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M %, F A8 K E Klebsiella variicola; 500 m VAT .500~1 000 m.1 001 m ¥A L &K AP B0 40 & A2 M 18
S 25 A AR R0 TA B Pseudomonas . 0 E 18 KA B e S s 18 & , K5 FF 2 3] 4 3 BRI
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Abstract: To reveal the composition of intestinal and fecal bacteria of fall armyworm Spodoptera frugi-
perda from different geographical altitudes, the culturable bacteria in the intestines and faeces of S. fiu-
giperda from 22 locations at different altitudes were isolated and cultured on media, and the species of
bacteria were identified using the morphological characters and 16S rDNA sequences. The results
showed that 45 species, 22 genera, 15 families in four phyla and 36 species, 18 genera, 13 families in

four phyla were isolated from the intestines and faeces of larval S. frugiperda, respectively. The most
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common phyla were Proteobacteria and Firmicutes. The composition structures of intestinal and fecal
bacteria of S. frugiperda larvae from different altitudes were different. The predominant bacterial gen-
era and species were Enterococcus and Enterococcus casseliflavus in larvae from four altitudes, below
500 m, 1 001-1 500 m, 1 501-2 000 m and above 2 000 m; the most common genera and species of
bacteria were Klebsiella and Klebsiella variicola in the larval intestines of S. frugiperda at the altitude
of 500—-1 000 m. The predominant fecal bacterial genera were Pseudomonas, Klebsiella and Enterococ-
cus, and the predominant fecal bacterial species were Pseudomonas koreensis, Klebsiella variicola and
Enterococcus casseliflavus in larvae from the altitudes of below 500 m, 500-1 000 m and above 1 001 m.
The Shannon-Weiner, Simpson and Pielou evenness indexes of intestinal and fecal bacteria of S. frugi-
perda from five altitudes were 0.35-3.42 and 1.04-3.38, 0.09-0.86 and 0.48-0.84, 0.22-1.17 and 0.50-

1.23, respectively. The results suggested that there were significant differences in the bacterial communi-

ty composition in the intestines and faeces of S. frugiperda larvae at different altitudes.
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Fig. 1 Species numbers of the intestinal and fecal culturable
bacteria in the gut of larval Spodoptera frugiperda
at different altitudes
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Table 1 The culture characteristics of culturable bacterial strains and comparison with typical strains in the database

- AR TR
" 2% HHES R " B
L R el SRS CHifLE) s
. Gram’s Strain mor- . Accession
Strain no. dvein holo Culture character Strain with highest no
yelng  puology similarity (similarity) ’
ZKF-F, BSC-B, o RAPIR RELN FLE R AT SR RGBT R A JQ669676.1
MDC-D, LCC-B, Short rod Irregular, creamy white, slightly convex with fold, edge Bacillus subtilis
HMLF-B leaf, opaque, dry (99.01%)
SZC-B, JHC-D, + 0 JERPIR A R B AR G ERR, ANEW, AR SN E AT MT072159.1
GDC-C, RLC-H Shortrod Irregular, pink yellow, slightly convex with fold, edge  Bacillus pumilus
wavy, opaque, dry (99.58%)
7ZYC-C — PR BUE , w6, o™, DS FRND G, 2 i Wi Pseudomonas azotofor- KY643714.1
Short rod Round, khaki, slightly convex, regular and smooth mans (94.62%)
edge, translucent, moist
LCC-D — PR BUE B e Bt G ANE R SR B AT MK 114600.1

Short rod Round, pink white, slightly convex, regular and smooth Pseudomonas reactans

edge, opaque, moist

(99.29%)
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. Grams Strain mor- S Accession
Strain no. . Culture character Strain with highest
dyeing  phology similarity (similarity) no.
YMF-D,YJC-D  — EFPR BUE, DTG, Bt DG ANEN] i B RE KF465828.1
Short rod Round, bright yellow, slightly convex, regular and Pseudomonas sp.
smooth edge, opaque, moist (98.71%)
MDC-H,LCF-B  — Pk B, s, e, iGN g, Beii Al R P MN932292.1
Short rod Round, yellow, bulge, regular and smooth edge, Pseudomonas parafulva
opaque, moist (99.57%)
GDC-E —  REFRR BUE, O, R, DT AER R R T MK070150.1
Short rod Round, yellow, bulge, regular and smooth edge, Pseudomonas parafulva
opaque, moist (99.15%)
THF-E, MDF-B,  + FfRR BUE, ZLE G, 0us, o, DgMNDEHE , A& KRR MG737573.1
HMLEF-F, NJE-D Shortrod B, JiEiiH Aeromonas caviae
Round, creamy white, center light pink, slightly con-  (99.93%)
vex, regular and smooth edge, opaque, moist
JMLF-D,CNC-D,  + &fftk  FE, ,55@, e, AN, A, 1 Z AR R AB100739.1
MSEF-G Short rod Round, yellow, Bulge, regular and smooth edge, Sphingobacterium
opaque, mosit. multivorum (99.93%)
JHE-B, IMLF-A,  —  JfPR BE SEE, BN AGHNDER, AED] R T RE GU272345.1
THF-B, MDEF-C, Short rod Round, lightly yellow, slightly convex, regular and Enterobacter sp.
HMLC-E, THC- smooth edge, opaque, moist (99.58%)
E, YJC-K, FQF-E,
CNC-E, NJF-K,
RLF-C, THC-G
PPC-D, MSF-E,  — PR B B0, BN AN, B, i 7N B AT K(C247671.1
JMLF-P Shortrod Round, orange, slightly convex, regular and smooth Chryseobacterium sp.
edge, opaque, moist (99.86%)
FQF-C,HMLC-B  — EfPik B, WIE 6, - AU m I i IR R MN220569.1
Short rod Round, bright yellow, flat, regular and smooth edge, Myroides marinus
translucent, moist (99.64%)
FQC-D, MSF-F — PR BUELFLE @, PO B S GRNDEN , RE RIS R AR JQ753311.1
Shortrod BH,#H. Round, creamy white, center yellow, slightly Pseudomonas parafulva
convex, regular and smooth edge, opaque, moist (100.00%)
LCC-G —  EFPIR BDE L EEE, B, AGNDEHE , AE 1R R B f B T MK070150.1
Short rod Round, orange, slightly convex, regular and smooth Pseudomonas parafilva
edge, opaque, moist (99.51%)
NHC-F —  JFEIR [EIE , %558, ™ ISR EH , AaE B 7R Pseudomonas azotofor- MH079452.1
Short rod Round, dark purple, slightly convex, regular and mans (99.65%)
smooth edge, opaque, moist
NJF-I —  REFRR BUE, LR BN, BGNDEE AN R R BR A KY770512.1
Short rod Round,khaki, slightly convex, regular and smooth Paracoccus sp.
edge, translucent, moist (99.93%)
NJF-E, YMF-B,  — GfPR OB ERE G, W, gk, A EY AR ) KF056821.1
ZKC-P, YJC-G, Short rod Concentric circles, lightly yellow, flat, edge leaf, Pseudomonas sp.
YJF-E opaque, moist (99.44%)
ZKC-C,SZF-D,  — PR BB R, BN, HGNDLH  EEN] AR (N KR922057.1
HMLC-G, RLC-F, Shortrod Round, orange, slightly convex, regular and smooth Pseudomonas sp.
ZYC-D edge, translucent, moist (99.65%)
ZKF-A — PR BDE, e, il N, g i 7] KC456574.1
Short rod Round, bright yellow, bulge, regular and smooth edge, Enterococcus casseli-
translucent, moist flavus(98.83%)
MDC-F +  FPIR B, B, RS UG ARI  AE], T (B KR922057.1
Rod- Round, yellow, convex with center fold, irregular edge, Pseudomonas sp.
shaped opaque, dry (99.50%)
YMC-B,YJC-F, + PR BIJE , B, i ~F DG TT L, s W R0 o 25 AT i MT789058.1
YJF-F Rod- Round, yellowish-white, flat, irregular edge with split, Cytobacillus firmus
shaped translucent, moist (99.86%)
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Strain no. . Culture character Strain with highest
dyeing  phology similarity (similarity) no.
HMLF-E, THC-C, + PR B, IRE 6, E, HGHNDEH  FEW L E - RdTE KR906256.1
YME-F, YJF-D, Rod- Round, lightly yellow, bulge, regular and smooth edge, Microbacterium sp.
RLC-E shaped translucent, moist (99.64%)
GIC-E + FRIR BJE, s, flut i goDe 2 i, i TR M T MG547952.1
Rod- Round, yellow green, slightly convex, regular and Bacillus aquimaris
shaped smooth edge, translucent, moist (99.86%)
CNF-D,MSF-D,  — PR B, R86, Bt AU EW R ST MT760264.1
MSC-C Rod- Round, khaki, slightly convex, regular and smooth Flavobacterium ceti
shaped edge, translucent, moist (99.85%)
GDF-C, CNF-G,  — FRIR BB, B, i s oD e 2 B 5 AR T MN889396.1
NJF-H Rod- Round, yellowish-white, bulge, regular and smooth Pseudomonas putida
shaped edge, translucent, moist (100.00%)
ZYF-D, THF-D,  — PRIk B, 200, il AN  hGaE W] 100 SHERET S MT540252.1
GJF-D, THC-D, Rod- Round, Yellow, bulge, regular and smooth edge, Sphingobacterium sp.
YXF-G, PPF-E, shaped translucent edge, moist (99.79%)
RLE-D, RLC-G
JMLC-E,NHF-C, + PR B, H@, B, G NDeH 2 E W, AR B2 MIAT HQ693527.1
MSC-B, MSF-B, Rod- Round, white, slightly convex, regular and smooth Virgibacillus sp.
RLF-B shaped edge, translucent, moist (99.86%)
GJF-E, JHC-F, — R BDB, LG, R, SN REN L E AR KX343948.1
HMLF-G, MDF- Rod- Round, purple, bulge, regular and smooth edge, Serratia marcescens
E, YJF-G(4L) shaped opaque, moist (99.86%)
YXF-D,NHF-F,  —  fPR A B @, B AR, BN e IR CbeRi MK 182883.1
NJF-C, RLF-F, Rod- Irregular, pink yellow, slightly convex, jagged edge, Pseudomonas
RLC-I shaped translucent, moist mendocina (99.79%)
HMLF-C, GDF-F,  + FRIR AR, @ g, IR, ARIE TR A AT CP045814.1
CNC-C, CNF-E, Rod- Irregular, white, flat, edge leaf, opaque, dry Bacillus licheniformis
NHC-G, YXC-D, shaped (99.93%)
PPC-E
BSF-C, BSC-V, + 0 KRR BE, B, R, GO EE] AR AR B R MH304258.1
RLC-D Rod- Round, yellow, bulge, regular and smooth edge, Pseudomonas libanen-
shaped translucent edge, moist sis (99.51%)
THC-H,HNC-D, — PR BB, s, AD6E, Bt A GNDEH g, 77 ms| b A i AJ874979.1
NHF-D Rod- i Chryseobacterium sp.
shaped Round,tawny, glossy, slightly convex, regular and (99.65%)
smooth edge, translucent, moist
YJC-B,RLC-C,  — PR BUE O, RV G H AR 2, E N i R AT R KT719930.1
MSE-C Rod- Round, orange, flat, irregular edge with split, translu-  Bacillus firmus
shaped cent, moist (99.58%)
ZYF-E, YJF-B — PR B FELAE, PO, S SN, NE wh R B GQ368179.1
Rod- B, Pseudomonas koreensis
shaped Round, creamy white, center light pink, slightly con-  (100.00%)
vex, regular and smooth edge, opaque, moist
GDF-E,NHC-G ~ + FRIR AHUN, B 6, R ™ , e RR P~ B 1 2R AT MK302237.1
Rod- Irregular, yellowish-white, slightly convex with fold,  Bacillus luciferensis
shaped edge wavy, translucent, semi humid (99.72%)
LCF-A — PR BE BE G B ASMNDEHE S RIE SRR KC150858.1
Rod- Round, bright yellow, slightly convex, regular and Sphingobacterium sp.
shaped smooth edge, opaque, moist (99.47%)
GDC-F — PR BUE A RN SN EEW L RE AR KP99SI3LLI
Rod- Round, yellowish-white, slightly convex,regularand  Actinokineospora cibo-

shaped

smooth edge, translucent, moist

dasensis (98.14%)
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Strain no. dyeing phology Culture character Strain with highest o
similarity (similarity)
BSF-H, FQF-G — MR BUTE , B 6, 0™ AN EE ] R (R E KX279661.1
Rod- Round, tawny, slightly convex, regular and smooth Pseudomonas sp.
shaped  edge, translucent, semi humid (99.43%)
LCF-D,ZKC-D, — PR WRDE , 2L, R 0™ Uk L R BE 080E Pseudomonas MH685647.1
SZC-A,HMLC- Rod- Near round, creamy white, slightly convex like a crater, gessardii
A,GJC-D,MDF- shaped  opaque, semi humid (99.37%)
F,YMC-E,YMF-E
GDF-D, PPF-F LR B, BB, ol H GG T, AED] R BT R MT540252.1
Rod- Round, bright yellow, bulge, regular and smooth edge, Sphingobacterium sp.
shaped  opaque,moist (100.00%)
YXF-E —  FPIR B i 0, 3™ OGN G AEN] W AT iR JF772577.1
Rod- Round, lightly yellow, slightly convex, regular and Sphingobacterium sp.
shaped  smooth edge, opaque, mosit (98.39%)
ZKF-G,JMLC-C, + fPIk ANKIN,FLEE, SRS A ZRBRAR  ANET, THE DRI 2R MO A MT081105.1
THF-F Rod- Irregular, creamy white, convex like a crater, edge Bacillus velezensis
shaped  wavy, opaque, dry (99.51%)
BSF-C, BSC-V, + PR BT , B0, Tk, ARG, i W], Wi B AR B B MH304258.1
RLC-D Rod- Round, yellow, bulge, regular and smooth edge, Pseudomonas libanen-
shaped  translucent, moist sis (99.51%)
MDC-C,CNC-F  —  fFiR FE ey, ot GG AED R AR MK696975.2
Rod- Round, pale lemon, slightly convex, regular and Pseudarthrobacter chl-
shaped  smooth edge, opaque, moist oophenolicus (95.84%)
GJc-C —  FRIk B, 2B (0, e, DM s -, A ] 00 B iR CP005975.1
Rod- Round, reddish orange, bulge, regular and flat edge, Pseudomonas simiae
shaped  opaque, moist (98.88%)
CNF-F —  ERIR B A7 €0, i ~F- SN, B ] 1 TR MK414839.1
Spherical Round, lemon, flat, regular and smooth edge, translu-  Microbacterium sp.
cent, moist (99.86%)
JHF-C, HMLF-D, — Bk BT IR B s UG AN, 27 W, Iy HGZ MKO027265.1
MDC-E, JHC-B, Spherical Round, lightly yellow, slightly convex, irregular edge, Pantoea dispersa
YMC-D, NJF-M translucent, moist (99.86%)
JMLC-D, YJF-H, —  BRIR R #80, F, HGnIR , ANB I, T Macrococcus brunensis MT760111.1
YJC-I, FQF-D, Spherical Round, orange, flat, jagged edge, opaque, dry. (94.58%)
NJF-G
FQC-B, JHF-D, +  ERR B iRk, ™ AN, B0 R B e ke AB547326.1
JMLF-C, GJF-C, Spherical Round, oyster, slightly convex, regular and smooth Enterococcus
THF-C, YMC-C, edge, translucent, moist casseliflavus
YMF-C, YJF-C, (97.98%)
YJC-C, FQF-B,
YXC-B, YXF-B,
CNC-B, CNF-B,
PPC-B, PPF-B,
NJC-B, NJF-B,
NHF-B, NHC-B
ZYC-A,GDF-B,  +  ERIR B, G, B DT , & ], 10 Bk KX233850.1
GDC-B, BSC-C, Spherical Round, white, slightly convex, regular and smooth Enterococcus casseli-
CNF-C, PPF-D, edge, translucent, moist flavus
NJF-B, BSF-D (99.09%)
ZKC-B + 0 BRR BT B 60, B, LGN AN, i TUIMTE KP340978.1
Spherical Round, orange, slightly convex, regular and Exiguobacterium sp.
smooth edge, opaque, moist (98.77%)
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R A 5 ALY B o
bk HHPS ST CHifE) o
. Gram's Strain mor- L Accession
Strain no. dyeing phology Culture character _Str.am.wnh hlghe§t o,
similarity (similarity)
ZKC-H, ZYF-C,  + kiR ZV N SR - ORI UL S5 UDIiiE i vt IR A IR KC456574.1
GJC-B, LCC-C, Spherical Round, white, slightly convex, regular and smooth Enterococcus
S7C-C, BSC-D, edge, translucent, moist casseliflavus
BSC-C, HMLC- (99.10%)
C, JHC-C, MDC-
B, IMLC-B, BSF-
A, BSC-D
BSC-E,ZKC-K ~ — Bolk TR 48 €0, (kL S 2 D, A B 3 PR/ KT962244.1
Spherical Round, orange, bulge, regular and smooth edge, Exiguobacterium sp.
opaque, moist (99.10%)
LCC-E, SZF-E, —  ERR B, g 6, el SR NDENT , AW, 1 AT BT MF689016.1
ZKF-B Spherical Round, yellow, slightly convex, regular and smooth Microbacterium sp.
edge, opaque, mosit. (99.71%)
LCC-F - ERIR TR A8 €0, ™ S DN , 2B W], 3 JE I KM349213.1
Spherical Round, orange, slightly convex, regular and smooth Brevundimonas sp.
edge, translucent, moist (99.04%)
SZF-C, GJF-B, — BRIk B, e, e, D MNDEH , AEW R SR MK734323.1
HMLF-H, ZYF- Spherical Round, pale yellow, bulge, regular and smooth edge,  Acinetobacter soli
B, ZKF-E, NHC- opaque, moist (99.58%)
C,NJC-C
ZKC-E, ZKF-C,  — BRIk FE A B, e, WG , ANEW L R B MK318624.1
SZF-A, FQC-C Spherical Round, orange, bulge, regular and smooth edge, Sphingomonas leidyi
opaque, moist (99.40%)
SZF-F, BSC-A, —  ERAR B, ZLA @, e, DML, AED] 8 e A IR MH767042.1
SZF-B, LCF-E, Spherical Round, creamy white, bulge, regular and smooth edge, Klebsiella sp.
JHE-A,JHC-A, opaque, moist (99.16%)
THC-A, IMLC-A,
JMLF-B, HMLC-
D, HMLF-A,
GJC-A, GJF-A,
MDC-A, MDF-A,
THC-A, THF-A,
ZYF-A,YMF-A,
YMC-A,YIC-A,
YJF-A, CNF-A,
CNC-A,FQF-A,
FQC-A,NJF-A,
NJC-A,NHF-A,
NHC-A, YXF-A,
PPC-A, MSF-A,
MSC-A,RLC-A,
GDF-A,GDC-A
ZKC-F, HMLC-F  +  Blk BRI B, il GO EN , N EH W ROk KJ191054.1
Spherical Round, pale yellow, bulge, regular and smooth edge, = Micrococcus sp.
opaque, moist (98.78%)
NJC-D,MDC-G, — ¥R FIE, A 6, 30, D MNDEH , AE] L RiE RS JF825998.1
BSF-B, ZKC-A, Spherical Round, bright yellow, slightly convex, regular and Bacillus sp.
MDF-D smooth edge, opaque, moist (99.24%)
SZC-D + BRIR B, s €, e, DN EH  AGER] i R AT MK 114600.1

Spherical Round, bright yellow, bulge, regular and smooth edge,
opaque, moist

Pseudomonas reactans

(99.36%)
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#ZF3R 1 Continued

AR R

R R A =
mbRg o WHREA SR CHILEE) L
. Gram’s Strain mor- L Accession
Strain no. dyeing phology Culture character _Str.am.wnh hlghe§t o,
similarity (similarity)
JHC-E, BSF-F, — BRAR B Ao, i DD, AN 1 BURIRTRHE 27T/ KT952310.1
JMLC-E, FQC-E, Spherical Round, lemon, bulge, regular and smooth edge, Oerskovia paurometab-
YXC-C,ZYC-B, opaque, moist ola (96.98%)
PPC-C,NHC-E,
NHF-E,MSF-],
MSC-D,RLF-E,
RLC-M
MDC-I + IR [BITE , st €, Mk s DG AE W Wi EaF TR EU169173.1
Spherical Round, bright pink, bulge, regular and smooth edge,  Phyllobacteriu myrsin-
opaque, moist acearum (94.49%)

2.3 TIIEFHEAE 16S rDNALELR

63 bR ML PR 25 16S tDNA 2 [H /3 Hr, 348
BLAST X}, 25 R a8 1. 31X 63 BRAN B B ik 43l =
JETFRIFF BT T JREER ] B R T TRAS T
2.4 FREFEEL R7E S EFEREFRARE N
2.4.1 T1KRF Emiegam ot

5/ VEER I 1) 2 5 130 e 4y P RN S vp
AIREFRANE A 4171, BN 1) JEBERA ]
PURF R T TR BT, 5 AN TR R Y 2 2 21 AR B
FTRERER ], HA B S FE ., H, hiEae
H, FRAR S S AN AR R AT 110 = AR
25.33% . 82.49%.37.22% . 32.53% F 2.07% , J&- BE I
T IR M 74.67% . 16.22% . 62.01% . 51.99% Fil
97.06%, 500~1 000 m i 35 Fh ¥ AR T2 7 1] 3= B B
BT HABAEE, 2 000 m DL IR Rl e Y S RE R )
=B T LA AR (151 2)

W]

Bacteroidetes

" BT

Actinobacteria

" BRI

Firmicutes

* BT

0 Proteobacteria

FAIXTEBE Relative abundance/%

<500 m
500-1 000 m
1001-1 500 m
501-2 000 m
<500 m
500-1 000 m
001-1 500 m

>2 000 m
501-2 000 m
>2000m

B

Intestinal bacteria

R
Fecal bacteria
B2 AEBREMR AL R EMEEIERAER
117k LRI E R S
Fig. 2 Phylum-based proportional composition of the intestinal
and fecal culturable bacteria of larval Spodoptera frugiperda
at different altitudes

FEEAM T, 5P AR, AR TR
F FE MR N 62.57% ., 88.99% . 15.78% ., 36.48% FI
31.82%, JEBE T ] F BE MR IR 37.34% . 8.64% .
75.31% .46.98% Fl156.82% , 500~1 000 m & Fh fif 5
i TR I S T AR TR ] B B T AR R
1001~1 500 m AFHR PR Y JERERE | ] B B i T
MR, HLLA1 000 m Ay 53 A2k, (IR RS
A IRE S = i N T E SR
(E2),
2.4.2 AR b e AR ST

5NV (%) B 1 57 13 Wk 4y o gy 1 RN AR rh
OB BT SR AN 17 B, AR h AT R R
PR TR R | Bk R R ZE B AT BRI o Y LA A
o MIEANE T, S AP LR AT R
f) 2 BE AR YR 15.11% ., 82.38% . 27.33% . 4.85% Fl
2.07%,500~1 000 m VP& B A = B BH (s T 4L
Pl AP 5 (B R B R = B IR R 10.229%.0.12%
5.80% ., 19.42% £ 0.00% , K F 2 000 m 1 ¥ 4k Fh
W A BRI B R 5 B ER R A R IR A
48.89% .5.50% . 61.28% . 30.08% 1 55.67%; = Mo kT
FE R BRI M 17.78% . 4.44% . 0.36% . 21.92%
F141.39%,1 001~1 500 m A FRE A ) =F B2 B BAI
FHADFPHEE(E 3)

FEMEAN R T, S PP AR S, AT R
1) R IR K 0.05% . 67.96% . 13.45% . 27.61% F
31.82%, 500~1 000 m i3k Fh#HF H i =F B B 8 &
At A A 5 1B BRI TR B Y S B AR IR 62.52%
21.03%.2.13% .4.67% F10, /N T 500 m ¥4k Fh#E
14 =5 5 B 2 & T AL AR EE , 17 KF 2 000 m 1R
Pl e B A I Bk R E AR IR R 37.14% .
4.18% .45.73% .31.98% #1 56.82%, 500~1 000 m ¥
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PRFPE P Y = B B AT AR 5 28 AR AT B R
1 2 BE R YR K 0.12% . 4.46% . 29.36% . 14.32% F

0, 1 001~1 500 m WEHR A Y = B2 BH 8 v T oAt
FiE, KT 2 000 m AR EE A (E3),

o - = JAFFE R} Caulobacteraceae
90 H#FE# Phyllobacteriaceae
= ZLFFE A} Rhodobacteraceae
80+ = MK S BAIE R Aeromonadaceae
& " FERRAFE AL Alcaligenaceae
g or m R E R} Actinomycete
g 60 F B HERE R} Micrococcaceae
§ ® ER A} Moraxellaceae
% 50 - m BEEEFFE R Sphingobacteriaceae
E ® EHFTE A Flavobacteriaceae
i 0T B A4ERAFER Cellulomonadaceae
g 30 L = AT A} Microbacteriaceae
= m ZEHIFF B AL Bacillaceae
20 = B EERE B Staphylococcaceae
» fERE R} Enterococcaceae
10+ = REHE AL Pseudomonadaceae
® fiAFE A} Enterobacteriaceae
0
EE oz o: |z g oz oz ¢
P EEoEog|F EoE o os
:: 2z 7 sz z
= - P EE
JEE4HE Intestinal bacteria FEMB Fecal bacteria
IR Altitude/m

B3 AREISRE S A4 A B B AT SR A E AR E AR 4
Fig. 3 Family-based proportional composition of the intestinal and fecal culturable bacteria of larval Spodoptera frugiperda
at different altitudes

2.4.3  BART Lt e LR o T

5 ANV (%) 55 1 5 03 Wk 40y gy 1 RN 2R vh
ey B B 0] KR IR AN P 23 &, AR S TR A KA
J& SRR m ki E R S AT S
T 7 OB AR 4 i . BB AN, S A BRI
gl &, s Hm IR W F EARIR N 6.22%.
74.62% .26.72% . 4.44% F12.07%, 500~1 000 m ¥EK
FRRE b A 32 B B I = T AR s A v i 3 B
Ry 8.88% . 13.82% . 0.60% . 0.41% F1 0, K T
2 000 m V4K PR BE A 4 B 2 I Bk TR 8 Y F
AR N 48.89%. 5.55%. 61.28% . 30.08% Al
55.67%, 500~1 000 m i ¥k Fh ¥ o i =F B2 B @A F
At B A 5 (B BRI BRJE 9 B AR K 10.22%
0.12% .5.80%.19.42% F110, 1501~2 000 m (1) = &
XS , R T2 000 m R AN s 4 245 31
ZF MR B s 0 3 BE IR 17.78% . 1.31%.0.36%
21.92% F141.39%, KT 2 000 m {&E5 1) e b 32 B
BB (E14),

AR, v A QR R P T BRI 0.02%
44.56%.13.33%.11.93% F1131.82%,500~1 000 m ¥4k
PR v 1 = 18 B b g T AR 5 R AT BB 9 2
IR 9 0.00% . 23.40% . 0.13% . 13.92% F1 0.00% , /]
T 500 m FIK T2 000 m g3 AN EE P 2 2 2
FF 0 8 5 B 3R B T 04 =F BEAR IR R 37.14% . 4.18%
45.73%.31.98% #156.82% , 500~1 000 m HE4RFHEE
14 = B W S ARG T AR A PR R v g 1) = R
N 62.52% ., 21.03% . 2.13% . 4.67% F1 0.00%, /N T
500 m HEEFA A FIHE = B R S s T AR, 12 000 m
DL RIS v B 2 B AR B 2R AT e ) R
BE AR K 0.12% . 0.000 7% . 29.33% . 9.52% F1 0,
1 001~1 500 m ¥ 4% Fh A o =F B2 W1 v, iR 1
2 000 miEFR IR A T 2 (B 4) .

2.4.4 FPKPE_EmE 69 HE R 5T

MFACE BB AR AR R R =R,
FIFPAY oA T =EBERT 12 f0Fh, ol LB H i fns
fi AT 5 IR AR 32 AR 5 E A G TR Klebsiel-
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la variicola . 55 %5 17 BR & Enterococcus casseliflavus
M Pseudomonas koreensis, JHiEZHEE T ,500~1 000 m
TR R AE 0 3 T D 28 WG 5 75 1F R, AR R 2 B2 5K
74.87%;500 m LA F 1001 m DA 1 3R A RO 34
VR B8 A B B BR AT A X SF AR IR 48.89%
61.28% .30.08% K1 55.67% . Z&{HANE + , 500 m L

60
50F
40

30F

FEXF=E R Realative abundance/%

20F

10

0

<500 m
500-1 000 m
001-1 500 m
501-2 000 m

>2 000 m

<500 m

500-1 000 m

FAIEYHE Intestinal bacteria
¥R Altitude/m

IR AR A R L A A e L BB AT, ARG S TR
61.90%; 500~1 000 m ¥ 44 Fh i £ 38 B o0 5 A o B
1A EC T, AR 32 B8 1k 44.56%; 1001 m DL F i3k A9 Fh
HEA 5B 3 8 B 8 A Bk B, A X = AR RN
46.99% .31.98% F156.82% (X1 5) .

100 — — u EHPk BB Brevundimonas
- - - - . u HFFE B Phyllobacterium

90 u L4 )8 Rhodobacter

= JRERHE B Actinomyces
80} u RERE B Myroides

u KK BEME B Aeromonas
70 B Pseudarthrobacter

IR B Micrococcus

= AT B Acinetobacter

= FERRAT B B Alcaligenes

» JEKHE B Oerskovia

B &EATEB Chryseobacterium

u BEBEFTE B Sphingobacterium

u EATE B Flavobacterium

u RiSEMIATE R Virgibacillus

u FFE B Microbacterium

u WEKEE Serratia

u FEMIAFE B Bacillus

m EERE B Macrococcus
FWERE B Enterococcus

= REHE B Pseudomonas

= g &8 Enterobacter

m EHEAKER Kiebsiella

001-1 500 m
501-2 000 m
>2 000 m

ZE(FEYNBE Fecal bacteria

4 AEIBHEM AW RFEMEETERABREBKT LREMEN

Fig. 4 Genus-based proportional composition of the intestinal and fecal culturable bacteria of larval Spodoptera frugiperda

at different altitudes

2.5 FHEFRME SH ST

5 AV AR RN AR 1 L B R U P S 2 A
H, 5001 501~2 000 m I 44 Fh JFE 11 22 B P 36 B
f, B S BER Bl i v s i P AR T2 000 m i
PRAFIE A P 22 FEPE RN 50 B B fIK, 258 P 2 500 m
DL IR FI AR (E 6)

JA T 40 B L 1 501~2 000 m 4K FPRE R Shan-
non-Weiner 15 0 ik 3.42, i & & T H AW R i (P<
0.05) , ¥4 500 m LA PRI 2, 242.28, K T2 000 m
TR A IR 0 25 (R T A AR E , £ A 0.35; Simpson
8 527 fb ¥4 % 5 Shannon-Weiner $8 %1 — 24 ; ¥ $&
500 m DA R AP 1 501~2 000 m 4R FHERY Pielou
By 5) FE 48 % W 2w T AL AN (P<0.05) , 430
1.17 F11.09, Wi ¥4k 2 000 m DL _EFEEACR 0.22,

EALT AR (P<0.05) .

AEE AN P, S [R5 4 FP R (] Shannon-Weiner
TRBOAFAE 38 25 57 (P<0.05) , M\ 1 BMIRAR K N
1501~2 000 m #h #f (3.38) >1 001~1 500 m Fh F¥
(2.60)>500~1 000 m F{#£(2.29)>KF 2 000 m Fiifi
(1.29)>/NF 500 m F#£(1.04) . Simpson F5 £k
SAA—F,{H 500~1 000 m 11 001~1 500 m [f] 274
3% (P>0.05), Pieloud4) B4l 22 744 W 2 (P<
0.05) , M= ZMRAR K R K T2 000 m FP#E(1.23)>
1 501~2 000 m F(1.08)>500~1 000 m FhF£(0.89)>
1001~1 500 mAEE(0.78)>/NF 500 mFHE(0.50) .

3 it
FE OB W i A K IR BEE A
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S A R A Wt AR b R R (R e 5
2018) , PN A B 0T 45 Bl B HLHRE v X PR B 1 3 A 1
(Engl et al., 2018; i {F 145, 2021) , HETE AR Z
S AN [) o PR e 53 72 ik g 8 A T P i, e B
W B M A (AN [ b PR (TR
M34,2020; X 2245 2021) A [R]2F R0 (5B 2 ut
452019 AR 4555, 2019) AR [A] Bt 265 (253 255,
2020) {14 1 531 Bk 7 3 D9 20 B 2E RS A B TR A
AHANE]  AHHETE A [RITEEAR AR BE X 2 e 48 AN ] i
PR KT DX 0 B R I R (S A PR A T
KRR R e Lo B 41117823 @ 50 F.
SANUGHR AN EER LR AR TR )RR BE TR ]
AT o ) AR BE TR T 2 26 1 Mythimna separata
(He et al.,2013) . 3£ [& [ 1% Hyphantria cunea (E1}
W2 2017) FA~ k3 S48k Clostera restitura (ARG,
2021) S50 H 4 R i TP AT AR
RT3 5 AR FPRE 4 iz 18 0 3 58 41 1] P
J& £ 55 72 B A I R (2.07%~74.62%, 0.02%~
44.56%) JmERiE )& (5.55%~61.28%,4.18%~56.82% )
R A R (0.12~19.42%, 2.13%~62.52% ) , %45
TR A SRR P b, 5 R 1 A D YR
5 — B (g 4k S, 20195 5K % 9555, 2020 ; Gichuhi

50
40

301

FIXF R Realative abundance/%

20 |

10

0

g g g = g g g =)
= [ [ = = [

g 2 & 8 s £ g &

T T i A T T ¢ N

2 3z = 2 5 z N

w <o vy wy [} %

JHEAE Intestinal bacteria F{EMBE Fecal bacteria

1R Altitude/m

10T l = A Others
90 I m BEEE R Sphingomonas leidyi
80 | m "REIEMIFFE Bacillus firmus

u MR ZEMIFTE Bacillus licheniformis
or B EHKHE Klebsiella sp.
60 F R ETE Sphingobacterium sp.

etal.,2020). SR, iX 5 AR FIE LA FRAR],
Hrf1500 m DAF AR R EEL)) B T RN 208 A S
43 ) o 4% 8 i Bk T (48.89% ) R i [ {1 A it BT
(61.90%) , 500~1 000 m ¥ [X 327 Sk AL A 5 T A1 EX
T4 (74.87% H144.56%) , 1001 K L) b ¥4k [X R 45 8%
17 BR T (30.08%~61.28%, 31.98%~56.82% ) , IE 52 T
IRBE T LA B B 18 T A RV I A . e AT,
5 Acedevo et al.(2017) FIZE 245 (2020 ) fi B 45
AN 2, AR5 DA ()6 4 e b 5 1300 A R &)y o
Jir 8 AN o A B AR AR T LI AN R BT R B
KA E R FE S 0AT FEE 5 B
G B LT R R 2F AT B R AT o A
TMIAHTFSE e — A UE 1 5 Hh 50tk 4 e i i ik )
() 2 FEIE s X 2245 (2021) R A 16S rDNA I 5 43 #r
KB, B SR T N R T R RN A
W J& Ochrobactrum 3% 75 IR J& Escherichia MZLAT
B )& Lactobacillus 5 A0 , (H A58 8 1o 43 125 1% 5%
ARy AR, 98 HR R AT RS TR SY ik i 22
S VR, AN [t R R o b 5 73 0 7 1 4 B 4L B AS
A (XNZ245,2021) , ASBHFFE R FH 0 b ST A 5
XIZEAE (2021) FEAOR IF B A AF7E— RE 25 57, IR L X
Pl 22 St T RE R TREA L B BRI 1Y 22 57 5 S o

m IECHMEEE Pseudomonas mendocina

u 2B Pantoea dispersa

n HEREME Pseudomonas koreensis
WEFERE Enterococcus casseliflavus

» {RBPUEE Pseudomonas sp.

= FFE Enterobacter sp.

n BT EAKRE Klebsiella variicola

BEl5 AEEREM SRR L) R FE N ZEE R H E KT _ AR LA

Fig. 5 Species-based proportional composition of the intestinal and fecal culturable bacteria of larval Spodoptera frugiperda

at different altitudes
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= <500m = 500-1000m = 1001-13500m

Shannon-Wiener Simpson index
index index

FHIEYHTE Intestinal bacteria

1501-2000m = >2000m

Shannon-Wienerf#{ Simpson&%( Pielou3%)5] EHeH| Shannon-Wiener#g3{ Simpson 8% Piclou3y 5] EHe¥k

Pielou evenness

Shannon-Wiener ~Simpson index Pielou evenness
index index

FFEHE Fecal bacteria

El6 AEEREMRR L) A7 EFIZEE A S SR 4 H A% S Ie 8
Fig. 6 Diversity indices of the intestinal and fecal culturable bacteria of larval Spodoptera frugiperda at different altitudes
P B bR 2 o )/ NS P RSN [AIEER T )46 #0428 Duncan [RGB 2 W 22 TA KGR P<0.05 /K225 3%

Data are mean+SD. Different lowercase letters indicate significant difference in the same index at different altitudes at P<0.05 level

by Duncan’s new multiple range test.

24T (2022) BT 2RI B U R 5 B A
TEFRRT 1500 m 5 AR ARG, P fg 5 ik IR
K ABIFGE R I [ 4R R 104 b 57 132 e 4 H
Ji7 38 AN T 2 REEAFE T 25 5%, 1. 500~2 000 m IE4K
1 B PR 5 L 5 7 R i 1 A R 2 R AR Bk e
R T 2 000 m AR 738 40 11 22 FEPE A &) )8
BI AR, v R R R I 18 TR 5 A A m iR I
RIS )38 17 B IR

U b B T MR A R L HH ) AR SR R BR L
B KA BB KRG N EEY (ZH 0 4%,
2020; B Wb 4, 2020)  (HAT SR IBCE & B KN
F, BB RZA TR WAL, L, BRI
T 1 PR AE R B Rk AF AR R A R E A
T Sy i b 0 b £ 1 ik 2 =6 18 AL AF & B 5%
TR BT H AR R H AT ) SRS
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