity  o f  th e  b a n d s  in d ica tin g  th a t the  S O D  tran sc rip t levels w e re  d iffe ren t. T h e  

m R N A  level w as o b se rv ed  to be h ig h e r in  th e  tran sg e n ic  p lan ts  co m p ared  w ith  

u n tra n s fo m ie d  plant. P E G  stress in d u c tio n  led  to  h ig h e r m R N A  ac cu m u la tio n  in  th e  

tra n sg e n ic  p lan ts  th an  in u n tran sfo rm ed , w hich  w as ev id en t fro m  th e  in ten sity  o f  th e  

bands. D iffe re n ce  in ex p ress io n  w as also  ob se rv ed  b e tw een  th e  tw o  tran sg e n ic  plants. 

T h is  m ay  b e  d u e  to d iffe ren ce  in  the  s ite  o f  g en e  in teg ra tio n  an d  m u ltip le  in teg ration .

5. 4. Evaluation of superoxide dismutase, peroxidase and catalase 
enzyme activities in transformed callus.

W a te r  is re q u ire d  as a  m e d iu m  fo r b io c h e m ic a l a c tiv itie s  fo r  all k n o w n  life  

fo rm s . V e g e ta t iv e  g ro w th  o f  p la n ts  can  o n ly  o c c u r  a t a  ce rta in  ra n g e  o f  w a te r  

s ta tu s . In d u c tio n  o f  w a te r  s tress  in  p la n ts  is k n o w n  to  tr ig g e r  se v e ra l b io c h e m ic a l 

ch a n g es . P la n ts  re sp o n d  to  this s tre s s  in p a r i by  m o d u la tin g  g e n e  e x p re ss io n , 

w h ic h  e v e n tu a lly  le ad s  to  th e  re s to ra tio n  o f  h o m e o s ta s is , d e to x if ic a tio n  o f  to x in s  

a n d  re c o v e ry  o f  g ro w th . A n a ly s is  o f  th e  e n z y m e  a c tiv itie s  o f  tra n s fo rm e d  and  

u n tra n s fo rm e d  e m b ry o g e n ic  c a llu s  p ro v id e d  in te re s tin g  in s ig h t in to  th e  e x p re ss io n  

o f  f re e  ra d ic a l sc a v e n g in g  e n z y m e s , p a r tic u la r ly  su p e ro x id e  d ism u ta se  e n z y m e  in 

r e sp o n se  to  a b io tic  s tress . W a te r  s tre s s  in d u c ed  to  th e  tra n s fo rm e d  ca llu s  w ith



0 .4 %  (w /v )  p h y ta g e l e x h ib ite d  m o re  th an  5 0 %  in c re a se  in  th e  to ta l S O D  ac tiv ity . 

T h e  ro le  o f  S O D  in p ro te c tio n  o f  p la n ts  a g a in s t o x id a tiv e  s tre s s  is w e ll 

d o c u m e n te d  (M c K e rs ie  et at.., 1993). U n d e r d ro u g h t c o n d itio n s , th e  a c tiv ity  o f  th e  

e n z y m e s  th a t  d e to x ify  th e  R O S  m a y  in c re a se  a n d  a  h ig h e r  s c a v e n g in g  a c tiv ity  

m a y  c o r re la te  w ith  e n h a n c e d  d ro u g h t to le ra n c e  o f  th e  p la n ts  (B o w le r  et a l ,  1992). 

In  tra n s g e n ic  a l fa lf a  it w a s  o b se rv e d  th a t, o v e r-e x p re s s io n  o f  F e -s u p e ro x id e  

d is m u ta s e  in c re a se d  s u p e ro x id e  s c a v e n g in g  c a p a c ity  an d  th e re b y  im p ro v e d  th e  

w in te r  su rv iv a l. T h e  in c re a se d  F e -S O D  a c tiv ity  in  a lfa lfa  w a s  a s so c ia te d  w ith  

in c re a se d  w in te r  su rv iv a l o v e r  2 y ears  in  fie ld  (rials (M c K e rs ie  et a i ,  1996).

M a iz e  c a llu s  c u ltu re s  su b je c te d  to  w a te r  s tre s s  u s in g  P E G , a c tiv itie s  o f  

a n t io x id a n t e n z y m e s  su c h  as S O D , ca ta la se , p e ro x id a se  a n d  g lu ta th io n e  re d u c ta s e  

w e re  h ig h e r , a n d  d a m a g e  in d ic a te d  b y  th e  le v e ls  o f  h y d ro g e n  p e ro x id e  an d  

m a lo n d ia ld e h y d e  w as lo w e r  in  th e  d ro u g h t re s is ta n t c a llu s  (L i an d  V a n -S ta d e n , 

1998). T h e  ro le  o f  p e a  (Pisum sativum) c h lo ro p la s t m a n g a n e se  (M n ) a n d  c o p p e r-  

z in c  (C u -Z n )  s u p e ro x id e  d ism u ta se  in  p ro te c tin g  p la n t c e lls  f ro m  o x id a tiv e  s tre s s  

w a s  c o m p a i'ed  u s in g  tra n sg e n ic  p la n ts  o v e r  e x p re s s in g  th e  S O D s. E x p o s u re  o f  

th e s e  p la n ts  to  m e th y l v io lo g e n  sh o w e d  th a t th e  M n  S O D  o v e r  e x p re s s in g  p la n ts  

h a d  in c re a se d  p ro te c tio n  a g a in s t o x id a tiv e  m e m b ra n e  d a m a g e  e v e n  a t r e la tiv e ly  

h ig h  c o n c e n tra tio n s . In co n tra s t, the  C u -Z n  S O D  o v e r-e x p re s s in g  p la n ts  sh o w e d  

s ig n if ic a n t  p ro te c tio n  o n ly  at lo w e r  m ethy l v io lo g e n  c o n c e n tra tio n s  (G u p ta  et al., 

1993a). T h e  o v e rp ro d u c tio n  o f  c h lo ro p la s tic  S O D , A P X , an d  G R  in to b a c c o , 

c o tto n , an d  p o p la r  has  re su lted  in an  im p ro v e m e n t in  th e  p ro te c tio n  o f  

p h o to sy n th e s is  d u r in g  c h ill in g  s tress  (M c K e rs ie  et a i ,  2 0 0 3 ).

P e ro x id a se s  a re  a  la rg e  c lass  o f  e n z y m e s  w h ic h  a re  v e ry  e f f ic ie n t  c a ta ly s ts  

in  o x id a tiv e  re a c tio n s . H 2O 2 is s c a v e n g e d  by  th e  a s c o rb a te  p e ro x id a se s  an d  

ca ta la se s  o f  p la n t c e lls  (A sa d a , 1994). In th e  p re s e n t s tu d y  p e ro x id a s e  a n d  c a ta la se  

w e re  a lso  o v e r  e x p re s se d  p ro p o rtio n a l to  th e  o v e r  e x p re s s io n  o f  S O D . T h e  

p e ro x id a s e  e n z y m e  a c tiv ity  w as a lso  fo u n d  to  b e  h ig h e r  in  th e  t ra n s fo rm e d  ca llu s  

o v e r -e x p re s s in g  S O D , T h is  m ay  b e  d u e  to  th e  to x ic  lev e ls  o f  H 2O 2 a c c u m u la te d  b y  

th e  o v e r  e x p re s s io n  o f  S O D  in th e  c a llu s  u n d e rg o in g  s tre ss . T h e  h ig h e s t  lev e l o f  

p e ro x id a s e  a c tiv ity  w as  o b se rv e d  a t th e  c o n c e n tra tio n  in  w h ic h  th e  S O D  a c tiv ity  

w as  m a x im u m  ie. a l 0 .4 %  (w /v ) p h y ta g e l an d  4 %  (w /v ) P E G . A c c u m u la tio n  o f  

H 2O 2 is p o te n tia lly  h a rm fu l s in c e  it caji le ad  to  o x id a tiv e  d a m a g e  an d  lo ss  o f



s tru c tu re  an d  fu n c tio n . Il m ay , h o w e v e r, a lso  h a v e  a  re g u la to ry  ro le  in s ig n a l 

tra n s d u c tio n  d u r in g  lo w  te m p e ra tu re  s tre s s  (P ra sa d  e l a l ,  1995).

O v e r-e x p re s s io n  o f  an  Arabidopsis  p e ro x iso m a l a s c o rb a te  p e ro x id a se  g e n e  

in  to b a c c o  co u ld  p ro te c t le av e s  fro m  o x id a tiv e  s tre s s  d a m a g e  c a u se d  by  

a m in o tr ia z o le  w h ic h  in h ib its  c a ta la se  a c tiv ity  th a t is fo u n d  m a in ly  in g ly o x y so m e s  

an d  p e ro x iso m e s  an d  lead s  to  a c c u m u la tio n  o f  H 2O 2 in th o se  o rg a n e lle s  (W a n g  et 

a l ,  1999).

O v e r-e x p re s s io n  o f  M n  S u p e ro x id e  d ism u ta se  in  m a iz e  le a v e s  le ad s  to  

in c re a se d  m o n o d e h y d ro a s c o rb a te  red u c ta se , d e h y d ro a s c o rb a te  re d u c ta se  an d  

g lu ta th io n e  r e d u c ta s e  a c tiv itie s . E n h a n c e d  S O D  a c tiv ity  w as  a c c o m p a n ie d  b y  

e n h a n c e m e n t o f  m o n o d e h y d ro a s c o rb a te  re d u c ta se , d e h y d ro a s c o rb a te  re d u c ta s e  ■ 

a n d  g lu ta th io n e  re d u c ta s e  e n z y m e  a c tiv itie s . T h is  su g g e s ts  th a t  in c re a se d  re c y c lin g  

o f  r e d u c e d  a s c o rb a te  w as re q u ire d  to  c o m p e n sa te  fo r  e n h a n c e d  h y d ro g e n  p e ro x id e  

p ro d u c tio n  in tra n s fo rm e d  p lan ts  (A liso n  et al., 2 0 0 0  ).

C a ta la se  is a  te tra m e ric  h e m e -c o n ta in in g  e n z y m e  fo u n d  in  n e a r ly  a ll th e  

a e ro b ic  o rg a n ism s , w h ic h  co n v e r ts  h y d ro g e n  p e ro x id e  in to  w a te r  an d  m o le c u la r  

o x y g e n  in  p lan ts . C a ta la s e  e n z y m e  a lso  p lays an  im p o r ta n t ro le  in  e l im in a tin g  th e  

h a rm fu l a n d  to x ic  e ffe c ts  p ro d u c e d  by  th e  a c c u m u la tio n  o f  f re e  ra d ic a ls  in  

b io lo g ic a l sy s te m  u n d e r  v a r io u s  b io tic  an d  a b io tic  s tre s se s . A  re d u c tio n  in  th e  

a c tiv ity  o f  th is  e n z y m e  ca n  lead  to  th e  a c c u m u la tio n  o f  O 2'  a n d  H 2 O2, w h ic h  in  tu rn  

h e lp s  th e  fo rm a tio n  o f  h y d ro x y l ra d ic a l, w h ic h  is h ig h ly  to x ic . In  th e  p re s e n t 

s tu d y , th e  tre n d  o f  c a ta la se  a c tiv ity  w as  s im ila r  to  th a t o f  S O D  an d  p e ro x id a se . 

C a ta la s e  a c tiv i ty  w a s  h ig h e r  at w a te r  s tress  in d u c e d  w ith  0 .4 %  p h y ta g e l an d  4 %  

P E G  c o n c e n tra tio n s  w h ic h  in d ic a te s  th a t p ro p o r tio n a te  to  th e  o v e r  e x p re ss io n  o f  

S O D , c a ta la se  a c tiv ity  is a lso  en h a n c e d . T h e re  a re  re p o rts  th a t g en e s  fo r  ca ta la se  

is o fo rm s  in  p la n ts  a re  in d u c e d  b y  a b io tic  s tre s s  as w e ll as A B A  (G u a n  et al., 

2 0 0 0 ) . T h e  c o rre la tio n  b e tw e e n  e le v a te d  S O D , p e ro x id a se  a n d  c a ta la s e  e n z y m e  

a c tiv itie s  su g g e s ts  th a t  th e  e x p re ss io n  o f  S O D  enzym e- a lso  in f lu e n c e s  th e  o th e r  

f re e  ra d ic a l s c a v e n g in g  e n z y m e s  to  p ro v id e  p ro te c tio n  a g a in s t o x id a tiv e  s tre s s  in  

n o rm a l as  w e ll as tr a n s fo rm e d  ca llu s  cu ltu re s . T h e s e  re su lts  d e m o n s tra te  th a t S O D  

is a  c r it ic a l c o m p o n e n t o f  th e  a c tiv e -o x y g e n -s c a v e n g in g  sy s te m  o f  p la n ts  an d  

m o d if ic a tio n  o f  S O D  e x p re ss io n  in tra n sg e n ic  p la n ts  c o u ld  im p ro v e  p la n t’s s tress  

to le ra n c e .



6
SUMMARY AND CONCLUSIONS

N a tu r a l  r u b b e r  p r e s e n t  in  n u m e ro u s  p la n t  s p e c ie s  c o m m o n ly  k n o w n  a s  la t ic i f e r o u s  

p la n ts  h a s  b e e n  a n  e s s e n t ia l  p r o d u c t  f o r  m a n k in d .  A d v a n c e s  in  m o le c u la r  a n d  c e ll 

b io lo g y  o v e r  th e  p a s t  f e w  d e c a d e s  h a v e  le d  to  t h e  d e v e lo p m e n t  o f  a  w id e  r a n g e  o f  

t e c h n iq u e s  f o r  m a n ip u la t in g  g e n o m e s .  T h e  a d v e n t  o f  m o d e r n  b io te c h n o lo g y ,  

p a r t i c u la r ly  th o s e  in v o lv in g  th e  a p p l ic a t io n  o f  g e n e t ic  e n g in e e r in g ,  b r o u g h t  a b o u t  a n  

in d u s t r ia l  r e v o lu t io n ,  w h ic h  r e s u l te d  in  th e  p r o d u c t io n  o f  m a n y  v a lu e  a d d e d  p r o d u c ts  

t h a t  h a v e  g r e a t  im p a c t  o n  h e a lth ,  a g r ic u l tu r e  a n d  e n v i r o n m e n t .  T h e  r e c e n t  

d e v e lo p m e n ts  in  r e c o m b in a n t  D N A  te c h n o lo g y  a n d  in v itro  p la n t  r e g e n e r a t io n  

te c h n iq u e s  h a v e  p a v e d  th e  w a y  fo r  th e  s u c c e s s fu l  in te g r a t io n  o f  f o r e ig n  g e n e s  in to  th e  

g e n o m e  o f  m a n y  p la n t  s p e c ie s .  S u s c e p t ib i l i ty  o f  H evea  bra silien sis  t o  v a r io u s  b io t i c  

a n d  a b io t ic  s t r e s s  f a c to r s  in  th e  v a r io u s  a g r o - c l im a t ic  c o n d i t io n s  a n d  s u s c e p t ib i l i ty  to  

ta p p in g  p a n e l  d r y n e s s  h a s  b e e n  a  m a jo r  c o n c e r n  f o r  c ro p  p ro d u c t io n .  C r o p  lo s s  d u e  to  

th e s e  f a c to r s  is  v e r y  h e a v y . D e v e lo p m e n t  o f  t r a n s g e n ic  p la n ts  r e s i s ta n t / to le r a n t  to  

th e s e  f a c to r s  m a y  c o n t r ib u te  e n h a n c e d  c ro p  p r o d u c t io n .

In  t h e  p r e s e n t  w o r k  a  p r o to c o l  f o r  A grobacteriu m  tim e fa c ien s  m e d ia te d  

g e n e t ic  t r a n s f o r m a t io n  o f  H evea  brasilien sis  ( R u b b e r  t r e e ,  c lo n e  R R I I  1 0 5 )  h a s  b e e n  

d e v e lo p e d  a n d  t r a n s g e n ic  p la n ts  in te g r a te d  w ith  th e  g e n e  c o d in g  f o r  M n .S O D  u n d e r  

th e  c o n t r o l  o f  F M V  3 4 S  p r o m o te r  is  d e s c r ib e d .  T h e  p la s m id  v e c to r  ( p D U  9 6 .2 4 1 2 )  

u s e d  in  th i s  s tu d y  c o n ta in s  P -g lu c u r o n id a s e  u id k  a s  th e  r e p o r t e r  g e n e ,  n e o m y c in  

p h o s p h o t r a n s f e r a s e  {npt I I )  a s  th e  s e le c ta b le  m a r k e r  g e n e  a n d  th e  g e n e  c o d in g  f o r  

H evea  M n .  S O D  u n d e r  th e  c o n tro l  o f  F M V  3 4 S  p r o m o te r .

H evea  bra silien sis  ( c lo n e  R R J l  1 0 5 ) c a l lu s  d e r iv e d  f ro m  im m a tu r e  a n th e r  w a s  

t r a n s f o r m e d  w i th  A gi'obacterivm  Inmefaciens. T h e  a n t ib io t i c  r e s i s t a n t  c a l lu s  e m e r g e d  

w e r e  s e le c te d  a f te r  G U S  h is to - c h e m ic a l  s ta in in g .  T h e  p u ta t iv e ly  t r a n s f o r m e d  c e ll  l in e s  

w e r e  p r o l i f e r a te d  in  m o d if ie d  M S  m e d iu m  f o r t i f ie d  w i th  B 5  v i ta m in s ,  4 0 0  m g/1



c a s e in  h y d r o ly z a te  a n d  3 0 0  m g/1 g lu ta m in e ,  1 .0  m g/1 2 ,4 - d ic h lo r o p h e n o x y a c e t i c  a c id  

(2 , 4 - D ) ,  0 .2  m g/1 n a p h th a le n e a c e t ic  a c id  (N A A )  a n d  0 .5  m g/1 6 - b e n z y la d e n in e  (B A ).

A n  e m b r y o  in d u c t io n  f r e q u e n c y  o f  5 2 %  w a s  o b ta in e d  in  m o d if ie d  M S  

m e d iu m  s u p p le m e n te d  w ith  g r o w th  r e g u la to r s  N A A  ( 0 .2  m g/1 ), B A  (0 .3  m g/1), K n  

(0 .3  m g/1) a n d  G A ^ (0 .6  m g/1). F re q u e n c y  o f  e m b ry o  in d u c t io n  w a s  im p r o v e d  b y  

in d u c in g  w a te r  o r  o s m o t ic  s t r e s s  to  th e  c u l tu r e s .  In  th e  c a s e  o f  t r a n s g e n ic  e m b ry o s ,  

e m b r y o  in d u c t io n  f re q u e n c y  o f  6 2 %  w a s  o b ta in e d  o n  a  m e d iu m  s u p p le m e n te d  w i th

0 .6 %  p h y ta g e l .  E m b r y o  m a tu r a t io n  w a s  o b ta in e d  in  m o d if ie d  M S  m e d iu m  c o n ta in in g  

G A 3 ( 0 .4  m g /1 ) a n d  T D Z  (0 .3  m g/1). T h e  m a tu re  e m b ry o s  g e r m in a te d  a n d  d e v e lo p e d  

in to  p la n ts  a f te r  f o u r  to  f iv e  w e e k s , w h e n  in d iv id u a l e m b ry o s  w e re  c u l tu re d  o n  h a lf ­

s tre n g th  M S  m e d iu m  fo r t i f ie d  w ith  g r o w th  re g u la to rs . A d d it io n  o f  B A  (0 .3  m g/1) in  th e  

e m b ry o  g e r m in a t io n  m e d iu m  fa v o re d  s h o o t  e lo n g a tio n , b u t th e  g e r m in a t io n  p e rc e n ta g e  

w a s  n o t  im p ro v e d . M a x im u m  p la n t  c o n v e r s io n  (2 1 % )  w a s  o b s e rv e d  o n  h a lf -  s tre n g th  

M S  m e d iu m  s u p p le m e n te d  w ith  G A 3 (0 .3  m g/1) a n d  IB  A  (0 .1 0  m g/1). P la n t le ts  w ith  1-2 

w h o r l  o f  m a tu r e  le a v e s  w e r e  p la n te d  in  s m a ll  p o ly th e n e  b a g s  o r  e a r th e n w a r e  p o t s  f i l le d  

w i th  s te r i le  s o i l r i te ,  s a n d  a n d  so il  ( 1 : 1 : 1 ) a n d  c o v e r e d  w i th  th in  t r a n s p a r e n t  p la s t ic  

c o v e r s  to  m a in ta in  a  r e la t iv e  h u m id i ty  o f  90-95%  a n d  m a in ta in e d  in  g la s s  h o u s e  a t  2 6  

±  2 °C . A f te r  tr a n s p la n ta t io n ,  th e  p la n ts  w e r e  ir r ig a te d  e v e ry  a l te rn a te  d a y s  a n d  p ro v id e d  

w ith  h a l f - s t r e n g th  H o a g la n d ’s so lu t io n  fo r tn ig h tly . T h e  a c c l im a tiz e d  p la n ts  w e r e  th e n  

tr a n s p la n te d  to  b ig  b la c k  p o ly th e n e  b a g s  (9 I/2” x  2 2 ” ) f il le d  w ith  so il, s a n d  a n d  c o w  d u n g  

(2 :1 :1 )  a n d  m a in ta in e d  in  g re e n h o u s e .

P C R  w a s  p e r f o rm e d  w ith  H b  M n  S O D  g e n e  s p e c if ic  p r im e rs , a  7 0 2  b p  f ra g m e n t 

w a s  a m p lif ie d  in  all t r a n s g e n ic  p la n ts  a n d  in  th e  p la s m id  v e c to r  u se d  a s  p o s i t iv e  co n tro l. 

T h is  f r a g m e n t  c o r r e s p o n d s  to  th e  c D N A  s e q u e n c e s  c o d in g  fo r  S O D  g e n e  th a t  h a s  b e e n  

in te g ra te d  in to  th e  p la n t  g e n o m e . T h is  7 0 2  b p  f ra g m e n t  w a s  a b s e n t in  th e  u n tr a n s fo rm e d  

p la n t.  H o w e v e r ,  a  3 .2  k b  n a t iv e  S O D  g e n e  p re s e n t in  tr a n s f o r m e d  a s  w e ll  a s  

u n tr a n s f o rm e d  p la n ts  w e r e  a lso  a m p lif ie d  in  a n  e x te n d e d  P C R . T h is  3. 2  k b  b a n d  

c o r r e s p o n d in g  to  th e  g e n o m ic  D N A  se q u e n c e  o f  n a t iv e  S O D  w a s  a b s e n t  in  th e  p la s m id  

v e c to r .  T h e s e  r e s u lts  in d ic a te  th e  p re s e n c e  o f  th e  H b  M n  S O D  tr a n s g e n e  in  tr a n s g e n ic  

p la n ts .



I n te g r a t io n  o f  th e  T - D N A  r e g io n  in  to  th e  g e n o m e  o f  th e  p u ta t iv e  t r a n s g e n ic  

p la n ts  w a s  c o n f i r m e d  b y  S o u th e r n  h y b r id iz a t io n  a n a ly s is .  G e n o m ic  D N A  w a s  

d ig e s te d  w ith  r e s t r ic t io n  e n z y m e  E coR  I to  s h o w  th e  in s e r t  o f  p r e d ic te d  s iz e  a n d  w ith  

S ac  I to  s h o w  th e  in te g r a t io n  in to  th e  p la n t  g e n o m e  a n d  th e  n u m b e r  o f  in s e r t io n s .  

W h e n  th e  D N A  o f  th e  t r a n s g e n ic  p la n ts  w e r e  d ig e s te d  w ith  E coR  I, t h e  in te g ra te d  

n p tll  g e n e  o f  9 8 0  b p  g e t  l ib e r a te d .  T h e  d C T P  la b e le d  n p tll  g e n e  p r o b e  g e n e r a te d  

a  b a n d  o f  p r e d ic te d  s iz e  (9 8 0  b p )  w ith  E coR  I d ig e s ts  in  a ll th e  th r e e  te s te d  t r a n s g e n ic  

p la n ts  a n d  in  p o s i t iv e  c o n t ro l  ( v e c to r  p la s m id ) .  N o  h y b r id iz a t io n  c o u ld  b e  d e te c te d  

f o r  n o n - t r a n s g e n ic  n e g a t iv e  c o n tro l  p la n t .  T h e  Sac  1 e n z y m e  h a d  a  u n iq u e  r e s t r ic t io n  

s i te  to w a r d s  th e  le f t  b o r d e r  o f  T -D N A . H y b r id iz a t io n  o f  Sac  I  d ig e s t s  w i th  n p tll  

p r o b e  p r o d u c e d  b a n d s  w ith  m o r e  th a n  2 .5  k b  s iz e , r e p r e s e n t in g  th e  D N A  f r a g m e n ts  

c o n ta in in g  th e  n p tll  g e n e  a n d  a  p a r t  o f  th e  p la n t  g e n o m ic  D N A  lo c a te d  o u ts id e  th e  le f t  

T - D N A  b o r d e r .  E a c h  b a n d  th a t  h y b r id iz e d  to  th e  Sac  I d ig e s te d  g e n o m ic  D N A  

r e p r e s e n ts  a  s in g le  c o p y  o f  th e  t r a n s g e n e .  A lth o u g h ,  s a m e  a m o u n t  o f  d ig e s te d  D N A  

w a s  lo a d e d  in  e a c h  la n e ,  th e  in te n s i ty  o f  th e  h y b r id iz in g  b a n d s  in  t r a n s g e n ic  p la n ts  

w a s  d i f f e r e n t ,  f i i r th e r  in d ic a t in g  th e  d i f f e r e n c e  in  T - D N A  c o p y  n u m b e rs .  I t  is  

c o n f i r m e d  th a t  th e  th r e e  t r a n s g e n ic  l in e s  c o n ta in  d i f f e r e n t  c o p y  n u m b e r s  o f  th e  

in te g r a te d  g e n e  a n d  th a t  e a c h  p la n t  r e p r e s e n ts  a n  in d e p e n d e n t ly  t r a n s f o r m e d  l in e . N o  

h y b r id iz a t io n  w a s  d e te c te d  fo r  th e  n o n - t r a n s g e n ic  n e g a t iv e  c o n tro l .  T h e  S o u th e rn  

a n a ly s i s  r e s u l t  w i th  Sac  I d ig e s te d  D N A  c o n f i r m e d  th e  s u c c e s s fu l  in te g r a t io n  o f  th e  

f o r e ig n  g e n e  in  H evea  th r o u g h  Agj-obacterhm i m e d ia te d  g e n e t ic  t r a n s f o r m a t io n .

O v e r  e x p r e s s io n  o f  th e  S O D  c D N A  in r e s p o n s e  to  a b io t ic  s t r e s s  w a s  a n a ly z e d  

a t  th e  t r a n s c r ip t  le v e l b y  N o r th e r n  h y b r id iz a t io n  a n a ly s is .  W a te r  s t r e s s  w a s  in d u c e d  to  

c a l lu s  c u l tu r e s  u s in g  p h y ta g e l  ( 0 .4 %  an d  0 .6 % )  a n d  s a l in i ty  s t r e s s  u s in g  1 0 0  m M  

a n d  2 0 0  m M  s o d iu m  c h lo r id e .  A f te r  th e  in d u c t io n  o f  s t r e s s  f o r  15 d a y s ,  to ta l  R N A  

w a s  is o la te d  a n d  N o r th e r n  h y b r id iz a t io n  w a s  c a r r ie d  o u t  u s in g  r a d io  la b e le d  H b  M n  

S O D  p r o b e .  T h e  m R N A  tr a n s c r ip t  le v e l w a s  fo u n d  to  b e  h ig h e r  in  t r a n s f o r m e d  c a l lu s  

s u b je c te d  to  w a te r  s t r e s s  w ith  0 .4 %  p h y ta g e l  c o m p a r e d  to  u n t r a n s f o r m e d  c a l lu s  

s u b je c te d  to  w a te r  s tre s s . H ig h e r  m R N A  t r a n s c r ip t  a c c u m u la t io n  w a s  o b s e r v e d  in  th e  

c a l lu s  s u b je c te d  to  s a l in i ty  s t r e s s  in d u c e d  w i th  100  m M  s o d iu m  c h lo r id e .  T h e  

o x id a t iv e  s t r e s s  to le r a n c e  o f  th e  t r a n s g e n ic  p la n t  w a s  a ls o  a n a ly z e d  b y  N o r th e r n  b lo t



h y b r id iz a t io n  te c h n iq u e .  L e a v e s  w e r e  d e ta c h e d  f ro m  o n e  n o r m a l  a n d  tw o  t r a n s g e n ic  

p la n ts ,  o s m o t ic  s t r e s s  w a s  im p a r te d  to  th e  le a v e s  u s in g  4 0 %  P E G  f o r  4  h rs  a n d  fo r  

c o n t r o l  t h e  le a v e s  w e r e  k e p t  in  D E P C  t r e a te d  w a te r .  R N A  w a s  is o la te d  a n d  N o r th e r n  

h y b r id iz a t io n  a n a ly s i s  w a s  c a r r ie d  o u t  u s in g  S O D  p r o b e  is o la te d  f ro m  th e  p la s m id  

v e c to r .  T h e  r e s u l t s  r e v e a le d  h ig h e r  S O D  t r a n s c r ip t  le v e l in  s t r e s s  in d u c e d  le a v e s  

in d ic a t in g  o v e r  e x p r e s s io n  o f  th e  t r a n s g e n e  d u e  to  s t r e s s  in d u c t io n .  S O D  e n z y m e  

a c t iv i ty  w a s  a l s o  h ig h e r  in  c a l lu s  s u b je c te d  to  a b io t ic  s tre s s . T h e  t r a n s f o r m e d  c a l lu s  

c u l tu r e s  to  w h ic h  w a te r  s t r e s s  w a s  in d u c e d  w i th  0 .4 %  p h y ta g e l  e x h ib i te d  m o r e  th a n  

50% ) in c r e a s e  in  S O D  a c t iv i ty .  H ig h e r  S O D  e n z y m e  a c t iv i ty  w a s  a l s o  o b s e r v e d  in  

c a l lu s  s u b je c te d  to  o s m o t ic  s t r e s s  w ith  d i f f e r e n t  c o n c e n t r a t io n s  o f  p o ly e th y le n e  

g ly c o l ,  4 0 %  in c r e a s e  in  S O D  e n z y m e  a c t iv i ty  w a s  o b s e r v e d  a t  4%> P E G  

c o n c e n t r a t io n .  P e r o x id a s e  a n d  c a ta la s e  e n z y m e s  w e r e  a l s o  o v e r - e x p r e s s e d  

c o r r e s p o n d in g ly  in  r e s p o n s e  to  s t r e s s  in d u c t io n .

F o l lo w in g  th is  b io c h e m ic a l  c h a r a c te r iz a t io n ,  th e  m o s t  p r o m is in g  t r a n s g e n ic  

p la n ts  w il l  b e  p r e s e r v e d  a s  s o u r c e  o f  b u d - w o o d  f o r  m a s s  m u l t ip l ic a t io n  o f  t r a n s g e n ic  

p la n ts  b y  b u d  g r a f t in g .  S in c e  m b b e r  t r e e s  a r e  a m e n a b le  to  v e g e ta t iv e  p r o p a g a t io n  b y  

b u d  g r a f t in g ,  o n c e  a  t r a n s g e n ic  p la n t  f o r  a  t r a i t  is o b ta in e d ,  a n  u n l im i te d  n u m b e r  o f  

s u c h  p la n ts  c a n  b e  p r o d u c e d .  T h e  o r ig in a l  m o th e r  p la n t  m a y  b e  m a in ta in e d  in  th e  

g r e e n  h o u s e  f o r  lo n g  te rm  s tu d ie s .

T h e  p r o m is e  o f  b io te c h n o lo g y  a s  a n  in s t ru m e n t  o f  d e v e lo p m e n t  l ie s  in  its  

c a p a c i ty  to  im p r o v e  th e  q u a n t i ty  a n d  q u a l i ty  o f  p la n ts  q u ic k ly  a n d  e f f e c t iv e ly .  T h e  

a p p l ic a t io n  o f  b io te c h n o lo g y  c a n  c r e a te  p la n ts  th a t  a r e  r e s i s ta n t / to le r a n t  to  d r o u g h t  

a n d  d is e a s e s .  P l a n t ’s  p h y s io lo g ic a l  c h a r a c te r i s t i c s  c a n  a l s o  b e  a l te r e d  f o r  r e d u c in g  th e  

im m a tu r i ty  p e r io d  f o r  la te x  h a r v e s t .  E n g in e e r in g  o f  H evea  f o r  h ig h  y ie ld  p o te n t ia l ,  

im p r o v e m e n t  o f  w o o d  q u a l i ty  a n d  v o lu m e  i.e . g e n e r a t io n  o f ‘la te x  t i m b e r ’ c lo n e s  a re  

o th e r  p r o m is in g  f u tu r e  o b je c t iv e s  in  H evea  c r o p  im p r o v e m e n t  b y  g e n e t ic  e n g in e e r in g .  

I t  is  n o te w o r th y  to  o b s e rv e  th a t ,  w ith  its  u n iq u e  la t ic i f e r o u s  s y s te m  w i th  c o n t in u o u s  

p r o d u c t io n  o f  la te x  H evea  g e n e t ic  e n g in e e r in g  m a y  c o n t r ib u te  to  a  n e w  re v o lu t io n ,  

w h ic h  w i l l  a l lo w  to  g r o w  t r e e s  w ith  d e s i r e d  t r a i t s  a n d  p r o d u c e  v a lu a b le  r e c o m b in a n t  

p r o te in s  h a v in g  p h a r m a c e u t ic a l  a n d  in d u s t r ia l  im p o r ta n c e .
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B 5 G a m b o r g  B 5
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