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TEOEBRRMNINIEXEEXRFXHEEH

FoOW A F OBEERT NEHT FFE
(1 ARl KMo HAYEIRR A = e T T30 R 100083; 2. IR R e AR e 24
HEOURFGEAT, L5 100193 3. PSSt F1 3 IR TR BT F ADOHR L AN 5 RS BB RSET 300 44 735400)

HE . AR B E R Anoplophora glabripennis & T Bl 3% B & X Fo i i1 B *F 4 22 & 47 Salix
babylonicaxS. alba-vitellina = F#7 S. matsudana %3 4 'E % 5% , B i AR L0 5 A7 2 FPHp AR K R 3Rk
A AR = 0 Z 5, AR 16S IDNA R G AAR R B 2R B 2R 40 R AR R AT
E UG W18 2a T AF T 09 IR, 0 T UK AU B R B A AR 3P B 09 VE PR TR 2 AR A 69 R A AR
o5 R 2R W iE 40 T A 18 BE AT Spearman A8 & AT, R A e L ENFF
AR o 25 0 ik s 26 FF A R £ SR A, P OR T R A AT A PR R R AT A Y
Fa MRS EF AR T AEE 5 ; MR IR ES KRS ke g fo —vk N £ 4
LEMHERTEETESG, AFH AR R AR A B A IHEA B Enterococcus A2 % IR TA &
Raoultella . Ji #F # #F & # € % AR M 1A /& Pseudomonas i #F 18 /% Enterobacter F= 4T 4 S LA J%
Cellulomonas ; VA& 22 5 1 A B 04 4 R W 8 AR H H J& M A 45 & R ) & F= Gibbsiella, B&F- 449 %)
R i P S B-1,4-H AR B R PR BS B SR H K S HAS B A tn IR & K PASOBRGY E M BEEH T
BEaleEmh i, 2LEMF FRELEYE TS LT TG ELBESIAE K, N LA
i R B Y R B A Gibbsiella A ZAXH, B A B E A TRAKKT, A5 % R & Fe
Gibbsiella X F 3 38 ; £ B F- 769 8 R 18 P IR Ao A AR T B AT A M Ao AR BR S AL 5
W e AR R G AT | AL S R ERITAR Y 2R EFER . RAELA EZRF
ERFEAYOIEP, A iE A AT EZRARMB SR HFIR T RELE TR,
KB B ERF; RMAT; MiEm A, HiaE; 5

Host adaptation of Asian longhorn beetle Anoplophora glabripennis to Salix species
in Ningxia and Zhejiang, China
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Abstract: To investigate the difference in the damages of Salix babylonica xS. alba-vitellina and S. mat-
sudana caused by Asian longhorn beetle Anoplophora glabripennis in Ningxia Hui Autonomous Region
and Zhejiang Province, the differences in the secondary metabolites of the xylem of the two willow

trees were analyzed by metabolomics. 16S rDNA sequencing technology was used to detect the intesti-
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nal bacterial community composition of A. glabripennis larvae from two regions after feeding on S. bab-
ylonica xS. alba-vitellina or S. matsudana. The activities of intestinal digestive enzymes, detoxification
enzymes and protective enzymes were also measured. Spearman correlation analysis was carried out be-
tween the secondary substances of two Salix species and intestinal bacteria and enzyme activity of 4.
glabripennis. The results showed that a total of 26 insect-resistant differential metabolites were screened
from the xylem of S. babylonica xS. alba-vitellina and S. matsudana. Among them, the contents of ben-
zoic acid and its derivatives, cinnamyl aldehyde, indole and its derivatives, and cinnamyl aldehyde were
higher in S. matsudana. In contrast, the expressions of flavonoids, stilbene, ethyleneurea, and diazine
were higher in S. babylonica xS. alba-vitellina. The dominant larval intestinal bacterial genera on S. mat-
sudana were Enterococcus, Raoultella, unidentified Enterobacteriaceae, Pseudomonas, Enterobacter
and Cellulomonas. Raoultella and Gibbsiella were the dominant larval intestinal bacteria of 4. gla-
bripennis feeding on S. babylonicaxS. alba-vitellina. The activities of exo-f-1,4-glucanase, lipase, car-
boxylesterase, glutathione-S-transferase and cytochrome P450 activities in the intestinal samples of lar-
vae feeding on S. matsudana were significantly higher than those on S. babylonica xS. alba-vitellina.
The content of flavonoid in S. babylonicaxS. albavitellina was high with a substantial variable impor-
tance in the projection value. It was speculated that the dominant bacterial species from the genus of
Raoultella and Gibberella in the gut of A. glabripennis could easily metabolize flavonoids, leading to
predominantly inactivated detoxification enzymes, which was accompanied by significant quantities of
the bacterial community of Raoultella and Gibberella, although the levels of detoxification enzyme ac-
tivity in the larval intestine were higher likely due to the absence of bacterial populations that can effi-
ciently metabolize substances such as benzoic acid and its derivatives and cinnamyl aldehyde in the gut
of A. glabripennis. The results indicated that, during the adaptation process of A. glabripennis to its host
plant, the bacteria in its gut play a crucial role in the metabolism of the host’s secondary metabolites.
Key words: Anoplophora glabripennis; metabonomics; intestinal microbes; intestinal enzyme activity;
Salix

Y SR TR AR AR I R TP Al
T4 ARSI RN o AE A N R AR Y —
AL T4 Bl B AR AS  ABAE 32 3] B W 3 I A] A
AU AACH BT, LAAR 2B A8 7 2 BH LA 7
B HUUCR X SE AR ) B e AR il SR AL B ) R K
HATEEY) RO TR 2 A5 W R R I A (A7
K,1999). sMZAL G P — A H Z AP AE
) — ERON Ry BA U B i F PR,
K& Glycine max FERME Betula pendula F7iiiJ& So-
lanum F& ) % 23 R V8 R 2 405 W) A B ol {2 3
(Martemyanov et al., 2012; Bentivenha et al., 2018;
Vosman et al.,2018) . FTE&EHTH L TATIAA
B B PR AR, 4 Jeon et al. (2017) & 3R A
WELE B F5 0 20 sk ) S R I Ricania sp. 3 HURPE
I HA B AT ; Zaio et al.(2018) W T 125
IRV A DA B W X K 42 Sitophilus zeamais B, H
AR FE AR N GRERICR, , o ok USCR 38 i A PRI
1 - PP PR, S A R AR I 1Y) - TRARC P A

F HOR I DA ) Ok AR AR P 0 0 5, AE TR A
YA IO P ] A AR rp A T B M i BE e
1, B B T4 A i A R AR SN A B2
T B HA i e LR R TR R I L A R
P450 il F1 45 e T IR S % B i 3 > 32 22 1Y) 768 S 0 Tl
o BHEUR ik Spodoptera litura 1 P 11 20 i €8 3
P450 il FIAT D H K S e A A A A IR AR
Yy B A R AR R AR R R T O
H (Huang et al.,2011; Wang et al.,2015) ; PG f£ i 5
Frankliniella occidentalis $% N\ 4 BUE 75 5 A0 F 5 I
A AR = W F i T R F i Lycopersicon esculen-
tum R VR PR TR IR S M 0 T, DA S
1 PR GHTEFSE,2018) o BR T A 877 A 1 i 25 Bl
A, B HUA R DURSE 7 18 N 1A W R S ma A o A AR
=W, AR S ) S e 2R A g 1 AR N AT B
BRI Streptococcus S-2 FLIR W Lactobacillus L-2 3
BRI Bifidobacterium B-9 FHLUFT i Bacteroides JY-6
LR/ N FAA P (Santangelo et al.,2019) 5
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A AE BAT 0 dUE A B S8 ) o L2k R A B K T
J& Streptococcus FUFTF & Lactobacillus F1HFT 1 &
Eubacterium S5 W HEIM N 5-(37,4- " IR -1
1% INTiR (Wiese et al.,2015) ; V7R FGHH Serratia sp. B
M B Pseudomonas sp. F1 7K A= $ii BB [C B Rahnella
aquatilis REA R R LR R/ INEE Dendroctonus valens
B R AR o-J- M , FE1% HIE WV 3 F A Pinus tab-
uliformis iR T EHEA/EH (R A K,2016) .

V6B B R4 Anoplophora glabripennis J&#53# H
RKAFE, 7 FZELIL R FERYIA BT, 80 A
T AL, B BARAG L (B8 AT A2, 1999)
R EGER A FAEY . HEOUE B REE
1L W AC AP A5 29 N4 (IR X B AR T ¥4
o3 (ZEIH55,2013)  JF HAE S E gk BRHF]
T 25 E IR DGR B R4 F 4k 18 (Takacs
etal.,2008) . JG/H R RAHE T4z, EEALE
)@ Populus Mg Salix WS Acer ¥4 & Fraxinus
SR BRI IE B R A BT HEAR R TS
H AT 58 (3 3 05 %, 19925 Tk WIAE,2009) . At
R AR JUAE R B AR A b 0, 76 T B Rl AR
X (TR T ) [ i i L 52 Salix matsudana FNYE
15 F. pennsylvanica (WG, 68 B RPN FL
Sk U I T — S AR T U A S A
S AEHTITAR 28R T 242 2238 S. babylonicaxS. al-
ba-vitellina F1 ¥ (¥ F. pennsylvanica W4 3%, )6
JB B R A BERRAE 4 22 Tg0_1 R P B, A Ry
P o AR [ N AMH OGRS SE SR, Wl E A ) o3
HIGIR BER A S B W (RIS, 2007 ; Straw et
al.,2015; Turgeon et al.,2022) ., AR4 ,iZdxf HEfr
Ml ) AT e R X AR 22 577 b
TZBEIR] , AR T B[ i T R LA 2R T A 5
W K 4z 22 AN AR R ] AR AR W kAT 2347,
Ty 2 Tl & AR A LN R B R A 3 I LR Y)
JR A & 22 5l i 16S rDNA 5 AR AR 5
AT AR T RIFE I OGE B R A4 U 1 A TR R
TEIFRZE I, TR I 5 v g T A G o 2 il AR DR B il
TG PE , R G853 4T 2 Tl s A 0 s I A A 4 2
St M5 B R A 18 20 TR R 2E R R
Z IR AH SC M , LSBT Ay 2 i A A AT B B R
A= 2Z A ) FAERLE], SiZ 3 B Ba S s i

1 5T %

1.1 #7#
PR . 20194F 5—6 H 78T E [ A1 (36°01"

N, 106°28" E) FIWL44 2111 (30°10' N, 121°14' E)
O3B O IR B R AR 52 H AR WS (A )
AREBYT AT B 7 ROl R Rk R
WEFE 2 FEAT AL, N IBGH DGR B R A4l b, 2 el
DX A% oI A 2 32 0l 4 22 MR BT sl
I o TESZI S PN L i 3k 5 T BE 4 4 L i

BRI 5, 1992) , P K/ A S g Rk A —2K
14 3 W 4)y R ChFETEEEZ S 2.40~3.16 mm) K

PSR < o3 e T B T A LA 2K T
WA AN 4 22 AN A 24 R R R . T IROBOR
N T BB IR 2 m 2247, AR 290 10~15 em.,
W R B B AR BRI [T S0 30 28 ke IR AR
FERPIE R, O B BRI

R ST O, T Merck A F] 5 98%
FH R 1 98% L-2-S - AR N2 R , 25 [H Sigma-Aldrich
23 A 3 478 DNA $2 UK & SOXTAE 22 i, L5t
FEIR Ml A= W) 5 AR A BR N 7] s FastPfu 5B & 1, KA A=
B (Ab50) 45 FRZA 7] ; AxyPrep DNA Gel Extrac-
tion Kit, 32 [ Axy-Gen /A F] ; Nextflex” Rapid DNA-
Seq Kit, 52 [€] Bioo Scientific /A 7 ; - % 14 1 il il
& M B-1, 4- SRR & N Y B-1, 4-H 3R
WEREEI e R DA, TR MR A AR AT R
O8] 5 R TR R Al I A D IR S RS i i
20 if £, 2R PASO BN X & Lok A A P ) 3K A
AR & A SR S, TR AR
s NS S/NEI R B S v Bl S s VT [

% : LHS-150SC {8 i fH R 55 Jr A4, b i —1H
B4 A B2\ 7] 5 Tissuelyser-24 2+ i ZH U S AL,
R Sl R AT BRZA 7 5 1290 Infinity 48 55 A0
A% 6545 UHD and Accurate-Mass Q-TOF Jiiji%
1%, ZE [ Agilent B A FR /A 7] ; Thermo Fresco 21 &5
L>HL Nanodrop 8000 i i3 it 55 773t B 31 . Nano-
drop 2000 436 T . Quantus™ Fluorometer
G, TR MR B (P ED A FRA W] s DY CP-
31DN HLIKAL, JEHR—AXAR T s Gel Doc XRHEEH K
1R 258 T100™#EFF PCRAY, 35 [H Bio-Rad 2 7l
1.2 Fi&

1.2.1  FApfess LEM AR IRART S H Fo 54

K FH 8 0 AR €533 - J5T 1 (liquid chromato-
graph-mass spectrometer, LC-MS ) 15¢ FH 134G ) 52 4
A 22 TR AR BTER NI o 0 o PR BB A0 A <5 22 3
MR BT A i 20 mg T EP & v LA 500 pL Y%
R (5 ng/mL L-2-5- KN ERVE A NAR) , 50 Hz
A F 413K 4 min, IR7E 2 min, 4 °C .12 000 r/min %%
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PF 250 10 min, 239 B0 EVEBAEI o RT3 )
20 pL SR G 2 TEMPAR BTEAE A FIE IR G 5
VE R R REATR I A (23541 2 Waters X Select
R HSS T3 # (HFEWORALAE 2.5 pm, £ 100 mm . N
2.1 mm) s FBIAH A KB 0.1% WR) , i3l
B ZHE (5 0.1% HHR ) 5 Jitid 29 0.35 mL/min;
Ui 23 40 °C 5 BERE g 1R B AL T B AR
2 pL s ARAR Y €0 3% A6 54 0~2 min, 5% i 8 4H B ; 2~
10 min, 5%~95% it 8 4 B 5 10~15 min, 95% i 2 4
B SEARET 8] 18] B& A 5 min, JH T4 R 40, gAY
ARG iR (7 FH 1 B8 A B 1 B R, T IR
MSE BT R R 3.5 kV, T 10 L/min,
SRR 325 °C, W55 4% 1k 10 137.9 kPa, 24,
Fe2 120V, HEFLHL R 45V, BTSSR AR 5T A% L 11
4 50~3 000 m/z,

i FH AL %% A 7% Agilent Masshunter Qualitative
Analysis B.08.00 {4441 75 (1) Ji by K040 7 46t pi i
F% 3 (mz.data) ; /£ R 4.0.3 FFF- G 14 XCMS
A FEAT B e RO | O B I T A R LA R A 3RS
SEPIAL P ; PR 28 XCMS 27 A 31 19 J57 73 e 1
FWFR AT IH— b B, 15305 — b g 2R
Yreg vt AR, BRI 9 0 € 520, 4545 HM-
DB 754 H 45 P %k AR 4 247 VT Be Fl e M L 75 2
LA P A4 FR A LR BT e T AR ) T AL
JE R4 5 {8 F R 15 5 PR AUEL MetaboAnalyst X A] #L AL 4H
WA AT A B, 43531 % ] R %K ReplaceMin  Fil-
terVariable F1 Normalization #f 17§t 2 {5 4b P | 2= M2
FERE AN U — 1L SR JE AT R 4.0.3 FfR A &=
1853 43 Bt (principal component analysis, PCA ) 3£ X
AR AN SRR AS PR IS AT 114 2 ) 22 S
HNRIHATHLE, LI s 41 2 (R B LA 25 7
FEI R B RFAEL , DTS 565 A A5 $2 SR A R AR B dl 1
Tt P 5 [ R P T 22 i e/ — 340531 73 1t (orthog-
onal partial least squares discrimination analysis,
OPLS-DA ) 2 Uifi 1 2 Pt Jag 4 40 1) 22 S AR 36 = )
JE 4 4 OPLS-DA #5221, A5 HY 14 fige FE 30 R® R F3l) 4%
O 5 2> HE SR, WAL AT 200 YR e 10 HE 7
R g A A 1t AP AR LG A T PAE AT VIP
(variable importance in the projection) {H , VIP {H &
PN B2 ) 22 5 1 DTRR S, VIP(EBOR , 7R BT
BRI o FERT L 0T MR 6 22 FE WA ST AR A
25 AR B AIE I, R FH pREK Ttests. Anal 4T ¢
55, oK FH PR%X fold _change.csv A= il 2 2H 04 19 22 5+
%5 (fold change, FC){H , B 4 22 TEMIAR™ 4 % 1k

52 = 0 HU AR R4S A VIPAELL & P
(B0 e BT s 22 A QI P4
1.2.2 R B 2 R4 & ipib ik 4 DNA 0 5

Pk ELAE 4~5 om 2247 Y S0 R 4 22 A ke B
4%, BN S em K /NBE, BRI R85 BT S mL
BLDE TR A3 RIBCk A T E WA OGE R R
3 WLl RO 24 h, R4l HUBCA RS 45 H R
AT EARB R EOE T, B Sk TEIREE 27~
30 °C HIXFHRE 409%~60% , 4= S IE 204 i 1 iR e VR
BRI MR 2 d TR 1 IR, 1 SR 5
1A H o MRS 45 S PR UCR T A gl B U
24 h, HE25 i 1B N B WA JR A 75% L TETh iR
1 min FEATARZIE BE 5 B AU TR K 8 3 1K,
A JEAT PBS 28 WP TG B B SR L, vy Al
BB 7 A 1 mL PBS 28 ik (10 TS B 048
B B S

it FH 41 12 DNA £ B & 42 BURCE 2 Fhdi s
FEPA B (0 6 JE 2 R AR 3 1% 4 g 3 20 1 )
DNA. B HCE R —2F £ 19 10 Sk 4 Ui 213 R
B A S I 3 BUR DNA, FF38 o e 43
FECEE TR DNA SEBE Rk B . 10 k4l ol 141,
R 34, BRI A A% 5 1 DNA FEASR 5
¥ 338F (5'-ACTCCTACGGGAGGCAGCAG-3') il
806R (5'-GGACTACHVGGGTWTCTAAT-3" ) i 17
16S IDNA JF 4 14, 51 ZHE Bl 5 A B 258}
AR T A 20 uL PCR WK % : 5xFastPfu
ZE P 4 pL 2.5 mmol/L dNTPs 2 pL .5 pmol/L |
551 4145 0.8 uL . FastPfu % 4 fiff 0.4 uL. 10 ng/uL
DNA R 1 pL, ddH,0 %M 2 20 pL. PCR VST
95 CHiAE M 3 min; 95 CA 305,55 CiB K 30s,
75 CHEAH 45 s, FEAFER 27 YK 5372 CLIEAH 10 min, B
JETE 4 CH U PCR )10t ] 2% SR REHE e i
AR AT, [n1fs 5 9774 , F FH AxyPrep DNA Gel
Extraction Kit #F474lifk , £t Tris-HC1 2% th i Le i , 15
25 2% B EE RS FEL VKA , 38 3 Gel Doc XRHEEHE
BUAR ZR G X U™ By i AT o sk D o e it
Nextflex” Rapid DNA-Seq Kit #4) £ 4Jj H v iz FE PR 21
DNA U, Z46 il 9535 A 9 = 25 R AT PR wl
AT

W T A5 546 Y51 R FH Fastp 0.19.6 844 (https:/
github. com/OpenGene/fastp) ¥ 17 it & 4 il ; {#f F
FLASH7FZFEF (https://ccb.jhu.edu/software/FLASH/
index.shtml) #£ 17 pair-end XX ¥ 51 PF4% ; FH Uparse
7.0.1090 %A (http://www.drive5.com/usearch/) % iR
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97% FLLMEXT P 9 £ 4743 25 8350 (operational taxo-
nomic unit, OTU) 3 28 3 2 Bx fix & 1K ; ff /| RDP
classifier 2.11 {4 (https://sourceforge. net/projects/
rdp-classifier/) X[ B 55 7 S HEA T AP 43 284 10, OF
55 16S rRNA Silva %04 % (http://www.arb-silva.de )
AT IO TR B 2K Egitas b B R 2R
A= 4y o g SRR ) 20 T A, 18 L (R R
70%. 3l i mothur 1.30.2 $§ %4 43 #1 #X 1 (https:/
mothur. org/wiki/calculators/) X} 97% A {6l £ 9 OUT
HEAT Alpha ZFEPEFE B0 BT , G046 SO WUV =F 5 B
1] Chao H5XUF1 ACE 4585, [ W 2 2 £ Y Shan-
non 5§ %0 A1 Simpson $§ £ DA S f W 7% 7 55 B 19
Coverage 4. T AT MW FI 732245 B, R
R 4.0.3 ¥4 plyr (158 B R A4 U 8 40 TR 1Y)
AR 2B, 2 8 A TR R T AR A DT AE TR 43K
SEXF AR B T 0.01% 1 )17 38 4 e 2E 17 R 7 ks
55, LA 6 25 S i o
1.2.3 RABEZRF 4 & pib B &

TEOK L4 1.2.2 rh CE AN RIS ) 6 A
KA 34l B AT R T, R 6 IR
5L 12 3k, B B FITES (4 pH 7.4 PBS #hik
P FET s AR L 129 Y LRI REA T UKIB 513K, T4 C
LA 8 000 r/min 50> 10 min, B 75 7RI A il IV o
AR ) e BE A RH 4500 SR B R A4 rh
[N B BT SM) B-1, 4-H SR BERE V] B-1,
4-75 TR WEBE B i R PR BERG A DT IR S AL B |
A (5,32 PASO il | ok S A Vit 8 4Rk 1 05 A il A
o A AL SR AN T A R Y 3 IRER A
1.2.4 Spearman #8 % & 5 A7

I FH SPSS 25.0 Fc4xt 1.2.1 Firf e 22 AR it
PR E S 122 FROGE B K44 AUl iE 40
PRAEDG = B f 1.2.3 AR B R A4 b i il i
PE#EAT Spearman AHICHE ST , SFATAH OSBRI
1.3 #HESH

K1 SPSS 25.0 B3 AP U A AR o AE XS
SEADGE B R4 I RS RTI4TN ¢
o oy R AT 25 57 E MR I s R R 4.0.3 B0 stats
£ F1 Python 3.7 #X1F scipy B X 2 2 EEAS ] (1 4 b 5=
JE 25 5 W R T RO RS .

2 HER55H

2.1 BEWFng LE|NAKRRIBRIGF =N %R
211 KRR Z iAo R
MR 4 22 M A TR A AT = 0 7 1 1R

[ S Wl A RSN = 3 T AN 1 = 6
RN A 22 TN AR 1) BB I DA P
[) 53— B, (H AR B AR AR 22 5 (B ), R BRI
LC-MS J7 ¥ ki 2] i) 25 A At = W e A [ 25 248
YA AR
212 AGRARTEABIAR T RSO

TEIE B P (] 2-A) Fi i 2 5 (& 2-B)
THYPCA G5 R T R | FAH0RN 4 22 FERIA BT AR AS 11
A3 DB 5, B AR AN, R A A BEAE AR (] 1Y)
TRV, T FEARREE R, AN 2R/,
FHIRA T R Gk e R AF iR 45 R T 5

X SRRV FN 4 22 MR TR A 1 PCA 25 2 36
B, 76 IE B A (B 2-C) At i P (B 2-D)
LAy g s AR A U A F AR 4l 1]
2:5¢, OPLS-DAZ5HFH , 1E B FHX T AU (1 i
B R 0.987, il 0° 4 0.956 (K] 2-E) 5 1 B+
2 AR IR A B R R R 0.968 , TR 024 0.946
(&1 2-F) 5 1E B 28 X TR A il R AT =2
O KT 0.4, F WA RENS v] S B 2 AU RR AR ] 1)
fRI2E5H . X OPLS-DA MR M o7 HE P A 96045 SR 6
B, HRRPREK M A B G AR R T 5E 1]
FHTAIGE 22 AR e 5 (81 2-G~H)
2.1.3 Rl B s £ A= M T ik Fe AT

TE SH0 0 4 22 TG0 A J5T ERAE o vl 0 328 25 5
79 Fh 2z AR =, b 21 PR RERf 2R, HiAy
S8 AR 2 T el 43 17 28, Hoh A HLEAR &
Yy R B AT AW MRS B TREA A R
HERATAD H BN R AZRAZ T A AT
FiRix 72519 21t VIP{H K T4 T 5.008 , X 24,
25 5 W AE AR 4 22 A0 R] 119 22 52 SRR AR
(F D)o X 2 AREA AR W FCAE, &3
A | DK A WA T FIAZ M A R L TR I i)
W K HAT AW A WLAAL A A% AT S A X
7AW FCAE/INT 1, BVEE 400 b A AR X5
K TR A 2 T A AR SR, AR = i
FCHE¥IAF1(F1),

WIS, & BRI I Ak A
Yy R B FLEBURATAE ) R RERE S A0 A s e B
R A PLEACA Y e K- 1 e AR LR
FHATA Pk 9 F83 26 Fhpi AP 525 AR =4
o7 O Y 22 AR Y BB 44.83% . LR
AP A 5 P AR B AR G DL R VIP
{H>1 F1 FCAE>2 AOARfE , BB IS AL & 4 R
BRI A (REERE AL G I S A A
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LAY . R IR MRS I E X 7 28 500 H R
24 4y W g B AR ) A R B AT AR DGR S0 A
AT AR B 5 O T A B E AN Rl AR o
R AI , AT FCE<2, PR B HOCH: rp A 288 R B
R AR S Wt — S I #r . T IR 4t

rA-1

[~}

ML, N AMesr e
NWLMA ANV

HORAACH e 22 TR M B S A7 A 22
S, i S AT AR ) A P IR AT A W) L IR R A
ARG TR TR SR, RS
Py K B RS E A R N 22 T
AR R (1813)
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AR B I} [A] Acquisition time/min

A~B: 735N IE G TR PG 22 R B RE A B B TR 1 R 2 G 2ZEMIEEAS . A-B: Total

ion current diagrams of S. matsudana and S. babylonica xS. alba-vitellina xylem samples in positive and negative ion modes, re-

spectively; 1: sample of S. matsudana; 2: sample of S. babylonica xS. alba-vitellina.

1 24Fn & 2 AR BTEB A5 7= 1 B ik B

Fig. 1 Mass spectrum of metabolites in the xylem of Salix matsudana and Salix babylonica xS. alba-vitellina

22 RBEXRFLHHFERMEDRNER
2.2.1  pidsa A A LE R AT

X B R AF Ay HU i 20 o 0 e 4 SR A T S g
J5 FERAT 98 952 ZA BT F , B 97% AL B
AR E A RUF I AT OTU B2, #1345 384
OTU, 7 HITEREEIS 11849 14 H 24 B 32 J& 38 Fh 4
W(£2),

AR OTU B 45 5, 2 HREA I A5 1 OTU
154, WEFMECEBERA 384 U mE & 91
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57 /R [N & Ralstonia A FAFF T J& Ochrobactrum
SEHF R B Leucobacter; BWUEL 42 22 FEMIHIOGIE B R 4F



160

LR/ T

51%

34N U E AR S 14 MR OTU, IR 432K
AT, 53 M BIR ZE AT R Clostridium EEBR
R ERE B R € )8 FLERE 8 Lactococcus |

2R

The second principal component

F2ERS

The second principal component

[

AitRMQ?

Cumulative R* and O?

-2

B AIEFEA Quality control

- A
m
- ° @
ooo ?R(
L H
o
®
I %
NI
FEIERS

The first principal component

_D °
[e]

o

i o
R
&
i R
o =
[} e ‘l.’?(
8 H
- O
o
-6 -4 -2 0 2 4
SE1ERSY
The first principal component
rG ; ———Z
i - 4- :
R N
P N
. [ g
: | | A
+ . o
Lor | 2
I
A =
O =
L7 | B
© R*=(0.000, 0.685)
- 0=(0.000, -1.103)
1 1 i 1 J
0.00 025 0.50 0.75 1.00

MR ZAH Correlation coefficient
A~B: PG 22 MR BT AL A 5 BT ASTE IE L 2 T A9 PCA 543 IE] . C~D: MR 4 22 T MR B A A<
TEIE BT 1 PCA TS 53 8] 5 E~F: SHIFIE: 22 MR B AR FE AR AE IE 671 85 T80 1 OPLS-DA 1343 515 G~H:
SRWIN 4x 22 TEAI AR BT RE AR OPLS-DA BRI 19 1F | £ B F AU HE 51 X 8] . A-B: PCA positive ion mode scores and

negative ion mode scores for the samples from S. matsudana, S. babylonicaxS. alba-vitellina and quality control; C-D: PCA

The score of orthogonal component The second principal component

Cumulative R? and O?

O BHi S. matsudana

4
3
2

O -

30F E
20F
10 ©°
o
° o]
0‘ o Ooé
“10F o
720_
-10 -5 0 5 10 15
RS A
The score of principal component
Ir H L
l -7
|/’I/ /l I -
0//’| I I /r ;
A
i 1
iz ! -
7 1 -
,]_ // : . :
s, : i
,2_
| | i 1 : 1 J
0.00 025 0.50 0.75 1.00

FIR R EL Correlation coefficient

_B °
o
B o
I [ -]
- &
8
F O
o
6 4 2 0 2 4
AN

The first principal component

XS

EXBSMEME

% B J& Staphylococcus . Dysgonomonas . i Bk
J& Pediococcus . "ETE W I ) A & & BT R R
Weissella FIJEL T TR E)S -

O &L.TEW S. babylonicaxS. alba-vitellina

< 4r C o o

2 o

=}

8

g 2F

3

=

R

2 ®

S

2 o %

=

S 2r o

2

2 o

= 74 1 1 1 1 1 J
-6 4 -2 0 2 4

FIERSY

The first principal component

= 30r F

Q

g

g« 20}

3

Té 10F %

&

R b

5

< -10} ©%

=}

L

g 20+

2

30 bt 1 1 1 1 )

=70 5 0 5 10 15

R HE

The score of principal component

n ERTP RO
Prediction ability of model O?

o RAERERR

Interpretation ability of model R

R*=(0.000, 0.955)
0°=(0.000, -1.319)

positive ion mode scores and negative ion mode scores for xylem samples from S. matsudana and S. babylonica xS. alba-
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S. babylonicaxS. alba-vitellina; G-H: positive ion pattern arrangement test diagram and negative ion pattern arrangement

test diagram of OPLS-DA model for xylem samples from S. matsudana and S. babylonicaxS. alba-vitellina.
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Fig. 2 Investigation of instrument stability during the experiment, principal component analysis (PCA) and orthogonal partial least

squares discrimination analysis (OPLS-DA) of xylem between Salix matsudana and Salix babylonica*S. alba-vitellina
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Table 1 Classification of metabolites related to insect resistance in xylem of Salix matsudana and Salix babylonica*S. alba-vitellina

el ey FZIvIP FC

Category No. of species  Accumulated VIP
HHLEALEY) Organooxygen compound 12 22.388 1.198
¥ K HAITE ) Carboxylic acid and derivative 9 16.515 1.056
HEIWiTEE Fatty acyl 10 15.582 1.636
AL A ) Flavonoid 5 11.606 2.773
IR N H U AT A4 Benzene and substituted derivative 4 9.618 1.400
Him#E)E Glycerophospholipid 5 9.131 0.302
IR I AZ WA FIAZ A% 1R Tmidazole ribonucleoside and ribonucleotide 1 5.008 0.410
WEERS Cinnamaldehyde 1 3.688 0.062
n5 |k K HAT 42 ¥ Indole and derivative 2 3.652 0.487
RIS Benzopyran 1 3.068 2.802
HHLEALAY) Organonitrogen compound 2 2.751 0.465
I22¥5 4%+ Purine nucleoside 1 1.767 0.688
8 Sphingolipid 1 1.702 0.388
28 1,3- 55 5P )¢ Linear 1,3-diarylpropanoid 1 1.321 6.935
"% Diazine 1 1.319 3.486
BRI I IE Imidazopyrimidine 1 1.227 7.672
FHLmR X HATTH= %) Hydroxy acid and derivative 1 1.112 2.763

VIP KR Z ) B2 18] 22 57 (9 STHR A, VIPEDBOR , 7R STHRAGBOR . FC oy 22 WA ™ M A x5 1 55 S L™
AIXF & B HU(E . VIP indicates the contribution rate of the substance to the difference between groups. The higher the VIP value,
the higher the contribution rate. FC value is the content of Salix babylonicaxS. alba-vitellina metabolite compared to the content of

Salix matsudana metabolite.

W 54

S. matsudana

W &4
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B
H5| Wk & HATAH) Indoles and derivative .. ....

]

Content

I267

2K K HATAEY) Benzoic acid and derivative ..

PJKERE Cinnamaldehyde .. ...
LTI T IIIII

BERILEY) Stilbene
BRI FEMERE Imidazopyrimidine ...... ...
HIRE A Flavonoid ........ ..

== oo I I I I U

HI H2 H3 H6 H4 H5 J6 J3 14 12 Il
HI~H6: S0 6 IMEEAS ; T1~J6: 4x22TEMIRY) 6 MEAS, H1-H6: Six samples of S. babylonica; J1-J6: six samples
of S. babylonicaxS. alba-vitellina.
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Fig. 3 Heat map of the contents of insect-resistant secondary metabolites in Salix matsudana and Salix babylonicaXS. alba-vitellina

222 MiEmig %A By 1M 1.524.39.000 Fi1 34.540, 75 T HUR 4> 24

GO ST RENNECE R R4 dly T Y 2h B E 40 R A OG5 %10(0.420, 31.500 F1
I REAY Alpha ZREMETR B, S5 BoR  BCE EAIE 31.890) 5 HCED S04 &)y 583 41 T4 (19 Simpson 15 %X
&)1 H 7 38 4 P4 1) Shannon #8 %X . Chao $8 40 FI ACE4E 4 0.277, A% T HUE 4 22 T 40 19 %)) 2 117 38 4H 0 19

-1.54
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Simpson 5 %% 0.841, R B HCE S0 Y6 H 2 K440
HE B ) FRE T S B 0N 4 22 TN Y

# U AN REAS 1Y Coverage $8 5034 /KT 0.999, 15
HH Iy 235 SR B8 TR S LA A rp 40 B ) LS T 0
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Table 2 Species taxonomic statistics of OTUs of intestinal bacteria in the 3rd instar larvae of Anoplophora glabripennis

FEAZ IR I &4 H 2 & if Py
Sample name Phylum Class Order Family Genus Species No. of sequences
Ml Salix babylonica 5 5 12 16 22 24 53127
4 223N S. babylonicaxS. alba-vitellina 5 8 15 19 25 29 45 852

2.2.3  fHiEgn i AR T

FET TR b T TR T TR RE B 10 B S
FEARGIE B R AR 3 1440 U i i O3B 11, AT
F2 B3 5 K 58.65% H1 38.99% 5 78 BUEE 4> 22 FE M FE
ARGIE BER A 314 HUGIE AR T 1R T 3 4 o)
P, A2 3k 98.40% , HAh Rl 2 A 40 B H 1 1%
D (F3) .

EIEACE L, LIS &6 E BR AR 34

17 B 6 8 N B ER B 8 Enterococcus 1 % IR
J& Raoultella JHFTF BB 2 & MU & Pseu-
domonas . 7 ¥ 1 J& Enterobacter UL M 2T 4 B g 14
J& Cellulomonas , FHX 3= 15 53531 2 38.99% .31.28% .
13.83%.8.34% .3.08% F12.21%. LL4: 22 Tt N &
168 BR AR 3 i &) W B 0 34T g o 5 IR
J& 1 Gibbsiella, 1%} 3= & 43 31| 2y 91.59% 1 6.01%
(%£4),

x3 NRE2MUBESFEENEXRBEXRG IR HFERRETE1KFE LAHEFEE

Table 3 Relative abundances of intestinal bacteria in the 3rd instar larvae of Anoplophora glabripennis at phylum level

after feeding on two host plants of Salix %

YT S 4y g 0 T ARG S

YL 5 22 AN A 1L 240 TR R X 2

Ph;}um Relative abundan.ce of intestinal bacteria in Relative. abundance of intestinal bacteria in the larva
the larva feeding on Salix matsudana feeding on Salix babylonica xS. alba-vitellina
AFIE ] Proteobacteria 58.65 98.40
JELRER ] Firmicutes 38.99 1.43
TZEHE ] Actinobacteria 2.34 0.04
W 1] Cyanobacteria 0.02 0.03
AT 1] Bacteroidetes 0.00 0.01
KM E AN Unclassified bacteria 0.00 0.01

224 EZFAF/YIHL

TEJE 73 A XA 428 5 T 0.019% [ i 40
Wi TR R, iR 17 22 R w)E (K 4)
Horb B AR E BLR AR 3 I8 4 U 8 41 i
(45 5 B S £ R AT T R L DL IR AT 1 s
Glutamicibacter J{FT 7 J& Microbacterium FEEIRFT
T J& Corynebacterium ; SR 4 22 FEMI %)) L 16
S TR ARG 3 B S S N B TR R B S R R R
FrAERFAR &8 RS ST R E T
JE TSI TR WA & o T 4 22 s 2
KA 3 1 4y Ul 18 A T b i R e T R O FLEK TR R
FER T &  Dysgonomonas . FLIRFT % J& Lactobacillus
FNERLIT G TR 5 A A SA0 1) 40 H i 1 240 T 1) A G
2 0 S I T e WAy B /K TR JE N Gibbsiella
23 RBEXRS4HFERETEHERNTL
23.1 BRREF T EAHA G HEEEEZ R

BB S Y6 B R A 3 14 Ui rh i M)

B-1, 4-7] BB PR (F=13.244, P=0.005) B & & T
U & 22 M0, 1T B- 4 45 W5 4T 1 (F=0.403, P=
0.540) . N p-1, 4- 5 R WE G (F=1.174, P=0.304) FlI
i 5 il (F=0.590, P=0.460) A 1 14 763X 2 4~ 4k # [i]
2D (F5-A),
232 BRAEREFIHMG REHELEF

U MG 6 2R 3 i 4h Ui i N iR R
fifs i (F=21.902, P=0.001) . £ iy {2 & P450 fif§ (F=
20.488, P=0.001) F1 45 bt H Bk S ¥4 78 il (F=77.440,
P<0.001) [R3% P34 1t 35 o T MU 4 22 e pY 3 18 %)y
Ha Ji 3 AR O R 1 (B 5-B) o
233 RERFF M GRYP BEELEF

JEIE R A 3 i 4y AR AN 4 22 TS
T N B E AL (F=3.186, P=0.105) .33 48 1k S i
(F=2.315,P=0.159) F ALY A (F=0.263 , P=
0.619) Ay o i 3 22 57+ (K 5-C) .
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Table 4 Relative abundances of intestinal bacteria in the 3rd instar larvae of Anoplophora glabripennis at genus level
after feeding on two host plants of Salix %
L0y A A
g il S ERE g 8RO
TE A B AR X . T 20 P () AR X
. Relative abundance of] . Relative abundance
Ji Relative abundance . . Ji Relative abundance ... . .
. . . intestinal bacteria in . . . of intestinal bacteria
Genus of intestinal bacteria . Genus of intestinal bacteria . .
. . the larva feeding on . . in the larva feeding
in the larva feeding . . in the larva feeding . .
. Salix babylonica % . on Salix babylonica %
on Salix matsudana oo on Salix matsudana oo
S. alba-vitellina S. alba-vitellina
PR EE Raoultella 31.28 91.59 Dysgonomonas 0.00 0.10
[k A I 38.99 0.24 BRI 0.04 0.00
Enterococcus Glutamicibacter
AR AR E R 13.83 0.63 T T A 1.39 0.02
Unclassified Unclassified
Enterobacteriaceae Gammaproteobacteria
B ) 8.34 0.01 BT IR 0.00 0.05
Pseudomonas Weissella
AT HE 0.23 0.01 KB G 0.02 0.03
Acinetobacter Gordonia
JAFTF s 3.08 0.03 AT R 0.02 0.00
Enterobacter Microbacterium
LTHE AT 2.21 0.00 LisS s 0.01 0.00
Cellulomonas Rhizobium
FAT & 0.00 0.06 (2N R 0.01 0.00
Lactobacillus Corynebacterium
FLEKTE R 0.00 0.90 B EREE 0.00 0.01
Lactococcus Staphylococcus
Gibbsiella 0.48 6.01 HAh Other 0.02 0.03
F BRI & Pediococcus 0.00 0.16
m BH) S matsudana ™ G2 IEW) S. babylonicaxS. alba-vitellina 95%BA5X 8] 95% confidence interval
P IRE B Raoultella ° ! *
W3RE B Enterococcus . o *
TR AR 2 R T e -
Unclassified Enterobacteriaceae '
REHUEE B Pseudomonas e .
Gibbsiella o, Rk
Bk BB Enterobacter ‘e ek
AL ATE R Cellulomonas o Kok
B EN R ER | . Kk
Unclassified Gammaproteobacteria | '
FLEREE R Lactococcus | ¢ o
AEWFFHE B Acinetobacter ' .
FERE R Pediococcus | H ko
Dysgonomonas M Ak
NMERABITEE Glutamicibacter I s sk k
HEEFTH B Lactobacillus $ .
PRI B Weissella I H sk
PRFTE B Microbacterium | H ook
BRAFE B Corynebacterium | o ko
1 1 1 1 I L 1 1 1 1 1 |
0 20 40 60 80 100 -80 -60 40 20 0 20 40

HIXTFERE Relative abundance/% FEXTF B Z4H Difference between relative abundance/%
4 ERNIfMELENEEERFHENERERE

Fig. 4 Difterential bacteria in Anoplophora glabripennis gut after feeding on Salix matsudana and Salix babylonica*S. alba-vitellina
] e oy ) 3R 28R T R I VR R 06 TR P<0.05 T P<0.001 7K P25 57 Ik 3 0 * or *#* indicates significant difference at P<
0.05 or P<0.001 level by Chi-square test, respectively.
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Fig. 5 Activities of intestinal digestive enzymes (A), detoxifi-
cation enzymes (B) and protective enzymes (C) in the gut of
the 3rd instar larvae of Anoplophora glabripennis after feeding
on Salix matsudana and Salix babylonica*S. alba-vitellina
IRt B bn i . ANRVNG FRERIR R — i
TEAN [ Aab B[R] 25 ¢ 46 50 125 46 90 22 57 1. 3% (P<0.05) . Data are
mean+SE. Different lowercase letters indicate significant differ-
ence among different treatments with the same enzyme by ¢
test (P<0.05).

2.4 Spearman 83X
240 RAARB W Fe piE a6 A AT

g DA 2 g g AL v o 22 1 B AR
B BERA B AW A 5 B A i E w JE 1 T

KM AT, B BIAE 4 22 T v s FRak ARl ) v
P2k A A — R Y 557 2 R & K Gibbsiella 5
i 2B IE AR IC (P<0.05) 5 171 A A v v Rk 1 A ™
YIRS 56 B KA il AT o s 2 1 3 A oG
(P<0.05;%5).
2.4.2  RAERME W Fe I iE By G AR KA
15 I 2 FfAg Jag A v i o R AR AR S
JEIE B R B AN 2 3 5 R G P A T AR S
G3MT , RIRAE 4z 22 FER = IR 10 B R S AL A
TR SR BRI R R TR I K A B H K SHE
R 5t 3 1A AH DG (P<0.05) 5 T 7E S0 s 3k 1
AR S AT AR 568 B R A 1A A0 (5 R
P450 fiff 5 5 3 IE A5G (P<0.05) , A RERE 588 B K
A-Ha T4 B H K SRS B AN A B-1, 4-78 S BH Y
£ FIEMAX(P<0.01), LA GRS LE R
KA 7B HM) B-1, 4-7 5 H I 52 10 25 1EAH OC (P<
0.05;%6).

3 g

FYITERIN A R IR R T AR AR ™)
B v R o AR BE T R E R R
W FEE R, BT R AR AT S SR R B R
(War et al.,2012) . & HUR e iRk AR A ™ P i) 25
FAERT, A A i ee il 2R R T2 AN HERE , M E N
AR AT T — 2 BVE R (B85 ,2002) . 75
TEXFRHILE], 68 AR A BegIh b a R AR A9 2F
FAEY, I H A A ) B R b PR o3 A7 2 [R] 1) 1EAH
K A d H L FR 43 A B )72 (Slatyer et al.,2013)
SR [7) & 2F AR B R M IR —B o AR
AR5 S 77 B AT ITAR B A 4 22 N A
FAGOLHERANF] . AW L5 R, AN 4 223
WA B 0 U A= A P WA AE 3 22 5, 3R PI45 H
SR A [) f 875 1660 5 e o o 2 R R 5 o AR T 5200
TE 4 22 TR BT 2 0 v AR A AR ™= W v, B
P24k G W 3k A R B B P 5 IR R DK e -
W E B JE T AR A AT AR T R R R
R (FR9E45 2011 RIS AR4E,2012) s IERIE B S
BRI ERE 1 AR BB AR B, 8 A =
ERHPAR FTERALAE | 32 2N S PR B 23 [
i i E 4T (Austin & Noel, 2003 ; d HFES,2010)
RS WAE YR N &5 B AU R LT
N DL R s Rt £ s (B O SRR T, a2 qb
B YIHE T 5T % 1k Spodoptera frugiperda (/)4
J Ak R B ok A, S ECHAET (Torres et al., 2003 ;
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Chong et al.,2009) . AH# T 4 22 Tl , 7 M 5
A T AR AR b 2R R SO AR )
P E A B A R E T, e U O 2k
T LA el 38 Ha i) % B (Rl A 4 55, 2008 5
Liu et al.,2010; Alves et al.,2014) ; RAEEEIR THE N

FEE RSN A TR RN EE R AL, 16 AT DL
Ik He 3 i 110 R SR 1S RG], B fel BT A Bl 16 06 A A
Culex quinquefasciatus AR i 2 #E F+ (Yuan et al.,
2019) ; A HLAAL G WA W S HAT AR g B By
TE AR (B 4E45, 2002 ; Horty et al.,2019)

®5 BUIMESLENNESRETYEESBERF IRY HZERAFEXNFEENEXRE

Table 5 Correlation coefficients between the contents of different metabolites of Salix matsudana and Salix babylonica

S. alba-vitellina and the relative abundances of intestinal bacteria in the 3rd-instar larvae of Anoplophora glabripennis

M5 1L 7 H AHLE

e FTBIIE e e D e
&Y “Ti% .. ttEY  Cinnamal- fir =) ft m.% Imidazopyri- Dia-
Flavonoid Bensz: aC}d Stilbene  dehyde Indqle a%nd Organonitrogen midine zine
and derivative derivative compound
P15 R # 8 Raoultella 0.886° -0.086 -0.143  -0.657 0.029 -0.029 -0.086 0.829"
W3R @ Enterococcus -0.314 0.086 0.029 0200  —0.486 0.143 -0.600  —0.029
AT R R 2R -0.371 0.143 0.257 0.48  -0.143 0.371 -0.429 -0.314
Unclassified
Enterobacteriaceae
AN R Pseudomonas — —0.314 0.086 0.029 0.200 -0.486 0.143 -0.600  -0.029
Gibbsiella 0.886° -0.086 -0.143  -0.657 0.029 -0.029 -0.086 0.829°
WA @ Enterobacter -0.314 0.086 0.029 0200  —0.486 0.143 -0.600  —0.029
LT AT IS Cellulomonas —0.455 0.273 0.213 0395  -0.395 0.213 -0.577 -0.273
I ENARTE R -0.314 0.086 0.029 0.200 -0.486 0.143 -0.600  -0.029
Unclassified
Gammaproteobacteria
IR B Lactococcus 0.759 -0.273 -0.273  -0.638 0.152 -0.152 0.213 0.698
NEWHTFH B Acinetobacter — 0.759 -0.273 -0.273  -0.638 0.152 -0.152 0.213 0.698
BRI R Pediococcus 0.759 -0.273 -0273  -0.638 0.152 -0.152 0.213 0.698
Dysgonomonas 0.759 -0.273 -0273  -0.638 0.152 -0.152 0.213 0.698
BRRKT T Glutamicibacter —0.319 0.058 0.174 0.406 -0.203 0.348 -0.464  -0.203
FLUFFH# & Lactobacillus 0.696 -0.232 -0493  -0.812°  -0.029 -0.377 0.116 0.696
BT [C T 8 Weissella 0.759 -0.273 -0.273  -0.638 0.152 -0.152 0.213 0.698
KB G & Gordonia -0.319 0.058 0.174 0.406  -0.203 0.348 -0.464  —-0.203
AT 8 Microbacterium — —0.455 0.273 0.213 0395  -0.395 0.213 -0.577 -0.273

* 7R £ Spearman A I AT EAS B TE P<0.05 ZKF- (XU ) i 2 AH 5% . * indicates significant correlation at P<0.05 level (bi-

lateral) by Spearman correlation analysis.

DG B IR AR 18 20 TR AR R A B AN ) 2
FHY G IR AN, AT Re RS2 ) TR AR A
PR R SORE . ) AR T AR RS T AE Y
1B NI ZE M BR R Enterococcus faecalis 1K 23 %%
F AL A9, W Cajanin stilbene acid il Tapinarof
B (Tan et al., 2020; Park et al.,2020) . BUE S
MR 45 22 DA 0E B R AR 3 184 Uizl h A 1Y
LT B A SR & | % W B 7ot H B KA
4y B 27 EAE Y b R P AR TR,
YUE 2 MO ] A FAE ) Y 2l U 1 B VAR
T2 U HOR e, RO BNIEOGE B R4
3 U4 i T v A A R RS R Y L T IR
MG o BB A b S i A AR )
JCIR B R G BOR I EE FAE T, 5 B0 a5 BT M

B ERTE

TE AT 4 22 M T 3 208 BT R PR R AR AR ™
Y5508 B IR A%y B 18 240 T AL RN T8 TR A 7
AHICIC R I, %8 55 iz 2 TR L TS 1k A
FHEERASAL A P ARAL , WK1 1 5 fi7 308 A 0 | il T
PRI S AH G, DA W3 1 VIP (B S8, APt
TTVEAN ST . SCJE B AR 4y Ui 3 20 TR LA S s 1
SR AW Z 8T A O, JokWiE AR
JE AR = B AN G P R R A2 B T R S
S, FTREH T RS WAAATEMROCER AR 7
MR Z [ dt A E AR B 3 25 5, s R iy
WL E] S HLE P (McComic et al.,2021) . Fi st #E
ARG i e 1) RS W A BT PEAS R DA
JB B RA MR AE A K A B R R 5 B
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BE 22 ENIDLIE B R A4 BB 4w s TRk
BRSPS R & | Gibbsiella . AW & J& A1 AT 1
JE PR RT3 BE BT TR 98.26% , i 3 i T HUE B
HoIH BRI HGEAEA . HARWEIE P2 &
Y15 W ¥ BRI 34 TR 8 iz % K TR R Gibbsiella
WEIEASC, Beoh, Ao R AT ERHR AR 53
JBUNE A [ )& Escherichia ol H RS 5 £
P 25 A6 0 19 O- M 35 Ak A I 552 254k (Hur et al.,
2000; Braune & Blaut,2016;Riva et al.,2020), H#
Ak & W AE il rh o kol AE e iR A,
P i 1 TR R 2 A 0 i S T B0 2 A R S s i
(Serraetal.,2012), HULHEN & T [A]—FHr IR
T )& Fl Gibbsiella 7] Gt HAT AR5 B2 b 59 1
fie 1, B S YA G, E 2 E s

W, St AT DU RS & 2 IR OGE 2R A4 R
i T () e i RS 1 S IR T ERE SR R R AR
g B IERE o RIS HoA B A A [R], 4
/N WS Oedaleus asiaticus FIF S 1 Spodoptera
exigua TERE A BEEHZE Y J J , ff B AHOCIE A g 25 1
¥ (Hafeez et al.,2020; Huang et al.,2020) . fi7ifi fiff
TR B AR WA OC R B R, B AL S A1
JGIA B R A4 H g 1B R TR T g S A e H K S 4 72 Tl
TGP 2 2 RORE G, BV ER B R SIS Ak 5 it ) i 25
FE I B AR 4340 T, AT BRI MR
NXF o [REE, $37 5 R R & FN Gibbsiella P] B HAT 1G5
B2 G BE T PO R e B I BRI e
J& ,AEER B B R AR N 4 22 TR i R D A
ANATEARAENT
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Table 6 Correlation coefficients between the contents of different metabolites of Salix matsudana and Salix babylonica x

S. alba-vitellina and intestinal enzyme activities in the 3rd-instar larvae of Anoplophora glabripennis

T e L
EY ﬂTi% .. &Y Cinnamal- e Organonitrogen Imidazopyri- #uﬁ
Flavonoid Benz01_c act d Stilbene  dehyde Indgle a.nd compound midine Diazine
and derivative derivative
BAHIHER G f-glucosidase  —0.420 0.126 -0.293  0.196 -0.161 -0.182 -0.098  -0.378
WY1 -1, 4- 78 RN -0.273 0.238 -0.385 0.350 0.217 0.364 -0413  -0.238
Endo-f-1,4-glucanase
SN B-1, 4-78 SR Mk -0.706 0.727 -0.622  0.895" 0.727 0.846" -0.671  -0.741
Exo-f-1,4-glucanase
& Wil Lipase -0.042 0.245 -0.042 0343 0.587 0.371 0.042  -0.105
FRERMET Carboxylesterase  —0.867" 0.713 -0.748 0.811 0.531 0.748 -0.818  -0.867"
B K STHE R i -0.860° 0.776 -0.706  0.874" 0.601 0.790 -0.755  -0.860"
Glutathione-S-transferase
AN {5, 2 P450 fiff -0.692 0.839" -0.671  0.755 0.734 0.811 -0.685  -0.706
Cytochrome P450 enzyme
B ALY AL 0.224 -0.210 0.315  -0.301 -0.427 -0.280 0.168 0.182
Superoxide dismutase
1 E AL A Catalase -0.520 0.245 -0301  0.490 0.350 0.364 0245  -0.497
1 E AL Y Peroxidase 0.343 -0.098 0413 -0.140 0.021 -0.308 0.594 0315

#FR* 38R 28 Spearman A SEME /M HTIERG IR AE P<0.05 F1 P<0.01 K F- (UM i FAHIE . * or ** indicates significant cor-

relation at P<0.05 or P<0.01 level (bilateral) by Spearman correlation analysis.

TE SR B & = S it R b, R H R &
HATAEY) IR s K HAT A= #1918 X0 =2
[ PP TR R = FC R B A — 2 Ao IR G 4
2006; T B4, 2015; Qin et al., 2020) . 75 FEHIA
Rt AR P b, A R SO E
R AR 40y H g 1 A0 R LA TR 2 R ORE DG, A
JURMR A=A = % e E B R A I i A A 2
S R LR 3R R, — A P a0 i
ORI B AP . A WFST B AR A
R EFERA B, (B AS A A A B A ], o

X 45 5 6685 2 BR 18 Staphylococcus aureus F M il 5L
S i % (Sanla-Ead et al., 2012) . 7ESHIA T
B e AR AR Rl REXDGIE B R A4 H i
WA A — 52 ER 2 DL 2 A K
TR IR SCR 2 B I E R . O6E
BRI pH A 7 B I 22 5, Th i
pHIRFFTE 5.4~6.2, Tl i pH Ry 7.5~8.7, i la J5
HF pH il % 1E 9.0 L I (Mason et al.,2017) , AKH R
AbTF pH 2.5~4.0 Z 8] IR RCR e b, 768 R 2R
A i 1 T IG5 I8 B S ARSI B RO | 1 T 1 TR A
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A4 52 1 ek 55 (Mason et al., 2017) . — 2SI =19
VTR Z 2 B A AR E VR B2 . s F Rl
¥ WA BR A Enterococcus caccae W, -3¢ 2 0] 4G 240
HIECAR A TR 32 R [ A P — e B =), it
FETXAEE L DNABE ANfRE A 5L A
>k N XS aE , #F AR PE B B A K (Wang et al.,
2017) . BRUILE & m AR = ok, Atk
HH M5 &M Cyclocarya paliurus W2 BT & 254
B YITEARR BE AT S 2348 5 17 K B 40 o XHIG
pH. =8 & PR AR FREE Aot 00 S0 A A%
R B2 S PR o T Rk oA AR 2 R Y 4
T fEZ AR R IR W T B R AR A
41 B fizp 18 LT R ) RS T S 5 (Zhang et al.,
2021;Yan & Zhang,2022) . &2, FAA0A T A
i TR AE AR ) 58 B R A4 AU TE
A JE A COC R A 2, W Z (WA I o i AH
FAEH, BIUR AR AT P il B 18 240 P e Al A R B
BB AP AT

A FELE TR, FE A o v v IR
A=Y 5 50 E B A %) U R RS T A A DG
M, S0 p-1, 4-%5 RbE R 15 M 5 REERE A PLAL
G e R BEIEAK, L T K Sitophilus
zeamais TEXCE T A MDA Py dE 2 R 5 R
A IL[F AL, BV TE R RS PR R T, R S R
ZIf | (Camaroti et al.,2018) . X /2 K HEEE R it
% S AL AR AR IR HE A S A
S RZEDEE B RN FERERENT &2
X — G, WA A UL A LS YT Bet AT
THOCIE B RAXE T BRI Thfe. thsh, A
FERE R H R SCHAT A1) 5068 B R A4 WU 18 fi
BEMHE M AEZE IEAR DG R, R B TR A AR H
iR S AT A= Py RN R B HTH ALl R I DR A
il 1% P (R SE MBI, (ECHAA P b 0 A 1 95 Haema-
physalis longicornis %32 PAFETRE A0 35 14 N it 35 Tl
15 B3 2 7+ (Nwanade et al., 2021) . I HCE 5
MR IE IR A 4y U 3 i 2 BTG R s A T
RESEAZ 3 1 PR iR FR R K AT A= W A Rl )
75, I ERA G MR A 2 5, DA HL 5 i
MIFEFEMEH . MORHIIR SOLATAEY) | R RE Vs K
HATERA VLA A YRR B R A4 dU g i
TR RS , R EE B R S T A
DA fifF 5 T 2 of o X 3 T LFP T RO A o (H%
AN BB AT R A BRI S Y A AR Py ok i £ T AR
L R P EE A (LR BRI, i

JH TR L

L8 L RTIR AT R E A R EORIRTOLR 2K
A XA IO AR AR s B A 3 S P I
PLR O35 e, iR T R IRVE R R E
it B SR B TRE, R ) 32 BISNEEA 7
YR o AR AN [ R AR A P B, O
R T A TR AR L NI P A T AN R
b, BEAE A QIR AL ) T B 40 R R ARG 1 R B
AIBL2s , TIP3 B UHRRE AN IR P B4R 3 5 31
IR BB A BERE AT R o 1 3 A
AR 2ot oo i v Mg T A 2 PO PR oK £ AT B,
AR KA E P EERE S . X S8 BAT e e
(14 20 T DG B KA il e B, A B T4 2 G
W AT AR . B R E Y R BUE R E
NTT D 3 A A, AR 2 18] B AR AR TR
TR T Mo ABTFEIH L 2 192 P R S HATT A=y LA
Lo RIS S (e SR JH R A R TR EE,
HAg IV AR A6 6 A B R A S5 MOl 3 R 2550 i v
I3, AT LG B o3k SR A A% HOECR , A Dk
AR, PR AR A IR
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