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Abstract 

V a r i a b i l i t y in 12 f o l i a r and gra in isolates of so rghum anthracnose pathogen Colletotrichum graminicola was 
studied t h r o u g h v i ru lence and R a n d o m A m p l i f i e d Po lymorph ic D N A ( R A P D ) assay. For v i ru lence analys is , 
pot g r o w n 2 1 - d a y - o l d plants of six d i f f e ren t ia l so rghum lines were spray inocu la ted w i t h con id ia (1 x 105 

con id ia m l - 1 ) . T h e isolates showed s ign i f i can t (P< 0 .05) var ia t ions in latent pe r i od , aggressiveness and 
v i ru lence . O v e r a l l pathogenic potent ia l was determined as V i ru lence I ndex . H ierarch ica l c lus te r ing us ing 
euc l idean test based on " V i r u l e n c e I n d e x " g rouped the 12 isolates i n t o three groups, w h i l e that based on 
R A P D s us ing p r i m e r O P A 8 grouped these in to four groups. M o n o c o n i d i a l isolate Cg 226-3 had 8 5 % genet ic 
and pathogen ic s im i l a r i t y l i ke its parent , w h i l e Cg 227-3 showed v i ru lence var ia t ion and 6 5 % genet ic 
s im i l a r i t y w i t h i ts parent, i nd ica t ing heterogenei ty in Cg 227. 

K e y w o r d s : Sorghum bicolor, Colletotrichum graminicola, v i ru lence , pathotypes, D N A p o l y m o r p h i s m 

S o r g h u m anthracnose (also k n o w n as red leaf b l igh t 
a n d s e e d l i n g b l i g h t ) i s one o f the m a j o r y i e l d 
reduc ing factors under hot, h u m i d cond i t ions in most 
t rop i ca l and sub tempara te reg ions o f the w o r l d . 
A l t h o u g h l ea f b l i g h t phase i s the mos t c o m m o n , 
g ra in an th racnose a lso becomes severe at t imes , 
reduc ing g e r m i n a b i l i t y and qua l i t y of seeds ( Sa i fu la 
and Rangna th iah , 1989). S o r g h u m be ing a marg ina l 
c r o p , c o n t r o l m e a s u r e s o t h e r than use o f host 

resistance m a y not be economica l l y feas ib le . F o r 
e f f e c t i v e d e v e l o p m e n t and d e p l o y m e n t o f hos t 
resistance, i n f o r m a t i o n on the d is t r ibu t ion of races / 
pathotypes a n d the extent of var iab i l i t y is des i rab le . 
The pathogen Colletotrichum graminicola (Ces. ) 
W i l s . (= C. sublineolum Henn . Kabat . et B u b . ) is 
h i g h l y v a r i a b l e and i ts severa l races have been 
reported f r o m d i f fe ren t regions (Ferreira and Casela, 
1986; A l i a n d W a r r e n , 1 9 8 7 ; C a r d w e l l e t al., 1987 ; 
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Thaku r , 1995) . In Ind ia , existence of i ts races in 
d i f fe rent states as we l l as w i t h i n states and locat ions 
h a v e b e e n r e p o r t e d o n the bas is o f c u l t u r a l 
c h a r a c t e r i s t i c s , m o r p h o l o g y , and p a t h o g e n i c i t y 
(Pande et al., 1 9 9 1 ; M a t h u r et al., 1998; Rao et al., 
1998) . R a n d o m A m p l i f i e d P o l y m o r p h i c D N A 
analysis has a lso been found useful in e luc ida t ing 
va r i ab i l i t y in isolates of C. graminicola in d i f ferent 
areas ( G u t h e r i e et al., 1992; Thaku r et al., 1999). In 
the present inves t iga t ions , extent of pathogenic and 
mo lecu la r d i ve r s i t y , and possible heterogenei ty was 
s tud ied a m o n g 12 fo l ia r and gra in isolates of C. 
graminicola co l l ec ted f r o m four states of Ind ia . 

M a t e r i a l s a n d M e t h o d s 

I n o c u l u m a n d i n o c u l a t i o n . C u l t u r e s o f C . 
graminicola were raised f rom dr ied infected leaf and 
gra in samples co l lec ted f r o m d i f ferent areas o f four 
states ( T a b l e 1) and stored at I C R I S A T - P a t a n c h e r u 
a t 4 ° C af ter b l o t t e r - d r y i n g . L e a f pieces w i t h s ing le-
les ion w e r e sur face-ster i l ized w i t h 0.1 % H g C l 2 f o r 2 
m i n , r i nsed t w i c e w i t h ster i l ized d is t i l l ed water and 
p laced on 2% oatmeal agar ( O M A ) i n petr i plates 
and incuba ted at 25° C under cont inuous f luorescent 
l ight . Co lon ies of C. graminicola g r o w i n g f r o m these 
s ing le- les ions we re transferred on fresh O M A plates. 
I n f e c t e d seeds washed and sur face s te r i l i zed , as 
above, we re incubated in petridishes l ined w i t h mois t 

Table 1. Deta i ls of Colletotrichum graminicola iso­
lates collected f rom four states of India 

S.No. Isolate designation Location / State 

1. Cg 20 Koppal / Karnataka 
2. Cg 75 Peddapur / A.P. 
3. Cg 94 Thalval / Maharashtra 
4. . Cg 118 Mariwad / Karnataka 
5. Cg 130 Jedcharla / A.P. 
6. Cg 138 Patancheru / A.P. 
7. Cg 150 Pudur / T. N. 
S. Cg 158 Thamaraikulum / T. N. 
9. Cg 226 (grain) Patancheru / A.P. 
10. Cg 226-3 (monoconidial 

derivative of Cg 226) 

1 1. Cg 227 Patancheru/ A.P. 
12. Cg 227-3 (monoconidial 

derivative of Cg 227) Patancheru/ A.P. 

b l o t t i ng paper, and spores deve lop ing on these were 
streaked onto fresh O M A plates. T h e cul tures were 
ma in ta ined on O M A slants a t 4 ° C . 

P a t h o g e n i c v a r i a b i l i t y 

Pathogenicity. Pathogenic var iab i l i t y of the isolates 
was evaluated on d i f fe ren t ia l l ines ( M a t h u r et al.. 
1997). Surface ster i l ized seeds of six d i f fe rent ia ls (A 
2267 -2 . I R A T 204, IS 3758 , IS 8354, IS 3089 , IS 
18442) were sown in s ter i l i zed b lack so i l : sand : 
f a rmya rd manure m i x (3 :2 :2 by v o l u m e ) in 18cm 
square p las t ic pots in a g lasshouse ( 2 5 ± 2 ° C , rh 
< 9 0 % ) . The isolates were g rown in 2% oatmeal bro th 
fo r 96 h at 25 °C in an incubator shaker at 125 r p m 
w i t h 12 h pho toper iod fo r 10 days. C o n i d i a were 
separated and concent ra t ion of I x 105 con id ia m l - 1 

was prepared using a haemocylomeler , and t w o drops 
of T w e e n - 2 0 were added to each suspension. Plants 
were spray- inocula ted at the 5-6 leaf stage (21-day 
o l d ) w i t h each of the 12 isolates. T h e inocu la ted 
p lan ts were a i r - d r i ed and incuba ted a t 2 5 ° C and 
> 9 5 % rh fo r 24 h. The plants were then m o v e d to 
glasshouse benches at 2 5 ± 2 ° C . 

T h e exper iment was conducted in a comp le te l y 
randomized design i n v o l v i n g 12 isolates x 6 host 
l i n e s w i t h t w o r e p l i c a t i o n s a n d 1 0 p l a n t s pe r 
rep l i ca t ion , and was repeated once to c o n f i r m the 
results. 

Observat ions fo r latent per iod were recorded 
e v e r y day f o r e a c h i s o l a t e - s o r g h u m l i n e 
comb ina t i on , beg inn ing t w o days after i nocu la t i on . 
Plants were scored fo r disease react ion and disease 
sever i ty 14 days af ter i nocu la t ion . Disease react ion 
was recorded as R = resistant ( no s y m p t o m s or 
presence o f c h l o r o t i c f l e c k s ) ; M R = m o d e r a t e l y 
resistant (hypersens i t i ve , necrot ic lesions w i t h o u t 
sporu la t ion) and S = suscept ible (necrot ic lesions 
w i t h sporu la t ion) . Disease sever i ty was recorded on 
1 -9 scale on four th and f i f t h inoculated leaves, where 
1 = no lesions; 2 = 1-5%; 3 = 6 - 1 0 % ; 4 = 10 -20%; 5 
= 2 1 - 3 0 % ; 6 = 3 1 - 4 0 % ; 7 = 4 1 - 5 0 % ; 8 = 51-75%= 
and 9 > 7 5 % leaf area covered w i t h lesions. 

Host -pathogen interact ion model . Hos t -pa thogen 
in teract ion mode l was determined on the basis of 
v i ru lence - the potent ia l of an isolate to in fec t a host 
l ine , measured qua l i ta t i ve ly as disease react ion types 
(R , M R , S) and expressed quant i ta t ive ly as R = 1; 
MR = 2 and S = 3, and aggressiveness - the amoun t 
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of damage caused by a v i ru len t isolate to the host 
l i ne , measured quan t i t a t i ve l y on a disease severi ty 
scale o f 1-9. For d e s i g n a t i n g v i r u l e n c e , isolates 
s h o w i n g disease r e a c t i o n o f R / M R o r M R o n a 
so rghum l ine were cons ide red as av i ru lent . Those 
s h o w i n g R / M R / S or M R / S or S were considered as 
v i ru len t . ' V i r u l e n c e I n d e x ' ( V I ) was calculated as: 

VI = [ v i ru lence ( V ) x aggressiveness ( A ) ] x latent 
per iod ( L ) - 1 o r V I = ( V A ) L - 1 

D N A analysis 

D N A I s o l a t i o n . T h e i s o l a t e s we re m u l t i p l i e d b y 
g r o w i n g in 0 . 1 % oa tmea l broth at 25°C in a rotary 
shaker (125 rpm) under cont inuous f luorescent l ight 
fo r f i ve days, and m y c e l i u m separated by f i l te r ing 
through M i r a c lo th (Ca lb i ochem, U S A ) , washed three 
t imes w i th 100 ml of s ter i le dist i l led water, and wiped 
w i t h soft tissue paper to remove most of the moisture. 
D N A was ex t rac ted f r o m the m y c e l i a us ing the 
procedure o f M u r r a y a n d Thompson (1980) w i t h few 
modi f icat ions. About 5 g of wet mycel ia were ground 
in a prcchi l led mortar us ing l iqu id nitrogen and the 
powder was transferred to a 5 ml po lypropy lene tube 
conta in ing 20 m l o f ex t rac t ion buf fer ( 2 % C T A B , 0.2 
M T r i s - H C l , pH 8.0, 1.4 M N a C l , and 0.02 M E D T A ) . 
T h e con ten ts o f the t u b e were gen t l y m i x e d b y 
inversion and incubated in a waterbath at 65°C for 1 h. 
A f te r coo l ing to room temperature an equal vo lume of 
ch lo ro fo rm : i soamy la lcoho l (24:1 v/v) was added and 
the contents were gently m i x e d for 5 m i n by inversion 
and the layers were separated by centr i fugat ion at 
6000 rpm for 15 m i n . T h e aqueous layer was removed 
and the above step was repeated. D N A was precipitated 
by the add i t ion o f an equa l vo lume of isopropanol 
and was hooked out w i th a bent Pasteur pippett. D N A 
was washed tw ice w i t h 7 0 % ethanol and dissolved in 
T E ( 0 . 0 5 M T r i s - H C I , p H 8 .0 , 0 .01 M E D T A ) . 
Ribonuclease was added to a f inal concentrat ion of 
50 μ g / m l and incuba ted a t 37 °C for l h . An equal 
vo lume of phenol : ch l lo ro form (1:1 v /v ) was added 
and m i x e d for 5 m i n by i nve rs ion . The aqueous layer 
was removed after cent r i fugat ion and an equal vo lume 
of ch lo ro fo rm : isoamyl a l coho l (24:1) was added and 
ext racted as before. D N A was precip i tated by the 
addi t ion of 0.3 M s o d i u m acetate and an equal vo lume 
o f ch i l led isopropanol . T h e D N A pellet was washed 
tw ice w i t h 7 0 % ethanol! and redissolved in TE (0.01 
M T r i s - H C l , p H 8 .0 ,0 .001 M E D T A ) . 

P o l y m e r a s e c h a i n r e a c t i o n . R A P D react ions were 
per fo rmed as desc r i bed by W i l l i a m s et al. (1990) . 
The react ions were p e r f o r m e d in a 25 μ l v o l u m e 
contain ing 10 x Taq b u f f e r (Promega), 100μM d N T P s 
( N E B ) , 1 5 n g p r i m e r ( O P A 8 , base s e q u e n c e 
5 ' G T G A C G T A G G 3 ' J , 50ng o f funga l D N A and one 
uni t Taq D N A po lymerase (Promega). A m p l i f i c a t i o n 
was carr ied out in a MJ Research D N A engine ( P T C 
200) thermal cyc le r p r o g r a m m e d fo r 2 m i n at 9 4 ° C 
f o l l o w e d by 35 c y c l e s of 30 sec at 9 4 ° C , 30 sec at 
36°C and 1 m i n at 7 2 ° C . A f inal extens ion was done 
f o r 4 m i n at 72°C. A m p l i f i e d fragments were resolved 
by electrophoresis on 1.4% agarose gel con ta in ing 
0.5 u g / m l e t h i d i u m b r o m i d e and the bands were 
v isual ized on a UV t ransi l luminator . Presence or 
absence of bands w a s sco red as 1 or 0, respect ive ly . 

Stat is t ica l analys is 

Ana lys i s o f va r i ance was done us ing G E N S T A T 
(1986) to determine the s ign i f i can t in teract ions o f 
isolate and lines in two exper imenta l runs separately. 
The error MS o f t w o exper imen ta l runs was subjected 
t o F-test . T h e e r r o r v a r i a n c e s w e r e c o n s i d e r e d 
homogenous as the h i ghes t error MS was not three­
f o l d larger than the sma l l es t error MS (Gomez and 
G o m e z , 1984). T h e r e f o r e , the data f r o m the t w o 
expe r imen ta l runs w e r e p o o l e d and means were 
est imated th rough ana lyses o f var iance. S im i la r i t i es 
o f 12 i s o l a t e s basead on v i r u l e n c e i n d e x w a s 
d e t e r m i n e d t h r o u g h h i e r a r c h i c a l c l u s t e r i n g 
procedure us ing E u c l i d e a n test o f average l i nkage 
cluster method ( G E N S T A T , 1986). Dend rog ram fo r 
the 12 iso la tes w a s p r o d u c e d to d e t e r m i n e the 
var ia t ion in v i ru lence.. Fo r R A P D analys is , the data 
were subjected to c l us te r analys is , and dendrog ram 
was developed w i t h G E N S T A T p rog ram. 

R e s u l t s a n d D i s c u s s i o n 

Pathogenic va r ia t ions 

L a t e n t p e r i o d . The la tent per iod o f the isolates var ied 
f r o m 2.7 to 4.6 days (Tab le 2) across six so rghum 
lines. The isolate Cg 2 2 6 had the shortest mean latent 
per iod o f 3.6 days, and Cg 130 had the longest (4 .4 
days). A m o n g s o r g h u m l ines, shortest latent pe r i od 
was on IS 3758 (3.4 d a y s ) and the longest on A 2267 -
2 (4.4 days). H i g h l y s ign i f i can t (P<0.001) d i f ferences 
were observed for i so la tes , so rghum l ines and isolate 
x sorghum l ines f o r l a t en t pe r i od (Tab le 5) . 



Table 2. Latent per iod (days)* of 12 isolates of Colletotrichum graminicola on six sorghum lines in the 

glasshouse 

Isolate Sorghum lines 

designation A 2267-2 IRAT 204 IS 3758 IS 8354 IS 3089 IS 18442 Mean 

Cg 20 4.3 4.3 3.6 3.5 3.7 3.3 3.8ab 

Cg 75 4.5 4.3 3.5 2.9 3.5 3.8 3.8ab 

Cg 94 -** - 3.9 3.4 4.4 4.0 3.9b 

Cg 118 - - 4.1 3.5 4.5 4.0 4.0" 

Cg 130 4.5 4.3 3.8 3.6 4.3 4.1 4.1b 

Cg 138 - - 3.9 3.7 3.8 3.6 3.7ab 

Cg 150 4.4 4.3 3.8 3.6 3.9 3.5 3.9b 

Cg 158 - 4.3 3.1 3.3 3.6 3.9 3.7ab 

Cg 226 4.1 4.2 3.5 2.7 3.5 3.4 3.6a 

Cg 226-3 - - 3.8 3.1 3.8 4.0 3.7a 

Cg 227 - 4.1 4.1 3.1 3.9 3.6 3.8ab 

Cg 227-3 - 4.6 4.0 3.8 3.6 3.9 4.0b 

Mean* * * 4.4c 4.3c 3.8b 3.8b 3.9b 3.8b 

LSD (P<0.05) For Isolates = 0.24; Sorghum Lines = 0.17; Isolates x sorghum lines = 0.58. 

* Mean of two experimental runs; ** No flecks or lesions; * * * Means with same letter are not significantly different within 
a column, according to Duncan's multiple range test (P<0.05). 
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Table 3. Virulence ( disease reaction) and aggressiveness (disease severity on a 1-9 ascale) of 12 Colletotrichum 
graminicola isolates on six sorghum lines in the glasshouse 

Isolate Sorghum lines 

designation A 2267-2 IRAT 204 IS 8354 IS 3758 IS 3089 IS 18442 Mean 

Cg 20 R /1.6 R/1.9 S/2.6 MR/ 3.6 S/ 3.1 S/3.4 2.7b 

Cg 75 R/1.6 R/1.7 S/4.0 MR/ 3.1 S/3.2 S/3.2 2.8b 

Cg 94 R /1.0 R/1.0 S/3.0 MR/ 3.9 S/4.0 S/4.2 2.9b 

Cg 118 R/1.0 R/1.0 MR/2.6 MR/ 3.1 S/3.1 S/2.7 2.2a 

Cg 130 R/1.5 R/1.7 S/2.4 MR/3.9 S/3.1 S/4.0 2.8b 

Cg 138 R/1.0 R/1.0 MR/2.6 MR/3.7 S/5.2 S/2.5 2.7b 

Cg 150 R/1.5 R/1.5 S/3.0 MR/ 3.3 S/2.7 S/3.5 2.6ab 

Cg 158 R/1.0 R/1.1 S/3.7 S/3.2 S/ 4.7 S/3.4 2.9b 

Cg 226 R/1.6 R/1.8 S/4.0 SI 5.1 S/ 3.6 S/6.1 3.7c 

Cg 226-3 R/1.0 R/1.0 S/3.5 S/ 3.2 S/ 3.0 S/4.8 2.9b 

Cg 227 R/1.0 R/1.7 S/2.6 S/3.5 S/3.9 S/4.6 2.7b 

Cg 227-3 R/1.0 R/1.8 S/4.5 MR/ 4.5 S/2.3 S/3.4 2.9 

Mean* * * 1.2a 1.4a 3.2b 3.7C 3.4bc 3.8C 

LSD (P<0.05) For Isolates = 0.36; Sorghum Lines = 0.26; Isolates x sorghum lines = 0.88. 

* Mean of two experimental runs; ** No flecks or lesions; * * * Means with same letter are not significantly different within a 
column, according to Duncan's multiple range test (P<0.05). 
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Table 4. Virulence Index* of 12 isolates of Colletotrichum graminicola isolates on six sorghum lines in the 

glasshouse 

Isolate Sorghum lines 

designation A 2267-2 IRAT 204 IS 3758 IS 8354 IS 3089 IS 18442 Mean 

Cg 20 0.4 0.4 2.4 2.1 2.4 3.0 1.8ab 

Cg 75 0.3 0.4 3.5 2.4 2.6 2.7 2.0ab 

Cg 94 -** - 2.3 2.3 2.7 3.2 2.7c 

Cg 118 - 1.3 1.8 1.8 2.0 1.7a 

Cg 130 0.3 0.4 1.9 2.2 2.0 3.0 1.6a 

Cg 138 - - 1.6 2.1 4.5 2.0 2.6c 

Cg 150 0.3 0.4 2.5 1.9 1.9 3.1 1.7a 

Cg 158 - 0.4 4.2 2.8 3.7 2.8 2.cd 

Cg 226 0.4 0.4 3.5 5.0 2.9 5.8 3.0d 

Cg 226-3 - - 2.7 2.5 2.2 3.6 2.8cd 

Cg 227 - 0.4 1.9 2.3 2.3 4.3 2.3bc 

Cg 227-3 0.4 3.4 2.4 1.8 2.7 2.1b 

Mean** * 0.4' 0.4' 2.6" 2.5b 2.6" 3.2c 

LSD (P<0.05) For Isolates = 0.37; Sorghum Lines = 0.27; Isolates x sorghum lines = 0.92. 

* Mean of two experimental runs; ** No flecks or lesions; * * * Means with same letter are not significantly different within a 
column, according to Duncan's multiple range test (P<0.05). 

Table 5. Analysis of variance for latent period (LP) , 
virulence index ( V I ) and aggressiveness (AG) 

Source of variation Mean square Mean square 

df LP V I df AG 

Experiment (E) 1 10.42*** 10.40*** 1 48.7*** 

Isolates (I) 1 1 0 .6 .V 5.94*** 11 2.67*** 

Sorghum lines (G) 5 4.68*** 45.19*** 5 4.59*** 

E x I 11 0.37" 2.68*** 11 0.89*** 

E x G 5 1.07*** 9.98— 5 9.30*** 

1 xG 44 0.23*** 1.71*** 5 5 1.67*** 

E x I x G 43 0.26** 0.81*** 5 5 0.93*** 

Error 120 0.14 0.30 144 0.20 

Total 240 

** significant at P< 0.01. 
*** significant at P<0.001. 

V i r u l e n c e . A l l the 12 isolates we re av i ru len t on A 
2267-2 , and I R A T 204, but v i r u l en t on IS 3089 and 
IS 18442. O the r t w o l ines IS 8 3 5 4 and IS 3758 
produced d i f fe ren t ia l react ions w i t h these isolates. 
T w o i s o l a t e s - C g 118 a n d C g 138 p r o d u c e d 
moderate ly resistant ( M R ) react ion on IS 8354, wh i l e 
others produced suscept ib le ( S ) reac t ion . On IS 

3758, four isolates- Cg 158, Cg 226, Cg 226-3 and 
Cg 227 produced S reac t ion and others produced 
MR react ion. On the basis o f v i rue lnce , the isolates 
cou ld be d iv ided into three g roups : i ) . Cg 118 and 
Cg 138; i i ) . Cg 158, Cg 2 2 6 , Cg 226-3 and Cg 227 
and i i i ) .Cg 20, Cg 75, Cg 9 4 , Cg 130, Cg 150 and 
Cg 227-3 (Table 3). 

Aggress iveness. A m o n g the 12 isolates, Cg 226 was 
the most aggressive whereas Cg 118 was the least. 
Disease severity was highest on IS 18442, and lowest 
on A 2267-2. M o n o c o n n i d i a l de r i va t i ve 226-3 var ied 
s i g n i f i c a n t l y i n agg ress i veness f r o m i ts pa ren t 
i s o l a t e , b u t 2 2 7 - 3 d i d n o t ( T a b l e 3 ) . H i g h l y 
s ign i f i cant (P<0.001) e f fec ts o f isolates, so rghum 
lines and isolate and so rghum l ines were observed 
fo r aggressiveness ( Tab le 5 ) . 

V i r u l e n c e I ndex . Highest m e a n v i ru lence index was 
of isolate Cg 226 ( 3.0) and lowes t in Cg 130 (1.6). 
A m o n g sorghum lines, h ighest VI was on IS 18442 
and lowest on A 2267-2 (Tab le 4) . Dendrogram based 
on mean vi ru lence index ( F i g . 1) d i v ided the 12 
isolates into four groups: i ) Cg 226; i i ) . Cg 20, Cg 
118, Cg 150 and Cg 130; i i i ) . Cg 75, Cg 227-3 , Cg 
227 and iv) . Cg 138, Cg 9 4 , Cg 226-3 and Cg 158. 
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F igu re1 . Dendogram based on virulence index of 12 isolates of Colletotrichum graminicola on six sorghum lines. 

C o r r e l a t i o n m a t r i x . La ten t pe r iod was negat ively 
correlated ( r 2 ) w i t h v i ru lence ( -0 .37 ) , aggressiveness 
( - 0 . 4 7 ) and v i ru lence index (- 0 . 6 7 ) . Aggressiveness 
was pos i t i ve ly correlated w i t h v i ru lence ( r = 0 . 7 0 ) , 
and v i r u l ence index was p o s i t i v e l y and s t rong ly 
corre la ted w i t h v i ru lence (0 .70 ) and aggressiveness 
(0 .90) o f the isolates. 

Genetic variation 

Pattern of bands on the e lec t rophoret ic gel indicated 
D N A p o l y m o r p h i s m a m o n g the iso la tes , w h i c h 
v a r i e d i n leng th o f the f r a g m e n t a m p l i f i e d , and 
n u m b e r o f f ragments. The p r i m e r O P A 8 produced 
bands in 15 d i f ferent pos i t ions w i t h sizes ranging 
between 0.2 to 2.0 kb (Plate 1). S im i la r i t y index 
revealed that 5 7 . 5 % of the a m p l i f i e d bands were 
c o m m o n t o a l l i s o l a t e s , w h i l e 4 2 . 5 % w e r e 
p o l y m o r p h i c . On this basis, the isolates cou ld be 
g rouped in to four groups ( F i g . 2) - i ) . Cg 138; i i ) . 
C g 150, C g 130, Cg 75, C g 9 4 , C g 118; i i i ) . C g 20, 
Cg 227-3 , Cg 130; and i v ) . Cg 226, Cg 226-3 and 
Cg 227. The isolate Cg 227 and its monocon id ia l 
de r i va t i ve Cg 227-3 c lustered in to separate groups 
h a v i n g 6 5 % s i m i l a r i t y , w h i l e C g 2 2 6 and i ts 

monocon id ia l der iva t i ve Cg 226-3 were in the same 

group wi th 8 5 % s im i la r i t y . 

Plate 1 . Random ampl i f ied Polymorphic D N A ( R A P D ) 
analysis of 12 isolates of Colletotrichum graminicola us­
ing OPA 8 pr imer (base sequence 5 ' G T G A C G T A G G 3 ' ) 
[1-Cg20; 2-Cg75;3-Cg94;4-Cg118;5-Cgl30;6-Cgl38; 7-
C g l 5 0 ; 8 , C g l 5 8 ; 9 - C g 2 2 6 ; 1 0 - C g 2 2 6 - 3 ; l l - C g 2 2 7 ; 12-
Cg227-3 M - M a r k e r ] . 
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Pa thogen ic var iab i l i t y in C. graminicola has 
been demonstrated in isolates col lected f r o m di f ferent 
states of I n d i a (Pande etal., 1991), and also w i t h i n 
states ( R a o et al, 1998). In the present study, 12 
iso la tes f r o m fou r states were f o u n d to be long to 
t h r e e p a t h o g e n i c and f o u r gene t i c g roups . D N A 
ana lys is based on R A P D s showed more va r iab i l i t y 
t h a n tha t observed in the i r v i r u l ence . T h e c luster 
c o m p o s i t i o n var ied fo r v i ru lence and R A P D s . T h i s 
is q u i t e expected because gene (s) con t ro l l i ng a 
p a r t i c u l a r character most l i k e l y present a m i n u t e 
f r a c t i o n o f ce l lu lar D N A (nuclear o r m i t ochond r i a l ) , 
whereas R A P D band ing pattern ob ta ined f r o m to ta l 
D N A ref lects total D N A d ivergence (Andebrhan and 
F u r t e k , 1994). The association o f mo lecu la r markers 
w i t h v i r u l e n c e pat tern fo r p lan t pathogens has been 
c l a s s i f i e d i n to three categories - per fec t , par t ia l and 
no assoc ia t ion (Leung et al., 1993). C lose associat ion 
o f m o l e c u l a r markers and pa thogen ic i t y has been 
r e p o r t e d f o r a f e w f unga l pa thogens o n l y , l i k e 
Leptosphaeria maculans ( K o c h et al., 1 9 9 1 ; 
Goodwin and Annis, 1991), Fusarium solani f.sp. 
cucurbitae (Crowhurs t et al., 1991) , Magnaporthe 
grisea ( L e v y et al., 1991), and l o w associat ion in 
o the rs l i k e Puccinia striiformis ( C h e n et al., 1993). 

I n t ra -popu la t i on va r iab i l i t y a t mo lecu la r leve l was 
a l s o o b s e r v e d in C . graminicola a n d c l u s t e r 
c o m p o s i t i o n fo r R A P D s and v i ru lence index were 
independent to each other ( M a t h u r et al., 1998). In 
o u r s tudy also, o f the t w o m o n o c o n i d i a l der iva t ives 
f r o m t w o isolates, one showed s ign i f icant pathogenic 
a n d genetic d ivers i ty f r o m its parent isolate. Th i s 
shows var ia t ion in heterogeneity among the isolates. 
I n t ra -popu la t i on var iat ions m a y be a t t r ibu ted to 
he te ro tha l l i sm (Ande rb rhan and Fur tek. , 1994). So 
f a r , p e r f e c t s ta te o f s o r g h u m i s o l a t e s o f C . 
graminicola has n o t b e e n o b s e r v e d , a n d the 
va r ia t ions in asexual spore progenies m a y be due to 
parasexual D N A exchange as observed in r ice blast 
pathogen Magnaporthe grisea(Zeigler et al., 1997). 
T h e s e resu l t s a l so i n d i c a t e t o the p o t e n t i a l o f 
deve lopment o f more aggressive isolates, w h i c h may 
have imp l i ca t ions in e p i d e m i o l o g y and resistance 
s tab i l i t y in so rghum. 
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F igu re 2. Dendrogram based on R A P D analysis of 12 isolates of Colletotrichum graminicola using OPA8 pr imer . 
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