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Abstract: Tuta absoluta is a world-destructive tomato pest. In order to clarify the composition of
culturable gut bacteria in the larvae, Luria-Bertani and Nutrient Agar media were used to isolate and
culture the gut bacteria of T. absoluta larvae in this study, and culturable bacteria were identified
according to colony morphology and 16S rDNA sequence analysis. Turbidimetric method was used to
determine the growth curve of dominant species, and transparent circle method was used to determine the
degradation ability of starch and cellulose by culturable gut bacteria. The results showed that there were
27 strains were isolated from the gut of the 3" instar larvae of T. absoluta, which belonging to 24 species,
17 genuses, 10 families and 3 phyla, among which dominant phylum, family, genus and species were
Proteobacteria, Erwiniaceae, FErwinia and Erwinia iniecta with relative abundances of 90.68% ,
89.41% , 89.41% and 89.41% , respectively. The dominant species, E. iniecta, had no lag period at
25°C and 180 r/min, it’s logarithmic growth period was 0 ~ 14 h, the stable period was 14 ~28 h, and
the decline period was after 28 h. Starch and cellulose could be degraded by L7 and 19 of
Glutamicibacter , 114 of Kocuria and 120 of Brachybacterium, while L15 and L17 of Kocuria could only
degrade starch. L of Erwinia, L11 of Planococcus, 1.18 of Microbacterium and 122 of Prolinoborus could
only degrade cellulose, while other strains had no ability of starch and cellulose degradation. These
results indicated that 24 kinds of gut culturable bacteria which were contained by T. absoluta larvae and
it’s abundant in species, starch and cellulose could be degraded by several bacteria. Collectively, the
results will provide evidence for the further study of gut bacterial diversity and function of 7. absoluia,
and also culturable strains for the development and utilization of functional bacteria can be provided.
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VI Tuta absoluta AT 1, &
A Mk, EJE T 8 H Lepidoptera 7 ik #}
Gelechiidae ( L AEZE 2011; sKEEZE 45, 2018) .,
#ME 2021 42 H 11 H, FE2EKEFEN 105 MEZK
A (Hrb, BEM 10 4, J63EM 3 4, Bk
P31 A, dEM 35 4, WM 26 ) ( CABI,
2021), 2017 48 A, FREGFHEAL E IR & B
Tk e A (TRAESRAE, 2019), MG TE R
(521N ¢ 1) I 1" LY I <7 SO i B /N 2 S | AN 5
WARLE LB (FEKBREE, 2021) , Fhn et ikl 2L
faFALE AR SRR ZERLAE 9 Bl 40 FEY)
X Tt RN S Y fe B ok M (R EEIY AR,
2018; CABI, 2019), #Biia A LSRG, #
ERF M E R 80% ~ 100% ( Desneux et al. |
2010) .

B 38 A 0 RT RE R e A 32 Y AR s LR
A2 (Mehrkhou er al. |, 2021), 76 E A4
mESh S5 T2 EERN AR,
e EE A E Y T KB, e ER R
HEREFRMEEFRY R (Hu e al. , 2018; Santos-
Garcia et al. , 2020) . $& 5 1 5= B AL A9 7 160 F A 7

fit 71 (Shukla et al. , 2018; Moran et al. , 2019) |
SR T T R A i M B BE T RO A HOR i B vk
(EmEmMmhg, 2017) %, MAEYRAK—KAT
RIS . X BUE R, R E T 4 A
BrBE (PRTERIBRIAIZR, 2006) . € B g g T Ak
P A A il 2 ) T BE 4 TR Y T A LA KO A 32 R
BIR A B L B IE R Y e Wt 5 7
EFREALG BRI R IR AE kL 168
rDNA JF 1 537, 2 5k PR A 0 R e st 4 D 4
(Goodrich et al. , 2014 ; Lagier et al. , 2018) ,

EIR, PN A0 X 2 Al v - g i) 0 5 = A v
FEA S ML YA I, O& T H 18 4 e 2 R
MR AT A il B, ABFSER AL
8oy B E SR 16S tDNA JE I 34T, X iV i
I 2w AR 3 I 4 Ul T 2 TR 22 AR BN TE R
AR R RE D HEAT T E B, FIE TR
PP AR 2, O v e M A T 2 R
K HIRE MR AT T S (AR, [A) Ik S B BE 40
Y TT KA SR BE AR BT IR
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1 MBR5ERFE

1.1 i RiE

T AR E T oA BT LR =
R A, K 2 ik % B 9 T i A R (25°77 54N,
102°44'56"E, 4% 1 937 m)

1.2 FENSFRRF

H IR OG5 3246 RG-300 (1H ST X 24 TR A
Al); AREEREOHL (IR E SRS A RA
7], 2-16R); T100™ ThermalCycler %! PCR ¥ (&
FEMA RN T]) 3 PowerPac™ Basic Y HL KA (32 E1A
IRAHED) ; BEIR (IR A BR A E], ZQLY-
180F) ; 4000tlant (Sl s (thiE) AR
NH]); 2 xTaq PCR Master mix (b5t 2449
BARBRAT); 519 Primel, 27f; AGAGTTTGA
TCCTGGCTCAG; Prime2, 1492r. CGGTTACCTTG
TTACGTTACGACTT ( Hi Sangon Biotech & h{ ) ;
Goldview #% R YLkt ( L2 A AR B ARG R
Al); BEAERE (EEREEML (R ARAFAE) .

LB (Luria-Bertani) #5773, FREEHI 10.0 g
NaCl 10.0 g, BEERRHY 5.0 g, Bl 20.0 g, T
7K1000.0 mL, % pH7.0 ( BHIFES, 2017),

NA (Nutrient Agar) ¥i#3E:. 4 RE 3.0 g,
FEHM10.0 g, NaCl 15.0 g, Bil§20.0 g, JHIK
1000.0 mL, J#% pH7.0 (EZBESE, 2018),

VE 3 At DAL O B B 3R 3k . WIS R VE D 10.0 g,
HAM10.0 g, BEEERF 5.0 ¢, NaCl 10.0 g, B
J§20.0 g, JCHEZK 1000.0 mL, 4% pH7.2 (T
I, 2016)

R B2 4 R A3 72 2. CMC-Na 15.0 g,
NaCl 5.0 g, KH,PO, 1.0 g, MgSO, 0.2 g, HHK
10.0 g, BEREIR M 5.0 g, Bl 18.0 g, LR /K
1 000. 0 mL, ¥#Z pH7.2 (5 3CHH5E, 2013),
1.3 HEmBMEI RS HFEAFTNSIBSES

HUfae R p R A v ik 3 4 50 3k YLigkAL
B8 h, fEEE TAES hE T8 . BT v
i 3 WA A R TE R K e 2 R, TR 75% A
MR 20 s, IJa FICHEKmE 2 Wk, SR &
Wk A TE U, B S 100 pl PBS 28 MR Y
2mL B.O0E T, 59, A 900 wL PBS 2%
W, MR IR AR GRS (PR 4E, 2017,
RIGEEE, 2019)

W LRGBS AP S 3 R EE AR RE 28 1. 0
107, 1.0x10™*, 1.Ox107°, 1.0 x10°°, %%
WEHL 100 pL Wi BV TE LB [EMARRE SR 3 H NA [ {85
FRIE LU, BNRERE 3 RER, EREN
25°C, MIXHBE K 70 +5% M54 T R 7 d,
Gt LR TE B, TR/ NS R
TSR, FFPRIUR [RE 25 () BT V% 76 B e 1 1Y)
LB [l 5L Fafifh 2 ~3 W, Zlifb)51E 4°C UK4E
HRAE . IC R A R AR bR AL, 1T R Ik R A
XZREE, MHMZE (%) =HAFHREY 2
) EREL x 100 (BETEHESE, 2020)

1.4 HEFHELEE
1.4.1 BE%EE

MBI 57 1R 2 8 31 B4 20 B B VR R B TR R
ANCIBES . Bt JGEERE . GBI G FRIE
PERRASSERE, 2 (AARMEEE T %
SEANTE B A0 L2, 0 S 40 B 1 TR R € A TR 1A
TR o SR 22 PR e €8 3 % 43 15 32 %) 41 B 0E A7
o, TE N TR T UL EE 20 M TR 25 RN R 2 [ 9 BH M
Horprgeta g g [RPHTE T, 2060 0 55 2% IR,
RETERAFE R (BEIEHISE, 2020)

1.4.2 HTFEE

KGRI TR R JE 41 DNA (1) 18 %%,
2013) , BRI T LB WA IE SR A, K
JATCE T 25°C . 150 v/min BIFEIR IR 155524 h,
BENTERSMEL 2 mL BT B4, 12 000 1/min
B0 2 min, FF LIEW ., 7E_LRUIEE A 500 pL
TCHIK, WIENRT 1 min, R SE2RIF Tk
i, AW A TR IR A E 10 min 5, W KA
5 min, 4°C, 12000 r/min &.0>2 min, HEiERAE
i PCR #iti g H . iz FHARGEE 5 149 27 £ F1 1 492 «
P14 16S rRNA FEH, KRR A 25 pL: 5145
1 pL, #4 DNA 1 pL, PCR mix 12.5 pL, dd H,0
9.5 pL, WM. 94°CHVEN: 5 min, 94°C A8k
1 min, 53°CiB K 1 min, 72°C%#Effi 2 min, 32 9§
R, 72°C ZE#H 10 min, B3 pL PCR 7= 95 K Ha Tk
K, W PCR =4k 2 B ifEAE TN R GEAT I
iz Jf Contigexpress B/ XM 745 b1 PHE, Kbt
FEUFY 16S rDNA P41 4252 % NCBI (http: //blast.
Ncbi. Nlm. Nih. Gov /Blast. Cgi) ZZEHAHAHM
PEfe MBS B AR OF T #0% 81, iz 1l MEGA 7 4K
-, R E BriE A9 48 #23%  ( Neighbour-Joining )
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A Kimura WESEUF ERAERGE L BN, DIE
SZAHFE 1 000 AT Bootstrap I83E, M1 iEAL R0
HEAR R F NS R AR e M
1.5 MRBMEKBLENE
V- T TS 0 B T RT R S A0 B P AR 4
T LB AR EE S 3 25°C, 180 r/min 3§ 15 55
12 h AEAFR I, R PR 5% R A %€
A 100 mL LB A& 85 55 7 19 250 mL = A,
25°C, 180 r/min E % 3% 48 h, 4fF 2 h HUEE
1 mL, DLLB ARG FRIAEZ FIXTR, 2 0Dy,
{5, PARHEIHEEARFR, ODg, MR ER, 24
Kz (BiEES, 2015; RHFE, 2016),
1.6 FIEFAREINEMMAHEZHERERANE
SR FH 275 WA P 3k 00 2 M % 7 400 % 3 A A 2T e
RIBEfRRE T, VEM B B8 01 2 2 B 5K I0e iy 45
(2021) WY ik; F4ERBEMGE T S R SUR S
(2013) W5k,

2 GRE5HMH

2.1 EmMBMTHZEAENEERSREFER

KA LB ARG SR, TR v i ik 2= i A
3 W4l A TE AL B 1S 2 26 Bk 24 FhAEE, 2
Py (e 2 R T 22 [CPHME B 20 Bk, 22 [RBA
W6 Bk, 9 PRANMIE A N EAFAR, 6 Bk IR,
11 BRAERIR, SR NA REREE SR 3L, ATt v i
I 3 W4l B IE AL B AR S 1 BR L R, ks
PR, A R

Z54 LB FT NA P [ R 55 2 5 I B B R 3k
TR TR RIS, Foin v ik = AR 3 IR 4 U
B AT 27 tk 24 PR, w58 L, L1 ~ 126,
B EPRERIETE LR 1, Wi S L et KPR
[CPHPETE 20 £, F 2 [CRATERE 7 #. 10 BRAIARIE
BAEATR, 6 BAFFIR, 11 #RAERIR (K1),

R1 BB R4 RFEAEEEESRERERK

Table 1 Colonial morphology and cultural characteristics of bacteria from gut of the 3" instar larvae of Tuta absoluta

RS HiFRRHIE ML LA S )
Strain No. Cultural characteristics Cellular morphology ~ Gram stain
L WIEEOR, BE, sLa@, AOuRE, o, B9, mF, JEATAR o
Large colony, roundness, creamy white, glossy, smooth, transparent, flat, regular ~ Short rhabditiform 7

. R, w6, JouRE, Mk, RED, b, M VELRRIN o
Roundness, yellow, matt, rough, non-transparent, central bulge, regular Short rhabditiform

- INIETE, 6, AR, Sy, A@EU, sk, BN Bk o
Oval, yellow, glossy, smooth, non-transparent, spherical bulge, regular Sphericity

3 B, B, AR, O, AEV, BRROE, B BRAR ot
Roundness, yellow, glossy, smooth, non-transparent, spherical bulge, regular Sphericity

” FE, W@, AOLE, L, AEV, sk, B Bk o
Roundness, pale yellow, glossy, smooth, non-transparent, spherical bulge, regular Sphericity

s FIE, W, AP, O, AEW, i, Hm JEAPIR o
Roundness, pale yellow, glossy, smooth, non-transparent, central bulge, regular Short rhabditiform !

6 WVEHEU/DN, WRDE, LA, AL, O, &W, WP, S Bk o
Small colony, oval, creamy white, glossy, smooth, transparent, flat, regular Sphericity

7 WEEOR, BRRE, B, AR, Jul, AEW, Pk, B RN o
Large colony, oval, yellow, glossy, smooth, non-transparent, central bulge, regular Rhabditiform
WIEBU/N, BE, FLA@, AOERE, O, REW, Bk, B BRIk

L8 Small colony, roundness, creamy white, glossy, smooth, semitransparent, spherical ) o G*

Sphericity

bulge, regular
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%23 1 Continued table 1

R i B SRR IS FRGE
Strain No. Cultural characteristics Cellular morphology ~ Gram stain
19 BVEHOR, WPE, w@, AERE, JLil, AEW, sk, S FRAR -
Large colony, oval, yellow, glossy, smooth, non-transparent, central bulge, regular Rhabditiform
110 e, RO, AeE, e, AEW, difiii, S FRAR o
Roundness, orange, glossy, smooth, non-transparent, central bulge, regular Rhabditiform
m FE, W@, A, oL, AEW, wF, RN o
Roundness, pink, glossy, smooth, non-transparent, flat, regular Rhabditiform
Lo B, s, AR, S, REH, HRbE, M Bk o

Roundness, yellow, glossy, smooth, non-transparent, spherical bulge, regular Sphericity
BIEBON, B, w6, AGPE, OUE, AEY, sk, M KR
L13 Small colony, roundness, vyellow, glossy, smooth, non-transparent, spherical Short Zlabditiform G*
bulge, regular
L4 FIE, 2o, JoLEE, MBS, AEW, gk, S ERN c
Roundness, red, matt, rough, non-transparent, edge of bulge, regular Sphericity
s TR B, AR, G, RS0, HRIROE, A ik .
Roundness, orange red, glossy, smooth, non-transparent, spherical bulge, regular Sphericity
16 FE, W@, AOuR, otir, AEW], BN, B FIVARIN -
Roundness, light orange, glossy, smooth, non-transparent, spherical bulge, regular ~ Short rhabditiform
L7 FIE, B, AP, S, AE, i, Hm Bk G
Roundness, orange red, glossy, smooth, non-transparent, spherical bulge, regular Sphericity
118 e, B, AOEEE, Jti, RiEW, B, S FRAR -
Roundness, yellow, glossy, smooth, semitransparent, spherical bulge, regular Rhabditiform
WYERUN, BB, FLO6, A6, o, @, b, B BRIk
L19 Small colony, roundness, creamy white, glossy, smooth, transparent, central Sphericit G*
bulge, regular phenety
WVERUN, BB, B6, AOUE, Jtl, AEW, B, S .
. Bk X
120 Small colony, roundness, vyellow, glossy, smooth, non-transparent, spherical Sohericit G
bulge, regular phenety
MR, B, TLAG, TR, BAS, ARV, R, AN e
21 Large colony, roundness, creamy white, matt, rough, non-transparent, T G*
. Short rhabditiform
flat, irregular
WEE, FLEE, AEE, Oth, B, RF, AR JEATAR .
122 . . . G
Oval, creamy white, glossy, smooth, transparent, flat, irregular Short rhabditiform
123 WYRROR, WRE, JKEE, AOEPE, Ot AEW, W, AR IR ot
Large colony, oval, grayish yellow, glossy, smooth, non-transparent, flat, irregular Rhabditiform
124 Y, BwE, AL, oL, AEY, bk, AR VIRRRIN o
Roundness, orange yellow, glossy, smooth, non-transparent, central bulge, irregular Short rhabditiform
125 FE, SLE@, AOuR, otir, AEW], hEshE, B VIUARIN -
Roundness, creamy white, glossy, smooth, non-transparent, central bulge, regular ~ Short rhabditiform
126 FIE, W, AP, O, BEW, i, Hm VRN -

Roundness, pale yellow, glossy, smooth, semitransparent, spherical bulge, regular ~ Short rhabditiform

. G ERELRIEMER, 6 FREZKMTER ., Note: G means gram-positive bacteria, G~ means gram-negative bacteria.
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Fig. 1 Colonial and cell morphology of several bacterial strains from the gut of the 3" instar larvae of Tuta absoluta

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net
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2.2 WAESFEERZRZELEBST Proteobacteria A 3 #t 3 J&, 43 4l & Mk 3 [ i B

i#it 16S tDNA B X b, KETET g Erwiniaceae AKX SC B Erwinia . 4% 35 FCER B
Mgk 3 W4 mE TP A5 B R 27 BRAEE, s Neisseriaceae I Prolinoborus & . 21 T & #k
F3TT1I0R 17 J@24 B (F2), Hp, ZRHE] Rhodobacteraceae HRIERF & Paracoccus; TUZRH]]

F2 BMEMEIROBFEFSBENERSBIEEABEKRIEXER

Table 2 The results of bacteria strains from the 3" instar larvae gut of Tuta absoluta between the database of typical strains

WS ) i A B 7 WE (%) e
Stain No. Fhylum Family The most similar strain Identity Accession No.
L13 2k ®]  Ornithinimicrobiaceae  Ornithinimicrobium pekingense strain LW6 99.22 NR_043886. 1
14 Actinobacteria AR Brachybacterium tyrofermentans strain CNRZ 926 98.93 NR_026272. 1
120 Dermabacteraceae  Brachybacterium paraconglomeratum strain JCM 17781 98. 44 NR_113401. 1
L6 Agrococcus baldri strain 1AM 15147 99.21 NR_041543. 1
L10 SR Microbacterium proteolyticum strain RZ36 98. 64 NR_135869. 1
LI18 Microbacteriaceae Microbacterium esteraromaticum strain DSM 8609 99. 72 NR_026468. 1
1.26 Microbacterium diaminobutyricum strain RZ63 98. 07 NR_152648. 1
L1 Micrococcus antarcticus strain T2 99. 14 NR_025285. 1
L2 Kocuria gwangalliensis strain SJ2 98. 06 NR_116266. 1
L3 Micrococcus flavus strain CGMCC 1. 5361 99. 63 MT759861. 1
L5 Paeniglutamicibacter sulfureus strain JCM 1338 99.78 MT760351. 1
L7 Glutamicibacter arilaitensis strain Rel17 (T) 99.22 MK424282. 1
TER R} . G .
19 ) Glutamicibacter arilaitensis strain Rel17 (T) 98.99 MK424282. 1
Micrococcaceae
L12 Nesterenkonia lutea s train YIM 70081 99. 21 NR_029120. 1
L14 Kocuria oceani strain FXJ8. 095 99. 00 NR_156033. 1
L15 Kocuria rosea strain DSM 20447 99. 15 NR_044871. 1
L17 Kocuria rosea strain DSM 20447 99.57 NR_044871. 1
1.25 Pseudarthrobacter oxydans strain DSM 20119 99.71 NR_026236. 1
L11 JEREE ] ShPEER R Planococcus donghaensis strain JH1 97.35 NR_044073. 1
123 Firmicutes Planococcaceae  Brevibacillus borstelensis strain NBRC 15714 99. 58 NR_113799. 1
i g ER R . o
L8 Staphylococcus warneri strain AW 25 99. 37 NR_025922. 1
Staphylococcaceae
SER R . .
L19 Aerococcus viridans strain: JCM 20461 98.77 LC258156. 1
Aerococcaceae
BIHI] LA RIRE .
L16 ) Paracoccus angustae strain E6 97.59 NR_137359. 1
Proteobacteria ~ Rhodobacteraceae

122 2R CER Prolinoborus fasciculus strain CIP 103579 99. 64 NR_104948. 1
124 Neisseriaceae Prolinoborus fasciculus strain CIP 103579 99. 80 NR_104948. 1
L FRSC R E R Erwinia iniecta strain B120 98. 63 NR_137333.1

121 Erwiniaceae Erwinia iniecta strain B120 98. 88 NR_137333. 1
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Actinobacteria 5 4 F} 10 J&, 439 J& T #Bk & #
Micrococcaceae H T8 EK B & Micrococcus . 7% o, [C B
J& Kocuria . Glutamicibacter J& . Paeniglutamicibacter
J& . Pseudarthrobacter J& M IE B E B K H B
Nesterenkonia, AT HE A} Microbacteriaceae F{AFT
J& Microbacterium F1 Agrococcus J&, 2 T & B
Dermabacteraceae FJ AR H & Brachybacterium P
Ornithinimicrobiaceae £} Ornithinimicrobium Jg& ; J&

67 99

99

100

69 L15
117

100

25

100

100[~ L
B
56
100L g tyrofermentans strain CNRZ 926(NR 026272.1)

Flavimobilis marinus strain 1-19(NR 042311.1)
1001 L13

1001 L6

A. baldri strain TAM 15147(NR 041543.1)

L10

M. proteolyticum strain RZ36(NR 135869.1)

991 L18

M. esteraromaticum strain DSM 8609(NR 026468.1)

BETH ] Firmicutes 7 3 Bt 4 J&, 732 sh ek R
Planococcaceae [ BI1EER B J& Planococcus F1JH 2F 41
¥ &8 Brevibacillus, % R E R Staphylococcaceae
M 7 % BR B )& Staphylococcus F X BR W Bl
Aerococcaceae S IRF & Aerococcus .
MRGRER (KE2) WLEL, ik
JiE PSSR AR 9 3 3L, B SO TR AT
B Glutamicibacter J& . Paeniglutamicibacter J& .

98 L7
G. arilaitensis strain Re117 (T)(MK424282.1)

L9
100 L5

P. sulfureus strain JCM 1338 (MT760351.1)

100 125

P. oxydans strain DSM 20119(NR 026236.1)

[ Citricoccus alkalitolerans strain YIM 70010(NR 025771.1)
99 | L1

M. antarcticus strain T2(NR 025285.1)
L3
M. flavus strain CGMCC 1.5361(MT759861.1)

L12
N. lutea strain YIM 70081(NR 029120.1)

L2

K. gwangalliensis strain SJ2(NR 116266.1)
100] L14

K. oceani strain FXJ8.095(NR 156033.1)
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Fig.2 Phylogenetic tree based on the 16S rDNA sequences of gut bacterial strains from the 3" larvae of Tuta absoluta
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Fig. 3 Relative abundances at the phylum, family, genera and species levels from the 3" instar larvae gut of Tuta absoluta
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Fig. 5 Starch degrading ability of several strains from the gut of Tuta absoluta
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Fig. 6  Cellulose degrading ability of several strains from the gut of Tuta absoluta

Fon R BT L4, AT LIS, ARRAT &
B9 120 . Prolinoborus J& W) 122 XF4F 4 R H A RERAE
H; HAd ) Glutamicibacter J& R L7 F1 19, % 5 [G
T A 1 L14 FUEDIRFF 3 8 79 120 68 W] i K i e By
ML, L1, 12, 13, 14, 15, 16, 18, L10,
L12. L13, Ll6, L19, 121, 123, 124, 125 Fl
1.26 X JE Ky FNEF 2 2R 3 Tk Ve

3 RS

AR GG B R gk, R PR H
B AU AN A 4> B 5 IR0 LB 53R NA 15973
LEA AU TE A 16S tDNA 351 4341 %oF 75 i 785 - 0k
&) L T A D R S A AT TS, IR A SRR
Al S I a0 Tk - e &0y Hh i T AN B T AL R A A L AR
TN [R1 5 IR L 55 7245 20 19 I 38 A0 A RN R — 3K,
FLXF— S ELAT RRR DB 1 Al TR PR 2, AT R
FHEACER: R AT R IR (Lagier et al. , 2018) ,
PNIEIRETIE 2 0Rg e e[

AHIFFE AT it Vs ik 2 e R 3 i 4l U
BRI 3 1710 B 17 J&E 24 Fh 27 ¥R, KW
ZHENHEME T T, TEIT90KF B, il

TR0 2 e FPRE 30 40y U T A0 TR AR R ) O R
JEHTT, HAAX ZEEIAH] 90. 68% , %455 5 & il
VI [ Y 5 2R Phthorimaea operculella
2 dUE UL T AR R (AR 38 55, 2017 A
THHESE, 2020), 5 HARSEH B B S & 5k
% Spodoptera frugiperda (#ERMFSE, 2020) . Fi4d
W Helicoverpa armigera (Z254E5%, 2020) FlI/NE
8k Plutella xylostella ( Z=WegE5%, 2019) 5 imiA
PEH T AR, o5 b, R BE TR 1) 40 I 2 /)N 35 Ik
(RIEEE%, 2019) FIZK A Bombyx mori (K&
S, 2019) “FEEEHH E oy g i AR R T4l
BN ], H R RETE 1] 4w e 2 ol
TR A Bl N PE TR, AR FFTEE R X s
SCHRARIE AN, BAR R (A5 3 — AR TT
WeAh, AWTSE A BT ol v - g 3 1% 4y Ul i
MR A LAFN Erwinia inecta A FEMRLF4ER 1E
H . Erwinia iniecta V] LAF] FHEEAE . % 0 954
{24 d-ARWE . d-HEEwE, RRIAUIT . 4T A&
205 ARG S Z R kIR (Campillo et al. |
2015) , AWK I E. iniecta FAT WM EF 4 3 (1R
H, HtFEET E. iniecta BEFRIIHE, AR K
IR Glutamicibacter arilaitensis EAT [ fft 18 5 Fl



1250 W5 R R 2R Journal of Environmental Entomology 44 3%

Y ZWAEH, 5 Borker et al. (Borker et al. |
2021) HFSEESRAHIE, RIAER G. arilaitensis £
Hullp 8 P e LR R B TP I TE R TN AT HE R
T 1 32 B IR R BEE IR ot

ARl S Y R L e 4y O i T8 2 T 2
WHESA 2R (Yang et al. , 2020), F A4 H
Jign T A0 T i R ST A B G, H i 3 A TR R 2
Wrs n, fHEE A S 2 28T B (R,
2020) . FaHE A 3 @A AUt TRES, HipiE
MmN F o, 4 05202 8 o A A e
#r, PRSI 18 45 7 il v 06 3 1% &)y e A g
NG, BRWIBE D AT, hamEn, &
[Fi) S HC M 38 0 TR 1) 2H IS A S A A 22 S, T
o3 I H R H 7 R R i 1 9 A 2 18I
i ge, SECHT I A ARSI 2 T
FRRER G E N A EZAAAE TR (EWA%,
2016; M= fkS, 2018), AL, ABFSE LA HhiE
I 5 g 3 Sy X AR I TR O 23 2 31 T
B R R 2T

Padleis, B Hl 1E 40 e A s A A B s E R
Hudl BE O3 A 59 AN [ A AR 22 (R R A
2019), FHAE LT 2017 45 8 HEAFRE (K
HIY4E, 2019), BICERE =M., SM . U4
MWikAfeE (BiaBRSE, 2021), BT hi i ik
2 R IR I 1 4 TR 5 At b DX DA R A A 3R A
My AR 0 1 A0 2 A A Y 22 S, RS
PEATHIRGE LU N 25 . 25 AR Fh 28 02 52 e B 1R
Jig 18 20 B 2 RN 25 A ) BB K (Strano et al.
2018) , AMFFRAUE B R TR T B A A 02
At s 4l R E AN, R DR Solanum
tuberosum L. | i Solanum melongena L. T 255
FEY) 0B 0 T ik AUl i v R 2= AN e, A
AT RE T 7 A v P e ) A L PR B E S
RS AN (7] 25 32 A8 10 1) 7 00 5 - i i 1 4 T 2
PR ZE 5, AT A AR B 3 i v I 0 g A TR A 2
A3 17 P ML o B e — o R AR AR, T 3B i Tk
LA G BIE RAEEE X,

SEZX#EK (References)

Borker SS, Thakur A, Sanjeet K, et al. Comparative genomics and
physiological investigation supported safety, cold adaptation,
efficient hydrolytic and plant  growth-promoting potential  of
psychrotrophic  Glutamicibacter arilaitensis TJHI9, isolated from
night-soil compost [ J]. BMC Genomics, 2021, 22 (1) 307 -
324.

CABI. Invasive species sompendium, Tuta absoluta (tomato leafminer)

datasheet [ EB/OL]. (2019 -01 - 11) [2021 -05 -25].
https: //www. cabi. org/isc/datasheet/49260#toPictures.

CABL Tuta absoluta ( South American tomato pinworm) [ EB/OL].
(2021 =02 —12) [2021 =05 -17]. https: //www. cabi. org/isc/
datasheet/49260.

Campillo T, Luna E, Portier P, et al. Erwinia iniecta sp. nov. , isolated
from Russian wheat aphid ( Diuraphis noxia) [J]. International
Journal of Systematic and Evolutionary Microbiology, 2015,
65 (10): 3625 -3633.

Chang YP, Tian QF, Guo X, et al. Composition of the intestinal bacteria
and their cellulase characterization in Cathaica fasciola [ ] ].
Journal of Hebei University ( Natural Science Edition), 2017,
37 (4):400 -404. [ B, HHEJL, 30K, 4. W4
WA RREER (1], WAL R%F %R (AREE),
2017, 37 (4): 400 -404 ]

Chen BS. Biodiversity and metabolic functions of gut microbiota in
silkworm Bombyx mori [ D ]. Hangzhou: Zhejiang University,
2020. [ BREhA: . FAEMERHAEY I 2R RS R R R
[D]. B HIIT R, 2020]

Desneux N, Wajnberg E, Wyckhuys K, et al. Biological invasion of
European tomato crops by Tuta absoluta: Ecology, geographic
expansion and prospects for biological control [ J]. Journal of Pest
Science, 2010, 83 (3): 197 -215.

Fan QY, Zheng YQ, Chen B, et al. Diversity of intestine cultivable
bacteria in potato tuber moth Phthorimaea operculella feeding on
potato tubers and leaves [ J]. Journal of Plant Protection, 2020,
47 (3): 497 -507. [ B, MW, Boak, 5. BT
PR b (4 A SRR T N TS SR AT 2R (D],
IR 43R, 2020, 47 (3) ; 497 —507]

Feng GD, Chen MB, Yang SZ, et al. A comparative study on bacteria
DNA extraction methods used for PCR amplification [ J]. Journal of
South China Agricultural University, 2013, 34 (3). 439 - 442.
(7735, BRERR, FR0T, 5. JHT PCR 150405 DNA 424
ikt [J]. RO, 2013, 34 (3): 439 -442]

Goodrich JK, Dirienzis C, Poolea C, et al. Conducting a microbiome
study [J]. Cell, 2014, 158 (2): 250 —262.

Hao CF, Li G, Sun X, et al. Analysis of intestinal bacterial diversity in
Bombyx mori larvae reared on different feeds [ J]. Acta
Entomologica Sinica, 2019, 62 (1): 61 =72. [ K&, Z=HI,
NER, 45 OR[RIRDELE Y 28 48 4y U 1 A0 T Y 2 B A3 BT
[7]. B, 2019, 62 (1): 61 -72]

Hu Y, Sanders JG, Lukasik P, et al. Herbivorous turtle ants obtain
essential nutrients from a conserved nitrogen-recycling gut
microbiome [ J]. Nature Communications, 2018, 9 (1) 964.

Jiang XW, Guan DY, Li QY, etal Effects of tefluthrin and
deltamethrin  on  gut  microbiota in  Helicoverpa  armigera
(Lepidoptera: Noctuidae) [J]. Acta Entomologica Sinica, 2020,
63 (10): 1183 -1193. [ %4, XFHH, W, 5. B
BB EUAE IR X A A R E WA R [T, RHLAEAR,
2020, 63 (10). 1183 -1193]

Lagier GC, Gregory G, Matthieu M, et al. Culturing the human
microbiota and culturomics [ J]. Nature Reviews Microbiology,
2018, 16 (9): 540 -550.

Lu YY. Beware of Tuta absoluta ( Meyrick) continued proliferation and



5 1

ra=| Par
%mwﬁ

A

o AT Il U A T IR A T 4

LBV WS PN s R 7 Nl R (DS T 1251

invasion in our country [ J]. Journal of Environmental Entomology ,
2021, 43 (2): 526 - 528. [ Wiz . 15 7 8 0T Tuta
absoluta (Meyrick) TEFERFEEY HAR [J]. IR R,
2021, 43 (2): 526 -528]

Ma F, Zhang JH, Yu XY, et al. Tuta absoluta (Meyrick) [J]. Plant
Quarantine, 2011, 25 (5):55-58. [ BiF, kK4E, TS,
A BomAk (1], MIMKLE, 2011, 25 (5): 55 -58]

Mehrkhou F, Nurper G, Korkmaz EM, et al. Analysis of genetic

variation in an important pest, Tuta absoluta, and its microbiota

with a new bacterial endosymbiont [ J]. Turkish Journal of
Agriculture and Forestry, 2021, 45 111 - 123.

Moran NA, Ochman H, Hammer TJ. Evolutionary and ecological
consequences of gut microbial communities [ J]. Annual Review of
Ecology, Evolution, and Systematics, 2019, 50 (1) . 451 —475.

Ning TT. Mechanisms Underlying Starch and Hemicellulose Degradation
by Microbial Enzymes in Total Mixed Ration Silage [ D]. Beijing:
China Agricultural University, 2016. [ T#&#8 . TMR &Rz H
TR BOFCIE X JE By 2 7 2 3 W i i A I HLIRAE 5T [ D]
Jent: R, 2016 ]

Santos-Garcia D, Mestre-Rincon N, Zchori-Fein E, et al. Inside out:
microbiota dynamics during host-plant adaptation of whiteflies [J].
Multidisciplinary Journal of Microbial Ecology, 2020, 14 (3):
847 - 856.

Shen P, Chen XD. Microbiology [ M ].
Press, 2006: 135 -136. [ TR, BRmZR . MuE2 [M]. b
T AR, 2006 135 - 136]

Shukla SP, Plata C, Reichelt M, et al. Microbiome — assisted carrion

Beijing: Higher Education

preservation aids larval development in a burying beetle [ J].
Proceedings of the National Academy of Sciences, 2018, 115 (44) .
11274 - 11279.

Strano CP, Malacrind A, Campolo O, et al. Influence of host plant on
Thaumetopoea pityocampa gut bacterial community [ J]. Microbial
Ecology, 2018, 75 (2) . 487 —494.

Wang RR, Hu Y, Yang ZD, et al. Isolation, identification and diversity
of culturable bacteria in female adults of Leptocybe invasa Fisher &
La Salle [J]. Journal of Southern Agriculture, 2018, 49 (12):
2432 -2439. [ EHE, WIF, IR0E, 5. MR
T PRI IR AN T G e B RS BT (D], MO
#z, 2018, 49 (12): 2432 -2439]

Wang SB, Qu S. Insect symbionts and their potential application in pest
and vector — borne disease control [ J]. Bulletin of Chinese Academy
of Sciences, 2017, 32 (8): 863 —-872. [ EPU5E, f#hze. Rt
AT R A E B P N AT [T]. T EREBE BT,
2017, 32 (8): 863 -872]

Wang YZ, Ji BZ, Liu SW, et al. Research progress of nitrogen fixation
of symbiotic bacteria in termites [ J]. Chinese Journal of Applied
and Environmental, 2016, 22 (2): 342 -349. [ EW. 4, Feff
XIS, AL ABCHAEEERMIR R (1], ST
AR, 2016, 22 (2) : 342 -349]

Wu WT, Ju MT, Liu JP, et al. Isolation, identification and corn stalk
degradation characteristics of cellulose — degrading bacterial strain
NHI1 [J]. Microbiology China tongbao, 2013, 40 (4). 712 -
719. [ RICH, BSERE, XIGMS, . —RREF4E R KA 19 5
BB KO EORFEAT MR L (D). BUE AR,

2013, 40 (4):712-719]
Wu XL, Xia XF, Chen JH, et al.

diversity of larval gut bacteria of the diamondback moth, Plutella

Effects of different diets on the

xylostella ( Lepidoptera: Plutellidae ) [ J]. Acta Entomologica
Sinica, 2019, 62 (10): 1172 —1185. [ RWBEFE, EEE kR
Mg, S BUEANIR] B W0t /N3 i 4 i 3 A0 TR 22 4 1 1 52 )
[J]. BHaEdR, 2019, 62 (10): 1172 -1185]

Xu TM, Fu CY, Su ZT, et al. Composition and diversity of gut bactiria
community of Spodoptera frugiperda from the first invasion site and
the dispersal area in Yunnan province [ J]. Plant Protection,
46 (4): 116 -125. [#RAME, FRAUBE, Jrise, 5. SR
DU B B 5 1 K St R M T T 2L B R K R
B (7). R, 2020, 46 (4): 116 -125]

Yang YJ, Liu XG, Xu HX, et al. The abundance and diversity of gut
bacteria of rice leaffolder Cnaphalocrocis medinalis ( Guenée )
across life stages [ J]. Journal of Asia-Pacific Entomology, 2020,
23 (2). 430 -438.

Yang YQ, Zhang Y, Chen YR, et al. Function and research methods of
insect intestinal bacteria [ J]. Journal of Anhui Agricultural
University, 2018, 45 (3): 512 -518. [ =k, 5B, BIRK,
. RMpEME I RERBIR T [T]. ZRUO R =
e, 2018, 45 (3):512-518]

Zeng YT, Guo XL, Zhou K, et al. Screening and identification of Se —
enriching lactic acid bacteria [ J]. Food Science, 2015, 36 (3):
178 —182. [ Widse, FPEIR, JIME, 55 . BANFLERE 140 M
WE [J]. EEAkE, 2015, 36 (3): 178 —182]

Zhang GF, Liu WX, Wan FH, et al. Bioecology, damage and
management of the tomato leafminer Tuta absoluta ( Meyrick )
(Lepidoptera; Gelechiidae ) , a worldwide quarantine pest [ J].
Journal of Biosafety, 2018, 27 (3): 155 —163. [ H:2Y, X177
e, TIO, A L SRR P T e v ) A AR A
BfEESEE [1]. EYEss4H, 2018, 27 (3): 155 -163]

Zhang GF, Ma DY, Liu WX, et al
(Meyrick) (Lepidoptera: Gelechiidae) , in China [J]. Journal of
Biosafety, 2019, 28 (3): 200 —203. [3KE:ZF, DiEdE, X7
A hEBTRBSNR AR E B—R SER G (B
H: ZMFH [1]. EWE4L2, 2019, 28 (3): 200 -203]

Zhang XR, Liu XH, Fu B, et al

The arrival of Tuta absoluta

Screening, identification and
fermentation process optimization of starch degrading bacteria in
tobacco [J]. Food & Machinery, 2021, 37 (2): 34 —41. [ 5K
iy, XUGEHE, A1, 45 M b e R R AR T A O . M MOk
B LA [J]. BaSHLE, 2021, 37 (2): 34 -41]

Zheng YQ, Du GZ, Li YF, et al. Isolation and identification of bacteria
from larval gut of the potato tuber worm, Phthorimaea operculella
(Zeller) and the degradation for plant — based macromolecular
compounds [ J]. Journal of Environmental Entomology, 2017,
39 (3):525-532. [FRWER, FbJ7HL, BTN, AF. bR
2RI T AN T 7 P S e G AE R O a3 T 0 4 R A AR
A1), BRBERL AR, 2017, 39 (3) . 525 -532]

Zhu YL. Experimental method of bacteria growth curve determination
[J]. Journal of Microbiology, 2016, 36 (5): 108 — 112. [ 4#
AR RIS SR R (1], BRI AGE,
2016, 36 (5): 108 -112]



