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Abstract
Hevea brasiliensis, the Para rubber irec is tin- major sourcc of commercial natural rubber and accounts for 99 % of the total world 
production. Hevein is an acidic chitin Wr»''.<'g protein with high-level exfwssion in the latex vessels of rubber tree. Wounding 
and application of plant hormones such as c-ie|^on and abscisic acid were found to stimulate the hevein gene expression. In the 
present study, a promoter sequence of hev*̂  in gene was isolated by random amplification of genomic DNA ends (RAGE). The 
genomic DNA of Hevea clone RRIM05 was restriction digested with various enzymes. The digested fragments were ligated 
with specially designed adapters. The adapter ligated fragments were PCR amplified with adapter specific forward and gene 
specific reverse primers. Initially, with Dm ‘ digested DNA a 626 bp fragment was amplified. Further, using the reverse primer 
based on the S'region of the 626 bp fragMient a 1416 bp second fragment was amplified. Finally, a 1934 bp fragment was 
amplified from the genonuc DNA using the forward primer designed based on the 5‘ region of the 1416 bp firagment and the 
gene specific reverse primer. This 1934 bp fragment contains 1865 bp promoter sequence upstream to the transcription initiation 
codon (TIC), ATG The isolated promoter contains 48 more nucleotides upstream to the earlier reported sequence. The promoter 
sequence contains the ‘TATA’ element at -81 and a ‘CAAT’ box motif at *198 position from the TIC. Several gene regulatory 
elements reported from other plants were «ij0  present in this sequence. Since. Hevein is a protein with high expression in latex, 
its promoter could be exploited for the high level expression of various recombinant proteins in the laticiferous cells of transgenic 
Hevea brasiliensis.
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Introduction
T h e  im p o rtan ce o f  natu ral ru b b e r has p: om pted active  

in v e s t ig a t io n  in  th e  m o le c u la r  a sp e  "s o f  r u b b e r  
b io syn th e sis  in  Hevea brasiliensis. N a tu i il  rubber, c is -  

1 ,  4 -p o Iy is o p r e n e  is  o b t a in e d  f r o m  t iie  la t e x , the 
cy to p la sm ic  content o f  the h ig h ly  s p e c ia liz e d  c e lls  ca lle d  

la t ic if e r s .  L a t ic i f e r s  h a v e  b e e n  s h o 'v n  to e x h ib it  
d iffe re n tia l g en e e x p re ssio n  an d  se ve ra l ^.^nes in v o lv e d  
in rub b er b io sy n th e sis  and plant defense w ere found  lo  
have h ig h e r e x p re ssio n  in  these c e lls  ci al. , 19 9 0 ).

H e v e in  is one o f  the m a jo r proteins p re s .n l in  the lutoid 
bodies o f  rubber tree latex (A rc h e r  et al., 19 69 ). T h is  is 
a sm a ll s in g le  c h a in  c h it in  b in d in g  protein  o f  4 3  a m in o  

a c id s  r ic h  in c yste in e  and g ly c in e  (W a lu jo n o  et al., 19 7 5 ). 
H e v e in  is  in v o lv e d  in  w ound  p lu g g in g  and b e in g  a c h it in

bin d in g  protein inhib its various ch iu n  contain ing fungi (Van 
P a r jis  et ai, 1 9 9 1 ) .  X a v ie r  et al. ( 1 9 9 3 )  reported the 

fo rm atio n  o f  p o ly v a le n t b r id g in g  betw een h e v e in  and 
ru b b er p a rtic le s d u rin g  latex co a g u la tio n . A  c D N  A  clo n e  

o f  1 0 1 8  bp encod ing h evein  gene w as isolated e a rlie r from  
a Hevea latex c D N A  lib r a ry  (B ro e k a e rt et al., 19 9 0 ) 

G e n e  e x p re ssio n  studies revealed  a h ig h  le v e l expression 
o f this protein in latex. W o un d in g  as w e ll as the a p p lic a iio r  
o f  ethephon and a b s c is ic  a c id  in d u ce s the h e ve in  gent 
e x p r e s s io n  in  la te x , le a f  an d  stem  but not in  ro o t' 
(B ro e ka e rt et iii, 19 9 1) .

Prom oters are the 5 ' regulatory sequences responsibL 
for the re gu la tio n  o f  sp atia l and tem poral e x p re ssio n  o 

genes, w h ic h  determ ines w hen, w here and to w hai exten 

the p ro tein , is to be expressed. P rom oters co n ta in  h ig h i;
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co nserved  T A T A 'a n d  ‘C A A T ' m o t if s  (Jo sh i. 19 8 7 )a n d  

o ilie r  c is a c t in g  elem ents, the site w ere the transacting  

re g u b io ry  proteins b in d . T h e  c is a c lin g  elem ents can be 
up rotziiialors c a lle d  o nhan ce rs o r d ow n regulato rs c a lle d  
silcncers. T h e  a v a i la h i l i iy  o f  re g u la to ry  seq u en ces or 

prom oters lo la rg e i gene e x p re ssio n  lo  appropriate c e lls , 
tissues or Jcs clopnienial stages is  an essential com ponent 
tor e n g in e e rin g  d esired  traits in  transgenic plants. G u il le y  

i’t <il. ( 1 9 S 2 )  id e n tifie d  the prom oter e lem ent d ire ctin g  
the sy n th e sis  o f S  R N A  in C auliflow er m osaic  v iru s. 
O d e ll I'liil. (19^)0) id e n tifie d  the s p e c if ic  D N A  sequence 
re q uire d  for the a c t iv ity  o f  C a M V  3 5 S  prom oter and also  

t’ound i I k u  C a M V  3 5 S  prom oter is  expressed co nstitutively 
in  n io s i d ico ts  (R o g e rs  et al., 19 8 7 ). T h e  use o f  fu sio n  

betw een p ro m o te r an d  re p o rte r g e n e s has a llo w e d  a 
d e ta ile d  m o n ito rin g  o f  the a c t iv it y  o f  n u m e ro u s p lant 
prom oters. Pro m o ters o f  h e v e in  (P u ja d e - R e n a u d  et a l ,  
2tX)5). ru b b e r e lo n g a tio n  fa c to r ( A Y  7 1 2 9 3 9 )  and p - 
l.3 g lu c a n a s e  (.A Y 3 2 5 4 9 8 ) genes w ere reported e a rlie r 
fro m  H evea brasiliensis.

L a te x  is  a u n iq u e  b io lo g ic a l syste m  and is p ro m is in g  

fo r the tra n sg e n ic  e x p re ss io n  o f  v a lu a b le  re co m b in an t 

proteins (Y e a n g  etal.., 2 0 0 2 ). T h e  present w o rk  is  focused 
on the iso la tio n  and ch a ra cte riz a tio n  o f  the la tic ife ro u s  

s p e c if ic  h e v e in  pro m o ter and e x p lo re  the p o s s ib ility  o f  
u s in g  th is pro m o ter fo r the o v e r e x p re ss io n  o f  transgenes 
in  the la t ic ife r  c e lls . C h a ra cte riz a t io n  o f  su c h  prom oters 

w o u ld  be use fu l in  the o v e r e x p re ssio n  o f  im portant genes 
inN'olved in  rub b er b io sy n th e sis , genes fo r the production 

o f  re co m b in a n t protein  and a ls o  fo r the e x p re ssio n  o f 
genes in d u ce d  b y  w o u n d in g  and ethephon treatment.

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

T h e  p o p u la r Hevea c lo n e  R R I I  10 5  w as selected for 
th is  stu d y . L e a f  s a m p le s  w e re  c o lle c t e d  fro m  the 
g e m ip la s in  n u rsery  o f  R u b b e r R e se a rch  Institute o f  In d ia . 
D N . \  w a s iso la te d  fro m  y o u n g  le a v e s  f o llo w in g  the 

m o d ifie d  C T A B  p ro ce d u re  ( D o y le  an d  D o y le ,  19 9 0 ). 
R - \ G E  technique w as fo llo w ed  to a m p lify  the 5 ’ regulatory 
seq uence (S ie b b e rt e ta l., 19 9 5 ). D N A  w as d igested  w ith 
b lu n t  e n d  c u t t in g  e n z y m e s  g e n e r a t e  b lu n t -e n d e d  
fragm ents. S e v e ra l b lun t e n d - cu ttin g  e n zym e s such as 

Eco R V . Dra 1. Ssj) I .  5 //d , Hpa 1. A xs I  w ere tried and 
those w h ic h  p ro v id e  good  d ig e stio n  w ere selected for 

further study. T e n  tg D N A  e a ch  w as sep arately digested 

o v e rn ig h t at 37® C  vyith 10  U  o f  e n z y m e s  in  10 0  i! 

reactions co n ta in in g  10  X  re actio n  b u ffe r su p plied  b y the 
ntanufacturer (N e w  E n g la n d  B io la b s ). Sm  I  and Hpa I 

e n z y m e s w ere added at 15  i l  each . T h e  d ig e stio n  w as 
ch e ck e d  in  O.H % agarose g e l. T h e  D N A  fragm ents w ere 
p u r if ie d  u s in g  the G F X " "  P C R ,  D N A  and G e l  B a n d

P u rif ic a t io n  K it  (A jn e rs h a m  P h a rm a c ia , U S A )  fo llo w in g  

m a n u fa ctu re r’s instru ctio n .

A n  ad ap ter w as d e sig n e d  fo r  th is  p u rp o se , w h ich  

c o n sists  o f  a  lo n g  arm  and a short arm  w ith  a m in o  lin k  at 
its 3 ’ end to prevent a n y erroneous extension d u rin g  P C R . 

A d a p te r Seq uences are as fo llo w s:

L o n g  arm  : 5 ’C T A A T A C G A C T C A C T A T A G G G C T C  

G A G C  G G C C G C C C G G G C A G G T  3 ’

S h o rt arm  : 5 ’ A C C T G C C  C -N H ^

T h e  tw o  o l ig o n u c le o t id e  a d a p t e r  a r m s  w e re  
syn th e size d  at S ig m a  G e n o s y s  ( In d ia )  and the adapter 

w a s  p re p a re d  b y  m ix in g  1 0 0  iM  e a c h  o f  the tw o  
oligonucleotides and incubation at 96® C  for 2  m in  follow ed 

b y s lo w  c o o lin g  to ro o m  tem perature fo r an n e a lin g .

A d a p te r w a s lig a te d  to re s tr ic t io n  d ig e ste d  D N A  

fragm ents. T h e  lig atio n s w ere c a rr ie d  out in  2 0  i l  vo lu m e  
c o n ta in in g  1 0  i l  D N A  d ig e st, 2  i l  lig a s e  b u ffe r ( lO X ) .  1 
i l  ad ap ter to a  f in a l c o n ce n tra tio n  o f  5  iM  an d  2 0  
lig a s e  e n z ym e  (N e w  E n g la n d  B io la b s )  at 16® C  and kept 
overn ig h t. S e v e ra l d ilu tio n s  o f  th is re actio n  m ix tu re  w ere 
u se d  a s  P C R  t e m p la te  u s in g  h e v e in  g e n e  ( N C B I  

A c c e s s io n  N o . M 3 6 9 8 6 ) , s p e c if ic  re v e r s e  P r im e r  I  

( 5 T A G G G T T T A T T G G G G C A G A G C 3 ’ ) a n d  adapter 
s p e c if ic  f o r w a r d  p r im e r  I  ( 5 ’ A T A C G A C T C A C  

T A T A G G G 3 ’ ). F o r  c o n fir m a t io n  a  n ested  P C R  w a s 

perform ed w ith  the product o f  first P C R  as tem plate usin g  
a  s e c o n d  a d a p te r s p e c if ic  fo rw a r d  p r im e r  ( 5 ’ A T A  

G G G C T C G A G C G G C 3 ’ ) a n d  g e n e  s p e c if ic  re v e rse  
p r im e r ( 3 ’T T G C C G A C C A C A T T G C T C A G  5 ’ ).

In it ia lly  a 606 bp fragm ent w as a m p lif ie d  w ith  adapter 
lig ate d  Dra I  d igested D N A  fragm en ts. T h e  a m p lif ie d  
f r a g m e n t  w a s  c lo n e d  b y  T O P O  T A  C l o n in g  K i t  
( In v it r o g e n , U S A )  a c c o rd in g  to the m a n u fa c tu re r ’ s 
in stru ctio n . T ra n sfo rm e d  b a cte ria l c o lo n ie s  co n ta in in g  

inse rts w ere selected thro ugh b lu e  w h ite  scre e n in g  in  
plates co n ta in in g  a m p ic il l in  ( 5 0 ig /m l) ,  X -  g a l and I F i u .  

R e c o m b in a n t  p la s m id s  w e re  th e n  is o la t e d  th ro u g h  
m o d ifie d  a lk a lin e  ly s is  m ethod (T a rto f et al, 19 8 7 ) and 

sequenced ( M /S  M a cro g e n , K o re a ).

F o r  the am p lif ica tio n  o f  further upstream  elem ents two 
re verse  p r im e rs , R^ ( 5 ’T T A A C T C G A T C T T A T C T C 3 ’ ) 

and R ,  ; 5 ’T A T C T C T A T C T T A T C A T C 3 ’ ) w ere d esigned  
fro m  the 5 ’ end  o f  p re v io u s ly  a m p lif ie d  606 bp fragm ent. 
U s in g  these p rim e rs in  co m b in a tio n  w ith  adapter sp e c ific  

fo rw ard  p rim e rs, a  second fragm ent o f  1.4  K b , upstream  
to the 606 bp prom oter w as a m p lif ie d  fro m  the adapter 
ligated Ssp I D N A  digests. F in a lly ,  a  fo rw ard  p r im e r ( 5 ’ 

A T T C A T T A A T T A A T ( 7 r A T 3 ’ ) d e s ig n e d  fro m  the 5 ’ 
re g io n  o f  the scco nd  R A G E  product and gene sp e c ific
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re v e rse  p r im e r  m e n tio n e d  e a r lie r  a 1 9 ' 4  n u c le o iid e  
fragm ent w as a m p lif ie d . T h e  P C R  re actio n w as c a n ie d  
out in  2 0  i l  v o lu m e s  c o n ta in in g  10 0  iM  d K T P s .  2 5 0  n M  
o f  ea ch  p rim e r, 1 .5  m M  M g C l j  and 0 .5  U  T a q  D N A  
p o lym e ra se  ( G e n i, B a n g a lo re ) w ith  2 0  n g : 'm p late D N A  

in  a th e rm a l c y c le r  ( P e r k in  E l m e r - 4 b '). T h e  P C R  
co n d itio n s were: an in it ia l denaturation at i ’ C  fo r 3  m in, 

fo llo w e d  b y  35  c y c le s  o f  94® C for 1 m in  and a n n e a lin g  at 
6 0 ° C  fo r I  m in  and extension at 7 2 ° C  fo r 2  t^ in . T h e  fin a l 

e xten sio n  w as at 7 2  ® C  fo r 1 0  m in . T h  • fragm en t so 

obtained  w as c lo n e d , sequenced and co !’.*^irmed fo r the 

p r e s e n c e  o f  p r o m o t e r  s e q u e n c e  u p  : e a m  to  the 
tra n scrip tio n  in it ia t io n  co do n . T h e  pro m o ter sequence 
o b ta in ed  w a s a n a ly z e d  u s in g  the b io in fo rm a tic s  tool 
“P L A C E ” (L e s c o t  et ai, 2002) fo r id e n t if ic a t io n  o f  
re g u la to ry  m o tifs  and co m p a re d  w ith  e a r lie r  reported 
sequences in  the G e n B a n k  database.

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

G e n o m e  w a lk in g  through adapter an ch o red  random  

a m p lif ica tio n  o f  g e n o m ic  D N A  ends is  one o f  the p o p ular 

m ethods fo r the ch a ra cte riz a tio n  o f  pro m o ter elem ents, 

c o n tro llin g  the e x p re ssio n  o f  genes. In  the present study, 
good q u a lity  D N A  w as isolated fi’om  the Hi'vea le a f tissue 

and sub jected to re strictio n  e n z y m e  d ig e s; on. O u t o f  s ix  
b lu n t end  cu ttin g  e n z y m e s, Eco R V ,  Dra I ,  SSp I ,  Stu I, 
Hpa I  an d  Ass I  in it ia l ly  trie d  fo r D N A  d ig e st io n , 4 

e n z ym e s, Dra I ,  Ssp I ,  Hpa I  an d  Stu I  show ed u n ifo rm  
d ig e stio n  sa tisfacto ry  fo r R A G E .

In  the in it ia l attem pt, P C R  w ith  the adapter lig ate d  

D N A  fragm en t d ige sted  w ith  the fo u r ’iz y m e s  u sin g  
the adapter s p e c if ic  fo rw ard  and h e ve in  gene sp e c ific  
reverse p r im e r, a 0 .6  K b  re g io n  w as a m p lif ie d  fro m  the 

Dra I  e n z y m e  d ig e st ( F ig .  1 ) . In  the nested P C R  this 
w as ag a in  a m p lif ie d  as a  s in g le  band a r-J  c o n firm e d  as 

the c o r r e c t  a m p lif ic a t io n  ( F ig .  2 ) .  T l j e  n u c le o t id e  
se q u e n cin g  w a s done after c lo n in g  the a in p lic o n  in  the 
T O P O  T A  c lo n in g  vector. A fte r  the re m o va l o f  adapter 
sequence fro m  the 5 ‘ end and the c o d in g  seq uence o f  

the gene in c lu d in g  the tran scrip tion  in it ia tio n  codon fro m  
the 3 ‘ end , a prom oter seq uence o f  5 0 7  n u cle o tid e s w as 

obtained. F o r  the iso la tio n  o f  furth er upsu eam  prom oter 

sequence a reverse p r im e r w as d esig n ed  based on the 5 ‘ 
end o f  a lread y isolated 5 0 7 bp sequence. U s in g  this p rim e r 
and adapter based fo rw ard  p rim e r a 1 .4  K b  fragm ent 

w as am p lifie d  from  the adapter ligated Ssp 1 D N A  digested 
fragm en t, w h ic h  w as further c o n firm e d  by nested P C R  
( F ig . 3  and 4 ). O n  a n a ly s is  o f  n u cle o tid e  sequence, th is 
fragm ent contains 13 5 8  bp upstream to tho in it ia lly  isolated 
5 0 7 bp prom oter sequence. F u ll  lengtl- fragm ent w ith 

respect to second R A G E  product w as a m p lif ie d  from

the g e n o m ic  D N A  o f  the d o n e  R R l l  10 5  u^i^g  torw ard 
p rim e r d esig n ed  based on the 5 ’ end ot second R A C t L  
product and gene s p e c ific  reverse prim er. U nder optim u m  
P C R  co n d itio n s an a p p ro x im a te ly  2 .0  K b  iragtncnt 
obtained (F ig . 5). E x c lu d in g  the adapter sequence from  

the 5 ’ end and gene seq uence from  the 3 ‘ end. a prom otei 
re g io n  o f  18 6 5  b p s w a s o b ta in e d  u p stre a m  to the 

transcrip tion in it ia tio n  codon o f  hevein  gene.

Ftg. 1*5 RAGE anal>‘ses for the isoiatkm of hevetn prom oter sequence 

F lg .l. 1 PCR( lRAGE)wiihadapicrspccificfonvanJandgenespeciricnf'en-. 
primer forthc amplification of hcNtMnpnmxer M -NM -W l Maiier.Laiu 
1-8 amplification o f adapter ligated DNA digested b) SSp\ ( 1&21. Hpti 
(3&4). Dm  1 (5&6)andSm I (7&8)

Fig. 2. Nested PCR using I PCR produa as template M - Mot. \Vi. Marker. Lai:
I anpliflcalion o f I RAGE product 

Fig. 3. lPCR(IlRACE)forthcamp!ilicatii>iirt'fuitKTupsia'ampmmiXcr5emici\ 
u^ing reverse priinerbx^’donihe 5'rcgiouof the 1 RAGE pnxliM M • Mi 
Wi, M ailer,Lane 1 4 amplification«iihadaptoi ligaicd /)ml..Vi/’ 1.5;. 
^///>(ildii:cstcdDNA fragniL'ni 

H g.4. Nosted rC'R of the II RAGI: punJuct M - M«>l. Wi, M aikcr. Laiw 
iimplit’icatlon of II RAGEpriKlikn 

rig . 5. ^tnpliflcalion of full length pi omniorirajiiivni in'mgvnomu' DNA N 
Mol, \Vi. Marker. Lane 1 Pii'iiuHei scqucnciMniplifiodu>ing loiw.. 
pnnier based on the 5 ' region ofihc 11 RAGE pnxluci and ivversep ir- 
based on the V rcaionof hevein gene



T h is  lie v e in  gene prom oter sequence a m p lif ie d  from  

ficveo brasHiensis c\ont R R I 1 - I 0 5  is  A T  ric h  and contains 
a putative T A T A  box at - 8 1  and a  C A A T  box m o tif  at -  

198 p o sitio n s fro m  the T I C .  T A T A  elem ent has a ro le  in 
d e ie rm in in y  the tra n scrip tio n  in it ia tio n  site. D e le tio n  o f 

T A T A  box w as found to reduce gene e xp re ssio n . It is 
a 'p o iic d  in se v e ra l syste m s that e xp e rim e n ta l ad d itio n  or 

deletion o f T A T A  box does not p revent gene e xp re ssio n ; 

instead tra n scrip tio n  in it ia tio n  o ccu rs  at som e other sites. 
C A A T  box. w h ic h  is found upstream  to T A T A  box appears 
to h a v e  litt le  e ffe ct in  the e x p re ss io n  o f  som e genes, 

although it appears to be im p o rtan t fo r others. T h e re  are 
reports that in se rtio n  o r e x c is io n  o f  n u cle o tid e s between 

C A A T  box and T A T A  box reduces gene e xp re ssio n . It  is 
in terestin g  to note that a lth o u g h  h e v e in  e x p re ssio n  is  

in d u ce d  b y  e th yle n e , the e th y le n e  re sp o n siv e  elem ent 
c a l le d  G C C  b o x , a c o n s e r v e d  1 1  b a s e  s e q u e n c e  ‘ 
T A A G  A G C C G C C ’ (O h m e - T a k a g i et al, 19 9 5 ) is  absent 
in the reported sequence. A  re p e titio n  o f  1 1  nu cleo tid es 
■ ' G A A A A A T A A A T "  w as o b served  at - 3 6 4  and - 3 8 2  
p o s it io n  fro m  the T I C .  F ro m  ih e  c o m p a ris o n  o f  the 
prom oter region o f  the plant genes so far isolated a num ber 

o f  co n sen su s m o tifs  w ere reported as c is a c t in g  elem ents. 
C is u c t in g  elem ents o b served  in  th is  prom oter in c lu d e s 
G A T A b o x .  I  b o x, M Y B  co re  e lem en ts, M Y B S T l ,  M A R  

b o x, W R K Y  e lem en ts an d  A M Y  B o x .

T h e  18 6 5  bp h e v e in  gene p ro m o ter iso la te d  in  the 

present stu d y fro m  the c lo n e  R R I I  10 5  w a s com pared 

w ith  an  e a r lie r  reported 18 3 0  bp pro m o ter sequence b y 
P u ja d e -R e n a u d  et al. (20 0 5 ). A n  ad d itio n al 4 8  nucleotides 
w ere observed  upstream  to the e a r lie r  reported sequence. 
O n  co m p ariso n  w ith the e a rlie r reported sequence, a  m a jo r 
d e le t io n  o f  2 3  n u c le o t id e s  “ C A T A T T A T A T A T  
G A A T A A T A T T T "  at - 1 1 1 7 ,  s ix  n u c le o tid e  seq uence 
d e le t io n  “ C A A G G A ” at - 5 1 3  a n d  a d d it io n  o f  9 

n u cle o tid e s ea ch  at - 1 2 7 6  " T T G C C T C T G ” an d  - 1 2 8 6  
’ A A A A A T A T T ” p o s it io n s fro m  the T I C  w ere  fo u n d  It  
has been proposed  that the co m b in a tio n  o f  d iffe re n t c is -  

e le m e n ts  a n d  tra n s a c t in g  fa c to rs  m a y  p ro d u c e  the 
d iv e rs ity  and sp e c ific ity  required fo r the regulation o f  gene 
e x p re ssio n  (M e n k e n s et al., 19 9 5 ; M a rt in  and P a z -A re s , 
19 9 7). T h e  3 5 S  C a M V  pro m o ter has been e x te n siv e ly  

used in  p lan t b io te ch n o lo g y  as it  d ire cts h ig h  le v e ls  o f 
iransgene exp ressio n  in d ico t plants. P ro m o te r sequences 

that co n fe r tissu e sp e c if ic ity , in d u c ib ilit y  are p ro m is in g  

lo r  the e ffe ctive  re gulatio n o f  transgene e x p re ssio n  in 
n a n sg o n ic  plants. S u q u ls in g ly .  there are rc la t iv e ly  few 
. i l ic r n a iiv c s  o r a d ju n c ts  to these p ro m o ters, yet such 
p ro m o te rs  are n ee d ed  fo r  the d e l iv e r y  o f  m u lt ip le  
ira n sjio n ic  \ ia it s  and h e lp  lo  a v o id  the r is k  o ftva n sg e n c 
s ilc i ic in j:  iVom  (he repealed u.se o f  the sam e prom oter

( F la v e l i ,  1 9 9 4 ; P a r k  et al., 19 9 6 ) . Hevea b e in g  a 
re new ab le so urce o f  m etabolites is  an id e a l syste m  for 

m o le c u la r  fa rm in g  an d  c o u ld  be b e n e fite d  fro m  the 

a v a ila b ilit y  o f  la t ic ife r sp e c ific  prom oters that contro l the 
expressio n  o f  transgene in target tissue.
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