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I nfluence of Ophiocordyceps sinensisinfection on the composition and
diversity of the gut bacterial community of Thitarodes xiaojinensis
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Abstract [Objectives] To investigate adaptative changes in the intestinal microbial community of Thitarodes xiaojinensis
larvae following infection by Ophiocordyceps sinensis with the goal of predicting dominant microorganisms in infected
individuals based on their function, and explain the nutrient supply mechanism underlying the increased abundance of certain
microorganisms in cultivated Cordyceps sinensis. [Methods] Healthy eggs and intestinal tissues from 1% and 5™ instar larvae,
pupae and adults, were selected for use as controls and intestinal tissues from mature 5" instar larvae infected with
Ophiocordyceps sinensis were collected for analyses. 16S rDNA sequencing was used to evaluate differences in microbial
community structure and diversity between infected and non-infected intestinal contents. [Results] In healthy intestinal
tissues, bacterial abundance gradually decreased with age, from 1 391 species in first instar larvae, to 305 species in pupae. In
healthy tissues, Proteobacteria were the dominant flora with only a few Firmicute species present. However, in infected larvae,

the biological richness, diversity, and evenness of intestinal microorganisms decreased. The Shannon index, Simpson diversity
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index, and Pielou's evenness index of infected larvae were significantly different to those of the control group (P=0.05), and

the Firmicutes were the dominant intestinal flora. Increases in Lactobacillus and Carnobacterium species were significant and

pronounced. Analyses of microbial metabolic pathways after fungal infection revealed that energy metabolism pathways

(retinol, inositol phosphate, fructose and mannose) were significantly up-regulated (P<0.001). Pyruvate fermentation, pentose

phosphate, and glycolysis pathways were also up-regulated by 8.44-fold, 4.19-fold and 2.90-fold, respectively. Host digestive

capacity was verified, confirming that intestinal digestive function was significantly improved. Trypsin, sucrase, and lipase

increased by (13 993+665.00), (0.52+0.06) and (0.04+0.01) U/mL, respectively. The increase in amylase was especially

significant; enzyme activity increased by (0.68+0.01) U/mL (P<0.001). [Conclusion] O. sinensis infection changes the

dominant intestinal flora of T. xiaojinensis from Proteobacteria to Firmicutes. Firmicutes participate in polysaccharide

degradation, promoting nutrient absorption and utilization by the host.
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Fig. 1 Diversity analysis of Thitarodes xiaojinensisintestinal flora
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A. Analysis of the quantity of intestinal flora; B. Statistics of Thitarodes xiaojinensis intestinal microbes classification unit.
Cke: IEFHUBF; CKI1: IEH 1#4hHl; CKS: REH S #44hHl; CKp: IEF M, Cka: EFMME, TEIE,
Cke: Normal eggs; CK1: Normal Ist instar larvae; CK5: Uninfected Sth instar larvae;

CKp: Normal pupae; Cka: Normal adults. The same below.
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Fig. 2 The structure of the dominant intestinal flora in Thitarodes xiaojinensis
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A. The evolution analysis of the intestinal flora in Thitarodes xiaojinensis at different ages;
B. The heat map of the composition of the intestinal flora in Thitarodes xiaojinensis at different ages.
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Fig. 3 Theinfluence of Ophiocordyceps sinensisinfection on intestinal flora structure

A. WHIEREREECR T B IE R R C. Ml BMEYE RIS D, WmIE R 22 5504
A. Intestinal flora quantity analysis; B. Intestinal flora replacement analysis;
C. Intestinal flora difference analysis; D. Difference analysis of intestinal flora.

TRS: &R 5 4L ; CKS: KRR 5 i 44, &l D LA Chaol #8401 Observed species fREURIEEE &, LUF
WeFE %L (Shannon ) FlE R FEMEFEEL (Simpson ) $8HCRAF LM, IRG AT LHME (Faith’s PD ) #5454
RAEFET AL Z M, L) Pielow’s evenness SR 8RR SIBE, DL Good’s coverage FEEXFRNMEA w5 &

TRS: The 5th instar larvae susceptible to bacteria; CK5: The 5th instar larvae not susceptible to bacteria; Fig. D: The richness
is represented by Chaol and observed species indices, the diversity is represented by Shannon and Simpson, the
evolution-based diversity is represented by faith’s PD, the evenness is represented by Pielou's evenness,
and the coverage is represented by good’s coverage.
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Fig. 4 Annotation and analysis of intestinal flora metabolism pathway
A, UECEbE ST B RIS C. WE T ALEERE S PP . TR 5 IR IR ;
CK: 5 AR E R, **FmR P<0.01, ***F/R P<0.001,
A. Microbial metabolism pathway statistics; B. Pathway expression difference analysis; C. Evaluation of intestinal

digestive enzyme activity. TR: Susceptible insects (5th instar); CK: Non-susceptible insects (5th instar).
** indicates P<0.01, *** indicates P<0.001.
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Kb, TEMRKGEREMIREIT AL A S L
B, A Re S BifE =40 5 & h R ICE
FERPIFNE, SR YRR, R =5
MM, SR, BiE BRI, iR H
BRI ZE . R BT EAL, For i e
TEABNE Y bR R kR, B e

TR, AP BRI, X LR
%) TR 3 R BRI Bl T e B IE T S5 E &
PME A, XA 1 R R AR AS D R R AR 3
TiRe B B E 5 X ( Jahnes and Sabree, 2020 ),

Wi HUE R R R S S HAE R AR %
FAOG, /NG g <7 2 R Y5, TR
S5t 22 W . AME AT AT LU PR L E
FRIHFES I N BRI 52 G 3015 A 8 T 18
WREREREY) BT, WMATRE A B BE A, i
IHAEYIAF KRR, SRS L (Litvak
etal., 2017)., BRI T, REBEY
HA LA A St IR E Rk, 78 & AR5 h
A DL ORI R W ARG 7 A 1Y) A e W ks B
£ (Shinetal., 2015 ), M5 AL REFHELE,
RN LT [FIRE SR T A AP, 2o R A A o
ARG (Litvak et al., 2017), FEAEEHEE
G SNSRI AR, AR T B AR AR N
PER AR R 25 (Xiaetal., 2020 ),

BT AR R A N T A R 1
PIAN, 5758 4 M2 9K S0 il A= 0 R A R ) ) —
KN ZE (B %, 2018 ), /Na: w4l e
TR R RS, SRR 1R E AR R
AT T TSN W T8 DL R o 3K 28 R RE T ]
WUAEYEE B — 2 RIE R ARE | BRI AN o
BRI BRI AZ 77, R, 228
V))& T A% IR A el e e IR S AU AE Y, e s
B — Bk R oA I 5 R 1L i i, Rl
FITEE & A IR 25 [ B, ORI T T R i
FIHRCE (Schade and Weidenmaier, 2016 ), 8
1E A5 25 TR A0 40 i 5 ke A 5 1) A G, i
ST RRER R 2= B AR rh AR S A

i — 20 X R S ) B A T T e kAT
TR, RIEREE T 1A Y R B = 515 £ 1)
BIRSRUIRE. MR, XEERERE A A
SY ] AR ™ A 1 BT a0 0 05 A IR e L 1R,
HILB BRI . RNER . BRAREY R, YI6E
S T Ak B I TS ) 803 i T A 20 1Y) 3 5

(Liang etal., 2019 ). [AlMmf, JERER T AYFLIR
T R — AR A A 5 WA, NGRS
Z 5 R, HReG RNEREY R, =



6 1] AR PHAR: 2 B R 0 /N U 0 T T 2 R R )

+ 1329 -

Sl st feak g X IR S IR
IeAh, A WEIEE R 1R W RE S A 8K
Flms Rt ek i B IR, BRIEREMR B WP R
SRR TG, IEH AL R TE EAR N BRI
BAH S AT (Xiaoetal., 2021),

ZE LR, iR S S5 B IEE A
TG0 HEREmE AR EESE . ELXRE Y
B RR BT MR A HUR B 1 B T i R A
WEA AR, S EU%E s Y 2 00 R
ARAk, SRR B T A2 0 R RE B 1R A 3
e, TR ) TR AL & B T X E TR
WS AR, T 3t T B et ok A HUR B R
AR AR (1) S, I BEAF AN A 1) R 1 4 T U
oA MU R R, IRsUR b4 B AU TR
= H S B DIRE AI A A, B Y IRATE
JRGE D RETE | 5 0% 1Al PN R GG, L]
i) o 2% 1R IR A Bt i v A A T S A IR LR
M EAERE, NS B A RS | 4k
2 M R E TR 29 0 SR A
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