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B E [B#]) #r5fF s 4& RE % Ophiocordyceps sinensis (Berk.) Sung et al. 2% 11 i i Hepialus
baimaensis Liang 17 4 1% 1% Hepialus yunnanensis Yang, Li et Shen /4 YA I RE IS 28 2 HOUhBE 2 R, W)
A O W AR N i B R e A U R R AR g iRk s, [ iR ] X SRR (Hb) Al mRik (Hy )
4-5 WAL BN A P EAT Ton SSTMXL il BN R, IR AR W00 B 2 A ok 200 TR R L TR R T o A T R
UK . LefSe ( LDA Effect Size ). TIREFUM /M AIELE b, [ R ] Hb HANFEILLE 1717 145 8 ;
Hy A4 IL%5E 23 17 202 J& . Hb 4140 T AT JE Carnobacterium ARXS 4252 5t i, o 95.55%;
Hy 24 7 7K /R EL 7 Fo A& Wolbachia (5 =2 Ho i) (85.28% ), Hb HEFEILYE 4 17 114 J&; Hy 4 EH It
YE 517113 J@ . Hb 41 B R 4E i JE Pseudogymnoascus A iR (46.23% ), Hy 4 H 1 I
J& Mycocentrospora J i L& (37.87% ). LefSe 43H1 Hb A7 5 AN /M2 12 D E /52887
5 Hy L HA B2 5, 1 Hy A 7 DAIE -SRI 9 M HEEMREILS Hb HRA R E X R, W
HREAR AN TR RIS EFT COG THREUN , Hb 2415 i 1) 2 SR iz SR TRE , 71 Hy 2050 i o] B . bk
MZER 5 & A DiRE . PRALREA AN A VR E1T KEGG TIRETIN, Hb 41 DNA ff el . ATP 454 X Fl ABC
HiaBmAFERS, Hy 4R Q iR . gL R AAZMHA £ K & . EW#EE FUNGuild 5347,
Hb 1 46.26% 1 B 1 & T sh e 5 i -+ e A B 2005 10 Hy 205 b o B 2 50 A 49 I o
(38.31% ), Wi E AR ST KEGG F1 MetaCyc pathway ZHRETIN, PIZHEEA T H DI E R SIS
PSRRI SR A B O REA G [ S8 ] A SRR D 2 RS U AR 4-5 W4 30 4 Hu {2 P 41 B R B B 4 AR A e ol
e —EES, MSHEHT WML, A DRk 4-5 BB 08 f B B 4L aUF e R 2Rt A
WFFE KB, I Thim ik 4-5 #5540 N DL 34 TR B AT 7T AR B 2 TR TR AR T RB AR A iU B a7 Ramik AE K A
K H R R YL R R R R EAE A .
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baimaensis by Ophiocordyceps sinensis (Berk.) Sung et al.. [Methods] The microbial 16S rRNA and internal transcribed
space (ITS) of 4th and 5th instar larvae of H. baimaensis and H. yunnanensis were sequencing using the Ion S5™XL
high-throughput sequencing method. The community composition of these species, LefSe (LDA effect size), predicted
community function and comparative analysis of bacteria and fungi, were carried out using bioinformatics analysis software.
[Results] Seventeen phyla and 145 genera of bacteria were identified in H. baimaensis, and 23 phyla and 202 genera in H.
yunnanensis. In H. baimaensis, 95.55% of bacteria species belonged to the dominant genera Carnobacterium, whereas
Wblbachia was the dominant genera (85.28%) in H. yunnanensis. Four phyla and 114 fungal genera were identified in H.
baimaensis, and 5 phyla and 113 genera in H. yunnanensis. Pseudogymnoascus was dominant fungal genera (46.23%) in H.
baimaensis, whereas Mycocentrospora was the dominant genera (37.87%) in H. yunnanensis. LefSe analysis indicates that the
5 bacterial taxa and 12 fungal taxa found in H. baimaensis were significantly different to those found in H. yunnanensis. The 7
bacterial taxa and 9 fungal taxa in H. yunnanensis were also significantly different to those in H. baimaensis . COG analysis of
the bacterial communities indicates that most bacteria are involved in amino acid transport and metabolism in H. baimaensis,
whereas most are involved in translation, ribosomal structure and biogenesis in H. yunnanensis. Bacterial KEGG function
predicted that the most common microbial functions were associated with DNA helicase, the ATP-binding cassette and ABC
transporters in H. baimaensis, and with NADH: Ubiquinone reductase (H (+)-translocating), putative transposase and ribosome
in H. yunnanensis. A FUNGuild analysis of fungal community indicates that 46.26% of all fungi originated from animal
pathogen-soil saprotrophs in H. baimaensis. However, in H. yunnanensis, 38.31% of fungi originated from plant pathogens.
KEGG and MetaCyc pathway function prediction indicates that the majority of fungi are related to basic metabolic, or
physiological, functions. [Conclusion] The bacterial and fungal communities of 4th and 5th instar H. baimaensis and H.
yunnanensis larvae were entirely different and there were also some differences in the functions of these communities between
species. The bacterial and fungal communities of H. baimaensis larvae were the same as those of other hosts of O. sinensis,
whereas the corresponding communities in H. yunnanensis were not. Carnobacterium and Pseudogymnoascus were,
respectively, the dominant bacterial and fungal genera in H. baimaensis, and could play important roles in both larval growth
and development, and in infection by O. sinensis.

Key words Ophiocordyceps sinensis, Hepialus baimaensis; Hepialus yunnanensis; microbial community; high-throughput
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4 41 I EBL Ophiocordyceps sinensis (Berk.)
Sung et al JE4 U BUGF AL A F IR A dL, L
A E IR A Ok FECE SRR AR KR F 1 HUAE
B, &R R w2 E M & T
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i 7 A T L T B2 T, DT i i 3 v L A
THi% (Dillon and Charnley, 1995), It4h, B
Huliz 8 N A W RE S DR P 18 T fo sz HoA A F
W20 (Hurst and Jiggins, 2000; Broderick
etal., 2006 ), HiILAT LASHED 2 Fist & AH T i) o
I, EmRER A M E A A, RS T HRAR
AR A G

A5 3 Ao ) A MR A T AR
WE RS ZRE v SO D) Re - TSR, I 53
2 B MR AR P A RV 2 I S D RE A T LA
PRI [R] 75 F A Al A W v o 4 1R ] R T £
JubgEigk - AR, S N T B A R R F IR
RN T TARRMES %, SORKA B T4 h
B R AL

1 MREAEE

1.1 REEH

TR A 0 0 A 2 R R R Ao N T FH 1
4-5 AL, I 4 R A U R TR R L i
W 1 D0 R 2 I 4-5 8 4 U REAOR B
2 B AR HLPL T R A A R A PR R 0
Frm e (MK 3260 m; 27.83°E, 99.70°N )

12 BISERMAEEE 4-5 BPHRIRE
5 DNA 28

B L 0 0 R 2 e M 4-5 i 4 ORI T
T5% R PETAE T 3 min J5, FEHREE N 30% 0 BUE,
KIZHL S min, SREHJCH KSR 3 AT TH
AFKMmWHTE( Lietal., 2021 ), ###8 DNeasy Blood
& Tissue Kit {774 ( Qiagen, fE[E ) Jrikftlt
Mg (Hb) Fl=migik (Hy) 4-5 #3400
RN 9 B DNA, BELREA 3 N2 R
FRIBCH RO TE P DNA 3E1T 1%3 N0 e e i,
BKAG , I NanoDrop 2000 #8466
J£11 ( Thermo Scientific, ¢[E ) il DNA ¥ &

1.3 PCR ¥ 5 D ig 85 0 = Bg biges 4-5 #H4h
BAREY

A F 8 0 PN 2 i R 0 4-5 I 4 O
)& DNA Ry s, W54 515F F1 806R

P AN 16s rRNA V4 [XIIER A B ( Liao
etal., 2014 ), i@ 5149 2024F F1 2409R ¥ &
B ITS2 X EEK Bt (Tojuetal., 2012), PCR
PHAZRINT ;. & DNA 10 ng, ¥ 10 pmol- L™
B E TSI #4 1 ul, 2 x Phusion® High-
Fidelity PCR Master Mix 15 pL ( New England
Biolabs, #i[H ), XWZETCHE/KINE 30 pL. ¥4
PR . 98 CHiAME 1 min; 98 °CAEM: 30 s,
50 “CiBk 305,72 °CHEfH 45 5,30 MEH ;72 °C
HEfH 5 min,

1.4 lon S5"™MXL

¥ PCR J“WIHEAT 2% BB BHEE I i VKRS,
W, i GeneJET M [Pl Ui 5 & ( Thermo
Scientific, JEHE) FATEW, FIST=PdE Ton
Plus Fragment Library Kit 48 rxns ( Thermo
Scientific, 2 ) @& ECE, H
FH QuantiFluor™-ST E &8 £ % (Promega, [ )
PEAT RE BRI SCRE o A M . 4% 8 Ton SSTMXL I
% ( Thermo Scientific, 2 ) EZR T EALINT

1.5 lon S5™MXL W& REEH

FFH Fastp #4( Version 0.20.0, https://github.
com/OpenGene/fastp ) ( Chen et al., 2018 ) Fi
FLASH ( http://www.drive5.com/usearch/manual/
chimera_formation.html ) k{4 ( Mago¢ et al.,
2011 ) *F Ion S5™XL /T35 Reads J7-51) ik
B mPHE, MBEHARFS) (Clean reads ).
F|H Uparse ( Version 7.1, http://www.drive5.com/
uparse/ ) 51 (Edgar, 2013 ) 7E 97%FH{LLJE /K
T X% Clean reads # 17 OTU ( Operational
taxonomic unit ) 3¢ ( Stackebrandt and Goebel,
1994 ), Ff eI HBEUR = Y F 518 OTUSs 4R
KT,

s OTU RE4ER, A RDP Classifier

( Version 2.2, https://sourceforge.net/projects/rdp-
classifier/ ) F/F AT YRR AT (Wang et al.,
2007), fedk, F 7T MWL B B R MA
7] 73 287K FGeit A REARE IS 2 . R Mothur

( Version 1.30.2, https://www.mothur.org/wiki/
Downl ) 517 Chao 841 . Ace 84X . Shannon
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(Rogers et al., 2016 ), F|H LefSe ( LDA Effect
Size ) 43 #r#4F ( http://huttenhower.sph.harvard.
edu/galaxy/root?tool_id=lefse upload ) #7174 [A]
B W22 R i Vs S A3 At ( Chen
etal., 2018 ), FIJfl PICRUSt2 ( Version 1.0,
https://github.com/vaulot/pr2_datab {417 16S
rRNA J# %) COG ( Clusters of Orthologous
Groups ). KEGG ( Kyoto Encyclopedia of Genes
and Genomes ) HIREFIIN 47 (Hidalgo et al.,
2020 ), #JH] FunGuild ( Version 1.0, http://www.
funguild.org/ ) A4+ ( Nguyen et al., 2016 ) F1
PICRUSt2 ( Version 1.0, https://github.com/vaulot/
pr2_datab ) 7 fF (Park et al., 2020 ) JE4TELF )
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Fig.1 Shannon curve bacteria and fungi in Hb and Hy

A. Hb Z1F1 Hy L4078 &R ARt 2 B. Hb 411 Hy 2 A R AR 2L .

A. Shannon curve of bacteria in Hb and Hy; B. Shannon curve of fungi in Hb and Hy.
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Tablel Alphadiversity of bacteria and fungi in Hb and Hy
A= A AR R V- AR R Ace 85X Chao 5% AR
Microorganisms Samples Shannon index Simpson index Ace index Chao index Coverage
Y0 Bacteria  Hbl 1.03 0.736 7 297 303 0.999 1
Hb2 0.62 0.794 3 138 134 0.999 4
Hb3 0.49 0.842 4 150 152 0.999 3
S-H5{H Average 0.71 0.791 1 195 196 0.999 3
Hyl 3.44 0.096 4 523 524 0.998 6
Hy2 2.33 0.2175 281 289 0.998 6
Hy3 2.17 0.3351 414 423 0.998 4
SEHIH Average 2.65 0.216 0 406 412 0.998 5
H Fungi Hb1 2.67 0.149 7 170 178 0.997 8
Hb2 2.83 0.091 0 141 152 0.997 8
Hb3 2.84 0.108 9 158 185 0.997 6
FHI{H Average 2.78 0.116 3 159 178 0.997 7
Hyl 2.92 0.1179 176 181 0.997 7
Hy2 2.17 0.2179 100 119 0.998 6
Hy3 2.98 0.093 1 202 236 0.997 4
SEHIE Average 2.69 0.143 0 156 171 0.997 9
7E Hb A ALSEE 145 @A, HrP At Hb P Bf

J& Carnobacterium 5 Fbi s, N 95.55%, Hik
&5 Alkanindiges ( 4.31% ) . X W T & 8
Mucilaginibacter ( 2.56% ) . 2 i kK K &
Nocardioides ( 1.74% ) FIZ A& Tsukamurella
(1.30% ), HA 1.26%1) OTUs Kfig % x2E .

1M Hy i %5E 3 202 J@4 i, Horb b s 4
B M IR JK B 5 FG A& Wolbachia, (5 He 85.28%, H:
WA FT# & Phyllobacterium 7 1.91% ., AT E
J& &5 1.73%F110FF 1 J& Microbacterium /5 1.17%,
HA 2.74%1 OTUs Kag4E2E (K 2: B),

XFE Hb 41/ Hy 41, 2 ARt #wEAn, H
T LR R A TR TR 200 TR, A PR TR [ s AR
2, A R AN R AN AR R 1
H , 7 Hb 4+ % & 3| Ellin6055 .

Methylobacterium-Methylorubrum . 5 & % 1 J&
Chitinophaga % 43 &, TMife Hy dlhi%F; 7F
Hy 2% 2B A 7% Demequina, T 7KiH
BR 1% B Amaricoccus. Bauldia 25 100 M&, TMi7e

23 HIOREEM=EIEE 45 RPHRAEH
BEAR

HF Ton SS™XL 5 % 5 Hb 411 Hy 41 E
LR, Horb Hb 413555 4 ] 114 J&; Hy
MR S T 113 J&. 76 Hb 4M Hy 41+,
M EE S RGN ERET N T RE]
Ascomycota, 43R 94.58%F1 83.50%, KN
H-F &[] Basidiomycota ( Hb: 3.46%; Hy:
10.73% ) FIASFT 12 E (Hb: 1.87%; Hy:
5.67% ), R 2 AUREART KT BB 41U AH
o, 18%E Hy P 257 1] Rozellomycota £ %
FEF], WifE Hb A (Kl 2: C).

Hb HIL%ES] 114 B EHE, HA R
J& Pseudogymnoascus A L , it 46.23%,
HRARDIBEEE N 18.76% . HEHJE
Cordyceps 5 11.64%. {2 tEJE Candida 5
4.01% . #3{fJ& Oidiodendron /5 3.49%. ifii Hy
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Fig. 2 Composition of microorganism communitiesin the Hb and Hy

A HHEET KRG B, BB AKFREE LG C. BT IKFREE 41

D. HEEACF &4 . KB

T D 3 HEA | 20 /@44 o

A. Composition of bacterial communities at the phylum; B. Composition of bacterial communities at the genus;
C. Composition of fungal communities at the phylum; D. Composition of fungal communities at the genus.
The names of top 20 genera were listed in Fig. B and Fig. D.

gt deE B 113 @ A, o s
Mycocentrospora Mg, 4tk 37.87%, H
Y AL JE Trichocladium [ 14.74% . K&
K HHE & 10.72% . Piskurozyma 5 6.73% .

Pseudeurotium 5 5.56%. Xt Hb 441 Hy 4, 2

HHEARLAWEAR AR, HiF2m HEH
h—H g E R, N Pycnora, FAEEEK T JE
Mycothermus. k#f%5 )& Cephaliophora 55 42 J&
{XAE Hb 49 %7€ 5 ; Chaetosphaeronema., f&
fi % & Cercospora, Cystobasidium 55 41 J&{XAE
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Fig. 3 Theboxplots of Alpha diversity of bacteriain Hb and Hy
A. Hb 4151 Hy AN AR A8 BEE ;. B. Hb 4R Hy 2040 5 3 AR5 50 K] 5
C. Hb 4171 Hy ZH40 74 Ace fREUHIA]; D. Hb 41H1 Hy 440 Chao 5 XUAA 1A .

A. The Shannon index boxplots of bacteria in Hb and Hy; B. The Simpson index boxplots of bacteria in Hb and Hy;
C. The Ace index boxplots of bacteria in Hb and Hy; D. The Chao index boxplots of bacteria in Hb and Hy.
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Fig. 4 Theboxplotsof Alpha diversity of fungi in Hb and Hy
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A. The Shannon index boxplots of fungi in Hb and Hy; B. The Simpson index boxplots of fungi in Hb and Hy;
C. The Ace index boxplots of fungi in Hb and Hy; D. The Chao index boxplots of fungi in Hb and Hy.
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A. The histogram and cladogram of LefSe analysis of bacterial communities;
B. The histogram and cladogram of LefSe analysis of fungal communities.
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Fig. 6 Abundance comparison chart of COG function of bacterial communitiesin the Hb and Hy
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A. Abundance column diagram of COG function of bacterial communities in the Hb;
B. Abundance column diagram of COG function of bacterial communities in the Hy;
C. Abundance comparison chart of COG function of bacterial communities in the Hb and Hy.

IR B E IR E R
262 BALSEBINZEEE4-SRPSYENER
BEThEET  JE£F FUNGuild( Fungi functional
guild ) FdiEZEXT Hb 411 Hy 41 B 5 B Ok it
TRV, wnE 8 firzs, Hb 4l sl i 1A -
T A A RS, N 46.26%, LK
SRR E XA A 5 L 24.52% IS 5 -
- R B E 11.65%; 1 Hy 4194
W B B AR B B, A 38.31%, HAKCAAR
SESCIE A B HE 28.81% F1 R 1 & L
14.36%. H LTI, PRLHARAS B R IEAF A —
Z5,

FIH PICRUSt2 X} Hb ZHH1 Hy HFEA S T
KEGG INRETIM /347, Hb 4 ATP fifi . 7 5 HH

o -1, A= 2 WK SRR - BT 7 A S5 ) Tl 5 iy
I=EBERE 85 1 Hy 407 ATP fiff . L-BrlHffp
A Tt R SR o - 1,446 2 AR K Firk I 5 It 1) 3 82
e (K 9. A), FIH PICRUSE2 X Hb 41 Al Hy
AR 4T MetaCyc pathway ZIRE TN 4347, Hb
AT EANFNES T BB il A2 ¢ X PWY-3781 ),
HEMWRE NN (A E ) (BER)
(PWY-7279 ) FEFHRFRAEW G A T BB (3h
PIRIEC B X PWY-5994 )55 (X3 i == B g v ( 1A
9: B); Hy 4lA %MW T BB (IR o).
AAPFIEE BB (iR o) (BER:) FIlR
iR B Ak (it E A YA | LR ) ( PWY-7288 )
SEARRE I R R . LRl L, P B R
Dife A — & AR, BB A A,



N TSR SR 2 P A MR 2 RS T RE T LB A - 1287 -

DNA$ S HIDNAZR A Hff DNA-directed DNA polymerase
DNAf#iEflff DNA helicase
NADH: &ZBE FRE(H(H)-5 1)
NADH: Ubiquinone reductase (H(+)-translocating)
B TN (pi)-BE R 4H R R- W IR L ol
Protein-N(pi)-phosphohistidine--sugar phosphotransferase
2 EFRILTE Histidine kinase
6-BEER-B-HI B W 6-phospho-beta-glucosidase
RNATE FHDNARA i RNA-directed DNA polymerase
DNAZE M RNAZRAE DNA-directed RNA polymerase
G

Pyruvate dehydrogenase (acetyl-transferring)
B A RNA A (R

B GlutaminyI-RNA synthase (glutamine-hydrolyzing)
D KHmRARRE SR
Asparaginyl-tRNA synthase (glutamine-hydrolyzing)
_ e MEE AR5 ATPHS Polar-amino-acid-transporting ATPase
_ H (+) -F5EXU X ATP H(+)-transporting two-sector ATPase

DNA#R$hF 14 DNA topoisomerase BEFRAZH 1 BE H MR A
Phosphoribosylformylglycinamidine synthase
B A Ribonuclease H
_ TR E H ZBiiA JRE§ Thioredoxin-disulfide reductase
_ PRI BE S A4E Peptidylprolyl isomerase
_ PR H IR AR R (2,3-BERR H BRI )
Phosphoglycerate mutase (2,3-diphosphoglycerate-independent)
DNA- (W TR LERL AT ) SR
DNA-(apurinic or apyrimidinic site) lyase
DNA#FM T4 ( ATP/Kf# ) DNA topoisomerase (ATP-hydrolyzing)
A BB B8 Dihydrolipoyl dehydrogenase
_ BT B R IE SR ibonucleoside-diphosphate reductase
HAFBRR AR (BEBRKAR)
Carbamoyl-phosphate synthase (glutamine-hydrolyzing)

T U7 5 4 S P E A% A% PR IE Type 1 site-specific deoxyribonuclease
KINEFRRNAZE T Phenylalanine--tRNA ligase
| SR AEAISZR Peroxiredoxin
23srmafRE (1911/1915/1917) A
23S rRNA pseudouridine(1911/1915/1917) synthase
4750 ATPRE Cadmium-exporting ATPase
44 H ATPEE Zinc-exporting ATPase
HERRNAZEBE Glycine—-tRNA ligase
L-FL P S L-lactate dehydrogenase
HM-3-BERR 1-O-BE L R
Glycerol-3-phosphate 1-O-acyltransferase
3-SR (B B TR 15 A >3
3-oxoacyl-[acyl-carrier-protein] reductase
TR BRI L-threonine aldolase
B BRAHE Acetolactate synthase 5.0
B HREEARR LB Acetyl-CoA carboxylase
R S Alcohol dehydrogenase

—
__
BE—
—

245 FRRID-ala-D-alafR I H 45
_ Serine-type D-ala-D-ala carboxypeptidase

A R cEALEE Cytochrome-c oxidase

BRRE LR Glutamate--ammonia ligase 4.0

fL R PEDNA SRR (IR RERE )

Site-specific DNA-methyltransferase (adenine-specific)

4- 2 HE- U A R A Bl 35
4-hydroxy-tetrahydrodipicolinate synthase

E H B R FRBEERES Protein-tyrosine-phosphatase
AZ%HE-5-BBR HH B} Ribose-5-phosphate isomerase
B-2LFL WK Beta-galactosidase

k2= H Bk Al Peptide deformylase

NADH/i £(# NADH dehydrogenase
SRR R L 25
Dihydrolipoyllysine-residue acetyltransferase

3.0

g
Z

ZH5] Group name



-+ 1288 - R B H1 244 Chinese Journal of Applied Entomology 58 &

ATPE: A&, BIKK, 400

ATP-binding cassette, subfamily B, bacterial

% BERfE Transposase

B A %% FERf Putative transposase

REWE-6-BEEREE Sucrose-6-phosphatase

ABC-2BU4IE REATPH S EH

ABC-2 type transport system ATP-binding protein
LacIZ G 5875 [ F Lacl family transcriptional regulator
6-BEER-B- A 2T 6-phospho-beta-glucosidase

RNAZE [IDNAZK £ RNA-directed DNA polymerase
ABC-2AVE RGAIRE H

ABC-2 type transport system permease protein

HEM W ABCH:IZ ARG BBE IR M

Putative ABC transport system permease protein

% )% fi Transposase

PTSREE, 44— W% ICHM

PTS system cellobiose-specific IIC component

N ABCHIE REATPE A EH

Putative ABC transport system ATP-binding protein
DNA#44% 2 F1RadC DNA repair protein RadC
WHEEIERRLIE RERYS A

Polar amino acid transport system substrate-binding protein
WHEIEREIE RS ATPHEEN

Polar amino acid transport system ATP-binding protein
BERRA%WE H B H & B8 A B Phosphoribosylformylglycinamidine synthase

_ AL E AR RER (NADPH ) Thioredoxin reductase (NADPH)

BRTEEH (B, CspARIK)
B Cold shock protein (beta-ribbon, CspA family)
I ) D R e i

PcrA DNA helicase II / ATP-dependent DNA helicase PcrA
_— S IREERE Y SUB Dihydrolipoamide dehydrogenase
B

23S IRNA pseudoundme191 1/1915/1917 synthase
B kR R R

Oligopeptide transport system substrate-binding protein
Cd2+/Zn2+-%i i ATPase Cd2+/Zn2+-exporting ATPase
JimiEER Cysteine desulfurase

FE{# Z %X Tu elongation factor Tu
_ L-ZLER 5 SR L-lactate dehydrogenase
PTSR%LE, HEWF Rk IBAH S

PTS system, mannose-; g ecific [IB component

/B35 R SR
Peptide/nickel fiort system substrate-binding protein

. Fepd el oty
_\—‘ 3-oxoacyl-[acyl-carrier protein] reductase
S S Thoonine aldolase
L D 1o s e,

Type IV secretion system protein VirB6

_ JE4FAEE F1 5 Uncharacterized protein
e Lo
Iron complex transport system permease protein
W R IE R B

Polar amino acid transport system permease protein

B S £ gluamine synthetase
L B arimial
4- hydroxy-tetrahydrodlglcolmate synthase
| ikmmminms 5.5

Probable phosphoglycerate mutase
TR H PR E BRB R Protein-tyrosine phosphatase
Jik 5 F B AL T Peptide deformylase 5.0

] Uk TITALI Pepride deformyas
B b amts R AR O
_— D-methionine transport system substrate-binding protein 45
TRRRIRG S BEE2415 ( —ERBI: Z Bt #HE ) .
_ Pyruvate dehydrogenase E2 component
_ (dihydrolipoamide acetyltransferase)
D-HARKEREBREH 4.0
D-methionine transport system permease protein
D-ERAMBEREATPE G EL
D-methionine transport system ATP-binding protein 3.5
T BT St
S N RNA peymerse a0 o, EC &
RNA polymerase sigma-70 factor, ECF subfamily 30
HEW B9 R B E #E B Putative glutamme amidotransferase :
REEMAAHEFHERRATPEAEN
Energy-coupling factor transport system ATP-binding protein
R A N TR B REEREH 25

Energy-coupling factor transport system permease protein

5 III

Hy

2H5] Group name



6 1 N TSR SR 2 P A MR 2 RS T RE T LB A - 1289 -

F IR 194 ik Biosynthesis of amino acids
ABCiz#i/A 7] ABC transporters

MR Ribosome

IR Carbon metabolism

BSR4 Purine metabolism

WEBER I Pyrimidine metabolism

BEAJRDE Quorum sensing

W EH 4 Z 55 Two-component system

] S 4LBER 1L Oxidative phosphorylation

VEBEf#/E 54 Glycolysis / Gluconeogenesis
_ TEMFIRERE I Starch and sucrose metabolism
FABRNALE YA AL Aminoacyl-tRNA biosynthesis
FIMEAZ BB Amino sugar and nucleotide sugar metabolism
R REAERR I Pyruvate metabolism
L D iR Rg (PTS) Phosphotransferase system (PTS)
JKSHE A= Y14 B Peptidoglycan biosynthesis
YU 433 R4t Bacterial secretion system
[R] ¥R 4 Homologous recombination
HRER. ZZRAHEFRICH Glycine, serine and threonine metabolism
R EE BRI Cysteine and methionine metabolism
2-8RBRFEBRAIT 2-Oxocarboxylic acid metabolism
IRARBERRI% 42 Pentose phosphate pathway
#Tit /&= Mismatch repair
I 5Lt Galactose metabolism
HER . REBMRMAERI Alanine, aspartate and glutamate metabolism
FHERIEIF (TCAfERR ) Citrate cycle (TCA cycle)
SOBEAH B4 Fructose and mannose metabolism
DNAZ ] DNA replication
SRR A= W (iR [ i 242 Carbon fixation pathways in prokaryotes
FE M B O Protein export
R R YA B Lysine biosynthesis

TAER{RH Propanoate metabolism 6.6
HEFERA: 1A AR, Fatty acid biosynthesis
e 5 Methane metabolism 6.4

411 JEI - Z54F 1 Cell cycle - Caulobacter
ZEEFR A — IR} Glyoxylate and dicarboxylate metabolism 6.2
REMERICI Fatty acid metabolism

H iR i Glycerophospholipid metabolism 6.0 |
RNA[%f# RNA degradation
I B- A B R 24514 Beta-lactam resistance 5.8

I E 84 Y A Terpenoid backbone biosynthesis
i =W EBRVEFH Carbon fixation in photosynthetic organisms 5.6 |
FKEEREYA I Arginine biosynthesis

—/MERER B One carbon pool by folate 54
e ZFR AN B AL Y4 i Pantothenate and CoA biosynthesis

FEIBRB R AR Base excision repair 52

TR Butanoate metabolism

&4 VEH Photosynthesis 50
] HimEEfLi Glycerolipid metabolism

EHNER .. BEARMEEREY AR 4.8

EI

Hb Phenylalanine, tyrosine and tryptophan biosynthesis

405 Group name

7 Hb AEF Hy BHEE R % KEGG That FEHRE
Fig. 7 Abundance heatmap of KEGG function of bacterial communitiesin the Hb and Hy
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A. Enzymes abundance heatmap of bacterial communities in the Hb and Hy; B. KO functions abundance heatmap of
bacterial communities in the Hb and Hy; C. Pathways abundance heatmap of bacterial communities in the Hb and Hy.
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Fig. 8 Relative abundance histogram of FUNGuild function of fungal communitiesin the Hb and Hy
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Fig. 9 Abundance heatmap of top 20 functions of fungal communitiesin the Hb and Hy
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A. Top 20 enzymes abundance heatmap of fungal communities in the Hb and Hy;
B. Top 20 metacye pathways abundance heatmap of fungal communities in the Hb and Hy.
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N T8 4 dUE B i e A A U R G R
SRR 4% R A5 ) U, LR R i, ]
AT B4R E R, HAlm A Kk
1o Hp, &Rk F R AN TR AL mE R
(IR — , (B 37 Akl duac ke, — i
3-6 AFSERL— AR (3 HEAE, 2019), ffif34
M A S RIS RN B A N R E L AN
FEBEBEARXT 25 5y 12 e HL T RAS B 4 i
B A 3 D RO ISR AR 2T Ton S5TMXL
WFF- 66 N T2 1 A S8R = p s i 4-5
W& Ay EOREAR A T oo Al i I, X I e 5 SR A T Ak

ARV LA | 2 (W) 22 A A W O DL R )
HEVE DIRE TN A AT, R4S 1 g dk 4-5 84 Lk
WA PR T 2R PE OB 6E, OF 5 = g i
WRIEAT HLEE, AT 2 N T2 i e 4y U PN T
ARV A2 S S E TR I D RE 22 57, 1R
5% W S R P Bl A 4 A R A% i B R T AR 4l i Ik
Al REEA 150

PONIIS - =N RE )t e gt S A e
GIMT IR, A TRV T R N R AR
MR R R, TIACE A I 96.42%
RIERERETT, JEAKEH 95.55%% N RFFH S,
HAB AR BB . XIS (2008 ) FIHIAE
P A 3 8 TS P DK 1 W A% L B RE Y 32 DT T M e
Hepialus gonggaensis 11718 4l B Z A5
B 28, WATHEE T & RS NEAREEZ
— o PBAAEE (2010 ) K D DTSR S P4 43 B 11
PRAT T B D00 38 T R AR A 2 o T ) ] MR o 1O
1% 4 WAL L, A5 2HZ AR R E PR AR R A
BT FEIE A A L R T R T SR T Y A
KEER (R 2). 1M 2 5 W A PR E T A X =
I 15 1 17K 7 & AKCOF 288 43 il 2 A8 T2 1R 17
(91.69% ). R/KEL3E [GAA (85.28% ), T JREBE TR
IR FEAR 2.25%, RIFF TR @ AR 32 B
1.73%., XF7RHR ¥ Trichogramma spp. # #IK K 2
i IRARBIF G 3, AR P A TR R T 5 EGAAR Y 25
IR i T A R EPIA R 8 m (ASPIRFIEESEE, 2005 ),

®2 ADEBRSZHEBABEEGERR

Table2 Theinformation of advantage genera of Hepialus baimaensis and Hepialus yunnanensis

ik B HIXERRE (%) ey EEE 2%t
Relative . . .
Host Genus name Main sources Main functions References
abundance (%)
SR NATEE 95.55 W. i, REULEHBEHEE, FLyFhHAE Hammes and
Hepialus Carnobacterium B WA ERE IR Hertel, 2006
baimaensis N N ) .
%S 30 46.23 +1% Mt . it ER, JLLEYRiGEZhang et al.
Pseudogymnoascus e PR . FURBRIRH2016; SR 45,
R 2019
~EEK RRERRE 85.28 Rl L] FEHE ER R, A5 E S Werren, 1997
Hepialus Wolbachia BN SE T PIOE A B 0 e
yunnanensis PEAE,
)R 37.87 . ST KR SR SR E A Y R TEEE, 1994

Mycocentrospora 2

Z R
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H T L IR R B T FCARAR 1] BB 2 X6 2 1 i 0 A=
KEFBEAEW (£2).

PN T EH (0 k7 B S 2
TR IR, BB UL SR AR AR B LL A R
VR, AR 2 B A v 4 T 1K 200k T RE TR
(194.58% ), FHXT = & = 1)@ A2 R
PR E(46.23% ), K AR5 B2 FHTH( 18.76% )
M EE (11.64% ), R E]E N —EEILR
LR, WG IR B N 1 W R R B I T 5 oAt
FLRA AN R AR BRARARRAE | RIS = A T 2555k
WA, WXL A PURS . bt
AALZEIEPE (Zhang et al., 2016; SRk 4,
2019 ), XL (2014 ) R4 I A4 R
R B 8] TR o f o] DIEDY, B
e TR R LR AR T AR AE A U AF IR IR AR K R
B ARE RS R R T EEEH (%
2)o {HTE = BRI AR N ARXT R 1.17%, X
TRV 5 2 T U e 4 A7 ¥ AR X AT 1
W AT AR AR B A G, IS AR, R
e TR R BRI AR AT RBAE 4 U R AF IR IR AR KR
B ARE Y E S B RE T B, 7
2 P MR AR | A = B B i T 1K A
FRERTT (83.50% ), AHXF = e i 119 & /K -2
BN AR (37.87%), 5 gk E R R
2 LR BH S X, LR 7R — S RE i R B
BRSO B R B (RS, 1994)
(% 2), TExmIEEPDIBEARH . 7E g ik
ILsOES| 114 JBEE, Kb 42 BEHERES
R IRAE A P S B, 2 e R AR
41 JE B AR AE (i e A b S e F

XoF P 0 R 2 e e R AR AT A R 22 5
A BEVE AT, 76 LDA (H=4.0 BF, 11 5 g ik
A S NIE IR 12 N EE RIS
IR EA BEES, M amiEs A 7 14
WAZEITM 9 AN HRE S 2RI 5 S iR i L
FREzES, Hhas B #ardison, Xk
W 2 AR DR AR E I R 22 5 FEAT
TFRASEAR L, AR ERHEFEM AT, 2 FA
T W A PN 40 T R L B R S R e e AR
[l o TR BB M RE Y 5 3 2404, A

A EWAL . R AR SN R AR SRR,
B AR A A K R B VLSS B B A5 A A
3fj (Engel and Moran, 2013; JEMLSE, 2020 ),
P JEb SO0 P 0 A 2 g A R AR A W
S AETE 2 AT e S HOE B/ M A E B L
BB A MO AR YA K

BRGNS 2 HEEA MRS 1T COG T
TN, 1 A A B Al ) 2 S R e i 5 G )
RE, 1 2 B M A A T g 1) M AF . SRR i 254
5EAEYIRE, BORASEIERCI oA BT RE, 2
P A AN ] o (EAS — 3R A2 2 dUREAS AR S0
RE AN REVR 3= B, 0 H ATEici e A RE XS 4
TS D BEIEA T4 T T X 2 AIREAR AN B
FEVE AT KEGG Ui, g e A o
DNA f#JiER . ATP 455 X fil ABC Friz A F
Wi, mmIEEAEA AR Q RN . e
JE G FIAZME (= B g v, 38 5 SRR el A B )y
REAHSC, M EIEIRFEA P HRZ ) ATP B fEEis
O OATP Bg=F AR, S o 0 e A s 43
T A A e i e R A T aR , iR
R ) v W (1 ag ol L 0 o N RE B R
REEEHE, METWRS, SAEAERKRE
WTER VA ( TRIES, 2015), #HEl=mEE
IR AEAS T R LAY AR R BTG R . FUNGuild 2
—BCK BRI R 4 25 5 T e A S R AR AT
ELE ) T H (Schmidt et al., 2019 ), i#
it FUNGuild 7058, DA v B s
ToymEwE-EEE RN RE, b
46.26%, A EARFEHIR Y 24.52%, kW]
P - i A A b LR R R R T S0 e i
S8 A A S AR SIS TR 5 T 2 e e g R A
H7 AR e Y LR S B R (38.31% ),
HUONARE EAERE (28.81%), 51 HlFigk
FEARANI], 2 B e A A v TR R 40k R 4
Yo R R RN R AR TR . 2 A LA AR AT
KEGG #1 MetaCyc pathway TJRETIN, 2 dHAEA
Hh L P T BE T 8 A R 10 2 ) 34 5 S A AR sk A=
PRTIREAH G . 4T L 2 A i T i T e &
B, FE R DI RE N4 5 SR A i kA B )
RBAHOC, (AfFfE—E 225 o B XA Yk vE o)
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REHEAT IO , W12 0007 1 9 5 e AR 1 25 g
IREEAS F B E R v R DR, (RS AR i A
g g A PN B A A TR T R A R R AR e
REZ AR AR, 3 X AR N T B A it
1o B FR AR ARG o RIS, A SCHE A
Ly g 0 R 2 e e 0 o A W A v D RE BT 5T TR
W, BV RN H A R — L0
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