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Abstract; Soil fungi play a pivotal role in health and stability of rhizosphere ecosystem. The genus Sonneratia were a
pioneer group of dominant mangrove plant species. In this study, the rhizosphere fungal diversity and composition of six
species of Sonneratia mangrove were investigated by Illumina high-throughput sequencing method with the internal

transcribed spacer-1 region, the influencing factors were also discussed combining the physical and chemical properties of
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soil. The results showed that the rhizosphere fungi communities distributed into 7 phyla, 96 families, and 155 genera were
dominated by Ascomycota members with relative abundances more than 27%. No significant differences were observed
among the six mangroves species at phylum level, except for the relative abundances of Basidiomycota. Significant
differences were observed at the genus level, such as a higher relative abundance of Aspergillus was 29% in S. ovota, but
the abundance was only 3% in the S. X hainanensis. Some special members of fungi were enriched to representative
populations in different mangrove species, such as the relative abundance of Malassezia and Trichorotium was 9.31% and
10.05% , respectively, in S. apetala, while in the mangrove S. X hainanensis, the representative members were Talaromyces
(19.61% ) and Acremonium (13.58% ). Comparing the Simpson and Shannon index of the six mangrove plants, the index
was the highest in S. Xgulngai, the lowest was in S.ovota. These results indicated that plant genotype could affect the
composition of rhizosphere fungi. Analysis of soil physical and chemical properties found that the soil available potassium
content was significantly positively correlated with the relative abundances of Basidiomycota, total phosphorus content was
negatively correlated with the abundance of Ascomycota. The rhizosphere core fungal diversity and analysis of six Sonneratia
species of the genus mangrove showed that the dominant fungal group Aspergillus and some low abundance fungal groups,
which participated in the carbon cycle by degrading organic matter, played an important role in the stabilization of the
rhizosphere soil ecosystem. In short, the rhizosphere fungal communities of the Sonneratia mangroves were highly diverse
and rich, and some representative fungal species colonized in the rhizosphere of different mangrove plants. These fungi can
form a good symbiotic relationship with the Sonneratia mangroves, providing nutrients for the mangrove ecosystem and
increasing the growth rate of the mangrove forest. In this study, the community diversity of rhizosphere fungi was investigated
in the Sonneratia mangrove, which provided some essential data on effective protection, reasonable utilization of Sonneratia

mangrove resource, and population restoration.

Key Words: mangrove; Sonneratia; fungal communities; rhizosphere microorganisms; high-throughput ITS sequencing
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FEARAST™ 0 | Ab T [ A5 BE ) A1 £ DR, L v v g YA 5 R B 085 S5 R S B, 800 S R WG A, HLER B8 A
(A8 PR SR AR £ ) 1 o TR SR R SRRl LA S B A R B T 3 7 e DR 2

http ; //www.ecologica.cn



6 4] LR A5 N LU R AR B BB R i SRR R 1 2519
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NP S R AW, 4045 ¥ 5& ( Sonneratia caseolaris , Sc) ¥R 2 5& ( Sonneratia alba, Sal ) | $2) # 5& ( Sonneratia X
gulngai ,Sg) . BN M1 5 ( Sonneratia ovota ,So) 16 P 1§ 58 ( Sonneratia Xhainanensis , Sh) F1 JCHE i 5 ( Sonneratia
apetala ,Sa) ,
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BRBE HARARAR 280 R4 5 AR AR PR IR B — 1y 1A SRR L HER G 5 5 R A TCRAE S 48 rh, 313015
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1.2 HHERE R
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1.3 HHOLRA] DNA R

K MO BIO 120 € 455 WAV URIT S 1Y 0 I B2 WL SRR o P AR W B R 2H DNA X 2T N BT AR )
BHE B Oy A PR 2 H R OITS1- SF 51 4 (ITSS: 5'-GGAAGTAAAAGTCGTAACAAGG- 3', ITS2: §'-
GCTGCGTTCTTCATCGATGC-3") #EAT4 #4120 | 1 Mlumina 1538 500 5 7 6 0%, % B G BCR 41T Tags PF
1 Y —ARAbE 15 FE e R LA RN B PCR S B A 2 R RN 2 80 B BAR S IS, Bl gy
FWERAE /TR HIC(OTU) HRAE barcodes ¥4 A [RI AL FRAL (9 7 5145 B AT R . B> OTU XL Y43 2545 8
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1.4 Wb ZHEvE A B
1.4.1 Alpha ZHEVE T

FEA NI DRI 0 - 5 BE RN Z AR Alpha Z2RE0E T SOk A3 BT e i N TR IR T 1) 2R, 2
FrETF R S S T YR ECH , 5 QIIME ( Version1.9.1) 3155 Observed-OTUs , Shannon , Simpson il
Chaol Z5484K, I PP & AEA TP RUAE W IE VR B WA 8 T M Z A% 22 5% . Shannon F1 Simpson #5802 i
FEVR PR A AP S BE RS2 . Chaol F8 &K SAFEHEVE th IRl A BCiE | AN =5 IERE 7 vh B S Rl i =R
JEREBL
142 Beta ZHHEHT

FIF QIIME ( Version1.9.1) #4118 Unweighted Unifrac , Weighted Unifrac, Bray Curtis, Euclidean [ 2554 | %}
TN A RS ) B TR VR A I EA T PCoA 43T, i3 PERMANOVA KB X FREA R R RS #8 22 S 10407 .
1.4.3  ARERECRRER CHEYI R o B

N TG AR R A P T 1 SRR i R TR 0 B I VE T AN SR, AR Dai 2521 $2 1 i Fh
FERN 53 AERA R BEBCE N 0.1% , 5 SR BB N 1%  JFARAE EATHY 32 BER A rTERA R 23
KT AL B ER . WA Y FF (Rare Taxa, RT) ; F & ¥ FF ( Abundant Taxa, AT) ; 259 ( Moderate
Taxa, MT) ; 2c14%5 43 %) ( Conditionally Rare Taxa, CRT) ; 514 = & ¥ F ( Conditionally Abundant Taxa, CAT) ;
ZE A o =E B #FD ( Conditionally Rare or Abundant Taxa,CRAT) , i R &5 (Version3.5.0) % IR /bR e
fEFTA ) OTUs #E1T4747 .
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ORGSR U H R S A BT RGN ) #EAT DDA RO Y — Oy k. kA OTU F K,
FAPROTAX X LT A9 J& AR 14 2 AR BEAT IR, TERE A L s © B A 5807 i i R, B Al X i B HEA T A
IS DI RE Y R 15t
1.5 HdlEgeit
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Fig.1 Species composition analysis of rhizosphere fungi of the mangrove plant genus Sonneratia
Sc: % Sonneratia caseolaris; Sa: JoIHESE Sonneratia apetala; Sg: L& Sonneratia x gulngai; Sal: MEEYEZ Sonneratia alba; Sh. 7 i
2% Sonneratia X hainanensis; So: YIMIESE Sonneratia ovota; Ascomycota: F2ER ] ; Basidiomycota: $FH | ]; Entomophthoromycota: MU |75
Mortierellomycota ; %)H@%?l‘], Rozellomycota ; E?{Fﬁl‘j; Aspergillus Fm%)%, Fusarium « %Iﬂ%’%, Candida . ﬁﬁk%}%, Malassezia: i A
J& 5 Penicillium: 58 ; Alternaria; 5k 78 ; Trichophyton. THEHEE ; Talaromyces: WK IE ; Basidiobolus . W:IEH )& ; Chaetomium . B¢
J& ; Rhodotorula : LFEEL)E ; Myrothecium . FEBER & ; Acremonium . TRIHEEJE ; Arthrobotrys: 15 MR ; Cytospora. 5CBEHIJE ; Kluyveromyces: i
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So A FERE ML 53% , HUCHHF IR, HAE AR Z 8] 5 H 43l 1.93% (Sc) \11.47%(Sa) \2.87%(Sg) .
2.04%(Sh) .8.65%(Sal) .2.90% (So) , Al , Neocallimastigomycota 4 ¥ F5 6 3 BT AR . M2, A [ 20 ) i 3%
MBS B SR AR A R, FE AN TR T FEEZREARE WP R EEAE R
25,

e @ KX B Rl R R @ SR AT b, S5 R AN 1 R B AR R R T AR ], o
25 H 8 (Aspergillus ) A 7S FHLURAR BRI 90 9 366 T8 AL 348, 7E 1 58 TOReE 5 IR & I e 1 5% K2
WFEE ORISR A 8.71% (14.09% . 18.86% .3.46% 9.36% .29.56% . /A [a) A Fh M o 77 16 45 52 1AL
PE AR T TR (Fusarium ) 61 S HOR D = BE LG 3% 05 L & S 47 (A T8 ( Malassezia ) F1E JE T4 &
( Chaetomium ) 32 TCIEE 2 LBV I8 ; Talaromyces Fl Acremonium Wi~ @ ki pE 1 SR L3 & 01 5k 1 %5
( Xenoacremonium ) A U3 S LR

IFNEE R L 7 T A3 BT (B 1) 7S T SR B 0 D ) 4 B B A AR AL AT 22 57, anifg e T 3% (Sh) 55 619
M85 (So) FET 1KV A BUARARLEE 5 T p 1 SR SR 2R % 7R @ /K L T LA W R i 22 ok, H
WE R E 2R PSR RSTHEEBNN B EE, ESAERM LR E 2R, BEERT
SETRT 1A ot 2 R AR DO = AR T A iy, HAR TR N Talaromyces, 11 E 7 TR & ( Malassezia )
S U TOR 5 I RO b X 0] BB =il AR PR R A LB R KA 56, B2, RRERIE
CLAR AP AR B L DA A 20 8 2 B B S5 R A AE AN ) AN TR ARE i v s 3 B B TR 2 25 S5 N K T — 2B DL A (1R =
FEE ISR 22 5 W MU Sk A0 = B 2 v] REAE N [R] AV S 2T MR AR B A 25 R e ke i A

2.3 Alpha ZHMEM T

F1 ¢ 1 AT, LR ZAF M Shannon $8 50 &5 BIMRAR K Sy 001 58 > TO IR 58 > B 2501 38 > 1 33 > 1 B 1 58> Y
RS IR SR A, IR I S AR AR 5 Chaol $EAIEOK  BF % F o BE ey, LAV 28 B2 e s IR o2&
UL 5 > TO IR 58 > 1 R 1 S > AR 2 > 1 32 > DI 58 B S ey, DRI R e I, 6 Al R A Th 1011
FEREMEZHEE R, ISR,

R1 6 HBRIONEHBENEE o« SHEEY

Table 1 The alpha diversity index of rhizospheric microorganism in six species samples of Sonneratia

BEAR Chaol %K Observed OTUs %% AARAERL AR
Sample Chaol index Observed OTUs index Shannon index Simpson index
Sc 827.21x150.67de 441.00£99.76b 4.68+0.34b 0.88+0.03a
Sa 1403.52+524.51b 489.0066.05b 4.73x0.86b 0.90£0.04a
Sg 1802.65+1055.94a 628.00+234.41a 5.26+1.81a 0.88+0.13a
Sh 1141.06524.59¢ 476.67+205.32a 4.09+1.68¢ 0.780.14b
Sal 1014.9074.21d 432.33+5.09¢ 4.69+0.25b 0.90£0.04a
So 775.862125.99¢ 301.3364.45d 3.93+0.37d 0.84:0.07b

R TR NG FRE R RAS A $8 B 0] 2% 53 8.3 (P<0.05) ; Sc: 83§ Sonneratia caseolaris; Sa: JoIE S Sonneratia apetala; Sg: 1815

Sonneratia X gulngai; Sal ; MEG SR Sonneratia alba; Sh. W MFZ Sonneratia ¥ hainanensis; So: YIMEZE Sonneratia ovota

2.4 Beta ZFEMEHT

PCoA ZMATA5 AL (B 2) W 7S MR FIREA [ A7 DX 1], BRH 7S A FEAR AR PR LR A AT 25 5%, 5 Venn [E145
TABRT . Horh bt 2 51 SR 0 PR /)N SR E AT Br L T TR A () P Rl R 28 D R B8 9 20 B R AR
b AR XS B (1) s EE R ARAT . 2E— 2 FH PERMANOVA K36 % B 20 A% AR B - 4 T 1 % 21
BLZE SIS B2 AR B 5 A 43 B8 i e 34, vl R R ME ARSI RPN Z M 530, 7€ Unweighted Unifrac 19
PCoA EIH AT LUF H, 75l S AR PR Lo 9 Fh 25 55 0 0, JHLrp B i3 5 5 PR 22000 SR b A R 4B, 5 I B
T8 AR MR S SR 0T RSB B R
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2.5 Venn K57

FE 1] B U H R /R A FEAR AR AT (ORI AT (59 OTU S H |, I Sk EREAR 78 OTU /K- L A L 1 40 b 21 i
£S5, EE 2§ 6 PSR IAT ) OTU Bk 46,4378 T 3 111 7 B 8 J&, 5 & OTU (4389 4~) K1)
1% , AT A1 6 Fifg S p A T 7 LD M Mg R A 1) OTU BEKRZ , 28 T —S{KEEWHH, &
2,6 P SRMILE R SEEE R, SR E R TR TR W EE . XS FEAR R OTU
HEFT A3 HT Gk RN 12 —B0EdE ) |, &0 5 RS o il OB RAA 1 OTU B H £ , )@ T 71753 #F
TLANE, R OTU LY 26.7% , FE R TR TR AR &S ; II R EREA 1 OTU B H &, 408 T7 1]
37 BH43 &/, HFEA R OTU B 19 11.62% , EE N FH P11 R iR R & OGR4 19 OTU B0 i HEA
KLOTU B 19 19.2% , 47 I@ T 6 1154 B 71 &, B2 TR S h @R S h 8 ; 15 R REEE 1) OTU
B HREA B OTU B0 17.5% , /0BT 8 1149 B 62 J& , TH R TR 1R H B Acremonium ; 8 3554 11
OTU Bk HAEAS B OTU B 1 11.5% 438 T 4 111 43 BL 47 J& , F 8 R T80 1) & H R 58 AR ok
A OTU B HREA K OTU B 12.8% , 0 )@ T 5 1132 B 40 J&@ , FE N FRW T ) L WFHh &R, SIS
FICHEG A B AT R w0, g SRR,

Horffg g v SR OTU B0H hy 775 A BUESO 1172 4 il iR 5 3G oTU ¥l b 78 4, 5
oA 4% , 22 SRR EE /N ML . BRI SRR 510 4, ORI SRR 851 A, BITIRE5 5 o R34 OTU
BOH R 184, i b 1.3% , 22 AR BE K AARUE AR , it — 25 U BH B0 38 S 0 1A 5% 1) B TR ARV A 7 BE AN 55

S [F] B 25 fIPCoA
04 — ) 0.30
g N : e Sc
= 02 :;3 OP' = Sa
§ 0 .,‘,‘;:.;: ............... tolboceres - A Sg
< :* % o
S v Sh
3 -02
-9 - * Sal
-0.4 - O So
v
-0.6 1 1 1 1 |
~0.6 -04 -0.2 0 02 0.4
PCol (15.5%) PCol (10%)
OTUKF-F B E 4347

2 AMBREEMNELIRSWH(PCoA) T OTU KEFBESH
Fig.2 The principal co-ordinate analysis ( PCoA) based on Bray-Curtis distances and Unweighted Unifrac distances and Veen diagram

analysis based on OTUs of rhizosphere microorganism in six species samples of Sonneratia

2.6 PR JR LR AR P B AL 1 o
I 2 AT MR SR A28k (TC) 35 4 24.33 mg/g W3 8 T I B ARl AR Tl ife 1 96 58 (Sh) AR50 56
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(Sal) P15 (So) HUIEF (Sg) ToMMIEFR (Sa) WAk FEIFLREZ R, HERA(TN) & b R
MR SRS R EEH THATAFES, FE2(TP) S/ b, ORGSR, WIS 5 5 %5 T HA
= TR (AK) &L Sa F1 Sal B 5 0w TV E MR, SUAES S SRR, 7ERBRE L (C/N) JF
T, 2506 A FEAEL Pl e B IRAR I O O 5 ULV S TG R AR 5 DIV 5 Vg 58 PRVl 5%, P ULV 5% Vg g VEF
MM RIE AR . ERBREL(N/P) J5 T, 254 5 FUAE rh e AR BT 56 R 5 T R A 5% A 5008
F oM S AR IR MRS A R BRI R MR ES A LE OGRS E R
ZNTE

25 b (Se) BEATE R & i F RE R T HAR TP LIRS ; ORI 3 (Sa) B STE AW | AL ER AR A 1L
B R T AR IO ZIR BB 5 (Sal) fE e U5 i 1 0 3% T IR TR LI 5 B IR 5% (So ) 1E AU
RS T i R R TR AR

R2 AMEBREEWRETSEEREELERCFOELIRERZE)

Table 2 Physicochemical properties of soil samples from the roots of six species samples of Sonneratia( mean + SEM)

HALE T

Physical and chemical factors S Sa S Sh Sal So

TC/ (mg/g) 24.33+2.07a 12.9£2.20b 13.17£0.60b 17.03+3.70b 15.622.30b 14.8+3.48h
TN/ (mg/g) 4.33+0.06b 1.74+0.01d 1.21+0.05¢ 1.69+0.05d 4.64+0.04a 1.90+0.04¢
TP/ (mg/g) 0.340.02¢ 0.75+0.04a 0.720.04ab 0.23+0.01d 0.670.03b 0.14+0.01e
AK/(mg/g) 0.51+0.01c 0.727£0.01a  0.34+0.02d 0.20+0.01f 0.67£0.01b 0.30+0.01e
/N 5.62+0.52¢ 17.0542.06a  10.82+0.13b 10.02:2.00b 3.36+0.52¢ 7.82+2.00bc
N/P 12.45:0.67a 2.32+0.13¢ 1.68+0.03¢ 7.36+0.55h 6.93+0.24h 18.86:+0.94a

[RIFT AR R R AE A FEAR ] 25 57 3% ( P<0.05) ; TC ; Bk 7% 5t Total carbon; TN : &% 7% & Total nitrogen; TP : BB 7 5 Total phosphorus;

AK L Available potassium

2.7 HIERENF SR YRR SRR 1 OC R

& 3 I, HIE B AU 5 Chaol ,Observed OTUs  Shannon Fl Simpson 8 %05 1EAH &, HAH
PEANK ; 13 4l & i F B L5 Shannon A1 Simpson 8805 71 AH5¢ , 355 Chaol I Observed OTUs #8402
WERAC, £5 b 2R RG2S i B AR LB ST 23 30 S0 AR B B TR Y F 5 R 2
PEo HeZEe 5 O A I P R A T U LU s S AT 55 4000 SR A I 19 2 R 2 R Mty LA
38 L R AERAH XS 7

R3 AMEYREIEEFHEESHEMES LR ERFHEXE

Table 3 Correlation between fungal community diversity and soil environmental factors in the rhizosphere of mangrove plants

AL T Chaol %4 Observed OTUs 54X AR AR
Physicochemical factors Chaol Observed OTUs Shannon Simpson
TC/ (mg/g) -0.286 -0.213 -0.253 -0.248
TN/ (mg/g) -0.317 -0.185 0.023 0.174
TP/ (mg/g) 0.440 0.402 0315 0.330
AK/ (mg/g) 0.011 0.008 0.157 0.367
C/N 0.317 0.153 -0.081 -0.129
N/P -0.504 " -0.480"" -0.242 -0.115

% 7E 0.01 KU EH R EHISE; « 76 0.05 A (BUIM) | i 2541
MIE 3 AIHT, RDAL Bl (5 40.04% 1 f# e RDA2 Sy 7.09% e LRI B T 47.13%, 12 .
T P TR SRR R G I SR 8 S TGV S BV RRR 2000 S e i 2 [B) B s e, i P R RV AL, X
OTU HAEMEEI AN Beta AL AOLE SARXT R, 00 SR BETE 5 LA BETE 2 (B HE B 4 | i B 5 LA B R 22 R] 22
SRR, BB R R LT T RS ARl TP>AKSTNSTC, A P2 EMAeR SR ZEN R, U
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B EATZ TRV AH DG PR

ARS4TR8 B A5G (Monte Carlo) R WY AW REVE IF AN 2 5 BT A B Bl L BREE R 1B A AH GG &
(P=0.096>0.05) , Z5& K1 iz 4 I, bR LB 5 1] ( Entomophthoromycota )  #% f3 5 [ ] ( Mortierellomycota )
FE# 1T ( Mucoromycota )  H IEHFE # ] ( Neocallimastigomycota ) F1% 2% ] ( Rozellomycota ) 5 Fr 45 #4L K+ 4H
KNSR B ZE AN, TR ] ( Ascomycota ) FIFH T [ ] ( Basidiomycota ) #-5 BRAL IR F A7 76 W& A OCE, 9
I'J( Ascomycota) 5 & E W B ZE AL (P<0.01), SHAHE R EAMI(P<0.05); HFHI]
( Basidiomycota ) 5 M 1 i 3 H1AH G (P<0.05) , 5 BUACHR S 4 3 IEAH G (P<0.01) o 7EXT 6 DIREEIN i
FTHRE R & B A 50 (Monte Carlo ) 4387 & B, B4 X5 742t v (10 3 28090 X0 L 40 T 9% 10 52 Wi o K (e R 2 X9 O
27.1%) , Ut BH 3 EL TR VR 4540 52 B AU Y 3K 30

1.0
>
°
°
TP
Mortierellomycota
0.5 f
Entomophthoromycota
C/N
Rozellomycota
go\: B.asidiomycora
o) 0 Neocallimastigomycota e &
> ° AK
<
a Ascomycota
TC ® Sc
Rl TN  esa
® Sg
® Sh
N/P ® So
Sal
-1.0 & ! . .
-1.0 -0.5 0 0.5 1.0

RDAT (40.04%)

3 AMEYREIEEFRREENSHEER TR (RDA)

Fig.3 Redundancy analysis (RDA) of fungal community structure and environmental factors in mangrove rhizosphere soil

R4 AMOREYRGETEEARESREE FHEXE

Table 4 Correlation between fungal phyla and environmental factors in rhizosphere soils of six mangrove species

Ph; )fjn level fungi TC N TP AK C/N N/P
Ascomycota 0.261 -0.206 -0.629** -0.572** -0.099 0.414
Basidiomycota -0.224 0.348 -0.514" 0.624™* -0.052 -0.229
Entomophthoromycota -0.051 -0.231 -0.018 -0.378 ~0.060 -0.071
Mortierellomycota -0.241 -0.224 0.403 0.087 0.232 -0.449
Mucoromycota -0.250 -0.177 -0.081 -0.048 0.107 -0.099
Neocallimastigomycota 0.044 -0.167 -0.228 -0.320 0.067 -0.035
Rozellomycota -0.225 -0.315 0.047 -0.026 0.245 -0.124

* ok 7E 0.01 ZKF(HU) ER ARG + #E 0.05 AR (OB I i 3 AH ¢

28 HERIRLIR I IRBR ECB B L
BFSE A B IRV ORI 20 B35 5 HE S S R IG - SER AT 40 S BERE MO 4, 5% Dai 45
WBFGE I XTI S AL AN R AT 550D BT R BT OTU 026 AT I CAT 41, FEf A% A
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A FEEWF CRAT HEEF T 177 4~ OTU, 5 Bl & 4.03% , Br—> OTU JR T 1], AR iy Sfr
B, R JE TR,

X2 ) ez ol 0 4% P RT 00 Ml 22 IR 2 A AR 20 OTU ()22 s B AR FL 21> OTU 3= B 43 A 1Y 2%
HKHKF, RIETH AT ML E BT 3 % CRAT 40 F B KT 0.005 13 {8 1Y 2L 14 Ji /K F ik — B i vk
H & 5 FE 4 FIHT CRAT 20 OTU MIZ8 I MR S AN P34 3R 28 RBUH T HRH I i B AL R 2%, 2 B
D24 L LA B 25 A R /N B et . AN ME PR R I, K& OTU Z M7 AR IE AR ¢, JL A 15
BT TR m AR DGR (HAE TR0 15 B 5 Acrophialophora J& Z IAFAE A OG , 76 M4 I, Rk
/NDAEEFROR  BE IR IRIZ OTU 5 HHA OTU Z [ A AHDCHESRZNFR BE o AH DG 5 1 i R 1~ O 35 77 s 43 il Ay it
RGP AER , BIFE CRAT 4109 177 A4~ OTU v, X 1 SRAR PR - 8 i3 A= ) TR Ak 225 i) 1) 2 o 2 Js i
LA R, 31X 5 T G R T S5 A A R AR 3 A v 46 A TR AT A — B, eAh RATHE B
AR T R I T — 2] o S A A A I B AR TR E SR A 4 R

5 CRAT AEEMEEE
Table 5 Characteristics of CRAT group fungal network map

R4 5% L 24 2% S
Network Parameters Fungal Network Parameters Fungal
Nodes 163 Average clustering coefficient 0.648
Edges 673 Average path length 5.039
Positive links 672 Average degree 8.296
Negative links 1 Graph density 0.052
Network diameter 11

Nodes: 17 4 ;Edges: 11 ;Positive links: IEAHIE5E 5 ; Negative links: TUAHICIE R ; Network diameter: PI2% E 1% ; Average clustering coefficient ;
ﬁ]%%%ﬁ;Average path length SRR E ; Average degree: S ; Graph density &) 8 g

2.9 FAPROTAX ZIRETHI

X OTU Eda AT DIRET 734t , & BLRESS LG 1) Bs B AR /D HE D2 th T 20Rpk b ) SR RE VS A ARV 2
RHGFFEHTT N T D RETO A MERA M . AR BN 45 SR 8 =R INRE . 4T 4E R 73 ( Cellulolysis )  fLRE 5+
F% ( Chemoheterotrophy ) M A ZEWH 43 ( Xylanolysis) . = RINHELE E 1 32K F [ HF 25 ] ( Ascomycota )
RFH( Trichocomaceae) MF3JE (Aspergillus) . 254G 1E 4 A1, 7E B /- 2 T TR AKCE |, =357 = Fhiflg 5%
PR PR, o T T = R ek 279% DAL, oA S 8 iR R R RME SRR R R Y
b 9% DL b A MRS i 2, T HR K 29%

3 e

3.1 NFNEESRAEYAR PR S LR RIS 2R AN B ARE

AWFFEE L Mumina HiSeq M7 F- 6 X1 F 48 AR 261 = MR BIBR DIMHIGR G RIBR MR
T R AARPR TR ITS1 XHEAT 7Y . S5 2RI, VR £LRAR Y T 2 | 15 5% 8 LU A )RR s 0 7 2 AL
A HFFARNE . TR T TR T 2RI, ARAES RGO D LR R 2RR S B e 2T
PEVE )2 TR I Z R th S B IR R e B AR e | SRR ST B R - A R by, PP T ) 2
BMESRGEREERAII AETF LKA RS RGE T TR EERAR 3R, 5k
MAB RS, i b AE A R G M R IR A 78 R GAH L, Neocallimastigomycota || ZEREARAE 25 R 48 i
F#4 o Rozellomycota [ UL TGl AU TR BRI rby | R DAy 8 1 TR (AL B SRR UL, 52 Wil A 2 6 3 3001 1) 1 2
YRR ELAE FHANBRAE B | 508 £ 40 ) 20 285 R0 TI0 38 2 52 0 7K AR 2R G, 1 T 5 e £ AR AR 400 AR s 1 S8 TR B 22 A
P HE Wang G578 IIFSE R TEIRAK KA RGE T, Rozellomycota |1 B B 2E K 5 DU IR 5 Bl 8 56, 1
AHEFE AN S TORE RO R P RO A TE . X5 T 58 B B0 A W 1R 5 HAR PR EL i 24
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Fig.4 Analysis of fungal symbiotic networks

P A R ARR— Bl S5 RN R 5 AL R AR 56 52 2R A B

PEFMRRE R AR 20, IR FRATHEWT  7ELIM AR A S R GE b U R A% L A WU R R S8 AR KRR
7 A AR AR AR

WRPR o ZEEVEST R, RIVE AR AL R — A K3, A 38 B TR TS, A TR] B B o AR P B B 2 AR PRI SR 22
S 53, Ul R b 3 R R S5 AR P S 2 W v A A 3 EE B 5 LA T SR L, 0LV SRAR P SRR
ZREVESR B, B0 Y LR AR S AT AR DI REAHOC . PO A e B, 10070 R A L SR AR (T
‘fﬁé’% PREETESR ) AR RO ARBRAN A R 23 BT B8 LR SR 2 R AR S 2 R b B A
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%%#WXU&:U@% JUEIE S8 TS APl 2 F ATZOAR MBS0 8 FH A D0 BLAR B 2R I e BE B BR 3
IO JTRE R v AR PR LT R T R RO A PREEE B PEAR DG . BTSSR A 1) LA
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FET Y HAF ST R i 2 S e e O AR DGR DR G 5 B T BB A2 — RSN ERBE a6 EU
FU A R X 5 B AR, A 49K 43 T 2% A R B a0, B m A R VR RO S5 R 00 AR O S P AR
AWEEH TR SR AWM ENTIE R AR E T REEMEN, B E R — P EZ W4 R 5
BRI, 7E AR AR 25 R GE ARG A 9l R P F VR T L SO B e e — SR R RO oA v R
LA AR R ARG I R A LR A IRIE R, DR €0 B A A A T AL T P SRR U S €
T CEAR ) AR AT AT RE HAT BB ], Wickerhamomyces {X7E AR5 5 v Ui A7 18 , BE XS U85 B8 14 1 9 5800
PEREERE R = A — RN R X PR FLEE R I B R AT A EEAER Y, AN e BV AR LR AR AR RS
RGN Z G SRR ( Candida) FEASWESY 6 G S 344 4040, WA EA 3l i R A (e A5 P iy
RRMEA IR Z LA RGP R L A AR (AR R, H) 8 s &8 B s E S
RYGE TR H W, (B AE ARG r AN [ il (5] P 9 o 0 A1 1 2 B R B A AR ], AR R SR 28 H
HAP e 2 X LD BE MBI 5T, 3X 3% BH A6 165 33 @ Z0 A 1 0 A s 1 18 EC DR B v AR A 6 KB I B AR IR A
3.2 ERRDN AR T e

LD 215 A0 | - 8B SRR 4 SIS R A % e 1, 25 A7 AN ] T 3B PR DR 2 s ) 38 TR 2 R
M ETHER T ERE SRS AR TR SC R, T (R0 S e+ B e 7E4RE S p, - L
PR —E FERE L P07 5 T B = B, B 7 11 b9 T i, 4 U G i & e i T o, A L R L
X WIHHF B 110 A58 R 7 4 728 Ak o AR Y 8 B R A S - SRR L, K e i s A S
FHEERE AR H S K R A AL R B A Y BRI R, 1R IROK R B R R R R T
S, MAEOK DU b R & R R EC R RIS SRR PR A A A B N Y ARG, RS 5%
GBS HOA A R X SR BRI, BRSNS AR Y AR g i
T T SR FIPR 17 & AR B - S LR B4 1Y Shannon 18 8UAIK, 17 Chaol 8508 &, HL M FHAE Y AR b+ 300 4
HLITT 5 AR A, X e BAFE Jadul /N RUBE - 198 B0 1) 22 R B 188 ML & 2 3G TR AIK, 55 De Vrries
ST ST A AR, BRUA_E RSN, 13 AR S R T 1T B R A R i 2T AR B A 9
MG E BN R X LLROMGEA T AR AR R B N 25 5 2 SR A TIRE TR R 2R
3.3 R AE AR PR B TR A L B RE

I3 DA R 2 T A A R YA ) R PR 2R, L e A e 1) = B RN LA SR LR R L AR i AR A ok
AR GTIRE, RERE L W) R AL RN 254 AETTKF b6 Al AR bR - B R DL TR T oA
T, HWREETE, FREETTREZ N AT, 1610 A PREE R B AE K3 72 A 45 Fh 20 i o e il , 0 2T 2 22 il
T R 2 B, BEAS o A I 38 AR I 28 S Xk ARG A 0 R ) (2 ik - S A0 A R 8 1 30 T i 75 8 /K OF
e RS ) AR S 6 A RAR PR A A BT, A AR A AL RE IR SOR R iR =K
Tifg, 76— B L REOE 000 AR PR IR W o3t , hife RAHAD G I8 3% IeAh , — 2o RAR A P b
TEG SRARBRUE Y RS R G AR E di 4y W] REAA7E e BRI SR W s AR P 1 3 A 254 T e I
o AT R ERAE AR AR LA R R B — g e A AR RS BT &R 300 R B S AR A
IRE T AR HA RV SRR PR - e BB VR AR T LARR A5 WAl (T SRAP A S A %t SRARPR H I E Y R H
TETERZ A FRITSE . BTSSR &, B DR, T RS2 LA R RS2 . (1) FAPROTAX /& 3% F H i ol 5
I A B SCHR AL T 3 5 B D) R R PR | L R M e A7 AE B I A 1R, WL N BB 2R AT L R 5 P R A K T
(8 Pl T RSO R A 5 P I T T80 A R eV > 5 (2) i TR A G A TR IR 5 A8 1 A PR /0 8
PEFEAFAE LA 5 (3) FAPROTAX A5/ AR JRUEL , 25— A0 2 B0 B BT A 15 5 R AR ] SR 00—
Titie , W% 5328 5070 19 T A 1R 40 2 D000 D v AT X D) BE, 24 5 2 BC IR AT 8% R A, X B TR ) BB T BE 2 B
DO
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PFEEL ARG, TR E A TR TN , K B E W A TR A DL S S RRAE PR Y RE i A Bl
Py, iR R BMAE IR A — RE T 5 A B I A7 1 BT SRR Rl ARV O AL, 28800 [R) R lAr ]
DIRERY LB L2 B0 TR T TR TR 3 RO E BB AR K 1 R 90, LT R 7 1 B ol 48 7 8 1D o 7 S T 1)
TERPEH R LS, 5 Zhang 55 IBFFELRAT G . WFSCRI, WA R e bl K A A2 25 2R B0 G HE )
RESKEH PR > eSO SR 50 e A Al R U S AT W R KRB B U ) A T W) 2 S T A A 0
T T Ul B Y SRAR R - S W 2E AN 5 B A S (L g v SRR () 174 35 % B B 5 R B[]
FEAE 35 IEAR G O HHGS S ZRE MKV 5 R R AU AL B R R

N2 TE 3 X R AR FEUE T SR S N SRR LI AR B S RV AT, FRATTR B R 23 28K L T
JEBIREY) , AR PR B VA 7E 2R ERBCOARL, (BN R R ) Z R AE R A W RD , — 26 = BRI 2R dn
BEE R R AT RE LU AT 100 58 SR AR P L e EC R A A OGBSI . ORI R ¥ 32 vh A K B 1Y
AU AR PR LR Z AR 5 2 A UIAR G, I 5 LS (0 R 058 365 I M A 5G| (B SC SRR D e A 7 1k — AL
Foo AWFERW, MG R R LAY AR PRI 5 B AR , 2RO I A, B RS 1A AL 2 i e
HE R AE ST, BEN LI MR R AL IR S T A R ZIA AR A 25 R G I AE T O TR A BT S4B LS LA
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