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Abnormal leaf fall caused by Phytophthora spp. is a serious disease of rubber (Hevca brnsilieusis) in the 
traditional rubber growing regions of India. Twenty-five isolates from different rubber growing regions 
were subjected to molecular characterization and observed the variation if any. Internal transcribed spacers 
(ITS) of ribosomal DNA of the isolates were amplified with ITS 4 and ITS 6 primers. The rDNA- RFLP 
pattern was generated for all the isolates with different restriction enzymes. Among the different restriction 
enzymes tested, digestion was obtained only with two enzymes viz. Msp 1 and Alii 1. Uniform RFLP 
pattern generated for all the isolates tested from H.brn$ilie7isis belonged to P.mecidii. The RFLP patterns of 
generated rDNA of isolates from H.brasiUensis were compared with other Phytophthora species viz. P.capsici 
from pepper and P.palmivora from coconut showed variation.
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Abnormal leaf fall disease caused by Proper identification of causal organism 
Phi/tophthorn is considered to be the most within a short time span is of importance in
d estru ctiv e  d isease  o f ru bb er (H evea  disease control. The earlier identification of
brasiliensis) in India causing an estimated the causal organism of abnormal leaf fall
crop loss of 5-49 per cent by different clones d isease have been  on the b asis of the
(Jacob, 2003). Your s p e a c s  o i  Phytophthora m orp h olog ical ch aracters. H ow ever,
viz. P.palmivora (Butler), P.meadii (Me Rae m orphological identification may not be
1918), P.nicotinae var parasitica an(\ P.botr\/osa accu rate  for clo sely  related  fungi
have been reported to cause this disease in (W aterhou se 1970). N ow  PCR based
India (Thankamma et al., 1968; Edathil and molecular tools have been widely used to
G eorge, 1976; 1980; Edathil et al., 2000). identify Phi/tophthora species accurately
O ther sp ecies like P.fnberi, P .hevea an d  (Duncan et al., 1987; Cook et al., 2002). As
P.citrophthora have also been reported to the DN A sequ en ce are u n iqu e for an
cau se th is  d isease  in o th er co u n tries  individual and the variation can help in
(R am akrishnan  and P illa i, 1961; Chee, screening the varieties with in a population.
1969). Ribosomal DNA (rDNA) restriction digest



a n a ly s is  a n d  se q u e n c e  d a ta  h a v e  b e e n  
r e p o r te d  as u s e fu l  in  id e n t i f ic a t io n  of 
Phytophthora species (C ooke an d  D uncan, 
1997; Cooke et a i ,  2000; C h o w d ap p a  et a i, 
2003 a, b). The in ternal transcribed  spacers, 
ITS 1 an d  ITS 2 in  the ribosom al D N A  of 
d ifferen t Phi/tophthora species w ere reported  
as d istinct (D uncan  et al., 1987). C how dappa  
et al. (2003 a,b) rep o rted  d ifference in the 
P hytophthora  sp e c ie s  in fe c tin g  d if fe re n t 
p lantation crops by  rD N A  and the restriction 
fragm ent leng th  p o lym orph ism  (RFLP). In 
the  p resen t s tu d y  the  RFLP of am plified  ITS 
region of ribosom al D N A  w as u sed  for the 
identification  of Phi/topyhthora isolates from  
Heven to detect any  genetic variability am ong 
them .

Sam ples of leaf and  infected petioles w ere 
collected d u rin g  the year 2001 and  2002 from  
differen t rubber g row ing  reg ions (Table 1). 
P.capsici a n d  P .palm ivora  is o la te s  w e re  
o b ta in e d  fro m  th e  p h y to n e t  c u l tu r e  
collection m ain ta in ed  a t the Ind ian  Institu te  
of Spice Research, K ozhikode. The pathogen  
w as isolated and p u re  culture was developed 
by h y p h a l tip  m ethod  (Brow n 1924). O ne of 
the Phytophthora isolates from  Heven (isolate 
N o .7) w as id e n tif ie d  a t the  In te rn a tio n a l 
M ycological Institu te, UK.

Total D N A  w as extracted  from  1-2 g of 
the m ycelium  harvested  from  p u re  cu lture  
of the isolate grow n on  po tato  dextrose broth  
for th ree to four days at 24“C. The m ycelium  
w as w ash ed  th rice  w ith  d o u b le  d is tilled  
w ater an d  p o w d ered  in liqu id  nitrogen . The 
extraction  of total genom ic D N A  w as done 
by a m odified  CTAB (H exadecyl trim ethyl 
a m m o n iu m  b ro m id e , B D H  la b o ra to ry  
su p p lie s , Poole, E ng land ) m eth o d  (D oyle 
and  D oyle, 1990). The b u ffe r co n ta in in g  
lOOmM Tris H CL (pH8), 1.4M N aCl, 20mM  
EDTA (pH  8), 2 p er cent CTAB and  20mM  
m ercaptoethanol was p re-heated  to 90"C and

th e  su sp e n s io n  in c u b a te d  a t 65‘*C fo r 90 
m in u te s  w ith  o c c a s io n a l m ix in g . A fte r  
cooling the m ix tu re  to  room  tem p era tu re , 
equal vo lum e of chloroform  isoam yl alcohol 
(24:1) w as a d d e d  and  m ixed w ell to get an 
em ulsion by inverting  the tube several times. 
The m ix tu re  w as cen trifuged  at 12,000 g for 
10 m in u te s .  T h e  a q u e o u s  p h a s e  w a s

Table 1. Source of isolates
Serial Location 
No.

Hcvca clone / 
Crop species

1 Thodupuzha RRII 105

2 Peruvanthanam RRII 105

3 Puthiikkad RRII 105

4 Vaniyampara RRII 105

5 Ottappalam RRII 105

6 Malankara RRII 105

7 Malankkara FX 516

{IMI No. 387458)

8 Mundakkayam RRII 105

9 Mundakkayam RRII 105

10 Kaliyar Fx 516

11 Malankkara Fx516

12 Kaliyar PB 235

13 Boyce estate RRIM 600

14 Manarcad RRII 105

15 Kaliyar PB 217

16 Lahai estate PB 28/59

17 Chethakkal G T l

18 Malankkara PB 235

19 Vaniyampara RRII 105

20 Echippara RRIM 600
21 CES, Chethackal RRII105

22 M oozhoor R R m 05

23 Enthayar PB260

24 RRII RRII 105

25 Echippara RRII 105

26 P. capsici (IISR Calicut) Piper nignini L.

27 P. pmlniworn (IISR Calicut) C oav  iiucifern



transferred  to ano ther tu b e  and  re*extraction 
of th e  m ix tu re  w ith  c h lo ro fo rm  isoam yl 
a lc o h o l w a s  re p e a te d  th r ic e  to  re m o v e  
po lysaccharides from  the D N A . To the final 
aqueous phase , 1/100 vo lum e of lOmg mL ' 
R ibonuclease A so lu tion  w as a d d ed  and  the 
m ix tu r e  w a s  in c u b a te d  a t  37“C fo r  30 
m inutes. G enom ic D N A  w as precip ita ted  by 
th e  a d d i t io n  o f 0 .7  v o lu m e  o f ice co ld  
isop ropano l and  cen trifuged , at 8,000 rpm  
for five m in u tes . The p e lle t w as fu r th e r  
w ashed  w ith  pre-chilled  70 p er cent ethanol 
tw ice, air d ried  an d  finally d isso lved  in TE 
buffer. The p u rity  an d  concentration of DNA 
w as estim ated  spectrophotom etrically . The 
d ilu ted  D N A  w as sto red  a t 4°C for assays.

PCR am plification  of ITS reg ion  of rD N A  
w as p e r fo rm e d  u s in g  th e  p r im e rs  ITS4 
(5 'T C C T C C G C T T A T T G A T A T C G 3') a n d  
ITS6 (5 'G A A G G TG A A G TCG TA A CA A G G  
3') syn thesized  by sigm a G enosis Ltd. [U.K.], 
PCR w a s  p e rfo rm e d  in  a PTC 100 M in i 
T herm al Cycler (M.J. Research, USA) using

50pl reaction m ix tu re  conta in ing  100 ng  of 
tem p la te  D N A  w ith  0.5 |jM  of each dNTP, 
th ree u n it of Taq D N A  polym erase  an d  five 
\x\ o f lOX PC R  b u ffe r . T h e  P C R  w as 
p ro g ra m m e d  for a sing le  s tep  a t 94"C for 
th ree  m in u tes  35 cycles of 94 for 30 seconds, 
55°C for 30 seconds, 72°C for seconds and  
fo llo w ed  by a s in g le  s te p  a t 72‘̂ C for 10 
m inu tes (Cooke and  D uncan, 1997)

A m plified  rD N A  w as p rec ip ita ted  w ith  
d i s t i l l e d  a lc o h o l, d is s o lv e d  in  d o u b le  
distilled sterilized w ater and  their pu rity  w as 
tested on tw o p er cent agarose gel. The rD N A  
w as d igested  w ith  restricted enzym es Alsp  I 
and  AIu I, EcoR 1 and  Rsa 1 (G ene banglore) 
according to m anufacturer's  instruction. The 
d igested  fragm ents w ere sep ara ted  on tw o 
per cent agarose gel s ta ined  w ith  E th id ium  
brom ide.

The am p lified  rD N A  w h en  se p a ra te d  
gave a single b an d  of size 900 bp  (Fig. 1) for 
all isolates from  ru b b er and  the isolates of 
P.capsici and  P.palmiz'ora conform ing  to the

Fig. 1- Amplified rDNA for PIn/tophthora isolates (M- markerlOObp ladder)
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Fig. 2. ITS -  RFLP patterns regenerated with the restriction enzymes (a) M$p 1 (b) Alu 1 (M-Marker 1 OObp 
ladder, 1-25 Plii/tophthorn isolates from H. brasiliensis, 26-P.cap$ici, 27-P.paliiiwora)

range reported  for Phyfophthorn (C how dappa 
et al., 2003a).

W hen the am plified rD N A  products w ere 
d igested  w ith  the restriction endonucleases 
(Msp 1, Alu I, Eco RI an d  Rsa I ) digestion  
w as ob ta ined  w ith  only  tw o  enzym es viz. 
M sp  1 a n d  Alu  I (Fig. 2a a n d  b) fo r  all 
th e  i s o la te s  te s te d .  T h e  i s o la te s  f ro m  
H. brasiliensis sh o w ed  u n ifo rm  restric tion  
fragm ents (Table 2) and  w ere sim ilar to that 
of iso late N O . 7 iden tified  by IMI as P.meadii 
on the  basis of both  m orpho logy  as well as 
ITS, RFLP.

The rDNA restriction length polymorphism 
detected  am ong  the fungal isolates w ere due  
to sequence varia tions in the ITS reg ion  of

rD N A  gene sequences. A s these variations 
are h igh ly  specific for each species of fungi, 
it is the  m ost effective m ethod  to com pare 
the  species w ith in  a genus. The u n ifo rm  
restric tion  fragm en t size of the ITS region 
d igested  w ith  the tw o inform ative restriction 
e n z y m e s  c le a r ly  in d ic a te d  th a t  a ll th e  
Phytophthora isolates from  rubber be long  to 
the species P.meadii and  that they  differ from 
P .capsic i a n d  P.palm ivora  a l th o u g h  th e  
identification an d  taxonom y of Phytophthora 
s p e c ie s  a re  b a s e d  o n  m o rp h o lo g ic a l  
c h a ra c te r s  th e  d if fe re n c e s  b e tw e e n  th e  
species are very little and  the  identification 
is often  difficult (Erw in and  Riberio, 1996; 
A ppiah  etal., 2003). P.meadii is differentiated  
from  P.palmivora on the basis of sporang ial



Table 2. R e s t r i c t io n  f r a g m e n t  s iz e  ( in  b p )  o f  
P h y top h th o ra  rD N A , RFLP

Isolates Restriction 
Msp 1

enzymes 
Alu 1

P. n ie a d i i 3 9 0 ,3 0 0 ,2 2 0 550,390

P. cap:^ici 350,340,200

P. p a lm i i ’o ra 510,390 490,190

m orpho logy  and  leng th  of the pedicel. The 
sporang ia  of P.mcadii are spherical to ovoid, 
caducious w ith  m ed ium  pedicel length  on 
sym podium , p roduc tion  of ch lam ydospores 
and  form ation  of ap lero tic  oospores are  rare 
(O udem ans et al., 1991). P.fnbcri h as been  
reported  as the causal agen t of abnorm al leaf 
fall d isease of ru b b e r in Sri Lanka (G add, 
1924) an d  la tte r P.fnberi w as m erged  w ith  
P.nieaciii. R ecen t s tu d ie s  co u ld  s e p a ra te  
P.meadii isolates from Ppalmivora on  the basis 
of RFLP of ITS reg ion  of rD N A . P.tneadii 
isolates from  ru b b er and  arecan u t show ed

sim ilarity  on ITS, RFLP (C how dappa et al., 
2003b).

The close sim ilarities in  m orphological 
c h a ra c te r is t ic s  o f  P hytophthora  s p e c ie s  
necessitate careful and  deta iled  observation  
to  av o id  m is-id en tifica tio n . The p re se n t 
s tu d y  h a s  in d ic te d  th a t all Phytophthora 
isolates from  ru b b er belong  to  P.mendii only 
and  are clearly  d is tinc t from  P.capsici and  
P.palmivora on the  basis of rD N A  RFLP. This 
is an easy  m ethod for accurate identification  
of Phytophthora species, a p re-requ isite  for 
a d o p t in g  a p p ro p r ia te  c o n tro l m e a su re s  
based  on epidem iology and  pathogenicity  of 
the  species.
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