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The fungal pathogen responsible fo r C olletotrichum  leaf disease o f  Hevea, develops three different disease sym ptom s: 
raised spots, an thracnose and papery  lesions. These diseases have been a ttribu ted  to  Colletotrichum gloeosporioides 
(teleom orph Glomerella cingulata) and the fungi involved are  m orphologically indistinguishable. Twenty-five 
Colletotrichum isolates, which originated from  three different disease sym ptom s, were characterized initially using 
R A PD  m arkers. Tw o m ajor R A PD  profiles were detected which were related to  the type o f  disease sym ptom  
developed. Colletotrichum isolates causing raised spot sym ptom  were easily distinguished from  isolates originating from 
either an thracnose o r papery  lesions. R estriction analysis o f  the P C R  amplified 5.8S ribosom al D N A  (rD N A ), 
including b o th  the flanking in ternal transcribed spacers (ITS) o f  representative isolates from  the three different 
disease sym ptom s, also revealed two distinct R F L P  patterns reflecting the sam e groupings as detected th rough  RAPD s. 
Both m olecular approaches suggested th a t there were tw o species o f  Colletotrichum associated w ith Hevea inciting the 
developm ent o f  three different sym ptom s’. Colletotrichum acutatum causing raised spo t sym ptom , and C. gloeosporioides 
causing bo th  an thracnose and papery  lesions. This is the first record o f  Colletotrichum acutatum on  Hevea in India.

I N T R O D U C T I O N

C o lle to trich u m  le a f d isease in  ru b b e r  {Hevea hrasilien- 
sis) h a s  been  reco rded  from  m o st ru b b e r grow ing 
coun tries. T he fungus causing  the  disease w as orig inally  
identified as Glomerella cingulata th e  te leo m o rp h  o f  
"Gloeosporium' an d  Colletotrichum  (C a rp e n te r  & 
S tevenson 1954). T hese a n a m o rp h ic  genera  have been 
m erged  in to  o n e  as differences betw een  the  tw o a re  n o t 
consis ten t o r  significant. T h e  on ly  difference betw een 
Colletotrichum  a n d  ' Gloeosporium’ s tra in s  infecting 
ru b b e r is the  developm ent o f  setae in  the  acervuli o f  the 
fo rm er (R am ak rish n a n  & R a d h a k rish n a  P illay  1961). 
T h is c h a ra c te r  is un reliab le  as it seem s to  be determ ined , 
a t least p artia lly , by  the  en v iro n m en t (A lexopoulos, 
M im s & Blackwell 1996). Several species o f  Colleto- 
trichum  a n d  ' Gloeosporium' have been recorded  from  
Hevea (Fetch  1906, A ltson  1950a, b). C a rp e n te r  & 
S tevenson  (1954) considered  th a t all rep o rted  species 
in fecting  Hevea a re  closely re la ted  to  C. gloeosporioides 
a n d  co u ld  n o t be m a in ta in ed  as d istinct from  it. All
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these rep resen t an a m o rp h s  o f  Glomerella cingulata. 
H ow ever, in  ru b b er, the  sym ptom s o f  in fection  by 
‘Gloeosporium alborubrum' a n d  C. gloeosporioides 
differ, th o u g h  b o th  species a re  considered  to  be 
synonym ous. S ym ptom s caused  by  ‘ G. alborubrum' are 
charac terized  by  the ap p e aran c e  o f  nu m ero u s m inu te  
c ircu lar b ro w n  lesions o n  th e  leaflets. L a ter, they 
develop a  th ick  b row n  m arg in  a n d  a re  raised  above the 
su rface as conical p ro jec tions o r  raised  sp o ts  (F ig . I). 
T h e  p a th o g en  m ain ly  in fects te n d er a n d  im m atu re  
leaves. C. gloeosporioides w as rep o rted  to  cause 
an th ra cn o se  disease o f  rubber. T h e  an th racn o se  spo ts 
a p p e a r  as concen tric  rings th a t occu r generally  a long  
the  m arg ins an d  occasionally  in the  m iddle o f  leaflets 
(F ig . 2). T h e  lesions a re  large, 1-5 cm  d iam , an d  m ay 
coalesce to  form  la rger spo ts. T h e  cen tra l p o r tio n  o f  the 
sp o t is ligh t b ro w n , p ap e ry  a n d  necro tic . A n o th e r  leaf 
sp o t sym ptom  o f  a lm o st c ircu lar papery  lesions w ith  a 
d a rk  b row n  cen tre su rro u n d e d  by a  yellow  h a lo  (F ig . 3) 
w as rep o rted  in ru b b e r an d  the  p a th o g en  identified as 
C. gloeosporioides (R a ja lak sh m y  & Jo sep h  1988).

G iven  th e  occurrence o f  d ifferen t types o f  disease 
sym ptom s, such  as raised  spo ts , an th ra cn o se  an d  p apery
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Figs 1-3. Three different disease sym ptom s caused by 
Colletotrichum spp. on  Heveu leaf; raised spots (Fig. 1), 
an thracnose (Fig. 2), and papery lesions (Fig. 3).

been p roved  to  be useful in  determ in in g  the genetic 
s tru c tu re  an d  ev a lu a tin g  re la tio n sh ip s am ongst Colleto­
trichum  p o p u la tio n s  (F reem an , P h am  & R odriguez
1993, S reen ivasap rasad , M ills & B row n 1993), includ ing  
species iden tification  (F reem an  & K a ta n  1997). U se o f  
ribosom al D N A  (rD N A ) restric tio n  digest analysis and  
sequence d a ta  as m o lecu lar m ethods fo r species 
de linea tion  in Colletotrichum  have been rep o rted  
(S reen ivasap rasad  el al. 1993, 1994. S herriff et al. 1994, 
1995. F reem an , K a ta n  & Shabi J996, B uddie e t al. 
1999) an d  these m ethods are  now  well es tab lished . T he 
in te rna l tran sc rib ed  spacers IT S l a n d  ITS2 in the 
ribosom al R N A  gene b lock , d isp lay ing  high  ra le s  o f  
genetic d rift, m ay  also  be useful fo r u n d ers ta n d in g  
phylogenetic  re la tionsh ip s a t a  sub-generic level (B runs, 
W hite  & T ay lo r 1991, G ard es  el al. 1991, Lee & T ay lo r
1992, Sherriff et al. 1994, S reen ivasap rasad , B row n & 
M ills 1992, S reen ivasap rasad  et al. 1996).

In  the p resen t study , R A P D  m ark e rs  a n d  restric tion  
fragm en t leng th  po lym orph ism s o f  in te rn a l tran sc rib ed  
spacers (IT S) o f  r ibosom al D N A  w ere used to  in ­
vestigate m o lecu lar v a ria tio n  a m o n g  Colletotrichum  
iso lates associa ted  w ith  Hevea. T h e  objectives o f  this 
investiga tion  w ere to  verify p a th o g en  iden tity  b ased  on  
d isease sym ptom s, investigating  re la tionsh ips betw een 
them , an d  to  de term ine  the  presence o f  any  sub ­
p o p u la tio n  o f  the  pa thogens.

M A T E R I A L S  A N D  M E T H O D S  

The pathogen

T h e isolates from  th ree  typical sym ptom s, raised  spots, 
an th ra cn o se . an d  p ap e ry  lesions o n  leaflets o f  diff'erent 
clones o f  Hevea brasiliensis, w ere co llected  from  ru b b er 
p la n ta tio n s  located  a t the  R u b b e r R esearch  In s titu te  o f  
In d ia  (R R II), K o tta y am  an d  o th e r  locations in K era la  
sta te  (T ab le  1). T w enty-five iso lates (14 from  raised 
spo ts, six from  an th racn o se , a n d  five from  p ap e ry  
lesions) w ere used in the  p resen t study . Iso la tions w ere 
m ade  by p la ting  su rface-sterilized  pieces o f  d iseased 
tissue on  o a t m eal a g a r  (O M A ). All iso lates w ere 
purified  by  sing le-spore cu ltu re , m a in ta in ed  o n  O M A  
an d  s to red  a t 5 °C  in  darkness. F u n g a l iso la tes were 
identified based  o n  cu ltu ra l charac teris tics  an d  m icro ­
scopic m o rpho logy , an d  rep resen ta tive  cu ltu res p re ­
served in  the  co llections o f  the  P lan t P a th o lo g y  D ivision 
o f  the  R u b b er R esearch  In s titu te  o f  Ind ia  (R R II).

lesions o n  Hevea, th e  p resen t w ork  aim ed  to  ch aracterize  
the  p a th o g en  from  al! th ree  sym ptom s using m olecu lar 
techn iques. S u tto n  (1992) suggested th a t re la tionsh ips 
w ith in  the  genus Colletotrichum  w ere un likely  to  be 
resolved using  m orp h o lo g y  alone. M orp h o lo g ica l p la s­
tic ity  a n d  o v erlap p in g  ph en o ty p es m ake  trad itio n a l 
tax o n o m ic  crite ria  unreliab le fo r the  ac cu ra te  de lin ­
ea tio n  o f  Colletotrichum  species. O n  the  o th e r  han d , 
genetic  m a rk e rs  generated  by ra n d o m  am plified  p o ly ­
m o rp h ic  D N A  (R A P D ) (W illiam s et al. 1990) have

Genomic D N A extraction

F o r  ex trac tio n  o f  genom ic D N A , th ree  m ycelial plugs 
(5 m m  d iam ) w ere rem oved  from  the  advancing  m arg ins 
o f  5 d o ld  cu ltu res  o f  each  iso late , tran sfe rred  to  oa t 
m eal b ro th  an d  in cu b a ted  a t 25 ° on  a n  o rb ita l shaker 
(100 rp m ) fo r 4 d .  M ycelium  {ca 300-500  m g) was 
harvested  by filtering  th ro u g h  W h a tm a n  N o . 1 filter 
pap e r u n d er vacuum , w ashed  th ree  tim es w ith  sterile 
distilled  w ater, im m ediate ly  frozen  in  liqu id  n itrogen



Table 1. Source o f  ColIelotrichum  isolates from  Hevea  clones.

C ode no.
H ost
genotype L ocation Sym ptom

C G , BD 10 R R II F arm , K ottayam R aised spots
C G , BD 10 R R II F arm . K ottayam R aised spots
C O , G T  1 R R II F arm . K ottayam Raised spots
C G . G T  1 R R II F arm . K ottayam Raised spots
C G , R R Il 208 R R II F arm . K ottayam Raised spots
C G ,' R R II 105 R R II F arm . K ottayam Raised spots
C G , PB 280 R R II F arm , K ottayam Raised spots
C G , PB 310 R R II F arm . K ottayam Raised spots
C G , PB 217 R R II F arm . K ottayam R aised spots
C G ,, PB 217 R R II F arm . K ottayam R aised spots
C G „ R R II 105 R R II F arm , K ottayam Raised spots
C G „ R R II 105 C heruvally  Estate Raised spots
C G „ R R II 105 C heruvally  Estate R aised spots
C G , R R II 105 M anickal Estate R aised spots
C G „ Seedling R R II F arm . K o ttayam A nthracnose
C G „ Seedling R R II F arm , K ottayam A nthracnose
C G „ Seedling R R II F arm . K ottayam A nthracnose
C G . / Seedling R R II F arm . K ottayam A nthracnose
C G „ PR  255 R R II F arm , K ottayam Papery lesions
CG,„^ R R II 300 R R II F arm . K ottayam Papery lesions
C G „ R R II 300 R R II F arm , K ottayam Papery lesions
C G „ PB 235 R R II F arm . K ottayam Papery lesions
C G « Seedling K aliy ar E state A n thracnose
C G ,, PB 260 M anickal Estate A nthracnose
C G „ R R III0 5 M anickal Estate Papery lesions

’ C u ltu re  preserved as IM I 383015. 
- C u ltu re  preserved as IM I 383016. 
' C u ltu re  preserved as IM I 383017.

(100 mM T ris -H C l (pH  9.0), 500 mM K.C1, 20 mM 

MgCl.^). A m plifications w ere perfo rm ed  in  a  therm al 
cycler (G eneA m p P C R  System  9600, P erk in  E lm er 
C etus, U SA ) w ith an  in itial d e n a tu ra tio n  a t  94 ° fo r 
3 m in , follow ed by 40 cycles o f  30 s a t  94 1 m in  a t
37 a n d  2 m in a t 72 ® w ith  a  final ex tension  a t 72 ® fo r 
7 m in. A m plified p ro d u c ts  w ere ana lysed  a lo n g  w ith  a  
D N  A  size m arker, by e lec trophoresis  o n  a  1.4 %  agarose  
gel in 1 X T A E  buffer. T he gels w ere s ta ined  w ith  
e th id ium  b ro m id e  an d  viewed o n  a  U V  tran sillu m in ato r. 
T o  check  the reliability  o f  the  m ethod , the am plification  
reactions w ere perfo rm ed  tw ice. A m plification  p ro d u cts  
w ere scored o n  the basis o f  the ir presence o r  absence 
an d  v aria tio n s in  the  in tensity  o f  the  sam e band  across 
the iso lates w ere n o t considered  in the analysis. P a ir­
wise co m p ariso n s o f  the R A P D  profiles o f  the  isolates, 
based  on  b o th  un ique an d  shared  am plifica tion  p ro d ­
ucts, w ere em ployed  to  ca lcu la te  genetic d istance (G D ) 
(L ink  et al. 1995):

( 1)

w here is the  n u m b e r o f  b an d s in  geno type x  an d  no t 
in g en o ty p e ^ ’, Ny is the  n u m b er o f  bands in geno type  >’ 
an d  n o t in geno type x  an d  is the  n u m b er o f  b an d s 
in  genotypes .v a n d  y. T h e  d a ta  w ere subsequen tly  used 
fo r c luste r analysis to  co n s tru c t a  d en d ro g ram . All 
ca lcu la tions w ere m ade using the T R E E C O N  p ro ­
g ram m e (van  de Peer & d e  W ach te r 1994).

Table 2. D etails o f  random  decam er o ligonucleotide prim ers used 
in th is study.

Prim er
code

N ucleotide sequence 
{5' to  3')

N um ber o f 
um plilied loci

OPA -18 A G G T G A C C G T 25
OPB-IO C T G C T G G G A C 21
OPB-12 C C T T G A C G C A 9
OPB-17 A G G G A A C G A G 20
OPB-18 C C A C A G C A G T 19
O P D -II A G C G C C A T T G 16
O P E -18 G G A C T G C A G A 20
O PI-06 A A G G C G G C A G 28
OPJ-20 A A G C G G C C T C 26

an d  pow dered  E x trac tio n  an d  pu rifica tion  o f  to ta l 
genom ic D N A  w ere ca rried  o u t fo llow ing  a  m odified 
C T A B  (H exadecyl trim ethy l am m o n iu m  brom ide. 
S igm a, St L ouis) m e th o d  op tim ized  fo r Corynespora 
cassiicola (S aha et al. 2000).

RAPD  analysis

N ine decam er p rim ers (T ab le  2) selected a t ran d o m  
from  O p ero n  p rim er k its  (O p ero n  T echnology , U SA ) 
w ere used fo r P C R  am plifications. A m plifications w ere 
perfo rm ed  in a to ta l volum e o f  25 \A by m ix ing  50 ng  o f  
tem p la te  D N A  w ith 10 p icom oles o f  single prim er,
0.2 mM o f  each  d N T P . 0.7 un it o f  T aq  D N A  polym erase 
(P ro m eg a , U SA ), 2.5 ul 10 x D N A  po lym erase buffer

Ribosomal DISA RFLP analysis

Amplification o f  rDNA

A m plification  o f  the  in te rn a l transc ribed  spacer regions 
betw een the sm all (18S) an d  large (28S) nuclear rD N A  
w as achieved using p rim ers IT S l (5 '-T C C G T A G G T - 
G A A C C T G C G G -3  ) an d  ITS4 (5 -T C C T C C G C T T A - 
T T G A T A T G C -3 ')  (W hite  et al. 1990) supp lied  by 
Sigm a G enosys, U SA . T h e  am plified  frag m en t included 
the 5.8S rD N A  gene an d  the  in te rn a l transcribed  
spacers (IT S l a n d  ITS2). P C R  am plifica tion  was 
perfo rm ed  in a  to ta l vo lum e o f  50 y) co n ta in in g  100 ng 
o f  tem p la te  D N A  w ith  0.5 mm o f  each  p rim er, 0.2 mM o f 
each  d N T P , 2 un its  o f  T aq  D N A  po lym erase (P rom ega, 
U SA ), an d  5 pi o f  10 x D N A  po lym erase buffer (100 mM 
T ris -H C l (pH  9.0), 500 mM K C l, 20 mM MgCl^). 
A m plifications w ere p e rfo rm ed  in  a  the rm al cycler 
(G eneA m p P C R  System  9600, P erk in  E lm er C etus, 
U S A ) w ith  an  in itia l d e n a tu ra tio n  a t 94® fo r 3 m in, 
follow ed by 45 cycles o f  30 s a t  94 °, 1 m in  a t 55 ° and
2 m in  a t  72 ® w ith  a  final ex tension  a t 72 ® fo r 7 m in. 
A m plified p ro d u c ts  w ere sep ara ted  on  1 %  agarose  gel 
in I X T A E  buffer. T h e  gels w ere s ta ined  w ith  e th id ium  
brom ide  an d  viewed on  a  U V  tran sillu m in a to r.

Restriction enzyme digestion o f  amplified rDNA

P C R  am plified rD N A  p ro d u c ts  w ere purified and  
digested  w ith  the  restric tion  enzym es A cc\, A lul,



Sau3A \. £ a ? R l (B oehringer M annheim ), Taq\ and  
Xho\ (P rom ega) using  the buffers an d  co n d itio n s 
recom m ended  by the  suppliers. T h e  digested  fragm ents 
w ere sep ara ted  on  a 4 %  ag a ro se  gel, s ta ined  and  
v isualized as described  above.

R E S U L T S  A N D  D I S C U S S I O N

Comparison o f  Colletotrichum isolates hy RAPDs

T w o m a jo r types o f  R A P D  profiles w ere o b ta in ed  
am o n g  the  th ree  g ro u p s o f  iso lates, raised sp o ts  (R ), 
an th ra cn o se  (A ), an d  papery  lesions (L) (F igs 4 -5 ) th a t 
clearly  ind ica ted  the  fungal iso lates causing  raised  spo t 
sym ptom  in Hevea reacted  d ifferentia lly  from  the o th er 
tw o sym ptom s. W ith  all p rim ers tested . 14 iso lates from  
raised spo t sym ptom  w ere easily  d is tingu ished  from  11 
iso lates o rig in a tin g  from  an th ra cn o se  a n d  papery  lesion 
type sym ptom s an d  these fo rm ed  tw o genetically  d istinct 
g roups. All iso lates, irrespective o f  th e ir  sym ptom s, 
w ere variab le  in th e ir  m orpho log ica l features. T here 
w ere, how ever, significant differences in the g row th  
p a tte rn s  an d  con id ia l characteristics betw een  these tw o 
g roups. A n th racn o se-cau sin g  fungal iso lates show ed 
rap id  rad ia l g row th  in  c o n tra s t to  iso lates o rig in a tin g  
from  raised spo ts (A. K u m ar, unpub l.). R A P D  profiles 
a lso  revealed genetic diversity  w ith in  the  su b -g roups 
(F igs 4 -5 ). A  d en d ro g ram  illu stra ting  genetic rela tion-

Genetic distance 
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Figs 4-5. RAPD fingerprints o f 25 Colletotrkhum isolates 
generated with primers OPI-06 (Fig. 4) and OPJ-20 (Fig. 5). 
Lanes are according to the serial order o f isolates given in 
Table 1, Colletotrichum isolates causing raised spot symptom 
(R), anthracnose (A) and papery lesions (L) are marked. Lane 
M; molecular weight marker (X D N A /fco R I +  Z/mdlll).
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Fig. 6. Dendrogram resulting from a cluster analysis of 
genetic distance data based on RAPD profiles, generated with 
nine primers, dem onstrating genetic relationships among 25 
Colletotrichum isolates from three different disease symptoms, 
raised spot symptom (R), anthracnose (A) and papery 
lesions (L).

ships am o n g  the fungal iso lates (F ig . 6) was co n stru c ted  
using the R A P D  d a ta , com prising  184 am plified loci 
(T ab le  2). A lth o u g h  the  iso lates cluste red  in to  tw o 
m a jo r  g roups, all w ere fo und  to  be genetically  different. 
W ide genetic variab ility  w ith  d is tan ce  coefficients o f
0,41 to  0.78 w as detec ted  a m o n g  isolates from  a n th ra c ­
nose an d  p ap e ry  lesions, w hereas iso lates o rig ina ting  
from  raised  sp o ts  show ed com para tive ly  less varia tion  
w ith d is tan ce  coefficients o f 0 .04 to  0.57 (T ab le  3). 
M o re  th a n  9 0 %  genetic d issim ilarity  w as recorded  
betw een these tw o  g roups. A lth o u g h  c u rre n t fungal 
tax o n o m y  suggests th a t th e  genera  ' Gloeosporium' an d  
Colletotrichum  a re  synonym ous, the  m o lecu lar c h a rac ­
te rization  o f  fungal iso lates th ro u g h  R A P D  m ark e rs  in 
the  p resen t s tudy  su p p o rts  the existence o f  tw o d istinct 
g ro u p s a t the  species level. G ro u p in g  o f  Colletotrichum  
iso lates causing  an th ra cn o se  a n d  p ap e ry  lesions to g e th er 
o n  the  basis o f  R A P D  profiles, suggested th a t in  b o th  
cases sym ptom s developed  d u e  to  in fection  caused  by 
Colletotrichum gloeosporhides, prev iously  identified 
from  papery  lesions in Hevea (R a ja lak sh m y  & Joseph  
1988).

rDNA RFLPs

T h e suggested involvem ent o f  tw o  d istinct g ro u p s o f  
path o g en s based  on  R A P D  profiling  w as fu rth e r  tested 
by ribosom al D N A  analysis  o f  all iso lates o f  Colleto- 
trichum. T he length o f  the  IT S 4 /5  am plified p ro d u c t 
( in te rna l tran sc rib ed  spacers inc lud ing  5.8S rD N A ) was 
^  0.6 kb  a n d  length  p o lym orph ism  w as n o t detected  
am o n g  the iso lates, as also  rep o rted  in Colletotrichum  
iso lates from  straw b erry  (B uddie et al. 1999). A m plified 
rD N A  p ro d u c ts  w ere sub jected  to  d igestion  w ith six



Table 3. G enetic d istance m atrix  o f  C olletoirk hum  isolates based  on R A P D  data .

CG I CG 2 CG3 CG4 CG5 CG 6 CG7 CG8 CG 9 CGIO C G ll CG I2 CG13 CG14 C G I5 CG16 CG17 CG18 CG19 CG20 CG 2i CG22 CG23 CG 24 CG25

C G I 0.000
CG 2 0.393 0.000
CG 3 0.436 0.500 0.000
C G 4 0.474 0.4«3 0.389 0.000
CG 5 0.296 0.345 0.386 0.278 0.000
C G 6 0.397 0.460 0.424 0.407 0.322 0.000
CG 7 0.379 0.444 0.433 0.417 0.305 0.058 0.000
CG 8 0.431 0.417 0.458 0.467 0.356 0.310 0,322 0,(K)0
CG 9 0.418 0.404 0.3«9 0.370 0.309 0.484 0.516 0,467 0.000
CG 10 0.392 0.459 0.364 0.315 0.316 0.356 0.393 0,390 0.250 0,000
C G ll  0.517 0.450 0.411 0.448 0,362 0.400 0.436 0,379 0,393 0.339 0.000
CG12 0.439 0.102 0.492 0.475 0.362 0.452 0,436 0,433 0.421 0,475 0.441 0.000
C G I3  0.49! 0.550 0.434 0.526 0.492 0.302 0.346 0.456 0,473 0.446 0,407 0.567 O,000
CG 14 0.43! 0.100 0.483 0.492 0.356 0.444 0,429 0,426 0,414 0,468 0,433 0,042 0,557 0,000
C G I5  0.942 0.960 0.927 0.912 0.932 0.947 0,962 0,946 0.943 0.945 0.914 0.944 0,939 0,946 0.000
C G I6  0,9t>4 0.966 0.951 0.977 0.966 0.978 0.978 0.978 0.952 0,954 0.928 0,953 0,963 0.954 0.763 0,000
C G I7  0.913 0.929 0.885 0.914 0.919 0.907 0,921 0.918 0.914 0,904 0,861 0,916 0,880 0.918 0-724 0,775 0.000
CG 18 0.938 0.941 0.938 0.951 0-942 0.943 0.943 0.954 0,925 0,928 0.914 0,927 0.949 0,929 0.667 0,651 0,697 0.000
CG 19 0.914 0.943 0.900 0.901 0.920 0.921 0.933 0.893 0.928 0,918 0,890 0,929 0.910 0,931 0,66i 0,706 0.672 0,662 0-000
CG 20 0.926 0.929 0.8»5 0.927 0.906 0.907 0.921 0.892 0.927 0,929 0,846 0,916 0.880 0,918 0,604 0,721 0.687 0,590 0,541 0,000
CG 2I 0.951 0.941 0.910 0.951 0.954 0.955 0.967 0.941 0,9.38 0.941 0,886 0,927 0.935 0,929 0,615 0.750 0.635 0,552 0-574 0,407 0.000
CG22 0.958 0.960 0.958 0.958 0.947 0.948 0,949 0.947 0,958 0.960 0,931 0,945 0.940 0.947 0.581 0.767 0.771 0,648 0.667 0,558 0.596 0,000
CG23 0.925 0.916 0.951 0.952 0.930 0.943 0,956 0,942 0,939 0.941 0,915 0,915 0.949 0.917 0,783 0.635 0.739 0,692 0,706 0,757 0,750 0,724 0.000
CG 24 0.924 0.941 0.924 0.951 0.929 0,9.30 0.943 0.941 0,925 0,928 0,900 0,940 0.907 0.941 0,714 0,750 0.697 0.688 0,682 0,656 0.667 0,673 0,672 0,000
CG 25 0.973 0.974 0.973 0.973 0.975 0.975 0,976 0,988 0,973 0,974 0.961 0.974 0.972 0.975 0,714 0,774 0.717 0.684 0,678 0,672 0-611 0.578 0,667 0.636 0.000

M Alu\ 5a«3A l Taq\ £coR l

Fig. 7. R estriction fragm ent length polym orphism s o f  PC R  
amplified rD N A  from  three representative isolates o f  Colleto- 
trichum causing three different disease sym ptom s; raised spots 
(R ), an thracnose (A) and papery  lesions (L) on  Hevea. 
R estriction enzym es are indicated on  the gel photograph . 
Lane M : 100 bp  ladder m olecular w eight m arker.

different restric tio n  endonucleases {Accl, A lul, S««3A1, 
£ ‘co R l. Taq\ a n d  X hol) to  identify  fragm en t leng th  
po lym orph ism s. R estric tion  d igestion  w as ob ta ined  
w ith  on ly  fo u r enzym es. Alul, 5m /3A I. and
Taq\. F ig. 7 show s the R F L P  profiles o f  three 
rep resen ta tiv e  iso lates w ith  each  o f  the  fo u r restric tion  
enzym es used. R estric tion  p a tte rn s  o f  the isolates 
causing  ra ised  sp o ts  w ere clearly  d ifferen tia ted  from  
o th e r  Colletotrichum  iso lates o rig in a tin g  from  a n th ra c ­
nose a n d  p ap e ry  lesions. Colletotrichum  rD N A  R F L P s 
reflected th e  sam e g ro u p in g  as revealed  from  R A P D  
stud ies. T h e  rD N A  res tric tio n  leng th  po lym orph ism s

detec ted  am o n g  the fungal iso lates w ere due to  sequence 
v aria tio n s  in ITS  regions, w hich are  rap id ly  evolving 
reg ions o f  ribosom al D N A /rR N A  gene sequences an d  
are  o ften  stud ied  fo r co m p arin g  species an d  closely 
re la ted  genera. T h u s, m o lecu lar evidence suggested th a t 
th e  fungus causing  raised sp o t type o f  sym ptom  in 
ru b b e r is d istinct from  th a t causing  an th ra cn o se  and 
papery  lesions, the  la te r tw o being sim ilar.

R A P D s ap p eared  to  be very useful in d istinguish ing  
fungal path o g en s in the  p resen t investiga tion , a lth o u g h  
this m e th o d  is generally  considered  to  be d iscrim inato ry  
a t the  p o p u la tio n  level ra th e r  th a n  the species level 
(K o h n  1992). Som e o f  the  R A P D  fragm ents (OPI-06,e-o 
(Fig. 4), OPJ-20,s2o an d  OPJ-20,g5o, Fig. 5) identified 
am o n g  the  fungal iso lates, cou ld  be used as m arkers  fo r 
the iden tifica tion  o f  fungal p a th o g en  causing  raised 
spo ts sym ptom  o n  rubber. T h e  In te rn a tio n a l M y- 
cological In stitu te , U K , confirm ed the  iden tifica tion  o f  
the iso late causing  raised  sp o ts  (IM I 383015) as 
Colletotrichum acutatum  (P. F . C a n n o n , pers. com m .), 
w hich is the first re p o r t o f  the  species as a  p a th o g en  o f  
ru b b e r in  Ind ia . T w o  isolates causing  an th ra cn o se  (IM I 
383016) an d  papery  lesions (IM I 383017) w ere identified 
as Colletotrichum gloeosporioides, as expected . D is­
tinguish ing  these tw o p o lym orph ic  ta x a  by  m o rp h o ­
logical stud ies only  (especially o f  con id ium  shape  an d  
size) is n o t easy  as m any  Colletotrichum  iso lates p roduce  
secondary  con id ia  d irectly  from  germ in atin g  p rim ary  
spores. T hese secondary  spores a re  generally  sm aller 
an d  m o re  variab le  in  shape a n d  c a n n o t be d istinguished  
reliably  (B uddie et al. 1999). O n  the  o th e r  h an d , C. 
acutatum  an d  C. gloeosporioides revealed considerab le 
levels o f  v a ria tio n  in rD N A  R F L P s a n d  ran d o m  
am plified p o lym orph ic  D N A  th a t cou ld  successfully be 
used in identify ing Colletotrichum  iso lates from  rubber, 
a t  th e  species level.



T h e im p o rta n ce  o f  C. acutatum  as a  p a th o g en  was 
first recognized in  straw b erry  an th ra cn o se  (S im m onds 
1965, 1968), an d  it w as subsequen tly  identified  from  a 
w ide range o f  c ro p  p la n ts  (B uddie et al. 1999). H ow ever, 
C. acutatum  w as u n k n o w n  in ru b b e r un til it was 
rep o rted  from  S u m atra  an d  Sri L a n k a  (B row n & 
S oepena 1994, Jayasinghe , F e rn a n d o  & P riy an k a  1997). 
A lth o u g h  C. acutatum  w as rep o rted  only  recen tly  from  
ru b b er, the  co m m o n  occurrence o f  raised  spo ts in 
Ind ian  ru b b er p la n ta tio n s  p red a ted  the  iden tifica tion  o f  
the  p a th o g en  o n  straw b erry  p lan ts , b u t it w as described 
as ' Gloeosporium alboruhrum’ (R am a k rish n a n  & R ad- 
h ak rish n a  P illay 1961). "G. alboruhrum", identified as 
the  cau sa l o rgan ism  o f  raised  spo ts, w as suggested to  
be sy nonym ous w ith  C. gloeosporioides (C a rp e n te r  & 
S tevenson  1954) a n d  it is now  u n d e rs to o d  th a t C. 
acutatum  is th e  m a jo r cause o f  C o lle to trich u m  leaf 
d isease, un til now  know n as G lo eo sp o riu m  le a f disease 
(E d a th il, Ja co b  & Joseph  2000). R A P D  an d  rD N A  
analysis cou ld  th u s  help  in  the  successful iden tification  
o f  Colletotrichum acutatum  from  ru b b e r fo r the first 
tim e in Ind ia. A s d ifferent species o f  Colletotrichum  are 
rep o rted  to  show  differential response to  fungicides 
(B ernste in  et al. 1995. B row n, S reen ivasap rasad  & 
T im m er 1996, L iyanage, M cM illan  & K istle r  1992), 
p ro p e r  iden tifica tion  o f  the  fungal p a th o g en  associa ted  
w ith raised sp o ts  in Hevea  cou ld  be o f  g rea t help  in 
develop ing  m ean ingfu l d isease m an ag em en t strateg ies 
fo r the  pathogen .
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