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HWE. (B0 AT g BRI & F 85 £ 5 £ 7 24540 & Helicoverpa armigera % & #7181 B 45
MR Hvd, FF AT RAME AN IR, [ F k] o A A AR & 2 o 3 o) ARG EA
A (RFRRAL, SS) 4 2% LA E (1 Ak R FHE) A AM (L RPELEE, Te) fn b
2.5% £ 8 A 0 (N A Irk R H 8 ) LA CGR AP B, DM) , KGRI 3 # ) R B A
X 28 DNA;#] A [lumina MiSeq =X, 338 2 ) 53 K33 1718 20 14 69 16S tDNA &9 V3-V4 & 7 X 3
AT, AT Wi an ) 09 % AF kAo 5 JL; A1 JR qPCR 24E 16S 1DNA Ml A7 45 R, IR 2 f 3
4 kM iE | 4 ¥ 5 4T Biolog-Eco 238, 2 #7 WpiE 4m H - Eco 48 £ 31 A+ a8 Rag R #tHE L, [ 4
RN16S DNA M P45 R F A, B k34 ki mi 2% B H 17 (Firmicutes) . & B # 1
( Proteobacteria) | 447 i 11 ( Bacteroidetes ) #= ¥ 3 ) "1 ( Cyanobacteria) , 5 xt B 2048 kb, 3% 5035 65 &
B Fe LR B EANRA RN RMEME ) o SHBIRBEEA R ERRE AL AL
AT TAC VKT AT E e ARRT F R Y, B AT 11 A 5 3R 1 1] 69 AR At F 3G m, qPCR BiiE
252 R ¥ 3 16S tDNA M 5 oA agiX AN 45 R £ 5 KT, WA H B Bacteroides <& K, & Prevotella F=
1B LT % Pseudomonas 25t AR ST F & B4R, 3% SUAR B B Clostridium sensu stricto 1 327 B B-& R
K. H & Escherichia-Shigella #= 3 ¥ §0 # /& Halomonas ¥ 0y A8 5 F E ¥ e, X P & L 0 H 5
Halomonas #9483+ & B % 3% hm, Biolog-Fco 2R & M, 5 BiaAart , B R A B AR A P 2 # 4%
kPR KRR RS T e R AL R AF L R A B LA 3 #h 4 & 3 DL-o-55 8
W A LR A RBRF SRR AGA AN Th, [L£] LRI T, Bk k H 8L &N xFA74 &
1 18 B AR S A A RIHAE 1 A vl AR R R B K A R AMEAR A R AW e AT F T
e, o B B T W AR AT F G A SR B D) R ok 3 B AL 2R R R R AL A AN F R m, qPCR
Heml 25 3% 5 16S tDNA M 5 oA 45 R A, 1 B A I B bk &k 3 B8 £ A & A 24540 & 8 @ #F 4%
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Effects of tefluthrin and deltamethrin on gut microbiota in Helicoverpa

armigera ( Lepidoptera: Noctuidae)
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Abstract:; [ Aim] This study aims to address the effects of pyrethroid insecticides on the structure and
metabolism of larval gut microbiota of Helicoverpa armigera and to enrich the knowledge about the action

mechanisms of pesticides. [ Methods] The 2nd and 3rd instar larvae of H. armigera were fed with the
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normal artificial diet ( control group, SS) and diets containing 2% tefluthrin (type I pyrethroid) powder
(tefluthrin treatment group, Te) and 2.5% deltamethrin (type II pyrethroid) emulsifiable concentrate
( deltamethrin treatment group, DM) , respectively, and then the genomic DNA of gut bacteria of the 3rd
instar larvae was extracted. Then the V3-V4 region of 16S rDNA of gut bacteria was sequenced using
[Mumina MiSeq of the 2nd generation high-throughput sequencing technology to analyze the diversity and
abundance of gut bacteria, and qPCR was performed to verify the 16S rDNA sequencing and analysis
results. In addition, the gut samples of the 2nd and 3rd instar larvae of H. armigera were milled for
Biolog-Eco experiment to analyze the metabolism of 31 carbon sources by gut bacteria on the Eco plate.
[ Results] Sequencing results of 16S tDNA showed that the gut bacteria of the 3rd instar larvae of H.
armigera were mainly composed of Firmicutes, Proteobacteria, Bacteroidetes and Cyanobacteria.
Compared with the control group, the a-diversity index of the larval gut bacteria in the deltamethrin and
tefluthrin treatment groups did not change significantly, but the community structure of bacteria changed.
At the phylum level, the relative abundance of Bacteroides in the deltamethrin and tefluthrin treatment
groups decreased as compared with that in the control group, while that of Firmicutes and Cyanobacteria
increased. qPCR verification results supported the above 16S rDNA sequencing and analysis results. At
the genus level, the relative abundance of Bacteroides, Prevotella, and Pseudomonas was reduced, and
that of Clostridium sensu stricto 1, Escherichia-Shigella, and Halomonas increased , especially Halomonas
with significant increase. Biolog-Eco resulis showed that the metabolic capacity of carboxylic acid carbon
sources in the 2nd instar larvae in the deltamethrin treatment group and the metabolic capacity of DL-
alpha-glycerophosphate,, hepatose, and L-phenylalanine in the 3rd instar larvae in the tefluthrin and
deltamethrin treatment groups decreased as compared with those in the control group. [ Conclusion] The
results indicate that pyrethroid insecticides have notable effects on the structure and metabolic capacity of
larval gut microbiota of H. armigera. Pyrethroid insecticides reduce the relative abundance of beneficial
bacteria but increase the relative abundance of pathogenic bacteria in the gut of H. armigera. Short-term
pyrethroid treatment does not result in the increased abundance of resistant bacteria. The qPCR results
are similar to the 16S rDNA sequencing and analysis results. Type [ and type Il pyrethroids exhibit
different effects on the structure and metabolic functions of gut bacteria of H. armigera.

Key words: Helicoverpa armigera; gut bacteria; bacterial community structure; 16S rDNA ; Biolog-Eco;

pyrethroids ; carbon source

JiE R A h oK B AR AR SR G, BOA
MRV WA E” (Possemiers et al., 2011
Byndloss and Biumler, 2018) . B d iz iE N8 &H
REWHAEY, BN 58 FAHE W, U FE#E, P K
TR AR B AP A5 8 A W) X &R (Dillon and
Chamley, 2002; F P45 fll 2€, 2017 ), i A
Yy B AR 2 51 E00E TR S e 8 1y 45
A= BRTE B, W) I RE A8 KA e 3 B0 S 12k W SR 1Y
HLZ ( Dillon and Chamley, 2002; Li et al., 2016),
AR — LB I8 Y Gilliamella FLRRATH
Lactobacillus FISUEI AT Bifidobacterium 25 4 % %
lidCa N R ST IE 2 ) S S NTE )
FIH AP 98 57 1055 (Engel and Moran,
2012) , i 3 P A 25 AL ) 25 5 R A 3 A A2 L

SRV o BRERBCIR 0 TS 14 3 B R B A, LA S AT
WERE I T RS M 4 (Round and Mazmanian,
2009 ; #2454, 2017) . Cox-Forster & (2007 ) #]
JH g 0 0 P A B, SR e A s 0B R R AE ( colony
collapse disorder, CCD) 5 @Yy CCD W& 1 iz 18
A ERAFE2E . WA H LKW, piEw RS 16
FHOLGPE AR OC, 40 s 3K RE A T /N S Plutella
evlostlla X AEFEMEIE B V01 T BRGNS
X REFEMHYPUIE (Xia et al., 2018 ) 5 & R Az I 0]
I3 i TR AR IEAR AT (Kikuchi et al., 2012)
W T TR AR O 2 A AR O B — e R ] B B
(1) R AT B A P AN B R B KBt 3T
WX 27 BRI S AN DR AR AE 25 T i T8 A e
R 55 53 B Al — G AR b 4 75 B RNk 28 PR 5~ 1) s
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345 B Helicoverpa armigera J2:— Ffritt FL: 4\l
TP AR L, fEE K BRI R
A BRI BT I 26 3 H i TS HUR) AR 8 oAk 2
SR KA IS RREIR, Al 23 T 2400 BR He 4 1 A T
TUADBR R AGHE P K2 T O4DLR s 3G 18K AR &% -7
B, 0L G2 TR (tefluthrin) , FE 5% T 255 1E
(tremor-syndrome ) , & By AN % RRIF L3 % Ay K
SRR B E AR 1T AR A R 5 A -5,
T4 T (deltamethrin ) , 32 % 5] & CS £ 5 1
( choreoathetosis-salivation-syndrome ) , 3¢ ¥l by B /E 5
P B RS B ORISR . AT AR e X
AR A RS R P A 1 gt BTk
B R T8 RIS 18 UL PEA OC E ZR , K
3BT Eh Bk He A T 2 A% HORAE P S A 4%t il ik
WA ARG A2 Ak, X8I 8GR 26 2% HUR A R AL
DL AS BTG AL AT A R . HAT#H
A IAHICHRIE o

ARHFFEE L 16S rDNA | % % Biolog-Eco 43 7
3BT MK SN T ARDEL 2% LA TR (1 BY4NER
HAGTE ) Ry FRDRLAN & 2. 5% RS g ( 1AV ILER
ST ) FLIN AR A0 A 2% HL gl B 18 R P A5 DL K
[ AE R 31 Rl IR Y AR AL IR IR B R
A S T X A 4% H i T8 TR 00 2 A A A D e Y
SR, A3 T DL R HU A TR A% HOR A VR HILER

1 MRl57EE

1.1 XHpEE

S5 I FE AR S H R FUL R A TR ORI A
o E RO B2 B ) AR T T T o SR A R - IR
BE 25 ~28°C, MHXT B 60% ~ 80% , J¢ J& #H 141L:
10D, Fifs d e A TR 2% 1L AR A (1981) .
1.2 hnsg B4R RO BT Hi An ik R 43 4H 4b 18

S EL ] 2% L AR ( 1 B4R U 38 TER ) H 55)
F12. 5% PE 4R (11 BURLER U4 TR ) FLib (A R0k
5325 /L) W BAL R B2 (8 mg/L) , 438 A 1.7
BUIBGA KN 1 em B/NB I BRI AE 250, 5
min F R ERDRHBCH B2 AR 2 T 3 R4l
Ha a3 ) i S N T AR (X R, SS) (2% &
FAETER AR (L HRAE RN R, Te) FIE 2.5%
TRE AR FLR R (TR E 4 ER b B4, DM) ,36 h 5
BT e SRR
1.3 RS Hmi7EEESA DNA fIZE

Bl ML HRUA TR K/ N—30 A AR Y SS, Te FiI

DM 41 3 #% 4 d1 4% 150 Sk, DUk AL 385 K 4 ol i T
75% WY 30 ARREAT IR RIH R, ARJE H 0. 8% 1Yy
A PRER K IR 3 UK, TCTR SR i S e, e
1 mL EEES) 3R AR AT 0. 8% (1 AR 3R K, ST
B A7) 3% , i | Magen Hipure Soil DNA Kit #2 1
[ DNA 5 1. B RE b 50 MR IE , 4540
WE3INEHE,
1.4 154 HZEME 16S rDNA 318 & EMNF

et 1 46 MR AR BB 3 Y B 1 R A% A 9 168 1DNA
V3-V4 X519, 1E a1 5] 9 : 5'-CCTACGGRRBGCA
SCAGKVRVGAAT-3"; JZ ] 5] #): 5'-GGACTAC
NVGGGTWTCTAATCC-3", J I & & (25 pL):
TransStart Buffer 2.5 L, dNTPs 2 pL, 1ER W54
(10 mmol/L) £ 1 L, TransStart Taq DNA 0.5 pl,
BB DNA 20 ng, #h ddH,0 % 25 pL, PCR JZ i %
$: 94°CTHAEHE 3 min; 94°CAEPES s, 57°CIE K 90
s, T2CHEMH 10 s, 2 72°C IR 5 min, 24 g
o PCR Y847 Wi 1 1% SR HEE I B TR AR

i@ PCR [i) 16S rDNA ) PCR F=¥ K s -
A Index (9 4% 3k, DLAE 347 NGS Il /¥, fifi H]
Agilent 2100 4= #73 H1{ ( Agilent Technologies, Palo
Alto, CA, SE[E) K SC P ot £, I8 i Qubit 2.0
Fluorometer ( Invitrogen, Carlsbad, CA) £ il 3C 2 ¥k
. DNA X FEIR A J5, % Mlumina MiSeq ( Illumina,
San Diego, CA, ZEME) i FHULIHAEEEAT PE250/300 XL
Y, B MiSeq H 7 A% MiSeq Control Software (MCS)
BEHUTIIE B (TR M G MR A R BR A D) o
1.5 qPCR WiEtR$8 HFEHE

FIFH qPCR B6:31F SS, DM #l Te A 4% s 738 v 7%
JE T ] ( Proteobacteria ) FlIJEE B B [ ] ( Firmicutes ) &
I FEE A, JF PR S H i 1 5 200 T 0 3k 7 7
AT A 5 . qPCR SI #5378 16S tDNA
MIPRSEIX N, 519 7 51 2 IR I8 0 (2014 ), G40
W AE B 51 1E 11 51 #: 5'-CGGCAACGAGCGCAA
CCC-3'; M54y :5-CCATTGTAGCACGTGTGTGTA
GCC-3', BB TE & 519 E 1545 -TCGTCA
GCTCGTGTYGTGA-3'; JZ [n] 5] #1: 5'-CGTAAGGG
CCATGATG-3', JERER [ 1 E =¥ IEm 51 49.5'-
GGAGYATGTGGTTTAATTCGAAGCA-3'; [z n] 5| ¥ :
5'-AGCTGACGACAACCATGCAC-3', qPCR JZ h &
Z(25 L) : SYBR Premix Ex Taq Il (TakaRa) 12.5
pL, 20 ng fiz 18 40 1 & DNA A4, 1E B2 1w 514 (10
mmol/L) % 1 uL, H4 Al ddH,0 #h 2, =ik
qPCR " HEFLF + 95°C WiE{E 30 s; 95°C 3 s, 40 %K
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63, 60°C 30 s, 95 15 s, 60°C 1 min, 95C 15 5.
qPCR 7£ Eppendorf SE}7¢ % E & PCR { Realplex2
EiEAT, qPCR 7= A Xt = & 8 274 ik i
(Livak and Schmittgen, 2001) ,

1.6 Biolog-Eco #5454 H14h M B7 18 B B A 15HE 14

Biolog-Eco £ A AT LAH] T 43 1 il 2E P14 Eco iz
31 FhE IR A A FHTE L . Biolog-Eco A i 45:fLF- 14
Bii 6,75 41,2 ( average well color development, AWCD)
S WIS A AR e, BRI T B — B TR g
(W EE AR PR . Biolog-Eco Al YRR IEA 31 i A—fix it
Fzs R AR IR A FLC IR 3 AT, 31
T P58 2 B 27 BE P PR 5 23 1 6 2, B i/ Ak
B EIERRAE WK RIS SCEE MR MES
Y (LIEFI T, 2011) o 43 5O IREZH (SS) IR
A TERAEFEZH (DM) Fi-E S 4G B Ab FEZH (Te ) A% HL
2 N 3 WA A 35 Sk TETC I Z A T A w MU
L TE 1 mL BERG AR AR, A 0. 8% AR
FRERA, S DT )3, T 0. 8% tEFRER K ER &2
12.5 mL, JCTR 5% 14 T Kt iz 38 R 2 T WO R 2]
Biolog-Eco il fL A H, %5 fL 120 wlL, 4 i )5 19
Biolog-Eco i & T 30 CHIRAG 1 #%, 1 h J5 FBGHR
AR AL, M RS B W IR, 2 ) BB
24 hE g1 W, IESE T ~ 10 IR,

o He g T G A ARG 1 A L P 2 B
AR (AWED) KR, AKX AWCED = [ X (4, -
ACK) 1/n (%iél%, 2018) ,

Hor A, Ry i FLBRVE 590 nm R A BE (R 8 2=
750 nm T H MG AE, ODsy, 15 ODyso HY 22 {H K T
0. 2 {194 R BBl 5L 5 Aoy S % BR AL 8 I ' B AL
n IR S

AR EEFE 96 h IR , A T o140t
ARSI 3 AR BUE Y REYE 24 PR Shannon 357
¥ (H) (Braun et al., 2006) 1 McIntosh #§2¢( U) (Xi
et al., 2003) ;

H=-3YP, xInP,;

U=VZXn,

H P RS o LA XS OG5 8 AT doA
X W OCARL S AT FE AR s n, 25 @ FLIARRT IR AA

X Microsoft Excel 2010 %4 F1 SPSS %k 44 3
T8 P8 Ab B ORI 4 #fr, Origin 8. 0 4% {4 A1 Adobe
Hlustrator CS6 BAVER] o
1.7 RS

XF 1. 4 500 Y SRR R A T s AL B, B
A SR A, TE 97 % B AL BE T B LR S

Zk

N PP 4325 B9 OTU ( operational taxonomic units ) ,
OTU Venn [# 53 Hr ARl RE v A KA 79 OTU %L
H o1z F Mothur v. 1.30. 1 84, R H] o ZFEVETEEL
(Shannon, Simpson, Coverage, Chaol, Sobs, Ace)
SYHTRE R R A B R R R A T T A
5y, AITEREAS T 22 AH A, S A REAS Y (B R AP 7E
S R ALRUE LR AN [R] 23 20K F- 23 B
R ZH 8 B AE RS = B8, 2H [8] 22 S P A 36 53 A AN [+ 24 [18]
PFh R 2257 W%

2 #R

2.1 WHWBE{HEFGEARNFEISH

SS, DM Fil Te 21 9 R4S HUBIEFE SIS B4
BOT 571 002 5%, FE R EEN 63 445 2%, HRUT
B 34K B S 450 bp R T RIS g 8 41 R A P 2
RN TE 97 % MILE NG H RIS FH TR o
I OTU B TP VR B2 B 0 , W b A B i 4ka
-2, U A AR S KRR 0 AR ER L IR B T — E IR
FERTRE, e A R IR S T . ILAh , AR AR
f) Coverage FEELHSAE 99.5% L) I (32 1), U ¥
T RBAS T T FEA T I 48 R R

SS, DM Fil Te 41 i B i 35 (1% OTU %0 H Ky
209 4~,SS 5 Te 451y OTU %t H &y 230 4+, SS &
DM 245 () OTU % H 2 219 4~, DM 5 Te 41y
OTU % H Hy 220 4~, SS 45459 OTU Jy 9 4~, Te 45
Ay OTU £t H M 22 4>, DM R4 1) OTU £ H K 14
A, XSRS SS, DM A Te 22 i) 4 A 7] (4 5
B Htbhg 2R (1),

BT AReSil 3 14l R IE 40 E OTUs Venn [

Fig. 1 Venn diagram of gut bacteria in the 3rd instar
larvae of Helicoverpa armigera

DM : [A]R 2. 5% 5 5 3 B ZL il 4 kL 59 4k BE 20 Treatment group fed
with the diet containing 2. 5% deltamethrin emulsifiable concentrate;
SS: fr] MY A T 48 K A9 X B8 4 Control group fed with the normal
artificial diet; Te: 1AM 2% - 8 36 s 5y 77 47 B} 1 &b 38 2H Treatment
group fed with the diet containing 2% tefluthrin powder. T [A] The same

below.
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(phylum) 7KV =247 JEEE I ] ( Firmicutes ) A8 JE 14
["7( Proteobacteria ) . #1#T 1 | '] ( Bacteroidetes ) | 1 ¥
1] ( Cyanobacteria ) | i 28 % '] ( Actinobacteria ) I
SR - [ ( Deinococeus-Thermus ) , Horfr,
JEREGE ] R ] AU ) A 1] 90%
DAL B FORSEET T, SS Al e 1 AR BT TN
BI1(50.2% ) 55 2 ARFER ]2 JEERE TR ] (38. 1% ) ,
A 10

0.8

0.6

0.4

HXFFEE Relative abundance

0.2

DM
FEfh Samples

FHXFFEJE Relative abundance

SS DM
Ffh Samples

FIMAREREILEIT(7.3%), WHE T
1.6% ., DM 2 v 55 1 4 345 0 1] 2 R BE 1 1]
(50.6% ) , 55 2 PRl T RAETE R 1](26.1% ) 45 3
PEBATR T 12 W4 35 1A 1 TR ADUFE BT T (439 o 10. 8% A1l
6.5% ) o LHAHRLL (Te) HE5 1 ARFPET T2 JERER
I1(51.3% ) , 55 2 PR TTRAZIZETT(29. 1% ) ,
B3 BT ZRATF T (13.5% ), A B 1]
2.9% (2. A), 5SSAH,DM Fil Te BYJERBER ]
TRV 88 DT ARG =5 B TR SR AT AR S B R B

W [T ] Firmicutes

W =71 Proteobacteria

W L T Bacteroidetes

I 5314 ] Cyanobacteria

W 7247 T Actinobacteria

W 5% BR300 (] Deinococcus-Thermus
W it Others

W fUUHF I B Bacteroides
B B LR R Clostridium sensu stricto 1
W norank f Peptostreptococcaceae
W norank fnorank o Chioroplast
B 15 B B Pseudomonas
W #EFF ¥ B Faecalibacterium
W HERHE R Prevotella
W 387 W B- 31 ¥ B Escherichia - Shigella
B S0 ¥ B Weissella
1 #h BB B Halomonas
1 $3K T B Streptococcus
Unclassified f Enterobacteriaceae
" #LIF1# B Lactobacillus
W 73R B Blautia
B 5+ B Enterobacter
MAE BRI E Comamonas
| 74990 5 BR T B Ruminococcus torques group
Lachnoclostridium
7337 W B Alistipes
W R AL T B Lysinibacillus
W Eubacterium cop ligenes group
W Unclassified f Nitriliruptoraceae
W) "5t LT B Eubacterium ruminantium group
W TUEFFE R Bifidobacterium
W & EHF i B Phascolarctobacterium
W B EERF ST B Parasutterella
Te W Christensenellaceae R-7 group
W 3% 1 B Ruminococcaceae UCG-014
I HftiOthers

B2 Mgk 3 s dUE A 7R (A) S (B) 7KF- 1 LAL

Fig. 2 Proportional composition of gut bacteria in the 3rd instar larvae of Helicoverpa armigera at the phylum (A) and genus (B) levels
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HZEFARE(P>0.05) (& 3: A) . qPCR Kill4h
RUNPE 4 P, TR0 B b A AL 9044 15 Ak BE 20

i L 3 ey M 3 A0 By T TSR BE T T oy R T 0
LY, AR5 16S tDNA I 7 & AR

P&
P -value
A Bl ss
5T [ Firmicutes 0.1743 ™= DM
B Te
B[] Proteobacteria 0.9523
{il#7¥ ] Bacteroidetes 0.429
JE¥TH [ Cyanobacteria 04170
HEERTH [ Actinobacteria 0.0667
5 W BRI - #1081 Deinococcus-Thermus r 0.7809
0 5 10 15 20 25 30 35 40 45 50 55
FHXFZEE Relative abundance
P{&
P -value
B = sS
I ® Bacteroides - 06462 == DM
E Te
B SURW B Clostridium sensu stricto 1 E 0.4640
norank f Peptostreptococcaceae E 0.4706
norank f norank o Chloroplast E 0.4155
{EHBWE Pseudomonas I 0.6726
#HW® Faecalibacterium L 0.5479
AR -EBEWE Escherichia-Shigella b 0.2860
RN B Weissella E 0.5089
# B Halomonas b ‘00342

WEHE Prevotella ' 0.6222

0 2 4 6 8 1012 14 16 18 20 22
X2 BE Relative abundance
B3 AL 3 W4 R E AT (A) FUE (B) KT AT = B 2 5 5]

Fig. 3 Relative abundance differences at the phylum (A) and genus (B) levels of gut bacteria

in the 3rd instar larvae of Helicoverpa armigera

P BE  EIE + b 2s, B SR 2R B E (P <0.05, HE T Z0H,95% B 15X [8]) . Data in the figure are mean + SD, and the asterisk

indicates significant difference (P <0.05, one-way ANOVA analysis, 95% confidence interval ).

TEJE K- (18122 B) , 5 SS ALt , DM F1 Te Y4
FFTRIJR Bacteroides B HITAE Pseudomonas 1 [
)@ Prevotella #1%F F B F %, B X B E B
Clostridium sensu stricto 1 .norank f Pepiostreptococcaceae |
MM IR HE B Weissella, IR % W B-E W IR H B
Escherichia-Shigella . £k 2. 0 15 J& Halomonas B A %t
FHE T, Hrh, BT )E Halomonas W) AHXT 3

JERET (P <0.05) (E13: B),
2.3 WMEHBEARSHY

FLF 16S tDNA I F4F DM, SS Fl Te 3 414 i
AT o AT 0T, SR AR 1R, 3 A
i o ZAEVERR RS IO B 2 R (P >0.05) , A
T Biolog-Eco S5 (4 4 T8 22 FF 1 45 Ko B 45 R n 3k
2 ffi7, 2 154 B &40 ) Shannon F5% il McIntosh
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Fig. 4 Relative abundance of gut bacteria at the

phylum level in the 3rd instar larvae of Helicoverpa

armigera by qPCR

*1

FRRBAT WE M2 (P >0.05) 3 4 i) DM
2H Mclntosh $5%0E B3 (P <0.05) FR{K. 2 #4h
1145 2H i) Shannon 5 %01 McIntosh #8801 KT 3 %
U]
2.4 B8 H4) L RGIE A TE 1

¥ AWCD JHEAZ AHEFEH SS, DM Al Te
ZH AR L 4y H i 38 R b 4 B R A 31 s R 1
AWCD ZE Akt Ze &l 5 s , B 55 37 I ] B 124
AWCD (B EEASFEE T, 138 B i T8 2 T2 %8 Bl 114 )
M BB M B E, AR 2 @4y
AWCD E RT3 4 iy (K 5: A -C) , Uil 2
il B A S T 3 A Uiy, 2 A U IE R
ai . SS, Te F1 DM ZH 1) AWCD {EAH{RL, Te 1954 &
(E15: D)3 @4 il ki, Te (19 AWCD F§
5, DM [ AWCD {HRAR(E 5: E)

E T 16S rDNA JUFHIMRE H 3 IR4h BB E o ZHMIEH

Table 1 Alpha diversity indices of gut bacteria in the 3rd instar larvae of Helicoverpa armigera

based on 16S rDNA sequencing

ﬁ:ifént aroups Sobs Shannon Simpson Ace Chaol Coverage
DM 193.33 +14.572 3.5202 +0. 820 0.071456 +0. 060 200.49 +15.058 206. 44 +20.209 0.99954
SS 188.67 +20. 108 3.2071 £0.514 0. 125140 +0.070 204.27 +12.474 203.23 +13.458 0.99926
Te 199.33 +27.227 3.6317 0. 564 0.063787 +0. 044 206.93 +28.535 208.30 +33.605 0.99953
P (DM vs SS) 0.7626 0.6105 0.3731 0.7554 0.8321 0.4119
P (SSvs Te) 0.6166 0.3901 0.2820 0.8925 0. 8260 0.2093
P (DM ws Te) 0.7582 0.8567 0.8674 0.7522 0.9391 0.9717

TP B A TIE £ brdfEiR, 32 T K560 A I 4 P 41 22 18] 7] — 48 50 FE 0. 05 K -2 B BA B E M2, Data in the table are mean + SE.

Significance of difference in the same index between every two groups at the 0. 05 level is compared by T-test.

&2 %ET Biolog-Eco SLEHIHREC 4N
7B T SRR

Table 2 Diversity indices of larval gut bacteria of
Helicoverpa armigera based on Biolog-Eco assay

Yy AbFEH ZFEPEFE SR Diversity indices
Larval Treatment
instars groups Shannon MeclIntosh
SS 2.5644 +0.0938 a 3.9727 +0.8447 a
2 A
ﬁ{?\' DM 2.4700 £0.0968 a  3.1498 +0.7000 a
2nd instar
Te 2.6361 £0.0906 a 3.5747 +0.7468 a
SS 2.1362 £0.1075 a  2.4858 £0.4757 b
3 A
e DM 2.3009 £0.1010 a  1.8950 +0.2822 ¢
3rd instar
Te 2.5143 £0.0933 a  2.5338 £0.4895 b

F B A ME = bRk 22, RSB 5 AR A A [R/NG F R ol
i) 22 Sk B B Z 7K (P <0.05, BAREAR T#:55) . Data in the table
are mean + SD, and those followed by different lowercase letters in the

same column are significantly different (P <0.05, one-sample T-test).

SR 53 BT R % EL 17 3 40 T X A [ 28 TRt A4
UL, JHAE 1 - 168 h £ B A i 78 Biolog-Eco 4 I

AR, S5 RN 3 7R, SS, Te Fll DM AR BEACI
AR T - o- B MRS | D-2F 4 4 | o-D-FL K, g-H
Fe-D-H A D-AE D-H 82 N-£ lt-D- %
Wi 7 i, o oA EORIRG 2 R AW, AR RS
ARASRER I B4 T U - D~ % Wl e 1R D-~F FLBE R N
Mg 202 B 0K B IR |y ik T IR | L5 = 1R ) T
6 fifi

DM 25 2 1 &)y H iy 38 200 5 Xk A PR P I (4 -8 ik
HIPIR AR DSF R IR - T R AR O L-K
1A RN D-FLERERR 1 CI BE I PR Te 41 2
e 20y H 3 0 B LR TN 2R L-22 R L H -
L-A3 28 BR AN o5 W T ) A Qa1 i, 0 LR T T2 R
D3RR AN D-2PFUBERER AT RE ) R . DM 4]
3 4 HUfg 38 A0 T X 14 R # 4 | DL-oc-i R H
Tl TPBEA LR 2 R 1) AU RE T [ Te 41 3 1%
207 1 Ji7 30 40 0 DL-oc-BR R H il TP LRI A
PR AR RE 1 TR
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Fig. 5 Changes in AWCD of larval gut bacteria of Helicoverpa armigera with culturing time detected by Biolog-Eco
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K5 Biolog-Eco Rl 44 du 4l iz 40 B AWCD BB =) ) ) 22 1k

A, B, C: 435125 SS (A), DM (B) Fil Te (C)ZH 2 F13 #34 B 7E 1 — 168 h P E 40 (1) AWCD BT i) 25 4k 175 % AWCD change in the gut bacteria
of the 2nd and 3rd instar larvae in SS (A), DM (B) and Te (C) groups, respectively, within 1 =168 h. D, E. 435k SS, DM £ Te £ 2 % (D) F
3R (E)4hdifE 1 - 168 h NI E4HE A AWCD BB R ZE 1L 1% % AWCD change in the gut bacteria of the 2nd instar (D) and 3rd instar (E) larvae in
SS, DM and Te groups, respectively, within 1 — 168 h. AWCD . 3450 (4 25 fk 5% | F W 5 455 18 A= W4 385 7% 1 Average well color development,
reflecting the metabolic activity of environmental microorganisms. 2 SS, 3 SS: 4354 SS 4 2 F1 3 #34h & 2nd and 3rd instar larvae in SS group,
respectively; 2 DM, 3 DM 434> DM 2H ¥ 2 F1 3 {24l H 2nd and 31d instar larvae in DM group, respectively; 2 Te, 3 Te: 4354 Te ZHAY 2 F13

14 M 2nd and 3rd instar larvae in Te group, respectively.

3 e

B i i S R A IR B DI AR O, S
B RGP AT — € AR (2 3CAL4F, 20185 Xia
et al., 2018) , [, BIF 5 I 15046 TR 1L 98046 16 1 1)

JE A HL i TE TR AR ) 25 A AR AR 1, — e R I
A BT M Rl B S AR S IR BTG TR IR AR, A

7 3 2 k] FH 0L I HL 2 i SRS 3% R R/ AL
16S rDNA {3 &5 L 3 WA 2% o 3 v A 32 22

J&T 6 AT, Jr il JERE R ] EIE ] AT B
I U TR ] O T T R S R - AR T (T
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K3 IR HY) RFIEHE T Biolog-Eco 1R _EBIRAIF FER

Table 3 Use of carbon substrates on Biolog-Eco plate by larval gut bacteria of Helicoverpa armigera
BRIRAL A2 SS DM Te
Chemical groups of 0 2 ¥ 3% 2 # 38 2 3 i
carbon substrates Substrates ond inster  3rd instar 2nd instar 3rd instar 2nd instar 3rd instar
AR R H g Pyruvic acid methyl ester + - - - + _
Xx.j‘ﬂh%% 1 -SRI 254 Glucose-1-phosphate + + + - + +
Miscellaneous
DL-a-f#2 H 3 DL-a-Glycerol phosphate + + + _ + N
i35 40 Tween-40 + - + _ N N
=LY 135 80 Tween-80 + _ + _ . _
Polymer o-FRFMIKS o-D-Cyclodextrin + + n . + +
JiF#% Glycogen + + ¥ - + _
D-£F 4 — % D-Cellobiose + 4 + ¥ + .
a-D-FL B a-D-Lactose + + + + + +
B- %E-D-H % B4 B-Methyl-D-glucoside + ¥ n + . .
b D- A D-Xylose + " + + + .
Carbohydrates TREERERE i-Erythritol - - - - + _
D-1 #& 2 D-Mannitol + + + + + .
N-Z Bt-D-7j % 1 N-Acetyl-D-glucosamine + + + + + .
D-# 4% D-Glucosaminic acid - _ _ _ _ _
D-2LFUBERE T D-Galactonic acid latone - _ _ _ _ N
D-K LB D-Galacturonic acid + _ _ _ _ ~
2- B HHER R 2-Hydroxy benzoic acid - - - _ - _
BIRK 4- ¥ KR HR 4-Hydroxy benzoic acid + - - - " _
Carboxylic acids v-#23ET 12 y-Hydroxy butyric acid - - - - _ _
ARFEMR Ttaconic acid + - _ - + _
a- T 2 a-Keto butyric acid + - - - n -
D-3E B R D-Malic acid + _ _ _ _ _
L-K5 %R L-Arginine + - + _ + _
L- K[ T4 %2 L-Asparagine + _ _ _ _ B
B L-ZEN %2 L-Phenylalanine - + - _ + _
Amino acids L-22& % L-Serine - - - - + _
L-73 % ¢ L-Threonine - - - - - _
H & BE-L-A5 & Glyeyl-L-glutamic acid - - - - + _
e/ HIRAE ) H# 2 [ Phenylethylamine + - _ _ + _
Amines/amides JE& ¥z Putrescine - - - - - _

TIN5 43 ) F 7R BEAE B R FH 5 A BER A B P . The tested carbon substrates that could be utilized and not be utilized are indicated by plus and

minus symbols, respectively.

2: A) o HHRJREER [T L] AT BT
BT 90% LAL, J& TOUS T X B4 IR 4
Pt Acb 32 - 9804 P A 32 AR A% H S TR AR Y T T
PHEEEA —E, HBiA BT AR, B A R Ak BEZH F-E
TS TG Ak B 2H B0 J5 BE TR AR X SR R L X IR 4
12% , $UFF B8 AH X 32 B8 L X BB 20 73 il AIK 44. 7% FI
36.7% , Wi ] 0 il 2k FREH i) 3 1 2 4% (1 3
A) o X HRZAAA L, R A T A 22 - SR 2 R Ak
PHZE A % 1R i 38 B B HUAT B8 Bacteroides B

MEE Pseudomonas F13E-[C i J& Prevotella A%}
JERE AR, Eh M B R Halomonas | % LR TH J&
Clostridium sensu stricto 1 .norank f Peptostreptococcaceae |
BT I B Jm Weissella | 5 Ay T Jm-35 21 K &
Escherichia-Shigella . £k %0 i 7 J& Halomonas B #H X}
FET . Hoh, Fh Yl w 8 Halomonas fAH XS
JERZFE(P<0.05) F (K 3: B),

YT E )& Bacteroides F1 3 [ H J& Prevotella %
T b B A iE D ae BAA 2 S, R 2
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FURT 1 Jm X M 18 0 O 47V TG S o B8 (R 20 4%,
2014) ; AN, PIAT B Bacteroides %HBEAC i 2 214
T VEM (Tao, 2014) , {HEAME)E Pseudomonas X} B
5 R B A 53 4E F (Indiragandhi et al., 2008 )
A ] M TS T RN L U R T IRDRHS AR AR
J 38 v U A B 1T ( Bacteroides ) | i B I J
Pseudomonas Fl1 3 [C & J& Prevotella W FH T FE T
K, AT 2 UL Ul E O 4 VR TR B, e Tl
% AR TE Z 8T, AHIEGE oA X = B T i 1Y
WAL S BUR L Wk AR JE Clostridium
sensu stricto 1 FENE 5L W) Hh 35 AR SE 7 98 S5 9%
5% ( Bryant and Stevens, 2010; Kiyonobu et al.,
2019) , Wy ER1E 3£ 19 5% 2 W ( Ellemor et al., 1999 ;
Bryant et al., 2000) , 5|2 % B 3= MLAE , BRI i
[%%5 (Linden et al., 2019)

Biolog-Fco 525 & B, Fifi 4 5 % I ] (4 4E 1<,
AWCD fHEEASFS TR (B S) , B E du g
TE 4 TR XS Rl 5 P R S i ka2 i 4
X BRI R AT T 3 W4l BRUEUAE IR AL FZH RS
AR B IR R fe b IRESETRALFRAH 2 %))
TE A RO R IR S e U i AR 8 0 R B, L SRS TR Ak
PR X AL RR AT B8 0 4 0 , L U3 TR Ak B 2H A
TR R AL FEH 3 W40 HUJl 18 AN T % DL-o-BE R H
PR L2808 2R A5 i IR 0 A T RE 0 T e (3R
3) o (HIEZREME M K R, 45 20 18 TR 22 RV D
PR ERAERIRZER (R ), Mgl 2 %y
JYo TE TR AR Y 22 AR PR R T L 3 I 4 A P
(£R2) o LR F A P AR H i &)
o 1 4 T R AR D) REAS [R], T R 5 L 98044 T R
MR A AT G, LA IR [ BLUIER R
R, A TA o, RS R 1AL gy
s, & A o-BUE . AETE R T BU4DLER s g e A T
R BR H 44 18 09 AE P AR eT R AT AR R IX
( Breckenridge et al., 2009) , 1% P FP4LL5 M 25 R 1 45
4 22 5 A e R 4% T 1% J TR 235 4 RN ) g
SRR Z

ARG 1L TSGR FIR FUAE TR R AR S HU
TH G RE 45 R ARG Y 52 0], 295 2R 8 s 4D 1R 3 T T
WU RS H gy T TR R A 285 4, 32 B AT 25 A TR A AR
X = B AT, B0 R B AR X B . ISR A SR
TG E A YR IR R A EE SN, AU
Bt A TR 2 A% HORDOAR 4% H AR FH AL 03 it T 2
2,y 30 5 M R R 4R B % R B 2 1 4
HET T ELES

THRAE

SN

it AZBREERTETAH=T 43
M, AR T B
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