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% ;"% ’ ?l? % 7112’:’ ’ ?VJ\ i s H& Zr& ’ é 75]
(1. AW FR2FAEMEE2ERE, Fia T 832003; 2. AT FR¥KR2ERE, Hisdai T 832003)

WE: ASCLURTSEA T 752 () Ty Vespa velutina RFFER G, G586 5T 268 rDNA (1 8 1 4 I 3 B AR B
MRy 88 0 7 ¥k, WF 90 B U D AR I RE ) RN 2 S L 2 MR SR R, DK N AL Cuaneotrichosporon
Torulaspora~ Pichia %5 10 N J& WA B BE; &4 Cutaneotrichosporon cutaneum~ Torulaspora delbrueckii~ Sporidiobolales
sp. 5% 10 Fp Ny A= % 1. Shannon 5 £{. Simpson $§ %4~ ACE 3§ ${ #il Chaol 4§ %> 5%k 0.619215. 0.681265-
84. 38456 Fl 76 FIFRRE VAR I3 B9 I i 43 B 3R A — BRI AR B R, S5 T VR FAN OB 2SI 4E Az BIAE AR AT LA K
268 rDNA 73T E G715, IR RE TR R N WA 25 B B Metschnikowia pulcherrimao ZSBIFSE T A I 2209 N AR 9 BETE
THREWTF B o B v 5 IS 55 ) FH B35 ki«

KgR: O NAEREE EREEIT; 26S rDNA

RESHES: 968.1; S$476 ERFRIAA: A XEHS: 1674 -0858 (2021) 05 — 1288 07

Population structure analysis of endophytic yeast of Vespa velutina and

identification of Metschnikowia pulcherrima

YU Man', LEI Yong—Huiz, SUN Yan-Fei', XIONG Jie', LI Yangl* (1. College of Life Sciences,
Shihezi University, Shihezi 832003, Xinjiang Uygur Autonomous Region, China; 2. Agricultural
College of Shihezi University, Shihezi 832003, Xinjiang Uygur Autonomous Region, China)

Abstract: The composition and diversity of the endophytic yeast species in Vespa wvelutina Smith were
studied by using high-throughput sequencing based on 26S rDNA and diluted plate method in Shihezi West
Park, Xinjiang. The results showed that there were ten genus including Cutaneotrichosporon, Torulaspora,
etc. There were ten species of endophytic yeast including Cutaneotrichosporon cutaneum, Torulaspora
delbrueckii, Sporidiobolales sp. , etc. Shannon index, Simpson index, ACE index and Chao 1 Index are
0.619215, 0.681265, 84.38456 and 76 respectively. A strain of endophytic yeast, Metschnikowia
pulcherrima, was isolated by using diluted plate method combined with colony and cell morphology
observation, physiological and biochemical detection and 26S rDNA molecular identification. This study
can lay the foundation for subsequent study on endophytic yeast function and utilization of yeast resources.
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BRI B % — SRR R N AR TAE Y, TE
KA PR A B b, AR AR A T B Y
EN S AL, B R EFRAE. ERAKF.
AEFEAT R~ SR E U S A A ok AR AR Y
( E&id, 2000, sK$RTF45%, 2017) .

B N A 1 B 2 B OO AR A b i L6
REZ—. AR, 7Eroc mAER AR SEE A
VFZ WA BELE B A (He et al. , 2013;
etal., 2014; Ren etal., 2015; Liu et al. ,
2016) o TEA W KIS Locusta migratoria manilensis {<
N & IA PRI BEEE & Sporobolomyces FILL gk /K W8 2%
izt JE Cyberlindnera ( X|JF -4, 2018) . HIBR &
W Ischiodon scutellaris Fabricius 1K N & A B fF H:
FfE o FE CRBEBESE, 2019) o XUSEE dU
A TR RE TR EL A R R 0 A B AR AR R, AN R L
Nilaparvam lugens VKN A —Fh BB 7 IR IR 5% 1k
JE AR A S FRRE SR (a5, 2013) , K
SE AR B A HLA A3 il R SRE Y R M
et al. , 2014) ,

L& Vespa velutina Smith J&—Fp )72 /040 B FE
JEAL SRR . SRR BSHE Y O,
T AT 9 T A 5B 1R AR 48 L Helicoverpa armigera
Hiibner S400 0 ( 22k, 1987) o FGEA ST
18 H g g 8 N E A AT A0 SR DE Amaranthus
retroflexus [ 11 PR 220K L (7K Z5 4%, 2015) o 2R
M, Ak H v, %?gﬂ%lﬁiﬁ?‘lﬂﬁﬂ“*?ﬁﬁiﬁ
ZREEBESY, R WA IE o AS SC DL R A AR
bR AR (4 By e g ARk, 3 ok v R S A
T E N A WERE RN RE L AL, T X R AT T R
LA FI) A0 M 5E o AT SRS Oy B e oA A I B Y AR
PRIy REAIE T B T B TR 5 U A R I FH B9 i o

Oliveira

( Oliveira

1 MRl 57A=%

1.1 DiEXRE

2019 4 8 HAE M s F P A e B, )
i B RO R4S 30 Sk Hhge, KRR SR A E &
BER R O, AT RISEER R, VKARIRAE A .
1.2 EHxFE

(1) RS2 bh s ik D482 55 20. 0%,
WEWE2.0% , 38 2.0%, pH6.0 ( FK TN *
JEIRPEEE, 2015)

(2) i@iﬂc%%% Z 18 2011 4F (The
Yeast: A taxonomic study) )75 B il w5 8] £k &

Tli B % By 28 R e B Al B R Ak PR 3R B IR Ak
TR TR (JFTmAE, 2011)
1.3 XWAH=E
13,1 Shide oy A T s £ s 434

Pk 30 Sk B, RLTE 75% LT 30 min,
TER S TAEG HTCE K e 3 W, hnid & JEHE K,
FHWFEABIEE 50 0, IR 40 R ik vk, M) 0.45 pm
SUR TSRS S Sy R4 8 NE S S /AR R
i#id Mlumina ( MiSeq) F&, A NLA. NL=2 %
51¥ 3t 4T 26S rDNA & E &P ( Robnett et al. ,
2013) o 7E 97% ®yAH AL EE R, F H #A4F QUME
(v.1.8.0) & it #F 5 b B A 88 4E 20 28 B q
( operational taxonomic unit, OTU) ¥jFh £ & E(F
B, JFXTFPE R IERT Alpha ZHEME T, Hoh
4% Shannon ZAEPEFE 4L ( Shannon diversity index) .

Simpson Z ¥ EFE 4L ( The Simpson index) . Chaol
FEEAMIHE40 ( The Chaol estimator) . ACE £ &
FEAl 31 48 80 ( The ACE estimator) ( £ & 2l 45,
2014) .
L.3.2 AR Rtk o B alifl

e BB ST, MR T mL WA, b8 B Hi

B, WBUE R 100 WL 3R A T S48 B 49
BEREFRIE I, 28°C R 2 ~3 d, BRHUWIEHIN N
WERE R, PRI 21k 2 ~ 3 IR ¥ alif
FAY T B B R 4°C AR DR
1.3.3 EtkEE

(1) WLEEH R P& A AN E S, JF2 R 2011
4 (The Yeast : A taxonomic study) #7434 {k
BERINE (A EE B[l JodEAd: R 5 IR
&) o

(2) WHREWARIE IR, W E AR, R
buffer PR 8 i1 $2 5 4 BOEE A 2 DNA (5828 54
2006) , LL%E[H 41 DNA b, PCR ¥ 44 26S
DNA J¥ %1 PCR ¥ Hi fk &: ddH, 0 14.75 pL,
10 x Taq buffer 2 wL, dNTP 1.5 pL, MgCL 1 pL,
W5 NLA ( 5°-GCATATCAATAAGCGGAGG
AAAAG3") 1 pL, TE5I14% NL4 (5-GGTCCG
TGTTTCAAGACGG3) 1 uL, K DNA 2.5 pL,
Taq i 0.25 pL. PCR 4 f4: 94°C 10 min, 94°C
1 min, 56°C 1 min, 72°C 1.5 min, 30 P1& .
PCR =¥ 28 88 e v vk A I 5 B e, 36 28 BT
A TAE) S A BEATIN R, 4 DU A5 268 rDNA J¥
§15 GenBank H iy 73 #E47 Hoxf, FIH] MEGAX
BT R LT IO R G LT
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2 #ER5H9H

2.1 SENAEBEISREENFZEETITR
Alpha Z M1

@ Hlumina ( MiSeq) & X 5 i AL 5 A 42
Wiy DNA #£47 26S rDNA 538 1 U 7 73 A A4k
Wk OTU 7087, HE M OTU B 5k 11 4
[T 25 490, 42 A~H 49 8L 54 g 60 1
Fl, RAr2 2 A4 5 2011 48 (The Yeast : A
taxonomic study) A1 GenBank % 35 22 5 Fh Xt He )5,
=LA e e, WAEMESAA 3
640 M. 7 4 H. 8 F 10 A~ JE. 10 A4~ Fh
(£1, £2), WL OUT HIEHE K OTU S
BT i R T a5 5 0. 5% o

1EJR B KSE &, Cutaneotrichosporon “fy P A i

BEE OB C A8, 5 70.05%, U B B s
Torulaspora 5 19.78% , Sporidiobolales-unclassified
5 5.88% , Y RIEHEJE Pichia 5 1.34% , T+
B @ Saccharomyces~ Pseudozyma-~ LR IK W 3% iz £
J&  Cyberlindnera- ¥ E &
Pleurostylic F14:¥0 T8 /& Aureobasidium 5 FLAER /)N
T 1% .

TERPBEY K b, Ehige A R LA 10 A4S,
Ho, Cutaneotrichosporon cutaneum pill Torulaspora
delbrueckii % Sporidiobolales sp. HLHFF, BT & L
B K 54% « 30% F19% , HAY T ANFRBT i He )
BN, #/NT 2% (3£ 3); T Sporidiobolales sp.
JRTARYEEW TN, RAT B — R BB R Sk
b THE Ry N AR A RE LD L 2 A, H Al
Ay

Filobasidium

F1 £OTU LEBEXBFITER
Table 1 Statistical results of yeast groups on each OTU

R I N H # J& F NS
Sample Phylum Class Order Family Genus Species Unclassified
i
’ 3 6 7 8 10 10 0

Vespa velutina

R2 DENABIRBEBEKESHER
Table 2 Distribution of endophytic yeast groups

genus in Vespa velutina

®3 DENAEBSEBEMAESHRESR
Table 3 Distribution of endophytic yeast groups

species in Vespa velutina

J& Genus A5l (%) Proportion T Species B (%) Proportion
Cutaneotrichosporon 70. 05 Cutaneotrichosporon cutaneum 70. 05
Torulaspora 19.78 Torulaspora delbrueckii 19.78
Sporidiobolales-unclassified 5.88 Sporidiobolales sp. 5.88
Pichia 1.34 Pichia ethanolica 1.34
Saccharomyces 0. 80 Saccharomyces cerevisiae 0. 80
Pseudozyma 0.54 Pseudozyma prolifica 0.54
Cyberlindnera 0.54 Cyberlindnera jadinit 0.54
Filobasidium 0.53 Filobasidium magnum 0.53
Pleurostylic 0.27 Pleurostylic africana 0.27
Aureobasidium 0.27 Aureobasidium pullulans 0.27

i BAF QUME ((v.1.8.0) X #¢ i 2 47
Alpha ZFEE 08T, 255k 4 Fron. ACE $8%(
84.38456, Chaol $5% 76, 2<0H Th i phy A iR A ot

ZFE M, F R 8 K Shannon 8 LA
0. 619215, Simpson FH N 0. 681265, B N
FERVEE S T
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x4 DENEEHMEDSEGE
Table 4 Microbial diversity of endophytic flora in Vespa velutina

i Shannon ZFE 3544

Sample Shannon diversity index

Simpson ZFEHHE %L

Simpson index

ACE 5 BT %L

ACE estimator

Chaol =F & FE AN T84k

Chaol estimator

Iy Vespa velutina 0. 619215

0. 681265

76 84. 38456

2.2 WEFEESERESEHES £E A UEHE
I A B A s B A A, BRAS — R R
g MELT bk, 2Rk AR SHRIE L,
PRk M7 B 0@ ARG s, 48 5F,
FIEDCHRE, M hE, NN S ~10 um,
ML SR, TorEAFE o S (&) o
BRIbR MELT (M A 1 S CH B A A f R G
MR MRS Fros. 104 A 505 97 3 LR pk
MFA7 AREAE R TR AR B e 2B 1l JEE Al 3k 40°C;
FRR PRI AS 77 A2 PR 2R Tl T AN BE 3 i TR 3R o Wl R
BRI A s, AR MFLT m] o0 fige M) FH 4 %00
KWE R, AR LAFLRE . A 2R R REME. JE
K26 Tl i U A4 B SR vh IR BE P IR e

1000 pm

BT MEF-LT7 BEARATE 7% A4 BT 2
Fig. 1  Colony and cell morphology of strain MF47
T A, MF7 BERAR: B, MFA7 404K . Note:
A, Colony morphology of MF-A7; B, Cell morphology of
MF47 (A, bar=1000 wm; B, bar =2 pm) .

F5 MF7 B#EBEUNELER
Table 5 Physiological and biochemical tests results of strain MF47

e
Wbk AgRE MRTHE DSRZEME RERE D-RILBE DR LW vER RMEAER REM O RE (0)
Strain  Glucose D-Raffinose D-Maltose Sucrose D-Galactose D-Trehalose Lactose Starch Vitamin-ree Urease Maximum

temperature
MF47 + - - - W - - - - - 40

e+, FEPEROL, -, BIPERL, W, S550. 36 [Al. Note:

for Table 6.

BRI AL 25 RN 3R 6 s, TEAH A KM,
Bk MFL7 n] DLAI R ZLBE . 22 20 M A
ZHERCH b, WA BEA T BB AR TR A r
Al ERRARBERMA FARE T, R 22 281
REME R 23 f MR RE AP AE 22 5%, RWTE R AE A A
SR X ) — JEE 0 4 23 gk M) AT REAF AE 2 Bl A [
AL o XF IR B AR A E T, 28 G AR
SR B AR I A5 0, ) 40 S TR Bk MFT

+, Positive; -, Negative; W, Weak. The same was true

J& T Metschnikowia o
2.3 ETF 26S rDNA D1/D2 RF 5l R % & & &
T

PL MFAT7 BERREEAZH DNA Jgdsite, Dl H51
Y44 268 tDNA (1) D1/D2 X, 3K135%14 516 bp,
PR GenBank B4 JE T AT LX), 4551
Lo, MFA7 B S BEARR Metschnikowia pulcherrima
(KY108494. 1) FE3[a]EEE 1k 98. 785 % o

®6 MF17 mirBIRRMLER

Table 6 Carbon source assimilation of strain MF47

Witk FRERE  D-ARAE
Strain  Glucose D-Raffinose

D 2fME TR
D-Maltose

D-k7LHH

Sucrose D-Galactose L-Arabinose

LBahifrhl  LesbE 4 DA =M Hl

L-Ramnose Inulin D-Melezitose Glycerol

MF47 + - + + +

- - - + +
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92

MF-17

Metschnikowia pulcherrima CBS 2253(K'Y108494.1)

Metschnikowia pulcherrima CBS 5833(KY108497.1)
Metschnikowia pulcherrima S1-49(KU862651.1)

94—|

Metschnikowia pulcherrima SC-16(MN371975.1)

78

Metschnikowia pulcherrima C81(EF116913.1)

005 K2 MFA7 Btk RGEA T W
Fig. 2 Phylogenetic tree of strain MF47

FIH MEGAX M RGE LB R, WK 2 Fix,
MF47 R ERGE X B W L5 M. pulcherrima
(KY108494. 1) T #RAL T [/ — 2B 4L 7r 3, ST
A PR AR AR (0 5808 25 SRR AR AT LR RIS
A HEACRHE R or T R G R B A ai R, e
HikE MF47 5 M. pulcherrima

3 @RSt

1E4 R 0k, e I Y R R TR AR
TR v 2 R S b Z AR A RO . A E
GEAI P v 38 22 000 7 5 AR 00 S S S8 A T ) B
A WERERPRE A b, A REEE 10 e, Y
A EERE RN R A LA, H BAARN R A 22 R
HH Cutaneotrichosporon AEHJE, 1 70. 05% »
BEAh, AR RE L IS — R BB 48 5 2 AR [ R
Sporidiobolales sp. , TIfg AV TE B EEREHTFIGEYR o

b2l O BN (1 O TS W el I ol =YL
TR Y R 2 BOs o o o A B BE(OR Bk Bk A
2019) , HAHIFTE DA Ly e 1A N R RE 43 1 3R A rep il
IIHTEE R s W IR SR R RE R D AR I B
Fofr A £ T 0T L A A PR AR O M R, FE S H
SRABE SR B AN W) 1 S 30 3 G 3R AR T, )
BAABER AR (BmE, 2018); WAk, WnlRE
DA I A BB X8 7 IR pH B F T BEA
SN SR, T B MR PDA B 337 373 5507
BAREIRAG WERE TR B AR W PR, N RRAE
EEFR ATl THEAE M AE KNS, FRE
— 5 LI (] P TS T B R RT L A PR v, LT
A RE B 20 o

ARWFFEN LA N 78 T — AR N AEBERE MELT
Bk, %% M. pulcherrima. iR MFA7 %5
KR H X BB B AR M. pulcherrima ( KY108494. 1)
e, T RE 5 R N B A N R R B R A G
PEBFTEE , M. pulcherrima J& T —FpE B £

SrUBEANGERE SR, Z WA TR R, A
TV 5 AP L 2 0 TR 494 7 i o A P R
( EsteveZarzoso et al. , 1998; Schena et al. , 2000;
Spadaro et al. , 2002; Jolly et al. , 2006) , WA />
BAGETE R RS e SR 3] M. pulcherrima,
ot SRu R 5 M5 I REJE Metschnikowia
HMEA SV ER, F R F 0] LU A 51
v OF 2 5 2 Rl BF B IR T ( Hamby,
2012) o AHIFSE N B AR AL 73 55 11 T G B
JREET IR AT, 42 8 AR A W 13 By 16 BUR
TR I 77 T8 AT BE AR TV T

SR, PRGBS ARAFIY M. pulcherrima I A 47
THE T Y Y A5 5R BOR Y 10 A EERE R 2
oo HEAED, 7E e s Py, B PCR 7 AR
AW RS R T, o 3 P A R e 22, AT
A B L6 B2 RBE i M OR BE RGN B ( 5k WL AF
2019) o WAL, AN [E] D g A A P AR R A
TEZ S BCRFEHLUOR R, AT AR5 20 18 2 7 A
A A O; AR S AFAE 22 5. HLSE, P MRS B ik AR
PRI T A R A B S B, e
RIWFFE B B il . Fi AR R fE — H =
Orychophragmus violaceus~ IR F /0B EE S
e DU 0 B A SRR S ARAE (SRS, 2019,
M HSCAE, 2020) o e e &R 0 AT S PR O
EAAGS G, AT BEAR AT 85 4 T E Al A R IR
AT DRI B B ~F B A AT R e AR M
M TAWT I RAE 0 Eh AR AT PR, SEER 45 R BAR
FEAGE 4 T VA b s ke 5 0 PN A R 1 bR 2H
FRAEN, (HAE—E R b, Wik 7B nNA
PR RE 2B 1 22 A P R o AU 9 3 o S R 0 1
BRI EI — RN A B RE bR, RIS ZEAEST
H, T ERCN AR T A AR AR B AR, A R B
Fedk AR pH AU, AR ERE
ZH) N ERERE



5 BY Ay =RAE T Py A R RERREESE Y 3BT S Metschnikowia pulcherrima (1438 A4 5E 1293

S %3k ( References)

EsteveZarzoso B, Manzanares P, Daniel Ramén, et al. The role of
non-Saccharomyces yeasts in industrial winemaking [ J J.

143 - 8.

Fang X, Shen J, Wang YJ, et al. Isolation and identification of

International Microbiology, 1998, 1 (2):

endophytic  actinomycetes from medical insects ( Periplaneta
americana)  [J]. Journal of Parasitic Biology, 2016, 11 (6):
550 -553, 565. [J5@E, WA, TR, %. AHRASEMK
WP A LR T Y Ay R e [T R R R A AR,
2016, 11 (6): 550 -553, 565]

Guo YH, Huuang GJ, Yu DH. DNA extraction of the pearl oyster
Pinctada fucata and optimization of RADP conditions [J]. South
China Fisheries Science, 2006, 2 (4): 59 —64. [EpZeE,
HE3E, Mk . SiiEREEDD DNA Bl 52 F1 RAPD SO0 1A Z
Ak [J]. BEHrK/=, 2006, 2 (4): 59 —-64]

He F, Lin B, Sun J, et al. Knufia aspidiotus sp. mnov. , a new black
yeast from scale insects [J]. Phytotaxa, 2013, 135 (1):
39 -50.

Hamby KA, Leon AH, Boundymills K, et al. Yeast associations of
spotted  wing  drosophila ( Drosophila  suzukii, Diptera:
Drosophilidae) in cherries and raspberries [J]. Appl. Environ.
Microbiol. , 2012, 78: 4869 —4873.

Hou Y. Diversity of Yeast — like Symbiotes ( YSL) in Brown Planthopper
and its Variation in Different Nymph Periods and on Different
Resistant Rice [D]. Hangzhou: China Jiliang University, 2013.
MRz . 48 TR SRR AE BRI A T A AN TR i A
AREBUHE KR LA (D] o o E A b,
2013 ]

Jolly N, Augustyn O, Pretorius I The role and use of non -
saccharomyces yeasts in wine production [J] . South African
Journal of Enology & Viticulture, 2006, 27 (10): 15 -39.

Kurtaman CP, Fell JW. The Yeast: A Taxonomic Study ( Fifth Edition)
[M]. Amsterdam New York: Elsevier Science and Technology,
2011.

Kurban M, Abdurusul M, Abdurahman M, et al. Selection of excellent
yeast for Nang Dough in Xinjiang [J]. Journal of Anhui
Agricultural Sciences, 2015, 17: 302 - 305, 309. [H4& i iF
JRORYE, ARBEE o B M ALANGR ), ZA A o FIAHE
WG, B Ry A R T (1), %
Bl B, 2015, 17: 302 305, 309 ]

Li TS, He JG. Hornets were used to control cotton pests [J1. Bulletin of
Agricultural Science and Technology, 1980, 6: 32. [ZskkAz, B
HEE . RIS AMAESR [J]. fREAHER, 1980, 6:
32]

Liao LH. Effect of Microaerobic Condition on Bacterial Isolation and
Evaluation Cultivability of Microorganisms Based on High -
Throughput Sequencing [D]. Xiamen: Xiamen University, 2018.
(BERAAE . PR A X A T 3 B A S ) R 1 v 3 a7 B AR
XY AT SR AR BSY (D], s TR, 2018]

Liu KP, Wei YM, Xiong J, et al. Analysis of diversity of endobiotic

yeasts isolated from Locusta migratoria manilensis and Ischiodon

scutellaris Fabricius [J]. Guangdong Agricultural Sciences, 2018,
45 (9): 90 -95. [XIFFF, HEM, fEA, . RILCIRA
R fr 0 0 P A TR BRI 2 R AT (D). TR R ML RL A,
2018, 45 (9): 90 -95]

Liu XJ, Wang Y, Ren YC, et al. Wickerhamiella brachini f. a. , sp.
nov. , Wickerhamiella pterostichi f. a., sp. mnov., three yeast
species isolated from insects [J]. International Journal of
Systematic & Evolutionary Microbiology, 2016, 66 ( 10): 3995.

Mi TT, Feng L, Wang C, et al. Analysis of the population structure of
endophytic yeast of Ischiodon scutellaris Fabricius in Xinjiang using
high throughput sequencing combined with culturing technologies
[J]. Journal of Environmental Entomology, 2019, 41 (4):
829 -836. [KMkBk. whmm, T, % . mimElFess ary
FEHEAR ST SR B £ e Ay 2 R B AP AL (1), A%
FHUEdz, 2019, 41 (4): 829 -836]

Miao XX, Ding DC. Interaction between aphids and its intracellular
bacterial symbionts Buchnera [J]. Chinese Bulletin of Life Sciences,
2003, 15 (4): 242 -247. [W5E, THEp. Bfd5HEA
AR A ER (D). AdrEls, 2003, 15 (4): 242 -
247

Oliveira JV, Borges TA, Ra CDS, et al. Pseudozyma brasiliensis sp.
nov. , a xylanolytic, ustilaginomycetous yeast species isolated from
an insect pest of sugarcane roots [J]. International Journal of
Systematic & Evolutionary Microbiology, 2014, 64 (6): 2159.

Robnett, Christie J, Kurtzman, et al. Relationships among genera of
the Saccharomycotina ( Ascomycota) from multigene phylogenetic
analysis of type species [J]. FEMS Yeast Research, 2013,
13 (1): 23-33.

Ren YC, Liu ST, Li Y, et al. Pichia dushanensis sp. nov. and
Hyphopichia paragotoi sp. nov. , two sexual yeast species associated
with insects and rotten wood [J]. Int. J. Syst. Ewvol. Microbiol. ,
2015, 65 (9): 2875 -2881.

Schena L, Ippolito A, Zahavi T, et al. Molecular approaches to
asswast the screening and monitoring of postharvest biological yeasts
[J]. Euwropean Journal of Plant Pathology, 2000, 106: 681 —
691.

Spadaro D, Vola R, Piano S, et al. Mechanisms of action and efficacy
of four isolates of the yeast Metschnikowia pulcherrima active against
postharvest pathogens on apples [J 1. Postharvest Biology &
Technology, 2002, 24 (2): 123 —134.

Wang AJ, Chen JM, Liu HG, et al. Protection and utilization of insect
resources in Xinjiang [J]. Xinjiang Agricultural Sciences, 2000,
Si: 183. [EZ#r, PR, X206, 55, BrssyeiR R fum iz
omAE L], Bl A, 2000, S1: 183]

Xiao BW, Yu SY, Feng W, et al. Isolation and identification of seed
borne fungi on Orychophragmus violaceus [J]. Acta Agrestia Sinica
2020, 28 (2): 338 -349. [{#Pix, T4, ofh, %. =
B R A 5 1], B, 2020, 28 (2)
338 -349]

Xiang HJ, Cai PM, Ji QE, et al. A review on identification methods
for symbiotic bacteria in insects [J]. Journal of Shangdong

Agricultural ~ University ( Natural Science Edition ) , 2018,



1294 W5 B 2424 Journal of Environmental Entomology 43 3

49 (4): 142-149. [mMRZE, 558, T, 4. Rivk
WS TR R D], DA Rl (B
BlFRR) , 2018, 49 (4): 142 -149]

Zhang F, Li HX, Xu Q, et al. Species and diversity of fungi on
surface of tortoiseshell decocting pieces: A study based on high —
throughput sequencing and plate method [J]. Journal of Beijing
University of Traditional Chinese Medicine, 2019, 42 (1): 63 -
68. [IKWl, Z=28E, 7RG, 5. STl F ik Sor Ak
WS MR R R AR R R 2R [J]. st B2 R
24, 2019, 42 (1): 63 -68]

Zhou XL, Li ZY, Yang LY, et al. Identification of yeasts isolated from
Chenghai Lake, a plateau lake in Yunnan Province [J]. Acta
Microbiologica Sinica, 2011, 4: 547 —553. [JEHm, 25168,

W, . SRR 2 A R (1],
i, 2011, 4: 547 -553]

Zhang Y, Shao MW, Zhang YL, et al. Inhibition of Amaranthus
retroflexus by wasp gut fungal isolate Fusarium oxysporum MF06
[J]. Acta Microbiologica Sinica, 2015, 55 (3): 292 — 298.
(K2, HRWIFE, TKRAKS, 55 . bl il s bl B s Y i 1k
i e M A Bk MFO6 1 16 AR ™ (D). Sl o4, 2015,
55 (3): 292 -298]

Zhang ZY, Sheng P, Huang SW, et al. Diversity, function and
application of insect gut microbiota [J]. Amino Acids and Biotic
Resources, 2017, 39 (4): 231 -239. [kIET, %, #iHk
B, 4. BRAIUGEREWZRE. Thig il [T]. &
FIAEM YU, 2017, 39 (4): 231 -239]



