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Abstract

As an invasive pest, Tuta absoluta (Meyrick) spreads very rapidly and is extremely damaging, and
it has been reported that the insect has parthenogenesis. In order to explore its reproductive
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phenomenon, we focused on molecular detection of endosymbionts that may be associated with
reproductive abnormalities and determine whether parthenogenesis will occur. DNA samples
were specifically amplified by polymerase chain reaction (PCR) with the addition of specific pri-
mers to assess the presence or absence of the corresponding symbiotic bacteria in T. absoluta
adults or larvae. In the parthenogenetic experiment, data on egg production, egg hatchability, and
longevity of virgin moths were recorded, and the results were compared with those of paired fe-
males. Our results indicate the presence of an endosymbiotic bacterium (Wolbachia) in the worm;
in the populations of T. absoluta we tested, we did not find solitary reproduction, and virgin moths
laid only infertile eggs.
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1. 518

e 0V R — A S N B RNRF L], B TR SR IR ER, A ez, FENEN
BHEY), QIEEMN. SRE. REAMES, FEZMEY E=RRRE 2], HEERI v Eyt v
TERASNE F808, mDe G EH; WEE2aBidm L2 mas, mlEkBEirRs; RL2ERS
AL RO, AF IR 2508 SN EL[3] e 1255 B AT X B - AR A ™ S 15, T 7 B Y O f 5 e m] oA
100% [4].

H 2017 4F 8 J A i ik py YR AE H B AR AL X R BLLASR, IX— AR BT [ B Y G
BR5] [6] [7] [8], A2%Z4 702 7 1E3 i v ol 47 4 (1 B o5 FH 753, (HLe T g v i e ik, v LATE BY
FLRE— 0o A BRI S, N AR 25 103 A FH O 5 B0 00 T P W e 8 ot 2 ot o7 AU 7 A L M
R, 55 R RRFIR I . B AU B (s il e ms, W R AR FBOR(SIT) HFERIE AL, X LIRS
AW FE FEAE— S X IS TR R ARSI JriE s, A VA TR i ORI R D I DB R A
A TR e v i T DA 3o AIOME A SRR AT O BB 9], U SR v R AT IO AR, A K Skt 2 R
ANE HARB IR IR K KA -

P A 5 — PR AR A 7 5, 5 B U AR AR o3 140 P i LR R B B A IR
/R B 5 B T (Wolbachia sp.) 157 72 Y 44 (Rickettsia sp.) [10], Hoth 5 A= 5 25 4 AH 3¢ 1) 0 J8 38 A AT 1
(Cardinium sp.)Fl#% J5 44 (Spiroplasma sp.) & . fEIXLERAEYH, IRIR e IRRBE DR AFE i) T2 N 3L
AR PR, BRRGE T 2R UL LR RS A [11], AR T SR A A A, RS AE
80% 14 fis 38 H i ik e 1 YRR T o IR A4 [12] o

DA_F i 30 ) i A AR B P AR AR B REAR AR R T DL TE RS, thow EHEATR B [13], BAbnaE
B & BERRARE ANE, AT P REIS 310 AR FE SR

WA N AR 21 B 50 010 7 00 TR I R B S AR AR M AR B 5, 1 skt = AN b X PR v kAT T
AFAILAE R BRI . Ak, FERTRLRLX, FRATRER T AL LOMEdtAT 1TSS, K bl 2 15 A7 £ DIUME A 5
ST OIS I S s o NS EE i s LR 8
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2. 5 HZE
2.1. B IE

90 et gl o, R B Ok B R SR R SR TR R T . AN B R IR OO, BEALE R 60 S AMA
RIF sy, AIOMEAE L% S 06 HOYRR B BTz /R T B AR =2 e el el 25 55 6 i 28 ot M o

2.2. DNA BJ$2HY

7 i s 0 o B R B4 ] Ezup AR (B0 2E R 41 DNA 3 S (L 2E T)IREUS DNA, B
ot ik R A 2H 4R R U B R R NI 1.5 mL S0 A, i\ 180 pL Bufrer ACL, FEIIA 20 pL
Proteinase K ¥, E%3¥9%, 56°C/K¥ 1 h BANMTE AR . PN 200 pL Buffer CL, 7873 BlfE)iR 5]
BN 200 uL FTE/K OB, Fe5r BEITR ST KW PR OISR B v, RS VR T TR 3 I 4T 4R B 7
YA INT SRR R, B 2 min, 10,000 rpm I 1 min, (B REUSCER B AR R . B R B A ] i
g, IR B TR oin N 500 ulL CW1 Solution, 10,000 rpm 5.0 30's, B4t B . H4 W B A el
W, W B SN 500 p CW2 Solution, 10,000 rpm B0 30's, fEIUSC AR R . R B AL 2
Fs e A - 12,000 rpm = B0 2min £ 5 ) CW2 Solution, BUH BB AT, N —ANE 1.5 mL
B, A 50~200 puL CE Ruffer & 3 min, 12,000 rpm ZE# 250 2 min, Y£E DNA AW . Kl DNA
FEMTT R, DNA FE i 0o 5 AN E s A R A 70 O BE TH(KB600) 3547 T 04T

2.3. EEREER ST FEM

AR BT AT 78 R A4 TAYM TR (L) R A IR A RS G YIGE 1), MRS 25 pL, 45
FERW#EI4% 1 uL. DNA BH 1 pL. 2 x T5 Super PCR Mix (Basic) 12.5 pL 1 ddH20 9.5 pL, #1414
4 98°CTiAEPE 3 min, 98°CAL1E 10 s, 55C~60"CiB -k 10s, 72°C4Efi 155, 35 MG, 72°CZ LA 5 min,
B4 pL PCR =W EAT 1%BR IR IR (bt i/ —AX 38, DYY-12C B4k )R, Wik 7 L H 48
P 4ET : Wolbachia sp.. Spiroplasma sp.. Arsenophonus sp.. Cardinium sp.fil Rickettsia sp. [14] [15] [16]
[17] [18]

Table 1. Detection primer sequence, annealing temperature and product sequence length of reproductive endosymbionts

F 1 HEALEERNEIF BRARERS“YIFIIKE

LA 5)(5'~3") B KEE(C) K& (bp)

Wol16S-F CGGGGGAAAAATTTATTGCT
Wolbachia sp. 55 700
Wol16S-R AGCTGTAATACAGAAAGTAAA

SpoulF: GCTTAACTCCAGTTCGCC
Spiroplasma sp. 55 421
SpoulR: CCTGTCTCAATGTTAACCTC

Ch-F: TACTGTAAGAATAAGCACCGGC
Cardinium sp. 60 463
Ch-R: GTGGATCACTTAACGCTTTCG

RicCS-AF: TTTAGGCTAATGGGTTTTGGTCAT
Rickettsia sp. 60 382
RicCS-AR: TGCCCAAGTTCTTTTAACACCTC

ArsF: GGGTTGTAAAGTACTTTCAGTCGT
Arsenophonus sp. 60 581~804
ArsR2: GTAGCCCTRCTCGTAAGGGCC
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2.4. PCR P4l - 5 Ee 3t

BEEURRAN HL X BT A3 45 5 1) 6 A PCR P29yt ATy, —3L05 7 18 ANBHYE per 724 . i2H DNAMAN
A X I 45 SR AT BEBER N IR 228 $1) NCBI (https://blast.ncbi.nlm.nih.gov/Blast.cgi) & 4t 1, AR AR
3¢ e A ML R B R I X S
2.5. TR EYEE

SAFH BT U R AF(RE 25°C £ 1°C, AHXTIRE 75% + 5%, G0N 16L: 8D) N 4k&:0 7%,
R AR 2 J5 B 55, PR et AT 40 28, AL AP ) 100 R Ak 2ok, 7EiE B %
BIAR P B FE S, BERE 1~2 d NN ACH HARIEE 77 S 4b sl 10 H b4k, 5 [FRRIFIL
TP R AT B FHAE T R . ZEIX PR AR AL B A, B R 0 S M 3% A5 s i ik R REL AR =R, B2
oo ik T MER A= gp E M A dy, 4R 22 BP0 1 O o
3. ERE 5
3.1. FEIEMHEREERLEEEN

AN ) Hs DX A i R ARG I 31 T IR 2R B 5 BG4 (Wolbachia sp.) FOAFTE (35 2), 1 AR5 3 2F T 0 iR 44
(Spiroplasma sp.). %M B (Arsenophonus sp.)~ FUFT B (Cardinium sp.)FS7 58 IR K A (Rickettsia sp. )zl #414
[MERE

Table 2. The positive rate of Wolbachia detection in tomato leafminer

= 2. BhBMECRR B 5 ARG NPA M2

Hu X ot () Wolbachia sp. FHHES(R) FH 28 (%)
Bay iz 2 T 60 40 66.6
FEZETR 60 7 11.6
FHH B 60 12 20.0

3.2. BinEHIRARER KEFIIEER

B A8 (%) Wolbachia sp. 4% £ B8 /7 51 — 2, @il ncbiblast # % 45 R & 78 584 Wolbachia
(KX146859.1. KX146854.1) Wolbachia P FEA: B AHALEE X 100% (% 3).

Table 3. Comparison results of Wolbachia strains and database type strains of tomato leafminer
F< 3. TEANBMEE Wolbachia BHk S MIBE LB BRI LLEE R

BRS BB FAELEE (%)
KX146859.1 Wolbachia endosymbiont of Varroa destructor 100
KX146854.1 Wolbachia endosymbiont of Varroa destructor 100
KP640341.1 Wolbachia endosymbiont of Pezothripskellyanus 99.84
JN379606.1 Wolbachia endosymbiont of Eupteryxmelissae 99.67

3.3. HEhn B A E A &2
T HE V8 - ik Ak Lok BAME P2 O AE 0~19 Bi, P44 2.24 i, T MEAERC WAL B 1 BAME P2 R 27~244 Fi,
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144 135.8 KL, MHEMERC X i A ME U ORI (5] 1) S34h,  BEAT MERREBC X A2 0 T R R e R
BEAT AZ T FR) 2 00 7 P MR RS RS S8 7 A 20 9l O 18,7 RN 23.1 R, MERRIRAR dnAEAE R 2 S (K 2). FER
5 A T 0TS U AT B X BN 2 e ) P B R, SRR LKA, BRNAE—E RS JE, AN
T, KREFE
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Figure 1. Difference of oviposition between female and male paired
females and parthenogenetic females
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Figure 2. Differences in longevity between female and male paired
females and parthenogenetic females

B 2. BRI R SIS s ==t

A7 % I ) (%)

4, gig

Xof T A b DX 14 00 T P M e AR AT 0 A 1) T R SR R T L/ B Wolbachia sp. fAETE, T
A K 2 B2 5 44 (Spiroplasma sp.) . % 1k i# (Arsenophonus sp.). 8L FT i (Cardinium sp.) £l 37 58 7 [ 4K
(Rickettsia sp.). fERFNHEXIERCI A T30 10 60 R A ik, Bz /8 i Brsill Hi 5 Wolbachia sp.
FH1E2E )y 66.6%, & 2117 BT A I ) Wolbachia sp.BHPE 2 11.6%, A1 H-EL BT A H ) Wolbachia sp.BH £
RN 20.0%, BEJEEET ALY, MR 5% Wolbachia (KX146859.1. KX146854.1)f) Wolbachia P
A A LRSI 100%. 75 B 437 /R Hi X 4k 88 33047 IIOME A= B0 10 25 SRAEBH, BT 87 136 ) Ak 2k BB AR UEA T
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FEOE, ARFEAR R I OR AL oAb 2k A i LM X PR O e BRI, T B 2 7 A A ke
=N E% .
5. Wig

X A1 DX ) 0 e e B AT 23 T ) 3 A AR R I T HEAE TR Wolbachia sp. AR, HAR IR
K6 3 82 5 A (Spiroplasma sp.) . 7% 1k 1 (Arsenophonus sp.) . AT B (Cardinium sp.) Al 37 56 ¢ K A4
(Rickettsia sp.), iXt11L5 Cagnotti 55 A\ Friff 7t 45 R —E[10]. 1ERTH7 /R b [X 4k 2L 0F 47 IOME A FE AR i, sk
ARG B A Lo AR BEAT P2, BT R R ILONGEAL . AREG 45 5 5 Caparros Megido 28 A\ TE 26 % A & B
T A A g AT DAAIHE P B9 HL RGOS #E il 39.9% ) 45 AR JE[19]. 45T RER B, AIOHEAEFE W] R g — Fil
EARILG, A — P E E i BN [20] 0 LB 72 A At i i A 1 T P53 J 3 B A 2 A ) — e
ARG T7 3, A - d ATOME AR FEE 75 BB ORFE AR B AT M EE,  FLAR 5] A AIOME AR 8 5L R M SRR AT 9T . i
R, AR AT TR0 R R I B 2 i s et ] LR AT 72 B0, 9 HL = O B AE A A 2 28 ] DAk 31
B, AHR IR IR AT DL, A0 R I HEAT BN AR BE A 8 P 0 75 iy 5 R AT O ORT 6) EE A 785 i T i A7 AE
e, AHE TR kIR AR B AT R B A A SRR I B AR LA — 8 R R
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