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erhamomyces , 73 | (5 BEIE 11 29. 55% 19. 50% 8. 20% F1 6. 07 % ; i 18 P12k EL P EBE N Geosmithia , Pleos-
porales FI Gibellulopsis , 73 51| i 42. 14% ,15. 61% F1 6. 97% ; £ FL w1 LA A2 25 55 T A E0% P 38 - 18 4=
F IR RS YBT3, ELAS R SRR I IR /)N 2405 AR 0 B0 1 LT, G rh B I /N 85 4 A 4 B0
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B BRI RBET T o [ ARBRFE YA S AR S
TEBT SRS /INGE AT IR 3 3l o 7, I AR AT DR 1
Fo MR TSR P S DR e RN A
AP, ST IR [ UMk ke i SC BT [R) ] 7
HTSRB A I VD A MR AR CE SR L YRR /N
b L, I H] MiSeq ey i 0 > £ AR F 2 4 0 5
BRI TT 18, S AR LR EOR AR R BT 5T
AL I I/ N T P AL AR AR R R
SR IR N R 2 S B SR S

1 MH#EFH*

1.1 # R
TE B 5 P S DX 0 g BRI v Py
SR Bk Bk | A SR, R R AL
3 ASSRAE R, R AR R BE DL B R BNE IR /N e O
AT (K 40 ~50 em, A2 7 ~10 em) 1 ~2 &,
A [ SER RS A (25 £ 2) CHRSR, HE
AP, %1
x®1 HEmXEHWER
Table 1 Geographic information of

sample collection place

ol

SR R A
¥ Place Geographical coordinate
of tree
P Bk s 760110161 ,39°1644. 03
Prune
e SV HI G 76°0816. 32" ,38°5557. 12"
Peach
AL
H FITEp LS 75°3745.34" 39°2503. 14"
Apricot
Ji Bt HHE i 75°4940. 57" ,39°2412. 08"
Almond

PR AEAE FLRE LR 28 S N, O[]
R PR R S Sk, A S A S
mL KRR TR T, 35 SRS, iR
ar IR S ~ 10 min, # E 5 ETH R 3 mL
B, ERE 3R,

JW T A A TR A 5« RO AS [] SR AR A+
PRI R R H 5 Sk, 430 75% BITRS o K
P 1 min, FRFHZEBK UL 3 R 7 BIE TR IR A5
T U G e A S mL B K K B TG
W, 38 B S  CEiR g L RIZE Y 5
~10 min, F &I FIEWR 3 mL &M, EE 3 K.
1.2 7%

1.2.1 # & % DNA 254 PCR ¥ 3%

KA E.Z. N. A. @ soil 1% & ( Omega Bio —
tek, Norcross, GA, U. S. ) X} 4 FhEEA I IE /N A
F 5 i R B AL A DNA (- T4RE, IR R
3 K, FIA NanoDrop2000 #4746 DNA ¥ & A0
4, A 1% BrE B e i kR DNA 2 15t
EH;HERSI Y ITSI F (5° - CTTGGTCATT-
TAGAGGAAGTAA -3’) F1 ITS2 R (5 - GCT-
GCGTTCTTCATCGATGC -3 ) ; Xt V3 - V4 7] A%
X #E4T PCR 4784, P78 B2 /7 0. 95°C Fi A8 44 3
min, JEFEL (35 4~) x (95°C 25k 30s,55%C 1B k
30s, 72°CZEAH 45s) , figJm 72°C ZEAH 10 min ( PCR
X : ABI GeneAmp® 9700 #1) . FiF 2% BEfg k5t
Jg |l PCR P=#y, #FH AxyPrep DNA Gel Extrac-
tion Kit ( Axygen Biosciences, Union City, CA,
USA) #tA74fifl, Tris — HCl PR, 2% B 1 Uk
¥l FF QuantiFluor™ — ST ( Promega , USA ) #
TR EE, B Hlumina MiSeq SF-4 (Mlumina,
San Diego, USA ) bRt MURRKE 210 J5 A9 1S A
BtHg PE 2 x300 (305

RSO AL R (1) Y7 FIBHk (2)
i FHREBRO 8 22 B4 3k B 3% Fv Be; (3) AL PCR
PIGHEAT SO A v 4R 5 (4) FAAALa e, 7™
Az BdkE DNA F B, #% /)5 F Nllumina /A 5] ) Miseq
PE300 -5 #EATI .
1.2.2 EAMEARG > BEER
1.2.2.1 3iitH4

T FTT AS Ah S SR N T - BB R IR A
ZFEBUIE (YPD) 85 37 Sk | T % 25 4 %9 i 2
(PDA) 3577 5L A B SR (LB B R0k,
1.2.2.2 HAAANSBSEL

TEMGTAES b, 205 50 WL AR A7 8
PEA FURRE A Y SR AT A RN IR 2R b P A
3 UKo IRFRAEA FUTR 23 B 1 Al B 3 OCTE = iR 25
CHRAFT Wl P A EL R 53 851 B %5 B 1 57
& (BN 23 0 A B 487 AR TR ™ R
4) IAE RSN, 5557 48 ~ 72 h, A TR V&
K m PR R K alifb 3 R, IS H (LR
SE P S AT B AR A e
1.2.2.3 5T AYFER

Koy B Al n AR LR, T8 I TR RAE , B0 0
533805 %) 5. 8S rRNA R A #EATY 1 . 51¥R H]
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ITS1 . 5° - TCCGTAGGTGAACCTGCGG - 3,
ITS4 . 5° - TCCTCCGCTTATTGATATGC -3’ ; 3t
KZH $: B DNeasy Blood&Tissue Kit ( QIAGEN,
T50) 0] G4k M UL B EA T 52 PCR X 4% 24 BIO
- Rad (MyCycler) ,PCR F2/FUNF rik

FPA0 9738 PCR SN A 2% B A B4 2.0
pl.10 x PCR buffer (mg’* free) 2.5 wL.dNTP
(2.5 mM each) 1.0 uL., B354 0.5 pL, N5
$0.5 WL EX Taq(2.5 uw/pL ) 0.5 pL.ddH,0
18.0 uL,3t 25 ul,

JRE 264 : 94°C AL M 10 min; SR J5 94°C {4
60 s,55CH445 45 s, 72°C 445 60 5,35 MG ;
72°CHREF 10 min, 1 B ;4°C LRI

PCR =Wy alifl WY - 4% PCR W) IlAE 1%
AR B W R B T R AT FRLUK, UK R PR 1 <
TAE, HIKEHR G EER T 10 we/pl 1AL L 3E
e 15 ~20 min, T Alpha BRSSPl
FACSREE R IR M SOV AR FR 26 A 50 K —
OSFV ATV o FFARAS Y TR AR P 51 72 NCBI [ 41k
https://blast. ncbi. nlm. nih. gov/Blast. cgi ¥ 17
BLAST( Basic Local Alignmentsearch Tool ) H %, 4%
B TR T S SRR, X0 S R A T M 0326
1.3 HiEabE

JELaR I Py 7 41 4 ] Trimmomatic 4 B4,
fdi ] FLASH BfFgEAT90E : (1) & 50 bp HIE
H IR H N A2 i E AR T 20, AT T

LR S v RS , BRIP4 S KT 50 bp 1Y
J¥415 (2) barcode TR HAVLHL, 719 fuiF 2 0K
BERSETC , BRI B (3) AR I S i o-
verlap X4 P it 5 91 3547 P 4%, overlap 75 KT 10
bp, EBRTCEDHER T, iHE) UPARSE 4k
ff:(version 7. 1 http://drive5. com/uparse/ ) , H
97% WIARLRE XS 2 41 k4T OTU 526 ;ffi fj UCH-
IME #4450 55 w2 51K . I RDP classifier ( ht-
tp://rdp. cme. msu. edu/) X 43 5% ¢ 5 oE 47 4 Fh
SrIETERE, HEXT Silva BdE A (SSU123) |, B bt
BIE R 70% , HT OTU HE MR ih <k BEvE+
= BEFE4E( Chaol (ACE) FIHEVE 224195 %4 ( Shan-
non ,Simpson ) 4§, & il 7 M ¥ 45 5L >R FUN-
Guild v1. 0 #AfForHr B IR 28, #e3kiG OTU
I f% #| FUNGuild 43 #1 % & ( htp://
www. funguild. org/ ) #4T5341 3 T Bz 145 R 5%
SR BEATORIE

2 R4

2.1 HEEHESHMN

WFFE R, I5F I /N &k B 18 EL TR 1 OTU $5 i
ACE $8%k . Chao #§ %k , Shannon 50345 T K 3%,
HIFEROI A IR W P22 5 (P <0.05) , ST
T /INEE WA TE P AR TR 2 R M = TR R (B R R 3
WEMEER, F2

®2 FrRE/NESFAEE Alpha S

Table 2 Alpha diversity index of fungi associated with S. schevyrewi
. EK*#%L\L Shannon Simpson ACE Chao ouT
Sampling part
#iE Gut 1.80 +0. 69" 0.46 £0. 18" 179.05 +122.77* 177.79 £122. 65* 177.00 = 122. 55*
I 1.71 £0.51*° 0.40 £0. 16" 88.07 £23. 47 87.20 £23.45* 85.00 £23. 44

Body surface

TEFIH] SPSS 25. 0 Geit kAT 404, [RIBIARA AR IR - BER R JE B F e 22 52 (T # e, P = 0.05) , T[]
Note : Means were compared by ANOVA followed by the T test (SPSSI1.5 for Windows ). The data with the same letter are no significant

difference in the same column

2.2 HEHEEBEHER

WFFERML, eI/ INGE AR I T A A B
74124 49,66 4~ H (124 ARG 221 AN
B Hr B RN Geosmithia | Pleospora-
les FI Gibellulopsis , 7¢ BE 758 41 B 1 o5 H 43 3 A

42.14% ,15.61% 1 6.97% 5 1A = 1 # & # H

Geosmithia . Saccharomycetales . Byssochlamys — Fll
Wickerhamomyces 5 4351} 29. 55% . 19. 50% .
8.20% f16.07% , F3,K 1
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Table 3 Community structure of fungi associated with S. schevyrewi
HUREES L Sampling part ["] Phylum 2 Class H Order Bl Family J& Genus
AT Gut 7 62 114 204
43 Body surface 6 43 74 111
A% + J7i8 Body surface and gut 7 66 124 271

E:a%ﬁ,b ﬁ:%‘%
Note: a: gut, b: Body surface

" unclassified_{_norank_o_Saccharomycetales:18.50%

Bl FENEEFEETERKTREHR

Fig. 1

2.3 {4 EHHE FUNGuild Zhgewmm

TFSE 20, PR /N AR B B SR T A N
ARARL, LA A 537 34 (saprotroph ) ABH) B0 AL (plant
pathogen ) JHE — J& A= 78 3% A4 ( pathotroph — saprotro-
ph) FIZH Y EH AL (animal pathogen ) iy 3= TEFEAE T
FEE T AR IR R B — AR S TR A ELTA
o ey , R SCA RS AR BT ) e i, R AR R AN
Ji& sl 71, 57% i1 50. 46% 5 HR & DI EA Al
LT , ERE T 8. 60% eI T 5 21. 35% ;T
PR AP B BB Y BN 6.25% , Bt
9. 92% ; ShYIECI E B AR IR A TE v He ] 23501
49 0.31% F10. 65% (€] 2a) ; 75Ky F AN R R 1515
IINEEFEAE TR R AT LB AR A SR R B — S A R
TR A 3, PR ORI AL BURA S L A
SEVGHER AR SRR AT B B4 B /N L
WK IR B, 43 51 71, 86% . 65.95% . 54. 85% Fil
42.86% ; WA, R 4 PRSI ek )
S0 ELR , b Ry AR 4 I R /N R A R B0
BT F R s K 19. 06% , YR SR: g A B I
/INEE, 17 9. 46% , PO e B AP AR, 4351k 3. 25%
1. 58% 5 1M Ay RS A AR AR () FF I/ Nk
F S O B, 4> 9 & 1. 28% 0. 56% Fi1 0. 10%
(E2b), 2

Community structure of fungi associated with S. schevyrewi on genus level

2.4 ENFLEEENIBEELERE

WFFEREA , eI /e A= L 205 O 10 A4
JE Y 13 Tl ELTE, 53 51 kB 9 22 T B ( Candida
xinjiangensis) Candida peoriensis . 1 i I+ ( Wick-
erhamomyces silvicola) . % 58 13 43 VG 3§ 1 & ( Wick-
erhamomyces ciferrii ) , 2% tH, 5% B4 R % £F ( Mey-
erozyma guilliermondii ) . X £1. W% £ ( Rhodotorula
mucilaginosa ) . Yamadazyma mexicana , Naganishia
albida 1 25 55 18 B 14 ( Aureobasidium pullulans ) |
Geosmithia pallida F1 K 1 % 11 5 ( Cladosporium
macrocarpum ) , U AR 22 WeHE 1 Fp (BE 0L Fh)
(Candida sp. ) 1L H 5 1 Fh ( Paecilomyces sp. ) ;
R INEE AR R A A LA 12 B A B A
8 Fl, &3
2.5 ENELETEMHEEERIIGE

WFFR R T C S B/ N A LR 7 i
Pl B AR OGN REARIE , HR4FE O B AH G TR, il
I3 2 2K, — KNV BUR W, A Y. mexicana |
G. pallida FNRIRARTR ; 77 —FNA 1 11, K AT
Yo IS A AR T RSSO E A DU R 2
W58 B8 i W B I 21 I B R A 25 J A 55 1A T
C. xinjiangensis , C. peoriensis | J&, 5. 11 VG 35 fiF £ Al
N. albida 4 FhEFEICAHCHIRERAIE . 4K 4
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I\

| - 7

0.8

0.8+

°
@
°
b

°
=

Relative aburdance
o
Y

Relative abundance

0.2+ 0.2

X

M

o 0
co L) B T
Ml Undefined Saprotroph a M Undefined Saprotroph b
W unknown M unknown
W Plant Pathogen M Animal Pathogen-Endophyte-Plant Pathogen-Wood Saprotroph
W Fungal Parasite-Undefined Saprotroph Fu ite-Undefined Saprotroph
W Animal yte-Lichen g P Saprotroph M Plant Pathogen
1 Animal Pathogen-Endophyte-Piant Pathogen-Wood Saprotroph M Endophyte-Dung Saprotroph-Lichen Parasite-Litter Sapr Plant Pathog Saprotroph

P protrop!
M Animal Pathogen-Endophyte-Lichen Parasite-Plant Pathogen-Soil Saprotroph-Wood Saprotroph
M Undefined Saprotroph-Wood Saprotroph

M Animal Pathogen

M Endophyte-Plant Pathogen-Undefined Saprotroph

¥ others

M Undefined Saprotroph-Wood Saprotroph

M Endophyte-Plant Pathogen-Undefined Saprotroph

Ml Endophyte-Dung Saprotroph-Lichen Parasite-Litter Saprotroph-Plant Pathogen-Soil Saprotroph-Wood Saprotroph
M Animal Pathogen

M others

TE:CD: Jiil, TB A5, B b, M. PUAEEAR, T DAY, X - 7544

Note:CD: Gut, TB: Body surface, B: Almond, M: Prune, T: Peach, X: Apricot
B2 BRNEFEEEFENEREEAR

Fig.2 Composition of functional groups inferred of associated fungi with S. schevyrewi

x3
Table 3

FrRENEHFEERNSBSERE

Isolation and identification of associated fungi with S. schevyrewi

B A R 2OR LU LT A DIRE: — 2
TR CEIIRE ; I R B R AR =2
SRR LA T DU R R P o s vt |
Bk I PR SRARDBL/INad  A E ) ra
J¥HI FUNGuild ZHREBN n] LA R Nat AR A
KRR, HEFRMEE, AR E SRR
FEEOR R O o B — )8 A5 R B R A Sh 2
PR TR BT s (NG A Ao 58 N R S DI Re A BT R 2R
FL AT AR VB0 FL R SOA B 1 IR A oA

IUEEFBA Sampling part 113 4% R Chinese name I T 4 Scientific name
1R 2F A T Aureobasidium pullulans
AR 22 W Candida xinjiangensis
B2 R CEEBLETRY) Candida sp.
Bo dy{zfu%ja\cﬂff d gut DU P Wickerhamomyces silvicola
KA Yamadazyma Mexicana
K4 Geosmithia pallid
KAk Candida peoriensis
JE B LA VY o R Wickerhamomyces ciferrii
KA AR Cladosporium macrocarpum
Bo df!:jiace TeAlL 52 B AR R B Meyerozyma guilliermondii
LT B Rhodotorula mucilaginosa
KA Naganishia albida
T8 Gut EiVN=ss Paecilomyces sp.
T U4 SIS P2 A7 24 4, 5 FUNGuild 30

RETTM A R B —Em)—2k, B/ ek tEE 2
— MRS RGE AEF N X SR AR e
A FEfH A R A A A BEVE ] . WA o
HEE(UN G. pallida Y. mexicana AR AL EE) ¥
ML I ks 521 O A 4 , D I/ Nad g 35 A s iR
A F b AL A A S E T — S 25 T (AN
W. silvicola ZEBSE EEARRERE B LLTRERE | 2RO 2
[Ep0piTiC N - iibsk = il Eal (A
[ERSTERIREYINY - i G SN R 2 SN NS A )
a AR A —Fh el b & LR, IF BAELE T/
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Table 4 Function analysis of the associated fungi with S. schevyrewi

144 Specific name

IJjfE Function

BB 2 BB

C. xinjiangensis

C. peoriensis TEAR KB T HRIE
DU Y
W. silvicola
BT U P o 1
W. ciferrii
TG AR,
M. guilliermondii
AN a8

R. mucilaginosa

ToARFRARIE -

FRBR AR

Y. Mexicana

w5 /NGE HUp A B3 S B R /INEE Xylosandrus compactus £/ BT B #E A

Ay S SRR /N R S R R A G RERT AT

FLA R BIEVE, BERS 40 mycocin, TR 14 45 J& 140 AFh LB X mycocin G

IR Platypus boryoensis {2k B0 TR S5 0 JCAERT 1 15) ARSI T AT
SO ARG 1) R ML T A R 2
A BB KRR 1Y) PRI R A7 RBP4 0 LB AR ) 3y

Sy ZRINRE A A AT RN A T B B S R, FA S

S BEAR IR 2R K L (R 3 L B ) DR 5 R T LA R 4 Y e 22 BT

EIRAEE Z R

SR,
N. albida TCAHARIA
HH 2F AR R TR i
A. pullulans FIF i LA R LRI R A 2 B
G. pallida L [38] s " Z 1 ). [39]
FHZEFET S AR AR R AR
AR S0 P

C. macrocarpum

TR0 RIS A S B SR

a0 A A A B B, AP TE TR R I 4
ISR A A TE LA K 27 320 B BB AN AR BT B 2 2
PEAE I RE TR AR O HE R A B BAT 2 AR
Pis e ARV R Al IR G /v H e R AT SRk
P A Wt vl LA DAy A A R 2 A e R A
/N HOR ) 5 P AR R IR T LU R
R A 2 U SR A TR 2R B,
I, P B RE RRT /N AT BE EAT R o ] S
PR RR MY A Y B SRAEE TR AN T
PERM, kAR Ogataea pini 77/ ()45
BT B EAE T AN K/ NEE Dendroctonus brevico-
mis 5. B 3L A T Entomocorticium sp. B A 1K, #I
HHIR R B Beawvaria bassiana [4EK, IHFHES S
F)2F EAEYH L bR SR R WY RN Bl
) B ER A LR A IR0, 7 A S, A Bk
(CS2) Al A -3 - B M (X /hak BB A 51FEAE
JH) 149 FERIRE b e SR R /N A TR
Z PP TRERE TR, Q0T 22 T RS DU B gl 5 I
WEVG Jf W RE 2 AL 5RO B R R 2D BE B
Y. mexicana FI C. peoriensis, F.H, Y. mexicana K
T B BT, DU B ZE L 52 e AR I B
ZLIER): S Z2 RO T A5 DT SR BT R AN B
SR 22 B | C. peoriensis F1 v T4t V4 31 17 £ H:

A DIREAR WL AIRIE , Ao 3e fik 22 19 B 3 i
SR I/ Nk A A AR GE B i ik —
ML /I P A T B 5 ECRRT B A W) LR S T RE, X
PEL— 7R /NG 9 Kt D MR SR BLRAT

4 % %

e e 0 b DX SR el R/ NER AR A LT TR R —
MAAESRG, EEA A E R A EE
W BE — A B R AV S Y 0w B L A AL, HOA
() SR el e /N e Y4 5 AR ) B0 L, Herp ol 5
PR 19 JiE 1 /N B 354 LB e, o 19, 06% 5 N
Y AE Y BUR FA 3 P A sSSP R 4 B
e A BT I N B Y AL AR R T, 7R
77 4 B M /0N e 1% [) s 7 3 B SRR A T 95 3 1 By
P MEA B A s PO nT R R AR iR
I L FIH
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Study on the Community Structure and Function of Fungi

Associated ( Symbiotic) with Scolytus schevyrewi That Infest Fruit Trees
ZHU Xiaofeng' , CAI Shulin®, SU Zhuowen®, ZHANG Dianpeng’, SONG Bo',
XU Binggiang', Abudukeyoum Kader', YANG Sen'

(1. Key Laboratory of Intergraded Management of Harmful Crop Vermin of China Northwestern Oasis
MOARA/ National Local Joint Engineering Research Center of Special Foresiry and Fruit Indusiry /Institute of
Plant Protection , Xinjiang Academy of Agricultural Sciences, Urumgi 830091, China; 2. Institute of Plant and
Environment Protection , Beijing Academy of Agriculture and Forestry Sciences, Beijing 100097, China)

Abstract: [ Objective] To understand the species or group and analysis on the function of fungi associat-
ed (symbiotic) with Scolytus schevyrewi in fruit trees in the hope of providing basic information for utilization of
these symbionts and revealing the damage mechanism of S. schevyrewi. [ Method ] S. schevyrewi adults were
collected from infested fruit trees in Shule, Yingjisha and so on, the species and group of fungi associated with
S. schevyrewi were identified by using MiSeq high — throughput sequencing technology and indoor isolation and
culture methods. The functions of the fungi were analyzed by using FUN Guild and referring to relevant litera-
tures. [ Result] The fungi belonged to 7 Phylum, 24 Class, 66 Order, 124 Family, 221 Genus. The dominant
fungal microflora of the surface of S. schevyrewi were Geosmithia, Saccharomycetales, Byssochlamys and Wicker-
hamomyces, which accounted for 29.55% , 19.50% , 8.20% and 6.07% of the communities, respective-
ly. The dominant fungal microfloras of the gut of S. schevyrewi include Geosmithia, Pleosporales, Gibellulopsis,
accounting for 42. 14% , 15.61% and 6.97% , respectively. The fungi were mainly saprotroph, plant patho-
gen, pathotroph — saprotroph and animal pathogen. S. schevyrewi adults, which infested apricot, plum, peach
and almond trees, coexisted with a variety of plant — pathogenic fungi. The proportion of plant — pathogenic
fungi was the highest in S. schevyrewi adults that infested peach trees, which was 19. 06%. Thirteen associated
fungi were isolated and identified in laboratory. Among them Geosmithia pallida, Yamadazyma Mexicana and
Cladosporium Macrocarpum were plant pathogens. Wickerhamomyces Silvicola, Meyerozyma Guilliermondii,
Rhodotorula mucilaginosa and Aureobasidium pullulans were antagonists of the plant — pathogens. [ Conclu-
sion] It was common to carry and spread plant — pathogens by S. schevyrewi in Xinjiang fruit trees. When pre-
venting and controlling S. schevyrewt, attention should be paid to the prevention and control of fruit tree trunk
diseases, so as to prevent the two kinds of pests from synergistic damage and aggravating the damage. The ben-
eficial antagonistic fungi associated with S. schevyrewi should be exploited and used as biological control fungi
for some plant diseases.

Key words:orchard; Scolytus schevyrewi Semenov ; associated fungus; community structure ; function
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