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Diversity of the gut microbiota of Gastrophysa atrocyanea
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Abstract [Aim] Gastrophysa atrocyanea is an insect that feeds on weeds of the family Polygonaceae. [Methods] High-
throughput sequencing analysis was used to investigate the type, abundance, dominance and diversity of, and functional
changes in, the gut microbiota in G atrocyanea that fed on either Rumex acetosa or Rheum tanguticum. [Results] A total of
154 gut microbiota species were identified, of which 548 were unique to G atrocyanea that fed on R. acetosa and 554 to those
that fed on R. tanguticum. The Proteobacteria was the dominant gut microbiota in both treatment groups. Species diversity was
highest in G. atrocyanea that had fed on R. tanguticum. The species composition predicted from the results of a metabolic
function analysis indicate that, except for Serratia, the dominant group in the R. acetosa treatment group was Pantobacterium,
and the dominant group in the R. tanguticum treatment group was Enterobacterium. [Conclusion] This study preliminarily
clarified the diversity characteristics of gut microbiota of G. atrocyanea that feed on R. acetosa and R. tanguticum, providing a
theoretical basis for its host range and population outbreak prediction.
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% 5 I2 HH Gastrophysa atrocyanea i J& b, REE 25 °C, 1A 60%-70%, ik 4 dh

5 H Coleoptera M HE} Chrysomelidae, J&—
& B AR Rumex acetosa Z521F} Polygonaceae
)& Polygonum fE4) ( ZER%E4, 2002; Shf-H,
2002) BREE B, SRHMEY Z 8 H ILAREL,
% R #E Rumex dentatus . 4 & R A5t 3
Persicaria lapathifolia fil % 2 Z¢ Fallopia
convolvulus 4§, JEAMl AR 7 i E B 1) FLE A )
(MBS, 2003 ), KIALDK, X IEN
I oE F L E 7S EE R A Y =R
PET, GMREE | RAGEXE R IR AR L
B, DA A 3 s g (Wit 45,
2001; Leleiwietal., 2023), iT4Ed, 2234
SEAERPR A B A W S T ERRR, A
U Rt ss ot 7 oS ok, i A SE R
5 . BRI Macaca mulatta. % Jb Ak Rana
dybowskii . 7R 7 % ¥ Apis cerana FIER.Cy i H
Brontispa longissima 5% ( #5ff, 2019; Wuetal.,
2021; B 5%, 2021; Yang et al., 2022; Leleiwi
etal., 2023 ), SR04 2t FF izl AR Pyt
FEIRIR D

FEHREK . Rheum tanguticum J2ZR} K i
J& Rheum it , 7345 T4k 1 500-3 000 m [X.
B, MOAERETE . Hof . PO
T, BOA YA 2 TAEY) (ZRRPEEE, 2007 ).
TEVUIAE By /R BT Rt R R B R X, 254 1R
MR T REB A XS, AT SR BT
(31.9130°N, 102.193 6° E ) FRf [ R4E T —1
SUHE A R i R O, AR S 0 MR R AR R
FERBE, AT H W i i A= WA 28 B L= B R 34
JEARARRIOT ST, LI R gk AN W] 25 A e
118 NS b B T R R S LA, SRy L
AF 38 W PR UM . LU W T IR A
0 RN 0 P34 AR it — e A B AR

1 MREAE

1.1 ##

HHRE A T 202344 H 15 AEWIA S
JREETT (31.913 0°N, 102.193 6° E ) fiafti I R4
Ty B R O [ S = R AT

41 =k, B HAR AR Dy o A midl, ol
VLS 6 s iR ) RS oy R R B oAl 5, 5
A, BEHLIEIRAS2H 5 Sk 4 B AT A ) S 2k
RN

TR A,
LW, ILSE, AR,

12 Hik

121 FEGERMEBLHHEGERE KN4 4
WU R T 4l U F ok b, YUERALEE 24 h,
4 B 75% A THEE, = 3 min, JCREZK
Uk 3 W, TS TAESNMA., fHiHKE PBS
2% vh ) B AR Bl R A H 2N, B REAR
BT 15 mL E08EY, WAERGFEREE T
- 80 CUKFATRAER o Bk Al 1 MHEA,

HA 5 IR WU IR PR BRI ol R R i 2 1A
femtHimE A2, 43958 ST, S2. S3. S4.
S5 (U mRE4] ) A1 D1, D2, D3, D4, D5 (H
B REA ).

122 FTHERMABEMEY DNA REUK
PCR ¥ JhiBtEAR E IR LR
ReAn A BRA FH T . Bpif S Al DNA $EUE
E.ZN.A.® soil DNA Kit iX7& ( MP Biomedicals,
USA ), PCR " 345|918 16S rRNA [ 514«
338F ( 5'-ACTCCTACGGGAGGCAGCA-3") i
806R ( 5-GGACTACHVGGGTWTCTAAT-3' ),

PCR XMW FEF M. 95 CHiZAEYE 3 min; 27-35
AMEFR (95 °C 30s, 55 °C 30s, 72 °C 455 );
72 °CHE{# 10 min, PCR = HWZ 2%5i g
W BE I H DK A I I, (5 AxyPrep 20 B 2 A 40
DNA & RIS & ( Axygen ) #E47 81K (9]
e, $RERAifbr) PCR =4y, FH4#/H Quantus™
P61 (Promega, USA ) XF4lifb /5 i) DNA #E47
Ei, aifbByY 8 TE Nllumina MiSeq PE300
i) o

1.2.3 ZEAE  FIH DADA2 HikstEbhk
P 7 IR o uE A PFH( Benjamin et al., 2018 ),
i/ Uparse XA R 97 %09 77 5124 T#A4E 43
ZE BT ( Operational taxonomic units, OTUs ) &
2k, HEBRiRERFS . i H RDP classifier

PE T&, #7, K
i AE A
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( http://rdp.cme.msu.edu/ ) DU Hr L X B 557
WA TYIFI 43283 B, , 454 SILVA . GreenGenes
FI UNITE %08l e #EAT LUXT, HUXT B(H B 70%.

Bt ab BRI TR ARvs B = BUE Ao

( www.genescloud.com ) #47. &5, XF&dift
FTHPE AL B, A4 EE AR BRI R 1A ERRAL 3R OTU
#Ja, MM QUME2 #Fi#£47 Alpha Z R T

(Chao, 1984), J&F QIME2 {4 miss 432
OKFFFER, THE Beta ZREVEIES, ANE M
B 5 AT 43 9 F) - Unweighted-unifrac 8 32

( Lozupone and Knight, 2005 ) FI Binary-jaccard
kL (Jaccard, 1908 ) 13%|41[H] Beta [HFE, 2R
J& ., #AT F A AR 2 B Bl PCoA ( Principal
co-ordinates analysis) s T a2 I X 25 Sl Ak
1 2K 1 e 2 s 1 R ) e 2 RSORE R
EIFIH R G S HAMLH, BEDNT 1%0 )ik
TR A IR KT LEfSe 224 Fh22 54151 53
#1( Segata et al., 2011 ) % H all-against-all ( More

strict ) %M, 7 2 5 3 HLRA A] RS R4
T R TR 7 22 S 1 O3 SRR AR [ 2 M 10 501) 23 B
Linear discriminant analysis ( LDA), LDA>4.0],
i, FIF R BT AY igraph f A #ESCH R 45
M ggraph FL2: I OCHERI 25 5], (] PICRUST2
A X R R R ) D ReE AT o, R B R i
) pheatmap FLX AL [B] 1494 =F B 1) o0 AR
A AT — 2L 0 o

2 HREHH

21 F5l4bE

XL B Rt 4 4 i A
PR B s (R 1) PR R AR
D5, 4 127 373 reads, I/NAEFEA D3, N
108 248 reads, H:HIEF OTU ( Operational
taxonomic units) & 1 HLITE 75% LA 1, )T
SR RS S TR

x1 MFEESHiTE (reads)
Tablel Sequencing quantity statistics (reads)

Y R i B R ol Nj'fl_*;n?;:im

Sample ID Input Filter Denoise Merge Non-chimeric OTU
Dl 114 523 90312 89 385 86 855 75 490 75 450
D2 128 040 103 778 103 493 103 318 98 879 98 877
D3 108 248 84 748 83 580 81139 80472 80 432
D4 129 419 103 864 103 503 103 257 93 799 93 797
D5 127 373 102 281 101 956 101 721 101 126 101 125
S1 120 754 93 788 92 828 90913 89083 89 040
S2 126 035 100 036 98 985 95985 92 817 92 794
S3 113 664 91 283 91014 90 808 90 740 90 735
S4 121 154 96 135 95 797 95516 91 968 91 960
S5 115 245 92 767 92 474 92 255 88 057 88 049

DI1-D5: HUE I RER B 4 IS et 4 i iy 5 AN E; S1-S5: HUETRMBLNY 4 ISl i s H 4t 5 A

B OTU: BAEMSZEHIT,

D1-D5 represent 5 repeats of the 4th instar larvae of G atrocyanea feeding on R. anguticum; S1-S5 represents 5 repeats of
the 4th instar larvae of G atrocyanea feeding on R. acetosa. OTU: Operational taxonomic units.

2 NT B0d 2 H NR S0 155 &M REAR 1)
MFZERPATHR (K 1), HAPHAE FER
PR Z IR D1 BN 11 4, BOKF B3

W2 5E S2 FEACH 43, @K FiERFIRZ
J& D3 FEAK 306, BERKF IS HFREEIR
B FEHEE MR (18.2, 1246) =T D 4
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(18, 110 ),
e 15{ Domain
» 007 e ] Phylum
E 450 o 4 Class
Q4001 e H Order
&> 3501 o B} Family
4 % 300 o J& Genus
S 250 o 7§ Species
2 5200 o LI
mg 150 Unclassified
< 2100
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=0
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BE1 ##aEFER
Fig.1 Annotations on species taxonomy
22 YIFARD

i X HE S B9 ASV/OUT BUE 17583,
FATIRAT T B AAEA A B T YRR I8 12 45 40 2
K EARA R (% 2), HAPTTKEERZN
5= D3 N 18 Flt, YKV i Z i E D3 hy 11 Fil,
HIK- 2 ns2& D3 K 65, FUK TV i Z i
D3 4 106 B}, JEKF- LiZ M) D3 M 165 J& .
WERSKRE , D 4/ S AIETHE =12 RER
AR, BOKFE, S (YA 54.8) Zb D 45

(418 45.8 ),

T2 EFATHNREMEHESLRR
Table2 Overall classification of microbial
communitiesin each sample

FEA

i A I g1 H e &

Sample Kingdom Phylum Class Order Family Genus
ID

D1 1 12 20 42 65 95
D2 1 11 12 16 21 19
D3 1 18 31 65 106 165
D4 1 6 7 9 13 19
D5 1 7 10 17 24 29
S1 1 15 26 52 84 114
S2 1 16 23 52 76 106
S3 1 9 13 31 49 58
S4 1 10 14 23 29 32
S5 1 7 10 27 36 48

FREAR B UE W AE T K B R 2 Rk
JAHXTEEEGNE 2 s, D1, D2, D3, D4, D5
1 S1. S3. S4. S5 MRS 1HI N EILET]
Proteobacteria, 1 b5 58 93.96%. 99.86% .
53.29%. 99.66%. 99.86%K 65.78% . 95.64% .
99.63%. 97.92%. BT S2 it h 31.60%. Si
hi bR 65.78%F1 D3 fi bl 53.29%, HARFEA
B EY AR ] b HERTE 95% LA |, 24
XA T o S2 AEAR B PLF TR T T A HUFT 1)
Bacteroidota, 5Ith 44.27%. kK EH,
M 1] Proteobacteria FI{LIFF 4[] Bacteroidota /&35
WA, A, L E ]
Actinobacteriota, 2 HE ] Armatimonadota. %¢
ST T] Chloroflexi ., 25 [ffi AT 5[ ] Campylobacterota ,
¥ ¥F W ] Fusobacteriota . P i W I
Verrucomicrobiota FIFRFF ] Acidobacteriota 7£
ANTAVREAS ot 2 B 3 s B AR N =R
100 [
90
80 -
70
60
50+
40|
30+

20 -
10 -

FEXTFEEE (%)

Relative abundance (%)

9"D1 D2 D3 D4 D5 SI 52 S3 S4 S5
#£h Sample

BAFIE ] Proteobacteria M 25 [ifj#T5[] Campylobacterota

W 7§ BEEE ] Firmicutes B ¥ 5[] Fusobacteriota

m HIFTH ] Bacteroidota W] Verrucomicrobiota

W2 ] Actinobacteriota M BRFT5 | ] Acidobacteriota

w3 H ] Armatimonadota @ HoAf Others

W 445 ] Chloroflexi

B2 WANRGEREMDFHETFEE

Fig. 2 Relative abundance of intestinal microbial
speciesin two groups of samples

WG RS, K B A [R5 2R B e T R )
tips 5 I —A~ tipl B H P —A~ tip /E AR ),
IFi B FE XA e AT HE S, 7R A v O B HE
ZHT 10 (WJE, B2 HE Pantoea, VD7 8
Serratia, M JJE B Hafnia Obesumbacterium,
Y 22 I A B J8 - Sphingomonas L2 T i &
Ligilactobacillus ., . Jifi & /& Pelomonas .
Muribaculaceae, # % J& Clostridia UCG-014, 7K
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FF & Aquabacterium F1 53k & Alistipes( [ 3 ),
23 ZEMESH

Alpha ZHEPEFE BN Beta ZRE TR £ 1| 32
TEY AT AR BE N A BE ] 1) 206, DUAZERG PPN

&3

HERZFENE . Alpha ZREVEFRS R 21T T
HIYFh7E = E FE (Richness ). 244 ( Diversity )
5] (Evenness ) S5 7 IR AR, WHEHRN
A= 55 N ZREPE ( Within-habitat diversity )o 43 HT45
H(%3) KUY D3YFFERE (Chaol ) i,

F & Abundance
L P

1

0

J& Genus

@ IZH )& Pantoea

o WiER B Serratia
AW o BRJEH B Hafnia Obesumbacterium

e SEE MR )E Sphingomonas
| e FLERFER Ligilactobacillus

) BT 8 Pelomonas
. gg ® Muribaculaceae
AHRARANBAR

WHiJ@ Clostridia UCG-014
| @ JKITHEB Aquabacterium
A = o A Alistipes
I ® HA Others

["] Phylum
m T ] Proteobacteria
m FEBER ] Firmicutes
m HFE ] Bacteroidota
W LT ] Actinobacteriota
m 3 ] Armatimonadota
B S [] Chloroflexi

RE LRt

Fig. 3 System evolution tree

& 3 Alpha SHEMIEH S
Table3 Alphadiversity index analysis

A Chaol #8  BUEMHME®E  MANH AARBAMEH RN
Sample ID Chaol index Goods coverage Pieloue index Shannon index Simpson index
Dl 294.060 0 0.998 2 0.468 9 3.770 5 0.786 9
D2 38.5454 0.999 7 0.4373 21724 0.713 5
D3 445.501 0 0.999 6 0.713 6 6.2770 0.964 5
D4 43.120 0 0.999 7 0.4105 2.1523 0.6379
D5 52.5902 0.999 6 0.143 3 0.783 4 02723
S1 295.783 0 0.998 9 0.6652 5.4343 0.9559
S2 391.008 0 0.998 3 0.676 5 5.709 0 0.943 3
S3 135.107 0 0.999 5 0.226 1 1.5853 0.546 1
S4 60.646 6 0.999 6 0.2819 1.6250 0.5959
S5 94.684 1 0.999 5 0.390 9 25139 0.724 9
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} 445501 0, HKIE S2 BEAS, 4 391.008 0., [
¥, D3 BFEARRZHFEE (Shannon ) k&, N
6.2770, HKJES2, 45.709 0,

Beta ZHEMEFEHUH T LB A SRR ) £
FEE, WURAEAR ] 1 22 5 0 X REAR 0] 7 22 S i
TTREAEAL B, SR B3 A RZ IR S 53 0y
B, S5 E, S 4R D HREAB B (1E 4),
M H=F B2 HE 4 10+ i 8 7E 45 I FEA Z 8] 1) 43 A
FrEES (ES5),

24 PMERSTEIRSWR

3 A T3 8L 43 AT R R AR oy K
SO IR T F B G D, D AL Rk
554 Ff, S AIRAE YRR 548 B, PHAL I YA
N 154 B, PRAREAS Y AT A W R 25 A
Ko WHCEYERER 20 BEHE—L500r, 45

LK 6, FEA D3 PRl F i, D4 IR EE
A,

BRI RER D
- PRPRAEALS

o

F 42 PCo2[24.3%]
S

I
S ¢
[\S)

~05-04-03-02-01 0 0.1 02 03 04
F 431 PCol[40.7%)]

B4 ERaaH
Fig. 4 Principal component analysis (PCA)

D: MR R B i 2 A 4
S: WEMRBIAZE LR 4. FEIFE.,
D: The group of G atrocyanea feeding on R. anguticum,

S: The group of G. atrocyanea feeding on R. acetosa.
The same below.
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3 [ coiaiD
N B
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E5 BREBESH
Fig.5 Hierarchical clustering analysis

P2 511 LESSe 204 (e 53 B 45007
/1N Linear discriminant analysis effect size ) 4%
bR O R AR R 2R R i i H i T A
Wb YRR AT BF Enterobacteriaceae, HY
B R AR 1) 2 5 14 I i HY Ji T T A 00 A 5 )
JERXSC R Erwiniaceae, (& 7).,

25 ITheERERETN
XF P2 R AR B T GE AR B B fE B T

(EC/KO/COG ) #EATTM , 43 #rs 2 iACism
BA LY AR BAFH/R . B AR
W RBE R0 A L REE S . KT
HAETE (& 8 ), X 4ifidh ik LL T RE v RESL A (1 4
HATAHT, 53 )2 WO REAS A B o0 B R T
PR AT (1B 9 ). Vo a KT JE Serratia 7£ D1,
S1. S4 Fl SS HEAH L& B d i, /B EmREiA
(I SARE; 218 Pantoea 7 S3 FEA g B
B WeRJEHE Hafnia Obesumbacterium 75
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- HEE B

iy
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B 3I\MIATHIR Ligilactobacillus
E

H
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|| HRER Clostridia_UCG-014 :
.- .-. HEHE Alistipes
_...-. .- HIKE B Lactococcus
. - .-.-.- ¥HTH 8 Faecalibacterium
U )R Herbaspirillum
DL WEmR Sphingomonas

.......... FATHJE Lactobacillus
L0 B HIpE)R Pelomonas
LD IR Methylobacterium
o L BIFTEER Bacteroides
- B kAR Aquabacterium
L E L {BHJE Pseudomonas

B 0 B PR »EWR Serratia

-~ B BBEER Raknellal

W 0 BN zER Pantoea %1 Groups

L B KXEHR Erwinia U Ak 254 D
CHNERaIRNR RS S

B 6 FE# 20 WEHRE
Fig. 6 Genusheat map with an abundance of top 20

#H Groups
= AR R4 D
" R S

4325 Taxa

ma: 5405 Kingdom_Bacteria

mb: H RF39 Order RF39

mc: Bl AT Al Family Enterobacteriaceae

u d: #/_RF39 Family RF39

me: B} BRSCHE P Family Erwiniaceae

= JB_EHEKRIKESR_UCG_001 Genus_Prevotellaceae UCG_001
mg: J& RF39 Genus RF39

mh: & ZHJ/E Genus Pantoeca

B 7 LEfSe4#r
Fig. 7 LEfSeanalysis

D2 F1 D4 #EA T EE E & e AT E R
Enterobacteriaceae H:/@7E DS H 1= B ficim o HL
R ABE 1Y 2 5 14 118 i R P 1) g 8 A A 4 LA YD
T IKHE Serratia. IFFHFl Enterobacteriaceae

B . e HiE Hafnia Obesumbacterium A1
FHE, MR H R R O IR e B AR P Y
W B A DLV IR R Serratia FIZ &
Pantoea ML #HE
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FAN &R 4 B, Amine and polyamine biosynthesis -
FHEA YA R Amino acid biosynthesis -
HBLHRNAFEH, Aminoacyl-tRNA charging -
FHENAWEYE R Aromatic compound biosynthesis -
oKL&Y 44 B, Carbohydrate biosynthesis -

AL 4 1A R Cell Structure biosynthesis -

WET. R4, BTREMEEREYER

Cofactor, prosthetic group, electron carrier, and vitamin biosynthesis
i1 @wﬂn%’p H: )4 i, Fatty acid and lipid biosynthesis =

ARBHETHI LA R Metabolic regulamr bmsynthcsls "

A FZH B A A Nucleoside and
HoAt B4 8 Other blusyuthesls -

YRAARIIP=41 42 1, Secondary metabolit biosy

WAL
Biosynthesis

kG e Alcohol degradation -

PE[#f# Aldehyde degradation -

FRFZ %/ Amine and polyamine degradation =

B ILIR4F# Amino acid degradation -

FEF A A YIEAE Aromatic compound degradation =
Cl1LEH#|F 5L C1 compound utilization and assimilation =
BARAL A IR Carbohydrate degradation -

ThAEE /432 Functional pathway/classification

HRIRELIER Carboxylate degradation -

S kAL HIF%4# Chlorinated compound degradation =

HWET, BB, BTEIAEMAE Cofactor, prosthetic group, electron carrier degmdatwn -
SBAL/R A/ RMEH AL Degradation/utilizati i other -

BE M54 5 BB Ve Fatty acid and lipid degradation -

FeHLEFEiS Iorganic nutrient metabolism -

HERVEC AR Nucleoside and nucleotide degradati

B & YIMEAR Polymeric compound degradatlon -

WHAB YR dary metaboli d

HiE EMZfE Antibiotic resistance =
PRSI — 4L R Methanol oxidation to carbon dioxide =

1,5-fi7K FEAHEAR 1,5-anhydrofructose degradation ™

i, F{&5 Electron transfer =

B4y - 2% % K42 Entner-duodoroff pathways =
Z N ZBi#E5AR42 Ethylmalonyl-CoA pathway =
%8 Fermentation -

B4 4k [ Formaldehyde oxidation I =

BEBREME Glycolysis =

ZBEBRIEFF Glyoxylate cycle =

SRR Y& A Isopropanol biosynthesis =

i B 4= M)A % Methyl ketone biosynthesis =

R4 MR Methylaspartate cycle -

[ bEBEER %1% Pentose phosphate pathways =

¢4 1E A Photosynthesis -

I Respiration -

S B - AL KIRBR12 Superpathway of glycolysis and Entner-Doudoroff «
R, P Eﬁmﬁiﬁi TCA Zﬁﬁﬁ%ﬂ% i

BAL/A AT/
Degradation/utilization/
assimilation

HEz

Detoxification

AR A RE R Ay A2

Generation of precursor
metabolite and energy

Superpathway of glycolysis, pyruvate and gl bypass
TCAf)Eﬂ: TCA cycleTCA -
BB )4, Glycan biosynthesis = b
TR Glycan degradation Glycan pathways
#%BRIN T Nucleic acid processing = EAr ek
% H B Protein modification - Macromolecule modification
L-BEARML-2 8B Y & R L-gl and L gl

O-HLEMBHREY &R (KB ) O-antigen building blocks biosynthesis (E coli)"
wﬂﬁm Phospholipases =

W FpE AR OB A% FP B AR AL, Pyrimidine deoxyribonucleotide phosphorylation *
CTP& I Bt A2 T IR Pyrimidine deoxyrit ides biosynthesis from CTP* 'fﬁ%
W AR HR Sk A & T Pyrimidine deoxyribonucleotides de novo biosynthesis T = Metabolic clusters
e RIS R 4 918 LI Pyrimidine deoxyribonucleotides de novo biosynthesis Il =

I AR L4 )& BRIV Pyrimidine deoxyrib leotides de novo bi thesi ]V -
L-REERRAL-REBEAEY) AR A2 Superpathway of L-aspartate and L ine bi
tRME3; tRNA charging= B

NN o
SHIIOR R
ORI AN
AR 8 # B {E Relative abundance of metabolic pathway

B8 i@
Fig. 8 Metabolic pathway analysis
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