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BhMXODEMMHK THERBNEEEAEZARKHE
4+ 7S INRE

1 1 1 > 1 = 20
g JH Bk BT ey BAaE IR F e
1 SN REMEERE, StPH 550025
2 SRHIMIE RZ SN A IR R A 00 a, 5B 550001

FEE AR R b O AN (Pinus massoniana ) %K F KLY ( Rhododendron simsii) K3 N 4= ELE W) Fh Z REE AL S ThfE, REB T 3Y
(WD) \#X(MG) JeHL(LL) 3 AN IX T R AR ARG 19 AR , SEHLECT DNA S 17 ml illy , 43Hr A Alpha ZHE0E (5 1)
FUNGuild FERF- 5 BT EL I 0 4 S D REZE ), TR E VA T A% O A, 125 6 I 46 RS TR Z IR Sk 4528,
3 AN DX A RS AR P A ELRE AR PEIR R R, WD b X AL RS Py A B AR R e, IR A RUT 81 425799 4k,
817 MAMERAVEMRHIC(OTU) , /@ T 6 1119 4052 H 103 Bl 154 )&, TERIE T TRE11(81.2%) JEAHEIT(5.8%) MHHTH
11(4.7%) ;163 B B0k B AN (43.0%) BUREH H (39.2%) R HEFH(39.2%) ;758 K |, % %R (38.60% ) i
Mot , HUOR AR (7.20% ) B2 EAME (6.10%) . AREBHELIHIIA ZF0 A STHRERE, iRk UF AT (194 OTU) A9
B (20 OTU) , HHEJE A TR (18 OTU) AHMER (14 OTU) AR A BLF (10 OTU) AL RSSE B EL T (5 OTU) \KRJE LT (5
OTU) AKZHHR (4 OTU) (N (2 OTU) S0 T (8 OTU) , LI K Z R A B FR HIZERE 21 25,102 4> Undefined Fh2E7E
FUNGuild 8 5 %A 2% 5 5 AR B 0T DR sk 250 2 5252 1) FLAS IR D) RERE 22 TR AE ZE R 5 M, %0 i PRI A 5 G
Wb LA B R AT R A S D RE AT R BE

KR ARG N A ELTE  ZHEE R A  FUNGuild

Community composition and ecological function analysis of endophytic fungi in

the roots of Rhododendron simsii in Pinus massoniana forest in central Guizhou
XIONG Dan', OU Jing" ", LI Linpan', YANG Shuting', HE Yuejun', LI Chaochan®
1 College of Forestry, Guizhou University, Guiyang 550025, China

2 Key Laboratory of Mountainous Environmental of Guizhow, Guizhou Normal University, Guiyang 550001, China

Abstract: To explore the species diversity and ecological functions of endophytic fungi in the roots of Rhododendron simsii
Planch under Pinus massoniana forests in central Guizhou, the hairy roots of R. simsii under P. massoniana forests in
Wudang (WD), Mengguan ( MG) and Longli (LL) areas were collected. DNA of endophytic fungi in the roots was
extracted for high throughput sequencing. Alpha was used to analyze the species diversity of fungi. FUNGuild annotation
platform was used to analyze the ecological function categories of fungi and explore the core microbial groups in fungal
communities.The network graph was used to show the correlation between fungal flora. The results showed that the species
diversity of endophytic fungi in the roots of Rhododendron was rich in three regions. The diversity and richness of endophytic

fungi of Rhododendron in WD area was the highest. A total of 425799 valid sequences and 817 operational classification

EETH . HEKALRFAELTH (31560223,31660156) ; 50 M AR50 B [ B3RS 28 (2016)2522 5, 5 LH 5£(2017) 7354 5 ]
W5 B H#A:2018-12-13; 2% H b B 8 :2019-11-20
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units (OTU) were obtained, belonging to 6 phylas, 19 classes, 52 orders, 103 families, and 154 genera. They mainly
belong to Ascomycota (81.2% ) , Zygomycota (5.8% ) , and Basidiomycota (4.7% ). The dominant class, order, and family
of them were Eurotiomycetes (43.0% ), Eurotiales (39.2% ), and Trichocomaceae (39.2%) , respectively. At the genus
level, Penicillium accounted for the highest proportion (38.60% ), followed by Trichoderma (7.20% ) and Pestalotiopsis
which constituted 6.10%. The fungi in the root had a variety of ecological functional groups, such as Undefined Saprotroph
(194 OTU) , Plant Pathogen (20 OTU) , Soil Saprotroph (18 OTU) , Ectomycorrhizal fungi (14 OTU) , Lichenized fungi
(10 OTU) , Ericoid Mycorrhizal fungi (5 OTU), Wood Saprotroph (5 OTU), Arbuscular Mycorrhizal fungi (4 OTU),
Endophyte (2 OTU), Animal Pathogen (8 OTU), and 21 kinds of mixed nutritional groups, in which 102 undefined
species had no reference in the FUNGuild database. The endophytic fungi in the root can form niche sharing model and have
coupling among different functional groups. The expression of core genomes and ecological functional groups formed by

fungal groups in key species.
Key Words: Rhododendron simsii; endophytic fungi; diversity; nutritional type; FUNGuild

HHZ MR Z N E B N, EEEHIES SN Wi 2R TIRe 20, AT R
HE L TR REHE i 1 AR AR BT 28 W98 AR AT L O Sie L s K DR AR 3 AR 5 R S Al o ik, A1 T
LA ERE X MBS ( Rhododendron simsii) ' T #EHK 500—1200( =2500) m A4 1L M5 HE A B AR R B0 &
A AET I R VU 162, ELAT L OB (EDRT R AR R AN (B L RS s A BT AR R &R
A A (Root-associated fungi, RAF) ', BB 3 40 A WL 50 0 15 AL R L0200 1 8 32107 AT kb 7
Mg & BRI A AR S R T S K o i TR 7 R B AR 2 B e
FHEBRGERAE S MRS BRI EAA F W A B Z A Heinonsalo 4581 Xt R — AR 35 R A9 HL RS R
FEP AR (Ericoid mycorrhizal fungi, ERM) K2R AH Y B AR HEAT LU ECHESY , 75t ERM 78 HAWAE P AR AW B TR
B, A A ) R AR Z AL A SCHR PR o LATEXST ERM BIFGE 22 DA 53 125 48 5 L R AR T I (Rl 380 18 A ) g Wi
O 3 A B A S B2 e AT LT R, T Zms TR B AR E AN BE 43 2 IR A LB DS, 0 S LA (R B 1
FHAFEHLERE B, TR K EFTR R A OCHE A& 3042 53Rl vk Re s o 4 1 b 2 At B s Al
¥) RAF ZHEHE"  FUNGuild 7B AT AR T 15 37 B9 43 TR F AR | AR08 S ) 28 78 0 1 6 LA A AR =X
FHHA RIS RE F2 0 BN R A5 B A= S T R 222 LM ECBR A A 280 SIEAE R A Venn [ A
TS 1 5 P A0 A OB D 2 M B A 5 AR R 9 8L T 5 0 S B S T AT G T T AR AR R AR S
RAF Ff % 2H BRI AR AR T RESS A4 /A 4R 0E , oA O R AH LR AP B R L
ASCHET R R A I PR, L TR 7 22 T RE AR PE £ BEXT B Hh 3 M IX B R AAMK T AL RS AR N A HL
AT ZREME T TERGE T DRSS M AR ) SERE X B DI RE AR A T IR ARRT, 70 2B T 7 S AR AR
T B R ASAR P9 AE R R AR TE AR IO A% O ELR 4H ( core microbiome ) K ICHEHF (keystone species) , I LA
P 28 51 P T X TR AN ) B R 22 (B A AR DG, W25 4000 T 38 rh =4 b DXt AR 35 TR P A v 4 A S A= S T e
A RIER R A B T R 18 EAEY IR IE WAL, A4 IS Rk S RS L A AE AL AN TEE R
BEE SEA [RIA Ry BE AR ALY 5 S B AN RO R LS e =%

[}
[}

mEE

1 MRF*E

1.1 AR5 HMESL

PEHUES R SEBH T B 1R X i 56 £ (N26.840, E106.989, Mk 1270m) | 1224 X 7 B AL 45 Fb K (N26.415,
E106.749 , 14K 1196m ) A1 53 M 45 25 5 e BL B R 2R 11 ZRARA el (N26.465, £106.937 14K 1182m) At St 1
W XA REIE N LB TR TR AR EAR)Z (BA S Ho By AN RS S b WA R V%, 5 R AA Y
1 15—20 m, 4% 25—35 cm; FEAS R 1.75—2.40 m, #14% 2.5—3.2 ecm, AL, REHLAEAEAGY) N . FARR ( Quercus
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fabri Hance) .52 ( Castanea seguinii Dode) 5522 FPHEA . B4 v il X & SV #RGHY 23 XUME T T A0, 338 DAL
Bk RN, B, FTEA 15.3 C M EE T 870 mm, FEAHXT A SIRE 79.9%, H RH /%
25.7% , FoFEHH 200 d VL L,

1.2 Bk

1.2.1  FEACREE

T 2017 455 A 15 H (17 H 20 H 5330755t B rE e B B2 I ARAR A Bl (LL) |, 5B T 2524 XA B
A (WD) FEIEX T K S (MG) eI BN —FHBS A K R4 AL B K AR B REDS , 76 AR AR S A BE 1
BT, 22 BR A B T 55 B DA R ARG 2 A2, e A B B AR A AR X, $2 4 5—20 em A FE RS AR
BEEEM 2, BTHBORLHE AR ( B4R 0.5—1.5mm, KE 5 0.5g) AR AL B8 M 35 BB BEVE 40 820 b, BURE I 78 1
R HBIX PR = AT R AE 3 AMFES B AR S 2 (B [RIFR R AT 5 m, {88 — 36 9 MRS, K50 T HAERFEZ
AL 4 K B AL B, FEAS SR AE J5 57 20 AR A B, 45 S DRAFAE -20 CUKAR T & .

1.2.2 AR ELRFEER 41 DNA HEEL P48 K e

KA Mumina MiSeq — AR & XTEEA DNA R Bedkb 47 X ( Paired-end ) I 7 ( L ¥ UR 2R 145 A= 90
ANEISEIRL) o FIFHRH 4 omega EZNA soil extration kit H#2HUF: BY # MR EL1E DNA  #RAEALBRI0F .

(1) B T4 FR G B AR AR T 2 X N 4 5 H 1254 500mg glassbeads ) 2mL 2.0 H

(2) I FRFES A 0.8mL Buffer SLX Mlus. T-2HZUE %X 25HZ #57% Tmin;

(3) A 80uL Buffer DS, #R¥%TR AT ;

(4) 90°CHFE 10min, I 75 1A 5] 201 3] 100 A8 LATRE &) L P M 1—2 YR ( BRIAS AR o oI 785 8 A U 284 e 1) L
A, ORI B IR R 4 R 2 90°C)

(5)13000xg( 12000rpm ) 5 I B5.0> Smin, #%% 600l F15 285109 96 LA, LA 200wl Buffer SP2, [
FRBIRGIRS], MA 100l HTR Reagent;

(6) VK 5min,4000Xg(3700rpm ) &5.L> 10min;

(7) %% L1 400l = 96 WAL, A 40l BEER 450l Binding Buffer, 1R2], & IR 2min;

(8) LAZmRALA T4l

FIF 0.8% FHEIE FEL VK FIEE SN0 6 BE TR DNA (455 5t R B . KI5 48 )5, ) P EL B tDNA-ITS {3
SFIX L7514 5" -GGAAGTAAAAGTCGTAACAAGG-3' FI R 514 . 5'-GCTGCGTTCTTCATCGATGC-3" |

L GPEY R PCR RN TRT R .98 C FHARME 2 min ;25 MEIR , B MEFF 98 °C, #A8M: 15 5,55 CIB K 30 s,

72 CIEA 30 s;5c)5 72 °C ZEM S min, 10 CLRAE, HP 34~y A 7 DI 2t it , MICR F AXYGEN 24 ]
A BRI [FISGAF & . SR Tllumina 23 R B9 TruSeq Nano DNA LT Library Prep Kit ffill &0 7 SC2E | SCEE #4545
Je EALI 075 2 5 P Y 9152 58 2 GenBank £UHE 1, % 5%5 PRINAS05090, %5y SAMN10386261-
SAMN10386263 , SAMN10386267-SAMN10386269 , SAMN10386273-SAMN10386275 .

IRAFELREE 5, i e o R T VAR A s 4, R QIIME 314K 4325 8858 OTU ( Operational Taxonomic
Units ) VA FITER 28 CRIALLBE BB M 97% ) 2, R H] UNITE %04 222 $E47 OTU 432808 3545 OTU G >
Je TR AR FLRAEA 1Y Alpha Z2AEH:

1.2.3  FEAGHR P9 A EL A Z FEE AN AT BE 23 By

A STIREREHT AR I JE KT 10 19 OTU J7 41, R FUNGuild 762854 %27 & (https :// github. -
com/UMNFuN/ FUNGuild) "7 KAk B AR P A 1 R BAS 6] B9 357 29 ( Trophic mode ) AL #E ( Guild) , #

R 4045 3 A= R (Symbiotroph ) J& 425 ( Saprotroph) J5 LAY ( Pathotroph ) 3 3457 60 F5 AL HS B AR EL A L Ah A= AR
F AR B SR AR B P9 B R R L A AR

SR P 265 11 43 BT« AR B8 L TR A A5 R AR R 9 a0 A, SR IO B R 20 A FR, I R 1 5 vegan , Igraph

psych .pheatmap ,magrittr ,ggplot2 . RColorBrewer , reshape? . cluster £, , % & £ #2547 OCHK X 4% 1] 437
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2 #R

2.1 FRASH P A BB R 2

i 2o A O O R S 2 (WD) | Rk
(MG) g HL (L) =A™ Hi DX A A S AR P 2 8 R 5 2 il
HT, FARARAG RUT ] 425799 5, $2 1R 97 % WAL B
XA BTN HEAT RIS, LAAG 817 4~ OTU, F5 B (&
1) 78, MG B OTU E%k 441, WD 2k 449, 1L Jy 433,
I B OTU % 143, 3 B =4~ Ml DX B AR 356 P9 A2 1

OTU {HH0R 2 BB,
22K 817 4~ OTU 438 T 8 17,18 49.53 H 105
BE 152 J8 RS ERER T (81.2%) AT =
(5.8%) HITHIT(4.7%) 3 U5 38T 40 5 55 oy 048 1 4
(43.0%) FEFSTHN (18.9%) R I (7.0%) % ; 1f A
PEH MR H (39.2%)  WIEE H (9.1%) . E1 #54%KE5T(0TU)H Venn B
Xylariales(8.4%) I H (6.1%) % ; L #AFH LW Fig.1 Venn diagrams of OTU

FH(39.2%) |[RIFLFERE(8.4%) | N JE R (7.2%) %
152 JE PR R T 0.01% M B EIA 30 ME, EEEHFHIE (38.60%) AEE(7.20%) ML EBHIE
(6.10%) Umbelopsis 4.40%%5 (W 2) .
22 AFEXRLHER

e (MG) Hi X AL S AR N A L A B N T 2 56 1] Ascomycota [ 2% 6 J& Penicillium . ) £ 2 E#1 &
Pestalotiopsis R%% & Trichoderma . 31 #4 7K 3% J& Neopestalotiopsis Fl— AR HJ& , 35 i ] Zygomycota IR 25 &
Umbelopsis , #1F &[] Basidiomycota FER T J& Cryptococcus ; %24 (WD) Mo X AL A H R T2 1 TH0H %5 W
J& Hydropunctaria , /K% J& . Chloridium  Neopestalotiopsis . B K B J& Cryptococcus , ¥ 5 W& ] ) Umbelopsis ; ¢ B
(L) X e B Wl 7R E TN & E R U2 B, KR | Archaeorhizomyces | Phialocephala
Chloridium . Neopestalotiopsis . Cryptococcus , ¥4 B | 118 Umbelopsis , 01 T8 ] 4= 08 24X Agaricomycetes [ A 7€ J& .
A Hb DR A AR B B R W 2R L R A AR RSO 25 S, e AR T ALY ERM R A 1R
Oidiodendron(0.4%) ,ECM £1.4%)& Russula(0.2%) FL.4% )& Lactarius (0.2% ) SILABZERI AR . 135
2T R ARG 2 B  TEAL RS IR ARG A, R — @ 2 % — k. ARRSHE N A B
AV w  EAEAS R TE AL (ERM) o5 LA ARG,
2.3 HWM Alpha ZF:1E

WL R A, 6T T8 K 1 T R T A LSS A AT PCA A AT, 58 — TSR — Ry Ry 2 5TER R
83.46% , o rp e — R i e L B K- AL 2578 5 1 72.58% , 5 — SRR R 10.88% , AN T b X 2 8] T 4L
WESBER(E3), 3 MEHLY o ZFREMEFEEUILER 1, Simpson $5%X . Shannon 84X LL>WD>MG , LL Simpson §
B E T MG(P<0.05) ,LL 5 WD WD 5 MG Z[AIANFAAE 3 22 5%, 1M Shannon $54X WD |LL 2 % 5 T MG
(P<0.05) ,WD LL Z [ NfEFE 2% 5. ACE $5%1 . Chaol #5%({ WD>MG>LL, Chaol 8% WD i #5 T MG
FILL(P<0.05) ,MG Fl LL ANAFAERE 25, Al UL, WD 3 X B R ZAE MR R, & B s, LL M X L 2
FEMERZ MG FE S T LL (HAFE R E 22 5, B R T AERS AR S N AR B OTU Hi 22 SE 8D,
(A EAFTERIR 22 5%
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1232 S % 40 &
4.70% 1
5.80% 0.10%
\\ A
8.20% ~
« FEET]
= RA
- AW
HFHE]
= HAt
~~— 81.20%
Ei] H
5.80% - R
6.10% | - F5EH A 14.70% - WERH
8.20% \ - B A 6.40% 1 - ;%%E
0.10% \ JEFE A 1.10% ZEEH
0 = HEAN - £EH
0.20% A 1.30% \ Archaeorhizomycetales
2.00% 43.00% ° i ’ - Zony
2460"/:/§ RN 1‘30?’& = Verrucariales
270% " - = Lecanoromycetes 2.10% /I'/’( = fLHH
9% . L 2.40%—" = JERA
3.40% e 270%—" - R H
/ P 520% - HiZe HH
7.00% = R4l S0e j & o = HAth
18.90% « RHE 6.10% 4 ¢ oo, 9.10% . R
" - RHR " il
17.20% - WALER 10.20% - REH
Ry \ - BES TR
14.90% 39.20% Umbelopsidaceae 21.90% /‘ 38.60% ‘l‘lfmZelopshztv
e = Archaeorhizomycetaceae » Archaeornizomyces
- i AR = Hydropunctaria
- I ER 1.00% = Neopestalotiopsis
100%\/ . 0 « BREREE
- HR 1.30% \ /
0, .
}gg“ﬁ >// = Sebacinales. Group. B 2 10% \/ " thalocep/{ala
2. 40% 7 - Hfly 210% = Pyrenopeziza
2.70% [T T 8.40% - RA 2.40% el S S~ 720% O AEE
' 4.40%7-20% 2.70% 4.40% - 6.10% - At
B2 MERNEEHFRAR
Fig.2 Composition of endophytic fungi in roots of Rhododendron simsii
F1 HESRANEEE Alpha SHMEIEHE
Table 1 Alpha diversity index of endophytic fungi in roots of Rhododendron simsii
144 Place name Simpson Shannon Chaol ACE
Wi R (MG) 0.77+0.08 B 3.57+0.34 B 240.3+11.84 B 241.10+12.83 B
X4 (WD) 0.86+0.06 AB 4.21+0.37 A 285.3+£24.39 A 285.46+23.59 A
JEH (LL) 0.91+0.02 A 4.42+0.12 A 232+14.18 B 232.12+14.32 B

[FIZEHR 5 A R RS 5B 30R 22 7 W35 (P<0.05)

2.4 FEASHRPNAE R I AE S DI RE BT

T FUNGuild TR R (3R 2)  BRR TN RE SMEE RS AR N A= LT 20 O 10 DMERTIRERF, 7>
R E U E T Undefined Saprotroph (194 OTU) (AHY9% JAL B Plant Pathogen (20 OTU) | +-3J8# A= 1 Soil
Saprotroph (18 OTU) #MEH Ectomycorrhizal (14 OTU) #1434 BB Lichenized fungi (10 OTU) fh A5 5
MEELTH Ericoid Mycorrhizal (5 OTU) , KJ& 4 & Wood Saprotroph (5 OTU) A E # Arbuscular Mycorrhizal
(4 OTU) /LT Endophyte (2 OTU) F18h#)5% 55 Animal Pathogen (8 OTU) 10 2%, MAMAH ZFRAE S
TR EL I A0 . 23 2E PEEL -AS 2 8 A2 18 Fungal Parasite-Undefined Saprotroph (11 OTU ) ; 4 495 - 498 Az - K
FF I8 4 B Plant Pathogen-Soil Saprotroph-Wood Saprotroph (8 OTU) ; 4 N 4 -J% i & Endophyte-Plant Pathogen
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(2 OTU) % 21 24,102 4> Undefined #1257 FUNGuild %%
HWIETEASHRER,
2.5 MRNAEREZ OB A KOCHEY T b
AR LR AT RO R A DO R A B 03
HITHREDARE, A, SR FH RO 7 XA B AR 38 P9 AR TR 2 e H1
REMOCIDR I 25 3BT , AR A5 A R REZ ) DG IR 1 4544
8 KABY, A% 265 NHE OTU,3357 K F , ARFIEH
PREFEARTR S 1Y 8 B, OTU JIT 78 W 2% [ r 1 69 BR ik
K, 5540 B TR, 22 ] 14 32 2 Bk AR 3% 52 ey g TG
PR (61 3) . 454 =AM IR AR P 2 3 2 A
B Venn UL, A TG A 19 DI3EHTT ot 7EHA 41
SR Bt AR L 4 0 w717 1 R -
( Penicillium) .otul062 K% )& ( Trichoderma) . otu0 H 55 PC1 (72.58%)
J& ( Penicillium) otul580 #1452 B L& ( Pestalotiopsis ) |
otu2468 ( Chloridium ) . [ ER % J& ( Cryptococcus ) . otul08
R H H (Tremellales ) . otu807 ( Hydropunctaria ) , otu2049
BT R ( Trichosporon) otu2592 ¥ 453 7 J& ( Oidiodendron ) | otu2115 %5 J& ( Aureobasidium ) | otu376 JH
% )& ( Aureobasidium ) . otul537 ( Phialocephala ) | otu3296 37 Tii ff J& ( Acremonium ) . otu3433 & #£ %% IF J&
( Pseudogymnoascus) . otul800 ( Purpureocillium ) , otu2492 J& Jfi % J& ( Humicola ) | otul787 ( unidentified ) | otu313
(unidentified) o 3% SEAZC EL TR TEAS [R] 0 X A AL RS AR A 2047 Hh 30, AR RSB L3R 2 NI BE M 2% (K1 3 & i
AN [e] A 5 Y L T 2 (B AR DI, AR LT T DA A 25 07 S =X i ELAS W] S RER Z [ AFAe il 51, D e
KINA— . THREM Z (8142 5 A Z R B TR RE L 48, TR [R]A 25 (8] FAH B R I IX 2 24> OTU R4 9
HMNIRETTARIMRIIE A O R 5 Y R DL B R AP iy A ST RE AT R I

[ )
T H2

A
13 K3
®

PC2 (10.88%)
(=)

!

o

w
T

B3 BAFEHNEZERLEN PCA 5

Fig.3 PCA analysis of community composition at genus level

R2 HERNEEEIDRERRT
Table 2  Functional analysis of endophytic fungi in Rhododendron simsii roots

FUNGuild ZPF A BOHR 9 42 R DD AR

Analysis of functional species of endophytic fungi in Rhododendron simsii roots by FUNGuild Software

F e ~Lib e Lk CIE 33 L7 A Kokt
Number OTU Taxon Confidence Ranking Guild Amount

otu3717 Eurotiales Possible

1 otu0 Eurotiales Possible Undefined Saprotroph 194
otul062 Hypocreales Possible
otul787 — —

2 otu313 — — Undefined 102
otu396 — —
otul557 Pestalotiopsis Probable

3 otul580 Pestalotiopsis Probable Plant Pathogen 20
otu2526 Pyrenopeziza Probable
otu242 Archaeorhizomyces Probable

4 otu371 Archaeorhizomyces Probable Soil Saprotroph 18
otu590 Archaeorhizomyces Probable
otu2468 Chloridium Highly Probable

5 otu912 Russula Highly Probable Ectomycorrhizal 14
otu2287 Lactarius Highly Probable
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FUNGuild 3R PFEHTAL RS AR 9 AR EUR TR Fh
Analysis of functional species of endophytic fungi in Rhododendron simsii roots by FUNGuild Software
F e ~Lib e Lk CIE 33 B VA i
Number OTU Taxon Confidence Ranking Guild Amount
otul08 Tremellales Possible Funeal Parasit
6 otu2903 Tremellales Possible Uuzg? Zr:I e—t " 11
otu3605 Tremellales Possible naehmed saprotrop
otu807 Hydropunctaria Highly Probable
7 otu657 Hydropunctaria Highly Probable Lichenized 10
otu2065 Heteroplacidium Highly Probable
otu3722 Trichosporon Probable
8 otu2049 Trichosporon Probable Animal Pathogen 8
otu672 Metarhizium Probable
otu3391 Fusarium Probable Plant Pathogen-Soil
9 otu3008 Fusarium Probable Saprotroph-Wood 8
otu331 Fusarium Probable Saprotroph
otu2592 Oidiodendron Probable
otu3579 Oidiodendron Probable
10 otu323 Oidiodendron Probable Ericoid Mycorrhizal 5
otul06 Oidiodendron Probable
otul936 Oidiodendron Probable
otu2722 Trechispora Highly Probable
11 otu560 Berkleasmium Possible Wood Saprotroph 5
otu94 Berkleasmium Possible
Animal Pathogen-D
otu904 Chaetomium Probable S‘mm? W ad Oier: une
12 otu786 Chaetomium Probable a[_')ro roph-indopyte 4
. Epiphyte-Plant Saprotroph-
otul206 Chaetomiaceae Probable .
Wood Saprotroph
otu2451 Glomeraceae Highly Probable
otu282 Ambisporaceae Highly Probable . .
13 otul866 Archaeosporales Highly Probable Arbuscular Mycorrhizal 4
otu3205 Claroideoglomus Highly Probable
otu3621 Phoma Highly Probable Plant Path
14 olu3402 Phoma Highly Probable Wa“ | ;‘ °fe“ X 3
otud37 Phoma Highly Probable o0¢ Saprotrop
15 otu2412 Rhodotorula Probable Animal Endosymbiont- )
otul014 Pichia Highly Probable Undefined Saprotroph
Animal Pathogen-
16 otu2115 Aureobasidium Possible Endophyte-Epiphyte- )
otu376 Aureobasidium Possible Plant Pathogen-
Undefined Saprotroph
otul537 Phialocephala Highly Probable
1 E hyte 2
7 olu3583 Phialocephala Highly Probable ndophyte
otu2219 Camarosporium Possible
18 Endophyte-Plant Path 2
otu3193 Colletotrichum Probable ndophyte-Flant Fathogen
19 otul791 Phyllosticta Highly Probable Endophyte-Plant Pathogen- )
otu434 Periconia Possible Wood Saprotroph
20 otu3077 Dermateaceae Probable Plant Pathogen- )
otu2551 Dermateaceae Probable Plant Saprotroph
a1 otul874 Chaetosphaeriaceae Probable Plant Saprotroph- )
otu65 Chaetosphaeriaceae Probable Wood Saprotroph
Animal Endosymbiont-
22 otu597 Basidiobolaceae Probable Animal Pathogen- 1

Undefined Saprotroph
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FUNGuild 3R PFEHTAL RS AR 9 AR EUR TR Fh
Analysis of functional species of endophytic fungi in Rhododendron simsii roots by FUNGuild Software
75 e ~Lib Sy CIE 33 B VA it
Number OTU Taxon Confidence Ranking Guild Amount

Animal Pathogen-
Clavicipitaceous

23 tu148 Cordyceps Possibl 1

otu ordyceps ossible Endophyte-Fungal

Parasite
Animal Pathogen-
Endophyte-Fungal

24 otu3296 Acremonium Possible " 0}_) Tyte-tunga 1
Parasite-Plant Pathogen-
Wood Saprotroph
Animal Pathogen-

25 otu3433 Pseudogymnoascus Possible ) n,lm:l athogen 1
Soil Saprotroph

26 otu3651 Cercophora Highly Probable Dung Saprotroph 1

Endophyte-Litter
27 otul036 Chaetosphaeria Probable Saprotroph- 1
Wood Saprotroph

Epiphyte-Plant  Pathogen-

28 tu3097 Diplodi Possible 1
otu309 iplodia ossible Wood Saprotroph
29 otul800 Purpureocillium Probable Fungal Parasite 1
Fungal Parasite-
30 otul970 Sporobolomyces Probable %mgd ) arastie 1
Litter Saprotroph
Leaf Saprotroph-Plant
Pathogen-Undefined
1 7 Myce Probable 1
3 otu85 ycena robable Saprotroph-Wood
Saprotroph
defined Saprotroph-
32 otu2492 Humicola Probable Undefined Saprotrop 1
Wood Saprotroph
3 iig

3.1 FRESHNAE BEIRETR 2R

MR E B (RAF) DU TR 2R A RGN AR S A =) i 2 I 3R A5 A AR
PIAE B DNA J¥ 51 425799 2%, RAJE 135014 817 4~ OTU 43/@ T 8 17,18 40,53 H (105 #} 152 J& . EEHJE
TTREWEIT(81.2%) FEGHI1(5.8%) HHHT I 1(4.7%) s LHA  H Bk  HURR 20 (43.0% ) 8T
H(39.2%) KERH(39.2%) AEJE K- b 828 (38.60% ) & Hutme , HUCR—R AR (7.20% ) U2 B
J&(6.10%) .

RS RAF Wi ML BRI Ry 78 Oidiodendron(ERM) | £L%% )& Russula (ECM) FL#H)& Lactarius M FHAZEHY
MR . BFE R BLALRS RAF A KEHRIE, NE S8 LLa5 )8 M50 H R BBk 8 S 1A R A D44
(R. ovatum) KERIIHA 4345t | G 5 AEEY (R. formosan) '™ MARALEY (R. changii) Pz m R F K 75 4 Y (R.
hippophaeoides ) " BIAR H 54 B BR B o AN [) A 2 28 R 19 A AR L BT 7 A IS AR A | O 1 i IR T R 3 A
T Z 18] AR ARG OCIR I, B R AAAR T AN Rl A 4 T 38 0 TRAR BRI IO HR I 2% . FBE R 1] SR I H A
PR 11052 B E 2 OB R RS AR SR AR B, S R e 1 MBS 0 B = B AL RS (R, fortuner ) FI'ER
IAERY (R. leishanicum ) AR 73 BRI R B . A FeF R O AR A (R. leptothrium ) H3 Z K il 3]
(9 8 A~ OTU FFLIALEY (R. bureavii) FRERH) 7 4~ OTU , B rf Zh AR R AR K AT BSAR P9 2E B0 F 5 5 A R
PER R, OTU it R Tk A TR F1L1(355 OTU) (R24Z2E (229 OTU ) FIZN4Z2IE (226 OTU ) DX A A
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otu3059-Exophiala(Und. Sap) otu35 1 -unidentified

otu268-Penicillium(Und. Sap) O otu242-Archaeorhizomyces(Soil Sap) . .
otu822-Penicillium(Und. Sap) JI | otu3l1s-Aspergillus(Und. Sap) otu869-unidentified
otul239-Penicillium(Und. Sap) .'. 0tu955-Cladophialopfigra(Und. Sap) )
{ otu3097-Diple -@ piphyte-Plant Pathogen-Wood Sap)
otul787-unidentified ’ / < 9
otul538-Archaeorhizomyces(Soil Sap) X « \‘ 4
O= :(‘(’ gtu781-unidentified
otul580-Pestalotiopsis(Plant Pat) (J

otu3605-Cryptococcus(Fungal Parasite-Und. St

otu3340-Umbelopsis(Undefined Sap)

otu2451-Glomus(AM) otul963-unidentified ¢ ) 0£u296-Trichoderma(Und.Sap)
otul537-Symbiotroph(Endophyte) & otu2237-Cryptococcus( Rl Parasi

otu3722-Trichosporon(Animal Pat) otu2576-Kockovaella(Pathotrop

otul062-Trichoderma(Und. Sap) 7 otul681/Hypocreales(Und.Sap)

otul727-Penicillium(Und. Sap) A\ otu357p-Oidiodendron(ERM)

otu2049-Trichosporon-(Animal Pat)) \ otu807-Hydropunctaria(Lichenized)

otu1282-Candida(Und. Sap)

otu3579-Oidiodendron(ERM)
otu2722-Trechispora(Wood Sap)
otul113-Talaromyces(Und. Sap)

otu917 -Russula,(ECME
otu2468-Chloridium(ECM)

W

€ 5ap) 4
otu3391-Fusarium(Plant Paf

0tu2040-Umbelopsis(Und Sap)
otul557-Pestalotiopsis(Plant Pathogen)

otu597-Basidiobolus(Animal Endosymbiont-Animal Pa
otu2592-Oidiodendron(ERM)
otul08-Cryptococcus(Fungal Parasite-Und. Sap)

i plp Plant Sap-Wood Sap)
0tu990-Umbelopsis(Und.Sap)

otu388-Ilyonectria(Und.Sap) £} otu3073-Gibberella(Plant Pat)

otu2705-Clonostachys(Plag ) 3717-Penicillium(Und.Sap)

otu313-unidentified

B4 HERNEER OTU ASWEEBNEEMER
Fig.4 Coexistence Network of Endophytic Fungi OTU in Rhododendron simsii Roots
Animal pat Hl Plant pat 37 3145 5 & FAE Y09 )50, Und.sap R RAEER (18rh R IREESr OTU 44 7%)

(Vaccinium uliginosum) " FRFFEH . Alpha ZEEME T /R, WD HiIX HE SRR K, £ 8 R, LL
HIX B ZFEAEIRZ MG £ 5 RS & T LL A EE 5 B, SR — R ] G52 khag 3 S E
K S5 AESER R, = X R ARG T AR NESETS , A B W RE R 20 A e oA B A el A6
YN A LT B REAE T AR TP A S A S A R A A 2 B 5 1 AR LU Rl AR R
T BE TR K 0 2 S5 A2 R A AR AL SZ ARl AL v R BE D 14 AR B, A 4
JSAEAT (4 A ARV, FLBREE R T2 At PO (R A B 2 S (R kT RS S M 2R B
TEVRVEAH C XS i oA [A] e [X 55 AN ARAE ) Z2 A M AR B AR P - 3 A B P B A 7 03 7, AR 22 R A
SRR JTON T FEFA-FE R TR AR L RER S5 A B2 (18R 4R ) o
32 MNAEREWAESBEEZ

DA rh FL TR A I 2 O 1 5 N 9 S e — B IR U PR UE R R E BEXT AR R RS A
HE AT DR A% O EL R S SR A ) ST B F T R B R 4 . FUNGuild BROEAR BT RS R s
0tu2592 ,0tu3579 .0tu323 ,otul06 ,0tul936 [f]J& T ERM , 4= K I 25 2% ( Growth Morphology ) J& T~ 2 (4 47 b 4 £E T4
(Dark Separate Endophytes, DSE) , DSE | ¥Z 775 T /55 L AR M % F 4 HR 35, e 348 5 AR 0 X P 1 IR i A 3R
BB AR A TEAR ( Ectomycorrhizal , ECM ) TIRERE AL A 0tu2468 otu912  otu2287 %5 14 4~ OTU, & i1 43 Jill
J2& Chloridium ,Russula Lactarius %" JECM Z A TR TRIPHFH T B A, BRESFE IR A ES R S
Iz nE Bl R R, W 5 M EL (Pinaceae ) | HE K Bl ( Betulaceae ) | & Bl ( Fabaceae ) | & i & F}
( Dipterocarpaceae ) .5t FF}( Fagaceae ) FIBE 4 IRl ( Myrtaceae ) 25 = A M I R ML 0 0 DA P48 w T TN &
Y5 A 7 LB 7R AL RS RAF BEVE Pt &0 UL, ook 8 S A B B ( Undefined Saprotroph 194 OTU) , Hrp
otu3717 .otu0 Lotul062 435Il Penicillium abidjanum , Penicillium spinulosum , Trichoderma atroviride , X=KREE B
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WIER = AZJE (Picea) WX IRFA ( Pinus sylvestris L.) FllftBSJ& ( Rhododendron L.) 24 i) fi ML ip IR AR | I
W T L RN S50 AR e + 3 )8 A= 1 ( Soil Saprotroph) TIHEREH A1 &4 otu242  otu371 ,otu590 55
18 INHRE, EATTEN AN A2 Archaeorhizomycetaceae , 35 3 A7 7E T ¥ & Ak B Ja A1 A 5] o 45 7180 AR R0 AR s - 8
X E EIERERAA T — I R A ) HOP U AR AL R A i A 2 ELAS AT U 22 AR G5 | FE R
A @R

55 Nguyen 217 253G AL, FUNGuild B3 128 i A AN 41 | 8 75 #M S8 5E 3% , Undefined £ 75 otul787 L otu313 .
otu396 45 102 1~ OTU, K KW TE @KV b2 R, Fe it — IR R H EE I, APFEhALRS 5
AR PEAE A, B 53 BT R FLAR B N AR LB D BB 40 2508 5 32 A A2 480 ERM L 76 A A% b ir o5 Lt
BT, M A AE S A TR (Undefined Saprotroph ) (f i . B AL, —48 OTU JCILTE J& K1 b4 ik b ]
SE LI DIRERE FF 1T 75— J7 IHE LI OTU WIS T 45 MU RERE A, FUNGuild 32 2056 T35 IR BUOR X BUA
PEAT I RER] 7 68 AEAT B9 B AU —FiiE 3705 20, AT AR 1 S8 B9 AS W] B B8 4 3 3 5 O =X 0, B 455 1Y
S T 2 BE IR S AIAHESE b D L O A 4 6 2 B BB ( Plant Pathogen-Soil
Saprotroph-Wood Saprotroph) i) 8 1~ OTU #J°8 Fusarium , BE & & A A2 N A T sl A e IR i . A A |
R TEAR) A [ A 3% ) 9 rh iy AN (] 04 €8 PR R B 2 AR TR RRUE B9 B B, 7E AR W) 2H 24 BRE A= < 9 I 2
WA BE B YA LU B s T TR AR BRI U6 BLAT A 1 S 1Y L TR A I AN (] B A A7 2 A AT R
BT AN AR SR 0 e ah B8 AR 388 P 2B B TP A % % 39095 JR T ( Animal Pathogen ) T E#F , Baarlen
SEUU L — A R — S R E I RE S R R IR ZE P L AR RS R N 5 3, RAF AT LB
WA FEPUEGE R T A S, DU B Z A AR A A R R B S A = R A
— PSP AT PR F DGR | BRF T I 4O T EAE ) AP S A A R RS MR R B I S ), TR AR 4
FHELIE TASRARGIE T 817, K2R INA S RGP ARG, BAER EEZAEED)
RENS) . PRI LY MR R AR IR B A E T, 000 22 A (0 A W U TT LA HH R 1 R 1 T g
s, BIAE Y Z R A ORISR L UL, S A RS, BT AR T RE S X R B AL T 2R
BRGAEE = A R P SR 2 8] AR A AR e 3N T AR AR S R G A 2R AR S
R EPE AR OB A 5 S R A AR UE ] T LR 518 EZ MM R FROC R . WREEhRE M6 & A 2 Fhe Ay
Y ECBE , FE R RN ZS (8] EAH BB R JEIGX R 21 OTU 7E A4 N I RE TUAR M R BUE A, B 5 ¢
YR LA AP U AR S DI RE AT 2RI

4 Lt

B rh Iy EEAMART A BSAR I T D RRAR ISR, R TS ERM AR RSN A4 ECM AM ENM 5%
FRERIBAR , A S TIReRE s, Hh 225 (WD) Mo XA RS AR B 2 e e R, £ B m . XL )RER 2y
P TR R B, BN T BRMAE S R R AE Y Z AR M A AR I, T A0 SE PR 4 15 G A b I A LA L R 4 1
ARSI RE T RN, 3 B0 B A AR — DIy A S
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