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T .  S a h a ',  B .  R o y ,  M . R a v in d r a n ,  B i n i  K .  a n d  M . A .  N a z e e r  

Genome Analysis Laboratory, lutbber Research Insfiitiie of India, Kolfayam-686009. Kerala, India

A b s t r a c t
Reiroelem ents are dispersed as interspersed repetitive sequences throughout the host genome and exploited as 
genetic tools for plant genome analysis. A  reverse transcriptase (R T ) gene fragment o f  Hevea was cloned indicat­
ing the presence o f  retroiransposons -  a class o f  m obile genetic elements in  the Hevea genome for the first lim e. In 
order lo clone full-length reiroelements as well as to identify their extent o f diversity, a Hevea genomic lib rary was 
screened for retroelenients using reverse transcriptase (R T) gene fragment as the probe and consequently 2 3  posi­
tive clones were Identified. Sequence analysis o f positive clones screened for retroelements, showed hom ology of 
eight oU>ncs with lu jcleo iid c sequences of putative n o n -L l'R  reiroiransposon R T  in Arabidopsis thaliana, R T  in 
Mcdicû o rruncdtiila, T y 3 -G y p s y  type o f retroiransposons in Oryza sativa, v iral gag/pol polyprotein from Plsum 
.'itnivwn and polyproiein Ananas comosu.s suggesting abundance o f retroelements in rubber genome. Existence 
o f R T  sequences in am plified N B S  region (nucleotide-binding site o f the resistance gene analogue) from rubber 
indicated insertion o f retro-sequences in disease resistance genes, w hich might have a negative role on the func­

tionality o f ihe respective gene.
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In t r o d u c t io n

R e tro e le m e n ts (c la s s  I  tran sp o sab )e  e le m e n ts) are 

i io b i le  g e n e t ic  e le m e n t s  th a t a re  u b iq u it o u s  in  
ukar\'Otes and co nstitute a m a jo r portion o f  ih .- n u cle a r 

:onom e. R etro e lem en ts are c la sse d  in to  tw o categ o rie s, 
‘‘•xwiruses and retrotransposons. I f  a retroelcm cnt codes 

u l ly  fu n c t io n a l in f e c t iv e  a g e n t, it is  c la s s e d  as a 

etroviru s. ! f  it has su b stan tia l m is s in g  fu n c tio n a lity , it 

s a t ra n s p o s o n . A c c o r d in g  to  p r e v a i l in g  th e o ry , 
e irotransposons are re tro viru se s, w h ic h  got incorporated 

iito the ancestral g e m ilin e  and altered through m utation.

R etrotransp osons ( R T N s )  encode the proteins needed 
o r t h e ir  o w n  p r o p a g a t io n , a n d  th ro u g h  c y c le s  o f  

e p lica tio n  have co m e  to represent m a jo r fractio n s o f  

he genom e in m a n y eu karyo tes. L o n g  te rm in a l repeat 

L T R )  R T N s  are u b iq u ito u s in  p lant gen o m es ( F la v e ll  et 
/.. 19 9 2 : K u b is  cr a!.. 19 9 8 ) and are often present in 

ig h  copy num ber. T h e  re p lic a tiv e  m ode o f  transposition 
Mows rctro ian sp o so n s to generate gen etic  d iv e rs ity  by

alte rin g  the s iz e  and o rg a n iz a tio n  o f  the host genom es 
and th u s p la y s  a  m a jo r  ro le  in  m a in t a in in g  g e n o m e  

p la st ic ity  ( K u m a r  and H iro c h ik a , 2 0 0 1 ) . B e c a u se  o f  their 

u b iq u ity  and d iv e rs ity , R T N s  h ave  g reat p o te n tia l as 
g e n e tic  m a rk e rs  fo r  p la n t g e n o m e  a n d  b io d iv e r s it y  

a n a ly s is  (L e e  a /.,  19 9 0 ; K u m a r  19 9 7 ; W au g h  e/ 
al., 19 9 7 ; E l l i s  19 9 8 ; K a le n d a r e / i i / . ,  19 9 9 ; Pearce 

er al., 200 0 ).

A lth o u g h  recent stu d ies o f  Hevea g e n o m e  p ro v id e  

som e in s ig h t  in to  the genom e o rg a n iz a tio n , there are no 

reports re g a rd in g  ch a ra cte riz a tio n  o f  re trotansp osable 
e le m e n ts  a n d  th e re b y  no m a r k e r  s y s te m  h a s  been 

d e v e lo p e d  b a s e d  on r e t r o t r a n s p o s o n s  in  Hevea 
brasiliensis.

T h e  a im  o f  the present stud y is  to dem onstrate the 

e x istence o f  retrotransposons and th e ir extent o f  d ive rsity  

in ru b b er genom e. U se o f  re tro -seq uences fo r generating 

p o tential m a rk e rs  fo r g en o m e a n a ly s is  h a s a ls o  been 
d iscu sse d .
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M a t e r ia ls  a n d  M e th o d s  

P ia n t  m a t e r ia l  a n d  D N A  e x tra c t io n

T h e  c lo n e  ‘R R I I  1 0 5 ’ o f  H. brasiliensis w as ch o sen  

fo r the present study. T o ta l g e n o m ic  D N A  w as extracted 

tVoiii 1 g o f  yo u n g  le a ve s fo llo w h ig  ihe C T A B  (ce tyl 

tr im e th y l a m m o n iu m  b ro m id e ) protocol o f  D o y le  and 

D o y le  ( 19 9 0 )  w ith  m in o r  m o d if ic a t io n s  (S a h a  el a!.,

AmpUftcanon and  cloning o f  reverse transcriptase  
{RT} ^eu e fra g m en t

A  p r im e r -p a ir  ( 5 '  C A T C G A C S A A A T G T T A G A  
A A G G  3 ' an d  5 ’ T T T T T C C C A - A T T T A G G A C C A G  3 ’ ) 

fo r the a m p lif ic a t io n  o f  R T  w a s d e sig n e d  based o n the 

co n se rve d  re g io n s o f  the a lig n e d  R T  sequences, d e riv e d  

fro m  G e n B a n k  a n d  s y n t h e s iz e d  at S ig m a - A ld r ic h ,  

B a n g a lo re . P C R  a m p lif ic a t io n  w as p e rfo rm ed  in  a  total 

v o lu m e  o f  5 0  ^ l  c o n ta in in g  10 0  n g  o f  tem plate D N A  

w ith  0 .5  fxM o f  e a ch  p rim e r. 0 .2  /a M  o f  ea ch  d N T P , 2  

units o f  T a q  D N A  p o ly m e ra se  (A m e rs h a m  B io s c ie n c e s )  

5 o f  lO X  D N A  p o ly m e ra se  b u ffer 1 10 0  / iM  T r is - H C l  

(p H  9 .0 ), 5 0 0  / iM  K C l ,  2 0  fiWL M g C l^ ] . A m p lif ic a t io n s  

w ere p e rfo rm e d  in  a  th e rm a l c y c le r  ( G e n e A m p  P C R  

S y s t e m  9 6 0 0 , P e r k in  E lm e r  C e t u s )  w ith  a n  in it ia l  

denaturation at 9 4 ° C  fo r  3  m in , fo llo w e d  b y  3 5  c y c le s  

o f  3 0  sec at 9 4 ® C , 1 m in  at 5 8 ® C  and 2  m in  at 7 2 ° C  w ith  

a f in a l e x te n s io n  o f  1 0  m in  at 7 2 ® C  and sub seq u en t 
c o o lin g  at 4 0 .  A m p lif ie d  p ro ducts w ere separated on 

1 % agaro se g e l in  I X  T A E  buffer. T h e  g e ls  w ere stained 

and v ie w e d  on U V  tra n sillu m in a to r.

T h e  a m p lif ie d  p u ta tiv e  R T  frag m e n t w a s p u r if ie d  

u sin g  G F X  c o lu m n  and lig ate d  into  p G E M -T  vector. T h e  

l ig a t e d  p r o d u c t s  w e r e  s u b s e q u e n t ly  u s e d  f o r  

t ra n s fo rm a tio n  o f  E .  c o l i  c e l ls  ( D H 5 a ) .  N u c le o t id e  

sequences o f  the c lo n e d  P C R  p roducts w ere d eterm in ed  
by se q u en cin g  reaction usin g  a B ig D y c  T e rm in a to r C y c le  

Seq u en cin g  k it and the products w ere run w ith  an A p p lie d  

B io sy ste m s A B I  3 7 0 0  Seq uencer. S e q u e n c in g  re actio n s 

were p rim e d  on both the strands u s in g  e ith e r the T 7  o r 

S P 6  p ro m o te r seq u en ces o f  the p G E M -T  vector. 

Identity of the putative RT fragment
T h e  n atu re o f  c lo n e d  seq uences w as c o n firm e d  b y 

p e rfo rm in g  c o m p u te r b ased  h o m o lo g y  se a rch e s w ith  

k n o w n  retro tran sp o so n  seq uences from  other p la n ts in  

the N C B I  d a ta b a s e  u s in g  B L A S T N  a n d  B L A S T X  

a lg o rith m s  ( A lt s c h u l etaiy 19 9 7 ).

S o u t h e r n  b lo t  a n d  h y b r id iz a t io n

G e n o m ic  D N A  (5  ig )  o f  ‘R R l l  105* w as c o m p le te ly  
d ige sted  w ith  the re strictio n  e n zym e s E a > R I  and 5fl«<3AI 

( N e w  E n g la n d  B io la b s )  s e p a r a te ly , f o llo w in g  the

m a n u fa ctu re r’s in stru ctio n s, fractio n ated  on 1 % agarose 

g e l an d  then tra n sfe rre d  to H y b o n d -N +  (A m e rs h a m  

B io sc ie n ce s) n ylo n  m em branes as d escrib ed  in Sam b ro o k 

et al. (19 8 9 ). T h e  blotted m em brane w as h y b rid ize d  w ith 

ra d io a c t iv e ly  la b e lle d  R T  probe. T h e  R T  fragm en t w as 
released fro m  the vecto r b y EcoRl d ig e stio n , eluted from  

agarose g e l, p u rif ie d  an d  used as probes after la b e lin g  

w it h  a ^ - P - d C T P  b y  r a n d o m  p r im in g  m e th o d . 
H y b r id iz a t io n  w a s p e rfo rm e d  in  R a p id -H y b  b u ffe r  

(A m e rs h a m  B io s c ie n c e s )  at 60*^0. T h e  m em brane w as 

w ashed  tw ice  in  a so lu tio n  c o n ta in in g  0 .5 X  S S C  and

0 . 1 %  S D S  at 6 0 ° C  and then expo sed  to X - r a y  f ilm .

C o n s t r u c t io n  a n d  s c r e e n in g  o f  g e n o m ic  l ib r a r y

Hevea g e n o m ic  lib r a r y  o f  the c lo n e  R R I I  10 5  w as 

constructed in  la m b d a  vecto r ( Z A P  E x p re ss , Stratagene). 

G e n o m ic  D N A  w a s  c o m p le t e ly  d ig e s te d  w it h  the 

re strictio n  e n z y m e s EcoRl an d  Xhol, p u rif ie d  through 
G F X  c o lu m n  (A m e rs h a m  B io s c ie n c e s ), c lo n e d  into  Z A P  

E x p re s s  ve cto r an d  su b se q u e n tly  p a ckag e d  in  G ig a p a c k  

I I I  g o ld  p a c k a g in g  e xtract fo llo w in g  the m a n u fa ctu re r’ : 
p ro to co l. T h is  ph ag e w as p lated  afte r in cu b a tio n  w ith  

E.coli X L - 1  B lu e  c e lls .  P la q u e s  w e re  tra n sfe rre d  to 

H y b o n d -N +  n y lo n  m em branes (A m e rs h a m  B io sc ie n c e s) 
a c c o rd in g  to sta n d a rd  p ro ce d u re s  (S a m b ro o k  et al, 
19 8 9 ), screened through p laq u e h y b rid iz a tio n  and probed 

w ith  a  ra d io la b e lle d  (C X ^^P -d C TP ) R T  frag m en t. T h e  

p o s it iv e  p la q u e s w ere  re co ve re d  in d iv id u a lly  and w ere 

sub jected  to a  seco nd  ro u n d  o f  scre e n in g  fo llo w in g  the 

sam e p ro ce d u re. T h e  re co m b in a n t la m b d a  ve cto r fro m  
ea ch  o f  the p o s it iv e  p la q u e  w a s co n ve rted  in to  p B K -  

C M V  p h a g e m id s b y  in vivo e x c is io n  that a llo w e d  in se rt 

ch a ra cte riza tio n  in  the p la s m id  syste m . A l l  the p o s it iv e  

c lo n e s w ere sub jected  to P C R  a m p lif ic a t io n  u sin g  vector 

d irected  T 3  and T 7  p ro m o te r p r im e r-p a ir  to d eterm ine 
the s iz e  o f  the inserts. P o s it iv e  c lo n e s  w ere sequenced 
from  both ends o f  the inse rts u s in g  a B ig D y e  T e rm in a to r 
C y c le  S e q u e n c in g  k it  and the pro d ucts w ere run on a 

A p p lie d  B io s y s te m s  S e q u e n ce r A B I  3 7 0 0  at M a cro gen  
In c ., K o re a , to v a lid a te  the p resence o f  retrotransposons 

in  Hevea gen o m e. A l l  the seq uences w ere subjected  to 

h o m o lo g y search w ith  kn o w n  retrotransposon sequences 

fro m  other plants in  the N C B I  database, as m entioned 
e a rlie r.

Amplification and sequence analysis of resistance gene 
analogues (RGAs)

P u ta tiv e  R G A s  w ere a m p lif ie d  fro m  rub b er u sin g  the 

prim ers based on co nserved  m o tifs e x ist in g  in the n u clear 

b in d in g  site ( N B S )  re gio ns o f  the d isease resistance genes 
o f  se v e ra l p la n t s p e c ie s . A m p lif ie d  fra g m e n ts w ere 
c lo n e d  and seq uenced  as d e scrib e d  e a r iie r  and sequence 
a n a ly s is  w as p e rfo rm e d  to f in d  o u l h o m o lo g y  w ith



rctro iransposons.

R e s ii it s  a n d  d is c u s s io n  

Is o la t io n  o f  R T  fra g m e n ts  fro m  H e v e a  g e n o m e

A  P C R  p n x lu c i o f  34 9  bp w as obta ined  fro m  Hevea 
g en o m ic D N A  u sin g  degenerate o lig o n u cle o tid e  prim ers, 
?ip e cific  fo r reverse tran scrip tase  ( R T )  gene ( F ig .  1). T h e  

a m p lif ie d  fragm en t w as c lo n e d  and seq uenced  ( F ig . 2). 

E n co d e d  a m in o  a c id s  o f  the pu tative R T  c lo n e  show ed 

m a x im u m  seq u en ce h o m o lo g y w ith  the R T  seq uences 

(p r o t e in )  o f  Medicâ o truncafula re tro tra n s p o s o n  

t A B E 8 9 9 8 4 : E  v a lu e  2 e -5 4 ), fo llo w e d  b y  Arabidopsis, 
Ory’o. Pisum and m a n y  m ore re tro -se q u e n ce s in  the 
G e n B a n k .  w 'h ic h  in d ic a t e d  the p r e s e n c e  o f  

retro transp o so ns -  a c la s s  o f  m o b ile  g e n e tic  e lem en ts in 

the Hevea gen o m e. P resen ce o f  stop co d o n , delected in 

the tra n s la te d  se q u e n c e s re v e a le d  a lo s s  o f  re v e rse  
tra n scrip tase  a c t iv it y  o f  the R T  gene frag m en t iso lated  

f ro m  Hevea. A lig n m e n t o f  a m in o a c id  seq uences o f  the 

R T  c lo n e  w ith  other retrotrasposon seq u en ces ( F ig .  3) 
show ed presence o f  p ro p erly  translated p rim e r sequences 
at both the e n d s (5 ' I D Q m L e R  and 3 ’ L V L N W E K ) .

A b u n d a n c e  o f  r c tro ta n s p o s o iis

T h e  ab u n d an ce  o f  retrotransposons in Hevea genom e 

w as a n a ly z e d  b y Southern h y b rid iz a tio n  a g a in st g en o m ic 

D N A  o f  Hevea brasHiensis d igested  w ith  £ c < ?R I and 
5 « m 3 A I. C lo n e d  R T  fro m  Hevea w as used as the probe. 

Ver>’-stro n g  liy b r id iz a t io n  s ig n a ls  were detected w ith  the 

f c f ^ R l re stricted  D N A  at h ig h  m o le c u la r  w e ig h t range, 

w hereas w ith  S a u 3 A l d igested D N A ,  s ig n a ls  w ere at the 

lo w  m o le c u la r  w e ig h t  ra n g e  ( F ig .  4 )  c o n f ir m in g  

ab u n d an ce o f  R T  seq uences in  Hevea genom e.

A  g e n o m ic  l ib r a ry  w as constructed in  lam b d a vecto r 

for is o la t io n  an d  c h a ra c te r iz a t io n  o f  re tro trasp o so n s 

present in  Hevea genom e. A  total o f  2 3  p o s it iv e  c lo n e s 

were is o !. :ed fro m  the g e n o m ic  lib r a ry  after scre e n in g  

w ith  h o m o lo g o u s R T  gene fragm ent. A l l  these c lo n e s  

were converted to p h ag e m id  fo r further ch aracterizatio n . 
P C R  a m p lif ic a t io n  w a s c a rr ie d  out u s in g  T 7  an d  T 3  

p r im e r-p a ir  to assess the s iz e  o f  the c lo n e d  fragm en ts, 

w h ic h  ranged  betw een 0.6  kb  to 4 .0  kb  ( F ig . 5 )  C lo n e s  

w ere d e sig n ate d  as H R T N - 1  to H R T N -2 3 .  P h a g e m id s  

w e re  is o la te d  a n d  s e q u e n c e d . P u t a t iv e  a m in o  a c id  

se q u e n ce s o f  e a ch  c lo n e  w e re  co m p a re d  w ith  those 

reported fro m  other p la n ts fo r retrotransposons. R e su lts  
o f  seq uence a n a ly s is  w ere presented in  T a b le  1 ,  w h ic h  
s h o w e d 't h e  p r e s e n c e  o f  b o th  L T R  a n d  n o n - L T R  

retrotransposons in  rubber. O u t o f  2 3 ,  e ig h t g e n o m ic  

c lo n e s  s h o w e d  s ig n if ic a n t  h o m o lo g y  w it h  r e t r o - 

sequence... T w o  c lo n e s  H R T N - 3  and H R T N - 1 5  show ed 

m a x im iim  h o m o lo g y  w it h  p u t a t iv e  n o n - L T R  

re tro e le m e n t re v e r s e  t ra n s c r ip ta s e  o f  Oryza sativa 
( ja p o n ic -  c u lt iv a r-g ro u p ). C lo n e s  H R T N -9  an d  H R T N -  
13  shar&  eq u en ce id e n tity  w ith  pu tative 2 2  k D a  k a f ir in  

c luster o ; i.y 3 -G y p s y  type L T R  retroelem ents fro m  Oryzja 
sativa ^ /a p o n ic a  c u l t iv a r - g r o u p )  a n d  a ls o  w it h  

p o lyp ro t? !i o f  Ananas comosus. C lo n e  H R T N - 1 1 show ed 

m a x im u m  h o m o lo g y  w ith  re v e r s e  t ra n s c r ip t a s e  o f  

Medica^o tnincatula a n d  c lo n e  H R T N - 1 4  w ith  

retroelem ents fro m  Oryza saiiva. Sequences o f  the clones 

H R T N -  7 a n d  H R T N - 2 0  w e re  re la te d  to g a g /p o l 

p o lyp ro te in  o f  Pisum sativum. N u c le o tid e  v a ria tio n  was 

a ls o  n o t ic e d  a m o n g  s i m i l a r  s e q u e n c e s  o f  

retrotransposons fro m  Hevea genom e.

M  R R II 105

?4<) b p - P u ia tiv e  R T  
g e n e  fra g in c iu

Fig. I PCR amplificauon o f reverse uanscripiase(RT) 
gene fragm cni from  genom ic DNA o f  ihe 
cultivated done RRII 105 o f Hexra hrâilifitus. 
M. nw lccubr \seight marker U-ambda DNA/ 
tVoRl+HHtdlUv

Putative reverse ti'auscr^tase  (R T); sequence length 349 bp

C A T C G A C C U A T O n A G ^ A A t iim G C Q A A Q C A C n c n A T T T C T O n A T C T A a \T G a G T A

n c c jG G A n c n T C .\.u T T C c 'iA n c A C c c A Q A .-ia ' ic r A .\a \.\A A a \C M C A n c \C T r A
T C C C T A T Q C lU C A T rrC 3C A T A rA G G A a\A T G C C nT rG G T C nT Q T A A T G C IC C aG C T A C C
n T C ^ u a \T G C A T G A T A G C 'i.'* T C T rn C T A A m T A n a u a \T A T C \T C J G 4 A G T m T A
TGa\TG\rnTTCT(JrCTATGGAACTACTTrTGATa\TrGCCrL‘VGCT-UTri-iTCT.-L-i(3GT
G T rQ C A .U a \T G T G U aA .\T C A M C C T Q G T C C T M A T T G G G M A .< L ^

E ncoded  aiiiiuo acid sequence, 'u in iber o f  am ino acids 115

IDQMLERL^KHSYK'YLDQYSt .TQIPIHPED*EKTirmYGrFAYRRM PFGLCNGPAlPQR 
aiLUFSNYlJDIM EVn^IDDFS'. ' GTm )DCUNLSK\'LQ RCm NL\TNW EK

Fig. 2. Nucleotide sequence ol :iie PCR amplified reverse oancripiase gene fragmenl from rubber 
(top) and iheir encode^ imino acid sequences (boiiom). Flanking underline sequences are 
pniner-binding sites Siiij) codon (*) is detected within the sequence.



M EcoR\ Sau 3 A1

A ra b 1 d o p 5 i5  rt  
Pea  RT 
M e d ica g o  RT 
R ubber RT ( p u t a t i v e )  
R-ice RT 
C o t to n  RT

STWVSPVHCVWtK0GMTVVKNSKDELJPTRTIT6HRKC10yRKLN<sASRi>.DHPPLPFlDQ 60 
SSWVSPVHWPKKGGTSVILNEKNtLirTRTVTGWRVClDH»lRLNTATRt.DHFfXPFIC>Q 60 
SKWVSPVQWPKKGCl.TVlKNDKNESIATRTVTGWRWClDyRHUNKATRtcr'HfPlPriDQ W
................................................................................................................................................. - .................................................................................100  5
SEWVSPVQWf^KGCMTAVANAQNELIPORTVTOvRMC10VRKl.NKATKKPMFPl,PeTOe 6 0  
SOWVSWVHWPKKTGVTWKNSSGeLVPTRVXjNRWRVCrOYRKLNAATRNOHFPtPFIOQ 60

A ra b ld o p s i S RT MLERLANMPYVCFLOGYSGFFQI PIMPNOQEKTTFTCPV<iTFAV«.R>tPFGl.CNAPATFQR 120
Pea RT MLERLAGHeYVCfLOOYSGyNQIWAPEOOE'CTAFTCPYGIMYRRWP^OlCNAPATFQR 1 ^0
M e d ica g o  RT MLtRLAKMSHFCYLDGVSGFFQlPIHPNOQEKTrrrCPFGTFAYRRMPFGLCNAPATFOR 120
Rubber RT ( p u t a t i v e )  m l e r l a k h s y f c y l d o y s g f f q ip j h p £ D -e k t t f t '»pyg tfavrr m pfov .c n g p a tfq r  6 :
R ic e  « T  m l e r l a n h s f f c f l d g y s g y h q ip ih p e o q s k t t f t c p v g t y a y r r m p f g l c n t p a s f o r  120
c o t to n  RT MLERLANKTHVCCLOGYSGUFQIPVAPEOQOKTTFTCPFCTFAYRRMSFGLCNAPATFOR 12C

A r a b i d o p s i s  RT C M T S IS S D LlE E M V E V F M O O F S V Y G S S F S S C t.L H tC R V LK R C E e T H t.V L M W tK C M F W V R £  180
Pea RT C M TS IFS O M LE K Y M K V FM D O FS V FG S S F O N C LA N LS LV LQ R C Q €TN LV l.N yfE K C H FM V C t 180
Medicago RT ^•♦SIFSOFVEKIMeVFMDOFSVMGSNFDOCl.TNLEKV'LeRCCQVWl.VJ.NWCKCHFWRE 180
Rubber RT (putative) CM3AlFSNYIE01MEVFMOOFSVY<STTFOOCLANLSKVLQRC£ESHLVtNV.XK...... 115
R lc e  R T  C W iS IFS O M lE O lM E V FN C O FS V YG K TU G H C LQ H l.O KV l.Q R C Q E KP LVLM K i'E K C M FM VC E  W O
c o t t o n  RT O f t / S I f S D W t K l lE F F M D 0 F T V Y G N S F N £C L W « l.A K lLQ R C L £ F N l.V U N Y £K C X F M V 0 «  180• • . R •• •* •• *••••■* • •• ••
A r a b id o p s ls  RT g iv l g h k i  168
P«a RT GXVlGHKI 188
M e d ica g o  r t  g t v l g h l v  188
R ub b e r RT ( p u t a f f v e )  — ---------
R-(ce RT GIVLGHRV 188
C o t to n  R t GLXLGHIV 188

Fig. 3.

B , -fiv .

Fig. 4. S o u th e rn  h y b r id iz a tio n  o f  Hevta 
gcnomic DNA digested with £ roR l and 
5au3AI against RT probe. A, digested 
DNA on agarose gel: B, autoradiogram 
of the hybridized blot. M. molecular 
w eigh t m ark e r (L am bda D N A / 
£coR i+//m dIlI).

A n  in te re stin g  o b se rv a tio n  w as m ade w h ile  w o rk in g  

w ith  re s ista n c e  g en e a n a lo g u e s ( R G A s )  in  Hevea. A  

p r im e r -p a ir  b ased  on N B S  co n se rve d  m o tifs  w a s used 

to a m p lify  re sista n ce  gene an a lo g u e s. S e q u e n ce s o f  16  

p u tative  R G A s  c le a r ly  show ed  h o m o lo g y  w ith  re tro - 

se q u e n c e s  ( T a b le  2 ) .  S ig n if ic a n t  le v e l o f  se q u e n c e  
h e te ro g e n e ity  w a s n o tice d  am o n g  these c lo n e s . T h is  
o b se rva tio n  re v e a ls  that retrotransposons are inserted 
w ith in  the d ise a se  re sistan ce gene seq uences o f  Hevea. 
H o w e v e r, a s so c ia t io n  o f  retrotransposons w ith  d isease 
re sistant m a rk e r o r in se rtio n  o f  retrotransposon w ith in  

the gene it s e lf  h ad  a lre a d y  been reported in  se v e ra l p lan t 

sp ecies. K e n w a rd  et al. (19 9 8 )  c lo n e d  an d  seq uenced a 

ra n d o m ly  a m p lif ie d  p o ly m o rp h ic  D N A  ( R A P D )  m a rk e r 
a sso c ia te d  w ith  b la c k  root re s ista n ce  in  to b a cco  and

Alignment of amino acid sequences of reverse transcriptase (RT) originating frvm //t-v- 
with other plant specics showing presence of properly translated primer scqucncc; 
both the ends (5' IDQMLER and 3* LVLNWEK).

M Positive clones fcomHevea genomic library

r:i

Fig. 5. PCR amplification o f  retro-positive / /fv w  gcnomic clones using vccior
directed T3 and T7 promoter primers for the deierminaiion o f exact 
size o f the inseijs. Size of the inserts ranged between 0.6 kb to 4.0 kb.

found it  to be a  part o f  the retrotransposon T n d -1 .  A  

B A R E - 1  R T N  w a s fo u n d  to be lo cated  0 .2 8  c M  from  

the M ia  lo c u s , a m e m b e r o f  a m u ltig e n e  f a m ily  thai 

co n fe rs re sistan ce  to p o w d e ry  m ild e w  (W e i et al., 19 9 9 . 

2 0 0 2 ) .  B h a t t a c h a r y y a  et al. ( 1 9 9 7 )  is o la t e d  an d  

ch aracterized  the lo w  c o p y  c o p ia -lik e  R T N  T g m r. tightls 

lin k e d  to the R p s l - k  a lle le  that co n fe rs ra ce -sp e cifit. 
re sistan ce to Phytof>htora sojae in  soybean.

S in c e  the retrotransposon in se rtio n s arc itrc v c rs ib lo  
they are co n sid e re d  p a rt ic u la r ly  u se fu l in  phylogcncti>> 

studies. In  ad d itio n , their w id esp read occurren ce througl 

out the g en o m e can  be e x p lo ite d  in  g en o m e mapp 

studies. Retrotransposons co n sist o f  lo n g  term in al repcau 

( L T R )  w ith  a h ig h ly  c o n s e rv e d  t e r m in u s , w h ic h  i: 

e x p lo ite d  fo r  p r im e r  d e s ig n  in  the d e v e lo p m e n t o 

retrotransposon-based m arkers. T h e re  have been severa 

m a r k e r  s y s t e m s  b a s e d  o n  L T R  r e t ro t ra n s p o s o n s  
in c lu d in g  s e q u e n c e -s p e c if ic  a m p lif ie d  p o ly m o rp h ist' 

( S S A P ) ,  in ter-retro tran sp o so n  a m p lif ie d  p o ly m o rp h is r  

( I R A P )  and re tro tra n s p o s o n -m ic ro s a te llite  a m p lif ie  
p o ly m o rp h is m  ( R E M A P )  d eve lo p ed  tor plants (Wuu^j 

e t a l..  19 9 7 : E l l i s  e t a l . .  19 9 8 ; K a le n d a r e l a l., 19 9 9 V  1 

ihe case o f  R T N -b a s c d  m a rk e rs, p o ly m o rp h is m s  ai 
generated h y re lro transp o sitio n. w h ich  is a u n id ire ctio n , 

process re su ltin g  in  in se rtio n s o f  R T N  d aughter co p ic  

into  new  sites w ith o u t re m o va l o f  the parental copi*. 

from  ih e ir  sites. T h e  co nseq uence o f  re tro tra n sp o sliic  

is the a lie ra t io n  o f  a target site b y in ie g ra tio n  o f  a fe



• ELxisieiit c o f  reirocleinenfs in n ih h tr  qenoine 

laWi* 1. ati»!ysis of Heyea i^tnumic rioitcs, screened w ith RT gene frngm cnls
Htvea Sequences l*l;iul species Accession E
Cenuinic Showing num bers value
clone M axim unt

h o m o l< ^

HRTN3 Non-LTR
rciroelcnvini rcvcRc 
tratiscripiase.

Oryza sath'a N P 910568 7.00E-09

HRTN9-F 22 kDa kafirin cluster 
Ty3-Gypsy type

Oryza sativa NP920981 7.00E-1I

HRTN9-R Polyproicin
\

Aoaiios comosiis CAA73042 9.00E-53
HRTNII R e v ere  tnmscriptase Medicago iruncaiuJa ABE87837 2.00E-17
HRTN13-F 22 kOa kaiirin 

cluster; Ty3*Gypsy 
type

Oryia saliva AAP53268 l.OOE-10

HRTN13-R polyprotein Ananas comosus CAA73042 3.00E-64
HRTN14 Retroclement Oryza saliva N P919465 I.OOE-16

HRTNI5 Non-LTR
retroclemeni reverse 
transcriptase

Oryifl saliva N P910568 7.00E-08

HRTN17 gag/pol polyprotcin Pisiim saiivum AAQ82037 2.00E-18
HRTN20 gag/pol polyproiein Pisum saiivum AAQ82037 7.00E-38

Table 2. Sequence analysis o f Hevta resistance gene analogue (RGA) clones

Htvea Sequence showing P lan t spedes Accession E  value
RGA M axim um num bers
clone hom ology

RGA2 putative revei^e 

tnu)scriptase
Cicer arieiinum CAD59768 5.00E-12

RGA3 putative gag-pol 
polyproiein

Citrus sinensis CAJ09951- S.OOE-iO

RGA7 R N A -direaed DNA 
polymerase (RT)

Medicago iruncaiiila ABE83303 2.00E-I5

R C A I6 putative reverse 
transcriptase

Cicfr arifdnm CAD59767 3.00E-10

RGA IS putative reverse 
transcriptase

Cicer arieiinum CAD59768 5.00E-12

RGA2I gag/pol polyprotcin Pisum saiivum . AAQ82037 l.OOE-87
RGA22 gag/pol polyprotein Pisum saiivum AAQ82037 l.OOE-86

RGA23 gag/pol polyprotcin Pisum saiivum NP910568 2.00E-84
RCA24 RNA-dircc»cd DNA 

polymerase (RT)
Medicago iruncaiula ABE87222 5.00E-83

RGA26 RNA-dirccted DNA 
polymerase (RT)

Medicago iruncaiula ABE87222 6.00E-87

RGA27 RNA-direcied DNA 
polymerase (RT)

Medicago iruncaiula ABE87222 I.OOE'89

RGA28 gag/pol polyprotein Pisum saiivum AAQ82037 5.00E-79

RGA29 Reverse transcriptase Medicago inincauila ABE91449 l.OOE-89

RGA30 RNA-directed DNA 
polymerase (RT)

Medicago inmcaiida ABE87222 3.00E-86

RGA3I RNA*dircctctl DNA 
polymcmse (RT)

Medicago iruncaiula ABE87222 2.00E-82

RGA32 gag/pol polyprotcin Pisum saiiiwn AAQ82037 9.00E-89



hundred base pairs to a few  k ilo b a se s. G e n o m ic  lo catio ns 

o f  M I T E  (m in ia tu re  in v e rte d  tra n s p o s a b le  e le m e n t) 
transposons are a ls o  v a r ia b le  w ith in  a  sp e cie s. T h e se  
p o ly m o rp h is m s  h a v e  been s u c c e s s fu lly  e x p lo ite d  as 
genetic m a rkers in  m a iz e  and r ic e  (C a s a  et a l., 2CXJ0; 

C h a n g  et a l., 2 0 0 1) . H o w e v e r, efforts are be ing  continued 

to d e v e lo p  re tro -b a s e d  m a rk e r  s y s te m  in  ru b b e r fo r 

g e n o m e  a n a ly s is  u s in g  th e  s e q u e n c e  in f o r m a t io n  

a ch ie ve d  in  th is study.

In  the present stud y, re ve rse  tra n scrip tase  d o m a in s 

o f  retrotransposon fro m  Hevea ge n o m e  w a s su c c e s s fu lly  

a m p lif ie d , w h ic h  w as fu rth e r used as probe in  scre e n in g  

o f  a  g en o m ic lib ra ry  to iso la te  g e n o m ic  c lo n e s co n tain in g  

r e t r o t r a n s p o s o n s . S e v e r a l  r e t r o t r a n s p o s o n s  w e re  

id e n tif ie d  thro ugh se q u e n ce  a n a ly s is . P o s it iv e  c lo n e s 

be aring  large inserts are p ra c t ic a lly  im p o rtant fo r c lo n in g  
o f  fu ll-le n g th  retrotransposons as th e ir estim ated  s iz e  is  

around 5  kb  ( L T R  retro transpo so ns). T h e re fo re , efforts 
are b e ing  m ade to w ard s fu ll-le n g th  se q u e n c in g  o f  large 

cJones, w h ic h  sho w e d  the presence o f  retro -seq uences 

on b o th  the e n d s . P re s e n c e  o f  re tro tra n s p o s o n s  in  

a s so c ia tio n  w ith  re s ista n c e  g e n e  a n a lo g u e s  w a s a ls o  

e v id e n ce d  thro ugh seq u en ce a n a ly s is  o f  R G A s  d e rive d  

fro m  rubber. S e q u e n ce  in fo rm a tio n  o f  retrotransposons, 

iso la te d  fro m  ru b b e r g e n o m e  c o u ld  b e  e x p lo ite d  as 

gen etic  to o ls fo r g en o m e a n a ly s is . T o  o u r kn o w le d g e , 

th is is  the f irst  report o f  the presen ce o f  retrotrasposons 
in  ru b b e r genom e.
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