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Abstract Genetic relationships in a natural Japanese popu-
lation of Pleurocybella porrigens were determined based on
ITS sequence data. In a UPGMA similarity tree, all se-
quences of 23 specimens from 13 different geographic ori-
gins were grouped into two distinct clusters (groups A and
B). Sequence variation of the ITS region between groups A
and B consisted of 33–40 nucleotides, corresponding to 5%–
6% of their total length, and specific nucleotide variations
characterizing groups A and B were found. Although these
results did not show correlation with differences of sub-
strates for fruiting and geographic origins of the specimens,
it was suggested that P. porrigens distributed in Japan in-
clude at least two genetically different populations.

Key words Genetic variation · Internal transcribed spacer
(ITS) region · Large subunit rDNA · Pleurocybella
porrigens · Sugihiratake

Pleurocybella porrigens (Pers.) Singer (Trichoromataceae)
is a lignicolous agaric mushroom that produces pure white,
relatively small pleurotoid fruiting bodies on rotting
conifers, often in abundance. It is widely distributed in the
north temperate regions, including Japan, and is known as
edible (Breitenbach and Kränzlin 1991; Imazeki and Hongo
1986; Phillips 1991). In Japan, P. porrigens is fairly common
in fall and has been well known as an excellent edible mush-
room under the name “Sugihiratake,” which means a
Pleurotus-like mushroom (“Hiratake”) growing on Cryp-
tomeria japonica D. Don (“Sugi”). As suggested by the
common name, it is most frequently encountered on the
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tree species, but also less frequently on other conifers, such
as Pinus and Picea, and rarely on Fagus crenata Blume
(“Buna”).

In September and October 2004, an outbreak of acute
encephalopathy causing death was reported among people
who ate this mushroom in certain areas of Japan, mainly
Yamagata, Akita, and Niigata prefectures (Kato et al. 2004;
Kurokawa et al. 2005; Obara et al. 2005). The relationship
of the consumption of the mushroom species to the out-
break of the disease still remains unclear and is under inves-
tigation by several scientists. This event prompted a serious
question for us concerning the safety of P. porrigens as
food. However, little has been known about the physiologi-
cal and genetic characters of this fungus that might contrib-
ute to elucidating this question. Furthermore, there has
been no research investigating the natural population struc-
ture of P. porrigens, which is necessary to understand the
biology and ecology of this fungus in Japan.

Molecular approaches are considered to be powerful
tools to investigate inter- and intragenetic relatedness on
species of basidiomycetes, supporting results obtained from
conventional methods such as morphological, physiological,
and biochemical methods. Internal transcribed spacer (ITS)
and intergenic spacer (IGS) regions of the ribosomal DNA
(rDNA) are highly variable, thus permitting assessment of
genetic variation at the intraspecific level (Hintz et al. 1989;
Walsh et al. 1990; Bruns et al. 1991; Vilgalys and Sun 1994;
Hibbett et al. 1995; Iraçabal et al. 1995).

In the present study, we investigated, by using the nucle-
otide sequences of ITS, the genetic relationships within a
natural population of P. porrigens across its geographical
range in Japan.

Twenty-eight specimens, including 1 derived isolate of
P. porrigens, collected from different regions in Japan and
from different kinds of wood substrata (Table 1) were used
in this study. All specimens used in this study were identi-
fied as P. porrigens following Imazeki and Hongo (1986),
based on morphological characters. Specimen no. 22
(TMIC-30952) was a culture from fruiting body tissue of no.
21 (TMI-14025) and was used to check the identity between
rDNA sequences from fruiting body and cultured mycelia

Used Mac Distiller 5.0.x Job Options
This report was created automatically with help of the Adobe Acrobat Distiller addition "Distiller Secrets v1.0.5" from IMPRESSED GmbH.You can download this startup file for Distiller versions 4.0.5 and 5.0.x for free from http://www.impressed.de.GENERAL ----------------------------------------File Options:     Compatibility: PDF 1.2     Optimize For Fast Web View: Yes     Embed Thumbnails: Yes     Auto-Rotate Pages: No     Distill From Page: 1     Distill To Page: All Pages     Binding: Left     Resolution: [ 600 600 ] dpi     Paper Size: [ 595.3 785.2 ] PointCOMPRESSION ----------------------------------------Color Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitGrayscale Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 150 dpi     Downsampling For Images Above: 225 dpi     Compression: Yes     Automatic Selection of Compression Type: Yes     JPEG Quality: Medium     Bits Per Pixel: As Original BitMonochrome Images:     Downsampling: Yes     Downsample Type: Bicubic Downsampling     Downsample Resolution: 600 dpi     Downsampling For Images Above: 900 dpi     Compression: Yes     Compression Type: CCITT     CCITT Group: 4     Anti-Alias To Gray: No     Compress Text and Line Art: YesFONTS ----------------------------------------     Embed All Fonts: Yes     Subset Embedded Fonts: No     When Embedding Fails: Warn and ContinueEmbedding:     Always Embed: [ ]     Never Embed: [ ]COLOR ----------------------------------------Color Management Policies:     Color Conversion Strategy: Convert All Colors to sRGB     Intent: DefaultWorking Spaces:     Grayscale ICC Profile:      RGB ICC Profile: sRGB IEC61966-2.1     CMYK ICC Profile: U.S. Web Coated (SWOP) v2Device-Dependent Data:     Preserve Overprint Settings: Yes     Preserve Under Color Removal and Black Generation: Yes     Transfer Functions: Apply     Preserve Halftone Information: YesADVANCED ----------------------------------------Options:     Use Prologue.ps and Epilogue.ps: No     Allow PostScript File To Override Job Options: Yes     Preserve Level 2 copypage Semantics: Yes     Save Portable Job Ticket Inside PDF File: No     Illustrator Overprint Mode: Yes     Convert Gradients To Smooth Shades: No     ASCII Format: NoDocument Structuring Conventions (DSC):     Process DSC Comments: NoOTHERS ----------------------------------------     Distiller Core Version: 5000     Use ZIP Compression: Yes     Deactivate Optimization: No     Image Memory: 524288 Byte     Anti-Alias Color Images: No     Anti-Alias Grayscale Images: No     Convert Images (< 257 Colors) To Indexed Color Space: Yes     sRGB ICC Profile: sRGB IEC61966-2.1END OF REPORT ----------------------------------------IMPRESSED GmbHBahrenfelder Chaussee 4922761 Hamburg, GermanyTel. +49 40 897189-0Fax +49 40 897189-71Email: info@impressed.deWeb: www.impressed.de

Adobe Acrobat Distiller 5.0.x Job Option File
<<     /ColorSettingsFile ()     /LockDistillerParams false     /DetectBlends false     /DoThumbnails true     /AntiAliasMonoImages false     /MonoImageDownsampleType /Bicubic     /GrayImageDownsampleType /Bicubic     /MaxSubsetPct 100     /MonoImageFilter /CCITTFaxEncode     /ColorImageDownsampleThreshold 1.5     /GrayImageFilter /DCTEncode     /ColorConversionStrategy /sRGB     /CalGrayProfile ()     /ColorImageResolution 150     /UsePrologue false     /MonoImageResolution 600     /ColorImageDepth -1     /sRGBProfile (sRGB IEC61966-2.1)     /PreserveOverprintSettings true     /CompatibilityLevel 1.2     /UCRandBGInfo /Preserve     /EmitDSCWarnings false     /CreateJobTicket false     /DownsampleMonoImages true     /DownsampleColorImages true     /MonoImageDict << /K -1 >>     /ColorImageDownsampleType /Bicubic     /GrayImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /CalCMYKProfile (U.S. Web Coated (SWOP) v2)     /ParseDSCComments false     /PreserveEPSInfo false     /MonoImageDepth -1     /AutoFilterGrayImages true     /SubsetFonts false     /GrayACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /ColorImageFilter /DCTEncode     /AutoRotatePages /None     /PreserveCopyPage true     /EncodeMonoImages true     /ASCII85EncodePages false     /PreserveOPIComments false     /NeverEmbed [ ]     /ColorImageDict << /HSamples [ 2 1 1 2 ] /VSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.9 >>     /AntiAliasGrayImages false     /GrayImageDepth -1     /CannotEmbedFontPolicy /Warning     /EndPage -1     /TransferFunctionInfo /Apply     /CalRGBProfile (sRGB IEC61966-2.1)     /EncodeColorImages true     /EncodeGrayImages true     /ColorACSImageDict << /VSamples [ 2 1 1 2 ] /HSamples [ 2 1 1 2 ] /Blend 1 /QFactor 0.76 /ColorTransform 1 >>     /Optimize true     /ParseDSCCommentsForDocInfo false     /GrayImageDownsampleThreshold 1.5     /MonoImageDownsampleThreshold 1.5     /AutoPositionEPSFiles false     /GrayImageResolution 150     /AutoFilterColorImages true     /AlwaysEmbed [ ]     /ImageMemory 524288     /OPM 1     /DefaultRenderingIntent /Default     /EmbedAllFonts true     /StartPage 1     /DownsampleGrayImages true     /AntiAliasColorImages false     /ConvertImagesToIndexed true     /PreserveHalftoneInfo true     /CompressPages true     /Binding /Left>> setdistillerparams<<     /PageSize [ 576.0 792.0 ]     /HWResolution [ 600 600 ]>> setpagedevice



T
ab

le
 1

.
L

is
t 

of
 s

pe
ci

m
en

s 
of

 P
le

ur
oc

yb
el

la
 p

or
ri

ge
ns

 a
nd

 t
he

ir
 r

ib
os

om
al

 D
N

A
 g

ro
up

N
o.

M
at

er
ia

ls
 u

se
d 

fo
r 

D
N

A
 is

ol
at

io
n

G
eo

gr
ap

hi
ca

l o
ri

gi
n

Y
ea

r/
m

on
th

Su
bs

tr
at

um
 o

r 
ha

bi
ta

t
C

ol
le

ct
io

n 
nu

m
be

ra
rD

N
A

 g
ro

up
c

Se
qu

en
ce

R
F

L
P

1
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

F
ur

an
o,

 H
ok

ka
id

o
19

84
/S

ep
t.

P
ic

ea
 j

ez
oe

ns
is

 (
Si

eb
. &

 Z
uc

c.
) 

C
ar

ri
er

e
T

M
I-

96
13

A
A

2
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

K
am

ik
aw

a,
 H

ok
ka

id
o

19
95

/S
ep

t.
co

ni
fe

ro
us

 t
re

e
T

M
I-

20
16

0
A

A
3

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
A

om
or

i, 
A

om
or

i
19

98
/S

ep
t.

F
ag

us
 c

re
na

ta
 B

lu
m

e
T

M
I-

26
08

2
A

A
4

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
A

om
or

i, 
A

om
or

i
20

04
/S

ep
t.

F
ag

us
 c

re
na

ta
 B

lu
m

e
T

M
I-

26
09

2
A

A
5

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
Se

nb
ok

u,
 A

ki
ta

19
76

/O
ct

.
C

ry
pt

om
er

ia
 j

ap
on

ic
a 

D
. D

on
T

M
I-

39
98

B
B

6
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

Se
nb

ok
u,

 A
ki

ta
19

76
/O

ct
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

I-
40

07
A

A
7

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
N

iig
at

a
20

03
/S

ep
t.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

I-
26

08
9

B
B

8
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

E
nu

m
a,

 I
sh

ik
aw

a
19

80
/S

ep
t.

un
kn

ow
n

T
M

I-
79

75
B

B
9

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
E

nu
m

a,
 I

sh
ik

aw
a

19
80

/S
ep

t.
C

ry
pt

om
er

ia
 j

ap
on

ic
a 

D
. D

on
T

M
I-

79
76

B
B

10
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

K
ay

an
o,

 N
ag

an
o

20
04

/S
ep

t.
co

ni
fe

ro
us

 t
re

e
C

B
M

-F
B

-3
44

68
–

A
11

F
re

ez
e-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

K
uw

at
a,

 K
yo

to
20

04
/D

ec
.

un
kn

ow
n

T
M

I-
26

09
7

–
A

12
F

re
ez

e-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
Y

os
hi

no
, N

ar
a

20
04

/N
ov

.
C

ry
pt

om
er

ia
 j

ap
on

ic
a 

fo
re

st
T

M
I-

26
09

4
–

B
13

F
re

ez
e-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

Y
os

hi
no

, N
ar

a
20

04
/N

ov
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
fo

re
st

T
M

I-
26

09
5

A
A

14
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

H
in

o,
 T

ot
to

ri
19

77
/O

ct
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

I-
39

94
B

B
15

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
T

ot
to

ri
, T

ot
to

ri
19

77
/O

ct
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

I-
39

87
B

B
16

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
H

in
o,

 T
ot

to
ri

19
87

/O
ct

.
P

in
us

 d
en

si
flo

ra
 S

ie
b.

 &
 Z

uc
c.

T
M

I-
13

51
4

B
B

17
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

M
an

iw
a,

 O
ka

ya
m

a
19

83
/S

ep
t.

co
ni

fe
ro

us
 t

re
e

T
M

I-
79

78
B

B
18

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
Ii

sh
i, 

Sh
im

an
e

19
86

/O
ct

.
co

ni
fe

ro
us

 t
re

e
T

M
I-

13
29

0
B

B
19

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
Sa

ek
i, 

H
ir

os
hi

m
a

19
91

/O
ct

.
co

ni
fe

ro
us

 t
re

e
T

M
I-

17
13

6
B

B
20

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
K

uk
a,

 Y
am

ag
uc

hi
20

04
/N

ov
.

A
bi

es
 fi

rm
a 

Si
eb

. &
 Z

uc
c.

T
M

I-
26

09
6

B
B

21
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

K
am

iu
ke

na
, E

hi
m

e
19

89
/O

ct
.

P
in

us
 d

en
si

flo
ra

 S
ie

b.
 &

 Z
uc

c.
T

M
I-

14
02

5
B

B
22

F
re

ez
e-

dr
ie

d 
m

yc
el

iu
m

K
am

iu
ke

na
, E

hi
m

e
19

89
/O

ct
.

P
in

us
 d

en
si

flo
ra

 S
ie

b.
 &

 Z
uc

c.
T

M
IC

-3
09

52
b

B
B

23
F

re
ez

e-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
T

ou
on

, E
hi

m
e

20
04

/O
ct

.
C

ry
pt

om
er

ia
 j

ap
on

ic
a 

D
. D

on
T

M
I-

26
09

3
–

B
24

F
re

ez
e-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

N
is

hi
us

uk
i, 

M
iy

az
ak

i
20

00
/S

ep
t.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

B
-E

-5
81

B
B

25
F

re
ez

e-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
E

bi
no

, M
iy

az
ak

i
20

02
/S

ep
t.

P
in

us
 d

en
si

flo
ra

 S
ie

b.
 &

 Z
uc

c.
B

-E
-1

72
2

B
B

26
F

re
ez

e-
dr

ie
d 

m
yc

el
iu

m
K

um
ag

e,
 K

ag
os

hi
m

a
19

97
/D

ec
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

IC
-3

11
07

B
B

27
H

ea
t-

dr
ie

d 
fr

ui
ti

ng
 b

od
y

K
um

ag
e,

 K
ag

os
hi

m
a

19
95

/O
ct

.
C

ry
pt

om
er

ia
 j

ap
on

ic
a 

D
. D

on
T

M
I-

19
81

8
B

B
28

H
ea

t-
dr

ie
d 

fr
ui

ti
ng

 b
od

y
K

um
ag

e,
 K

ag
os

hi
m

a
19

95
/O

ct
.

C
ry

pt
om

er
ia

 j
ap

on
ic

a 
D

. D
on

T
M

I-
19

80
4

–
B

–,
 N

o 
se

qu
en

ce
 a

na
ly

si
s

a
T

M
I,

 H
er

ba
ri

um
 o

f 
T

ot
to

ri
 M

yc
ol

og
ic

al
 I

ns
ti

tu
te

; T
M

IC
, C

ul
tu

re
 C

ol
le

ct
io

n 
of

 T
ot

to
ri

 M
yc

ol
og

ic
al

 I
ns

ti
tu

te
; C

B
M

, N
at

ur
al

 H
is

to
ry

 M
us

eu
m

 a
nd

 I
ns

ti
tu

te
, C

hi
ba

; B
–E

, M
iy

az
ak

i 
P

re
fe

ct
ur

al
M

us
eu

m
 o

f 
N

at
ur

e 
an

d 
H

is
to

ry
b
T

is
su

e 
cu

lt
ur

e 
of

 T
M

I-
14

02
5

c
G

ro
up

s 
A

 a
nd

 B
 c

or
re

sp
on

d 
to

 t
ho

se
 in

 F
ig

. 1
R

F
L

P
, r

es
tr

ic
ti

on
 f

ra
gm

en
t 

le
ng

th
 p

ol
ym

or
ph

is
m



372

(Table 1). Fruiting body samples for analysis were prepared
by air-drying at 40°–45°C or lyophilizing and stored under
low-moisture conditions at room temperature, and mycelia
were prepared as described previously (Matsumoto et al.
2003).

The total DNA was extracted using a Genelute Plant
Genomic DNA Kit (Sigma, Toronto, Canada) according to
the manufacturer’s instructions. The 5.8S rDNA interven-
ing ITS region, ITS-1 and ITS-2, of the nuclear genome was
amplified using the primer pairs ITS-4 (5¢-TCCTCCGCTT
ATTGATATGC-3¢) and ITS-5 (5¢-GGAAGTAAAAGTC
GTAACAAGG-3¢) (White et al. 1990). The 50-ml reaction
mixture for PCR amplification contained the following:
0.1mg total DNA, 1¥ amplification buffer for Ex Taq
DNA polymerase (Takara Bio, Otsu, Japan), 200mM each
deoxynucleoside triphosphate (dNTP: dATP, dCTP, dGTP,
and dTTP), 0.4mM each primer, and 0.5U Ex Taq DNA
polymerase. Amplifications were performed in a Mp 100
Thermal Cycler (Takara Bio), with an initial denaturation
step 94°C for 3min, followed by 30 cycles of 94°C for 30s,
55°C for 30s, and 72°C for 90s, and a final extension at 72°C
for 10min. The polymerase chain reaction (PCR) products
were electrophoresed through 2.0% (w/v) agarose gel to
confirm whether a single product was obtained, and follow-
ing that were purified by ultrafiltration (Microcon-100;
Millipore, Bedford, MA, USA). If a single PCR product
was not obtained, the corresponding product in fragment
size was excised from the gel and extracted by using
the Wizard SV Gel and PCR Clean-UP system (Promega,
Madison, WI, USA) according to the manufacturer’s
instruction.

These amplification products were subjected to restric-
tion analysis or sequencing. Restriction fragment length
polymorphism (RFLP) analysis of digested amplification
DNA with two endonucleases, PvuII and Sau3AI (Nippon
Gene, Tokyo, Japan) was carried out with a 2% agarose gel
according to the manufacturer’s instruction. Electrophore-
sis and detection of DNA fragments were done in the same
manner as that described in Matsumoto et al. (2003). All
sequencing was carried out on an ABI Prism 310 Genetic
Analyzer with the BigDye Terminator Cycle Sequencing
Ready Reaction Kit ver. 1.1 according to the manufac-
turer’s recommendations (Applied Biosystems, Foster City,
CA, USA). Four sequencing primers, ITS-2 (5¢-GCTGCG
TTCTTCATCGATGC-3¢, 5.8S rDNA–5¢-end), ITS-3 (5¢-
GCATCGATGAAGAACGCAGC-3¢, 5.8S rDNA–3¢-
end), ITS-4 (28S rDNA–5¢-end), and ITS-5 (18S
rDNA–3¢-end), described by White et al. (1990), were used.
Confirming sequence analysis for large subunit rDNA
(LrDNA) regions was done as described above using the
amplification primers LR7 (5¢-TACTACCACCAAGAT
CT-3¢) and LR0R (5¢-ACCCGCTGAACTTAAGC-3¢)
(Georgiev et al. 1981), and sequencing for products was
done by the primer walking method using LR7 and LR0R
as the start primers. Amplification and sequence analysis
were conducted at least twice for each sample.

Sequences were aligned with the CLUSTAL V multiple
alignment program in a computer application software of
GeneWorks (version 2.5; IntelliGenetics, Mountain View,

CA, USA). A phylogenetic tree based on ITS rDNA se-
quences was constructed by using the unweighted pair-
group method with arithmetic averages (UPGMA; Sokal
and Michener 1958) and drawn via the computer software
GeneWorks (version 2.5, IntelliGenetics) (Fig. 1).

Amplification of the ITS rDNA of 27 specimens resulted
in a single product, and the sizes of their ITS regions, ITS-
1–5.8S–ITS-2, were 654–657bp in length from sequencing
analysis for 23 specimens. Nucleotide sequences of ITS
rDNA from fruiting body of no. 21 (Fig. 2) prepared with
heat-dried specimens were identical to those from its myce-
lia (no. 22, data not shown), indicating that there were no
artifact DNA sequences caused by errors by using heat-
dried fruiting body specimens. The multiple sequence align-
ment showed that the dissimilarity among 23 specimens was
6.0% at maximum. This level of intraspecific variation in
the ITS region was higher than that observed for several
other edible mushroom species from Japan, for example,
Lentinula edodes (Berk.) Sing. (Hibbett et al. 1995) and
Pleurotus pulmonarius (Fr.) Quel. (Vilgalys and Sun 1994),
which were less than 1% and 2%, respectively. The topol-
ogy of the dendrogram based on sequence analysis, per-
formed by UPGMA cluster analysis, indicated that the
specimens were divided into two distinct groups, one of
which included 6 specimens (group A) whereas the other
group included 17 specimens (group B) (see Fig. 1). Results
of the neighbor-joining cluster analysis were very similar to
those of UPGMA analysis (data not shown). Sequence
variation of the ITS region between groups A and B con-
sisted of 33–40 nucleotides, corresponding to 5%–6% of
their total length. In addition, specific nucleotide variations
characterizing groups A and B were found for both ITS-1
and ITS-2 regions (Fig. 2).

Specific nucleotides T at position 246 characterized
group A described above, which produced a restriction site
of the endonuclease PvuII (see Fig. 2). Other specific nucle-
otides A and T at positions 240 and 259 that characterized
group A also produced Sau3AI sites in addition to the
existing sites at positions 4 and 288 in both groups, respec-
tively (Fig. 2). From these restriction sites of the ITS region,
we could discriminate directly groups A and B of ITS
rDNA by RFLP analysis of PCR products using two restric-
tion endonucleases, PvuII and Sau3AI. As a result, we de-
termined the ITS sequence genotypes of all 27 specimens
used in this study (Table 1). Hereafter, RFLP analysis with
these two enzymes will be useful to estimate the molecular
genotype of many samples of this fungus from various eco-
logical niches and geographical origins.

Despite the high sequence variations in the both regions
of ITS-1 and ITS-2, all nucleotide sequences of the 5.8S
rDNA from 23 specimens were identical in both length
(158bp) and sequences (Fig. 2). In contrast with the 5.8S
rDNA, 13 nucleotide differences (1.0%) were found be-
tween the partial sequences of LrDNA (approximately
1.3kb) of specimen no. 4 of group A (DDBJ accession no.
AB1213656) and no. 21 of group B (DDBJ accession no.
AB1213656) (data not shown). Additionally, the LrDNA
sequences of specimen no. 4 described above are identical
with the LrDNA sequences of GenBank accession no.



Fig. 1. Genetic relationships among 23 Pleurocybella porrigens speci-
mens based on internal transcribed spacers (ITS) sequences. The den-
drogram was constructed by the unweighted pair-group method with

AF042594, which was reported by Moncalvo et al. (2000). It
was speculated that sequence variations in LrDNAs be-
tween groups A and B may exist.

In assessment of the relationship between molecular
genotypes and biological character, it is important to know
that whether the variations of ITS sequences are associated
with ecological niches where fruiting bodies occurred, and
also with the geographic origins of specimens used in this
study. As shown in Table 1, specific variation of ITS se-
quences, however, was not found in DNA of specimens
from the five different wood substrates, Abies firma Sieb. et
Zucc. (“Momi”), F. crenata, C. japonica, Picea jezoensis
(Sieb. & Zucc.) Carriere (“Ezomatsu”), and Pinus
densiflora Sieb. & Zucc. (“Akamatsu”). Furthermore, as
shown in Fig. 1 and Table 1, group A of ITS rDNA
consisted of specimens from Hokkaido, Aomori, Akita,
Nagano, Kyoto, and Nara, whereas group B consisted of
those from all regions examined in this study except for
Hokkaido, Aomori, Nagano, and Kyoto, suggesting that
there was no clear correlation between ITS sequences and
geographic origin of specimens used in this study.

In conclusion, the Japanese P. porrigens could be divided
into two groups based on the characteristics of ITS rDNA
sequence, suggesting that the natural population in Japan
includes high genetic variations and is composed of at least
two genetically different groups. This finding was also
supported by the sequence data of LrDNA. The present
molecular data may prompt a question concerning the taxo-
nomic identity of the two groups found in the morphologi-
cal species P. porrigens, which caused the outbreak of the
poisoning incidents in certain areas of Japan last year. To
answer this question, we need more detailed morphological
observations of fresh basidiocarps and mating tests between
the two groups.
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arithmetic averages (UPGMA). The accession numbers of ITS se-
quences in DDBJ are shown in parentheses
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Fig. 2. Sequence alignment of
specimen nos. 1, 2, 4, 6, and 13
belonging to group A and
specimen nos. 5, 7, 15, 19, and 21
belonging to group B of
Pleurocybella porrigens as shown
in Table 1 and Fig. 1. Their
sequences are referred to as that
of specimen no. 4. Identical
nucleotides between sequences
are indicated by “.” and gaps
inserted for the alignment by “–”.
Squares show specific nucleotide
variations characterizing groups
A and B, without influence of the
locations of gaps in the sequence
alignments; PvuII and Sau3AI,
the restriction sites of endonu-
cleases (* shows sites existed only
in the sequences of group A)
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