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Isolation and identification of salivary bacteria from Tuta absoluta

and their influence on tomatoes

ZENG Na, GUI Fu-Rong, SUN Zhong-Xiang, CHEN Yao, DU E-Wei, CHEN Xiao-Feng, ZI
Xiao-Yan, CHEN Ya-Ping" (State Key Laboratory for Conservation and Ultilization of
Bioresources in Yunnan, Plant Protection College of Yunnan Agricultural University, Kunming
650201, China)

Abatract: The tomato leaf miner, Tuta absoluta Meyrick (Lepidoptera), primarily attacks
Solanaceae species, particularly tomatoes, significantly affecting both yield and quality. Saliva
plays a crucial role in insect-plant interactions that often involve direct physical contact. As an
important part of insect saliva, it is of significant importance to analyze the role of salivary
bacteria in the feeding processes of insects on host plants. In this study, conventional isolation
methods were employed to isolate bacteria from the saliva of third-instar larvae of T. absoluta.
Species identification of the isolated strains was performed using 16S rRNA sequence homology
analysis. The isolated strains were inoculated into tomato plants, and growth and defense indexes,
including chlorophyll, malondialdehyde, peroxidase, superoxide dismutase, soluble sugar, soluble
protein, nitrogen, and phosphorus were measured following inoculation. The results showed that
the isolated salivary bacteria belonged to three phyla, six genera, and seven species: Enterococcus
mundtii and Bacillus amyloliquefaciens (phylum Firmicutes), Enterobacter cloacae and
Acinetobacter  rhizosphaerae  (phylum  Proteobacteria), Microbacterium  arborescens,
Microbacterium oleivorans and Curtobacterium flaccumfaciens (phylum Acinobacteria).
Inoculation experiments demonstrated that M. arborescens and E. mundtii significantly reduced
the peroxidase activity of tomato plants by 62.92% and 76.83%, respectively. Treatments with A.
rhizosphaerae and E. mundtii resulted in a significant increase in malondialdehyde content in the
plants (P < 0.05). Soluble protein levels increased significantly after treatment with M.
arborescens, E. mundtii, and M. oleivorans (P < 0.05), whereas soluble sugar content was

significantly lower than that in the control group following treatment with A. rhizosphaerae and E.



cloacae (P < 0.05). Nitrogen levels also exhibited a decreasing trend after treatment with the
salivary bacteria. Additionally, chlorophyll content was significantly higher in all treatment groups
compared to the control group (P < 0.05). In conclusion, inoculation with salivary bacteria from 7.
absoluta leads to peroxidation in tomato plants, and certain strains inhibit the plants’ defense
mechanisms. This finding indicates that the saliva of 7. absoluta plays a role in regulating the
growth and defense responses of tomato plants, which may facilitate the adaptation of T. absoluta
to its host. This study enriches our understanding of the mechanisms underlying the interaction
between T. absoluta and tomato plants and provides a theoretical basis for the control of T
absoluta.
Key words: Tuta absoluta; salivary bacteria; isolation and identification; plant defense;
physiology and biochemistry

ROV Forfid) . BEERZ WS, EPEES. 4 B 2 RS T T
HEEMEH, W ANKEFHBFTY (Basset eral., 2012) o F AN JBE LR
W EEA SR, ZF BB R 2 2 7K R AR R, 2001 . —J71H,
TEER B B AT 5 2 5 S B S . SRR R KR BRI B U e 3, s
FIRFF Malcolmia scorpioide 1852 BT % % Lixus ochraceus U i 28 i 45 B A2 A=
KGRI B BT A RMEE A A S50 L SRS , 48 1o 45 SR VR S A T 38 R S T 36 (SRR R, 2023
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etal,, 2017; BRR, 20200 . MEEANRE, BHOVRMEGEAYNE (Chung et al, 2013)
IXEEGLAE PRI L2 5 S A A0 B I AL 9 SORE, SR A B, BB B T (Wang et al,
2017) o WS E W i Leptinotarsa decemlineata %)) 838 3 W RN iz 18 b 1) B IO B ) . R
P T i R A A X 3 AR B R A SR AR (JAD 51 I B A B B35 B AT 4l A L (B
BMERFS, 2022) , YA B Hamiltonella defensa WK} B\ Bemisia tabaci BUE 3
i A TA R JA AH OGB48 52 B, AN AR 1 MR 2 Atk AT Ak 2
I FVRE R RO, U8 W% T DA S B H F e 40 B A R ¥EVEF (Suetal,
2015; FEASE, 2024) , [AIFEHL, FRFAMY Phenacoccus solenopsis 17WER AH B 74 71z
FhREAE AT AR JA BB SE R RIE, IFBE SA MR IFRIE, & HIa % S
0, AT S 5 ) (13 21 (Zhao et al., 2023) .

AV Tuta absoluta FEUF T FE 5PN KIBA &, J& —Ploxt 3 7= Mk B S8R M s 3 11
TR Bt (Desneux ef al., 2010) , f& 3 7™ 5 [N AT & BB A 98 80%~100% (Zhang et al.,
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M TE A Enterococcus mundtii Be W MRS HUR I, AT B2 ron 75 At 0 P S e 2
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IRFEGHIFE 24 h J5, $%8 DNA S0 & CRIRAEDIRME (dbx) GIRAF) M#E/ED %
PEOHU ME VX 40 B DNA , 42 HU E ) DNA FF & fF H 48 5 @ A 5l 4 27F
(5-AGAGTTTGATCCTGGCTCAG-3") /1492R (5'-CTACGGCTACCTTGTTACGA-3") #4T
16S rRNA PCR ¥, 4 ##1Kk %4 20 uL, 4 pL 10xExTaq 22/, 2 uL dNTPs, 1 uL 5147,
0.4 uL ExTaq A, 1 uL DNA 4% , dd HoO #ME % 20 pLo § 3EFE 7 A : 94°CTIAZPE 4 min;
94°C 30's, 58°C30s, 72°C 2 min, HE{T 35 DMEH; 72°CIEH 10 min. PCR *¥IH 1%/l
P 2 P UK eI S 1A 2 R A MR IR 22 W3R4T PP ] NCBI GenBank #5422 (9 i
f) blast D BEXS 4K Fp FIREAT RO EE 23 H, N3 GenBank 1 R E = P41, #IH MEGA
X10.0.2, i H4R#E21% (Neighbor-joining, NJ) #E4T 1 000 KAMETHE, #E R K B HLH,
bootstrap fr3u AR AT EEME: (Tamura ez al., 2013)
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30 d JE AR e (B EAESE, 2024) , XA NIRRT S T B I s R
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MR G AL A A EE (PODD WIAE, %R UEHI BERPEATIE : Beoh, BN A KK E 185
BEAT TIE: SR A E S EIE R Bradford VEBEATIE ; ATV MEREAIIH 4 K & BRI
ST 43 S AL AR AR AR A R ) A = PR 0 T VA P s R ) G A A A it 2 3R
BRI S, R R HG A A 0 VR AT N E 5 SRR 3 ) SR FH T bR T
EHLIRGE BUE AL 38 LG g A7 5E
1.3 HItoH

56 H 45 1/ Microsoft Excel 2020 % P ¥4 , N SPSS 26 #E47 8 Kl 5 U7 % 70 #r
(One-way ANOVA) J¢ Duncan [KH7 2 W 215 2 5 LU % T MR AL B 5 i 75 B0 04T 43 #T
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Colony morphology of salivary symbiotic bacteria of Tuta absoluta
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Table I Morphological characteristics and Gram staining results of salivary symbiotic bacterial strains of of Tuta
absoluta saliva
RS FER
e AN e B i W%
Strain Yty
Color Shape Luster Transparency Protrusion Edge
number Gram stain
2] LIS A |
A WK Pale yellow A% W] Non-transparent i Flat -
Roundness Glossy Regular




17

F

R %E Pale green JoIEEF Matt i Transparent i Bulge
Roundness Regular
2] BHE F
% Yellow 3FE R Semitransparent Ji*F- Flat
Roundness Glossy Regular
2] BHE F
% Yellow 3FERH Semitransparent Jii*F- Flat
Roundness Glossy Regular
2] BHE F
# Yellow ANi%EW] Non-transparent Ji - Flat
Roundness Glossy Regular
HH Creamy 5 BHIEF ANHL)
3% W] Semitransparent £yt Bulge
white Roundness Glossy Irregular
2] B F
# Yellow 3% Semitransparent Jii*F- Flat
Roundness Glossy Regular
2] BHE F
W Pale yellow ANi%EW] Non-transparent Ji - Flat
Roundness Glossy Regular
2] BHE F
# Yellow A3%EW] Semitransparent A 2 Bulge
Roundness Glossy Regular
2] BHE AFEI
3% Pale yellow ANiEW] Non-transparent A 42 Bulge
Roundness Glossy Irregular
HH Creamy 5] FIEF ANHLI)
3% W] Semitransparent £ 42 Bulge
white Roundness Glossy Irregular
2] BHE F
W Pale yellow ANi%EW] Non-transparent Ji - Flat
Roundness Glossy Regular
2] BHE H
# Yellow 3FER] Semitransparent Ji*F- Flat
Roundness Glossy Regular

VE: CFNHERL AN, AR KT . Note: “+” meant gram-positive; “— meant gram negative.
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W F3R 13 ¥REHTE 1) 16S rRNA J¥ 31 5 GenBank $3f J2 7 CL01 /751 4T Blast ELXT (£2).
13 %7515 6 AN 16S rRNA Fe 4l [RIVETEE E, FRAIAHIAELE 99% LA b, Bk 5 IR T 3

(16 J8 7%, #5N: JEEEE] Firmicutes WG ERE B Enterococcus MZEHIAF # JE Bacillus,



AZJE 1 ] Proteobacteria [¥] 17 41 1 J& Enterobacter MBS A 1 J& Acinetobacter, TZEH ]
Acinobacteria FITT B 8 Microbacterium FE /MY & Curtobacterium. X 738453 1125 i
TR A TR 16S rRNA P AIHAT R G0 70 A, &5 538 I LMy 4 1 32 22 ] P R SRR 2
B RGN B AN L3 PR S IR TE & 1) Enterococcus mundtii RV 2FE #IAT B J& 1) Bacillus
amyloliquefaciens, X 2 N7y SCHIZEER [, I 5T 15 /MT# & Curtobacterium
faccumfaciens S5 # J& 1] Microbacterium arborescens 1 Microbacterium oleivorans 58—
K3 Wt B @ T Bk Enterobacter cloacae 54 1 J& W B Ak Acinetobacter rhizosphaerae
BN — R (E2) .
2 EAEMEIERLIE 16S rRNA 55 GenBank B AT FHILLT4ER

Table2 Comparison of 16S rRNA sequence of intestinal bacteria of Tuta absoluta with the sequence in GenBank

TR G AL (%) I R AR A B
Strain number Similarity Maximum similar strain
A. J. N 99 Acinetobacter rhizosphaerae
B 99 PRARGIATF B Microbacterium arborescens
C.I.D. P 99 FRMERTE Enterococcus mundtii
L 99 fRVE R SR B8 Bacillus amyloliquefaciens
G. M 99 BRVaMFT & Enterobacter cloacae
K 99 BT Microbacterium oleivorans
F 99 IR /TR Curtobacterium flaccumfaciens

0' B
100 |— Microbacterium oleivorans strain NB32 (MT214223.1)
100" K

|- Curtobacterium flaccumfaciens strain SC164 (MH256549.1)
100 p

100

r— Enterococcus mundtii strain VA12 (MT116080.1)
100'C
100 r— Bacillus amyloliquefaciens strain CHL4 (MN240439.1)
100'L

100! A

100 — Enterobacter cloacae strain EC7 (KJ210328.1)
|

100" M

0.020

B2 MERYHE F R 16S rRNA B RS K E R

|— Microbacterium arborescens strain OsEnb PLM L71 (MN889287.1)
10

— Acinetobacter rhizosphaerae strain Atecer91 (MT386200.1)



Fig.2 Phylogenetic tree was constructed from the 16S rRNA sequence of salivary symbiotic bacterial strains
2.3 HEERAEAIMEFEAEKIRLE
2.3.1 MR A T 0T 7 A5 RE R SR L U [ 352

5 CK AL, BiFk A. rhizosphaerae M1 E. mundtii #0305 F/ AN — S B EHIRE
(P<<0.05) , Zr7l4iE 1 46.03%H1 48.76%, HARAHIT R E %R (P>0.05)  FAHEME
F:0 30 d J5 11 SOD M5 R i R 4 R 5 AL #E2H SOD iR PE S CK Mtk R E % R, 5
CK #Et, Btk M. arborescens M E. mundtii Kb ¥R )35 7t POD 43 5] K % 62.92%F1 76.83% (P

<0.05) , UHIFRAEREAL S MR RE A AT TR (B 3) .

‘:150 r 400 2500
ey 5 a a . I 2 2
E 8100 | F b b af @300 a 3 g.?zooo I i
Eg 7 [bed bed I bed == " . a ] < 21500 -
2 Hlale 4 8200 [T E o, el b
I 3 < s a e I 1z 21000 —I be bed bed
a5 50 b & S L ag g cd I
24 B o IS L c
ﬁig 8 2 = 500 = g:
K § 0 vy by 0 MEEESEESEEEES N ErE ] 0 THENE WS AN EE B WS W
CKABCFEKLM CKABCFKLM RAERCEFELM
Qb Treatments AbEE Treatments AbEE Treatments

B3 AR B R AL S SRR P — I 5 i S B AL
Fig. 3 Comparison of malondialdehyde content and enzyme activities in tomato plants treated with different
bacterial strains
W RE/NGFHEFRR 0.05 KFFEREE. A, A rhizosphaerae; B, M. arborescens; C, E. mundtii; F, C. flaccumfaciens; K, M.
oleivorans; L, B. amyloliquefaciens; M, E. cloacae. T I[fl . Note: Difference lowercase letters represented significant differences at 0.05
level based on LSD test. The same below.
2.3.2 RN IHE VA b 0 A AL AR A KR B R
Witk M. arborescens E. mundtii~ M. oleivorans ¥ A HEM G, TAMEKTIEHEA S E

5 CK AL 7 A HE i 1 39.53% . 25.10% fl 22.29%, A AL ¥ TC & 3% % s Btk 4
rhizosphaerae M E. cloacae R-FEA [ W] I I KE K PAHEL CK 235 R F% 1 55.38% M1 55.18%:
W HE A. rhizosphaerae M. arborescens~E. mundtii- C. flaccumfaciens M. oleivorans F1 E. cloacae

WHE MRS EYEE ST CK (P<0.05) (K4) .
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Fig.4 Analysis of soluble protein, soluble sugar and chlorophyll content in tomato plants treated with different
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bacterial strains

Ve 787 2 Tt o 8 7 AL SRR B 25 B ) S

BeFh A. rhizosphaerae. M. arborescens E. mundtii~ C. flaccumfaciens K1 M. oleivorans

FIFEFEE S A & EE CK ML B2 (P<0.05) . TF E. mundtii {bFEA, AR A4

s CK 25T 36.43% (5) .

1400 50
a a a
1200 [ a
2 I ab 40 L ol
5 1000 1 be .z ¢ ¢
o0 3 c = on 8 = &
25800 [E = I L ¢ % E30 HE d
<3 I &g
3 600 [ o
5 920
T2 400 [ 41 5
= ZZ 1 k
200
0 1 1 1 1 L 1 L J 0 1 1 1 1 1 1 1 ]
CK A B C F K L M CK A B C F K L M
Qb Treatments AbEE Treatments
KIS ANIF B PR AL 2R T AR S B S BE S 2 AT

Fig. 5 Analysis of total nitrogen and total phosphorus content in tomato plants treated with different bacterial

strains
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B A M I S A R E I, B R MR R T e R T, TR
ST AG S AR SR ) 5 08 B S, AT B BRIF) e RE MR ) 5 B RO B A, I R AR
(ZE3CRH, 2024) o [RIMEAR ST ME VR A A2 7 50 T 05 98 o LA wh A O A O T4 T 2 e
A AV HHR 5 F AR BAR R R R E B . AHETOR AR G B At 7%, I
BV R 3 1 4t 4 B AR R 43 JE 3 7T 6 J& 7 AN 13 MRANBE BRIAK, il A R TR
4rD  FTERE Q% - BItERE Q) - AITEE GH « MITERE 2 H#
MBI E (18D o KREFTTEERY, WMIREE. 2T 6w S A ST 1 & 878 7 48 g w]



DI B h (R 45 4 AR AR, AT 2 15 B SR B R R I 75K, e 3k B s A A 3
FFH & 6 BAT — 52 FOTE R BR AR RE 1 O B, 2023)  ASHIE 7T Bl 4 B A5 B I B B E. mundtii
P el ey, [RIFEMS,  E. mundtii 052 2 & piig i imE i A w2 —, A& miE
TR A M B ) B ORI R B A, 2023) , [k, MEVRANEE TR E. mundrii AT RERH
T AvE R R R TE AN 47 B R (2023) it KEGG RHig & 01, RIL E. mundtii
FERIERR . Be s AR BRI B S & L SRR IR AR & S A v A — e AR
o Bk, E. mundtii 7] 8838155 B H 25 E A SR Z M 5 dh IR K A& VR IR R 455 37 )
JRR R v S A R A, AT 7R 30 VS M TE T B R b SR I HE W SR I A G LA
FCHER, 2023)

REEMY)E, Xy EEsa sy, w5 R E S g, BT
M R ATy, FE R P AR S R ATy 1B SR KT LA A Y P & (Npflin
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