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Abstract: Floccularia luteovirens, an ectomycorrhizal fungus in grassland, is highly valuable to
ecology and economy. Herbage rhizosphere microorganisms can promote the growth of
ectomycorrhizal fungi, mycorrhizal formation and the formation of fruiting bodies. In this study,
high-throughput sequencing technology was applied to analyze the microbial community
composition in fruiting body-emersed and surrounding soil of F. [uteovirens in Tibet, attempting
to explore beneficial microorganism resources for promoting the fungal growth. The results
showed that bacteria in the soil of F. luteovirens habitat could be referred to 17 phyla, 22 classes,
116 orders, 161 families and 227 genera, and the dominant phyla Acidobacteria, Proteobacteria,
Bacteroidetes and Verrucomicrobia accounted for 81.75%. Fungi in the habitat soil were referred
to 5 phyla, 17 classes, 34 orders, 55 families and 61 genera, and dominant phyla Ascomycota and
Basidiomycota accounted for 80.89%. The bacteria potentially promoting the growth of F.
luteovirens were Flavisolibacter, Flavobacterium, Gemmatimonas, Haliangium, Segetibacter and
Sphingomonas; the fungi potentially promoting the growth of F. luteovirens were Clitopilus,
Cortinarius, Mortierella and Mucor. The mechanisms of soil microorganisms promoting the
growth and reproduction of F. luteovirens need further study.
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3000-5 000 m FYECHL b (FZEE 20105 XIHRSE
2013), MR IRA L Kobresia humilis (ME

PAARER , AT 3R e L A (MRS 40%E 2002),
AR R A B 2 P LR (R R L
R 2008), LM, RAEFMRE, Al AR
RS, AIHLR . BUEAL KPR (e 2016,
Wu et al. 2019), HAB & EBNEMZETFAN
. A2, B B fedE bl # b 22 9 A%
SERTE R RIS RR N R, 2 R e D AR
655 AR R s, LAVIERCR Bl . PP
SRR, HIRZ3RIEIsh, oy, O, A

EE#R 907



FE ¥F /ARESEEHEERTIEHEYRHSEN

Research paper

HHRENEOEEH, SFBORSE BN ERK
FNEATZ B FE0 A5 HE AT i B 5 58 1) A5 B (X))
WAE 2013; XIEAE 2019), B, fedkisgs
B A A RVEAT () St N R A R A TR
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marplatensis. SHREFHINFIE Bacillus cereus . 9
R MIE Pseudomonas fluorescens FIFEHISEFE
PRAITE Stenotrophomonas rhizophila)Bet—H1¢
YR EHAIE . Curto & Favelli (1972)F58%
B E R ZFMFTFE Bacillus megaterium . K GARIE
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1.1 #mE&E

2018 4F 7 J VU 24 e L 1 v L ) WL
Pl Bk, HAR TR AR 4T
MEZRE . AR S EMEL | IG5, —
TR IR A4S B B mh—k,
AR A | R AL NS TEALFNHCR S A
5 AZBOE SRS Bab AR TH S 11 500 g (ad),
] B RE RS 1 m BA AR KB 48 Bk ) H 45 4E
JxFREAE SR (D ), F 7 NMEMER . 14 MRS
R EARG S | ik . SR B 1.
1.2 DNA IR SEENF

fi Fi(57 & FastDNA SPIN (MP Biomedicals,
Santa Ana, CA)M 10 g T 3EFE & HEEHUE DNA,
{8 %€ 561t Qubit 2.0 (Invitrogen) K ill DNA K 5
I E, LA 30 ng DNA Jgit, fdi ] SCEmb
RH & MetaVx™ (GENEWIZ, Inc.)FHE T 3C
JE . i ] 355 1499 (5'-CCTACGGRRBGCASCAG
KVRVGAAT-3")Fl T il 51 ¥ (5-GGACTACNVG
GGTWTCTAATCC-3") PCR " M5k AW 16S
tDNA ) V3 K V4 5 R 48 [X (Xing et al. 2018),
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K 519 (5'-GTGAATCATCGARTC-3") il
U511 (5'-TCCTCCGCTTATTGAT-3") PCR #”
HAEAZ W) 1ITS tDNA Y ITS2 X (Monard et al.
2013), £ 16S rDNA Fil ITS rDNA [ PCR /=¥
Kuihn Bl A Index 4k, AT 1llumina
Miseq (Ilumina)ll ¥ 128 51 SC . fd 1A 90 0 A
1 Agilent 2100 (Agilent Technologies)f il 3C /%
Jife, IF Halid 2661 Qubit2.0 A SO Mk
DNA IR A G, 47T PE250/300 R,
FH MiSeq il %5 /: (MCS) 2 BUF 41 {75 . (Xing
et al. 2018),

x1 7 TMEFEEFEFSLE 1 m TR
(CK)TIEHERER

Table 1 The information of seven soil samples
collected from fruiting body emersion sites of
Floccularia luteovirens (the surrounding soil of 1 m
away from fruiting body was designed as control)

FESRGS R e 1L4h
Sample Altitude Longitude Latitude
No. (m) (E) ™)

1 4500 91°22214" 30°30785"
2 4519 91°22'420" 30°30'693"
3 4659 90°40'035" 30°13'367"
4 4 645 90°37'463" 30°10"771"
5 4589 90°35'850" 30°09'872"
6 4 587 90°35'803" 30°09'817"
7 4 407 90°33'916" 30°03'881"
ICK 4500 91°22214" 30°30"785"
2CK 4519 91°22'420" 30°30'693"
3CK 4659 90°40'035" 30°13'367"
4CK 4 645 90°37'463" 30°10"771"
5CK 4589 90°35'850" 30°09'872"
6CK 4 587 90°35'803" 30°09'817"
7CK 4407 90°33'916" 30°03'881"

1.3 SBENFEESH

XS i I 32 B S 1] 91 G T 4 3 1
PHESR DA N HKEE/NT 200 bp RIFS1,
e WP, mE&E A SO T
OTU 431 1 Vsearch v1.9.6 (Rognes et al.

2016)EAT P FIRIL(OTU BUEBEN 97%), HXF
Silva 132 (https://www.arb-silva.de/) Y] ZH [ 16S
rRNA S5 58, lLXT UNITE (https://unite.ut.ee/)
MIELTE ITS rRNA ZH B . A5 1] RDP
(ribosomal database project) classifier 4 U1 -5
:(Maidak et al. 1994)%F OTU MR VEF S 17
Yk o385 000, IEEA R WIRI 03 28K F T geit
B . 2T OTU M brds
HEAF: Qiime 1.9.1 (Caporaso et al. 2010)%JFF it
79304 T REALFIRE 7% 43 13155 Shannon index .
Simpson index. SCPEE T (Good’s coverage)
Alpha ZHEVEFEE AT R 3.6.3 (RDC Team
2020) AT YA 2 SR 2 ARV 25 S o b s AT
precomp i 2 #E1T F LS HT(PCA) (Groth et al.
2013), AT plot T2 A5 PCA &, $ATH 14
VennDiagram 4=/ Venn [&lJ@/R41[E] OTU % &
725 (Chen & Boutros 2011). AR (1202505
KB, 1 EXCEL {71 7 e B B AR R 45
B BT WA v A 0 - ] CIRCOS 0.69
(Krzywinski et al. 2009)%} ¥ & 5 ¥ Fh it 17 3
NIRRT, S A A i 0 0 3 b 2
FE 51 0 2% I B b A AN T4 it 22 18] 9 73 A L
. RS B PR AFTE NCBI, A¥9i H %5l
PRINA759079,

2 BER54M

21 BEZHEM

14 3R 16S DNA 7 JRUAR TR0
H°h 46 913-66 103 4%, KB AWIE A 307 5
BHR 36 428-57 719 4%, JPHIKELETAMTE
440 bp Fl1 465 bp Lifi. FHEhh Good’s coverage
BIRT 0.992, e, Rl i H S0
B+ (8 A 45 - A i v A 40 R TR T A RO
S 2H (a A1) XS BEZH (b 41)AY Shannon $5 £0F-3%
{4535/ 7.95 i1 7.80, Simpson F8E-F-IIME YK
0.98 (% 2)-

EE#R 909
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Table 2 Alpha diversity of soil microbial community of seven soil samples collected from fruiting body
emersion sites of Floccularia luteovirens (the surrounding soil of 1 m away from fruiting body was designed as

control)
Feahdms AR FHRE
Sample Bacterial community Fungal community
No. Shannon index ~ Simpson index  Good’s coverage ~ Shannon index  Simpson index  Good’s coverage
1 7.86 0.99 0.993 3.29 0.92 0.999
2 8.44 0.99 0.993 3.49 0.92 0.999
3 8.37 0.99 0.993 2.90 0.79 0.999
4 6.37 0.91 0.993 2.49 0.83 0.999
5 8.42 0.99 0.994 3.95 0.95 0.999
6 7.79 0.98 0.993 3.58 0.94 0.998
7 8.37 0.99 0.994 428 0.97 0.998
ICK 7.49 0.98 0.994 1.62 0.55 0.999
2CK 8.41 0.99 0.992 3.24 0.90 0.999
3CK 8.30 0.99 0.992 2.62 0.71 0.999
4CK 7.74 0.98 0.993 2.99 0.89 0.999
5CK 6.01 0.92 0.993 3.29 0.92 1.000
6CK 8.27 0.99 0.993 3.80 0.94 0.999
7CK 8.36 0.99 0.992 4.14 0.97 0.999

14 A~ LHERESL ITS rDNA 75U 308 A

FI oy 48 509-84 310 45, EBRiRGIKEARUTI

KH g 41 948-71 348 2%, P HIRELE P 1E . 13 o1

290 bp Fi1 340 bp ZEf7o FAF L SURE G AREIR (5.76%) | (87.56%) (6.68%)

T 0.999, HuaREE, RENS HAE ST e

PR 2 L R v Y FL TR Vs 2 R DL S5

20 (a 41) FIXT BE A (b 2H) 1Y Shannon $5£0F-H411H 4

5% 3.43 Fl 3.10, Simpson FRECF-H{EIIH B

0.90 F1 0.84 (3% 2)-

2.2 OTU B2

NN e N 131 566 190
14 > RS TP A OTU Bt 1 511 4, (14.77%) (63.81%) (21.42%)

SEHGZH (a 4RI BRZH (b ) IEA 1323 4>, S286
Had)mA 87 1, XTI (b 4)yMmA 101 4
(F 1) 3254 (a: 1 410 Fi)AY AN FE SR B RS AR
TXTHRAL(b: 1424 Fh), ZRAPE. WHAK
T — B AN RE(87.56%) , (B LATIRAFAE
—E BRI (a: 5.76%; b: 6.68%)-
14 AT IERFES P EE OTU Hit 888 4,

SEHGZH (a A1) RN IR (b 413 H 567 4>, SZER4
(a Z)A 131 4, XFHEZ (b 41)AAT 190 (I 1),

910 EIFR

a
b

1 BHREEHERRQEEBE L LR ER
(b)#HE 16S rDNA (A)FIEE ITS rDNA (B)HY
OTU &

Fig. 1 OTU Venn diagrams based on bacterial 16S
rDNA (A) and fungal ITS rDNA (B) of the soil
microorganism in the Floccularia luteovirens growth
habitat.
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SEB2H (a: 698 i)Y EL TR S A AR IS AR T XS B 2H
(b: 757 Fl). WA K& — By AT
(63.85%), (HA5 ZATSRAAAE— & Lu il A I R 2R T
(a: 14.75%; b: 21.40%).
2.3 PCA %

XF 14 A~ EHERE S AR OTU #E4T PCA 43#t
(Kl 2A), Z5REI/RTINA (a d)FE 5L 5 X IR
(b 4)FESLAE PCL1-PC2 EM It h S £,

0.5- ' ‘
Group
0.0- Ea
[]b
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A
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10 =05 00 05 1.0
PCI (29.09%)

UL A 215 B A ERFR A UL R #5225 XF
14 > HHERES EIH OTU #E47 PCA Z30H1(8l 2B),
ZEIR IR a AR S b 4FESTE PC1-PC2 F K
ST EEED, U a 15 b A B REE
HINAFAE—E 25 5 -
24 BERASTH

144 - HERE RN A 17 AT T390 oy
RBEER 3): MRFFIEIT] Acidobacteria, ZEE TR ]

B
. 0.5
a Group
= 00 [F]a
a Eb
O
&~ 0.5

-1.0-

04 00 04 08
PCI (16.74%)

2 BHREEHRIR(EEBELHEDRFRO)AEQMEREB)EHZEHT TITE
Fig. 2 Principal component analysis (PCA) diagram of the bacterial (A) and fungal (B) community in the soil

of Floccularia luteovirens growth habitat.

A
100% [ s
m Unclassified
90% [ I Planctomycetes
Elusimicrobia
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W Patescibacteria
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B
100%
90% _ l
80%
70%
60% L m Unclassified
m Chytridiomycota
50% r Glomeromycota
0% | m Zygomycota
m Basidiomycota
30% B Ascomycota
20% r
10%
0%

a b

3 REEEHRIR()REFELEE LR ®RO) T HEEA)FMERB)JREMRB S LESE
Fig. 3 Percentage stack diagram of bacteria (A) and fungi (B) at the phylum rank in the soil of Floccularia

luteovirens growth habitat.
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Proteobacteria, T[] Bacteroidetes. P
I'] Verrucomicrobia, J{ZEIR ] Actinobacteria.
ZE M ] Gemmatimonadetes . Z4F 25 A [
Chloroftexi, JEEEM ] Firmicutes. AHfLIREE]]
Nitrospira . I Cyanobacteria , Patescibacteria .
C B & '] Rokubacteria . 3 B I [7]
Armatimonadetes . £ 4EfT [# ] Fibrobacteria ,
Entotheonellacota, £ Ei[#[] Elusimicrobia 7%
%% B ] Planctomycetes . . H & #F & I
Acidobacteria (a: 33.19%; b: 34.39%). B
I'] Proteobacteria (a: 29.28%; b: 26.30%)F14
FFE 1] Bacteroidetes (a: 10.28%; b: 12.12%)
B 10%, R FEEEAR T MEE=F BT 20 (1
JE RS A LR J& Sphingomonas . BAFT I &
Acidibacter . Bryobacter . Y5 ¥ # & Flavobacterium .
Flavisolibacter . Ferruginibacter . Z1. W oh 8
Rhodoplanes . TILIRIER & Nitrospira. FEA&FE
¥ Segetibacter . Terrimonas . 5 ¥ i 15 &
Pseudomonas . Blastocatella . 53 # J& Massilia .
% B W JE  Gemmatimonas . Haliangium |
Parafilimonas . JTo(OFF )& Achromobacter. %
KT8 Bacillus .58 S MU 1E Stenotrophomonas
F1 Chthoniobacter., H:" Parafilimonas 552564
(a )M VESR S s BEFF I & Flavobacterium . JG
@ ¥ W J&  Achromobacter 1 3 A H iy
Stenotrophomonas 5% BZH (b 2H ) A M5
(El 4A).

14 S HIFEARES P EEEA 5 AT TSR 5
KHE(E 3): FHERI] Ascomycota, fHF ][]
Basidiomycota, #5W[] Zygomycota, BRYEH
I"] Glomeromycota Fl47 [# | ] Chytridiomycota,
PR ] Ascomycota (a: 27.23%; b: 41.50%)
FIHHTH 1] Basidiomycota (a: 53.66%;b: 10.34%)
Yyt 10%, FEEART T Bw-FREAT 20 1Y
J& N IUEE R Mortierella. 135 )& Cladonia., %4
TR )& Cortinarius . RiAESGEHLE Trichocladium

912 EIFR

INGETE Mycena ., BRfJ& Fusarium . HEREEH)E
Massariosphaeria. #3548 Clitopilus . HHRZE
W& Archaeorhizomyces . £1RAKJ& Endocarpon .
22858 Geomyces. E%5iJ& Mucor. Hydropus .
M4 J& Hygrocybe . FHAE Bacidia . JtHE5T)E
Preussia. W{A¥ER5¢)E Didymosphaeria . FREKE
J& Cryptococcus . ¥KJit#:)g& Spirosphaera. 5t
fl J& Pyrenochaeta (¥l 4B)., H.vh 22 i1 )&
Cortinarius . #ii )& Clitopilus . TR ZEHJE
Archaeorhizomyces . 24>J& Hygrocybe. FF{A&K
J& Bacidia MFE#IERTE & Didymosphaeria 555256
H(a AR R ; YifEEE Mortierella, f1
& Cladonia, %WHIEIJE Trichocladium . 7|
4 & Mycena . ¥RLJE Fusarium . A R KJE
Endocarpon 12255 & Geomyces . B & Mucor .
HHBTEE Preussia FIBKIEEE & Spirosphaera 5%
REZH (b Z)AH A 5

3 it

ABIF 5 25 0 S 7 VU O SR A B Ak AR B 1
B o Z K1 (Shannon 8 ECE(E 7.88, £ 2;
1 511 4~ OTU, Kl DIEB&ETHE o 2k
(Shannon F8BCF-1MH 3.27, % 2; 888 4> OTU,
El 1), 5F)3 22552005)F1 Xing et al. (2018)FHF
FEAR—3, — 7 H AT RESE B A A B 2 1
HErh g i Z A YIRS (Wang er al. 2016),
31— WA A R RO AR W e
g A B A, AR SRR S T s B
a4 RE ST, TEA PRI AEZS A7 rhmifil 1 At LT
PR A i i Sl (£ I ME T K 2014).

VU 2 2R A5 B 4 AR P 398 A4 TR R 7 2 A 1
(Shannon F8HCFHIME 7.95, LK, a 41, £ 1)
Wi e L FELAS A R 2 B 4% 4% (Shannon 8
HOFYIH 7.80, XTHELL, b4dl, £ 1), 5ER2%
(2005) WL 45 R — BB 2 B o P8 b AN A
H15.42x 1071/ ; BN ECER R 10.34x107 1> /g),
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Fig. 4 Collinearity diagram of top 20 bacterial (A) and fungal (B) genera in the soil of Floccularia luteovirens
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XA 2 RETE 22 53 01 B2 (P>0.05) . 4R,

Xing et al. (2018)IMFFE HI & B G4 B4 6B
T 1 i B T M A TR A VR 2 RE VI TR A JC
- A TR T AR GRS Tl 2 1k B A TR
Shannon 8 50CF-(H 5.55, EE45E B Shannon $§
BOFHME 7.38, BE#ERESh Shannon FRECE-INE
7.58). VUL L% Bk A T RN R B 17
ATTAME 3A), FERT 10 AT (RFFE
Acidobacteria, ZFJE R[] Proteobacteria, LT
I'] Bacteroidetes . JEfd(I&[] Verrucomicrobia. Ji
£33 ] Actinobacteria . Zf . Jig ]
Gemmatimonadetes . 225 [# | ] Chloroftexi. JE&E
P 1] Firmicutes. fiffLI2 A 1] Nitrospira Fli#5 4
I"] Cyanobacteria)5 Xing et al. (2018)fJHF5E 4k
W8 (AL H ] Proteobacteria . 2 FF i []
Acidobacteria, f{fF] Bacteroidetes., JH{ZEH
I"] Actinobacteria, ¢ 25 B[ | Chloroftexi. Zf FAJI
B[] Gemmatimonadetes . JSEEE[ ] Firmicutes, fiff
AEHZEEE ] Nitrospira, P[] Verrucomicrobia Fl
W5 Cyanobacteria), HIEMFHRA AR, Xu
et al. (2020)7E 4% 45 B B 4 el b ) 43 25 3|
JC 0 FF 18 J&  Achromobacter . % 1 T 1 &
Bacillus . B MEE Pseudomonas FIFEFE LA
W& Stenotrophomonas ¥ , BEREAS i 3 (e /F v
SDEEWHmELMAER, WS =
Trifolium repens J& A . M5, HEIRYH
WRANAE a1 5 b 2 W J0 i 3 2 55 (B 1A,
2A F4A), {HIX 4 & FEEHES IR MR 20
(K 4A), #E—EAE T Xu et al. (2020)HF57 45
B 31X 4 A T A AE s A R T PG R A5
B AERMEMRIE . 5398, Flavisolibacter
(Picard & Bosco 2003) ., E 4T % )& Flavobacterium
(Zhao et al. 2019). ZFHMEE Gemmatimonas
(Timmusk et al. 2011; Chuanyu et al. 2016).

Haliangium (Zhou et al. 2018) . FE% 551 A
Segetibacter T4 % 5 FA M J&  Sphingomonas
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(Chen et al. 2014; Rincon-Molina et al. 2020)RE1%
PEHFRED A I SR AE PP AR - S A
BEJ1, X 6 NEWFELEADIE hHES IR A Hi
20 (Bl 4A)., BgEEM SHEY BRI, Ktk
XL P L A] RE S B4 S B AR TE MR A T . AR
MM, Xing et al. (2018)F A TSA (tryptic soy agar)
1 R2A (Reasoner’s 2A agar)iiFf RAE #1446
e M e o S e [N e s s M ]
BERTIX B B HEA T 40 2 0T T SR AR G B A
A KAV TR AR T IR R

U 2 2 45 B 4 AR P - 458 EL TR I 2 A 1
(Shannon $84CF-49(H 3.43, a4, F DEHETHSH
FEAVAE K #5445 4 1-4(Shannon FRECFHI(E 3.10,
b4, 3 1), X5 T 24552005 WFFE 45— 3 (%
LG EARRE BB 64.46%10° 1/g; SN
HEUE R 40.91x10° 4/g) . 4R, Xing et al. (2018)
MIDF IR AN R BT 148 W 5 B4k 1k 18 b 115
FLR VR Z AR T T - S B R VR 2 AR
(W25 Bk B 45 18 - F A Shannon 5 50-F-34{H
3.69, M54IE B Shannon FEECF-I{H 4.30, B4k
P41 Shannon $5E0CV-IME 4.74), PUmlH LG E
A B F IR E B S DT TA (PR
Ascomycota, HF ] Basidiomycota, 5K
I'] Zygomycota, ERFEF ] Glomeromycota Fl4F
# 1] Chytridiomycota, [ 3B), il Xing et al.
QO WFFR L R P F AT 3 BT T(FHREW]
Ascomycota, ¥ [ ] Basidiomycota F14E [ ]
Chytridiomycota), FLIHJBLA ML a 415 b H=Z
IR 2 (B AL 63.85% OTU, a 4lMlfy
14.75% OTU, b #HMA 21.40% OTU, [ 1B,
K 2B), H W HKIE Bacidia . # % )8
Clitopilus 220 )& Cortinarius {UAFTE a 4
(K 4B), #5548 Clitopilus (Peng et al. 2021a,
2021b)F1 22 i H J& Cortinarius (Kithdorf et al.
2016; Niskanen et al. 2017)7] L5 ZFh I+ AR FIE
ARIEBAMETRAR, H 918 A PR | PUkEE
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77, PEHEREYIAE A, DRI T RO i R A RS
FEY) ) E R AN A A, R T A T B e 45 T 4l 19 A=
Ko Oh er al. (2019)7E 5h A T AR B I FA B
Tricholoma matsutake B4R I3 28 Bk 5 @
Mortierella MIEEEE Mucor, ‘BT FIARH =
YIRE B e ST AE K AP P X 2 MR g+
FEHEAATT 20 B (K] 4B), XL ECH AT RELAT
F TP B A s B i AR (H H TS ARAT NSRS
LA X B4R B S I HEA T 9T, DXL IS 2
HE— 2558 UL A i B 4k 4 B AR KR AR AR
ST

T RGERB NN E GG BN EE .
VG S U 1] b A 0 A1 TR [ 335 2R G o 72 55
2015). Xing et al. (20185 T F B4k 45 B
AR AR YIRS  AWESERIE T PR Sk A B
A BRI IRETR L D1 ANE T TR o3 A DO 1 R v
L Bk DIERUE YRS AN, Zad = x)
Fo, 88N R WG BB A W 12
i, NPIEE YR B s B s 5 DA R AR
Koo BT RREL A 29 LA

B Rt A FRMAEMAR IS EMRT R EEMR
Folb TR L K FHER B RAFR ST F & Lo

FaF5 B,
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