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Phylogenetic Relationships of Coprinoid Taxa and an Agaric-like
Gastroid Taxon Based on the Sequences of Internal
Transcribed Spacer (ITS) Regions

Dong Suk Park*, Seung Joo Go and Jin Chang Ryu

Division of Molecular Genetics, National Institute of Agricultural Science and
Technology, Suwon 441-707, Korea

ABSTRACT: The phylogenetic relationships of black-spored basidioid taxa (mainly coprinoid taxa) and an
agaric-like gastroid taxon were studied. The sequences of internal tramscribed spacer regions (ITS) partially
including 178, 258 and 5.8S from 14 species (Coprinus comatus, C. atramentarius, C. micaceus, C. cinereus, C.
disseminatus, C. rhizophorus, C. radians, C. echinosporus, Psathyrella candolieana, Podaxis pistillaris, Conocybe
lactea, Bolbitius demangei, Agaricus balzei, and Stropharia rugosoannulata) were compared. The reciprocal
homologies of ITS sequences among these species were in the range of 38.7~77.2%. Black-spored taxa were
classified into four clusters. Cluster I comprised C. micaceus, C. radians, and C. disseminata. Cluster I is
consisted of C. cinereus, C. echinosporus, C. rhizophorus, and C. atramentarius. On the other hand, C. comatus is
in cluster III with Agaricus balzei and Podaxis pistillaris even though this species is belonging to the section
Coprinus in morphological aspect. Psathyrelloid taxon is included in cluster II. The question of the origin of
secotioid (agaric-like) fungi has been taken, though largely on theoritical suggestions as to whether gastroid taxa
give rise to agarics with secotioid taxa as intermediates or whether secotioid taxa are evolutionary novelities
arising from many distinct groups of agarics. In this relationship, it was shown that secotioid taxon evolved from
within agaric species.
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RS 2w glo] A sl A5k Fole mEs
e AFE Fo| FET) Fries(1821)e o] AdYL 72
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F94 A7} A7 9len, B EF BobolA) ole]
g g7 ] o]FR| 1 S’JD]-(Hlbbet and Vilgalys,
1993; Hopple, 1994; Johnson, 1997).

I, 4EBAFE 259 ATEFEAEA o3 AE
2R A7) DA )2 G EReke) o)y
o] WA= ¥FA o]7e] A= Y(Heim.,, 1971;
Smith, 1971; Park et al., 1999), Z13}A}e] A W.E A3}
9] ribosomal RNAGRNAYE: o]-8-3}e] 1 ARANE Zws]

2 gde}(Hopple er al., 1994; Johnson et al., 1997; Park et
al., 1999). 12} A F7HA], HEHAFS A (section)H 2
FES Asle] o] &9 7Y ARE o83 AEEHA
frA#AE 973 ZdIde Qo =] & A7 % 5
(1999)0] B8 2L2 o] 2AS ] HEWATL] 7|5 Fa
HEW X (Coprinus comatus)?] A4 A& :rLz{]?g o
2 zlel, Fus)r] ¢ FE A H(Agaricales) Yol
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7he AR 43 EXu] A E(Strophariaceae)?] Stropharia
rugosoannulata(GBDS  2488), A-%Ew A%} (Bolbitiaceae)?]
Conocybe lactea(GBDS 1111), Bolbitius demangei(GBDS
6927), FEWAlfH(Agaricaceae)®] Agaricus blazei ATCC
76739) 5 H HEWAH FHAHOZ fARRE FabRal
Podaxis pistillaris(ATCC 38868)2 A1nrst %] tDNAS] ITS
°303(258, 5.8, 175U 3 E§)e) Wit Aridd e 2als)
of Akl A3 fd BAE LM ke

R

SAlEFE U HHYFEA
¥ Aol AM-E 5= Table 19 viel} g}, 2] =)
oF& 98l o]-8-= x|+ SAB(Sabouraud Dextrose broth)=
A} Difco Co.2] AES o) 45tk 25°Coll A 120 rpm.o2
A5} v ekS shol.on] oF 15U %k wloFstslt).

Table 1. The list of species and Genbank accession number of
Coprinoid taxa and its allies used in this study

Species Strains Geographical ~ Accession
Coprinus comatus GBDS 536 M;yﬁg;’fg“ ﬁggggj
C. atramentarius ~ GBDS 1008-1 Seoul gg:gggg
C. cinereus GBDS 2249 Nepal ﬁg:gggg
C. disseminatus GBDS 2221 Nepal ﬁgigggi
C. echinosporus ~ GBDS 1669 I;V;igg“;“;f ﬁgigggz
C. rhizophorus AST 20013 Chc}:)?f;?arzi- do ﬁggggi
C. micaceus GBDS 2112 K;;‘:;‘g’? o gggggg
C. radians GBDS 1075 SJZZ?EE(()), ‘:FFg‘S‘;ggz
P. candolleana GBDS 2191 Nepal ;Fgggggi
Podaxis pistillaris ATCC 38868 USA ::Fngg;g;
Agaricus blazei ATCC 76739 USA iFFgg(l):Zi
Bolbitius demangei GBDS 6927 Suwon -
Conocybe lactea  GBDS 1111 Suwon -
flirgooljv;;‘;’;:riulata GBDS 2488 Suwon ;nggzgg

*GBDS: GenBank Dried Specimen, Molecular Genetics Division,
NIAST, Suwon; ASIS: Agricultural Science Institute Seok, Suwon;
ASI: Agricultural Science Institute, Suwon; ATCC: American Type
Culture Collection, Maryland, USA.
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Fig. 1. A structure of rRNA gene cluster of higher fungi and
primer design for PCR amplification and sequencing of
ITS region used in this study.
ITS 1(forward primer):5'-TCCGTAGGTGAACCTGCGC-
3'(19mer), ITS 4(reverse primer):5'-TCCTCCGCTTATT-
GATATGC-3'(20mer).

Total genomic DNA 22|

Graham(1994) 52} v} d] wle} BT AZxAZ 1 E A}
AZ A ko] B FA AT ohe 1 mid] $5 4
&(2%(wt/vol) hexadecyltrimethyl ammonium bromide, 100
mM Tris-HCI(pH 8.0), 1.4 M NaCl, 20 mM EDTA)|| z=
Al =gk £ 58°CollA] 5027 GA ] 3l 15,000 rpm
oA 1587 AR F oA FERE 2 Al
phenol:chloroform(1: )& 5~63] F&3F -3 ASA-L o
g2 st DNAE SN $AES 70% =hE
2 A 3}aL 200 wl TE buffer(pH 8.0)ell o Al&-3lgic}.

PCR primer Z}A

Coprinus?; B 7|e} @52 ITS 992 55317 #1314
White(1990) 5ol 93] Budl FFo]lFe] ITS 4y FF
primerE- o|-£3}53 21 o] &2 oligomere] 7|44 Fig.
13} 7}, £)9) primeri= DNA synthesizer(Applied Biosy-
stem Model 381A, CA, USAYS ol83le] A F
OPC™ catridge 2 o]-8-3}ed A ANste].em &A% primerd}
& UVESFEA(0.D. 260 nm)= =% 5}3c}.

rDNAQ| ITS 4 F=

PCR #F-2 0.5 m! microcentrifuge tubeel|A] A A)&}d
2.5 mM dNTP, 100 pmol primer, 2.5 unit Taqg DNA
polymerase(Promega Co.), 5 ul®] 10x buffer(100 mM Tris
pH 9.0, 50 mM KC, 10% Triton X-100), 2.5 mM MgCl,,
50 ng genomic DNA £-& =7l & Hof a2 50 ul
2 3+ & ukgo] kg uby| 9&) 30 wl/e) mineral oil-&
A 7)3hedc}. PCR ¥F2- 272 annealing %8 58°C=E 3}
.om cycle 358 WSS}

Cloning 2! sequencing

PCRZ 233 DNA ITS 492 9714 F-& A8
A4 HA o]E $-42 ©H-E pGEM-T vector system
(Promega Co.y2 o]&-3) 2| 23t F71-Ld& AA
7] ¢4l Sanger(1977) 59| dideoxy chain termination
methodZ 83+ T7 Sequencing Kit(Pharmacia Biotech.)Z-
Agsiotet.

HIIMLEE 0|88 7 24 BY & HVIMY S5
A% 5= & 218 ©]-8-= DNA ITS #9198 47
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49L& Clustral W X2 72-8 o] £3}o] A (alignment)A]
71 F 4 2o 2 vA S} Distance matrixs= Jukes &
Cantor(1969)3] 0 2 AtA gl on], AERFTE MEGA
2] Neighbor-joining program(Saito and Nei, 1987)e) 23}
2= et 2A"E ITS 971498 GenBank(National
Center for Biotechnology Information, www.ncbi.nlm.nih.
gov)ell 239l on S 2W 5 Table 1ol 24 s1¢dc).

g ¥ o

HEH A (Coprinus comatus)?] AE3A A5 FAA
22 Fal, 3] $l8] FEH A H(Agaricales) Well =
EH AR Coprinaceac)e} £} 4 52| Hehx fddA}
7S AL d#A EAw Ak (Strophariaceae)2] Stro-
pharia  rugosoannulata(GBDS 2488), A~wAl3}(Bolbiti-
aceac)?] Conocybe lactea(GBDS 1111), Bolbitius demangei
(GBDS 6927), 2|4l 7}(Agaricaceae)®] Agaricus blazei
(ATCC 76739) 5-& Aol HEulpie] 57 2 27
5+¢l Podaxis pistillaris (ATCC 38868)2} tDNA2] ITS o3<d
(258, 5.85, 1784+ X3S ol-43te] wm £ A3,
Stropharia rugosoannulata(GBDS 2488), Conocybe lactea
(GBDS 1111), Bolbitius demangei(GBDS 6927), Agaricus
blazei(ATCC 76739), Podaxis pistillaristATCC 38868)<]
ITS 239 =7]+= 586 bp, 546 bp, 556 bp, 608 bp, 621 bp =
7 a3 Ak AP d7]A oA 1~11 bp, 345~394 bp,
664~677 bp= W.E K- 2, 12~344 bp, 395~663 bp Hlo)
w2 93}, B3], Coprinus comatus(GBDS 536),
Agaricus blazei(ATCC 76739), Podaxis pistillaristATCC
38868)= Wo|7} Al3l $-9]2) 158~171 bp, 229~241 bpollA
0E F2 5 gapo® ZAE Y o] 52 £t 4714
d T2 v FALRE g vebdici(Table 2). ITS
7144 AEA oA Agaricus blazei( ATCC 76739y ZAHE
=H/T % C. radians(GBDS 1075)¢} 7}4} & 37%2] Ak
FAE e geh. A o wh(1999) Fo] B Aw}
9} 7o) F Hi(section)oll £33 FE- Alo]dllE 70% o]Ak2)
AEAS Yepgdcl(Table 2). 28y C. comatus(GBDS
536y ARl B-F<r % Podaxis pistillaris(ATCC 38868)
o} P E2 ATAEG6.1%rE Y R A
blazei(ATCC 76739)9} 55.9%8 HW.o] $£3it}. Fig. 3] AE
g BEXxe] Zsjexe C. comamus(GBDS 536)7}
Podaxis pistillaris ATCC 38868)¢} 872] #x]¢] Algx
(clade robustness)ys- v}elbNSISL, Agarucus blazei(ATCC
767392} AlE| % 578 Bl e group LIS 3AI3ksich.
B, 7 AAY xAE YAse  FE(black-spored
species) 5 AT AR Bolbitiaceae)2] EE7tdE AlF =
499] B-A](clade)E- FAd3slgd a1, HA W A% Strophariaceae)
9} 2w Alfl(Bolbitiaceae)?] HA]|A18 T 578 Wil
o}, HEW AR Coprinaceae) W] <7}(intergenus)e] £3
FAL e Al Se] FYAoE HEHAST ReE &

A& YA A o HEWHAS(Coprinus) Wl 3 A5
HAsg w HEWA FE = C. micaceus GBDS 2112, C.
radians GBDS 1075, C. disseminatus GBDS 22212}2] £-X|
2] AlE) =& 10002 9ts Zth(Fig. 2).

B A7l 2AE FF= 532 7594 H(Agaricales)
A HENARL] FEEA AFEA R a7t e Sz}
Eoll 93] FAAERS ] B Ao A7]=e]E vt
stk =3, FEHAFe YR fARE B4R
secotioid taxa S A Eshd] o 7 FEn]|AlE (Agaricales) ol
Z3A Aok ghrhw B asle] w(Jilich, 1981), L |24 &
T34l Montagneaceac= HEH A Foll A A= 1Fol=t
AR} w3 2 B-FFel Podaxaceack AT AR
o] A FollA FAE ZoE B, o] &2 FEHAR
(Agaricaceae)2} =-EH AR Coprinaceae)} . Ao 2
AL Fd A sl AeE FA39ct 183 Seco-
tiaceae = F-EFH Aol AAEUSS T4 v} slrt. 22
o] gt 4 olAlel|, Heim(1971)9] E-F-ot HAEH
ofo] Al gHFEA Aol Bl 23 Fo] Al
2 AFEHY A= A Avkdt gl s 1 9E o]
v 7habel . 9le-2 EelE 4 gt e FEHAES]
FANE ol ali-(Heterobasidiomycetes) 2 B3 o] #5
7} 21315 A& 2lF-E8 A5 (Aphyllophorales) o 2 3315}
At 714 FAE FRE FEHAS SR Hopor] 0%
HEW AT 4] = BFFE Coprinogastraceae, Gyro-
phragmiaceae, Podaxaceae % 3FH(family)s- ¥-F3ldc)
g3 FEu] ARl (Agaicaceae)l|A] FAYE EFFZE Seco-
tiaceae S Fgkrh 7] F AL FAL A ZAFTA Y
EREA A Aclal vk Bejdogd FA ek
223 A TSl ds BAESA WS o8
AlZzb 2 104 Aloel] F45E2 23] ghow 1 9l
271 wbsix]a glvi(Hibbet and Vilgalys, 1992; Hopple,
1994; Johnson, 1997). A}7] 3= 8kA}E(Heim, 1971; Jiilich,
1981)0] FA a2 HEMASL FFol i3t ASEFEA
ZAPl| A o]2igt Ao B AT} wig- AR AR o
A=t} 1 924 Podaxaceaeo]] &3l B354l Poda-
xis pistillaris(ATCC 38869)°] Coprinus comatus(GBDS
536)7F 1DNA ITS 392 d7]Md E4 A v #A =
(Phylogenetic tree)ol| 4] d}+}2] H-X](clade)E Ak 5
EvjAl B(Agaricus)el] <31 Agaricus blazei ATCC
767395k & 5% WYY FolH 252 FL v 4
Z2jo] gl Ao FYH oF FEUME EF
A3}l #gE o2] EARES] 2HE F Malencon(1955)
FEH A B (Agaricales)E TIFEH A FollA] Z13tE o2
Beka, FEHAE A o8] F(familyys F HEHA
Fol] &3z FEo| A3t AR Blfamily)yse] 5
E2 d#x ql+= Coprinogastraceae, Gyrophraceae, Podax-
accac} ZASIGT). 2] olsle whele] o)AE WHg
Lohwag(1924)= E-d-F-258 FE3HAFe] A5 1}
gich ngpTh weba A2 74 2AFE Aste vlae ¥
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82— Coprinus micaceus GRDS 2112 ]

10 ——— Coprinus radians GBDS 1075 I

Coprinus disseminatus GBDS 2221

&

Psathyreila candolleana GBDS 2191 ~ —

Coprinus rhizophorus ASI 20013 JE—

r Coprinus atramentarius GBDS 1008-1
IOOAI Coprinus echinosporus GBDS 1669 II
72

43%~————— Coprinus cinereus GBDS 2249 —

Agaricus blazei ATCC 76739
o ——————— Coprinus comatus GBDS 536 III
57
81————————— Podaxis pistillaris ATCC 38368 —
Stropharia rugosoannulata GBDS 2488 —
——L Conocybe lactes GBDS 1111 IV
57
49 Bolbitius demangei GBDS 6927

Fig. 2. Dendrogram based on a comparison of ITS I and II re-
gion sequences from coprinoid and dark spored taxa.
The branch pattern was generated by Neighbor-joining
method. The number at the nodes indicate the levels of
bootstrap support based on Neighbor-joining analysis of
1,000 resampled data set.

uf] HEWAlE $E 5 Coprinus A (section) Y] Coprinus o}
Aol &3tz £S5 7] o E HEHAN FEH ASER
stx o2 TdAEA3H(Monophylyys siskehe HElEF
gAHEe] FAHE Tl o]F(Paraphyly) ¥ olF
(Polyphyly) Al 531315 3|52 & ¥ 4 st 2=
et o g BHRE ERIoL P plsttllarzs ATCC
388682 E--B-(Gastomycetes)®] & & 2R}
= FEuAl E-(Agaricales)e] &t 7Hzﬂi/"] EHEE 7ol n}
H2E 7102 AlgH A

5 e

HEWAR 2 FEAA 44 2R AT 44 B
AT A7) 8 ATERNE Aug AUz e
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