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Genetic diversity of newly established, invasive Tuta absoluta
populationsin China based on mitochondrial CO I genevariation
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Abstract [Objectives] The tomato leaf miner, Tuta absoluta, is an invasive global pest that causes severe damage to
tomato crops. Recently recorded in Xinjiang and Yunnan, this species poses a significant threat to tomato production in China.
The objectives of this study were to investigate the genetic diversity and phylogenetic relationships of the two geographic
populations of T. absoluta in China, and their relationships with other populations. [Methods] The genetic diversity and
phylogenetic relationships of the Xinjiang and Yunnan 7. absoluta populations, and those of populations of this pest in
different countries and regions, were analyzed based on mitochondrial CO I gene variation. [Results] The results show that a
total of 55 CO I sequences from the Xinjiang and Yunnan populations were identical, with no genetic variation within, or
between, populations. The genetic diversity of 7. absoluta from different countries and regions was also extremely low, with
only 4 haplotypes identified. Haplotype 1 was widely distributed and shared by all locations. Haplotypes 2 and 3 were only
found in Kenya and haplotype 4 was only found in Peru. Phylogenetic analysis showed no evidence of geographical

differentiation among populations. [Conclusion] These results confirm the global genetic homogeneity of 7. absoluta. The
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lack of genetic variation between the Xinjiang and Yunnan populations is useful information for management.

Key words invasive species; Tuta absoluta; CO | gene; genetic diversity

TRV Tuta absoluta (Meyrick), X 4%
BT 22 T A, SR T8 H Lepidoptera
ZIEFL Gelechiidae, J&#&AiFaiFHEY) K
P ER (K 1) ( Desneux ef al., 2010; Biondi
etal., 2018) . A ER . BERE . AT
RIAL. LSRR 2B EY (Vargas, 1970;
Malleaet al., 1972; Campos, 1976; Cisneros and
Mujica, 1999), % FEhF R, U
RGN B8ORS, AL A I AT i A 80%-
100%f¥Fi 2k ( Desneux et al., 2010 ),

AT M TR IS R -, 20t
HrI T AR TE R SE VDB, B R S YN i b
A9 3E H ( Guedes and Picango, 2012; Biondi et al.,
2018 )., 2006 4% W B I AE P BE2F & BL( Urbaneja
et al., 2007 ), ZJ57EHH Y R 20t 7 Xt g
L (Desneux et al., 2010, 2011). HAiEi

IR O AERISEDN . KO . AEUHAE RS 90 £
A E RN XA HGE , B A R At
BEOKEM (VEREEH S, 2019), AR, FAT
i 7 T R P b RN VY R A B R 2 R
M W . PR FONTEE | RS R | 3R
. OEIEE . JEI/RAEA A (1zhevsky, 2011;
Camposet al., 2017; Sankarganesh et al., 2017;
Uulu et al. , 2017 ; Zharmukhamedova and
Shlyakhtich, 2017; Saidov etal., 2018) , J17E
FRE s A = p L R AR A (R4S, 2019;
BRYESE, 2019; SKAEZFSF, 2019, 2020), Xf
T 3™ b B A U -

Nz FH RIS Z R )2 AR A )
UG, IR LR E & T A
1R AE AR W RE R A SR R 36 ( Prentis
et al., 2008 ). WAL H BN [F A EER] 1Y 35t

1 BEMEBEMHBEEHSESHLEREER
Fig. 1 Photographs of Tuta absoluta in different stages and damage symptoms

A. BB B. FIWELIH; C. ¥4I D 4RSI E I E O G RIEER; H R EEIR,
A. Egg; B. Newly hatched larva; C. 3 instar larva; D. 4" instar larva; E. Pupae; F. Adults;
G. Damage symptom on fruit; H. Damage symptom on leaf.
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RAR SRR G R E K F I AR 1Y)
Fii#% ( Facon et al., 2006; Liebhold and Tobin,
2008 ). PHHARAEYI KRB ARG BT T
fift FLAE BT AR 1L 1) 35 N B8 7 AP i Ak AR
(Ann et al., 2001 ), [a] A X idE— A5 BH AR Tk i 3
FHWT AMZIBAE . il PG SR s A iR 38
X(Myerset al., 1998; Liebhold and Tobin, 2008 ),

FE v R AR TR AR AR L
H BT BT S0 2 m A iRE o BN 2 p i 3
BRI, KSR E A I, WA
FERBRRRE, JFLR BB ES, A
FF 1 — 25 e A B B 5 SR o ABIF 9 17 FH 2%
Ktk COT HEMENFARL, XTARKEM 2
A M FERREE (4 3515 ZZARE PRI T T 40HT , RIS A
TIRE 2 AFIEES A 7 a0 v o g e B 1Y)
RERERR, UHPHIRRIZE U5 5 A

REROIEE R |
1 MREFE

1.1 HRAFEFN DNA RE

e i Ve I MR 41 AR AR 43 SR H 5 BB
PR AL FR (1), BERENL B bRA
RITFIKES, BT - 20 CHAME T~
FHT DNA 425,

PEEUREAS DNA B, CEEREAR TG K 2B R
W, RRRE ¥ % )5 , SR Qiagen DNeasy Blood &
Tissue Kit i 1] G H2 ULk &)y B i) 4 FE R 41 DNA

( B RS IR G e i B 4 BRI A T4 ).
FEHUHY DNA 8 o fie 2240 ] WG BT ( Thermo
NanoDropND-2000 ) Ml g W &, Ak S A7 T

- 20 °CukFH 2 o

il 7 Bl i Rt B A LS AR

F1 HWMEMHEREER
Tablel Sample collection information of Tuta absoluta used in this study

11X Location 2 Longitude

% Latitude #EAS%C Number of samples SZAERT[E] Collection time

= EE Yuxi, Yunnan
gAY Yili, Xinjiang

102°57'78"
81°12'11"

24°34'16"
43°49'40"

27 2018.12
28 2018.7

1.2 PCR ¥y &R

DI 4 R ZH DNA SRy KA o) 25 7t v i
WLk CO 1 3L f Brilt 4T PCR Y3, ¥4
519y Ay H B CO T 3£ K58 FH 514, 4 LepF:
5-ATTCAACCAATCATAAAGATATTGG-3'; LepR:
5-TAAACTTCTGGATGTCCAAAAAATCA-3

( Hebert et al., 2004 ), PCR ¥4 i Ak 2 N
25 pL: 12,5 pL Tag PCR Master Mix ( BBI Life
Sciences), - TFil#54 (10 pmol/L) 45 1 pL,
DNA &t 0.5 pL, KFEMZEK 10 uL, PCR J
MNAERE: 94 °CHiZEME: 5 min; 94 °CZE4 30 s,
54 °Cil -k 305,72 °CHEfH 45 s,30 MG, 72 °C
FEfF 5 min, PCR F=4)F 1%L g i EE I L bk A
W, 8 PCR =ik 248 TAY TR L
) et A BR A FI AT AU T .

1.3 BEINBEHESH
W7 A A B4 41 5 B DNA - Star 5.0 %k ffh

() SeqMan FREHEA TR FN9E4% , I IS 5] 795 i
g T T e AN AR P 91, DR R 5 R B B
671 bp. FrigF4I1E NCBI Muh |5 HE %
AN ik CO 1 JEH)FH 1T BLAST LX), #fi
NP MG R B BFRSEE N, @it MEGA 6.06 k4
f) Clustal W #1725 )37 51 et , 3500175 i i
SR B AR T S A AL R S T A A L.

14 HHREHBHEMEOEESEEMRS
EZEOH

MACNCBI st T 28 HA [ 2 R X 2 4z 1B
A CoO 1 )¥3, EESAMRH CO
I FFAEZNTH (£ 2), £ MEGA6.06 X
PP iE4T Clustd W Z 5 550 e xd 20, 1
DnaSP 5.10 431 tH: Fit [l A 2% 1 R4 b IX e it v
kAR CO 1 P8l PEN S8R (S), =748
BEC (). BARFEVE (H ). BERZREE (Hy)
BAFREZEE (P) AP R ZESE (K ).
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PIE R 522 8 Bryotropha similis N
PR 7 NI e [ S < S - O i
MEGAG6.06 % /-3 T-4F %% ( Neighbor-Joining,
NJ) HERGE LB

2 GR59H

21 ZEMFEEHEHEMENBESSHEYE
S

Pz A FIHT S5 10 28 0 1 P e 7 1 el R
I 55 L4 U DNA Mt , Ff74eki{k CO I
LR R BERY PCR §38, WUa) N Je 2e 98 . )
PR S P 452 5, Y158 671 bp K&
B COT KA B, 4 NCBI Mk I BLAST b

X, FrA A5 O HRGE ) B ik CO T 3L
FP A ELAA W i AR , B Yo B B B

SR LR 55 ARSI EE, A M BERR R AL
55 Z&FA 5t —E, ANIRIFREE R AR A
AR R, A — 5 ( GenBank %515
MT919642 ), FEMRSELL 1, CO T KL A
dikt 40.4%, T 51t 28.0%, G (5t 16.1%, C
ti It 15.5%, A+T (5 [t 68.4%, G+C 1 It 31.6%,
FELH ) AIT B 1 7%

22 FEEMERE M SRS SHYE

M GenBank TERALFERIIEU . KR . AEDH
FOEW 17 DEZMHIX A 419 4 CO 1 JF4
(% 2), FiRFESS5ARMSEH 55 & )¢5 —ifdh

®2 AREZRMBRXpFMEHEHER COI ERAFF
Table2 CO I sequences of Tuta absoluta from different countries and regions

Country and region GenBank accession number Number of download sequences
T Asia ENJE India KY619681-KY 619687 18
KY619673-KY 619676
MH940244
MK 000732
KP793741-K P793742
K P814055-K P814057
JeH/R Nepal KY619677-KY 619680 4
Fil & Oman KT452897 1
£ South America  F& Peru K X443108-K X 443111 9
KU565531-K U565531
[ P4 Brazil M G596129-M G596228 100
R Europe 7 JE S A B SRR AR K 852871 1
Bosnia and Herzegovina
S5 % Montenegro KC852872 1
L Africa ¥R Egypt KY 129655-K Y 129659 5
NI Congo M G693216-M G693223 8
1“7 Benin MH882429-MH882452 24
HZEJE T Tanzania K U565496-K U565520 35
K U565656-K U565660
K U565686-K U565690
15,F 3k Uganda K U565651-K U565655 5
# 2T Kenya K U565521-K U565530 182
K U565536-K U565650
K U565661-K U565720
K P324752-K P324753
R Je W Tunisia JQ749676-JQ749690 15

Je H AT Nigeria
F5E South Africa
%+ Toga

MK189155-MK 189162
KY212128
MN759250
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1474 %079 . AR BT R B, HE
PR ) 2 T T I P A 3 A 2 RE R EUR G, 238
PEOZ S KR (S) A 5, REERE () K5, #
fERE (H) 4, SAERIZHEE (Hy) S 0.017,
KR ZAEYE (P) y 0.000 05, “F-HIkEHRE
SHC(K) 4 0.025 (£ 3), HA5H HL Ry Afie
T MR R, BR R WA A R
( KU565581 . KP324753 ). M & W A4 1k
( KUB65533, KU565535) 4, " E#H#E S =~/
(7B A gk AP e CO 1 R A BE S5 AR e
W, B, MR, g, HERW, BTk, %
Jedr. R HANE . BEAEMZHEF, KR e I
FIRIERAEIL . SERRNAGR D, BN I AL A
PO, MEPHAYEREE | JE A R FITBAT & fr) 2 it v - e o

) CO T FEPH FA AR 100%, S fa] —~ HLfi
A HL, 5 WEREAAER HL A), BAFLEPIA BT
%l H2 (KU565581 ) Fil H3 ( KP324753), Fih& 4
AR R HL A, & fFE — DA R HA
( KU565533, KU565535 ), 5 J& . 75 fifi 78k - ik
FhEE BN B (S) A4, RARE ()
h 4, BAERE (H) R 3, HAERIZEENE (Hg)
1 0.022, EirfRZFEPE (P) b 0.000 08, “F-
AR 22 580 (K )y 0.044, FIE-3R il v - gk ol
MBS EE (S) b1, RABBE () K
1, BfERE (H) R 2, R (Hy) M
0.389, HHFRZHEENE (P;) S 0.00072, FH#%
HRZESE (K) N 0389 (% 3), HAeEZEHM
Hby DX 5 I e R R AT AR AR R (3R 3 ).

*3 #HREERN 18 NERMMXWFMREHEMEE CO I EENEESHENST
Table3 Genetic diversity of CO 1 gene of Tuta absoluta among 18 different countries and regions worldwide

Wooomnen o 5 7 7 umeotmavaag e B K
45 Worldwide 5 5 4 - 0.017 0.00005 0.025
W Asia Hi[E China 0 0 0 H1(55) 0.000 0.00000 0.000
I India 0 0 0 H1(18) 0.000 0.00000 0.000
JEIA/R Nepal 0 0 0 Hi1(4) 0.000 0.00000 0.000
BT Oman 0 0 0 Hi(1) 0.000 0.00000 0.000
ESU F 6 Peru 1 1 2 H1(7)H4(2) 0.389 0.00072 0.389
South America iy Brazil 0 0 0 H1(100) 0.000 0.00000 0.000
KKPH Europe e AR FE R AN 0 0 0 Hi(1) 0.000 0.00000 0.000
Bosnia and Herzegovina
SIENKEE Montenegro 0 0 0 H1(1) 0.000 0.00000 0.000
AL Africa ¥ % Egypt 0 0 0 H1(5) 0.000 0.00000 0.000
KI5 Congo 0 0 0 H1(8) 0.000 0.00000 0.000
15 Benin 0 0 0 H1(24) 0.000 0.00000 0.000
¥ 2T Tanzania 0 0 0 H1(35) 0.000 0.00000 0.000
5F 1% Uganda 0 0 0 Hi(5) 0.000 0.00000 0.000
# JE . Kenya 4 4 3 H1(180)H2(1)H3(1) 0.022 0.00008 0.044
2Rt Tunisia 0 0 0 Hi1(15)
Je H A Nigeria 0 0 0 H1(8) 0.000 0.00000 0.000
Rk South Africa 0 0 0 Hi(1) 0.000 0.00000 0.000
% f Togo 0 0 0 Hi(1) 0.000 0.00000 0.000

S: ZAMEALSEGE; . FBEEG H: ARG He: SAASRIZRENE; P BOHRRZFENE; K. PRIREIRZE R
S: Number of polymorphic sites; : Total number of mutations; H: Number of haplotypes; Hy: Haplotype diversity; P;: Nucleotide

diversity; K: Average number of nucleotide differences.
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23 WSSEEREMEHEMBNREL TS
BT CO I EENFIIN ARG A B /T4 Rk

B, fdh P EAENAY 18 AN S8 FHb X 54 7 i v
R RE SR o — 2, WA AR S L X A S 1431k
(K 2),

MT919643.1 H[E = China-Yunnan
HQ968678.1 :[E France
MT919642.1 H1[E#i#i China-Xinjiang
JQ749690.1 %8 JE 7 Tunisia
MG693223.1 R Congo
MH882452.1 1“7 Benin
MG596228.1 EL 7 Brazil
KY129659.1 #2 % Egypt
MN759250.1 8 Togo
KY212128.1 B§3E South Africa
KX443111.1 #% Peru
KT452897.1 fi[E Oman
MK 189162.1 J& H F|i¥. Nigeria
KY619680.1 JE2IH/K Nepal
KY619687.1 EIFF India
KC852871.1 il e b Al B ZE 7 4ETR Bosnia and Herzegovina
KC852872.1 Z245#%% Montenegro
KU565655.1 %+ 3k Uganda
KU565720.1 )2 Kenya
- KU565581.1 58 F Kenya
KU565535.1 A Peru
-I KU565533.1 # & Peru
L— KP324753.1 &5 /2 ¥ Kenya
FJ412217.1 & 224, Bryotropha similis

2 WFRSEEAEMEHEENME COl ERNREXREHR
Fig. 2 Phylogenetic tree of Tuta absoluta based on mitochondrial CO I gene

3 itig

AR FTLBAR CO 1 R F Byt &
FEPES BT R B, A AR Hh DB S A 2 e b DX 3 i
WAV TR A R, S — AL,
LR G RTLAORR CO T KK 0 ENEE A2 IR
Fh i ( Shashank ef al., 2018 ). 2 P A EE( Carvalho
etal., 2018). J& H AW FP#f ( Balaer al., 2019)
WAL SR A R — 2, 3N LXK B F AT
IRAVEE N IR A AR 5, A — R, H 5K
TF 5 A 119 LA TR A [ o 3 2 o) T S R P 1) 2
HRTE R CO T 3K 217/ & 2R,
K EFEFEM . BRI AEPHFNE I 18 = 5 s
XH 474 % CO I B FHI M infe ZrEtEdE s
fiK, 1A 4Af5RL, HAAER HL | B
BRI, BTE | A [P TR R R

FERMES  SEFE AR A Al — B A | BT H2
H3 e H JET, B8 HA (UM TR &
B 5 Hi 3 1 e 750 TR i ) v 35 A% ] B
P 5 H AR B P45 AR Nk TR i 2 A
AT IR, PR 4 o kR e =
A =B R T (Flores et al., 2003),
T 53— CO 1 B K R B AP & 5 ) B X R
( Internal transcribed spacers) ITSL il ITS2 3&[H
Mt AL 2R R B, 23 A Hb g i DXCRP R
110 A BB EE R B AR SRR R AL, b
TR b DX 2 50 T g B — 35t f5 AL ( Cifuentes
etal., 2011), 3&F CO T LA M8 fL ZHEME /Bt
BRI, A HL 8 AT v - B Ay B — B AR
( Yukselbaba and Gocmen, 2016 ), 3£F CO I 3&
BRI ITS BLR M35 e Z e A & 8L, 7 10
AN TR b DX ) 2 At - SRR o8 A — 3k, Yo —
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ANHAERL (Carvalho et al., 2018 ), 3T CO 1 3%
AT P 7 317 T8 P A ) 35 2 ] Joi e [ A A I 9
HYEPEEFJEIAZR ( Shashank et al., 2018 ) FIHEYH
fJe H A (Balaet al., 2019), A% R FrE
ZAE T A AR B o 0l AR AR, v A s D
Frankliniella occidentalis ( Yang et al., 2012 ),
R Ochlerotatus caspius( Porrettaet al., 2007 ),
Ro] #2 4% 09 8 Linepithema humile ( Tsutsui and
Case, 2001 ), # K5 4F Sitobion avenae( Figueroa
et al., 2005), —MBRUL, AL ZAEIETE NS Tl
MEAFEN, HARTARYF R AR
( Tsutsui and Case, 2001; Figueroaet al., 2005 ),
MNAZFPHE B8 ZHE PR R W] RE S T B AL
A8 SO B AN 3 Y ( Tsutsui et al.,
2000; Hawley et al., 2006 ). #Riii, AHFSEHH
55 2 i PO )38 A% ] BT P AN 2 ol T B R A
5 R, PRI 5 AR [ AR B T A 22
5o WL, BARMHIRIE S [oRE, Framphien]
RERIR T PH AL X S5 B b W E %K, =
FRAEERTREARVR TVU R ML IX 5 = R 0 AR e
EZ, (BRI REE R TCH R, AR 56T HAlh
srFimic (LT EALA . HABLRAR SR ) 17
25T o TS PN 2 i s P A 11 35 £
ZFEVEBICR P R F B R 3 iy, HAE R
VERE R I T T B w3k vk RS R s 1 Y
B—F R, YRR RS
gi Lk, JEF CO I FEH st ZFHEPE
AT S 7t S0 T PN 0% 2 00 T e i A R R A e
PR R B . SR, T A AE R IC AT
AIRETR BRI Esie . TV MR BRKEZE
( Amplified fragment length polymorphism ) 437
KI, 84 LELPU TR v A B W sl
AR SE ( Bettaibi et al., 2012 ), 3T TR S5
Br B0, BE I UNAS R M DX %) 2 m v g A e 2L
AL oAb, AE AR LAt i DX ) 3 75t VS - e o
CAnpeyn . B HARHLIX ) PR S AR AT AR
JEH A% (Guillemaud et al., 2015), Y34h, R
CO I F:PHEN &) iz bR FE N bRid, H
FE— e Ffrr, HIFAS R A 5 15 AR S 1 B AR A
0, WFEAHE A E Diaphorina citri H, 3T 4h0

i CO I P AR A 2t 452 5%, (AT nad3
T renl JEPR ) & BUAH S )i A5 728 5% (Wu et al.,
2018) . [RIUL, FEF HAh ) Lok A I R i 2 it v
IS () 352 1% o R F 9T AT BEAS B R Y 4518 .
T M etric (RN T . bR
AR PR A5 ) St ot 55 91 [T PN 28 i o g P e 11 35
(& R E RN S T2 6 T, WA Rk
— 2 BR80T 0 P R a5 1 2 R RN AL 1

wit,
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