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Abstract

Anthracnose caused by Colletotrichum gloeosporioides is one of the major diseases
of lupin in Poland. The pathogen infects all species of lupin, at different develop-
mental stages. 53 isolates collected during 1996-2003 from whole country were
characterized morphologically and by means of vegetative compatibility grouping.
The morphology of all isolates was in agreement with a taxonomical description of
C. gloeosporioides. From each isolate nitrate-nonutilizing mutants were generated
and used in complementation pairings between different isolates. All Polish iso-
lates belonged to the same VCG group, which corresponds to the world dominat-
ing VCG-2 group of C. gloeosporioides from lupins. The second major group: VCG-1
is not present in Poland.
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Introduction

In Poland Lupinus luteus L., L. albus L. and L. angustifolius L. are cultivated for the
animals’ forage; L. polyphyllus Lindl. is widely grown as ornamental plant. The genus
Colletotrichum comprises plant pathogens that cause economically important dis-
eases on many crops worldwide, especially in the tropics. At present anthracnose
caused by C. gloeosporioides (Penz.) Penz. et Sacc. is one of the most important dis-
eases of lupin in our country, causing brown lesions with orange conidial masses
and typical twisting steams or petioles. The disease was first described in 1939, in
North America by Weimer (1943), and then the disease had not been recorded,
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more recently it occurred in South America (Reis et al. 1984). Since middle 1980s
the anthracnose has been spread all over places where grain, forage or ornamental
lupins were cultivated (Paulitz et al. 1995, Reed et al. 1996, Lindbeck et al. 1998,
Elmer et al. 2001). In Poland lupin anthracnose was recorded on 1995 in L. albus
crops (Frencel 1998), in following years the disease spread on whole country and
still is considered as a major threat in lupin crops. The main reason of this unex-
pected occurrence and spread of the disease all over the world was most probably
caused by the trade of diseased seed material (Elmer 2001). In Poland temperature
and humidity — higher than as usual, lack of resistant cultivars and ineffective chemi-
cal protection were probably conductive for the development of disease.

Taxonomic status of the species causing lupins anthracnose is still not clear. A
traditional taxonomy of Colletotrichum species is based on the size and shape of
conidia, the colony appearance, the rate of growth and the host specialization
(Sutton 1992). On the basis of these data most reports attribute lupins anthracnose
to C. gloeosporioides (Weimer 1943, Paulitz et al. 1995, Frencel 1998, Lindbeck et al.
1998, Elmer et al. 2001). Another authors like Sreenivasaprasad et al. (1994) and
Talhinhas et al. (2002) described C. acutatum Simmonds ex Simmonds as pathogen
causing anthracnose. It has been also suggested that C. lupini Bondar, a distinct
Colletotrichum species is the lupins anthracnose pathogen (Nirenberg et al. 2002).

Recently molecular tools and vegetative compatibility grouping (VCG) have
been used to explain the relationships within Colletotrichum, but the results caused
many controversies. On the basis of new data nucleotide sequence of the rDNA in-
ternally transcribed spacer (ITS), the lupins anthracnose pathogen was identified
as C. acutatum (Sreenivasaprasad et al. 1994, Talhinhas et al. 2002). Other authors
suggest that this way of classification is in opposition to the traditional morpho-
logical criterions and simultaneously show interesting data of random amplified
polymorphic DNA (RAPD) and VCG test which detect greater genetic variation of
the isolates of C. gloeosporioides from lupin (Yang and Sweetingham 1998).

Vegetative compatibility test first described by Puhalla (1985) was based on
ability of forming “heterokaryons” between isolates of the same species.
Heterokaryons were formed from dense aerial mycelium in the place where vegeta-
tively compatible isolates represented in Puhalla’s work by nit mutants (unable to
utilize nitrate as a sole nitrogen source) came into contact, formed anastomoses
and finally heterokaryons. Since 1985 VC grouping has been applied to study ge-
netic variation and characterization of populations of asexual plant pathogenic
fungi, including C. gloeosporioides (Katan and Shabi 1996, Yang and Sweetingham
1998) and another species of Colletotrichum (Brooker et al. 1991).

World population of C. gloeosporioides from lupins is divided into two genetically
distinct vegetative compatibility groups — VCG-1 and VCG-2, which are corre-
sponding to RFLP and RAPD profiles. The majority of isolates were classified as
VCG-2 and were found throughout the world including Europe. VCG-1 is not so
common; contains isolates from France and Quebec in Canada (Yang and
Sweetingham 1998, Elmer et al. 2001). Shivas et al. (1998) hypothesized that both
types appeared first in America and spread to Europe with seeds.
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Colletotrichum gloeosporioides is also an important pathogen of coffee, olives,
peach, apples, strawberries, tropical fruits before and after harvest (Jeffries et al.
1990, Bernstein et al. 1995, Martin and Garcia-Figueres 1999) and pasture le-
gumes (Ogle et al. 1990). So many hosts suggest that C. gloeosporioides is a complex
of forms less or more related genetically and morphologically which are able to in-
fect diverse host-plants (Sutton 1992).

In this study we describe Polish collection of C. gloeosporioides isolates from lu-
pins by means of VCG and morphological characteristics and relate our VC group-
ing to worldwide VCG-1 and VCG-2 of C. gloeosporioides.

Material and methods

Fungal isolates

53 isolates of C. gloeosporioides were used in this study (Table 1). All of them
were isolated in 1995-2003 years, from naturally infected lupins (L. luteus, L. albus,
L. angustifolius and L. polyphyllus) and pea (Pisum arvense L.) plants collected from
different regions of Poland. General Inspection of Plant Protection divisions sent
most of isolates. Wade H. Elmer kindly supplied two isolates of C. gloeosporioides;
they represented VCG-1 (BPR 1358) and VCG-2 (BPR 1359) lupin groups.

Table 1
Data on isolates of Colletotrichum gloeosporioides used in this study

rils,lcr)lli)t:r Code |Year of isolation Location Host VCG

1 2 3 4 5 6
1 503 1996 western Poland Lupinus luteus VCG-2
2 504 1996 western Poland Lupinus luteus VCG-2
3 506 1996 western Poland Lupinus luteus VCG-2
4 683 1997 western Poland Lupinus luteus VCG-2
5 685 1997 western Poland Lupinus luteus VCG-2
6 794 1997 western Poland Lupinus angustifolius VCG-2
7 795 1997 western Poland Lupinus albus VCG-2
8 870 1998 Pila LLupinus luteus VCG-2
9 871 1998 Chelm Lupinus luteus VCG-2
10 872 1998 Stupia Wielka Lupinus luteus VCG-2
11 873 1998 Biatystok LLupinus luteus VCG-2
12 874 1998 Poznan Pisum arvense VCG-2
13 875 1998 Biata Podlaska LLupinus luteus VCG-2
14 876 1998 Szczecin Lupinus luteus VCG-2
15 877 1998 Pita Lupinus luteus VCG-2
16 878 1998 Poznan Lupinus luteus VCG-2
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Table 1 - cont.

1 2 3 4 5 6

17 879 1998 Stupia Wielka Lupinus luteus VCG-2
18 880 1998 Czestochowa Lupinus luteus VCG-2
19 881 1998 Poznan Lupinus luteus VCG-2
20 882 1998 Czestochowa LLupinus luteus VCG-2
21 883 1998 Stupsk Lupinus luteus VCG-2
22 884 1998 Cheim Lupinus luteus VCG-2
23 933 1998 Poznan Lupinus luteus VCG-2
24 942 1998 Wroctaw LLupinus angustifolius VCG-2
25 1041 1999 Kielce LLupinus luteus VCG-2
26 1042 1999 Kielce Lupinus luteus VCG-2
27 1242 2001 Inowroctaw Lupinus luteus VCG-2
28 1243 2001 Wroctaw Lupinus luteus VCG-2
29 1244 2001 Sroda Wikp. ILupinus angustifolius VCG-2
30 1245 2001 Bydgoszcz Lupinus luteus VCG-2
31 1246 2001 Gorzéw Wlkp. Lupinus angustifolius VCG-2
32 1247 2001 Poznan Lupinus angustifolius VCG-2
33 1248 2001 ‘Wiatrowo Lupinus luteus VCG-2
34 1249 2001 Rawa Mazowiecka  |Lupinus angustifolius VCG-2
35 1250 2001 Gorzéw Wlkp. ILupinus angustifolius VCG-2
36 1251 2001 Radzyn Podlaski Lupinus polyphyllus VCG-2
37 1252 2001 Sieradz Lupinus angustifolius VCG-2
38 1253 2001 Warszawa Lupinus luteus VCG-2
39 1254 2001 Tuchola Lupinus luteus VCG-2
40 1255 2001 Warszawa Lupinus luteus VCG-2
41 1256 2001 Poznan Lupinus polyphyllus VCG-2
42 1257 2001 Sierakéw Lupinus luteus VCG-2
43 1258 2001 Poznan Lupinus luteus VCG-2
44 1259 2001 Winna Gora Lupinus luteus VCG-2
45 1260 2001 Sieroszewice ILupinus angustifolius VCG-2
46 1265 2001 Gniezno Lupinus luteus VCG-2
47 1302 2002 Poznan Lupinus polyphyllus VCG-2
48 1303 2002 Winna Goéra Lupinus luteus VCG-2
49 1308 2002 Winna Goéra Lupinus luteus VCG-2
50 1309 2002 Winna Gora Lupinus luteus VCG-2
51 1358 ILupinus sp. VCG-1
52 1359 Lupinus sp. VCG-2
53 1364 1997 Torun Lupinus luteus VCG-2
54 1365 1998 Torun Lupinus luteus VCG-2
55 1407 2003 Winna Gora Lupinus luteus VCG-2
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The isolates were obtained from diseased leaves, stems or pods. Small pieces of
infected tissue were washed in the tap water, disinfected in the household chlorine
bleach for few minutes, rinsed three times in distilled water, finally dried and
placed on potato dextrose agar (PDA, Difco). Single-spore cultures were prepared
from well-grown culture of each isolate by the conidial water suspension. All the
isolates were included into Collection of Plant Pathogens, Institute of Plant Protec-
tion, and stored under mineral oil, freeze-dried and frozen in —=72°C. A fresh sub-
culture of each isolate was prepared from frozen samples.

Morphology of isolates

All isolates were characterized by macro- and microscopic examination. Each
isolate was subcultured on PDA medium and incubated at 24°C in daylight. After 5
and 10 days the rate of growth of cultures and their morphology were estimated by
describing of their colour, texture and general appearance. After 14 days of incuba-
tion the morphology and dimensions of 10 conidia and reproductive structures
were noted by Olympus BTX-30 microscope.

Vegetative compatibility

Nit mutant generation. Methods and media for vegetative compatibility
grouping were based generally on Correll et al. (1987) and Puhalla (1985). The
single-spore cultures were incubated for five-seven days at 24°C on PDA medium
in daylight. To recover nit mutants four 0.5 cm? plugs of agar overgrown with my-
celium were transferred to 10 cm in diameter Petri dishes containing different me-
dia supplied with potassium chlorate. At the beginning of study several media
were used, then three media that were the most efficient for generating nit-mu-
tants of C. gloeosporioides (Rataj-Guranowska et al. 2001): PDA with 60 g/1 KClO,
and minimal medium - MM (Correll et al. 1987) with 15 and 60 g/1 KCI1O;. All me-
dia were amended with 1.6 g asparagine per litre.

Nit mutant isolation. The small pieces of fast-growing sectors of 7-14 days old
colonies grown at 24°C were subcultured on MM medium (20 transfers per Petri
dish of diameter 90 mm) and incubated for next four-six days. Initially 10 transfers
from each plug were done (isolates 1242-1265), next five per plug. The appearing
colonies with a thin, expanding mycelium but no aerial mycelium were considered
nit-mutants.

Phenotype identification. These mutants contain different genetic lesions in
the nitrate catabolism pathways. It is easy to phenotype them by growing on differ-
ent media containing nitrate, nitrite or hypoxanthine as nitrogen source (Correll et
al. 1987). Many nit-mutants were unable to grow on nitrite-medium and there
were assigned as nit 1/3.

Complementation test. All nit M mutants (or almost all) and few nit1 mutants
from every isolate were paired with each other on MM medium and checked after 7
and 14 days of incubation. The pair (or two pairs) of mutants that were the most
efficient in heterokaryon formation within each isolate were selected as so-called
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isolate-testers (Rataj-Guranowska and Pieczul 2001). All isolate-testers were kept
under 10% glycerol at 4°C. 30 isolate-testers were paired with each other. From
this group the best two pairs the most efficient in heterokaryon formation within
30 isolates were selected as the group-testers and used in pairings with the rest of
isolates.

Results

Morphology of isolates

Cultures. The isolates of Colletotrichum sp. from lupins usually grew well on the
standard mycological media. There was variation of the growth rate of colonies, af-
ter five days the cultures on PDA medium at 24°C had diameter between 20-40
mm, after 10 days — 40-90 mm. After five days of incubation the colonies were
white to light grey, underneath white, beige or light grey. Aerial mycelium was
usually fluffy, in the beginning rather sparse with regular margin. After 10 days of
incubation isolates of VCG-2 were darker - aerial mycelium was mouse-grey to
dark grey or greenish-grey and felted with regular margin. The only isolate from
VCG-1 (BPR 1358) was greyish brown, but there was no spectacular differences
between the representative of both VC groups. Underneath the colonies were grey-
ish-beige, greyish-brown and grey to iron-grey, often with dark sectors. There was
no carmine, pink or pinkish pigmentation in any culture. Some of isolates pro-
duced conidia within an acervulus. The acervuli were visible usually in the centre
of the colony and they grouped in orange, dense suspension.

Conidia. Two weeks old cultures of all isolates produced conidia in the aerial
mycelium on simple or branched conidiophores. The conidia were hyaline,
one-celled, usually various in size and shape - cylindrical with one rounded and
one insignificant pointed, or slightly ovoid. They measured 3-6 X 6-20 um, usu-
ally 4.5 x 12 pm.

Vegetative compatibility

Nit mutant isolation. From all strains nit mutants were obtained. Most of mu-
tants were unable to utilize nitrate as nitrogen source and grew as a thin mycelium
on MM medium. From nine to 109 mutants were recovered from different media of
120 (isolates 1242-1265) or 60 transfers. Slightly most efficient was recovery of nit
mutants from PDA amended with 6% KClO; than from other media (Table 2). For
some isolates MM medium amended with 6% KCIO; was too strong selection factor.

Phenotype identification. There are four basic nit mutants’ phenotype classes,
which represent mutations at enzymes and regulators of nitrate assimilation path-
way (Correll et al. 1987). The phenotype of each mutant was determined by obser-
vations of colony morphology on media containing nitrate, nitrite (optional) and
hypoxanthine. Nit M mutants are the most efficient and useful in complemen-
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Table 2

Frequency of nit mutants and nit M mutants recovered from three media

Code

Total number of

Mutants from

Mutants from

Mutants from

Total number of

mutants PDA 6% MM 1.5% MM 6% nit M mutants
1 2 3 4 5 6
503 27 15 12 0 5
504 35 15 20 0 3
506 48 20 18 10 8
683 44 12 17 15 7
685 9 3 6 0 0
794 53 18 20 15 14
795 25 13 12 0 6
870 33 15 18 0 7
871 36 17 11 8 1
872 47 19 13 15 9
873 57 17 20 20 4
874 42 10 12 20 7
875 34 4 20 10 5
876 29 15 14 0 1
877 42 12 10 20 5
878 36 0 16 20 4
879 32 13 10 9 12
880 34 5 9 20 12
881 33 15 18 0 4
882 15 0 15 0 10
883 31 17 14 0 7
884 23 14 0
933 15 10 0 10
942 35 15 15 5
1041 42 17 10 15 3
1042 49 20 12 17
1242 90 32 32 26 42
1243 88 22 26 40 4
1244 40 20 20 0 11
1245 90 25 33 32 12
1246 79 19 20 40
1247 49 24 5 20
1248 99 34 36 29 40
1249 60 12 8 40 15
1250 104 25 39 40 27
1251 86 31 20 35 15
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Table 2 - cont.

1 2 3 4 5

1252 97 33 30 34 17
1253 60 22 10 28 2
1254 84 32 33 19

1255 97 38 39 40 34
1256 97 38 39 20 15
1257 103 40 36 27 30
1258 98 38 40 20 44
1259 104 36 33 35 36
1260 109 39 30 40 24
1265 90 30 23 37 23
1302 50 19 17 14 4
1303 29 9 13 7 9
1308 38 18 0 20 14
1309 31 14 0 17 3
1358 31 12 0 19 4
1359 38 20 0 18 6
1364 35 20 0 15 5
1365 20 15 0 5 5
1407 36 10 6 20 4
Total 2938 1058 934 966 625

tation. From 0 to 44 mutants nit M were recovered per isolate, what was 21% of to-
tal mutants number (Table 2).

Complementation test. Complementation between nit mutants of different
phenotypes (nit 1/3 X nit M or nit M X nit M) was tested on MM medium. All iso-
lates were self-compatible. Heterokaryons appeared after 7-14 days of incubation
as white or greyish-white dense mycelium. Polish population of C. gloeosporioides
consisted of single VCG group - all isolates were compatible with each other. Pol-
ish testers were compatible with testers received from isolate representing VCG-2.
None Polish isolate was compatible with VCG-1 (Phot. 1). This data confirm that
VCG-2 is homogeneously spread all over the world.

Discussion

Colletotrichum spp. cause disease of some significant agricultural crops. Addi-
tionally C. gloeosporioides is a complex of diverse strains, infecting rather specific
plants (Sutton 1992). Sometimes one isolate infects more than one host — C.
acutatum (initially described as C. gloeosporioides) infected ornamental lupins in
United Kingdom and was slightly pathogenic for Pisum sativum L., Vicia sativa L. and
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Phot. 1. A. Complementation between nit mutant from Polish isolate Colletotrichum
gloeosporioides (BPR 1407) (on the right) and tester of VCG-2 (BPR 1359) (on the left).
B. Lack of complementation between nit mutant from Polish isolate C. gloeosporioides (BPR 1407)
(on the right) and tester of VCG-1 (BPR 1358) (on the left) (photo by K. Pieczul)

Lathyrus odoratus L. (Reed et al. 1996). At least one host — Lupinus angustifolius has
been shown to be susceptible to infection by C. trifolit Bain et Essary from alfalfa
and C. fragarie Brooks from strawberry (Welty 1984). Thus correct identification of
pathogen and the understanding of the genetic relationships between lupin iso-
lates and isolates from other hosts are very important.

Traditionally taxonomic classification of Colletotrichum has been based on mor-
phology of spores and cultures, growth rate and host specialization. There is a sim-
ilarity in conidial morphology and mycelium appearance between some species of
Colletotrichum. There are serious difficulties to distinguish reliably C. gloeosporioides
from C. acutatum. Conidia of C. gloeosporioides are aseptate, straight, cylindrical,
sometimes slightly ellipsoid with obtuse apex and truncate base. They measure by
Morude (1971) 9-24 x 3-6 pm and by Sutton (1992) 12-17 X 3.5-6 pm. Colonies
are variable, from greyish white to dark grey, underneath white to grey or even
darker. By contrast C. acutatum colonies are white to greyish brown with pink pig-
mentation underneath and slower rate of growth. They have straight, fusiform
conidia, tapered at end. The conidia of this species measure is 8-16 X 2.5-4 um by
Dyko and Morude (1979) or 8.5-10 X 4.5-6 pm by Sutton (1992). The most cru-
cial feature is a fusiform shape of its conidia. In our study conidia from all isolates
were cylindrical, ellipsoid or ovoid with round or slightly pointed end, variable in
size and measured 3-6 x 6-20 pm. There were slight differences in shape and size
of conidia of different isolates formed on various media (data not shown). These
features of the morphology of isolates without carmine, pink or pinkish pigmenta-
tion in mycelium corresponded with description of C. gloeosporioides. Those suggest
that conidial and mycelial morphology can be useful but not definitive in taxono-
mic studies.
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Recently VC grouping and molecular tools have been permanently used in sys-
tematic studies. Vegetative compatibility grouping has been successfully applied
to study genetic variation below species level (Brooker et al. 1991, Katan and Shabi
1996). Based on morphology, vegetative compatibility testing and random ampli-
fied polymorphic DNA (RAPD) original description of C. gloeosporioides was con-
firmed and two distinct groups were identified as VCG-1 and VCG-2 (Elmer et al.
2001, Yang and Sweetingham 1998). VCG-2 is the most common, homogeneous
and seed-borne group, distributed through the world including Poland. VCG-1
was found in France and Canada; currently it is not present in Poland. The third
group, similar to reference C. acutatum COL-3 and only slightly pathogenic for lu-
pins, was found only in Portugal (Yang and Sweetingham 1998).

Sreenivasaprasad et al. (1994) on the basis of homology nucleotide sequence of
the rDNA internally transcribed spacer (ITS) suggest that lupins anthracnose
pathogen belongs to species C. acutatum. Based on the sequence of ITS regions the
specific PCR primers have been developed to distinguish C. acutatum from C.
gloeosporioides (Sreenivasaprasad et al. 1996). In this debate lack of clear morpho-
logical criterion and molecular data frequently decide about classification of the
species, often contradictory to initial, traditional identification (Reed et al. 1996,
Talhinhas et al. 2002). However, there is a suggestion that primers are actually non
species-specific (Yang and Sweetingham 1998). This is confirmed by our molecu-
lar results based on the application of the species-specific primers (data not
shown). Undoubtedly molecular tools together with modified and comprehensive
system of classification are more useful in taxonomic studies than the existing tra-
ditional systematics of the complex Colletotrichum genus.

It must be considered that lupins anthracnose pathogen might be a distinct spe-
cies — C. lupini according to Nirenberg’s et al. (2002) suggestion.

Summary

A correct identification of Colletotrichum species — worldwide pathogen is very
important. Traditionally taxonomic classification has been based on morphology,
growth rate and host specialization. In our study conidia from all lupins isolates
were cylindrical with rounded or insignificant pointed end and measured 3-6 X
6-20 um. These data and morphology of isolates — white to grey mycelium without
carmine pigmentation corresponded to description of C. gloeosporioides. That sug-
gests that morphology can be useful but not definitive in taxonomic studies. Re-
cently VC grouping has been used in systematic studies of Colletotrichum species.
Based on vegetative compatibility C. gloeosporioides was divided into two distinct
groups: VCG-1 and VCG-2. VCG-2 is the most common VC group, it is present
also in our country. VCG-1 was not found in Poland. However, recent molecular
data frequently decide about classification of the species, often with disagreement
with initial traditional identification.
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Streszczenie

GATUNEK RODZAJU COLLETOTRICHUM WYWOLUJACY ANTRAKNOZE
LUBINOW W POLSCE

Prawidlowa identyfikacja patogendéw z rodzaju Colletotrichum jest wyjatkowo
istotna. Tradycyjnie identyfikacja gatunku opiera si¢ na kryteriach morfologicz-
nych, tempie wzrostu grzybni na sztucznych podlozach oraz okresleniu zakresu
zywicieli. Badane izolaty zostaly wyizolowane z porazonych roslin tubindéw.
Wszystkie odpowiadaly opisowi gatunku C. gloeosporioides — cylindryczne zarodniki
mialy zaokraglone lub lekko zaostrzone konce, mierzyty 3—6 x 6-20 um. Grzybnia
miala barwe biala, nastepnie szarg, pozbawiong karminowej badZ pomaranczowej
pigmentacji. Uzyskane wyniki wskazuja, iz cechy morfologiczne grzybni mogg by¢
niezwykle przydatne w identyfikacji gatunku. W badaniach populacji C. gloeosporio-
ides z powodzeniem jest stosowany test VCG. Na podstawie jego wynikow dokona-
no podziatu populacji izolatéw lubinu na dwie odrebne grupy: VCG-1 i VCG-2.
Grupa VCG-2 jest rozpowszechniona na catym $wiecie, w przeciwienstwie do gru-
py VCG-1, o ograniczonym zasiegu. Prezentowane wyniki wskazuja réwniez na
obecnos¢ VCG-2 w Polsce.

Obecnie w badaniach systematycznych populacji C. gloeosporioides coraz wigksze
znaczenie odgrywaja badania molekularne, niejednokrotnie dostarczajac danych
sprzecznych z tradycyjng systematyka gatunku.
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