
A '

First report of leaf olight caused by AUemaria aUernata 
on He ea brasiliensis in India

C. Bindu Roy', Cina An Zachariah, C. Kuruvilla Jacob and Thakurdas Saha 
Rubber P • earch Institute o f India, Kottayam 6 8 6  009

Abstract
Altemaria leaf blight caused by AUemaria a. smata was observed on rubber {Heyta brasiliensis) tree, the source o f natural 
rubber latex o f commercial v^ue. Initial sy.nptoms appeared on young leaves as minute spots, which enlarged with the 
growth o f the leaves. A  characteristic browning and blackening o f veins forming a 'fishbone’ or 'railway track’ symptom was 
noticed at later stage o f the disease. This disease symptom appeared similar to that o f the devastating Corynespora leaf 
disease, caused by Corynespora cassiicola on Hevea brasiliensis. Twenty-six isolates from two states o f India. Kerala and 
Karnataka, were characterized using random amplified polymorphic DNA (RAPD) analysis and two major profiles were 
detected. Cluster analysis resolved the isolates into two major groups. Restriction analysis o f the PCR amplified ribosomal 
DNA including the flanking internal transcribed spacers of representative isolates from both the groups also revealed two 
distinct RFLP patterns reflecting the same grouping as detected through RAPDs. The amplified rDNA from representative 
isolates o f both the groups was cloned and sequenced. Sequence analysis revealed significant homology o f one group of 
isolates with A. altemata and the other with C. cassiicola. This is the first report o f this disease from India.

Key words : Altemaria, corynespora', cntemal transcribed spacers 
Restriction Fragment Length Polymorphism (RFLP).
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Introduction
Hevea  clones are susceptible to va. ;ous foliar 

diseases. In rubber, severe form of Cor^ (lespora leaf 
d isease caused by C. cassiico la  re&uUed in a 
characteristic browning and blackening of \ \  ins of leaves 
forming a ‘fishbone’ or ‘railway track’ s; .iptom. The 
disease symptoms initially appear as miv: te spots on 
leaves, which enlarged with the growth in the leaves. 
The spots are circular or irregular with a bro vn or papery 
centre surrounded by a dark brown ring and a yellow 
halo. However, association of Altemaria with similar 
symptom was noticed while working with \he pathogen 
C. cassiicola. Earlier Martin (1947) reporttd Altemaria 
infection on Hevea in Mexico and the species was 
identified as A. castillpae. In this paper, an attempt was 
made to study if  the association of Altemaria  cpuld 
develop a sym ptom , w hich resem bles w ith the 
Corynespora leaf disease of Hevea.

Advances in molecular biology, particularly the

polymerase chain reaction (PCR) assay, have provided 
exciting opportunities for the development of rapid and 
precise nucleic acid-based tests for the detection of 
various plant pathogens. The RAPD allows quick 
assessment of genetic variability among fungal isolates 
in various taxa, and has been used to study variability 
among fungi (Inglis et al., 2001). The internal transcribed 
spacer (ITS) regions of rDNA in fungi are also useful 
for molecular systematic studies (Roy et al., 2005; Saha 
et a l,  2002). Because of its higher degree of variation 
than other genic regions o f rDNA (SSU and LSU), 
variation among individual rDNA repeats can be 
observed within the ITS regions. This has proven 
particularly useful for separation of fungal taxa at the 
genus to species leveU because the rate of accumulation 
of mutations in these regions often approximates to the 
rate of speciation (Bruns et al., 1991; Lee and Taylor. 
1992). With the advancement of molecular techniques, 
several studies have examined genetic relationships using
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a variety of molecular methods among isolates of 
Cory'tu’spora (Saha et al., 2(X)0; Saha et a!., 2002) as 
well as Altenwria (Pryor and Gilbertson, 2000; Pryor 
and Michailides, 2002). The present study is aimed at 
grouping (he Isolates from similar symptom on. H. 
hrasilicnsis using molecular tools.

M aterials and Methods 
Isolation o f the pathogen

Tlie pathogen showing symptoms of pinpoint to 7 mm 
lesion on leaves was isolated from H. brasiliensis 
collected from rubber plantations in Kerala and 
Karnataka during 2004 (Table 1). Isolations were made 
by plating surface-sterilized pieces of diseased tissue on 
potato dextrose agar (PDA) medium. All isolates were 
purified by single-spore culture (Ho and Ko, 1997), 
maintained on PDA and stored at room temperature. 
Twenty-six isolates were used in the present study.
Genomic DNA extraction

Six mycelial plugs (5 mm diameter) were taken from 
6-day-old culture of each isolate, transferred to potato 
dextrose broth (PDB) and incubated at 25°C for 4 days. 
Mycelium was harvested by fjliering through Whatman 
No. I filter paper under vacuum, washed thrice with 
sterile distilled water, dried in liquid nitrogen and 
powdered. Extraction and purification of the total 
genomic DNA were carried out following a modified 
CTAB (Hexadecyl trimethyl ammonium bromide, Sigma 
Co., St. Louis, USA) method optimised for Corynespora 
cassicola (Saha et al., 2(XX)).
RAPD analysis

Twenty decamer primers (Table 2) selected at random 
from Operon primer kits (Operon technology Inc., USA) 
were used for PCR amplifications. Amplifications were 
perfomied in a total volume of 25 mi by mixing SOngof 
template DNA with 10 picomoles of single primer, 0.2 
mM of each dNTP, 0.7 units of Taq DNA polymerase 
(Genei, Bangalore) and 2.5 ml of lOX DNA polymerase 
buffer. Amplifications were performed in a thermal 
cycler (Bio-Rad, USA) with an initial denaturation at 
94°C for 3 min, followed by 40 cycles o f 30 sec at 94°C,
1 min at 37°C and 2 min at 72°C with a final extension 
at 72®C for 10 min. Amplified products were analyzed 
along with a DNA marker, as molecular size reference, 
by electrophoresis on a 1% agarose gel in IX TBE buffer. 
The gels were stained with ethidium bromide and viewed 
on UV transilluminator. To check the reliability of the 
method, the amplification reactions were performed 
twice. Amplification products were scored on the basis 
of their presence or absence and variations in the intensity 
of the same band across the isolates were not considered

in the analysis. Pair-wise comparisons of the RAPD 
profiles of the isolates, based on both unique and shared 
amplification products, were employed to calculate 
genetic distance (GD). GD was calculated according to 
the folJowing equation:

GD = (N + N ) / (N + N + N )xy  ̂ * y ' '  » y ny'

where, N is the number of bands in isolate x and notX
in isolate y, N  ̂ is the number of bands in isolate y and 
not in isolate x and N̂^̂  is the number of bands in isolates 
X and y (Link et al., 1995). The data were subsequently 
used for cluster analysis to construct a dendrogram. All 
calculations were made using the TREECON programme 
(Van de Peer and De Wachter, 1994).
Ribosomat DNA RFLP analysis 
Amplification o f  rDNA

Amplification of the internal transcribed spacer (ITS) 
regions between the small (18S) and large (28S) nuclear 
rDNA was achieved using universal primers ITSl (5’- 
TCCGTAGGTGAACCTGCGG-3’) and ITS4 (5 ’- 
TCCrrCCGCTTATTGATATGC-3’) (White et al., 1990) 
supplied by Sigma Genosys, USA. The amplified 
fragment included the 5.8S rDNA gene and the internal 
transcribed spacers (ITSl and ITS2) (Fig. 1). PCR 
amplification was performed in a total volume of 50 ml 
containing 100 ng of template DNA with 0.5 mM of 
each primer, 0.2 mM of each dNTP, 2 units of Taq DNA 
polymerase and 5 ml of lOX DNA polymerase buffer. 
Amplifications were performed in a thermal cycler with 
an initial denaturation step at 94®C for 3 min, followed 
by 45 cycles of 30 sec at 94°C, 1 min at 55°C and 2 min 
at 72^C with a final extension at 72®C for 7 min. 
Amplified products were separated on 1% agarose gel 
in IX TBE buffer. The gels were stained with ethidium 
bromide and viewed on a UV transilluminator.

ITSl primer {TS4 primer

SS rONA(18S) ITSl 5.6S ITS2 t ^  rDNA (28S)

Fig. I. Schematic representation of the repeat unit of nuclear riboso- 
mal DNA. The open boxes represent the genes for ribosomal 
subunits. The an'ows represent the positions of the PGl prim­
ers (ITSl and ITS4) used for amplification of the 5.8S rDNA 
and the internal transcribed spacer regions ITS 1 and ITS2.

Restriction enzyme digestion o f  amplified rDNA 
PCR amplified rDNA products were purified using 

GFX-Gel band purification kit (Amersham Biosciences) 
and digested with the restriction enzymes Alu 1, Bam 
HI, Eco R I, Hae III, Hind III, and Sau 3A I using the 
buffers and conditions recommended by the suppliers.



No Code Location* liost Symptom infrctioo
1 Cc 105 Neeria. KN GTl 0.2 • 1 mm lesions on leaves <10
2 Cc 106 Ncitana, KN GTI 2 • 3 mm lesion on leaves, veins and raised spots <10
3 Cc 107 Netiana, KN GTI 2 • 3 mm lesion on leaves, veins and raised spots 20-tVl
4 Cc 108 Nettana, KN GTl 3 • 5 mm lesion on leaves
c Cc 109 Netiana. KN RRll 105 0.2 • S mm lesion on leaves. >80
6 Cc 110 Neeria, KN PB311 2 mm lesions on leaves <10
7 Cc III Neeria. KN RRll 105 0.2 - 3 mm lesion on leaves 20-Qci
8 Cc 112 Guthigar, KN RRIl 105 3-5 mm lesion on leaves extending to the vein 20-0ct
9 a  113** Karmayi, KN RRII 105 0.1 - 3 mm lesion and raised 0.2 spots 20-OCI
10 a i i 4 « Guthigar, KN RRIl 105 3 • 6 mm lesion on leaves 20-0ct
11 Cc 115 Adoor, KL RRll 105 0.2 - 6 mm lesion on veins 20-OCI
12 Cc 116 San^je, KN RRll 105 0.2 - 3 mm lesion on leaves 20-Gct
13 CcII7 Nikkiladi. KN RRII 105 1 • 5 mm lesion on leaves and veins 60-70
14 Cells Kakkinje, KN RRII 105 0.2 mm sized lesions <10
15 a  119 Sheradi. KN RRll 105 2 - 3 mm lesion on veins 20-0ct
16 Ccl20 Champainthotti, KL RRIl 105 1 • 4 mm lesion on leaves >50
17 Cc 121 Thadikadavu, KL RRII 105 3 mm lesion on leaves >50
IS Cc 122 Malakkat, KN RRIi i05 6 - 7 mm lesion on leaves and veins 30 W 50
19 Cc 123 Irikkoor. KN RRll 105 0.2 • 4 mm lesion on leaves and veins 10 to 20
20 Cc 124 Peringom, KL RRIl 105 1 mm lesion on leaves and veins 20
21 Ccl25 Pranavom, KL RRll 105 0.2 • 5 mm lesion on leaves and veins <10
22 a  126 RayaroiruKN RRII 105 0.2 mm lesion on leaves 20̂
23 CcI27 NSS, KN ^ RRII 105 0.2 mm lesion on leaves <10
24 a  128 Peravoor, KL RRII 105 0.2 - 5 mm lesion on leaves 20^1
25 Cc 129 Palar.KN RRII 105 0.2 mm lesion on leaves <10
26 Ccl30 Nettana, KN GTl Raised spots <10

* KN -  Kamataica; KL • Kerala, ** Later identified as Alter ria isolate

The digested fragments were separated on 2% agarose 
gel, stained and visualized as described abc've.
Cloning and sequencing o f  5.8 S  rDNA am  T S  regions 

Cloning of the PCR product was carried out using the 
pGEM -T vector (Prom ega, USA). L igation was 
performed overnight at 16®C with T4 DNA ligase. 
Ligated products were transformed into JM 109 high 
efficiency competent cells. After transformation, the 
recombinants were selected by blue/white rcreening in 
X-gal medium. Two of the positive clone bearing the 
insert were sequenced at Avesthagen, Bar. 'alore, using 
vector directed primers T7 and SP6 to get ihe complete 
ITS I and ITS2 sequences along with the i.8S rDNA. 
DNA sequences were aligned and sequence comparison 
was done through BLAST analysis at the NC'BI (National 
Centre for Biotechnology Information, USA) site. 

Results and Discussion
RAPD analysis

RAPD analysis is rapid and efficient :o identifying

variation among the pathogens and is therefore ideal for 
genetic structuring of plant pathogens. RAPD prinicnv 
used in the study amplified reproducible RAPD profiles 
for all the 26 isolates. A total of 197 fragments weiv 
scored of which, 185 (93.91%) showed polymorphism 
(Table 2). The number of amplified DNA fragments 
generated by individual primers varied from four to 15. 
There was a high degree of similarity in RAPD profiles 
of all the isolates except two of them. Cc 113 and Cc 
114, collected from Karmayi and Cuthigar regions of 
Karnataka respectively, infecting RRIl 105 clone of H. 
brasiliensis. Interestingly, these two isolates showed a 
distinctly different pattern with all the 20 primers tested 
(Figs. 2 a-c). Genetic relationships among the isolates 
were analysed using distance matrix data, based on pair- 
wise comparison of the RAPD profiles. Cluster analysis 
using UPGMA program produced a dendrogram in w hich 
the 26 isolates resolved into two major clusters. Cluster
I contained 24 isolates with a genetic distance of less 
than 30% and cluster II had only two isolates, Cc 113
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Table 2. Details of prim ers and the fragments amplifled by RAPD profiling

P rim er
cod«

Nucleotide Sequence
(5* to  3‘)

N um ber o f  AmpiiHed 
fra g m e n ts

N um ber o f Polym orphic 
frag m en ts

Polym orphism
index

OPA-02 TGCCGAGCTG 6 3 0.5

l)PA-03 AGTCAGCCAC 8 6 0.75

OPA-W AATCGGGCTG 9 9 1

OPA-07 GAAACGGGTG 5 5 1

OPA-08 GTGACGTAGG 4 4 1

OPA-10 GTGATCGCAG 14 14 1

O PA -U TCTGTGCTGG 4 4 I

OP-V-17 g a c c g c t t g t 10 10 1

OPA-IS AGGTCACCGT 11 n I

OPA-19 CAAACGTCGG 5 5 1

OPAOO GTTGCGATCC 11 9 0.82

OPB-06 TGCTCTGCCC 9 9 1

OPB-07 GGTGACCCAG 11 10 0.91

OPAB-ll GTOCGCAATG 15 15 I

OPA B-U AAGTGCOACC 15 14 0.93

O i’AC-05 GTTAGTGCGG 9 9 1

O P A C -i: C5AGAGGCTCC 12 10 0.83

O PA E-U g a g a g g c t c c 15 15 I

OPAF-17 t g a a c c g a g g 11 11 1

O P A j-n GAACOCTGCC 13 12 0.92

Total 197 185

and Cc 114, having a genetic distance of over 75% with 
the isolates from cluster I. High degree of genetic 
differentiation (>75%) noticed between these two groups 
prompted us to assume the involvement of two different 
organisms in disease development although they were 
causing similar disease symptom. The isolates from 
cluster I sub^lustered into five distinct groups. Sub- 
cluster 1 contained 13 isolates of which 9 were from 
Karnataka and 4 from Kerala. The second sub-cluster 
had only two isolates, Cc 107 and Cc 112. both isolated 
from two estates of Karnataka, Nettana and Guthigar, 
infecting GTl and RRII 105 respectively with a disease 
incidence of only 10-20% (Table 1). The sub-clusters 3 
and 4 contained one isolate each from Kerala (Cc 110) 
and from Karnataka (Cc 124) isolated from RRII 105 
and PB 3 11 respectively. In both the cases mild disease 
incidence was observed. The fifth sub-cluster contained 
7 isolates of which three were from G Tl and the other 
four from RRII 105. The dendrogram revealed that all 
the isolates were genetically different with a genetic 
distance less than 20%. The pathogen isolated from the 
^ame host was found to group into different clusters, for 
;ixample. five isolates of the pathogen infecting the clone 
GT 1 were grouped into three different clusters. 
However, out of the five isolates, three (Cc 105, Cc 106,

' I? w** ••••••

Fig. 2. R epresentative RA PD  fingerprints generated with the primers 
OPA-04 (a), O PB-07 (b) and O PA -20 (c). L ane M: m olecular 
w eight m arker (l-D N A /£co R I + Hind III).



and C c  10 8 ) w ere grouped together in  one c lu si< y  show in g 

c lo s e  re la tio n  am o n g  them . T h e  iso la te s exhi!M ted litt le  
co rre la tio n  betw een the g e o g rap h ica l o r ig in  o : h e  iso late 
an d  th e ir  R A P D  g ro u p  (T a b le  I )  in  d iffe re n t ru b b e r 
g ro w in g  re g io n s o f  K e r a la  and K a rn a ta k a . T h is  in d ica te s 

that ea ch  pathotype m ig h t have  o rig in ate d  fro m  one point 
and e v e n tu a lly  sp read  to d iffe re n t areas. T h i^  situ a tio n  

c o u ld  h a v e  a r ise n  in  one o f  se v e ra l w a y s, in c lu d in g  the 

w in d  d is s e m in a tio n  o f  sp ores betw een a d ja ce n t re g io n s 

o r through the transfer o f  d iseased  p la n tin g  m . .e ria l iirom  

n u rse rie s  to ru b b e r p la n tatio n s. R A P D  te ch n iq u e s have 
been used to d eterm ine the am ount o f  in te rsp e cific  genetic 

v a r ia b ility , w h ic h  is  required  fo r the developm ent o f  lo n g ­
tim e  d ise a se  m a n ag e m e n t strategies (D e  O liv e ir a  et ai, 
2 0 0 2 ; T ig a n o  et aU, 2 0 0 3 ).

rDNA-RFLP analysis
P C R - R F L P  a n a ly s is  o f  n u c le a r r D N A  ch n ra cte rize s 

re strictio n  s ite s  w ith in  the h ig h ly  v a r ia b le  I T S  re g io n . 

T h e  in t e r n a l  t r a n s c r ib e d  s p a c e r  ( I T S )  r e g io n s  o f  
ib o s o m a l D N A  ( r D N A )  h a v e  b een m o st u se fu l fo r 

m o le c u la r  sy ste m a tic  stu d ies and d e lin e a tio n  o f  sp e cie s. 

T h is  re g io n  e v o lv e  ra p id ly , su g g e stin g  that d iffe re n ce s 

in  the s iz e  an d  re strict io n  en d o n u clease  d ig e stio n  pattern 
o f  the I T S  re g io n  m ig h t be detected w ith in  fu n g i (N a z a r 

etal., I 9 9 1 ; L e e e f f l / . ,  19 9 3 )  and hence are often stud ied  

fo r  c o m p a r in g  w it h in  f u n g i (A n d e rs o n  et a / . ,  2 0 0 3 ; 
C h o w d a p p a  et al., 2 0 0 3 a ; 2 0 0 3 b ; W atanabc', 2 0 0 4 ). In  

o u r  s t u d y , th e  a m p l if ie d  r D N A  p r o d u c t  ( in t e r n a l 

tra n scrib e d  sp ace rs in c lu d in g  5 .8 S  r D N A )  w a s id e n tic a l 

in  s iz e  ( - 0 . 6  k b ) ( F ig .  3 ). R e str ict io n  d ig e stio n  o f  the 

a m p lif ie d  r D N A  pro duct w ith  tw o representative iso lates 
fro m  both g ro u p s o f  the d e n d ro g ram  ( C c  i0 8  and C c  
1 2 9 , the iso la te s sh o w in g  w id e  d ive rg e n ce  am o n g  c lu ste r
I  and C c  1 1 3 ,  C c  1 1 4  fro m  c lu ste r I I ) ,  obtai.^ed w ith  s ix  

re strictio n  e n z y m e s  (Alu I ,  Bam H I ,  Eco K  I, Hae I I I ,  
Hind I I I ,  a n d  Sau 3 A )  y ie ld e d  tw o u n iq u e  patterns ( F ig . 

0 -  T h e  rest o f  the iso la te s o f  c lu ste r I  a ls o  show ed  s im ila r  

re strict io n  p r o f ile s  w ith  the tw o re p resen tative  iso la te s 

( C c  10 8  an d  C c  1 2 9 ) ,  in d ic a t in g  that o n ly  tw o re strictio n  

p r o f ile s  e x iste d  a m o n g  the 2 6  is o la te s , w h ic h  re fle ct 

m a jo r g ro u p in g  (c lu ste r I  an d  I I )  o f  the p r thogen. T h e  

d ige stio n  products w ere re p ro d u cib le  and the results were 

s im ila r  to those o f  the R A P D  a n a ly s is  in  that the iso la te s 

fro m  both the g ro u p s d ige sted  w ith  a ll  the re strictio n  
e n d o n u cle a se s re ve a le d  tw o d iffere n t d ig e stio n  p ro file s , 

su g g e stin g  a  s ig n if ic a n t  degree o f  n u cle o tid e  seq uence 
v a ria t io n  in  the r D N A  re g io n  o f  the iso la te s fro m  both 

the groups (F ig . 4). T h e  varia tio n  in  the r D N A - I T S  nsgion 
o f  re presentative iso la te s w a s further ch e cke d  b y  c lo n in g  

the a m p lif ie d  r D N A  onto p G E M - T  v e c to r a n d  D N A  

seq u en ce a n a ly s is . T h e  seq uences re ve a le d  h o m o lo g y

o f one gro up  o f  iso lates w ith  Corynespora cassiicola and 
che other g ro u p  w ith  Ahemaria altemata. T h e  re su lts  o f  
the R A P D  and r D N A - R F L P  a n a ly se s  are corroborated 
w ith  results o f  seq uence a n a ly s is . O u r  observation based 
o n m o le c u la r  stu d ies c le a r ly  sho w e d  that tw o pathogens 
b e lo n g in g  to tw o d iffe re n t g en u s in c ite  s im ila r  d isease  
s y m p to m  o n  ru b b e r. Id e n t it y  o f  the p a th o g e n  w a s 

co n firm e d  b y  the In te rn a tio n a l M y c o lo g ic a l In stitu te . 

U K .

In  c o n c lu s io n , m o le c u la r  a n a ly s is  u s in g  R A P D  and 
r D N A - R F L P  te ch n iq u e s re ve a le d  the e x iste n ce  o f  A . 

a lte m ata as one o f  the pathogens o f  ru b b e r c a u s in g  le a f 
b lig h t  d is e a s e , w h ic h  is  v e r y  s im i la r  to the d is e a s e  
sym p to m  ca u se d  b y  an o th er d e va sta tin g  pathogen C .  

c a s s iic o la . T h e  p a th o g e n ic ity  tests assessed  u s in g  three 

m eth ods: in  v iv o  in o c u la t io n , d etached le a f  tech n iq ue 

a n d  le a f  w ilt  b io a s s a y ,  c o n f ir m e d  th at b o th  th e se  

pathogens are in v o lv e d  in  the d e ve lo p m e n t o f  a  s im ila r  

d ise ase  sym p to m  on rubber. In  the present study, out o f  

2 6  iso lates w ith  s im ila r  d isease sym p to m  on rubber, o n ly  
tw o w ere found  to be A lt e m a r ia  ( 7 . 7 % )  an d  the rest w ere 

C o r y n e s p o r a  ( 9 2 . 3 % ) .  H o w e v e r ,  m o re  n u m b e r o f  

sam p les is  to be evaluated  fro m  s im ila r  d isease sym ptom s 

to  a s c e r t a in  the c o n t r ib u t io n  o f  A lt e m a r ia  in  the

Fig. 3. Gel phoiograph of the PCR amp!if»ed ITS regions between the 
small (18S) and large (28S) nuclear rDNA from the 26 isolates 

used in the study. The amplified portion includes ITS 1 -  5.8 S 
rDNA -  ITS 2 regions. Lane M: molecular weight maricer (I- 

D N A /£ c o R I+ // iW III) . 

d evelopm ent o f  le a f b lig h t d isease  in  H e ve a. F o r  effic ie n t 

d ise a se  m anagem ent the kn o w le d g e  o f  the pathogen is  

esse n tia l. A s  there are  tw o p athogens asso ciate d  w ith  

the sam e d ise ase  sym p to m , e ffic ie n t co n tro l m a y  depend 

o n  d e v e lo p m e n t  o f  s t r a t e g ie s  f o r  s im u lt a n e o u s  
su p p re ssio n  o f  both. A t  present there is  o n ly  one report 

o f  A lt e m a r ia  le a f  b lig h t cau se d  b y A lte m a ria  c a stillo a e  
in  H . b r a s ilie n s is  in  B r a z il  (M a rtin . 19 4 7 ). T h is  study 
reports fo r the f irst  t im e  A lt e m a r ia  le a f b lig h t o n H . 

b r a s ilie n s is  cause d  b y  A .  a lte m ata in In d ia .

A c k n o w le d g e m e n ts  

T h e  authors w ish  to than k D r. N .M . M athew . D irecto r.



rO N A £co Rl Ha«l1l H ind lll SamHi Sau3AI A ki\
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Fig. 4 Gel phoiograph o f  restriction fragm ent length polym orphism s 
o f PC R  am plified rDN A from  representative isolates o f  both 
the groups (A: Alienutria and C: Cotynespora) using six 
different restriction enzym es revealing sequence variation 
betw een the tw o groups o f  isoiaies. L ane M : 100 bp  ladder 
m olecular w eight marker.

R u b b e r R ese arch  [n siitu ie  o f  In d ia  fo r h is  encouragem ent

an d  D r . R M .  K ir k .  C A B I  B io s c ie n c e  id e n t if ic a t io n
S e rv ic e s . U K .  fo r id e n tif ic a t io n  o f  the cu ltu res. 
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