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Genetic Diversity of Ascochyta rabiei in Canada 

G. Chongo, B. D. Gossen, L. Buchwaldt, T. Adhikari, and S. R. Rimmer, Agriculture and Agri-Food Canada 
Research Centre, Saskatoon, SK S7N 0X2, Canada  

Ascochyta blight, caused by Ascochyta 
rabiei (Pass) Labrousse (teleomorph, Di-
dymella rabiei (Kovachevski) v. Arx.), is 
the most important constraint to chickpea 
(Cicer arietinum L.) production in the 
northern Great Plains, and often results in 
high yield losses (2,4). The primary 
sources of inoculum are infested seed and 
stubble, but airborne ascospores play an 
important role in dispersal of the pathogen 
(1,9,16,24,25). 

A. rabiei is a heterothallic fungus that 
requires two compatible mating types to 

produce the sexual stage (29). Both mating 
types are present on the Canadian prairies 
and the teleomorph has been observed in 
the field (1,8). The presence of sexual re-
combination in this fungal population is 
expected to contribute to population diver-
sity. Genotypic variation in A. rabiei has 
been reported from many parts of the 
world, including India (27), Pakistan (19), 
Syria and Lebanon (20), the United States 
(7), and Italy (18). 

Studies on population diversity of A. 
rabiei are one step toward understanding 
the pathogen population. Molecular tech-
niques have been used in several studies 
to investigate genetic diversity in A. ra-
biei, to examine the relationship between 
molecular markers and pathotypes, and to 
examine phylogenetic relationships 
(5,11,12,15,23,26,28). No clear correla-
tions have been reported between markers 
and pathotype groups (5,15). In one 
study, specific DNA fragments were as-
sociated with geographic origin of the 
isolates (26). 

The objectives of this study were to (i) 
assess genotypic diversity among isolates 
of A. rabiei from the northern Great 
Plains using virulence tests and random 
amplified polymorphic DNA (RAPD) 
markers and (ii) compare this diversity 
with that of a group of isolates from other 
regions.  

MATERIALS AND METHODS 
Virulence study. In a preliminary test, 

62 chickpea lines or cultivars were as-
sessed for their reaction to three virulent 
isolates of A. rabiei from commercial 
fields in Saskatchewan, Canada. Of the 62 
chickpea lines, 29 kabuli lines were ob-
tained from the International Center for 
Agricultural Research in the Dry Areas 
(ICARDA) in Syria, 20 desi lines from the 
International Crops Research Institute for 
the Semi-Arid Tropics (ICRISAT) in India, 
and 11 lines (kabuli and desi) from the 
University of Saskatchewan, Saskatoon, 
SK, Canada. Also, the kabuli cvs. UC27 
and Sanford, which were developed in the 
United States (6,14), were included as 
susceptible and partially resistant checks, 
respectively. Based on the results of this 
initial test, 14 lines were selected for further 
study. In a second preliminary study, the 14 
lines were inoculated with each of 58 iso-
lates from Canada and around the world, in 
a replicated study to identify the lines that 
best differentiated groups of isolates. 

Five kabuli and three desi lines were se-
lected and used to screen a population of 
40 Canadian isolates of A. rabiei collected 
from infected chickpea plants in 25 fields 
in Saskatchewan from 1997 to 2000. In 
addition, 18 isolates from other countries 
were compared with the Canadian isolates 
(Table 1). Of the 18 foreign isolates, 5 
isolates were from Australia, 3 from the 
United States, 6 from Syria, and 2 each 
from India and Turkey. Isolates were stored 
and maintained at –80°C until required. 

Seeding and inoculation. In the main 
study, each chickpea line was seeded in 
two trials. The first trial consisted of two 
replicates of each isolate, and each experi-
mental unit consisted of a single pot con-
taining three plants. There were three rep-
licates in the second trial. Seed of each line 
were sown in a soil-less mix of peat moss, 
vermiculite, and sand (2:2:1, vol/vol/vol) 
and a slow-release granular fertilizer (Os-
mocote; Scotts-Sierra Horticultural Prod-
ucts Co., Marysville, OH). A noninocu-
lated pot of each line was included as a 
check. The pots were placed in a green-
house for 3 weeks at 20 and 16°C (day and 
night, respectively) and a 16-h photope-
riod. Seedlings of each line were inocu-
lated with each of the 40 Canadian and 18 
foreign single-spored isolates in a suspen-
sion of sterile distilled water at 2 × 105 
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conidia ml–1 using an atomizer (DeVilbiss, 
Somerset, PA). The seedlings were sprayed 
with the suspension until runoff. Inoculated 
seedlings were incubated in a mist cham-
ber made of clear polythene plastic located 
in a growth chamber at 20 and 16°C (day 
and night, respectively) and a 16-h photo-
period with 250 µE m–2 s–1 for 48 h, as 
described by Chongo and Gossen (3). 
Plants were moved from the mist chamber 
to an adjacent bench in the same growth 
chamber and arranged in a randomized 
complete block design. 

A rating scale was developed to combine 
the quantitative and qualitative nature of 
disease reaction in this host–pathogen 
combination. Each plant was rated 14 days 
after inoculation using a 0-to-9 rating 
scale, where 0 = no symptoms; 1 = few, 
very small (<2 mm2) lesions on leaves and 
stems, <2% plant area affected (PAA); 2 = 
very small (<2 mm2) lesions, 2-5 % PAA; 
3 = many small lesions (<2 to 5 mm2), 5 to 
10% PAA; 4 = many small lesions, few 
large (>5 mm2) lesions, 10 to 25% PAA; 5 
= many large lesions, 25 to 50% PAA; 6 = 
lesions coalescing, 50 to 75% PAA, 7 = 
lesions coalescing with stem girdling, 75 to 
90% PAA; 8 = stem girdling or breakage, 
>90% PAA; 9 = plants dead (Fig. 1). No 
pycnidia were observed on lesions of 
plants with ratings of 1 to 3 (considered to 
be nonsporulating lesions), whereas plants 
with scores from 4 to 9 always produced 
some lesions with visible pycnidia. 

For grouping isolates into pathotypes, the 
interaction phenotype of each differential–
isolate combination on the 0-to-9 rating scale 
was consolidated into two classes as follows: 
0 to 3 = resistant and 4 to 9 = susceptible. 
Disease reaction of the differentials also was 
evaluated using analysis of variance (GLM 
procedure; SAS Institute, Cary, NC).  

RAPD analysis. Thirty-nine A. rabiei 
isolates from Saskatchewan, Canada, and 
20 isolates from other countries (6 from 
Syria, 5 from Australia, 5 from the United 
States, 2 from Turkey, and 2 from India) 
were examined (Table 1). In addition, two 
isolates of A. pinodes L. K. Jones (teleo-
morph: Mycosphaerella pinodes (Berk. & 
Bloxam) Vestergr.) from field pea (Pisum 
sativum L.) and seven of A. lentis Vassili-
jevsky (teleomorph: D. lentis Kaizer, 
Wong, & Rogers) from lentil (Lens curi-
nalis Medik.) were included for compari-
son. Of the 39 A. rabiei isolates from Can-
ada used in RAPD analysis, 32 were 
common to those used in the virulence 
tests. Each isolate was single spored and 
maintained at –80°C until required. 

For DNA extraction, each isolate was 
grown at room temperature in a 100-ml 
flask containing 50 ml of commercial po-
tato dextrose broth (Becton Dickinson & 
Co., Cockeysville, MD) The flasks were 
placed on an orbital shaker at 100 rpm. 
Mycelia from 5- to 7-day-old cultures were 
harvested by filtration and stored in 2-ml 
vials at –80°C. When needed, mycelia 

were freeze dried for 3 days, after which 
two plastic beads (2 mm in diameter) were 
placed in each sample vial and the vials 
were kept on a shaker (Mixer/Mill 8000; 
Spex Certiprep, Mechuchen, NJ) for 15 
min to pulverize the mycelia into a fine 
powder. DNA was extracted using a modi-
fied minipreparation protocol using the 
cetyltrimethyl-ammonium bromide method 
(28). Initially, 75 University of British 
Columbia (UBC; Vancouver, BC, Canada) 
decamer primers and 2 Operon Technolo-
gies, Inc. (OP; Almeda, Ca) decamer prim-
ers were screened for polymorphism using 
10 isolates of A. rabiei. Eight of the prim-
ers, UBC-702 (5� GGGAGAAGGG 3�), 
UBC-708 (5� GGGTTGTGGG 3�), UBC-
726 (5� GGTGTGGGTG 3�), UBC-727 (5� 
GGGTGTGGTG 3�), UBC-731 (5� CCCA-
CACCAC 3�), UBC-739 (5� GGAGGGA-
GAG 3�), UBC-740 (5� GGAGGGAGGA 
3�) and OP-C18 (5� TGAGTGGGTG 3�), 
were selected and used to screen the whole 
population of isolates. 

The DNA of each isolate was amplified 
in 20 µl of a solution made up of 5.8 µl of 
sterile double-deionized H2O, 2 µl of 10× 
Tris-acetate-EDTA (TAE) buffer, 2 µl of 25 
mM MgCl2, 2 µl of 2 mM dNTPs, 0.2 µl of 
Taq DNA polymerase (5 U/µl; Fisher Sci-
entific, Nepean, ON, Canada), 4 µl of 1 
mM primer, and 4 µl of 10 ng liter–1 ge-
nomic DNA. Amplifications were per-
formed using two thermal cyclers (Peltier 
Thermal Cycler PTC 200; MJ Research 
Inc., Watertown, MA and Gene Amp PCR 
System 9700; PE Applied Biosystems, 
Norwalk, CT), each with an initial denatu-
ration step for 5 min at 94°C, followed by 
35 cycles of 30 s at 94°C, 30 s at 37°C, and 
30 s at 72°C, with a final extension for 7 
min at 72°C. Amplified products were 
separated by electrophoresis in 2% agarose 
in 1× TAE buffer. For each primer and 
isolate combination, the amplification 
reactions were performed two times in 
each polymerase chain reaction (PCR) 
machine to determine the reliability and 
reproducibility of the method. Reactions 
were kept at 4°C until gel electrophoresis 
was performed. In each gel, a 1-kb Plus 
DNA ladder (Gibco BRL, Gathersburg, 
MD) was used as a molecular reference 
marker. Gels were stained in ethidium 
bromide for 20 min and then destained in 
tap water. Fragments of DNA were visual-
ized and photographed under transmitted 
ultraviolet light. 

Using all eight primers, cluster analysis 
was performed on the 68 isolates (59 of A. 
rabiei, 7 of A. lentis, and 2 of A. pinodes). 
These isolates produced a total of 112 
fragments. For each isolate and primer 
combination, a binary number system was 
used to score the bands, with 0 indicating 
absence and 1 the presence of bands, re-
gardless of band intensity. A similarity 
matrix was constructed using Jaccard’s 
coefficient in the SIMQUAL program of 
the Numerical Taxonomy and Multivariate 

Table 1. Isolates of Ascochyta rabiei, A. lentis,
and A. pinodesa 

Number Isolate Origin 
A. rabiei � �
1 Jan9702 Canada 
2 Mar9703 Canada 
3 Jan9804 Canada 
4 Jan9805 Canada 
5 May9804 Canada 
6 Jul9803 Canada 
7 Jul9804 Canada 
8 Jul9805 Canada 
9 Jul9806 Canada 
10 Jul9807 Canada 
11 Jul9808 Canada 
12 Jul9809 Canada 
13 Jul9810 Canada 
14 Jul9813 Canada 
15 Jul9814 Canada 
16 Jul9815 Canada 
17 Jul9816 Canada 
18 Jul9818 Canada 
19 Sep9804 Canada 
20 Sep9806 Canada 
21 Oct9804 Canada 
22 Oct9805 Canada 
23 Oct9806 Canada 
24 Oct9809 Canada 
25 Nov9803 Canada 
26 Nov9804 Canada 
27 Nov9805 Canada 
28 Nov9806 Canada 
29 Nov9807 Canada 
30 Nov9808 Canada 
31 Jan9907 Canada 
32 Feb9914 Canada 
33 Feb9917 Canada 
34 Feb9923 Canada 
35 Feb9924 Canada 
36 Mar9901 Canada 
37 Mar9903 Canada 
38 Mar9906 Canada 
39 Mar9912 Canada 
95 Feb9710 Canada 
96 Feb9803 Canada 
97 Jul9811 Canada 
98 Jul9812 Canada 
99 Aug9803 Canada 
100 Oct9808 Canada 
101 Dec9804 Canada 
102 Jan0001 Canada 
54 Race 1 Syria 
55 Race 2 Syria 
56 Race 3 Syria 
57 Race 4 Syria 
58 Race 5 Syria 
59 Race 6 Syria 
60 Ank 1 Turkey 
61 Ank 3 Turkey 
62 Ab-4 India 
63 Ab-1 India 
64 Ar-483 United States 
65 Ar-490 United States 
66 Ar-731 United States 
67 ATCC 76501 United States 
68 ATCC 76502 United States 
69 Sep0011 Australia 
70 Sep0012 Australia 
71 Sep0013 Australia 
72 Sep0014 Australia 
73 Sep0015 Australia 

A. lentis � �
74 Mar0011 Canada 
75 Mar0012 Canada 
76 Mar0013 Canada 
77 Mar0015 Canada 
78 Mar0016 Canada 
79 Mar0017 Canada 
80 Mar0020 Canada 

A. pinodes � �
91 Sep0017 Canada 
92 Sep0018 Canada 

a Isolates in bold were used in virulence tests. 
Isolates 1 to 92 were used in random ampli-
fied polymorphic DNA analysis.  
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Analysis System (NTSYS-pc) software 
(22). The resulting similarity data was used 
to construct a dendrogram using the un-
weighted pairgroup method with arithmetic 
averages in the SAHN program within the 
NTSYS-pc software. Bootstrap support for 

branches was conducted on 1,000 samples 
using the WINBOOT program (30).  

RESULTS 
Virulence study. During the initial 

screening of 62 chickpea lines to select a 

differential set, several factors were con-
sidered. Only lines that produced con-
sistent disease reactions were selected, to 
eliminate lines that still were segregating 
for resistance genes, and, when several 
lines came from similar parental source 

Fig. 1. Rating scale for Ascochyta blight in chickpea caused by Ascochyta rabiei: 0 = no symptoms; 1 = few, very small (<2 mm2) lesions on leaves or 
stems, <2% plant area affected (PAA); 2 = very small (<2 mm2) lesions, 2 to 5% PAA; 3 = many small lesions (�2 to 5 mm2), 5 to 10% PAA; 4 = many 
small lesions, few large (>5 mm2) lesions, 10 to 25% PAA; 5 = many large lesions, 25 to 50% PAA; 6 = lesions coalescing, 50 to 75% PAA; 7 = lesions 
coalescing with stem girdling, 75 to 90% PAA; 8 = stem girdling and breakage, >90% PAA; and 9 = plants dead. Lesions on plants rated as 1 to 3 pro-
duced no visible pycnidia, but plants rated as 4 to 9 produced lesions with visible pycnidia and sporulation. 
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material, only the one with the clearest and 
most consistent pattern of differential reac-
tion was selected. Lines that readily set 
seed under controlled conditions were 
preferred, to ensure a consistent supply of 
uniform seed in future tests. The eight lines 
that were selected as differentials were 
kabuli lines UC27, Sanford, ILC 3856, 
ILC 4421, and Flip 83-48, and desi lines 
ICC 4200, ICC 4475, and ICC 6328. 

In analysis of variance, the interaction of 
line and isolate was significant (not 
shown). Based on this differential interac-
tion, 14 pathotypes were identified among 
the Canadian isolates (Tables 2 and 3). One 
pathotype was only weakly virulent irrespec-
tive of differential line assessed, while oth-
ers were virulent on as many as six differen-
tials. The desi lines were resistant to a wider 
range of isolates than the kabuli lines. 

Pathotype 1, which was represented by 
three Canadian isolates, was not virulent 
on any line (Tables 2 and 3). Pathotype 2 
was virulent only on cv. UC27. It was the 
most common pathotype collected (eight 
isolates), and was found in 7 of 25 fields 

(data not shown). Pathotype 4 (five iso-
lates) was virulent on UC27, ICC 4200, 
and ICC 4475. Cv. Sanford, which lost its 
position as the dominant cultivar in the 

region in 1999 to 2000 due to declining 
levels of resistance, was susceptible to 
pathotypes 6, 7, 8, 9, 10, 12, and 13 (16 
isolates). 

Table 3. Disease reaction and pathotype groupings of 40 isolates of Ascochyta rabiei from Saskatche-
wan, Canada on five kabuli and three desi chickpea differential linesa 

  Differential line or cultivar 

 
Pathotype 

 
No.b 

UC 
27 

ICC 
4200c 

ICC 
4475c 

ICC 
6328c 

 
Sanford 

ILC 
3856 

FLIP 
83-48 

ILC 
4421 

1 3 R R R R R R R R 
2 8 S R R R R R R R 
3 3 S S R R R R R R 
4 5 S S S R R R R R 
5 1 S S S S R R R R 
6 3 S S S S S R R R 
7 1 S S S S S S R R 
8 2 S S R R S R R R 
9 3 S S S R S R R R 
10 2 S S S R S R S R 
11 3 S R S R R R R R 
12 1 S R S R S R R R 
13 4 S R R R S R R R 
14 1 S R R R R S R R 
a Based on a 0-to-9 scale where 0 to 3 = resistant (R) and 4 to 9 = susceptible (S).  
b Number of isolates. 
c Desi chickpea line. 

Table 2. Mean disease scores (� standard error) for 40 isolates of Ascochyta rabiei from Saskatchewan, Canada on five kabuli and three desi chickpea 
differential linesa 

  Differential line 

Pathotype Isolate UC27 ICC4200b ICC4475b ICC6328b Sanford ILC3856 FLIP83-48 ILC4421 

1 Nov9803 2.0 � 0 1.6 � 0.1 1.8 � 0.2 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
 Jul9815 3.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
 Jul9816 2.0 � 0 1.4 � 0.1 1.6 � 0.1 1.4 � 0.1 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
2 Nov9807 8.0 � 0.2 2.2 � 0.2 1.8 � 0.2 2.0 � 0.1 2.2 � 0.2 0.6 � 0.1 1.2 � 0.1 0.8 � 0.1 
 Dec9804 8.0 � 0 1.0 � 0 1.6 � 0.1 1.0 � 0 1.0 � 0 0.6 � 0.1 1.0 � 0 1.0 � 0 
 Nov9806 6.2 � 0.4 2.6 � 0.1 1.6 � 0.1 0.2 � 0.1 1.0 � 0.1 0.6 � 0.1 0.6 � 0.1 0 � 0 
 Feb9914 8.0 � 0 2.6 � 0.1 2.0 � 0 1.0 � 0 2.4 � 0.1 0.4 � 0.1 1.0 � 0 1.0 � 0 
 Sep9806 7.8 � 0.2 1.6 � 0.1 2.0 � 0.1 1.6 � 0.2 1.6 � 0.1 0.8 � 0.1 1.2 � 0.1 0.8 � 0.1 
 Nov9805 8.0 � 0 1.8 � 0.2 1.4 � 0.1 1.4 � 0.1 1.8 � 0.2 1.4 � 0.1 1.4 � 0.1 1.0 � 0 
 Mar9703 8.6 � 0.1 2.6 � 0.1 1.0 � 0 2.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
 Jan9907 8.0 � 0 0.4 � 0.1 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
3 Oct9805 7.4 � 0.1 5.2 � 0.2 2.6 � 0.1 1.6 � 0.1 1.6 � 0.1 2.0 � 0 1.4 � 0.1 0.0 � 0 
 Feb9803 7.4 � 0.1 4.0 � 0 2.4 � 0.1 1.0 � 0 1.4 � 0.1 2.0 � 0 1.0 � 0 1.0 � 0 
 Jan0001 9.0 � 0 4.6 � 0.1 2.0 � 0 2.4 � 0.1 2.0 � 0 2.0 � 0 1.0 � 0 1.0 � 0 
4 Jul9812 8.0 � 0 4.4 � 0.1 5.4 � 0.1 2.4 � 0.1 2.4 � 0.1 1.4 � 0.1 1.4 � 0.1 1.4 � 0.1 
 Jul9807 7.6 � 0.2 4.8 � 0.2 4.0 � 0.1 0.8 � 0.2 2.8 � 0.1 1.0 � 0 1.0 � 0.1 1.2 � 0.1 
 Jul9806 7.6 � 0.1 4.4 � 0.2 4.4 � 0.1 1.8 � 0.2 2.4 � 0.2 0.8 � 0.1 1.2 � 0.1 0.6 � 0.1 
 Aug9803 8.4 � 0.1 5.2 � 0.2 6.6 � 0.1 2.4 � 0.1 2.0 � 0 2.0 � 0 2.6 � 0.1 2.0 � 0 
 Jan9702 8.6 � 0.1 4.4 � 0.1 4.8 � 0.1 1.6 � 0.2 2.4 � 0.1 1.0 � 0.3 1.4 � 0.1 0.4 � 0.1 
5 May9804 8.6 � 0.1 4.2 � 0.2 4.2 � 0.1 4.2 � 0.1 4.4 � 0.1 0.6 � 0.2 1.4 � 0.2 0.4 � 0.1 
 Jul9808 8.6 � 0.1 4.2 � 0.1 5.0 � 0.2 4.0 � 0 5.2 � 0.2 1.2 � 0.2 0.8 � 0.1 1.2 � 0.2 
 Jan9805 8.4 � 0.1 4.4 � 0.1 6.0 � 0 4.2 � 0.1 4.2 � 0.1 2.4 � 0.1 1.0 � 0 2.4 � 0.1 
6 Jul9804 8.4 � 0.1 4.2 � 0.1 4.4 � 0.1 1.4 � 0.1 4.6 � 0.1 1.6 � 0.1 1.0 � 0 1.0 � 0 
 Feb9710 8.4 � 0.2 4.2 � 0.1 4.0 � 0 1.0 � 0.2 4.0 � 0 0.8 � 0.2 1.4 � 0.1 1.0 � 0.1 
 Jul9811 8.8 � 0.1 4.0 � 0 4.6 � 0.2 2.0 � 0 3.5 � 0.1 2.2 � 0.1 1.2 � 0.1 2.0 � 0 
7 Jul9809 8.8 � 0.1 5.0 � 0 5.8 � 0.1 4.8 � 0.1 6.0 � 0 4.0 � 0 1.8 � 0.1 1.8 � 0.1 
8 Jul9805 8.0 � 0 2.2 � 0.1 6.0 � 0 2.2 � 0.1 2.0 � 0 2.2 � 0.1 1.2 � 0.1 1.0 � 0 
 Jan9804 8.6 � 0.1 2.0 � 0 4.6 � 0.1 1.0 � 0 2.0 � 0 1.0 � 0 1.0 � 0 1.0 � 0 
 Oct9806 7.8 � 0.1 2.0 � 0 4.2 � 0.1 1.6 � 0.1 2.2 � 0.2 0.6 � 0.1 1.4 � 0.1 1.2 � 0.1 
9 Oct9808 7.6 � 0.1 1.4 � 0.1 1.8 � 0 1.0 � 0.1 6.0 � 0.1 1.0 � 0.2 0.8 � 0.1 1.0 � 0 
 Oct9809 8.6 � 0.1 1.6 � 0.1 2.0 � 0.1 1.4 � 0.1 4.4 � 0 2.2 � 0.1 1.6 � 0.1 1.0 � 0 
 Jul9814 7.4 � 0 2.2 � 0.1 3.0 � 0.1 2.0 � 0 5.4 � 0 2.8 � 0.1 2.0 � 0 1.0 � 0.1 
 Jul9818 8.0 � 0.2 1.4 � 0.1 2.4 � 0 2.0 � 0 4.0 � 0.2 1.6 � 0.1 2.0 � 0 1.6 � 0.1 
10 Jul9803 7.8 � 0.2 2.2 � 0.2 1.0 � 0 1.0 � 0 1.0 � 0 4.8 � 0.2 0.6 � 0.1 1.0 � 0.1 
11 Sep9804 7.4 � 0.1 4.8 � 0.2 2.8 � 0.1 0.6 � 0.1 4.4 � 0.1 1.2 � 0.3 1.2 � 0.1 0.6 � 0.2 
 Oct9804 7.4 � 0.1 4.0 � 0 1.0 � 0 2.0 � 0 3.8 � 0.2 2.0 � 0 1.4 � 0.1 1.0 � 0 
12 Jul9813 8.6 � 0.1 1.6 � 0.1 5.4 � 0.1 2.4 � 0.1 6.0 � 0 1.4 � 0.1 1.6 � 0.1 2.0 � 0 
13 Nov9808 9.0 � 0 4.6 � 0.1 4.4 � 0.1 1.0 � 0 4.6 � 0.1 2.6 � 0.1 4.0 � 0 1.0 � 0 
 Feb9923 8.0 � 0 4.0 � 0 4.4 � 0.1 3.0 � 0 4.0 � 0 1.0 � 0 4.0 � 0 0.4 � 0.1 
14 Jul9810 8.0 � 0 4.2 � 0.1 6.6 � 0.1 4.6 � 0.1 2.6 � 0.1 1.6 � 0.1 1.0 � 0 2.0 � 0 

a Based on a 0-to-9 rating scale where 0 = no symptoms and 9 = plants dead. 
b Desi chickpea line. 
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The small-seeded kabuli lines ILC 4421, 
ILC 3856, and Flip 83-48 exhibited a 
broader range of resistance than the large-
seeded kabuli cvs. Sanford and UC27. 
None of the isolates were virulent on line 
ILC 4421, and two were virulent on each 
of Flip 83-48 and ILC 3856 (Tables 2 and 
3). None of the desi lines were susceptible 
to pathotypes 1, 2, 13, and 14, but all were 
susceptible to pathotypes 5, 6, and 7. Lines 
ICC 4200, ICC4475, and ICC6328 were 
susceptible to 20, 19, and 5 of the isolates, 
respectively (Tables 2 and 3). Of 18 iso-
lates from other countries, 17 were distrib-
uted among the pathotypes differentiated 
with Canadian isolates (data not shown). 

RAPD analysis. Only the reproducible 
RAPD bands were scored. for each primer. 
When tested on the isolates of A. rabiei, A. 
lentis, and A. pinodes, the eight primers 
produced 112 fragments, of which 96% 
were polymorphic. However, only the 
results of representative isolates for two 
primers, UBC-702 and UBC-727, are 
shown (Fig. 2A and B). Isolates of A. ra-
biei from Canada produced at least seven 
banding patterns, but 30 of 39 (77%) Ca-
nadian isolates fell into three banding pat-
terns, represented by isolates 2, 6, and 25 
(Fig. 2A and B). Many of the international 
isolates produced the same banding pattern 
as the Canadian isolates represented by 
isolate 2, including five of five isolates 
from Australia, three of five isolates from 
the United States, and three of six isolates 
from Syria. Both isolates from Turkey 
displayed banding patterns different from 
those produced by any isolate from Canada 
(Fig. 1). 

Several isolates of A. rabiei clustered in 
one large group at the 0.66 level of similar-
ity, and there were at least three other 
small clusters, each with 2 to 4 isolates 
(Fig. 3). The level of similarity among A. 
rabiei isolates from Canada varied from 
0.2 to 1.0 (Fig. 3). The dendrogram from 
the RAPD data showed that most of the 

international isolates of A. rabiei clus-
tered with a large cluster of A. rabiei 
isolates from Canada and with other iso-
lates from the same geographic origin 
(Fig. 3). Isolates of A. lentis formed a sin-
gle tight cluster, with six of the seven iso-
lates showing 0.85 similarity, and showed 
some similarity (mean 0.45) to A. rabiei 
(Fig. 3). The two isolates of A. pinodes 
showed a similarity level of 0.14 to A. 
rabiei (Fig. 3).  

DISCUSSION 
Among isolates from Canada, 14 patho-

type groups were identified on eight differ-
entials. Although only 40 isolates were 
assessed, this study demonstrated that there 
is a broad range of variation for virulence 
in the Canadian population of A. rabiei, 
which supports reports of substantial varia-
tions in A. rabiei populations in other 
countries (7,15,18–20,27). The chickpea 
differentials and rating scale used in the 
present study were different from those 
used in other studies; therefore, it is not 
possible to compare the results directly. In 
the present study, the differential set in-
cluded either lines that were being used in 
the region or those that were potential 
sources of resistance. The rating scale was 
designed to take into consideration both the 
quantitative and qualitative aspects of the 
disease reaction phenotypes. The differen-
tials and rating scale developed in this 
study will permit plant pathologists and 
breeders in the northern Great Plains to 
identify and monitor pathotypes that are 
important in this region. 

Cv. Sanford is one of the few chickpea 
cultivars that is adapted to the short grow-
ing season of the Canadian prairies, and 
that also carries resistance to Ascochyta 
blight. Disease progress on Sanford is slow 
in young plants, but susceptibility in-
creases over time in adult plants, especially 
after flowering (3). It was the most com-
monly grown cultivar in the northern Great 

Plains region in the late 1990s. However, 
our results suggest that its future as a resis-
tant cultivar in the region is limited, be-
cause it was susceptible to a high propor-
tion of the Canadian isolates assessed. Line 
ILC 4421 was resistant to all of the isolates 
in the study, but has been reported to be 
susceptible at other sites around the world 
(21). This difference in disease reaction 
among sites almost certainly is due to differ-
ences in virulence in local pathogen popula-
tions. Lines ILC 4421 and Flip 83-48 (sus-
ceptible to only 1 of 14 pathotypes) also 
represent potential sources of resistance for 
use in the northern Great Plains. The reac-
tion of these lines needs to be assessed 
against a larger population of isolates and in 
the field before a major effort is made to 
incorporate resistance from these sources 
into adapted chickpea lines. 

Analysis using RAPD markers revealed 
a broad genotypic variation among the 39 
Canadian isolates of A. rabiei, even though 
most of the isolates fell into a single large 
group in cluster analysis. The range of 
variation in the Canadian isolates covered 
the range detected in 18 of 20 isolates from 
around the world. The only exceptions 
were two isolates from Turkey, which had 
a unique banding pattern. The wide range 
in genotypic variation in this relatively 
small sample of Canadian isolates demon-
strates that the source population is highly 
variable. The narrower range of variation 
observed among the foreign isolates is 
likely due, in part, to the larger number of 
Canadian isolates relative to those from 
other countries. Isolates of A. lentis formed 
a group that was moderately similar to one 
cluster of A. rabiei isolates, but A. pinodes 
showed little similarity to A. rabiei. This 
supports the taxonomic treatment for these 
pathogens, which places the teleomorphs 
of A. rabiei and A. lentis in the genus Di-
dymella (10) and the teleomorph of A. 
pinodes in Mycosphaerella. 

Although certain pathotypes clustered 
together (e.g., pathotypes 1, 2, and 5) and 
showed some correspondence between the 
virulence and RAPD data, the association 
between RAPD banding patterns and 
pathotype groups was weak. Although it is 
possible that a strong association between 
virulence and RAPD data might be ob-
tained by increasing the population size of 
isolates, previous studies have failed to 
show a correlation between RAPD and 
pathotype groups on other populations of 
A. rabiei (5,12,15,23,27). The time of col-
lection had no clear effect on pathotype 
and RAPD groups. This could be attributed 
to the small population of isolates tested 
(the bulk of which were collected in a sin-
gle year). Also, chickpea was a relatively 
new crop, and production was focused in 
Saskatchewan and dominated by the cvs. 
Sanford and Myles. 

Chickpea was introduced fairly recently 
as a field crop in Canada, the United 
States, and Australia. A. rabiei is transmit-

 

Fig. 2. Random amplified polymorphic DNA banding patterns of Ascochyta rabiei (lanes 2–17) from 
Canada, Syria, Turkey, India, the United States, and Australia. A. lentis  (A1, lanes 18–19) and A. 
pinodes (Ap, lane 20) generated by A, primer UBC-702 and B, UBC-727. M = molecular marker;
numbers represent isolates in Table 1. 
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ted readily from infested seed (17), and 
probably was introduced into North Amer-
ica with seed imported from traditional 
production centers (8,13,29). Therefore, 
the wide range in genotypic variation 
among isolates in the northern Great Plains 
probably reflects the variability of patho-
gen populations in these countries of ori-
gin. In the present study, a specific am-

plification pattern observed among many 
isolates from Canada was similar to the 
pattern observed among isolates from the 
United States, Syria, India, and Australia. 
This observation supports the hypothesis 
that populations of A. rabiei in Canada, the 
United States, and Australia were intro-
duced from Syria and India, where chick-
pea traditionally has been grown. 

This study demonstrates that there is a 
high level of genotypic diversity among 
isolates of A. rabiei in Canada. The combi-
nation of high genotypic diversity and 
potential for sexual recombination in-
creases the likelihood that rare pathotypes 
will quickly increase and overcome new 
sources of resistance as they are developed. 
Dispersal of the pathogen by airborne as-

 

Fig. 3. Dendogram showing diversity of Ascochyta rabiei isolates from Canada in relation to those from other countries and compared with A. lentis  and 
A. pinodes based on random amplified polymorphic DNA banding patterns from eight primers. Numbers on branches indicate percentages from 1,000 
bootstrap replicates; only numbers higher than 50 are shown. Numbers in brackets are pathotype groups based on virulence on five kabuli and three desi 
differential lines. 
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cospores, which recently were reported for 
the first time from Canada (1), further 
enhances this potential. Faced with a ge-
netically diverse, sexually reproducing 
pathogen population, plant breeders and 
pathologists need to work together to de-
velop durable forms of resistance. Also, 
pathologists need to monitor changes in the 
pathogen population to anticipate the 
breakdown of resistance in existing chick-
pea cultivars.  
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In the article “Genetic Diversity of Ascochyta rabiei in Canada,” by G. Chongo, B. D. 
Gossen, L. Buchwaldt, T. Adhikari, and S. R. Rimmer, pages 4-10, paragraphs three and 
four in the Results section and Table 3 should read as follows: 
 

Pathotype 1, which was represented by three Canadian isolates, was not virulent 
on any line (Tables 2 and 3). Pathotype 2 was virulent only on cv. UC27. It was the 
most common pathotype collected (eight isolates), and was found in 7 of 25 fields 
(data not shown). Pathotype 4 (five isolates) was virulent on UC27, ICC 4200, and 
ICC 4475. Cultivar Sanford, which lost its position as the dominant cultivar in the 
region in 1999 to 2000 due to declining levels of resistance, was susceptible to 
pathotypes 5, 6, 7, 9, 11, 12, and 13 (16 isolates). 

The small-seeded kabuli lines ILC 4421, ILC 3856, and Flip 83-48 exhibited a 
broader range of resistance than the large-seeded kabuli cvs. Sanford and UC27. 
None of the isolates were virulent on line ILC 4421, and two were virulent on each 
of Flip 83-48 and ILC 3856 (Tables 2 and 3). None of the desi lines were susceptible 
to pathotypes 1, 2, 9, and 10, but all were susceptible to pathotypes 5, 7, and 14. 
Lines ICC 4200, ICC 4475, and ICC 6328 were susceptible to 20, 19, and 5 of the 
isolates, respectively (Tables 2 and 3). Seventeen of 18 isolates from other countries 
were distributed among the pathotypes differentiated with Canadian isolates (data 
not shown). 

Table 3. Disease reaction and pathotype groupings of 40 isolates of Ascochyta rabiei from 
Saskatchewan, Canada on five kabuli and three desi chickpea differential linesa 

  Differential line or cultivar 

 
Pathotype 

 
No.b 

UC  
27 

ICC  
4200c 

ICC 
4475c 

ICC 
6328c 

 
Sanford

ILC 
3856 

FLIP 
83-48 

ILC  
4421 

1 3 R R R R R R R R 
2 8 S R R R R R R R 
3 3 S S R R R R R R 
4 5 S S S R R R R R 
5 3 S S S S S R R R 
6 3 S S S R S R R R 
7 1 S S S S S S R R 
8 3 S R S R R R R R 
9 4 S R R R S R R R 
10 1 S R R R R S R R 
11 2 S S R R S R R R 
12 1 S R S R S R R R 
13 2 S S S R S R S R 
14 1 S S S S R R R R 

a Based on a 0-to-9 scale where 0 to 3 = resistant (R) and 4 to 9 = susceptible (S). 
b Number of isolates. 
c Desi chickpea line. 

 


