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ABSTRACT 

Evolutionary relationships of Lentinus to the Tricholomataceae and Polyporaceae were studied using 
restriction analysis of nuclear-encoded ribosomal RNA genes (rDNA). Five species of Lentinus, three 
species in the Polyporaceae and two species in the Tricholomataceae were examined. Ribosomal DNA 
phenotypes were determined by restriction endonuclease digestion of enzymatically amplified rDNA 
(PCR fingerprinting). This method generates restriction fragment length polymorphism data without 
Southern blotting or autoradiography. With five different four-base restriction enzymes, one hundred 
and one unique restriction fragments were resolved. Among the 16 individuals studied, there were 
twelve different rDNA types. A similarity matrix based on presence or absence of comigrating restriction 
fragments was analyzed with UPGMA, complete and single-linkage analysis (using the NTSYS computer 
package), and Fitch-Margoliash and KITSCH analysis (using the PHYLIP computer package). Results 
of all analytical approaches were highly consistent and strongly suggest that Lentinus tigrinus is more 
closely related to the Polyporaceae than to the Tricholomataceae. Morphological characters (dimitic 
hyphae and hyphal pegs) also support this hypothesis. The other species of Lentinus appear to be 
intermediate between the Polyporaceae and Tricholomataceae and could not be clearly assigned to 
either family. The results also suggest that Lentinus is paraphyletic and, therefore, that lamellae have 
arisen repeatedly by convergent evolution. 
Key Words: Lentinus, rDNA, polymerase chain reaction, molecular systematics, evolution 

The genus Lentinus Fr. shows similarities to alternate phylogeny in which the tribe Lentinieae 
both the Aphyllophorales and the Agaricales (Lentinus, Panus, and Pleurotus) are a basal, 
(sensu Fries). Traditionally, Lentinus has been paraphyletic group from which the Agaricales s. 
placed in the agaric family Tricholomataceae be- str. and the Polyporaceae arose. In this scenario, 
cause it possesses a lamellate hymenophore and gills arose only once (although they have been 
white spore print (Miller, 1973). However, in independently lost in several lineages). Because 
most modem treatments it has been placed in or Lentinus possesses characters that are interme- 
near the Polyporaceae (Singer, 1986; Pegler, 1983; diate between the Polyporaceae and the Agari- 
Kiihner, 1980; Moser, 1978). Characters used to cales s. str., an understanding of the phylogenetic 
support this placement include the presence of relationships of Lentinus is critical to a natural 
dimitic and amphimitic hyphal systems in both classification scheme for the hymenomycetes. 
the Polyporaceae and Lentinus, i.e., both thin- The question addressed in this study was: how 
walled generative hyphae and thick-walled skel- are Lentinus, the Polyporaceae, and the Tricho- 
etal or ligative hyphae in the sporocarp context lomataceae related to each other? Molecular ev- 
(Comer, 1966,1981; Pegler, 1975, 1983). In ad- idence was sought because morphological evi- 
dition, hyphal pegs, fascicles of sterile hyphae dence alone has been insufficient to conclusively 
emerging from the hymenium surface, occur in answer this question. Molecular characters were 
some genera of the Polyporaceae and Lentinus generated by an application of the polymerase 
subg. Lentinus (Pegler, 1983; Comer, 1981). chain reaction (PCR) that has been used to detect 

Pegler (1983) suggested that Lentinus together restriction fragment length polymorphisms 
with Pleurotus (Fr.) Kummer and Panus Fr. are (RFLPs) for diagnosis of genetically based hu- 
derived from a polyporoid ancestry. If this is man diseases (Kogan et al., 1987; Wallace et al., 
true, then the presence of lamellae in both Len- 1988). As a taxonomic tool, this method has been 
tinus and the Agaricales s.str. is the result of con- called 'PCR fingerprinting' (Vilgalys and Hester, 
vergent evolution. Comer (1981) proposed an 1990). The method permits very rapid identifi- 



Lentinus 
subg. Lentinus 

sect. Tigrini 
Lentinus tigrinus 

subg. Panus 
sect. Panus 

Lent inus strigosus 
Lentinus torulosus 

sect. Squamosi 
Lentinus lepideus 
Lentinus ponderosus 

Polyporaceae 
Polyporus arcularius 
Polyporus squamosus" 
Grifola frondosaa 

Tricholomataceae 
Mycena galerrculata 
Collvbla suecies 

DUKE RV88, VT 296 

DUKE DH 1,  VT 343, VT 340 
VT 1502 

DUKE 484, VT 306 
VT 302, VT 303. VT 304 

VT 959 
SAR 89-468 
SAR 89-478 

SAR 198 
SAR 39 

DNA isolated from field-collected sporocarps. Taxa with "VT" numbers from Dr. Orson K. Miller, Virginia 
Polytechnic Institute, Blacksburg, Virginia. All other collections from Duke University herbarium and culture 
collection. 
cation of restriction enzyme digestion pheno- 
types for homologous genes from a large number 
of individuals. Results from PCR fingerprinting 
are similar to those from Southern hybridization. 
However, PCR fingerprinting does not involve 
transfer of DNA to hybridization filters or auto- 
radiography and requires only several nanograms 
of DNA from each individual studied. 

Ribosomal RNA genes (rDNA) were chosen 
for analysis because they contain both highly 
conserved regions that code for mature ribosom- 
al RNA and more variable intergenic sequences 
(Elwood et a/., 1985; Hillis and Davis, 1985). 
Ribosomal DNA has been used in systematic 
studies of several groups of fungi including Agro-
cybe Fayod (Rehner and Ammirati, 1987) in 
which RFLPs were used, and Fusarium Link ex 
Fr. (Gaudet et al., 1989) and Rhizopogon Fr. 
(Bruns et al., 1989) in which nucleic acid se-
quence data were used. In this study, presence 
or absence of comigrating restriction fragments 
between taxa were scored and used to compute 
a similarity matrix for distance-based analyses. 
Similar approaches using random RFLPs have 
been used in Neurospora Shear & Dodge (Taylor 
and Natvig, 1989; Natvig et a/., 1987) and Ar-
millaria (Fr.) Kummer (Anderson et a[., 1987; 
Smith and Anderson, 1989). 

MATERIALS AND METHODS 

Material studied.-The organisms used in this 
study (TABLE I) represent the two subgenera of 

Lentinus (five species total), the Polyporaceae 
s.str. (three species), and the Tricholomataceae 
(two species). Multiple isolates of several species 
of Lentinus were examined so that intraspecific 
rDNA variability could be assessed (TABLE I). 

Cultures were maintained on MEA slants (1.5% 
malt extract, 1.5% agar) at 4 C then transferred 
to 50 ml MYG liquid media (1% malt extract, 
0.4% yeast extract, 1% glucose) for approxi- 
mately two wk prior to harvesting. 

DNA isolation and PCR amplification. -DNA 
isolation was performed essentially as described 
by Raeder and Broda (1985). DNA was isolated 
from cultured mycelium or from field collected 
sporocarps (TABLE I). Surface tissues of the pileus 
were removed prior to DNA isolation from spo- 
rocarps. 

Genomic DNA templates were gel-purified in 
low-melting agarose and ribosomal DNA was 
amplified as described in Vilgalys and Hester 
(1990). The PCR was used to amplify a fragment 
(ca 1.7kilobases) homologous to a region in Sac-
charomyces cerevisiae rDNA from base position 
34 in the 5.8s RNA to base position 1448 in the 
25s RNA (see Vilgalys and Hester, 1990, for 
primer sequences). This region was chosen be- 
cause it contains both coding and non-coding 
(intergenic) sequences which could provide 
amounts of variation appropriate for taxonomic 
studies at many levels. 

Two sets of control PCR reactions were run: 
one in which the genomic DNA template was 



omitted to control for contamination by exoge- 
nous DNA, and another in which one or the other 
primer was omitted to confirm the identity of 
the PCR products. PCR is capable of a lo8 am- 
plification of target sequences (Saiki et al., 1988). 
Therefore, template contamination is a serious 
issue, especially when very small amounts of 
template are used (Kwok and Higuchi, 1989). 

RFLP analysis of PCR products by PCR jinger- 
printing. -Two microliters of each PCR reaction 
were electrophoresed in 0.8% agarose and stained 
with ethidium bromide (FIG. 1). Bacteriophage 
lambda DNA digested with EcoR I and Hind 111 
was used as a molecular weight standard. 

The remaining PCR-amplified DNA products 
were phenol extracted, precipitated, dried, and 
resuspended as described in Vilgalys and Hester 
(1990). Each PCR product was divided into five 
aliquots for digestion with the restriction endo- 
nucleases Tag I, Hha I, Ava 11, Hinf I, and Hae 
I11 according to the manufacturer's protocols 
(Promega Biotech). Final volumes were 20 ~1 
each. 

Restriction digests were electrophoresed in 4% 
agarose gels (2.25% NuSieve agarose, 1 .7S0/o 
Seakem GTG agarose; FMC Bioproducts) and 
stained with ethidium bromide. To facilitate the 
use of 40-well combs, composite gels with a less 
brittle 0.8% agarose insert for the combs were 
employed. Hae 111-digested Phi-X 174 DNA or 
Hinf I-digested pBR 322 were used as molecular 
weight standards. Fragment sizes were estimated 
with the MICROGENIE computer package 
(Beckman Instruments). Restriction patterns were 
recorded by photographing gels over a UV trans-
illuminator after destaining for one hour in dis- 
tilled water. 

Phylogenetic analysis. -Presence or absence of 
comigrating restriction fragments was scored for 
all isolates digested with each enzyme, resulting 
in a 16 individual by 100 character binary ma- 
trix. When redundant individuals with identical 
RFLP phenotypes for all five enzymes were re- 
moved, the matrix condensed to 12 rDNA types 
by 100 characters (TABLE 11). 

A distance metric based on a modification of 
the Dice coefficient (Sneath and Sokal, 1973) was 
calculated from the RFLP phenotypes as 

D = 1 - 2(n,,)/(n, + n,) 

in which n,, equals the number of restriction 
fragments shared between individuals, and n, and 

n, equal the total number of restriction fragments 
in all digests in individuals x and y, respectively 
(TABLE111). This coefficient was chosen because 
it produces a standardized distance measure that 
is not biased by differences in the total number 
of fragments in each member of a pair. 

Distance methods were used to construct un- 
rooted networks by the algorithm of Fitch and 
Margoliash and also by KITSCH analysis using 
the computer package PHYLIP (Felsenstein, 
1988). Phenetic analyses (UPGMA, single link- 
age and complete linkage) were performed using 
the computer package NTSYS (Rohlf et al., 1979). 

RESULTS 

PCR amplzjication. -Gel electrophoresis of un- 
digested PCR products from all taxa except Col-
lybia revealed a uniform band of approximately 
1.67 kilobases, indicating absence of large length 
mutations among those taxa (FIG. 1). The prod- 
uct from Collybia was estimated to be 1.73 kilo- 
bases. The actual sizes are probably within one 
hundred bases of these estimates. A secondary 
fragment of approximately 0.8 kilobases was ob- 
tained in both of the Lentinus tigrinus PCR prod- 
ucts. The origin of this fragment is unknown. No 
PCR products were obtained in any of the con- 
trols, indicating that template contamination did 
not occur (data not shown). 

Mean values for sums of fragment sizes from 
all digests are shown in TABLE IV. In general, 
there was good agreement between size estimates 
for the undigested PCR products and the sums 
of fragment sizes, but there were some anoma- 
lies: means of sums of fragment sizes in Lentinus 
lepideus isolate 306 and Grifolafrondosaare both 
consistently lower than the size estimate for the 
undigested PCR product, while in Lentinus pon- 
derosus it is higher. 

Interspecific variation. -RFLP phenotypes for the 
PCR amplified rDNAs from five digests are 
shown in FIGS. 2, 3, and 4 and TABLE 11. A total 
of one hundred and one unique bands were re- 
solved among the 16 individuals in 10 species. 
For Ava I1 and Tag I there were 8 different re- 
striction phenotypes. For Hha I, Hae 111, and 
Hinf I there were 10 different restriction phe- 
notypes. When results from all 5 enzymes were 
pooled, each strain could be assigned to one of 
12 unique rDNA types. With one possible ex- 
ception, no two species shared rDNA tpyes. All 
three isolates of Lentinus strigosus (Schwein.) Fr. 



Enzyme rDNA typeb 
No. Sizea 1 2 3 4 5 6 7 8 9 10 11 12 

Hinfr 1 4 1 5 1 1 0 0 0 0 1 1 1 1 0 1 
2 3 5 9 1 1 1 1 1 1 1 1 1 1 1 0 
3 3 1 6 1 1 0 0 0 0 0 0 0 1 1 0 
4 2 9 9 0 0 1 0 0 0 0 0 0 0 0 0 
5 3 7 1 0 0 0 1 1 1 0 0 0 0 0 0 
6 3 0 7 0 0 0 0 0 0 1 1 I 0 0 0 
7 5 1 7 0 0 0 0 0 0 0 0 0 0 0 1 
8 4 3 2 0 0 0 0 I I 0 0 0 0 0 1 
9 2 1 7 0 0 0 0 0 0 0 0 0 0 1 1 

1 0 2 1 2 1 1 1 1 1 1 1 1 1 0 1 1 
11 1 9 9 1 1 1 1 1 1 1 1 1 0 1 0 
12 1 7 4 0 0 1 0 0 0 0 0 0 0 1 0 
13 2 0 4 0 0 0 0 0 0 0 0 0 1 0 0 
14 1 4 1 1 1 1 1 1 1 1 1 1 1 1 1 
15 8 8 0 0 0 0 0 0 1 0 0 0 0 0 
16 5 4 0 0 0 1 1 1 0 0 0 0 0 0 
17 4 7 1 1 1 1 1 1 1 1 1 0 1 1 
18 3 5 1 1 1 1 1 1 1 1 1 0 1 1 
19 2 5 7 0 0 0 1 1 1 0 0 0 0 0 0 

HaeIII 1 9 5 0 1 1 0 0 0 1 0 0 0 0 0 0 
2 1 0 1 8 0 0 0 0 0 0 0 0 0 0 1 0 
3 1 1 7 8 0 0 0 0 0 0 0 0 0 0 0 1 
4 6 9 9 0 0 1 0 0 0 0 0 0 0 0 0 
5 5 6 9 1 0 0 0 0 0 1 1 1 I 0 0 
6 5 2 0 0 1 1 1 1 1 0 0 0 0 0 0 
7 4 4 2 0 0 0 1 1 1 0 0 0 0 0 0 
8 3 5 3 0 0 0 1 1 1 1 1 0 1 0 0 
9 4 2 7 0 0 0 0 0 0 1 0 0 0 0 0 

10 4 7 8 0 0 0 0 0 0 1 0 0 0 0 0 
11 4 3 4 0 0 0 0 0 0 0 0 0 0 1 1 
12 4 6 0 0 0 0 0 0 0 0 0 1 0 0 0 
13 3 6 3 0 0 0 0 0 0 0 0 1 0 0 0 
14 2 9 5 0 0 0 0 0 0 0 1 0 0 0 0 
15 2 8 8 0 0 0 0 0 0 0 0 0 1 0 0 
16 2 2 1 1 1 0 0 0 0 0 0 0 0 0 0 
17 1 9 5 0 0 0 1 1 1 0 0 0 0 0 0 
18 1 8 5 0 0 0 0 0 0 1 1 1 1 1 0 
19 2 2 6 0 0 0 0 0 0 0 0 0 0 0 1 
20 1 7 9 0 0 0 0 0 0 0 1 0 0 0 0 
2 1 9 7 1 1 1 1 1 1 1 1 1 1 1 1 
22 7 0 1 1 1 1 1 1 1 1 1 1 1 1 

HhaI 1 6 3 9 1 1 1 1 1 1 1 1 1 1 1 1 
2 4 5 8 1 1 0 0 0 0 0 0 0 0 0 0 
3 4 0 1 0 1 0 0 0 0 0 0 0 0 0 0 
4 4 1 8 0 0 1 I 1 1 1 0 0 0 0 0 
5 3 8 6 0 0 1 1 1 1 1 0 0 0 0 0 
6 4 1 5 0 0 0 0 0 1 0 0 0 0 0 0 
7 3 3 6 0 0 0 0 0 0 0 1 0 0 0 0 
8 5 3 4 0 0 0 0 0 0 0 0 1 0 1 0 
9 4 4 7 0 0 0 0 0 0 0 0 1 0 1 0 

10 4 6 9 0 0 0 0 0 0 0 0 0 1 0 0 
11 4 1 0 0 0 0 0 0 0 0 0 0 1 0 0 
12 2 3 8 1 0 0 0 0 0 0 1 0 0 0 0 
13 2 3 3 0 0 0 1 0 0 0 0 0 0 0 0 
14 2 0 8 0 0 0 1 0 0 0 0 0 0 0 0 
15 2 0 3 1 0 0 0 0 0 0 0 0 0 0 0 
16 2 0 5 0 0 0 0 0 0 0 1 0 0 0 0 



Enzyme rDNA typeb 
No. Sizea 1 2 3 4 5 6 7 8 9 10 11 12 

a Fragment sizes (base pairs) estimated by comparison to molecular weight standards. 
rDNA types: 1 = Lentinus strigosus, 2 = Lentinus torulosus, 3 = Lentinus lepideus isolate 306, 4 = Lentinus 

lepideus isolate 484, 5 = Lentinus ponderosus isolates 302 and 304, 6 = Lentinus ponderosus isolate 303, 7 = 
Lentinus tigrinus, 8 = Polyporus arcularius, 9 = Polyporus squamosus, 10 = Grifola frondosa, 11 = Mycena 
galericulata, 12 = Collybia sp. 

were identical. However, two of these isolates mon restriction phenotypes for some enzymes. 
correspond to Panus rudis Fr., while the other Lentinus torulosus (Pers. :Fr.) Lloyd was iden- 
one corresponds to Panus fragilis Miller; both tical to Lentinus strigosus for Hinf I ,  Ava 11, and 
were placed as synonyms of L. strigosus by Peg- Tag I. All three isolates of Lentinus ponderosus 
ler, 1983. Miller were identical to one isolate of Lentinus 

Different species were observed to have com- lepideus (Fr. :Fr.) Fr. (isolate 484) for Ava 11, but 



were identical to the other isolate of Lentinus 
lepideus (isolate 306) for Hha I, and Tag 1. Po-
lyporus arcularius Batsch : Fr. was identical to 
Polyporus squamosus Huds. : Fr. for Hinf I. Len-
tinus tigrinus was identical to Polyporus arcu- 
larius for Ava 11, and Tag I, despite the extra 
amplification product in Lentinus tigrinus. 

Intraspeclfic variation. -Intraspecific heteroge- 
neity was detected in Lentinus lepideus for Tag 
I, ,4va 11, Hue 111, and Hinf I. In total, there were 
12 bands that were present in only one of the 
two isolates sampled from Lentinus lepideus: 5 
unique to isolate 306 and 7 unique to isolate 484 
(FIGS.2-4). 

Minor intraspecific heterogeneity was also ob- 
served among the three isolates of Lentinuspon-
derosus. The 950 base pair fragment present in 
the Hue I11 digest of isolate 303 of Lentinuspon-
derosus is not present in the other two isolates 
from that species although the three isolates are 
otherwise identical (FIG. 3). Since the PCR am-
plification products from all three Lentinus pon- 
derosus isolates are the same size, this result is 
most likely due to intragenomic variation within 
the rDNA itself. The unique Hue I11 fragment 
in isolate 303 comigrates with partial digestion 
products in the other two isolates. These results. 
together with the unequal staining of certain 
bands, suggest that one or more Hue 111 sites 
have been lost, or were never gained, in some 
copies of the tandemly repeated rDNA of isolate 
303 but are present in the other copies and in all 
copies in the other two isolates. 

The remaining species for which multiple iso- 
lates were scored were invariant: Lentinus stri- 
gosus, three isolates; Lentinus tigrinus, two iso- 
lates. 

Cluster analyses and Fitch-Margoliash net- 
work. -Dendrogram topologies (FIGS. 5, 6) were 
highly consistent regardless of the method used 
to construct them (UPGMA, complete linkage, 
single linkage, KITSCH, and Fitch-Margoliash). 
In every case, the following results were ob-
tained: 1 ,  Mycena and Collybia were consistently 
placed as sister taxa, separate from Lentinus and 
the polypores; 2, within the Lentinus-plus-poly- 
pores cluster Lentinus strigosus and Lentinus to- 
rulosus formed a distinct group; 3, Lentinus lep- 
ideus and Lentinus ponderosus formed a distinct 
group; and 4, Lentinus tigrinus consistently clus- 
tered with Polyporus arcularius and Polyporus 
squamosus. 
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h EcoRI/Hindlll TABLEIV 
L. strigosus DSH1 SIZE m mOF PCR PRODUCTS FROM SUMS OF 

FRAGMENTSlpS IN ALL DIG-
L. strigosus 340 Sum of StandardL. ~ O ~ U ~ O S U S  rDNA type fragmentsize deviation 
L. ponderosus 302 1 1753 121.6 

L. ponderosus 303 2 1735 107.7 
3 1517 146.3 

L. ponderosus 304 4 1621 316.3 
5 1684 237.91 L. lepideus 306 6 1874 445.3 

L. lepideus 484 7 1723 283.8 
8 1680 221.5 

L. tigrinus RV88 9 1708 104.7 

L.tigrinus 296 10 1528 120.6 
1 1  1587 282.1 

P. arcularius 12 1852 218.8 
Mean values of sums of fragment sizes from allP. squamosus 

G. frondosa 
M. galericulata 

The cophenetic correlation coeficients forC. species UPGMA,single linkage, and complete linkage 
h Eco RIIHindlll were 0.962,0.956, and 0.957, respectively. This 

Ah indicates that while each phenogram is a good 

I 1  representation of distances in the orighl dis-
A 4  

tance matrix, the UPGMA phenogram provides 
bb a slightlybetter fit to thedata. Thesumof squares 
xx for the Fitch-Margoliash and KITSCH analyses 
CTCT were 0.372 and 1.583 with averagepercent stan-

FIG.1. PCRproductsof rDNA electrophoresedon dard deviations of 5.349 and 11.034, respec-
4% m s e  and stained with ethidium bromide. Len- tively. This indicates that the Fitch-Margoliash
tinus strigosus 343 not shown. Estimated size of frag- analysisintroducesless distortion in ments is 1.67 kilobases (kb) except CoIIybia which is the original distance matrix than does KITSCH.1.73kb. X =molecularweightstandard.Selectedmark-
er fragmentsizes in kilobases. 

DISCUSSION 

Therewas some slight variability in the results 
of the different clusteringmethods. Gn~olafron-
dosa (Dicks. :Fr.) S. F. Gray was placed in the 
Lentinustigrinus-Polyporus clusterby the Fitch-
Margoliash algorithm, but in KITSCH analysis 
and each of the phenetic analyses it was placed 
as sister group to the rest of the Lentinus-plus-
polypores cluster (FIGS.5, 6). 

The results of the three phenetic methods of 
analysis were all topologically identical, except 
that single linkage placed the Lentinus tigrinus-
Polyporus cluster closest to the Lentinus strigo-
sus-L. torulosus cluster while complete linkage 
and UPGMA placed it closest to the Lentinus 
lepi&us-L. ponderosuscluster. The dendrogram 
produced by KITSCH analysiswas topologically 
identical to the UPGMA and complete linkage 
results. 

PCR fingerprintingof rDNA. -PCR fingerprint-
ing is an extremely rapid method for generating 
RFLP phenotypes for phylogentic or diagnostic 
purposes. The entire procedure, from PCR to 
restriction analysis,canbe performed in twodays. 
In its simplest form, as used here, PCR finger-
printing does not permit construction of a de-
tailed, ordered restriction map. Therefore, pres-
ence or absence of individual restriction sites 
cannot be scored for use in a cladistic or maxi-
mum likelihoodanalysis. Instead, distance-based 
methods of analysis must be used. A modifica-
tion of PCR fingerprintingusing a series of over-
lapping PCR fragments ("PCR mapping"; Vil-
galys and Hester, 1990) could provide discrete 
restriction site characters and eliminate this an-
alytical weakness. 

Estimatesof relatedness based on PCR finger-



FIG. 2. Taq I and Hha I restriction digestion products electrophoresed on 4% agarose and stained with 
ethidium bromide. PhiX 174/Hae 111 = molecular weight standard. Selected marker fragment sizes in kilobases 
&b). 
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1 0 1 1 1 1 1  0 o p o p  1 A 
-L i , o b u l  
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k X X  k x k O X  w U u u w w 
FIG. 3. Hinf I and Hue 111 restriction digestion products. PBR322/Hinf I = molecular weight standard. 

Marker fragment sizes in kilobases (kb). 



FIG.4. Hha I and Ava I1 restrictiondigestion products. PBR322/HinfI = molecular weight standard.Marker 
fragment sizes in kilobases (kb). 
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FIG.5. Phenogram based on rDNA restriction phenotypes analyzed by UPGMA. This unrooted network is 

topologically identical to the Fitch-Margoliash network (Fig. 6) except for the placement of Gr<folafrondosa. 

printing are sensitive to length mutations. Single 
insertions or deletions may be scored numerous 
times, thereby artificially inflating the estimate 
of the Dice coefficient. Error can also be intro- 
duced when nonhomologous fragments of sim- 
ilar size in a single digest comigrate and are scored 
as a single fragment. When this happens, the sum 
of fragment sizes will be an underestimate of the 
actual size of the undigested PCR product. Very 
small fragments may be unresolvable and will 
also contribute to underestimates of the size of 
the undigested PCR product. Heterogeneity 
among the rDNA copies within a genome is also 
a potential source of error. Variation among 
rDNA copies in size or presence of restriction 
sites can result in extra bands in a single digest. 

This will affect Dice coefficient values and will 
also cause the sum of fragment sizes to be an 
overestimate of the actual size of the undigested 
PCR product. These sources of error may be re- 
sponsible for the discrepancies between the size 
estimates of the undigested PCR products and 
the sums of fragment sizes reported in TABLE IV. 

PCR fingerprinting's greatest strength is its 
ability to survey many individuals rapidly, thus 
making it particularly useful for preliminary sur- 
veys of variation in different regions of DNA 
prior to sequence analysis or restriction map- 
ping. 

The results of this study demonstrate that the 
amplified region of rDNA contains sufficient 
variation for this taxonomic problem. It is likely 
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that some of the variation observed exists within 
the intergenic sequences (Hillis and Davis, 1985), 
but without an ordered restriction map or se- 
quence data it is not possible to identify the most 
variable regions. Sequence analysis of this region 
of rDNA in lentinoid fungi is currently underway 
in our laboratory. 

Taxonomic conclusions. -Since all the dendro- 
grams were constructed from the same distance 
matrix, it is not surprising that they are highly 
congruent. Except for the placement of Grifola 
frondosa, the results of UPGMA and Fitch-Mar- 
goliash analysis are topologically identical (FIGS. 
5, 6). The Fitch-Margoliash results are preferred 
for two reasons: first, the Fitch-Margoliash to- 
pology placed Grlfola frondosa with the Polypo-
rus species which is a more parsimonious inter- 
pretation of hymenophore evolution than the 
UPGMA topology implies, i.e., the Fitch-Mar- 
goliash network implies two character state 
changes from gills to pores, or vice versa, while 
the UPGMA phenogram implies three such 
changes; and, second, the sum of squares and 
average percent standard deviation are both low- 
er in Fitch-Margoliash analysis than in the 
KITSCH analysis. KITSCH analysis and 
UPGMA assume constancy of evolutionary rates 
and produced identical topologies. 

In this analysis phenetic similarity was used 
to infer phylogenetic relationship. Because the 
dendrograms presented in FIGS. 5 and 6 are un- 
rooted, it is not possible at this time to make 
statements about polarities of character evolu- 
tion or identify monophyletic groups. Neverthe- 
less, certain phylogenetic conclusions are war- 
ranted. Lentinus tigrinus is very similar to the 
Polyporus species and they are probably closely 
related. However, the other Lentinus species are 
intermediate between the Tricholomataceae and 
the Polyporaceae (FIG. 5). If the remaining Len-
tinus species are to be placed into one of these 
families, then the choice depends on where the 
dendrograms are rooted. If the root is placed just 
below the node connecting Mycena and Collybia 
(point A. FIG. 6) then Lentinus plus the polypores 
form a monophyletic group, with the Tricholo- 
mataceae as an outgroup. The Tricholomataceae 

is not necessarily the best outgroup, however; 
there may be more closely related candidates. 
This interpretation of FIG. 6 is consistent with 
the hypothesis that dimitic hyphae and hyphal 
pegs are synapomorphies that unite Lentinus with 
the Polyporaceae. Hyphal pegs occur in some 
genera of polypores (Polyporus Fr., Pycnoporus 
Karst., etc.) and in Lentinus subg. Lentinus. In 
this study, subg. Lentinus was represented by 
Lentinus tigrinus which consistently clustered 
with Polyporus arcularius and P. squamosus. Hy-
phal pegs may prove to be an important character 
for identifying the species in Lentinus that are 
most closely related to the polypores although a 
broader range of taxa will have to be examined 
before their phylogenetic significance can be de- 
termined. 

If mid-point rooting is employed (point B, FIG. 
6) then Lentinus subg. Panus sensu Pegler be- 
comes a basal, paraphyletic group from which 
the Tricholomataceae and Polyporaceae were de- 
rived. Under both rooting options Lentinus is 
polyphyletic. A corollary of this is that the char- 
acter-state transition between gills and pores must 
have occurred more than once in the evolution 
of Lentinus. 

Lentinus strigosus isolates 343 and DH1 (= 
Panus rudis) had the same restriction phenotypes 
as Lentinus strigosus isolate 340 (= Panus fra- 
gilis) for every enzyme. Panus fragilis was dif- 
ferentiated from P. rudis by its smaller size, light- 
er color and delicate habit (Miller, 1965). Both 
species have been placed in synonymy with Len-
tinus strigosus by Pegler (1983). Although the 
results of this study are congruent with Pegler's 
treatment, it is still possible that the part of Len-
tinus strigosus that corresponds to Panus fragilis 
may in fact be a monophyletic species which has 
diverged morphologically but which has not yet 
diverged for the rDNA characters surveyed. In- 
deed, morphological evolution appears to have 
occurred very quickly in some groups of basid- 
iomycetes. For example, using molecular se-
quence data from mitochondria1 DNA, Bruns et 
al. (1989) showed that the false truffle, Rhizo-
pogon, previously classified in the Gasteromy- 
cetes, is very closely related to the bolete genus 

FIG.6 .  Fitch-Margoliash network based on rDNA restriction phenotypes. A and B are rooting options. 
Rooting at A implies that Lent~nusand the polypores form a monophyletic group. Mid-point rooting places 
root at B and implied that Lentinus is a basal paraphyletic group from which both the Tricholomataceae and 
Polyporaceae were derived. 



Suillus. Among the other agaricoid Gasteromy- 
cetes (Miller and Miller, 1988) there is a gasteroid 
form of Lentinus tigrinus that has anastomosed 
gills with a membranous covering (Lentodium 
squamulosurn Morgan). This form is still inter- 
fertile with typical Lentinus tigrinus (Rosinski 
and Robinson, 1968). 

Lentinus lepideus and L. ponderosus formed a 
very distinct cluster but were poorly resolved 
from each other. The close placement of the two 
agrees with both Pegler (1983) and Miller (1973) 
who thought the species to be closely related. 
Lentinus lepideus is known to be morphologi- 
cally variable, and because of this was divided 
into five forms by Pilat (1946). In the current 
study Lentinus lepideus displayed the highest de- 
gree of intraspecific variation of all taxa in the 
study. The distance between isolates 306 and 
484, from Montana and North Carolina, respec- 
tively, of L. lepideus was 18% (FIG. 5). The dis- 
tance between L. lepideus isolate 484 and the 
Lentinus ponderosus cluster was 6%; for com- 
parison, the distance between Lentinus tigrinus 
and Polyporus arcularius was 14% (FIG. 5). This 
amount of divergence, along with the morpho- 
logical variability, suggests that Lentinus lepi- 
deus and Lentinus ponderosus may actually rep- 
resent a number of independent lineages in a 
species complex similar to that in Armillaria 
mellea (Anderson et al., 1989) or Col1.vbia drv- 
ophila (Vilgalys and Miller. 1987). 

Lentinus lepideus and Lentinus ponderosus 
have been transferred to the genus Neolentinus 
by Redhead and Ginns (1985) along with seven 
other species in Lentinus subg. Panus sensu Peg-
ler. The species in Neolentinus all cause a brown 
rot whereas those in Lentinus s.str. all cause a 
white rot. The results of this study are consistent 
with Redhead and Ginns' treatment and indicate 
that Lentinus lepideus and Lentinus ponderosus 
are distinct from the other Lentinus species ex- 
amined. However, it will be necessary to ex-
amine more species in Neolentinus and Lentinus 
s.str. to determine if the former is monophyletic. 

The results from this preliminary study sup- 
port the view that Lentinus, at least in part, is 
more closely related to the polypores than to 
certain agarics. Additional data will be required 
to resolve specific patterns of evolution in these 
groups. For instance, the primitive state of the 
hymenophore is still unclear. To better address 
phylogenetic problems in these groups it will be 
necessary to examine more taxa in the Lentinieae 

and Polyporaceae s.str. Sequence or restriction 
mapping data will also be needed to allow dis- 
crete character-based cladistic analyses of mo- 
lecular characters. The results of this study in- 
dicate that the Tricholomataceae may be an 
appropriate outgroup for such an analysis. 
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