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Abstract — AFLP methodology was applied to characterize three Coprotus species  
(C. lacteus, C. niveus, C. sexdecimsporus) so as to estimate the levels of polymorphism within 
species, to analyze the phenetic relationships among them, and to contrast the AFLP findings 
to those of a previous RAPD study. The high number of AFLP bands obtained with the six 
assayed primers allowed us to detect intra-specific variability. The genetic variability within 
species obtained using AFLP (measured in terms of percentage of polymorphic loci) was two 
to three times higher than those obtained by RAPD. The phenograms generated by AFLP 
markers grouped all strains of the same species into three defined clusters, and a higher 
association between C. lacteus and C. sexdecimsporus was also observed. The AFLP technique 
could become a powerful tool for genera such as Coprotus, in which a high intra-specific 
homogeneity does not allow detection of genetic variability using other PCR-based markers.
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Introduction 
The fungal genus Coprotus Korf & Kimbr. comprises coprophilous 

discomycetes, which belong to the Pyronemataceae Corda. Species of this 
genus are homothallic, probably due to an adaptation to the substrate, which 
determines their sexual isolation (Wicklow 1981). Sexual reproduction 
produces ascospores dispersed by effective discharge methods.

A homothallic mating system can be very difficult to distinguish from 
clonality using some molecular markers, since both systems produce progenies 
that do not show evidence of segregation for these markers and yield linkage 
disequilibrium at the population level over the long term (Billiard et al. 2012). 
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Coprotus species have been traditionally distinguished by such cytological 
and morphological characters (Kimbrough et al. 1972) as the number of 
ascospores per ascus, the presence or absence of pigments in paraphyses and 
excipulum, and the size and shape of asci, ascospores and sterile elements. 

Different concepts have been used to define fungal species. The phenotypic 
concept is the classic approach based on morphology, and Coprotus species 
have traditionally been classified on cytological and morphological characters 
(Kimbrough et al. 1972). However, difficulties often arise while attempting to 
identify Coprotus species, as they are morphologically very similar, characters 
frequently overlap, and some vary greatly according to the culture conditions 
(Dokmetzian et al. 2005). A polythetic concept, which circumscribes species 
based on a combination of characters (Kohn 1992, Guarro et al. 1999), could 
prove helpful in characterizing the Coprotus genus.

RAPD [random amplified polymorphic DNA] analysis was performed on 
Coprotus species by Ramos et al. (2008). In that study, the RAPD technique 
confirmed the previous identification of strains using morphological 
characters (Dokmetzian et al. 2005) and provided a greater number of species-
specific bands, but genetic variability within species (in terms of percentage 
of polymorphic loci) was very low. All strains had the same geographic origin 
and showed identical patterns for the six primers assayed on the three Coprotus 
species studied. Therefore, it would seem that to detect variability among 
strains, other PCR markers, such as AFLP, should be used. 

The amplified fragment length polymorphism (AFLP) method (Vos 
et al. 1995) is a DNA-based fingerprinting technique, which requires no 
prior sequence information on the organism under scrutiny. This method is 
used to determine the degree of similarity among isolates and offers certain 
advantages over other techniques, i.e., high level of identified polymorphism, 
high reproducibility, and relative technical simplicity (Briad et al. 2000). AFLP 
analysis has been successfully used to estimate the amount of genetic variation 
within fungal species. Given that a large number of amplicons can be screened, 
AFLP is especially useful for characterizing clonal lineages and for establishing 
phenetic relationships among species with little morphological differentiation. 
AFLP has a clear advantage over other PCR based markers such as RAPDs, not 
only in terms of reproducibility but also because more loci can be screened in 
each reaction. 

In our present study we applied the AFLP methodology to characterize three 
Coprotus species—C. lacteus (Cooke & W. Phillips) Kimbr., C. niveus (Fuckel) 
Kimbr., and C. sexdecimsporus (P. Crouan & H. Crouan) Kimbr. & Korf—so as 
to estimate the levels of polymorphism within species, to analyze the phenetic 
relationships among them, and to contrast the findings of our AFLP study to 
those of a previous RAPD study.
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Table 1. Fungal strains of Coprotus species used, with their Argentinian collection 
localities and BAFC numbers

Strain Geographical location * BAFC

C. lacteus

lacA1(11), lacA3(12), lacA6(13), lacA10(14), 
lacA13(15)

Agronomía, CABA 874, 1937, 1940, 
1941, 1942 

lacL1(16), lacL 3 17), lacL4(18), lacL6 (19) Villa Lugano, CABA 1944, 1945, 1946, 
1947

C. niveus

nivBC2 (25), nivBC3 (27), nivBC4 (30) Bahia Craft, Villa La Angostura, NQ 1970, 1971, 1972

nivE1 (48),  nivE2 (49) Bahía Ensenada, TF 1956, 982

nivC2 (42), nivC3 (38), nivC4 (45),  
nivC5 (46)

Campana, PBA 1960, 1961, 1962, 
1963

nivU1 (36), nivU3 (37),  nivU6 (39),   
nivU7 (40), nivU8 (41)

Ciudad Universitaria, CABA 1964, 1965, 1966, 
1967, 1968

nivL1 (34),  nivL3 (35) Villa Lugano, CABA 1973, 1974

C. sexdecimsporus

sexU1 (6), sexU2 (7), sexU4 (8) Ciudad Universitaria, CABA 1952, 1953, 1954

sexG1 (5), sexG4 (21), sexG7 (23) Los Gigantes, C 1948, 1950, 1951

* C = Córdoba province:, CABA = Buenos Aires city; NQ = Neuquén province;  
PBA = Buenos Aires province; TF = Tierra del Fuego province.

Materials & methods

Isolation and maintenance of monosporic strains
The characters used to identify the Coprotus species were those used by Kimbrough et 

al. (1972). The isolation and maintenance of monosporic strains followed the procedure 
indicated by Suárez et al. (2006). Thirty-one monosporic strains, from nine geographical 
locations, were used (Table 1). All strains were deposited in the Herbarium and Culture 
Collection of the Department of Biodiversity, Faculty of Natural & Exact Sciences, 
University of Buenos Aires, Argentina (BAFC). 

DNA extraction
Mycelium was obtained as in Ramos et al. (2000) and ground to powder in liquid 

nitrogen using a sterile pestle. Genomic DNA was extracted following Gottlieb & 
Lichtwardt (2001). Quality control and quantification of genomic DNA was carried out 
by agarose gel (0.8% w/v) electrophoresis and by comparison with a DNA molecular-
size standard (Lambda EcoRI/HinDIII, Promega Corp.). Ethidium bromide gels were 
photographed under UV light.

AFLP
The AFLP methodology was carried out on 250 ng of genomic DNA using the 

AFLP® Analysis System for Microorganisms Primer Kit (Invitrogen) as described in the 
instructions manual with minor modifications (Gottlieb et al. 2005). Selective primers 
were combined as in Table 2.
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Table 2. AFLP primers used in this study

All PCR amplifications were performed in a TECHNE PROGENE thermal cycler. 
Polyacrylamide gel electrophoresis conditions followed Gottlieb et al. (2005). A 
30–330 bp AFLP® DNA Ladder (Invitrogen) size marker was included twice in each 
electrophoresis, and the size of AFLP bands scored ranged from 90 to 330 bp. AFLP 
bands were visualized using the SILVER SEQUENCE TM DNA Sequencing System 
(Promega). 

Statistical methods
The data were extracted as a table and marked as either present (1) or absent (0). 

Monomorphic bands (bands present in all individuals of a species) were discriminated 
within each species and across the entire data set. The binary matrix was analyzed 
with the program NTSYS-PC version 2.02 (Rohlf 1993). The unweighted pair-group 
arithmetic mean method (UPGMA) cluster analysis was performed on the simple 
matching (SM) association coefficient (Sneath & Sokal 1973), and the same program 
generated the phenogram showing similarity relations. The distortion produced during 
the grouping analysis was calculated using the correlation cophenetic coefficients 
(r) (Sokal & Rohlf 1962) using the NTSYSPC version 2.02 (Rohlf 1993) program. A 
cophenetic correlation (r) of 0.8 was considered a good fit. A three-dimensional graphic 
was obtained with the principal coordinated ordination method (Gower 1966).

The percentage of polymorphic loci (P = (number of polymorphic loci/ number of 
loci analyzed) × 100) for each primer combination was calculated.

Results
The analysis of the six primers that produced clear and reproducible bands 

by AFLP amplification yielded a total of 926 bands that appeared consistently 
in all experiments among the amplified fragments of the 31 isolates. Although 
the amplified bands ranged from 50 to 550 bp, we analyzed only bands from 
90 to 330 bp. 

Table 3 describes the total number of AFLP (polymorphic + monomorphic) 
bands and the percentage of polymorphic loci obtained for each selective 
primer combination in the three assayed fungal species. All primers detected 
polymorphic bands within species and a high percentage of polymorphic loci 

Primers Sequence 5′-3′

E+ACG GAC TGC GTA CCA ATT CAC G

E+AAC GAC TGC GTA CCA ATT CAA C

E+AAG GAC TGC GTA CCA ATT CAA G

M+A GAT GAG TCC TGA GTA AA

M+G GAT GAG TCC TGA GTA AG

M+C GAT GAG TCC TGA GTA AC

M+T GAT GAG TCC TGA GTA AT

* E stands for EcoRI and M stands for MseI.
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Table 3. Total number of AFLP (polymorphic + monomorphic) bands detected for 
each selective primer combination per Coprotus species assayed.

Primer 
combination

Species Total N° of 
bands

Polymorphic 
bands

Monomorphic 
bands

P% 

M+T/E+ACG C. lacteus 50 16 34 32

C. niveus 27 7 20 26

C. sexdecimsporus 72 60 12 83

M+C/E+AAG C. lacteus 101 28 73 28

C. niveus 108 10 98 9

C. sexdecimsporus 163 141 22 86

M+A/E+AAG C. lacteus 75 12 63 16

C. niveus 90 38 52 42

C. sexdecimsporus 152 135 17 89

 M+C/E+ACG C. lacteus 77 23 54 30

C. niveus 129 75 54 58

C. sexdecimsporus 156 144 12 92

M+G/E+ACG C. lacteus 79 26 53 33

C. niveus 80 36 44 45

C. sexdecimsporus 100 74 26 74

M+A/E+ACG C. lacteus 74 24 50 32

C. niveus 70 14 56 20

C. sexdecimsporus 143 130 13 90

were obtained for C. sexdecimsporus and a reasonable percentage for C. niveus 
and for C. lacteus. 

Genetic variability within species, measured in terms of percentage of 
polymorphic loci was variable: P = 87 % for C. sexdecimsporus, P= 36 % for C. niveus 
and, P= 28 % for C. lacteus.

The primer group M+C/E+ACG was more effective in detecting 
polymorphisms (Table 3). 
Degree of similarity and cluster analysis

The phenogram obtained using the UPGMA method was constructed 
based on Simple Matching (SM) coefficients. Little distortion occurred while 
constructing this phenogram, as implied by the value of the correlation 
cophenetic coefficient (r=0.991). There was no direct correlation between 
molecular genotype and geographic origin.

The UPGMA phenogram (Fig. 1) grouped all strains in three defined 
clusters that correspond to the three Coprotus species.

The degree of similarity among species was low. Between C. lacteus and  
C. sexdecimsporus, the coefficient of similarity was S = 0.5. The group formed 
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Figure 1. UPGMA phenogram showing relationships among Coprotus lacteus, C. sexdecimsporus, 
and C. niveus isolates based on the simple matching (SM) association coefficient estimated from 
AFLP loci.

by the isolates identified as C. niveus clustered with the other two species with 
a coefficient of similarity of S = 0.46. 

The main group (Fig. 1, group G1) comprised two subgroups (SG1 and 
SG2) formed by all isolates of C. niveus. Subgroup SG1 is formed by two sets 
(C1 and C2) and SG2 subgroup comprised C3 and C4 sets and one isolate 
separated from the rest. A second group (Fig. 1, G2) included two subgroups 
(SG3 and SG4). Subgroup SG3 is formed by two sets (C5 and C6) that included 
all isolates of C. lacteus. The other subgroup (SG4) comprised C7 and C8 sets, 
formed by all isolates of C. sexdecimsporus.

Intra-specific variability detected for C. lacteus and C. niveus was low. This 
fact is reflected by the association coefficient: SM = 0.91 among isolates of 
C. lacteus and SM = 0.92 among C. niveus isolates. Only two pairs of isolates 
presented 100% of similarity (association coefficient 1.0), and they belonged to 
C. lacteus. Coprotus sexdecimsporus showed a higher degree of variability than 
the other species, with SM = 0.54 among all isolates of this species.

The ordination of isolates through the principal coordinated method 
allowed us to recognize three groups (Fig. 2, groups 1–3) in three-dimensional 
dispersion revealing nearly the same relations between isolates as the 
phenogram (Fig. 1). The first group included all isolates of C. lacteus, very 
closely attached in the three axes. The second set showed C. sexdecimsporus 
isolates differentiated in axis 1 but very closely in the other two axes. The third 
comprised isolates of C. niveus closely together in the three axes, thus revealing 
a high degree of similarity.
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Figure 2. Three-dimensional graphic of Coprotus species obtained with the Principal Coordinates 
ordination technique.

Discussion
In the present study the high number of AFLP bands obtained with the six 

primers assayed allowed us to detect intra-specific variability. 
Previous biochemical and RAPD studies detected a high intra-specific 

homogeneity (Suárez et al. 2006, Ramos et al. 2008), which could be related 
to the fact that Coprotus is homothallic and produces clonal offspring (Rayner 
1994). In the present study the genetic variability within species, in terms of 
percentage of polymorphic loci, was two to three times higher than those 
obtained by RAPD. AFLP fingerprinting is more effective for detecting genetic 
diversity in species with high intra-specific homogeneity (e.g., Coprotus), 
because it generated a very large number of polymorphic loci. 

Genetic diversity could be a potential indicator of the relative abundance of 
sexual and asexual reproduction (Chen & McDonald 1996). Furthermore other 
alternatives for genetic interaction among fungi besides sexual recombination 
are heterokaryosis and mitotic recombination (Esser & Kuenen 1967). In this 
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sense, natural selection could lead to genetic divergence and therefore increase 
genetic variability levels in the homothallic fungi as Coprotus (non-out crossing 
populations). The AFLP technique allowed us to detect such intraspecific 
variability.

In the phenograms generated by AFLP and RAPD markers, all strains of 
the same species group into three defined clusters. Besides, both phenograms 
showed very similar phenetic relationships among species. 

The phenogram obtained from AFLP datasets showed a higher association 
between C. lacteus and C. sexdecimsporus. This result is consistent with that 
obtained by means RAPD markers. This agreement might be related to the 
nature of these markers since AFLP and RAPD are usually considered neutral 
markers. Sampling and genotyping the progeny within sexual structures in 
natural populations should allow determining whether haploid self-mating 
system actually occurs in nature (Billiard et al. 2012).

The AFLP technique could become a powerful tool for researching genera 
with homothallic mating systems such as Coprotus, in which a high intra-
specific homogeneity does not allow detection of variability using other PCR-
based markers. 

Acknowledgements
This study was supported by a grant from Consejo Nacional de Investigaciones 

Científicas y Técnicas (CONICET) and University of Buenos Aires, Argentina. The 
authors thank Dr. Lina Bettucci (Universidad de la República, Montevideo, Uruguay) 
and Dr. Alejandra Fazio (Universidade de São Paulo, Brasil) for expert presubmission 
review.

Literature cited
Billiard S, López-Villavicencio M, Hood ME, Giraud T. 2012. Sex, outcrossing and mating types: 

unsolved questions in fungi and beyond. Journal of Evolutionary Biology 25: 1020–1038. 
http://dx.doi.org/10.1111/j.1420-9101.2012.02495.x

Briard M, Le Clerc V, Grzebelus LD, Senalik D, Simon PW. 2000. Modified protocols for rapid 
carrot genomic DNA extraction and AFLP TM analysis using silver stain or radioisotopes. Plant 
Molecular Biology Reporter 18: 235–241. http://dx.doi.org/10.1007/BF02823994

Chen RS, McDonald BA. 1996. Sexual reproduction plays a major role in the genetic structure of 
populations of the fungus Mycosphaerella graminicola. Genetics 142: 1119–1126.

Dokmetzian DA, Ramos AM, Cinto IE, Suárez ME, Ranalli ME. 2005. Seis especies del género 
Coprotus (Pyronemataceae) de Argentina estudiadas en cultivo. Hickenia 3(57): 243–252.

Esser K, Kuenen R, 1967. Genetics of Fungi. Springer-Verlag, New York. 
http://dx.doi.org/10.1007/978-3-642-86814-6

Gottlieb AM, Lichtwardt RW. 2001. Molecular variation within and among species of Harpellales. 
Mycologia 93: 65–80. http://dx.doi.org/10.2307/3761606

Gottlieb AM, Giberti GC, Poggio L. 2005. Molecular analyses of the genus Ilex (Aquifoliaceae) in 
southern South America, evidence from AFLP and ITS sequence data. American Journal of 
Botany 92: 352–369. http://dx.doi.org/10.3732/ajb.92.2.352



Coprotus AFLP characters [Argentina] ... 273

Gower JC. 1966. Some distance properties of latent root and vector methods used in multivariate 
analysis. Biometrika 53: 325–338. http://dx.doi.org/10.1093/biomet/53.3-4.325

Guarro J, Gené J, Stchigel AM. 1999. Developments in fungal taxonomy. Clinical Microbiology 
Reviews 12: 454–500.

Kimbrough JW, Luck-Allen ER, Cain RF. 1972. North American species of Coprotus (Thelebolaceae: 
Pezizales). Can. J. Bot. 50: 957–971. http://dx.doi.org/10.1139/b72-116

Kohn LM. 1992. Developing new characters for fungal systematics: an experimental approach for 
determining the rank of resolution. Mycologia 84: 139–153. http://dx.doi.org/10.2307/3760244

Majer D, Mithen R, Lewis BG, Vos P, Oliver RP. 1996. The use of AFLP fingerprinting for the 
detection of genetic variation in fungi. Mycol. Res. 100: 1107–1111. 
http://dx.doi.org/10.1016/S0953-7562(96)80222-X

McDonald BA, Linde C. 2002. Pathogen population genetics, evolutionary potential, and 
durable resistance. Ann. Rev. Phytopathol. 40: 349–379. http://dx.doi.org/10.1146/annurev.
phyto.40.120501.101443

Ramos AM, Forchiassin F, Ranalli ME, Saidman B. 2000. Isozyme analysis of different species of the 
genus Saccobolus (Ascomycetes, Pezizales). Mycotaxon, 74: 447–462

Ramos. AM, Dokmetzian DA, Ferreyra LI, Ranalli ME. 2008. First report on RAPD patterns able 
to differentiate some Argentinian species of the genus Coprotus (Ascomycota). Mycotaxon, 103: 
9–19.

Rayner AD. 1994. Evolutionary processes affecting adaptation to saprotrophic life styles in 
ascomycete populations. 261–271, in: DL Hawksworth (ed.). Ascomycete Systematics. 
Problems and Perspectives in the Nineties. NATO ASI series. Plenum Press, USA.

Rohlf JF. 1993. NTSYS-PC. Numerical taxonomy and multivariate analysis system. Version 1.8. 
New York: Exeter Software Applied Biostatistics Inc.

Sneath PH, Sokal RR. 1973. Numerical taxonomy: the principles and practice of numerical 
classification. San Francisco: W.H. Freeman & Co.

Suárez ME, Ranalli ME, Dokmetzian DA, Ramos AM. 2006. Characterization of three species of 
the genus Coprotus (Ascomycota) by isozyme analysis. Mycotaxon 97: 257–273

Sokal RR, Rohlf JF. 1962. The comparison of dendrograms by objective methods. Taxon 11: 33–40. 
http://dx.doi.org/10.2307/1217208

Vos P, Hogers R, Bleeker M, Reijans M, Lee TV, Hornes M, Friters A, Pot J, Paleman J, Kuiper 
M, Zabeau M. 1995 AFLP: a new technique for DNA fingerprinting. Nucl. Acids Res. 23:  
4407–4414. http://dx.doi.org/10.1093/nar/23.21.4407

Wicklow DT. 1981 The coprophilous fungal community: a mycological system for examining 
ecological ideas. 47–76, in: DT Wicklow, GC Carroll (eds). The Fungal Community: its 
Organization and Role in the Ecosystem. Marcel Dekker, USA.


