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Isolation and characterization of Ribulose 1,5 -  bisphosphate 
carboxylase small subunit gene from Hevea brasiliensis

A. Saleena, R. Supriya, K. P. Ranjith, V. S. Soumyarani and A. Thulaseedharan
Biotechnology Division, Rubber Research Institute o f India, Kottayam 686 009

A bstractI ‘
Hevea brasiliensis, the major source of natural rubber is a member of the family Euphorbiaceae. In the present study an attempt 
has been made for the isolation and characterization of ribulose 1 ,5 -  bisphosphate carboxylase small subunit gene (rbcS) from 
Hevea brasiliensis (clone RRII 105). The RuBisCO gene was PCR amplified from the genomic DNA of Hevea brasiliensis. 
cloned in Topo TA* vector and sequenced. The sequence was compared with the earlier reported cDNA sequence of RuBisCo 
from Hevea brasiliensis. The sequence revealed the presence of a 1.7 kb gene which includes a short sequence of 176 bp 
corresponding to a signal peptide. TWo introns of I I 15 bp and 97 bp were present in the genomic sequence. The first intron was 
seated in the sequence coding for the transit peptide The exon region of the isolated genomic sequence was found to be identical 
with the reported cDNA sequence. Signal P prediction results showed a signal peptide probability of 0.991. The existence of 
signal peptide and the identification of the promoter can be exploited for a ntunber of transgenic applications including targeted 
transport of various proteins in Hevea leaf chloroplasts.
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Intrbdnction

Hevea brasiliensis h a s b een e sta b lish e d  as the o n ly  
c o m m e rcia l so u rce  o f  n a tu ra l ru b b e r d u e  to  its  good 

ly ie ld  a n d  e x c e lle n t  p h y s ic a l p ro p e rtie s o f  the p ro d u cts 
developed ( A r c h e r  an d  A u d le y , 1 9 7 3 ) .  T h e  in v e n tio n s 
o f  n o v e l b io te c h n o lo g ic a l to o ls fo r gen e tra n sfe r an d  the 

in tro d u ctio n  o f  a g ro n o m ic a lly  d e s ira b le  tra its h a s added 
d im e n s io n s  to  c ro p  im p ro v e m e n t p ro g ra m m e s in  
\a. T h e  a b i l it y  to  o b ta in  s p e c if ic  e x p r e s s io n  o f  

foreign o r n a t iv e  genes in  Hevea o p e n s u p  the p o s s ib ilit y  

9»of im p r o v in g  th e  c r o p  c o m m e r c ia l ly  b y  g e n e t ic  
m a n ip u la tio n  fo r in c re a se d  stress to le ra n ce , ru b b e r y ie ld  

and other a g ro n o m ic  tra its. T h e  la c k  o f  g e n e tic  d iv e r s ity  
o f  th is  c ro p  m a k e s  it  h ig h ly  s u s ce p tib le  to p a th o g e n ic  

attack a n d  o th er fa ilu re s .

R u B is C O  is  th e  m o st a b u n d a n t p ro te in  in  the 

photosynthetic o rg a n is m s  (G u tte rid g e  a n d  K e y s ,  19 8 5 ). 
R u B is C O  is  the b i* fu n c tio n a l e n z y m e  p la y in g  the k e y  
!role o f  c a ta ly z in g  the c a rb o x y la t io n  o r  the o x y g e n a tio n  
o f  rib u lo se  1 , 5 -b isp h o sp h a te  (R u B p )  w ith  c a ib o n  d io x id e  
o r o x y g e n  i i i  the C a lv in  c y c le . M a g n e s iu m  io n s  (Mg**) 
are n eeded  fo r  e n z y m a tic  a c t iv it y . I n  th is  w a y  n o n - 

a s s im ila to ry  fo rm  o f  atm o sp h e ric  ca rb o n  d io x id e  is  m ade 

a v a ila b le  to  o rg a n is m s  in  th e  a s s im ila t o r y  fo rm  o f  
carb ohyd rates th ro u g h  the ene -  d io l m e c h a n ism . In  algae

an d  other h ig h e r  p la n ts  e ig h t l a ^ e  su b u n its  c o n ta in in g  

the c a t a ly t ic  s ite , a re  s u p p le m e n te d  b y  e ig h t s m a ll 
su b u n its w h ic h  are thought to p la y  a re g u la to ry  ro le. T h e  

larg e  su b u n it is  sy n th e size d  in  the c h lo ro p la st; w he re as 

the s m a ll su b u n it is  m a d e  on c y to p la sm ic  80 S  rib o so m es 
and im p o rted  in to  the c h lo ro p la st

R u B is C O  is  often rate l im it in g  fo r p h o to syn th e sis  
i n  p la n t s ,  a n d  h e n c e  it  i s  p o s s ib le  to  im p r o v e  

ph oto syn th etic  e ff ic ie n c y  b y  m o d ify in g  R u B is C O  genes 
in  p la n ts to in c re a se  its  c a ta ly t ic  a c t iv it y  a n d /o r decrease 

the ra te  o f  the o x y g e n a t io n  a c t iv it y  ( S p r e it z e r  a n d  

S a lv u c c i,  2 0 0 3 ) . A p p ro a c h e s  h a v e  b e e n  in it ia te d  to 
transfer R u B is C O  genes w ith  v a ry in g  s p e c if ity  fro m  one 

o r g a n is m  to  a n o th e r  f o r  in c r e a s in g  th e  le v e l  o f  

e x p r e s s io n  o f  the R u B is C O  s u b u n its  a n d  to  a lte r  
R u B is C O  genes so as to in cre a se  s p e c if ic it y  fo r carb o n  

d io x id e  o r  o th e rw ise  to in c re a s e  the rate  o f  c a rb o n  

f ix a t io n  (P a r ry  et al.y 2 0 0 3 ). O n e  p a rt ic u la r ly  in terestin g  
av e n u e  is  to  in tro d u ce  R u B is C O  v a ria n ts  w ith  n a tu ra lly  
h ig h  s p e c if ic it y  v a lu e s  su c h  as the o n e fro m  the red  a lg a  
Galdieria partita in to  p la n ts. T h is  w o u ld  be expected  

to im p ro v e  the p h o to syn th e tic  e f f ic ie n c y  o f  c ro p  p lan ts 
(W h itn e y  a n d  A n d re w s , 2 0 0 1 ) .  Im p o rtant a d v a n ce s in  

t h is  a r e a  in c lu d e  th e  r e p la c e m e n t  o f  th e  t o b a c c o  

R u B is C O  e n z y m e  w ith  that o f  the p u rp le  p h oto synthetic 
b a c t e r iu m  Rhodospirillum rubrum ( A n d r e w s  a n d



W h itn e y , 2 0 0 3 ). A lth o u g h  the rb c S  genes h a v e  b een 
c lo n e d  in  h ig h e r  p la n t s ,  th e  c h r o m o s o m a l lo c i  o f  

in d iv id u a l m em b ers o f  the rb c S  genes h a v e  not been w e ll 

e x a m in e d  (D e a n  et al., 19 8 9 ).

In  the present stud y, an  attem pt h a s b een m a d e  
fo r the is o la t io n  a n d  c h a ra c te riz a tio n  o f  r ib u lo s e  1 , 5 -  

b isp ho sp hate ca rb o x y la se  s m a ll su b u n it gene (rb c S ) fro m  

Hevea brasiliensis ( c lo n e  R R I I  1 0 5 ) .  T h e  g e n o m ic  
seq u en ce c a n  be late r u se d  fo r  the c h a ra c te riz a tio n  o f  

the p ro m o te r fo r the rb c S  g en e as w e ll as to d e riv e  the 

s ig n a l p e p tid e s w h ic h  o p e n s the d o o r fo r d e v e lo p in g  
tra n s g e n ic  ru b b e r tre e s w it h  in c re a s e d  le a f  s p e c if ic  

e x p re ss io n  o f  a g ro n o m ic a lly  im p o rtan t genes.

M a t e r ia ls  a n d  M e th o d s

D N A  is o la t io n

T h e  p la n t m a te ria l u se d  in  the present 

stu d y  w a s  c o lle c te d  fro m  the g e rm p la s m  n u rs e ry  o f  
R u b b e r  R e s e a rc h  In stitu te  o f  In d ia . G e n o m ic  D N A  w as 
iso la te d  from the y o u n g , u n in fe c te d  le a v e s  o f  Hevea 
clone R R I I  10 5  fo llo w in g  the m o d ifie d  C T A B  p ro to co l 
o f  D o y le  et ai ( 1 9 9 0 ) . T h e  iso la te d  D N A  w a s  c h e c k e d  
fo r q u a lit y  v ia  ag a ro se  g e l e le ctro p h o re sis

P C R  a m p lif ic a t io n  o f  R u B i s C O  s m a ll  s u b u n it  gene 

f r o m  th e  Hevea c lo n e  R R I I  1 0 5

F o r  the a m p lif ic a t io n  o f  rb c S  gen e, p r im e rs  w ere 
d e sig n e d  b a se d  o n  a  e a r lie r  repo rted  c D N A  sequence 

( C h y e  e t  a l . ,  2 0 0 4 ; G e n b a n k  a c c e s s io n  n o : M 6 0 2 7 4 ). 
T h e  n u c le o tid e  se q u e n ce  o f  the d e sig n e d  p r im e rs  w ere 

as fo llo w s :

F o rw a rd  p r im e r: 5* a t g  G C T T C A T x rrA T O  c m  c  3 ’ 

R e v e rs e  p r im e r: 5  ’ t t a  t t c  a g c ^ g c c  n r  a g g  c t t  g t a  3  ’

T h e  P C R  w a s c a rr ie d  out in  2 0  fxl re actio n s, w h ic h

c o n ta in e d  1 X  b u ffe r h a v in g  1 .5  m M  M g C l j  ( p H  8 .3 ),

10 0  f iM  o f  each d N T P ’s, 0 .5  u n it o f  D N A  p o lym e ra se  
( M / S  B a n g a lo re  G e n e i,  In d ia ) , 2 0  n g  o f  te m p late  D N A  

(g e n o m ic  D N A  fro m  le a f)  a n d  2 5 0  n M  o f  p r im e rs  in  a 

th e r m a l-c y c le r  (P e rk in  E lm e r  4 8 0 ). T h e  P C R  co n d itio n s 

w e re ; in it ia l den atu ratio n  at 94®C fo r 3  m in u te s fo llo w e d  
b y  3 6  c y c le s  w it h  d e n atu ratio n  a l  94®C fo r I  m in u te , 
a n n e a lin g  te m p e ra tu re  o f  6 0 ^  fo r  1 m in u te  a n d  a n  

e x te n sio n  at 72® C  fo r 1 m in u te . T h e  f in a l e x te n sio n  w a s 

c a rr ie d  out at 7 2 ® C  fo r  1 0  m in u te s . A m p lif ie d  p ro d u cts 
w e re  sep arated  in  a  1 %  ag a ro se  g el.

C lo n in g  a n d  S e q u e n c e  C h a r a c t e r iz a t io n  o f  th e  
r b c S  g en e

The amplified rbcS fragment was ^oXcd ota

u s in g  the D N A  g e l b a n d  p u r if ic a t io n  k it  ( M /S  A m e rs h a m  

P h a rm a c ia  B io te c h , U S A )  fo llo w in g  the m a n u fa c tu re r’s 
instru ctio n s. T h e  a m p lif ie d  pro duct after p u rif ic a t io n  was 

u se d  d ir e c t ly  fo r  c lo n in g .  C lo n in g  o f  the a m p lif ie d  
g e n o m ic  D N A  w a s  c a rr ie d  out u s in g  T O P O  T A *  c lo n in g  

k it  fo r se q u e n c in g  ( M /S  In v itro g e n  L if e  T e c h n o lo g ie s , 

U S A )  fo llo w in g  the m a n u fa ctu re r’s p ro to co l. T h e  cloned  
gen e w a s tra n sfo rm e d  in to  the c h e m ic a lly  com petent E. 
coll ( D H 5 a )  c e l ls  s u p p lie d  a lo n g  w it h  th e  k it .  T h e  

tra n sfo rm e d  c e lls  w e re  p la te d  o n  the L B  a g a r p lates 

co n ta in in g  5 0  ^ g /  m l a m p ic lU in  an d  the p o s it iv e  co lo n ie s 

w e re  selected.

C o n f ir m a t io n  o f  t r a n s f o r m a t io n

A  few  c o lo n ie s  w e re  se le cte d  afte r 1 6  h o u rs o f  

in c u b a tio n  an d  c o lo n y  P C R  w a s done to id e n tify  p o sitive  

c lo n e s. A  tip  to u ch  o f  in d iv id u a l c o lo n ie s  w e re  used  as 
te m p la te . T h e  in it ia l  d e n a tu ra t io n  te m p e ra tu re  w a s 

in cre a se d  to 9 6 ° C  fo r 1 0  m in u te s. P la s m id s  w e re  iso lated  

fro m  p o s it iv e  c lo n e s  u s in g  P erfect p re p  P la s m id  i  > 
K i t  ( M / S  E p p e n d o r f ,  U S A ) .  T h e  c o n f ir m a t io n  o f  
tra n sfo rm a tio n  w a s  d o ne b y  a m p U fic a tio n  o f  the insert 
fro m  the p la sm id s  obtained. A b o u t 2  n g  o f  p la s m id  D N A  
w a s  u se d  as tem p late  in  a  P C R  re a ctio n  o f  3 0  c y c le s  
w ith  the sa m e p r im e r  u se d  to a m p lif y  the ib c S  gene. 

A m p lif ic a t io n  w a s c h e c k e d  th ro u g h  1 .5  %  ag a ro se gel 

e le ctro p h o re sis.

C h a r a c t e r iz a t io n  o f  th e  D N A  s e q u e n c e  f o r  r b c S  gene

T h e  r e c o m b in a n t  p la s m id s  o b t a in e d  w e re  
se q u e n c e d  at M / S  M a c r o g e n , K o r e a . S e q u e n c e  w as 

a lig n e d  u s in g  the C L U S T A L  W  so ftw are  at the E M B L  

E B I  site  (T h o m p so n  et al.̂  19 9 4 ) w ith  the reported c D N A  
seq u en ce o f  rb c S  se q u e n ce  (A c c e s s io n  n o : M 6 0 2 7 4 ). 
B L A S T  a n a ly s is  ( A lt s c h u l  et al., 1 9 9 7 )  w a s  a ls o  
p e rfo rm e d  to co m p a re  the o b ta in e d  se q u e n ce s w ith  the 
reported seq uence fro m  o th er sp e cie s.

R e s u lt s  a n d  D is c u s s io n •

T h e  g e n o m ic  D N A  is o la t e d  f r o m  th e  leaves'^ 
( F ig .  1 )  w a s u se d  fo r the is o la t io n  o f  the g en e thro ugh ] 

P C R  a m p lif ic a t io n  u s in g  th e  d e s ig n e d  g e n e  s p e c if ic  : 

p r im e rs  P C R  a m p lif ie d  p ro d u ct h a d  a  m o le c u la r  w eight 
o f  a p p ro x im a te ly  1.7 k b  ( F ig .  2 ) .  T h e  a m p lif ie d  p ro d u ct 
wias c lo n e d  in  T O P O  T A  v e c to r ( M /S  In v itro g e n  life  

t e c h n o lo g ie s ,  U S A ) .  P o s it iv e  t r a n s f o r m a n t s  w e re  
id e n t if ie d  th ro u g h  c o lo n y  P C R  ( F ig .  3 ) . T h e  iso lated  

p la s m id s  fro m  the p o s it iv e  tra n sfo rm an ts ( F ig .  4 )  w e r e . 
seq u en ced  to c h a ra c te riz e  the g en e insert.

T h e  se q u e n ce  a n a ly s is  s h e w e d  tViat t i ie  iso lated  

g im c  finagm eni»  h a v T i^  1 7 6 2 b a ie  p a ir s  t h d i  tw o  im rot
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1. DNA hoiatlon fnm  RR III105

^ 8 3  -  12 9 8 b p , 1 4 3 2  -  1 5 2 9  b p ) ( F ig . 5 ) . T h e  g e n o m ic  

le n ce  h a s been registered  in  N C B I  w ith  the acce ss io n  

fno : E U 4 4 9 7 6 3 .  T h e  s e q u e n c e  c o m p a r is o n  u s in g  

X U S T A L  W  o f  the iso la te d  seq u en ce w ith  the reported 
^ D N A  se q u e n ce  o f  rb c S  g en e ( N C B I  a c c e s s io n  N o : 

16 0 274 ) sh o w e d  1 0 0  % seq u en ce h o m o lo g y  in  the 5 49  
W e p a ir  e x o n  re g io n  w ith  ( F ig .  6 ). T h e  g en e co d e s fo r  a 
^ t e i n  o f  18 3  a m in o  a c id s . B L A S T  a n a ly s is  re ve a le d  

ffp q u e n ce h o m o lo g y  w it h  r b c S  m R N A  s e q u e n c e

H k .  2. P C R  am plifica tion  o f  RuBisC o sm all subun it 
^mnarkcr
I  Laaes l& 2> prim er controls

Fig. 3. C olony P C R  o f  trasform ed  colonies 
M 'M ark er

Fig. 4. Plasm id 1 & 2 : Plasm id osolation from  tra n s re rre d  colonies 
L naes l& 2 :P lasm ld  osolated f r o ^  th e  positive transfo rm ed  
cononies j
Lane 3 : C on tro l plasm id . ;

k

( M 6 0 2 7 4 )  fro m  Hevea brasiliensis ( 1 0 0 % ) a n d  fro m  
o th e r sp e c ie s  l ik e  Manihot esculenta ( 8 8 % ) ,  Oryza 
sativa ( 7 9 % )  etc. B io in fo r m a t ic  to o ls  l ik e  ‘ S ig n a l P* w a s 

u se d  fo r the p re d ic t io n  o f  s ig n a l pep tid es present in  the 

seq uence. S ig n a l P  p re d ict io n  re su lts  sh o w e d  a  s ig n a l 

p e p tid e  p r o b a b ility  o f  0 .9 9 1 ( F ig . 7 ) . T h e  e x iste n ce  o f  

tra n sit p e p tid e  seq u en ce ( 17 6 b s )  is  lo cated  betw een 2 7  

-  2 0 3  n u c le o tid e s w ith in  the iso la te d  g e n o m ic  sequence.

D iffe re n t p ro te in s sy n th e size d  in  the cy to p la sm  
f in d  out th e ir  target to co rre sp o n d in g  o rg a n e lle  b y  m eans 

o f  a  tra n sit p e p tid e  p resent in  the N -  te rm in a l end. T h is  
p r in c ip le  is  w id e ly  u se d  in  tra n s g e n ic  te c h n o lo g ie s  

(G u p ta  et al., 1 9 9 3 ) .  T h e  tra n sit p e p tid e  a id s  in  the 
tra n slo ca tio n  o f  the p ro te in  to the re sp e ctiv e  o rg a n e llle s. 
T h e  ro le  o f  these n u c le a r -e n c o d e d  s m a ll s u b u n its  in  

R u B i s C O  s t r u c t u r e  a n d  f u n c t io n  is  n o t y e t  f u l l y  
und ersto o d . It  is  assu m e d  that the s m a ll su b u n its  m a y  
h a v e  o rig in ate d  d u rin g  e v o lu tio n  to support larg e -su b u n it

Fif. 5. Genomic sequence of RuBlsCO small subunit gene from 
the clone R R II105

Start codon 
Exons 

Introns
N u cleotid e seq u en ce  fo r  th e  T ransit peptide  

Stop codon
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Fig. 6. C LU STA L W  m ultip le  sequence  a lig n m en t o f  R uB isC O  sm all 
subnn lt gene (rbcS) from  th e  clone R R II lOS w ith th a t  o f  thereported  
cDNA sequence (M60274)

a c t iv e  s ite s , bu t the e x te n s iv e  d iv e rg e n c e  o f  stru ctures 

a m o n g  p ro k a ry o te s, a lg a e , a n d  h ig h e r  p la n ts  se e m s to 

in d ic a t e  th at s m a ll  s u b u n its  h a v e  m o r e -s p e c ia l iz e d  
f u n c t io n s . F u r t h e r ,  p la n t s  a n d  g re e n  a lg a e  c o n t a in  
f a m il ie s  o f  d if f e r e n t ia l ly  e x p re s s e d  s m a ll  s u b u n its , 
r a is in g  the p o s s ib il it y  that these su b u n its  m a y  regulate

\

Fig. 7. S ignal pep tide prediction 
>atggcttcat
Prediction: Signal peptide 
Signal peptide probability: 0.991 
Signal anchor probability: 0.002 
Max cleavage site probability: 0.238 between pos. 59 and 60

th e  s t r u c t u r e  o r  f u n c t io n  o f  R u B i s C O .  S t u d ie s  o f  

in te rs p e c if ic  h y b r id  e n z y m e s h a v e  in d ica te d  that s m a ll 
su b u n its  are re q u ire d  fo r m a x im a l c a ta ly s is  an d  in  seve 

case s co n trib u te  to COJÔ  sp e c if ic ity . A lth o u g h  g en eu v 
e n g in e e rin g  o f  s m a ll-s u b u n it  re m a in s  d iff ic u lt  in  h ig h e r 

p lan ts, d irected  m utagenesis o f  cya n o b a cte ria l an d  green* 
a lg a l g en es h a s  id e n t if ie d  s p e c if ic  stru ctu ra l re g io n s  that 

in f lu e n c e  c a ta ly t ic  e f f ic ie n c y  a n d  C O j/O ^  s p e c if ic ity . It 

is  th u s ap parent that s m a ll su b u n its  w i l l  n eed  to b e  take n  
in to  acco u n t a n d  strategies d e ve lo p e d  fo r  cre a tin g  better 

R u B i s C O  e n z y m e . A s  a n y  o th e r  n u c le a r  e n c o d e d  
c h lo ro p la st  p ro te in  rb c S  is  a ls o  sy n th e sise d  o n  c y to s o lic  
r ib o s o m e s , u s u a lly  as p re c u rs o rs  w ith  a i tra n sie n t N -  

te rm in a l e x te n sio n  c a lle d  a  tra n sit p e p tid e  a n d  im p o rted  
in to  c h lo ro p la sts.

S o m e  features c o m m o n  to  tra n sit p e p tid e s fo u n d  
in  Hevea rb c S  tra n sit p e p tid e  in c lu d e  the ab u n d an ce  o f  

th e  h y d r o x y la t e d  a m in o a c id s  s e r in e  a n d  th re o n in e  
( 3 0 . 5 % ) ;  the p resen ce o f  s m a ll h y d ro p h o b ic  a m in o a c id s  
a la n in e  a n d  v a lin e  ( 2 2  %) a n d  the p a u c it y  o f  a c i 
a m in o a c id s  (o n ly  a  s in g le  asp a rtic  a c id  re sid u e  at p o sitio n  
1 4 )  ( C h y e  et al,, 1 9 9 1 ) .

B o w le r  et al. ( 1 9 9 1 ) ,  reported  a  c h im a e r ic  gene 

c o n s tru c t , w h e re  s ig n a l s e q u e n c e  o f  m it o c h o n d r ia l 
M n S O D  re p la c e d  w ith  c h lo ro p la s t ic  s ig n a l seq u en ce o f  
R u B i s C O  s m a ll  s u b u n it  p r o t e in  a n d  th e  re s u lt a n t  

tra n sg e n ic  p la n ts  w e re  fo u n d  to b e  re sistan t to o x id a tiv e  
d am a g e  in d u ce d  b y  lig h t  dependent m e th y l v io lo g e n  and 

o zo n e . S tu d ie s  o n  the fu n c t io n a l c h a ra c te riz a t io n  o f  > 

seq u en ce m o tifs  in  Arabidopsis suggested  that the transit 
p e p tid e s c o n ta in  m u lt ip le  m o tiffs  a n d  that so m e  o f  them  

a ct in  c o n c e rt  o r  s y n e r g is t ic a l ly  ( L e e  et al.̂  2006). 
S e c o n d a ry  o r te rt ia ry  stru ctu ra l features o f  p re cu rso r 
p ro te in s are a lso  im p o rtan t fo r p ro te in  im p o rt, a lo n g  w ith



the tra n s it  p e p tid e  fo r  the im p o rt  o f  p ro te in  in  the 
chloroplasts (L u b b e n  et al.̂  19 8 9 ). T h is  p r in c ip le  co u ld  
be better e x p lo ite d  to o v e r e xp re ss v a r io u s  stress related 
genes in  Hevea le a f  c h lo ro p la sts . T h e  is o la t io n  o f  the 

rbcS gene fro m  Hevea c a n  a ls o  b e  u t iliz e d  to further 

ch aracterize  the 5* re g u la to ry  se q u e n ce  o f  the gene. 
Iso latio n  o f  the re g u la to ry  e le m e n ts p ro v id e  a  w a y  to 

[exp ress t r a n s g e n ic  p r o t e in s  in  Hevea le a f  u s in g  a 

fco m b in a tio n  o f  rb c S  g en e p ro m o te r a n d  the gene o f  

! interest. T h is  ca n  b e  e x p lo ite d  fo r the o v e r  e x p re ss io n  

o f  p ro te in s l ik e  P R  p ro te in s (eg. C h it in a s e  a n d  b - 1 ,  3 -  
G lu c a n a s e )  w h ic h  p la y  a  m a jo r  ro le  in  the d e fe n se  
m e ch a n ism  o f  the ho st p la n t a g a in st the f o lia r  fu n g a l 
pathogens. S in c e  m o st o f  the P R  p ro te in s reported fro m  
Hevea are potent a lle rg e n s  ( A lle n iu s  et aî  2 0 0 2 ), the 
over e x p re ss io n  o f  these genes in  the latex h a s se rio u s 
a lle rg ic  im p lic a t io n s . T h e  le a f  s p e c if ic  p ro m o te r o f

tiB i s C O  c a n  be u t il iz e d  fo r  th e  le a f  s p e c if ic  o v e r 
p re ss io n  o f  these d efe n se g en es in  the le a f  w ith o u t 
cau sin g  a n y  harm .
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