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WE. (B8] 7T M B A (Clostera restitura) Ji8 3L £ W H 0 £ F LB R EB K E WA, W8 Ak 4 &
AR E R R A A R R B TEE A R, A — S R R AT N T R ol R AR A
[ R BB Ak S84 AT M3, 20 B Rl P B R B &, o B AR B 107 ~ 107, 20 Bl & A7 T NA
Fo LB EFFEARE L SANEETLE3 A28 CERTh, EXM FREH TR AAEHTrHA IR &
B4 T 2 H 41 DNA, A 16S tDNA £ JF 7] 94 fn PCR 47 3 50 R K13 40 8 2 41 7 71, J& 5 NCBI GenBank
BAE FEHEAT Blast FIR M, 5 77 A WE 98% UL Lt G 7l et # f5 B., 4 & W % U A AR Fn A2 32 4 b 4
M 5 4T R 2K R MEGA 7.0 #C2F , K JH 45 4 % (Neighbor-Joining) #1 2 # it (b, [ £ R )N B A S %
R WA PR P BIRE 22 KA AT, 0 B T L H T (Proteobacteria) . B & & |7 ( Firmicutes ) £
% H 1T ( Actinobacteria) , 3t 13 AN & 22 Mk, H P AR 2 M08 B ( Pseudomonas) 4 #%, B /R 1 8 W J& ( Ralstonia)
38k, 3 RAT E B (Bacillus) 3 ¥k , %6 & 5 5 5% % J W & ( Stenotrophomonas) 2 ¥ , A3k B & (Aerococcus ) 2 ¥, 4%
/NAT B ( Exiguobacterium) %2k # B ( Micrococcus) 48 /N H J& ( Curtobacterium) 18 5 1K W J& ( Burkholderia) . %
 FAT H )& ( Paenibacillus) 7 1 & J& (Arthrobacter) GBI AT H B ( Brachybacterium ) 1 ¥ T 14 ¥ & (Janibacter) % 1
o, BEWNHEFEZR W PMERARBENAEHR LR NS 10T F, 3NMNGEEAHAEH LR
H & % /R ¥ 8 ( Ralstonia pickettit) 7137 KB 3§ H ( Pseudomonas stutzeri) (&6 )= BArik 5 4y & g ey i
FAHHERAFE AP ULRHEHITREEFITARS T, TR T IRRBEN S S MBEEME
EERAFUTHIERBENLRNEST, RANCERA R EFT 2 BR 5L THRBAEXNEE, 2%
WERARMEERSE ENRE A X, HE 458 7 6 E 2 R kAR Ry ERIEEA,
KRR = B A 3 4 T T 3 AR 40 5168 1DNA FE I 7 ) B R A A DR
R E 5 E S 5763 SCERARERD A FFHFRE ( FIRAR S ) #7885 (0SID) .
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Community structure analyses of the intestine cultivable bacteria
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Abstract: [ Objective ] This study aimed to analyze the diversity and community structure of culturable bacteria in the
foregut, midgut and hindgut of 5th instar larvae of Clostera restitura. It also lays a foundation for studying the physiologi-
cal and biochemical characteristics and functions of specific functional bacteria.[ Method ] Sterile dissections of the intes-
tinal tract of the Sth instar larvae, C. restitura, were performed to separate the foregut, midgut and hindgut, and homoge-
nized by hand. The gut homogenates were poured on nutrient agar (NA) and lysogeny broth (LB) media in triplicate
after serial dilution (10 ~' to 10 ~*) and incubated at 28 °C for 72 h. Single colonies were picked and repeatedly streaked
on LB medium to obtain pure cultures. The bacterial solutions of each colony were processed for DNA extraction, and

bacterial gene sequences were obtained using 16S rDNA gene sequence analysis and PCR amplification technology. The
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sequence match of each 16S rRNA gene sequence was assigned using NCBI BLAST and refers to the species information
of adjacent sequences with sequence similarity above 98%. At the same time, morphological observation and
physiological and biochemical characteristics of bacterial colonies were also employed for identification of bacterial spe-
cies. Finally, the phylogenetic tree was constructed by neighbor-joining (NJ) with MEGA 7.0.[ Result ] Twenty-two culti-
vable bacteria were isolated from the intestinal tract of the 5th instar larvae of C. restitura, which were grouped into three
phyla: Proteobacteria, Firmicutes and Actinobacteria, belonging to 13 genera and 22 species. Among them, there were
four strains of Pseudomonas, three strains of Ralstonia, three strains of Bacillus, two strains of Stenotrophomonas, and
two strains of Aerococcus; the remaining strains were Exiguobacterium ,Micrococcus , Curtobacterium , Burkholderia , Paeni-
bacillus , Arthrobacter , Brachybacterium and Janibacter. There were differences in the bacterial species in the different in-
testinal segments. The species of bacteria in the foregut, midgut and hindgut were 5, 10 and 7, respectively. The com-
mon bacteria were Ralstonia pickettii and Pseudomonas stutzeri in different intestinal segments. [ Conclusion] The results
indicate that the species of cultivable bacteria in the intestinal tract of the 5th instar larvae of C. restitura are relatively
rich, mainly colonized by bacteria in the phyla Proteobacteria and Firmicutes, and there are differences in the diversity
and community structure of cultivable bacteria among different intestinal segments. Among them, the midgut bacterial
species were relatively rich. In this study, the bacteria related to tannin degradation were isolated from the C. restitura
gut, indicating that the gut bacterial community of C. restitura is related to the diet of the host, and the intestinal
bacteria may play a role in overcoming the chemical defense of plant secondary metabolites.

Keywords : Clostera restitura; intestinal bacteria; cultivable bacteria; 16S rDNA gene sequence; community structure
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{7055 Sk ( Clostera restitura ) "N 8538 H ( Lepi-
doptera ) £} € B} ( Notodontidae ) i I &
(Clostera) , AL F=OI &K 4 U ILFR 5 |
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B3R I 168 rDNA L[ 551504 Fl PCR 51
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(1) S B SRR S5 AR AIE S it — 2D SR e 5
TIIRE 4 1 4 A AR AL AR AE RN 2h e 28 JEA |t 4R
T T TR i T 1 A T B A AR 2 SR
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1 MR5%I%

1.1 i RiE

{7 FHig 2~ 3 dE 4 HUR RS ST H X ST
FH(118°52'E,31°89'N) M TIE A , 717 [0 5245 %5 J5
B TOURE R 14L/10D IR EE (25+2) °C AHXHE
FEN (65+5) % (251 1R 5%, M3 i 1 k7 ) i
A REH R 1R, DA SRR 2 105 4
AR R
1.2 BFEMRIRAEFEARENS SEH

PEHC 10 ARy 5 W4 d YUk 12 h, )5
FH PBS Z& vl v UK R T 2K, & T 75% K
AL 3 min, JEHICH/KIEYE 3 K, TCH R
BT A i 4 B R ET T RS B A i E T 2
mL B0, A PBS 22 M 0.5mL BFEE , H-F
ZIE T 1000 r/min B0 3 min, BCE3ER, G
KA RS 107" ~ 10745, WA T NA Fl LB [E14ks
Fikk b, LB AR FRAE (1 L) B E IR 10 g, BERE
25 ¢,NaCl 10 ¢, 35515 15 g,pH 7. 0, NA [E1ALs
FE L) HEAM 10 ¢, 2F AT 3 g, NaCl 5 g, B
fE15 g,pH 7. 0, HE 3 K, BT 28 CHIRREFM
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HEFR 72 he MRIEEE SO NES D Ealifl
AT AR AR T 25% H i R AE B T -80
CHEH,
1.3 FEWEFEENESUEREBENLR
FIFH LB [ AR % 555 700 A0 B 19 1 ik, 7
BT & R BB S RHIE 45 . R/ JBR i
B REDCHE 50 MGk A5 WERE T
B ARG e AR E IR e
S AEBRAE AR A FE B U E (HLS 7R A R
ERIR N TRRER AT AR TR R A IMVIC (5]
SCE FPRELT SRS AR - SR FIAT B IR R S ) |
TR A DRI (FEERIBESS) FR 7 T & Pk
il (VERY AL BH BRI KA ) 5
14 BAERIIEFRAE DNA BE2ENAD 16S rDNA #3
AL PRA 2 R Al 32 U T 5 P 4 DNA
16S DNA i M 51 #. 27 F (5 -
AGAGTTTGATCCTGG CTCAG-3') #1492 R(5'-
GGTTACCTTGTTACGACTT-3") , PCR JMifA R K
25 pL:ddH,0 17.25 pL,10xTransTag—T Buffer 2.5
pl,eDNA (50 ng/pl) 2.0 pL, Primer 27 F (10
mmol /L) 1 Primer 1492 R (10 mmol /L) %% 0.5
pL, dNTP 2.0 pL, TransTag — T DNA Polymerase

(5 U/uL) 0.25 pl, PCR W 2:1F:95 °C 5 min;
94 °C 1 min,55 °C 1 min,72 °C 2 min,30 PME;
72 °C 5 min,4 CARIR . 1.0%35REAHEEE H, 1R I
PCR ¥ 34779y, J5 4 & Bl E TAY TEREARR
554 BRI
1.5 16S rDNA R REEZ B S

P A5 2 16S rDNA 5] Clustal X 1.82
AT Z 7 H AT, J5 5 NCBI GenBank %4/ 4
HEAT Blast [FEE LT, BEHUAS AN BRI 2751,
FIFH MEGA 7. 0 %, R JH 4B 42 3% ( Neighbor-
Joining ) FHE R GE LA, £ H] Bootstrap £6; 45 i £k
B A AT 5EPE | Bootstrap {H>4 1 000,

2 HREH

2.1 BFEFEFHAENESYSE

WS 5 B AT B 5 Ak 5 3% &) HURT 1% 35 40 TR
22tk i 5 8k, i 10 BR, SR 7 Rk, 6 H
WX 45 CF1-5 .CM1-10 A1 CH1-7, 4lifb)5,
22 BRTA B V8 AR AR S Mg a5 /L% 1, K
W3 BRI T AR A ERTE , 19 #RMFFAR 5 8 MR 4H P 4
2y SV 14 BRAE TR 522 gL 8 52 FHE 9 BRaE
VA 2546, 8 BRANTRAT M, 18 MRANT A #EE .

F1 (ZHBEFHEHL) B E W EEARRFE

Table 1 The basic characteristics of intestinal bacteria in the gut of Clostera restitura larval

MEIR EERE

%&F bacteriam aram il B LIS SRS

strain shape staining spore capsule flagellum colony morphology

CF1 ¥ G - - + FLEAE, B, 2B R, S A, i
CF2 ¥ G* - - + WA, BT, 2B, A a5, KR

CF3 B G* + + - WA, B, B, AOLH %ISR, AR, N
CF4 F G - + + WA, B, B, Dok, AT, R, RO

CF5 Bk G* - - - FLE @, B, im0, /N

CM1 i G* - + + WA, B, 2B, R e A, R
cM2 Fr G” - - + FLEE, B, 2B R e A,
CcM3 ¥ G - + + FLEE, BT, 2E W, R, g, R

Cm4 B G* + - - WE A, B, B, D5 SGR, AOLH AR,
CMS5 F G* + - + HE, P AER, ek, el s, /g
CM6 ¥ G* + - + FLE @, BB e g, IR

CcM7 ¥ G* + - + FLE @, B, AEY AR S, R

CM8 i G* + - + WA, B, 2FEW], MR e, g,
CM9 ¥ G - + + o3 SN DL P INSUE SX I IS (- g
CM10 is G” - + + FLE B  AE R g, /N
CH1 F G - - + FLEAE, B, EEW], R g

CH2 FF G* + - + e, e AER, ol g, iy

CH3 FF G” - + + WEE, B B, R ARSI, o, H
CH4 ¥ G* - - + FLE @, B, B St i, R

CH5 ¥ G* - - - FL, S AER e, /i

CH6 ¥ G* + - + W BT, 2B R O g,
CH7 F G* + + + WA, B, B, ek R, /N

.G Y A H P represents gram-positive ; G~ L Y B represents gram-negative ; +. A yes;—. 7 no,
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DIEZE R FRW (3R 2) , A TR B S5k R
AR FIH 22 5 A8 10 2 19 BT B 1 0 ik e
J1 o ABARTRIBERRAE B 35 0 H,'S 77 A RS IR R 8

JE TN R AR B A R A R FH A5 Oy LA 3 2
5 DBEMRAE IMVIC 28 2 IHME R N, K&
B RAE RS> T A WK A 5256 v 222 B S T, 1]
Sy FR A FHVERS BALB R B AR iR LA
TIRER (FURREIA AR ER HANRE A H,S,

R2 CHEAMSRGEIEFARSERERELER

Table 2 Biochemical characteristics of cultured bacteria in the gut of Clostera restitura larval

fji CF1 CF2 CF3 CF4 CF5 CM1 CM2 CM3 CM4 CM5 CM6 CM7 CM8 CM9 CM10 CH1 CH2 CH3 CH4 CH5 CH6 CH7 CK
HIEHE glucose A T
A sucrose e T T e S S e S S S S T T
% ZEHH maltose T T T S e S S S S S S A
FH lactose R T T T T e T S e e S S S S S S
R4 0% cellobiose S T S S S S S S S S S S S S S S
D-AH#E D-xylose + + + + - 4+ + - 4+ + + 4+ - 4+ + + 4+ o+ o+ 4+ -+ -
D-ZL ¥ D-galactose e S S
-2 L-rthamnose R T T T T S S e S S S S S S S
TR trehalose T T T S S e S S S S S S S T S
L-BHE{f ¥ L-arabinose R T T T T S e o e e S S S S S S
FRAFAE raffinose R T T T e S e S S S S T
FHE fructose o T S S S S S S S S S R S S S S
i dulcitol e e T S
LB inositol - - - -+ - - - - - 4+ + - - + - 4+ - - 4+ - - -
H#EE mannitol T S T T T T T e e S S P S
AL sorbitol e T S S S T
W[ 5255 indol test T T
FI 2T S50 methyl red test T T S S S . T T S S
R=ESZ; voges-prokauer test N e A T S
TERSIK AR starch hydrolysis S e S T S S T T T T T S T S S S
AL gelatin liquefied -+ - - + 4+ - 4+ - - 4+ + - - - - + - - 4+ - - -
LKA hydrolysis T T A T T T S T T S S
AL A catalase e e
[k urease T S e S S T T
RN PRI e
phenylalanine dehydrogenase
T ZARR UK i
fiiininfﬁ'ﬁilase - s sy s e s
4 A YA TR
Sniﬁféfi%})oxylase -t s Ty s e e
IR
f\if&%ﬁiﬁzen%e - - - - -t s s T T e
R ER L nitrate reduction -+ - - - 4+ - - - -+ o+ - - - - - = -+ ===
H,S 5550 H,S test e
FPEETRER SLIR cirate test R S S R T T T T S
P &% sodium malonate T T e e T T S S S S

TE“+" RARBHPE “+7 means positive;

DA g 3 A0 T 6 P AL DNA AR, R
YT T (27F F1492R) P88 )5 il at 1.0%
BRI EE I FE DK AG TN PCR 1 14 77280y | 4545 TR WA
H AN 16SrDNA JE [ B4 K- 7E 1 500 bp

K R B (K1),

=" FRPIM“ - means negative.

CM4 CM5 CNM

2 000 llp

% 1])

B 1 F7iE4HE DNA PCR ¥ i H ik B i
Fig.1 The electropherogram of the intestinal
bacterial DNA PCR amplification
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B3RS 1Y 7 31 $2 28 NCBI GenBank %545 2 7
A7 Blast [ FCS, 45000 7 A5 210 0947 5 S5 4y 1
B 16S rDNA FFHIEAT RGEHEAL 7 Hr , 25
VLB 2, 446 nT 35 37 4078 /YT 25 R AE R0 A B4R A
TEbR LR B 5 Fh AN 3 0l o Je IR
JR W 4 B ( Ralstonia  pickettii ) . <. BR W )@
( Aerococcus ) . Hr G R 5 i ( Pseudomonas
stutzeri ) | JHE P I R B ( Micrococcus luteus ) F
Exiguobacterium acetylium ; H 7 10 Fh 2 E& 5351 h #
IINEL/INFFEEL ( Curtobacterium pusillum ) | Bz TG % /R W
WA M OB A Y0 % UK F8 T ( Burkholderia
ginsengis) U ER T & (Aerococcus ) M5 IR 28 70 FT
( Bacillus cereus ) . 7 =~ 4 2F 1 #TF W ( Bacillus
thuringiensis) . 5% % ¥. ] 7 ( Stenotrophomonas rhizo-
phlia) 3 AR MR | 2GR SRR ( Pseudomonas
Sfluorescens) Fl Paenibacillus uliginis ; J5 % 7 41 B
O350 R e ER R S B R 2 L TR ( Bacillus
drentensis ) . B K B ¥ M W, A W &

CH4

Arthrobacter oxydans
Arthrobacter phenanthrenivoran
Arthrobacter humicola
Arthrobacter agilis

CF5

Micrococcus luteus
Micrococcus endophyticus
Micrococcus flavus
Brachybacterium sp

CHS

Brachybacterium i)qmconglomera
Curtobacterium albidum
Curtobacterium ammoniigenes
gquiobacterlum pustllum

Janibacter hoylei
J anibacter terrae
CH7

Janibacter melonis
CM5

9 96 Paenibactllus uliginis

Paenibacillus peoriae
CF2

99

95'_: Exiguobacterium acetylicum

Exiguobacterium aestuari
Aerococcus sp

100

44 Aerococcus urinae
Aerococcus christensenit
Bacillus thuringiensis
85 Bacillus cereus
_— 14 CH2
100 Bacillus drentensis
,_: CF4,CM9,CH3
99 Pseudomonas stutzer
98 CM10
99 Pseudomonas fluorescens
,_: Stenotrophomonas daejeonensis
70 gzen()tr()p;lwmonas k;:(een/.\'yz
79 tenotrophomonas rhizophila
A v
CF1,CM2,CH1
00 99— Ralstonia pickettii
Ralstonia olanacearum
45 Burkholderia cepacia
33 Burkholderia pseudomallet
urkholderia ginsengisoli
3] Burkholderia gi isoli
96— CM3
B2 AL HFEMHER 16S rDNA B
RELZEHUK

Fig.2 Phylogenetic tree of 16S rDNA phylotypes of the

intestinal bacteria of Clostera restitura larvae

(Arthrobacter) JGARFT# & ( Brachybacterium) (55
P TR AT P T #H BT ( Janibacter melonis)
3 97 i#

KL G 3275454 168 1DNA 4> T %52 H
AR GBS TAZ RS S 5 W40 HUR [R] g B mT 15 55 4
PR A . SRR (R S ik gl B N AT
KRR R DASE B T RUEEE R A P8
BEHE, TER] A AL R 1 BR 8 2 S ( Phalera assi-
milis ) Ji7 18 T AR5 rh S 38 DL AP e LA A
FE BT VRIEERE BT 1o 3 ) LA 2 35K 1 AL/ N T
JE A FE R TEEEH B i iR A R
H RZBT R A AR T H ], o a2
FEW T THN y =S R T de o o 0L ERKCE L LA
FRRRE R R R R AR E R
BREERHR A L TR K b IR s | 2 AT
R | 2 2R TR AT T R 0 KO R O
UL FERORRE AR S 5 b AR T T R RE
[ PR R S N RO AR (EDANE ) = AN
MCAE BN TESEFE IR ( Lymantria dispar) B9
T B S B R T0% (10 200 T o = By~
I

B o i BV B I AR A Sy 237
BRERNZERIBCRE R X B ARG 2 BRI 3 400 T
RN 2B W B A [ i 22 5 an b i Bk A
W/ INEL/NFF TR | T A S B AR T | IR 2 AT
W 95 = 4 S AT B A Paenibacillus uliginis,
b ARAR I B 2 (B AT AT A7 E AR [] (9 20 4, 151 4n DT
A iz b g B SRR E | s S A
SEFRHMIEE, w5 P RSB SE 3 AN B A R A e
SRy Bz D2 IR S o R 30 A B

B AU A5 1 A e, T H S R
REWAFEHE AR LR, Bt h&H
BB M A7 AR AR R A B
W R AT ST R I A TR R | ZF A B m A
P R T R BT AR A B B S
i gy T 3 S 2 TR AT BB AE B A 4k A AR )
iR & IS (Y

L5 ER AW E RO HT 1 S Al U
E T E IR R SRR S A A, X AN T
A REAE R R 15 32 B HOO BREE 9 3 N | Ry 7 At
BRI AR SN IR T2 W) 5055 07 TR AR T ARG
REA e et

£ 3Lk (reference) :

[ 1] ENGEL P, MORAN N A. The gut microbiota of insects-diversity



176

Mo AR R R R R (A R B S ) 545 %

[

[

[

[

[

in structure and function[ J]. FEMS Microbiol Rev, 2013, 37
(5): 699-735. DOI:10.1111/1574-6976.12025.

[ 2] MORAN N A, PLAGUE G R, SANDSTROM J P, et al. A ge-

nomic perspective on nutrient provisioning by bacterial symbionts
of insects [ J |. Proc Natl Acad Sci USA, 2003, 100 (S 2):
14543-14548. DOI:10.1073/pnas.2135345100.

KOH A, DE VADDER F, KOVATCHEVA-DATCHARY P, et
al. From dietary fiber to host physiology : short-chain fatty acids as
key bacterial metabolites[ J]. Cell, 2016, 165(6) ; 1332-1345.
DOI: 10.1016/j.cell.2016.05.041.

SHIN S C, KIM S H, YOU H, et al. Drosophila microbiome
modulates host developmental and metabolic homeostasis via
insulin signaling[ J]. Science, 2011, 334 (6056): 670-674.
DOI: 10.1126/science.1212782.

KIKUCHI Y, HAYATSU M, HOSOKAWA T, et al. Symbiont-
mediated insecticide resistance [ J ]. Proc Natl Acad Sci USA,
2012, 109(22) . 8618-8622. DOI:10.1073/pnas.1200231109.
BUCHON N, BRODERICK N A, CHAKRABARTI S, et al. In-
vasive and indigenous microbiota impact intestinal stem cell
activity through multiple pathways in Drosophila[ J]. Genes Dev,
2009, 23(19): 2333-2344. DOI:10.1101/gad.1827009.
DILLON R J, VENNARD C T, CHARNLEY A K. A Note: Gut
bacteria produce components of a locust cohesion pheromone[ J].
J Appl Microbiol, 2002, 92 (4):759-763. DOI. 10. 1046/j.
1365-2672.2002.01581.x.

SHARON G, SEGAL D, RINGO J M, et al. Commensal bacteria
play a role in mating preference of Drosophila melanogaster|[ J].
Proc Natl Acad Sci USA, 2010, 107(46) : 20051-20056. DOI;
10.1073/pnas.1009906107.

BERASATEGUI A, SALEM H, PAETZ C, et al. Gut microbiota
of the pine weevil degrades conifer diterpenes and increases insect
fitness[ J]. Mol Ecol, 2017, 26 (15): 4099 -4110. DOI. 10.
1111/mec.14186.

(107 XURE, HUT, BRAA, 5. 201 345 10 FHR T A2 A0

Pyep O S AR S R [ )] MRl 2014, 50(1): 97—
102. LIU Q, CHANG H, CHEN J, et al. Identification of
Clostera  anastomosts and  C.  restitura  ( Lepidoptera:
Notodontidae) by morphological and biological characters and
their evolutionary relationship[ J]. Sci Silvae Sin, 2014, 50(1) :
97-102. DOI;10.11707/j.1001-7488.20140115.

C10] BBl /N, BIER, 45, Bl X Ir 7 fHg B4

PERAAERAELT]. AL A2 ( A SRBEFRR) , 2006,
30(3) . 117-120. ZHENG M C, WU X Q, QIAN F J, et al.

Biological character and epidemic law of Clostera anastomosis in
Shanghai[ J]. J Nanjing For Univ ( Nat Sci Ed), 2006, 30(3) .
117-120. DOI;10.3969/j.issn.1000-2006.2006.03.027.

[12] GUT Z, ZHANG C C, CHEN C Y, et al. Effects of exogenous
methyl jasmonate-induced resistance in Populus X euramericana
‘Nanlin 895’ on the performance and metabolic enzyme activities
of Clostera anachoreta | J]. Arthropod-Plant Interactions, 2018,
12(2) : 247-255. DOI:10.1007/s11829-017-9564~y.

[13] GUT Z, HUANG K R, TIAN S, et al. Antennal transcriptome
analysis and expression profiles of odorant binding proteins in
Clostera restitura [ J |. Compara Biochem and Physic; Part D,
2019, 29.:211-220. DOI;10.1016/j.cbd.2018.12.002.

[14] 30AT, 2307, Wl S5, BREEE S 4 dUl il I S R E AT
K= YR MR O [ 1], PR A, 2015, 37(6) .
1203-1212. WEN Z, JIANG Y R, HUANG L, et al. Analysis of
aerobic bacterial population and screening of the cellulose-produ-
cing bacteria from larval intestine of Phalera assimilis[ J]. J Envi-
ron Entomol, 2015, 37(6) : 1203-1212. DOI: 10.3969/].issn.
1674-0858.2015.06.12.

[ 15] PANIAGUA VOIROL L R, FRAGO E, KALTENPOTH M, et al.
Bacterial symbionts in Lepidoptera; their diversity, transmission,
and impact on the host[ J]. Front Microbiol, 2018, 9. 556-570.
DOI;10.3389/fmich.2018.00556.

[16] SNYMAN M, GUPTA A K, BEZUIDENHOUT C C, et al. Gut
microbiota of Busseola fusca ( Lepidoptera: Noctuidae ) [ J].
World J Microbiol Biotechnol, 2016, 32(7) ; 115-124. DOI. 10.
1007/511274-016-2066-8.

[17] BRODERICK N A, RAFFA K F, GOODMAN R M, et al.
Census of the bacterial community of the Gypsy moth larval
midgut by using culturing and culture-independent methods|[ J].
Appl Environ Microbiol, 2004, 70 (1): 293 -300. DOI; 10.
1128/aem.70.1.293-300.2004.

[18] BOECKLER G A, TOWNS M, UNSICKER S B, et al
Transgenic upregulation of the condensed tannin pathway in
poplar leads to a dramatic shift in leaf palatability for two tree-
feeding Lepidoptera J]. J Chem Ecol, 2014, 40(2) ; 150-158.
DOI:10.1007/s10886-014-0383~-17.

[19] BHAT T K, SINGH B, SHARMA O P. Microbial degradation of
tannins; a current perspective[ J]. Biodegradation, 1998, 9(5) :
343-357. DOI:10.1023/a:1008397506963.

(iE%H ZEK)





