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W OB, ZUNARFERPLNE I HRER (Quercus wutaishansea) 3 R 538 0] B 77 3L 4E H
W, WIEEEEEE D THEYZ N ITIERN LY EAT S E, 26 I R AR 2 0T 3 7%

AT BR S MBS L . REH: (1) MY RERR &4 B3RS 249 Bk
W, Z2%ERBT 205N 7H 8K 158 188, Hrh2MEETH T HIT
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Abstract: The symbiotic fungi in roots of young Quercus wutaishansea at different ages were
isolated directly from root tips to elucidate community structure and dynamic changes. The
isolated fungi were identified based on the morphological characteristics of colony and
molecular analysis. The results were as follows: (1) A total of 249 fungal strains were isolated
from the roots of young Q. wutaishansea, 18 species belonging to 15 genera, 8 families, 7 orders,
8 classes and 2 phyla were recognized. Among them, 2 species are ascomycotes and 16 species
are basidiomycets. Pezicula pruinosa was the species with the highest isolation frequency
(81.93%), followed by Dactylonectria torresensis (4.02%), Ilyonectria robusta (2.01%) and

Atrocalyx nordicus (2.01%). (2) Significant differences in species and quantities of symbiotic
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fungi demonstrate in different ages of young Quercus wutaishansea, with the highest frequency
of isolation occurring in the 4-5 years old (44.98%) followed by the triennial (29.32%), biennial
(19.68%) and annual (6.02%). To sum up, culturable symbiotic fungi in the roots of young Q.
wutaishansea on Liupan Mountain were highly diverse. Species and quantities of isolates varied
at different ages of trees, and the diversity increased with the growth of tree. Pezicula pruinosa
is the most dominant culturable symbiotic fungi in roots of young Quercus wutaishansea. The
results lay the foundation for further investigating symbiotic fungal resources and exploring the
microbial symbiotic mechanism of Q. wutaishansea in adapting to local environment.

Key words: Liupan Mountain, Quercus wutaishansea, symbiotic fungi, isolation and culture,

1dentification

WM (Quercus wutaishansea) | iz 70 A1 TR E WAL X, BAMWN ™. W+
By MBS R AL, A L TR L B TR R IR O SRR A TR, DR I AR
JET7 ARG (0 E AR GRS, 20215 &R, 2022) o ANBEILA TR A
JR B PG ER, M4 b T A AR S B S R R IR I A R 2 R DO R AR A a5
AR T5 2R R 70%, BB 9o - v i A 9 B R O 1 SR R SR BRI o 3L AR BRI AR AR
SN XABRARAEE AR AR TR B v, KT 447 2 M A= 25~ i FoAT s ZE RO B Fe pv e
(EHET, 2009) .

EEHRA T, EYNSEE P A A KEW T ELA TR, JUH PR R R R
BRNFE, FTEOFIAEFEHRIELE (ectomycorrthiza fungi, ECMF) . M R H
(arbuscular mycorrhiza fungi, AMF) Fl¥R 445 k& P 4= B & (dark septate endophyte,
DSE) & lERER E3k, 2018) o LA H R T4 AR KA ER K R RIEEE
BAEZIhRE, BARSEDBBOK SR E SR REE ALK HREY PG
71, JEHAEWE P E T E M S EE R R EERRER (EEES, 2018;
Zobel et al., 2024) o BEAR FL B I m) A GE A IR TR 22 X 2%, AR 5 B e R ROk,
PR A TR e AR B K FE TR (Fors et al., 2023) . DSE KEAF
ETTR. BB MESRBE AT, B NS EE Y BLRg . nTEE
HAMEBMO RS, DSEMEEY N T 25 MER G, ReEDEdae
(Gonzélez-Teuber et al., 2018; Liu & Wei, 2019) ; fEEFI I, DSE idid A5 E 7R
PIEAS . PRI E &8 51 1 B kA db Y A KRR 0 5 £ 4 B # P (Chen et al.,
2023) .

CAMFERY, WARMRREHEA T8 MR, HRvE S b5 e g K &
M E S . 8IS AR TEASFHEFRR IR 1ITS ¥ T 7715, Wang 55 (2017) M E
JEFRE L. P R KRR LA 5 A MR ARARAR ) 0 A T R 1 B A A
A EH 220 MAMEREREE, HEEESERGENZEEYLRE IEMX. Wang &
(20120 RH 73 TV F 70 A R 8 (1) 10 R PR AR AR L B Ve AT i 7T, e
th 66 MAMERAREE, Hrh s1ASRE TH PRI, 1SARET rRET], LATKE
(Cenococcum geophilum) & L3 LR, WERe B 25 5200 [ 10 AR BR A A AR 0 o A VR 45
o

BARCAH I T HEWFEAR NI AR W 2RI 7 REM B EdE, H
O B AL I TR 2 R AT S AR B S EAE R RIVET I . AR R R LR HIE I 2
FEPERFAE H BTILAL TR ARAS, RIUEAHT TR AR BCE 7 B0, XN AE 1L X 483 AR AR
MRRILAE BB AT 7 B ANV E 5 7E B I I AR AR 28 P 3 9 A BB (VR S5 M A B AR
AR, Dk — T 7T I AR MRS A O TR ELAE AL S i Bk s A R i s
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1.1 AR X

AL XOATHAR 90 071 hm?, #§4K 2 200~2 900 m, ESR 5.9 °C, ETFHIfFK 676
mm, TIAHRREE 69%, J& B 2 I X ) KRG R AR (E& S, 1988) o AN
#5122 AL R AR E B A TR 1100~ 1 650 m 2 8] 2RI B 3 . 2 FAS. ~FBH A9
I
1.2 PERRE

2022 7—9 H, fEAFIEREBRRY XK TRERX, EH 3D 50m x50 m )
IR BRAMAE R I FE . ARIEIREESS (2014) IR BER R AR 0 britE, 454
ANBLLIE RARFREE I S bR A KAB L, DL 4 ANAREREE (14, 2 4 3R 4~5 4
D BIGIES I RARE AT TN R, ARYE 5 RURFEEJE I, 43 R AR A [RI W 68 10 AR AR A A
IR RS 500, 3L 60 fhEdh o SRAERS, BRI IR 25 M vk L 51 5 [l M R B a6 ), %%
BAER SR MR T A IR RN B, MR AR RE D= LI T REE, R
SEMIARFET UK 4 CHARE, 3 d T [RISea = T J5 B2 Ah B
13WAEFLEREFNNE

TESRIG MR B TR RN, IINTEAIRIE, FriRfERmE LM s, Ha/hE
il 7)o 0 i AR 2 T 1) 398 I 50 B A A A IR &, ZRTBK PR &R 3~5 k. R H
B EEE FRE TR R LA B, B Maifh R DR EHE RS E (5

4% 200 gL' W& 20 gL' BBk 16 gL, fEEREFEIRANE S CLLG, M
NZRIE 50 mg/L & W H B RMFINE LK. BOFE B 30 N AN 2 cm IR R, K
AREBHEE, RBCRFEREE . 1E4E. 2EERRAR, R 2 5HEE%, ek
IR R T 70% B FS HIRIE 2 min, T T 0.1%S AR IR 40 s, BIIRIEEHLE
ARG 3 IR, BeJa — IR G R W AR T 7K 7o 3 A 4~5 FAEMIREL, fE20
HEMIER L, FRBRARET 70%M0FR 2 1 min, JoRE KBS 3 RGBT KT.
S AR RUIK 0.2~0.3 cm (MR BL, A PDA “PARKE 4 MREL, B0 FE AR B
100 4, AL G FRM 25 CCRIEHE IR . WK A S IR AR P45 (2022) M,
W IE TR S RHIE RS IR HHE McLean 25 (1999) Al Johansson 55 (2001) 17775, ALK E
wEte . i, AME. BREA WY AGEEEIIVIR. BE. B AiE 1 ETE Rk
PR T A6 7 RO K 2% 7 B R R AR S S AR W W VR T e 5 R B S 5 1 A 40 B b R
Hl o

14 BRLEEE S FEE

1.4.1 EE DNA $2HL

R AL T 22 AT [ AP AR, AE TSRS, A Bk 22 14 R = A T 1 AR X
R 2 HATWER, TRELBE 224K 0.5 g, %8 B AR T UNIQ-10 A3 x5 5 2 R 4H i) &
(1368 F EAT DNA 2.

1.4.2 F# tDNA ITS /551 PCR ¥/ 1§

K F B B 38 51 4 ITS1F(5-CTTGGTCATTTAGAGGAAGTAA-3') Fll ITS4(5-TCCT
CCGCTTATTGATATGC-3") AT % 1) PCR 34 . MW AKZRLL 50 uL Afil: 2 xHief PCR
Mastr Mix 25 uL, Forward primer 10 pmol-L"' 2.5 uL, Reverse primer 10 umol-L! 2.5 pL,
Template DNA 2 uL, ddH,O #ME 50 pLo M ZEPFanFR 1 FoR, SR & 4% AR dhik &2
A= AR TRE( i) B A BR 2 =]

& 1 rDNAITS 5 PCR ¥ 2R
Table 1 PCR amplification of rDNA ITS sequence



3R BR I ingl (B

Cyclic step Temperature (°C) Time (min) Cycle number
TiAE M Predegeneration 95 5 1

A8 Denaturation 94 1

1Bk Anneal 52 1 30

FEH Extend 72 1

22 %E{# Final Elongation 72 10 1

1.4.31TS FE 5153 Hr

Sof FL B P45 R M S IR AT S (2023) HIFET i R G R B
15 RAFLEAFHHES 5T

YIRS L ARARAR R A R SE AR U 12 BB 2 B i e AR (%) =51 &)
SEAh A BB (0 T AR B 2 B R R T AR E< 100,
2 R 55
2.1 RAFAE R FHE B RS

MG ILIRARAR F h L5 B A0 AT B 2490R LR, RS RVE TR SRR M 18N R AL (]
1, ®2) . WEZ AN, LEEMEE, Bt aGE. HEA. K, KEA, R
o, B, KEOaMEATAR, ARFEREKEEZRRK, 24HKEE. Hi
T5. T12. T15. TI16W & it NE DR, HANGEIR: T1. T4, T5. TR EELZEN
H, ToWENG NI AE, TISMEELLG NEE, TIOHKILEGNEKE; TIEE L
AR KR WY, T12. TISHTE EAZE KR W), TS LA % B KR
SR, T3, TI8WH & 7r i) 2 B KR T2, T14. TI6EK A, 4030 d)5 W%
B2 NT3~7.5 cm. 7.2~7.5 cm. 7.1~7.5 cm; TIMTIOAE K &8, 44630 d)E @& B2
IR A22.2~2.5 cmAl2.5~2.6 cm.
22 FEELER

XT3 B 3RAR (1249 TRAR IRITDNA ITS | BOE AT HHEAI 4%,  GenBank ¥ ¢ LU X 75 21 %k
P 22w B )R S AHACLEE N 87.01%~100% (K3) o MRIFHELESR, 2494 % HHhik
3IIMREER, SEEAFEKRT IS REFFILEEERGERKEN (2 , SEREKA
JE T2 15T H 8RS 18FN (R4) . JEAEMTI. T2HEREMRL2. LI05SERELLE T XV
b, FETHFEIIREN (Agaricomycetes) , HRI7TNMKEKIYRE T FH-E ], H
HL15. L54. L16. L100. L55. L213L6 Mtk ol R 1 b, S8 T B 2 3 49
( Dothideomycetes) ; L81. L107. L120. L8. L65. L108. L66. L167. L159. L145.
L184. LATH12ANRRT I REL L, FJETHEEEN (Leotiomycetes) ; L176.
LISIH2AN R R ERAE 7 L E, S8 T ##EE 4 (Eurotiomycetes) ; L128. L178. L69.
L182. L133. L46. L126. L4, LA3EIITNERIITFIIERAE S IV E, FETHTH
ZN (Sordariomycetes) o
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Fig 1 Morphology of fungal colony isolated from roots after 30 days culture on PDA medium
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Table 2 Colony characteristics of strains after 30 days culture on PDA medium

KA WIEBIE B ot ER3IAIN prikz 37 HEEN PaliLY| SUEZSIATN R W% ER
Type Colony color Colony texture Colony shape Margin color Exudation Margin shape Pigment Colony diameter
(cm)

Tl K 2 Grey-black ZREIR Felted [ Circle I {4 White ¥ No Y68 4= %% Smooth entire 7 No 2.23~2.51

T2 A £ Yellow-white  Z5EHDIR Felted [& Circle 7 No 7 No AFN Trregular 7 No 7.31~7.55

T3 K3 {4 Pale-brown ZREIR Felted [ J Circle 7t No A O KRR eI 4% Smooth entire K4 & Brown 5.52~5.92
Black water droplets

T4 K4 Grey YRR Felted [ Circle % White 7t No J6 4% Smooth entire 7E No 2.81~3.04

T5 £ Black TR Thin waxy [ 7% Circle 4 4 White J& No J6iE4=4% Smooth entire & No 6.51~6.85

T6 K B A5 Grey-black ZRHDIR Felted [ J Circle A Milk-white & No Y6iH 4% Smooth entire ¢ No 4.02~4.30

T7 FEsE & Pale-brown  ZREDIR Felted [ J Circle 7 No ¢ No Y8 4=%% Smooth entire R4 5 Brown 6.06~6.57

T8  H{% White ZRHIR Felted [@J¥ Circle & No W KRR J& 4% Smooth entire 7 No 5.81~6.03
Light-yellow water droplets

T9 P A Yellow-white 8%k Felted [ Circle ¢ No 7 No AFLN Irregular AL Light-red  4.61~5.42

T10  AE#E{f Pale-brown  Z5FDIR Felted [ J Circle 7 No 7 No Y18 4= %% Smooth entire 7 No 2.53~2.67

T11  E#¥E {0 Pale-brown ZRHVIR Felted [ Circle {4 White KRB G KR Y6 4=%% Smooth entire ¥ No 3.31~3.52
Brown water droplets

T12 B White IR Thin waxy  #R[EJE Oval B No 2 WK R ASHEM Trregular 7 No 2.41~3.25
Transparent water droplets

T13 3 A Yellow-white  ZXEHDIR Felted [F 7 Circle J¢ No 7 No AFN Trregular 7 No 6.32~6.51

T4 At White YLEVIR Felted [} Circle & No 7t No Hei 4% Smooth entire & No 7.26~7.51

T15 K% Grey-black DR Thin waxy  [#J¥ Circle ¥ No 2 B KRR AFN Trregular AL Light-red  6.56~6.83
Transparent water droplets

T16 Kt Grey {HIIR Thin waxy  [#JE Circle IR Dark-grey & No eI 4% Smooth entire ¢ No 7.15~7.52

T17 &K {0 Light-gray ZREIR Felted [& % Circle 7 No I No HIE 4% Smooth entire 7 No 2.85~2.92

T18 K% Grey-black ZRHDIR Felted [ J Circle {4 Black A O KRR i 4% Smooth entire ¥ No 6.22~6.73

Black water droplets
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Table 3 BLAST results of rDNA ITS sequence of endophytic fungi from young Quercus wutaishansea

KM KRBT L E B AL [k 36T bal=p i SHE T
Type Representative strain No. Similar fungal species (GenBank accession No.) Similarity (%) Strain amount  Isolation ratio (%) Reference strain No.
Tl L2 FRUTE Schizophyllum commune (MT466518) 98.78 1 0.40 —

T2 L105 Tt K E  Phlebia subochracea (ON869343) 99.37 0.40 —

T3 L167, L159, L145, L66, L184, L47 KM JCAHREHIE Pezicula pruinosa (LC206663) 99.83 204 81.93 LR876769
T4 L8 MERG KT TR ST Cadophora meredithiae (MF979574) 99.69 1 0.40 —

T5 L120, L81, L107 Skt F -+ B Humicolopsis cephalosporioides (MZ571379) 99.65 3 1.20 —

T6 L108, L65 st Bl Hyaloscyphaceae sp. (KF359568) 98.46 2 0.80 —

T7 L176 %E A Penicillium citrinum (MT597828) 99.01 2 0.80 NR121224
T8  LI151 &5 % Penicillium simplicissimum (KF359583) 99.32 2 0.80 NR138290
T9 L4, L12, L73, 149, L50, 143 FEHRMNFARFEHE Dactylonectria torresensis  (MN558984) 99.64 10 4.02 NR 121500
TI0  L95, L33, L175, L194 Wtk RFEW livonectria robusta (NR157427) 99.82 5 2.01 NR157427
Tl LI126 Mifl5% )8 Cosmospora sp. (KP723456) 100.00 1 0.40 —

Ti12 L46 YIEFFE Sarocladium bacillisporum  (HG965005) 100.00 3 1.20 NR145039
T13  L69, L133, LI82 MW Cylindrocarpon olidum (KR709196) 98.80 3 1.20 —

T14 LI128, L178 H /e D52 Anthostomelloides leucospermi (NR153510)  99.28 2 0.80 NR153510
T15 LS55 WRZEASE Paraphoma radicina (MK764998) 99.66 1 0.40 NG070446
Ti6  L21 R HER Paraphoma sp. (KT269033) 99.65 1 0.40 —

T17 L15, L16, L54 JLEBER Atrocalyx nordicus (MW759246) 87.01 5 2.01 NR172997
Ti8 L100 R B A Neovaginatispora fuckelii (KX664344) 97.36 1 0.40 —

T —FOREHEE P T oR W RN A R S .

Note: — indicates that the sequence of model strain is not queried in the database.



ek B4 Atrocalyx nordicus (MW759245)
EEBAW A nordicus (MW759246)

Bl B A. nordicus (MW759243)

L15 (OR257619)

Ls4 (OR257627)

L16 (OR257620)

ar IRIEHT BT Neovaginatispora fuckelii (KX664344)
L100 (OR257626)

EHIBATER Massarina sp. (KJ188102)

K IR Lophiostoma sp. (JF694929)

W5 2555 Paraphoma radicina (MK764998)

1% P radicina (MK764997)

100 LL55 (OR257628)

97]

5+2ESHJR Paraphoma sp. (OQ818678)
L21 (OR257629)
100053 2 2345 J&  Paraphoma sp. (KT269033)

AT Humicolopsis cephalosporioides (KY065165)
oo | kAT LB H. cephalosporioides (KY 065163
k¥ # H. cephalosporioides (KY065164)
181 (OR257624)
L107 (OR257615)
L120 (OR257613)

% L8 (OR257617)
i l: HEs AT IR SRR Cadophora meredithiae (MF979574)

HEw BT R ST C. meredithiae (MF979576)
70 4 HR R Hyaloscyphaceae sp. (MZ621146)
L65 (OR257642)
1901 1108 (OR257606)
99| i %} Hyaloscyphaceae sp. (OR482679)
Al AR Hyaloscyphaceae sp. (0Q430738)
L66 (OR257632)
L167 (OR257634)
WA WL Pezicula pruinosa (LR876768)
L159 (OR257633)
L145 (OR257635)
L184 (OR257631)
BBy TNEEALE P, pruinosa (LR876769)
KB TR P. pruinosa (LR876770)
147 (OR257630)

97,

L176 (OR257637)

'“"lhﬁ.'ﬁr& citrinum MT597828)
s Vi P citrinum (MT597820)

m
100) L151 (OR257607)
" o— fil ¥ % P simplicissimum (HQ392489)
fiil

W P simplicissimum (KF359583)
100) FIHUIMERFE Anthostomelloides leucospermi EU552100)
FHNEN S A, eucospermi (NR_153510)
L128 (OR257609)
6411178 (OR257608)
HUMENFEM A eucospermi (MN611120)
169 (OR257643)
B IR Cylindrocarpon sp. (AY295334)
B C olidum (MT294406)
100 1 182 (OR257612)
HEFUT I C olidum (KR709196)
25 L133 (OR257610)

100§

W

-1# Sarocladium bacillisporum (HHG965003)
HHFIE S, bacillisporum (HG965005)
100 by ki S, (OW985503)

146 (OR257641)

100 L126 (OR257636)
10 it 5EI% Cosmospora sp. (KP723456) I\
FEAWiHE MAIEE Dactylonectria torresensis (0Q357991)
L4 (OR257639)

143 (OR257640)

L73 (OR257644)

149 (OR257622)

FEHEWHRMARIEE D. torresensis (MN558983)

L50 (OR257623)

FEHEWHRMARGEHE D. torresensis MT678571)

FEHE WM i D. torresensis (0Q357992)
L12 (OR257618)

L175 (OR257611)

L33 (OR257621)

/el Ilyonectria robusta (MN535824)
I robusta (NR_157427)

1. robusta (MK602790)

L194 (OR257638)

b RIS 1 robusta IF735265)

L95 (OR257625)

8 Schizophyllum commune (MT466518)
100} Z4H41% S. commune (AB369909)
@I

L 12 (or257616)

100 LA EIE K4 Phlebia subochracea IN649353)
—| mi L105 (OR257614)

S ESHIKIE P, subochracea (ON869343)

—100| KB Orbilia tonghaiensis NR_172397)

ot

Wil O. ellipsospora (NR_172385)

0.09

AE LM FERRLFER; BERESKEARL > ZEAMEKTI; KEME (NR 172397) FU R 5 5
(NR_172385) NAMKEE.



The numbers at the branching point indicates bootstrap; the bold numbers represented the cultures isolated in this study; Obilia

tonghaiensis (NR_172397) and O. ellipsospora (NR_172385) are outgroup.
B 2 EFRANEEEKILIECFrDNA ITSFIRARKURZMERERE M

Fig 2 The phylogenetic tree based on rDNA ITS sequences of root endophytic fungi and related species using

maximum likelihood
RADBIFEHERATEALERFEEER

Table 4 Identification results of culturable endophytic fungi in the roots of young Quercus wutaishansea

Gs 11 7 § A & o
No. Phyla Class Order Family Genus Species
1 HT ] N A H ZAE A 2R R A
Basidiomycetes Agaricomycetes Agaricales Schizophyllaceae Schizophyllum S. commune
2 EZN = R Sk v A 5 K A
Polyporales  Meruliaceae Phlebia P. subochracea
3 TR i 2N T H [EREER{UER Tt JE TRH Te A e BT
Ascomycota Leotiomycetes Helotiales Dermateaceae Pezicula P. pruinosa
4 RUSiiREYET A B AR ER IR U5
Cadophora C. meredithiae
5 TARE Ll LA EE
Humicolopsis H. cephalosporioides
6 SRR
Hyaloscyphaceae
7 RN AR H HEETE 5 R 75 %
Eurotiomycetes Eurotiales Aspergillaceae Penicillium P. simplicissimum
8 5 5
P. citrinum
9 FEFRWN WA R TR H FR5HE Nectriaceae A FRFEJE FERE R AR
Sordariomycetes Hypocreales Dactylonectria D. torresensis
10 TARRE SR AR AR R
Ilyonectria 1 robusta
11 iftl5e s
Cosmospora Cosmospom Sp.
12 WIEHEE VBT B
Sarocladium S. bacillisporum
13 AR AR E
Cylindrocarpon C. olidum
14 WA H BB R (WE Ff /NG 52
Xylariales Xylariaceae Anthostomelloides  A. leucospermi
15 JFEFE N HAEEE  EER R WRARZEAE
Dothideomycetes ~ Pleosporales  Pleosporineae Paraphoma P. radicina
16 B JEE B TE
Atrocalyx A. nordicus
17 Jr FLIE AR} I 1 1 IR BB
Lophiostomataceae  Neovaginatispora  N. fuckelii
2.3 S EE

ANEFP S0 B o BRSO (R3) , Hh kB BRI . T TR RSE
B~ st AR bR B O BRE S, KIKON81.93%. 4.02%. 2.01%- 2.01%. TR &
(Pezicula) HMGE BRI HE (81.93%) , LA MNMEK K GBI HE .

I ZRARAS [ 8 (AR 2R P 5 75 2128 BB B A ) AR R ANTF) (3R5) o ML RARITAEAEREMR 7 5
REEAE ISR, 2B N6.02%;: 2F AR AR RI49%k, B N19.68%; 3L/ 5515
BI738k, AR N29.32%; A~SEEA MR BRI L120K, 0 B N44.98% . AN AR IS L AR ARAR R

SEAE FUR I 2 B v B AR KON 4~S R A>3 4R A2 4R > 14

R 5 AAMRIIRHFR AR KB EN D BHR

Table 5 Number and isolation frequency of culturable endophytic fungi in roots at different development stages

Quercus wutaishansea

KAEHB

Stage of development

W E
Strain amount

L ES

Isolation ratio (%)

1 44 Annual

15

6.02



2 %4 Biennial 49 19.68

3 44 Triennial 73 29.32
4~5 4 4-5 years old 112 44.98
3 bhie

IR, PR R FRILEREMEESE, UTERARALE. WARHST4E
W2 D7 R T R LI AR PR AR AR 3L A EL T I 35 28 2 DUAE 1 T N AR ANV AR LT, A 90 2 42 07 V%
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