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. [ %) ek48E B (Volvopluteus)F & T AR % #H(Pluteaceae), Bl AT EAXA 4 ANFF. [ B
1RAERE AR KA A TR, [FEIRERBALFFA, LB ERATF @GR o ik,
# I DNA, MZ 1DNA ITS 55, AFTRAMRAER Nt Mz MERZARLFTHM. [4R]
2019-2020 4 f£ F AR K LA S BB M BT REGIFAFT, A 6 WATAAFEHRKILAIE
V. michiganensis, ZAt AR AALAKEB LI, EEFALXF N T, RAKXRBGFRLIAARLE
V. michiganensis 574 (R XAFARTRA — Ao &, (48] FRLIANZE V. michiganensis H F
AL RAT,

EgEiE. A, RAREE, 2EF, F44LF

A new record species of Volvopluteus from China
RAO Gu DAIDan ZHANGBo LIYu

Engineering Research Center of Edible and Medicinal Fungi, Ministry of Education, Jilin Agricultural University,
Changchun, Jilin 130118, China

Abstract: [Background] Volvopluteus, a member of Pluteaceae, has only four species in the world
currently. [Objective] To investigate the resources of macrofungi in northeast China. [Methods] Samples
of macrofungi were collected, their morphology was observed and described in detail. Their DNA was
extracted, rDNA ITS sequences were determined, and the molecular phylogenetic tree was constructed
based on maximum likelihood and Bayesian inference. [Results] Among the specimens collected from
2019 to 2020 in Dunhua city, Yanbian Korean Autonomous Prefecture, Jilin Province, six V. michiganensis
were found, which had not been found in China before. In the phylogenetic analysis, V. michiganensis
collected from China was grouped into a branch with the type specimen. [Conclusion] V. michiganensis is
a new record species in China.
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2011 4F Justo F! U FOAN IR R G K T 400
SOUSZE 0 RAES DR M iiias & Volvariella
i M SR BRI EE> 1T pm AFRZEIH
— B FC eI R Volvopluteus Vizzini, Contu &
Justo 2011, fUFE 4 /M. V. asiaticus Justo & Minnis
2011 JE/RFLIEHGLE V. earlei (Murrill) Vizzini, Contu
& Justo 2011, ZhisdCeAN#: V. gloiocephalus (DC.)
Vizzini, Contu & Justo 2011 FSEHEFLI TG V.
michiganensis (A.H.Sm.) Justo & Minnis 2011, HH
FhIsFCEM s V. gloiocephalus AR, 1250258
KB T H F @ ] Basidiomycota . = [H W
Agaricomycetes . W H Agaricales . Y 4 B}
Pluteaceae., 2014 4F- Kaur S57E € 55 /\Jm [ bR B 4 4=
Wyt R ki b 2 G S ) PR IER ) &
=T, BLE B M V. diversisporus” F1 V.
Shafferii” , #% Index Fungorum (http:/www.indexfungoryum.
org/names/Names.asp)ior , {HIX 2 42 FRIF-BA 1
B R R, B RTEE 458 oA AT
L 4 AR,

2012 4 Senthilarasu 253 /I Bk J A14 G
AR JE TR rDNA ITS (ITS1+5.8S+ITS2)¥
YN ARG R B, RIFCCLEE 5/ MO JE
MRS K TR IR IX B, 5 Justo ZFIXHE I
JRIBFIT 45 A —3, 2020 SRR LA
Hi 2 i B TR A FRAE AN J2 DA 5 /NG A 2 i AR X 45
PRI A SR A A 2 T ik — Ak o

2011 4 Justo Z£PI7E Smith! il iy L 1 T
X LT s A AR A TR S AT T 1A
fiiik, FMET rDNA ITS JF41(GenBank & 535
HMS562195), 43+ RS HIE AW G LA Bon
A RA RN H B FFEEGEE V. Vizzini, Contu &
Justo 2011,

FoobtgsJE e T E 2 R S FOLN S
2011 4F: Justo %51 2WE B FE AW 8 I 2 55 /M
4% Volvariella gloiocephala X173 21X ™ J& , 7453
W/ MUBEIGE Volvariella speciosa 1F - h%h 55 /Ml il 4
544, G I AR FEOUIILS V. gloiocephalus (DC.)

Vizzini, Contu & Justo 2011,

FEVH AR AR A Hh DX AR B BRI Y s AR
MR TT RS 6 A F0emins g kA, &
EEHMAGR BN AU, Sa NERE
FLCMiLE V. michiganensis (A.H.Sm.) Justo & Minnis
2011, BlREINT
1 et5 8%

1.1 #8

ARWFTE I K W) 6 1y B P TG I T
2019-2020 4F7E MR SE I T 9 6 B0k T 7€
RIRLIH R, TARALAE T H AN R 2= WY
PRATE(HMIAU), FrAs 543002 HMIAUS7044
HMJAUS57045 . HMJAU57046 . HMJAU57047 |
HMJAUS57048 Fll HMJAUS57049.

1.2 FERFIFNE

RN DNA $RBGAN &, TR
AR AR A F. e BREE, TRREMER
i FiR) R AR
1.3 A&

TWTEFHER B SR A B B AM O %, Bl
R R AR FE Y27 B 54 (LEICA DM1000) F i#E1 7,
L 5% KOH AR, LA 1%MIRLT A e 5],
N1 fbpAs, N2 AFSeiRmfFRpLES: N3 4
BCAMARSFA TG, 858 N3, N2, N1, ffiig
T U 4S avl PR B, avw 3581,
Q WK HTERIREE, avQ N VX W&l
HAE 1 000 FEHREF FilfAT, HHIE T ERAES T HL BE
(Hitachi SU8000) 1.0 kV T4, TAEIEEl 8 mm.

PrASSERIZ] DNA (R BT AR Y 5L R 21
DNA $&Buffler, ITS o5 ¥R M 1TS1 Fl
ITS4" 21 PCR PAUIRINR T 1% B BRE BRI ik
2, WP TAEZH I S BRI R AT BR A 58
A, MFLERIEASE GenBank, AWIFTHRILT 4 4%
PULFOELE 1TS J751, 7i4b 14 S0 ITS )7
JIFZR H GenBanK, MFAEbrAIFO & &,
FrAEIRFSI I 1. A PhyloSuite 1.2.2M"Hi)
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MAFFT" 347 7 51] % (Alignment Mode: Normal,
Strategy: Auto), Gblocks!' ' FREURST ¥4 (Date Type:
Codons); F|F ModelFinder! e I A S 4L,
IQ-TREE 1.6.8"F1 Mrbayes®"V/r BIME RZ G LT
B, T AlCc (Akaike Information Criterion,
Corrected) b5 e, e KA SR 1L 10 e AR HUL A BT Sy
TNe+T, DU ik ) fe A 405 1 R O K80+,
IQ-TREE 4 F f5c KNSR v ik FH R M ) 9 25l
(Bootstrap), HU{HIXE N 1000,

2 BRELH
2.1 HPEFFIERMIRSHER

WEPLAOWEE(E 1, & 2)

Volvopluteus michiganensis (A.H. Sm.) Justo &
Minnis, Fungal Biology 115(1): 15 (2011)

Pluteus michiganensis A.H. Sm., Annls mycol.
32(5/6): 482 (1934)

W H A 66-83 mm, ZIESEHER, MHEZ
W R R E, PR Y R A U
WRHSI L4, MR R iR e, B%H, i

El1 BRI NERRBMEGH

Figure 1 Habitat and microstructure of Volvopluteus michiganensis

TE: A-H: #171K. A, B: #54° HMJAUS7044; C. D: bi4 HMJAU57047; E. F: b4 HMJIAUS7048; G. H: F4 HMIAUS7049,
L BT 0 075 Ko MUAERRIRIR; L. RIZERIRIA; M. FRWZ; N: AREER; INARRCY 10 pm

Note: A-H: Basidiomata. A, B: Collection HMJAUS57044; C, D: Collection HMJAUS57047; E, F: Collection HMJAUS57048; G, H:
Collection HMJAU57049. I: Basidiospores; J: Basidia; K: Pleurocystidia; L: Cheilocystidia; M: Pileipellis; N: Caulocystidia; bars in I-N:

10 pm
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JLAU 1.0 kV 8.0 mmx6.00 k

2 ERRIEAMEER T EEERE

Figure 2 Scanning electron microscopy (SEM) photos of basidiospores of Volvopluteus michiganensis

PGB AL A6, AR D5 A K
FatRar, BRSSO TP IALR . TG,
. WREYIETEe, RaVERE, B4, AR,
FEIETE . FEAK 84-168 mm, FF 522 mm, FIff, £F
AeMe i, hasESLG, N, WEREFEE,
HIH ARG E . W6, B, 22-26 mm, ARk,

AL TF[120, 6, 6][(9.5)10.0-13.5] umx[6.5—
8.0(8.5)] um ,
Q=1.33-1.85, avQ=1.57, WFEIEEKMEIE., HT
[19, 4, 6](33-56) umx(11.5-14.0) pm, 4 /M, HikE
IR, MIEFEIAR[14, 3, 6](53-123) umx(22-57) um, ik
B WERDE . BRERIRSBEHY, B, wiRE, &£
W ATEA TS, V2 MBRRA BRI T A
H1, (9.0-15.5) umx(2.5-4.5) pm. ZFE/K (48—66) pmx
(20-36) um, ZiRIE . BRRECE ML, &Y,
TRE SR 22BN RS, B 2-11 pm TEAY A 224108,
W22 FEIRTE SNSRI, AR B o
BEUSA AR BAR, ARRERITDEN . AN 22
6-17 um 55, [BFIE, TEaGEAwRaRE, MR
MG, ANZEIAR(17-108) pmx(10-16) pm, [EIFETE |
R ST o TRAE T2t BUE AR B AT
228, 3-18 pum B o 7EFTA HEAUH R LAIRE G

A BUERGHUCE, A, BRRIAE R T RE AR
R Z i TE 2=

oA R, SEHE,

avlxavw=11.45 pumx7.30 pm ,

WFFEARAS vl bR A s A IR IR M 2k
THRERIR LTI 43 | 15804, 2019 4 7 H 16 H(HMJAU
57044, HMJAUS57045, HMJAUS7046), 2019 4F 7 A
18 H(HMJAUS57047), 2019 4 7 H 19 H(HMJAU-
CR57048), 2020 4F 7 A 10 H(HMJAU57049).

22 RHEARESH

B (B 346 16 S 0LEE Rl 2 Z56H
7% & T8 B [ J2 41 Pluteus sect. Hispidoderma (P.
longistriatus ¥ P. heteromarginatus) tDNA ITS J¥41,
TEFRAUSR ¥ (Maximum Likelihood, ML) UL -3
7% (Bayesian Inference, BOAHENY R G0 Kk & W H 4477
KT 3449332 V. gloiocephalus /3 >7 , K AT
PO FUMAIRIEW ) 5 DR S iOtiaE RET
—AN 3, 45054 BP=100, PP=1; V. michiganensis/V.
asiaticus 5332, K HPEE 4 MEREITNE S
5 [ 5% BCHLMN 1) 5% P FE AN el B SR SR AE T
—AN 3, 855 BP=100, PP=1. V. michiganensis
5 V. asiaticus RAE]—/53 32 ,BP=88,,PP=1; V. earlei
o3, RANPRREILFE . FGHEFFE KA
5 MNEIRFC IS IRAE T IRl —A43 32, 4 si ) BP=84,
PP=0.99 TERTA 43 Hr b, B0 SCHRAS B4 s S FF
T1E ML v, V. gloiocephalus J&F 55tk H 4L
7, 5 V. michiganensis/V. asiaticus W IR S,
e BLAH, V. michiganensis/V. asiaticus +&=f/c43
AL, 5 V. gloiocephalus RCHARIRIFALZ o

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



el % SO E— b e A 3795

— Volvopluteus gloiocephalus (HM562207)
Volvopluteus gloiocephalus (HM562209)
Volvopluteus gloiocephalus (HM562202)
Volvopluteus gloiocephalus (HM562203)
Volvopluteus gloiocephalus (HM562208)

Volvopluteus michiganensis (HM562195)

Volvopluteus michiganensis (MW242664)

Volvopluteus michiganensis (MW242665)

100/1

64/0.81

87/1

100/1

—

0.05

88/1

B4/0.99 1, 5 o i ATArELARGEY
Volvopluteus earlei (HM562205)

100/1

Volvopluteus michiganensis (MW242669)

Volvopluteus michiganensis (MW242668)

Volvopluteus asiaticus (HM562206)
Volvopluteus earlei (HM562204)

Volvopluteus earlei (MK204987)
Volvopluteus earlei (MK204988)
Volvopluteus earlei (MK204989)

Pluteus longistriatus (HM562082)

L Pluteus heteromarginatus (HM562058)

B3 EFHKMSAEAMER rDNAITS EAREBRRFELER
Figure 3 Maximum likelihood (ML) phylogenetic tree of the Volvopluteus based on rDNA ITS sequences
. PYERLE s Bootstrap (BP)FHI Posterior Probability (PPYEARTEFESN S E(ML/BI), U5 H R ET 4 A5 P FTeARzs AL 7=k %
7N, GenBank B SAMELERZ G, M Pluteus longistriatus (Peck) Peck Fll Pluteus heteromarginatus Justo Ve RN

Note: Bootstrap and posterior probability values for internal nodes are given on the branches (ML/BI). Four Volvopluteus michiganensis from
China are shown in thick black. The GenBank accession is tagged after the species name. Pluteus longistriatus (Peck) Peck and Pluteus
heteromarginatus Justo were used as the outgroups

x1 MWERFLEMARAFT

Table 1 The sequences used to construct phylogenetic tree

DA syis GenBank &3¢S B A EP3
Taxon GenBank accession No. Specimen voucher Country
Volvopluteus earlei HM562205 Mamet7 Congo

V. earlei HM562204 MA22816 Spain

V. earlei MK204987 ALV17724 Italy

V. earlei MK204989 ALV17726 Italy

V. earlei MK204988 ALV17725 Italy

V. gloiocephalus HM562207 LOU18619 Portugal
V. gloiocephalus HM562209 LOU18247 Spain

V. gloiocephalus HM562208 LOU13710 Spain

V. gloiocephalus HM562202 AJ239 Spain

V. gloiocephalus HM562203 PBM2272 California
V. michiganensis HM562195 Smith32-590 Michigan
V. michiganensis MW242664 HMJAUS7043 China

V. michiganensis MW242665 HMJAUS7045 China

V. michiganensis MW242668 HMJAUS7046 China

V. michiganensis MW242669 HMJAUS7048 China

V. asiaticus HM562206 TNSF15191 Japan
Pluteus longistriatus HM562082 Minnis309203 Missouri
P. heteromarginatus HM562058 AJ172 Florida

e LA BRI 1751

Note: Bold font is the newly determined sequence
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3 WikESR

A R ek P O TC ST AR i, i R
1500 34N E e LE 8 Pluteus (JCH MBI E)
/MG R Volvariella (LA HE) . & ai)E
Chamaeota (47W B HTEIR I EEFE) . $0EmE
JEILHIMEARIE, JE TR V. gloiocephalus . V.
earlei % J& F/MUBEIZE R , 1 V. michiganensis Z |
SR TOCHLEE . S 2011 4E Justo ZEMXF v
michiganensis BEXARARBIUES, ZMHARIE, B
e Smith! i AR th IR K o Justo 05l 5
Z A (nSSUHTSHLSU)R G HERFELEW, K
PRFE AN 2 T8 RGN 28 & 1) R 2 06 RARIT, T/
LI R A RGO R, WIERS B, FRuhins
B FC TR ARG T /0N A 4 a8 R 150 HL A B R A 4R A
11 pm)PA SR T 5 BRI 22, X AE/ ML
JEH RN, . AR LI, KA ER 6 (i
LEFC A 1 70 FH A6 B T 28 B 55 Je TR 22 i 25 ) |-
BOMEGRE , ATLME R X 3/ M I 4 T A B ol e
AR

2011 4 Justo ZFUERFSOCIIEERI RS L T
KABRIL, rDNA LSU SRS, NREMIGHE
1 8 8 T A3 28R, AN REAR R AW 4 T8 AN % o5
/MILIEIGEZH Volvariella gloiocephala group B R ,
1M tDNA ITS KRB R4 . A H] tDNA ITS
FPOliEtT R KB M. £ NCBI B & V.
michiganensis W75, #E 2020412 4 2 H, ff

®2 TESXEMERARRELRENEERSER

TEFRA T U R 3R S 10 5 9 A 5 2 T 4t
BRI FSI HMS62195, 2014 4F Schoch 2215
UE TR APPSO . AT R RS8R & (&
/PG TR 4 F, aalE v
gloiocephalus . V. asiaticus. V. michiganensis 1 V.
earlei. Wor—F7K V- , FEEMEETEIX 4 DFhaT L]
BARR|X I3 B EAT DA RIBIE . 1
THIRIN . GRS AT T KIERA X S
AT EE R HAP A T KR <12.5 pm, &
TG R0 HHA 3 AFARX P, AT S
T 6 FRA RIS KB, B PR ANl T w5 i 2%
FAERBEE FEL, (AREAHXATIE, R8T
€, BIMETES/NHH T S WAF TR AR AL, T STk
102k V. gloiocephalus™ . V. asiaticus®™F1 V. earlei™
RIS G I HA 2R, B =F 11
A FKE>12.5 pm, GEPEFOCN LX)

B PLEFEOOAN 2 A R AR AS SR AR v T 5 [
AR 2 R (B B 3T 420137 38" N), A URITFE
FIERAER 6 3 B PR EE AT AN s T [ 3 bR SiE 3L
HEERR AN BT FE G 21 45(43°04'02"N) , 43
JERAR—EL, Wi I U, SRAR I T 7ERK
7=, TEAEKHREE B HAT = AR

ABETEEET 6 B PR EFBC L RIPR A XS 28
MIEASFEIEAT T IR HA, & T Justo P
X TR s B R A N 7, BT 5
AR TR INERESE, RN —L
2SR 2), FEEPTEGEER ., RIS AS

Table 2 The main morphological differences of Volvopluteus michiganensis in China and America

Syl (K Cheilocystidia W#ER Caulocystidia H:1% Habitat
Locality

SR LYY, Wik, (48-66) umx(20-36) pm AT . s e, o, EH R 2
China Mostly Spindle shaped, with a shorter stalk, (17-108) umx(10-16) um cylindrical, spindle Topsoil or

(48-66) umx(20-36) pm

shaped, or gourd shaped, no bifurcation,

deciduous layer

(17-108) umx(10-16) um

K [E e, BREKIE, HAKHE, (60-75) pmx
(15-27) um Spindle shaped, ovoid, with long
stalk, (60—75) pmx (15-27) um

America

BFTE s, AEA 4, (80) HE)H
(100-360) pmx(10-20) um Cylindrical or
curved, some with bifurcation, (80)

Sawdust

(100-360) pmx(10-20) pm
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G MR A TCSIE SRR X B0
5 Jm TR I SRR, AT BT LSS B ARG 2k
RIRZ Y, WAREE, RN RAE . 9
LA, RIS, SEF T2 0 B
SEE—E 25, TR SR R S EOL ek Ik
ZER AR E A
/LA T TV 2 R B BRI A TN,

BN Volvariella volvacea® ™ | V. diplasia[%]\ V.
brumalis® ™ | PAlaEAT SRR AR LR Cg k)
S AT AN R AR ST V. gloiocephalus™™,
MR EE A B 25 TR WAIE . 4T
Wik SR DN TR BARR AL, FEE
FEAE T HE BA /N A CR A K
<12.5 pm) KA e R SR, IR, ISR
R TN RE AR T AT REAATE B L A
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