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Diversity of Culturable Endophytes and Rhizosphere Fungi of Volvariella brumalis
LI Peng, XIONG Xue, XIANG Zhun *, HE Yaowei, LIU Zhongxuan, WANG Jing
(Guizhou Institute of Biology, Guiyang, Guizhou 550027, China)
Abstract: [Objective]l To promote the cold climate, specialty mushrooms in Guizhou, Volvariella brumalis as an ideal fill-
in of the popular straw mushroom, V. volvacea, for wintertime market, the culturable endophytes and rhizosphere fungi
associated with it were isolated and investigated to aid the cultivation. [ Methods] Specimens from the fruiting bodies and
rhizosphere soil of V. brumalis in the wild were collected. Endophytes in the fruiting bodies were isolated, cultured, and
identified by ITS sequencing using the traditional tissue separation method, and fungal community in the rhizosphere soil
analyzed by high-throughput sequencing. [ Results]  The 50 isolated endophytic strains were Volvopluteus, or the
traditionally defined Volvariella, genera. They belonged to 3 phyla, 13 families, 16 genera (two of undefined families), and 20
species. Among them, Fusarium and Mucor were the dominant genera. The fungal Shannon-Wiener diversity index was 2.45,
the Simpson index 0.88, the evenness index Pielou 0.88, and the Margalef richness index 3.83. In the rhizosphere soil, 67 919
sequences were detected with 276 kinds of fungi that belonged to 10 phyla, 131 families, and 213 genera. The dominant genera
included Mortierella, Lophotricus, Pseudeurotium, Pseudaleuria, unclassified_o_Sordariales, and
unclassified _c¢_Sordariomycetes. The Ace indices of 3 soil samples averaged 298.7, the Shannon indices 3.53, the Simpson

indices 0.08, and the Chao indices 304.23. [ Conclusion] Both the culturable endophytes and the rhizosphere fungi of V.
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brumalis were relatively rich in diversity. The information obtained would facilitate further research on the isolation,

cultivation, and pest control of the mushroom for potentially valuable marketing in winter.

Key words: Volvariella brumalis; identification; endophytic fungi; rhizosphere soil; fungal diversity
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He sp. nav. ) J&— Rl ELRR €8 9 (% I 78 AT £ 1R 7Y
W o e R SN AR YR 9T B el 4R B RO L R IOT T
19874 1IE X7 Mlaw 4, HE T H 7 @Il
( Basidiomycota ), B #5 4X ( Agaricomycetes ), B
% H (Agaricales ), YA %#E Rl (Pluteaceae ), £ i
w5 )& (Volvariella) . %45 DM, & & ZF A
HERR B IHITE, e PRSI 4
FBE A ELLE (Volariella volvacea ) 8 AL, 1BiZ
WP R RREE 4~14 C, FEARKELTK
FEMCE S W AE AR /N ZE L TR . UK E, B
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BRI, T B AR A /I B DY AR R RN TR R
B MBS Harie b . URBIGRYIA ST /Mo
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1.1 HEXE

TR RESE . FERMNEEXTHICIX .
A TE M e BB RS KT Bl D X SR, R ETA
AN ZERRAS 29 200 ) 5 BERESERE . UM R ER)

120 TR HIbRS, BARELR,
12 h 958 B TR 40 5

B R AR . 2020 4F 12 A F 5 M A XL
JIIXAHFAA (27°98763.22"" N, 106°90'94.65"" E, i}
K 879~1000 m, JRJE 6.5 °C ) K58 A= & /N JE 16
F2 3 A b DX B R 2 DX A S AR Ry e 45
i, EHERAUNRD T, RS KRS R B
JEREAERIAR I SR A I o T ik AR BT AR /MUY
BRSO R 34 10 mX 10 m O EA7RE T,
TR TFER DB, F2I 3 R 2 /M Il 1~ 52
e, MRS F/NORBOLEERE N L3, 51
FE 7 Hie BROG F 2 AU B AR 2 3 AL 8 1 IR
AR, RELEREN A, BELHRAE
34y, A RlgmS R Sl S2. S3. BT KEME L
A E R IKFR 20 C IRAFE& .
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A 2R A B 14 2% /Nl 1D 2 AT R - K SE S A A
FRLA R HEA Tl ), 45 30 SR R BE A FLASH
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AR A ST AN T uE A9 B0 A .
2 18 97% FLK T B OTU #5415 B 48 it 4
Br, ¥ OTU 5 NCBI %48 & L xf 3% OTU #E47#Fh
HR. M EAMED ZHEE R0 R (www.
majorbio.com, FiEEEH Y EAGFEARAA ) 3
1T Alpha £ ¥ % Shannon $5 % ( H ). Simpson 45 %{
( D). ACE $5%f1 Chaol 88037, >RH] RDP classifier
DU OTU ARFR T HNHEAT 43 252450 T o
13 2 NEHEERRENEEENIB5LTE
131 @b %r i 588 (LK) 200g,
FE 540 g (B A% 2-3 em Bt , WhoK 30 min), 7 %4 b
20g, HFIMR2g, B S 0.5g, BRAZH05g,
MgSO, 7H,0 0.5 g, 4i/EZ B, 10 mg, FAEH 20 g,
EBFIK 1000 mL, pH H4K.
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(L) B0 47 BR 2> &) Bzup b 20 B 1 25 N 41
DNA il #2307 G 42 U 25 4l ik B R SE R 41 DNA, $2
B2 J5 ) DNA & H] B & 519 (ITS1: TCCG
TAGGTGAACCTGCGG; ITS4: TCCTCCGCTTATTG
ATATGC) #17 PCR ¥4, 1521 PCR " H£ 1.0%
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i R R S N A B T AR, T B N 91 AT RS
VCBC, HI MEGAG6 43 il Ah i 4 /M A4 22 50 4 8 %
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Xof SR 4 B Y A /NI i - SR HEAT Or B L Al
b, 1534 /N I 45 B AR . 28 PCR &34 A 41
. BRI A M A B B tDNA ITS X B K
J# 4 640 bp, 1% GenBank 5% % 5555 OM 108495,
H% Blast # %, 45 R ¥°8 Volvopluteus gloiocephalus
M1 Volvariella gloiocephala, T #AHLTF 5 20 %, IF
2 & Volvopluteus . Volvariella X Pluteus = K J& # UL
iy, L@ /ML REKBEW . HIE L
A, ZWRAGEEABRRA N RKRER, M
Volvopluteus . Volvariella F1 Pluteus 5 7 — 1~
& /ML LS I8 T Volvopluteus 257 5 570 K
BE, W Volvopluteus . Volvariella TE[6)—258E, MiL45
€ LK) Volvariella ZE 8,  Pluteus M5 Sl — A~ 258,
B4/ N g J& T 48 L Volvariella 2T .
22 ZNEHEAEFAALEERMEARRERS
EBXAR

38 6 SR A B A A/ IME IR g 120 SR AE B
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( Meruliaceae ) . ¥ Ji& ff1 £} ( Tubeculariaceae ) Fil ¥
# Bl ( Coriolaceae ) #HXF 3 2.00%; K& LB
FHRTFEE N 4.00%. WEAF- L, $RITEIE ( Fusarium )
MEIE (Mucor) N ALHIE , AHXFF 5 5
24.00% F1 16.00%; BRG 4 )& ( Stropharia ) #HX} 35
H 8.00%; H W & (Bjerkandera). %4 %8 W )&
( Schizophyllum ) . ¥4 7= B W J& ( Clonostachys ). i
)R (Arthrinium ). W& JE (Aspergillus ) F1/NER
FeiflJE ( Microsphaeropsis ) % E£ R 6.00%; £ fL
W )& (Polyporus ) #H XF F= FE 2 4.00%; 5 Ik 1 )&
(Phlebia) . # W J& ( Myrothecium ) . 1 L % J&
( Ceriporia). ¥ % J& (Penicillium). Leiothecium
F1 Parengyodontium FXT =LK 2.00%.

NG 2= G Ty Gl e R A NS 5 e R NS 2 S =
T Shannon-Wiener ZE:468% (H) &y 2.45, Simpson
8% (D) 24 0.88, 2] Ji 5 %L Pielou (J) 4 0.88,
Margalef F= & FEFR 20 (R) H 3.83, X FRHIAL/NH
AT B RN A B N E A, B R % s
SRS BEMERE
23 ZFNOHEEETIREREMEARMERSL
BXFE

HH A 2 WAL, 3 AR Y SR S R R T
99%, & WITE RS SRR S WA i v T B 1 S B TR
I GO, T TR 3 4> 3 ) Shannon 48
. Simpson $5 % . Chao $5 £t DA & Ace #8 %7 %1,
NI R R R S —E R,
R 5 B 2%, HLOF35 Ace $8 %K 298.7, Shannon
& £ 3k 3.53, Simpson $5 44 24 0.08, Chao f& 1 N
304.23,
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J& (Cercophora). % )& (coprinellus). ¥ 175 WE % W W B (Plestosphaerella) . R 81 % & B
J& (Emericellopsis ) . $fJIEE ( Fusarium ) . IS ( Pseudeurotium ) . K& ( Trichoderma ) . SN &
( Gonytrichum ) . 52 itk B8 J8 (Lecythophora ) . i ( Ustilaginoidea ) . FEIEAREEJE ( Volvopluteus ) . 1
F5¢ )8 (Lophotrichus ) . 4R 1B W J& ( Metarhizium ) | Yi5c)@ ( Westerdykella ) . Eleutherascus. Pseudaleuria .
W B | (Olpidium) . /N # B J& (Pezizella) | Ticharina ., Apiotrichum . Cistella N AN B8R or25

KP826741.1 i 6 %E Volvopluteus

MWO033405.1 K55 % Volvopluteus gloiocephalus
HMS562203.1 %5 @& %5 Volvopluteus gloiocephalus
HM562209.1 Ffigg GG Volvopluteus gloiocephalus
MWO033406.1 %5 5% €IS Volvopluteus gloiocephalus
MWO033401.1 #555 GLHIZE Volvopluteus gloiocephalus
MN738634.1 % i B IS Volvopluteus gloiocephalus
OM108495*

MN738645.1 %hiii BLII%E Volvopluteus gloiocephalus
10 | MK616346.1 @ G JI%E Volvopluteus gloiocephalus
DQ494701.1 X5 5 53 Volvariella gloiocephala
MKG616344.1 %5 35 6 I%E Volvopluteus gloiocephalus
MK616345.1 gz tLiHEE Volvopluteus gloiocephalus
MWO033404.1 %5 55 €IS Volvopluteus gloiocephalus
MW033399.1 ¥img %k Volvopluteus gloiocephalus
MWO033402.1 %555 €LIHI%E Volvopluteus gloiocephalus
MW033397.1 #h & %S Volvopluteus gloiocephalus
MW633065.1 55t % Volvopluteus gloiocephalus
HM246495.1 }i 56 535 Volvariella gloiocephala
MW033398.1 Kizg t i %k Volvopluteus gloiocephalus
MWO033394.1 Volvopluteus

HM246499.1 Volvariella

10[
9| NR119878.1 Volvopluteus asiaticus
HM562206.1 Volvopluteus
? MW242668.1 L FE it Volvopluteus michiganensis
9

MK729542.1 B HE 6% Volvopluteus michiganensis
EU920672.1 Volvariella
10 | MW947489.1 R 22 ¥4 Volvariella bombycina
8 | OK093284.1 4142 815 Volvariella
MTO074696.1 Volvariella
MN738630.1 £V E FL % Volvariella dunensis
10| MZ245451.1 4R/ NI Volvariella pusilla
MN992544.1 HEHTE Volvariella hypopithys
MK770138.1 Volvariella reidii
7 MK412372.1 L8/ NG Volvariella surrecta
MZ159529.1 Volvariella
10V JR415141.1 Volvariella
HMS562211.1 Volvariella caesiotincta
MK412343.1 Volvariella
MK882997.1 Volvariella
——— MW683932.1 /N /NS Volvariella
6 MK882995.1 Volvariella
101 MF377507.1 Volvariella

MT644655.1 Ytk % & Pluteus
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Fig. | Phylogenetic tree of V. brumalis constructed based on ITS sequence
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Table | Composition of culturable endophytes in V. brumalis
. . B HERF = AR Bl BEPR S
Phyl 3} Famil 5 G
'] Phylum A Family J& Genus Number of strains ~ Relative abundance/% Similar species Number of strains
JE B R TR R 3 6.00 TR 3
Phanerochactaceae Bjerkandera ’ Bjerkandera adusta
TR 45 R o 1 . 200 RIRF U 4
Strophariaceae Stropharia ’ Stropharia rugosoannulata
R LR Sk R . 200 B K #¢ |
Basidomycota Meruliaceae Phlebia ’ Phlebia tremellosa
ZILEF ZILE R HEREZIN:|
2 4.00 . 2
Polyporales Polyporus Polyporus arcularius
R ER R IR 3 6.00 R 3
Schizophyllaceae Schizophyllum ’ Schizophyllum commune
AR B 5
AT Mucor irregularis
EFH W Rl Mucoraceae EFJE Mucor 8 16.00
Zygomycota HEEE
Mucor hiemalis 6
REHRIITH p
Fusarium graminearum
WArmedt B R AR T
. . 12 24.00 . o 3
Nectriaceae Fusarium Fusarium equiseti
I AHET] 3
Fusarium oxysporum
Je PR TR BEVETH R )
Tubeculariaceae Myrothecium ! 2.00 Myrothecium sp. !
AR R Tt B 1 3 6.00 b AR | 3
Bionectriaceae Clonostachys ’ Clonostachys rosea
TR SRR} e 5 6.00 TR 3
Ascomycota Apiosporaceae Arthrinium ’ Arthrinium phaeospermum
FER LA Wi T
. - 1 2.00 . 1
Coriolaceae Ceriporia Ceriporia lacerata
HE)E Penicillium 1 2.00 Penicillium aquaticum 1
g N
A i ﬁlf P JHh 3 Aspergillus fumigatus 1
spergiiaceac 155 & Aspergillus 3 6.00
RZ W% Aspergillus sydowii 2
ITESE- NERTEA R . . .
Montagnulaceae Microsphaeropsis 3 6.00 Microsphaeropsis amaranthi 3
Leiothecium 1 2.00 Leiothecium ellipsoideum 1
ARE X
Parengyodontium 1 2.00 Parengyodontium album 1
2 Alpha ZHMEIRR S
Table 2 Alpha diversity index analysis
TR Fr3I% Acefi$ Shannon?§ % Simpsoni %4 Chaoff# I
Soil sample Number Ace index Shannon index Simpson index Chao index Coverage/%
S1 60290.00 334.90 3.11 0.12 341.14 99.88
S2 71619.00 283.08 4.05 0.04 292.00 99.95
S3 71849.00 278.25 3.44 0.08 279.56 99.94
F3J{E Mean 67919.33 298.74 3.53 0.08 304.23 —
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W HESE)E Lophotrichus

W unclassified_c__Sordariomycetes
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W SRR Metarhizium
JEWiTtIFEE Cercophora
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W AR Tricharina

MW LR Coprinellus

W A Lecythophora

W unclassified_p__Chytridiomycota
W NREEIRFER Plectosphaerella
W unclassified_f _Chaetomiaceae
W ENEAE Gonytrichum

W Pezizella

W NERHE Cistella

W LAt Others
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W unclassified_p__Rozellomycota
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W BT R Acremonium
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Fig. 2 Composition of V. brumalis rhizosphere soil fungi at genus level

JCHI AR E LJE 114, 55 Unclassified o _Sodariales .

Unclassified_c_Sodariomycetes .

Mortierellomycota . Unclassified o _Hypocreales . Unclassified

o_Glomerellales .Unclassified_o_Rozellomycota .Unclassified

f Pyronemataceae.  Unclassified f Lasiosphaeriaceae .
Unclassified f Nectriaceae .Unclassified p_Chytridiomycota
Unclassified f Chaetomiaceae, A J& 1 3 L HEH
VI kB, AHARX F B 22 BRAR K . DAAHXS F 5 KT
3% E A B E, A SIitHRREA
Mortierella (20.59% ) . Unclassified o _Sodariales
(17.13% ) Westerdykella ( 6.67% ) Metarhizium ( 6.17% )
Unclassified_c_Sodariomycetes (3.69% ) .
(3.48%).  Lophotrichus (3.45% ).
f Pyronemataceae (3.42%); L+ H 2098 ¥ @ A
Pseudaleuria (28.28% ) . Lophotrichus (16.72% ) .
Mortierella (14.81% ) . Eleutherascus (6.50% ) .
Coprinellus ( 4.15% ) . Unclassified o Hypocreales ( 3.05% ) ;
+ ¥ S3HI L ¥ )8 B Unclassified ¢ _Sodariomycetes
(16.00% ).  Mortierella (12.88% ).  Cercophora
(6.06% ) . Unclassified_o_Sodariales ( 5.52% ) .
Pseudeurotium (5.38% ) . Volvopluteus (4.62% ) .
Tricharina (3.76% ) . Lecythophora (3.67% ) .
Unclassified_p Mortierellomycota (3.66% ); H o {¥
Mortierella 3 3 D PG RHE . MiLeG 3414
FOE AR, AN A E SR A
Mortierella (16.10% ) . Pseudaleuria (10.64% ) .

Pseudaleuria

Unclassified p

Unclassfied _

unclassified_o_Sordariales (7.74% ) .

(6.91%) .
Pseudeurotium (3.47% ). B& Mortierella J& T # fi
[T ( Mortierellomycota ) 7k, HA @Y JE T R[]

( Ascomycota ) .

Lophotrichus
unclassified_c_Sordariomycetes ( 6.86% ) .

3 itk

R A VA N SN B S R N S N = B
(i BE 7 6~ 12 C, AKFEY K5 & & 33%~
60%, ARNHRIE— ik 60% L 1Y, FIikL &k T
WA, 30k e WA /N A s 2 — o 1L v 2 £ 2 1
THE, FEREKER . 2RSS A
16 )RR TR 2 %l 1 o0 S AR 3R o ARG R RAE
BE 1 253 B 1R X A/ M I - SR EA T A B R A
Yoo, A8 T A/ o Sl T AR S T KR SR N AR
BB R S0 PIB IS T&/NMILEE RERE R
2, RME/NILIEG:E T Volvopluteus 21, Wl )&
TAE G2 LW Volvariella Z5#f . TR~ Volvopluteus J&

2011 4= 1 Justo 25 MAEGE Volvariella 2570 73 H S Y
BB, oA NICCRREE R, A /N g A

1987 AEEEL B 42 2 ERG R B RR T, L
£ 45 [ kG 55 0 45 ( Volvopluteus gloiocephalus )
GRVEBGE , A A ST T R R A T AR
5 A E T 2 L AR 3 A AN I 2
WP R T —E &1 Volvopluteus Z5HEF ), X Ui
WY 2 /N Al D o A - b B R i BB T 22 B
T, R/ H ST . TBR Volvopluteus
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JE A, 2 v I e ok Y A TR X R
et 1% B J8 30 J& , H b AR AR KA
JERWAERE, EAMRITHNSTERE LHET
WA AER, BRZMEBHE I EFRKHE
FHAWNIWAEH"", WRAHEEEE T+
W, JB T A SRRl e S B Rt e 21T,
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