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# E [BH] FBIEMIK Tuta absoluta ( Meyrick ) EHMifEY FEREDR, AARKELNR, B
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Abstract [Aim] The tomato leaf miner, Tuta absoluta (Meyrick), is a major pest of tomato crops, causing significant
economic losses since invading China. The genetic structure of the tomato leaf miner population in China was analyzed to
trace its genetic differentiation process and analyze its genetic relationship with other geographic populations around the world.
[Methods] The study used the mitochondrial CO I gene as a molecular marker, and analyzed the CO I gene similarity,
genetic variation, genetic diversity, and biomolecular variation composition. We then constructed a global phylogenetic tree.

[Results] Our results demonstrate that mutant individuals have developed in the Gansu and Ningxia regions of China. Two
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mutant haplotypes were found in Gansu, and one mutant haplotype was found in Ningxia. A total of 28 polymorphic loci and
18 haplotypes were identified in the geographic populations of tomato leaf miners globally. Senegal had the most haplotypes
with 10, followed by Kenya. In China, two parsimony-informative loci for the conversion mutation were present with a total of
three haplotypes. Additionally, a Tajima's test indicated a post-invasion population expansion of the tomato leaf miner had
occurred. Overall, the genetic diversity of the tomato leaf miner was relatively high in Africa, followed by South America and
Asia. ANOVA analysis revealed that within population factors explained 97.99% of the population variation. Phylogenetic
analysis showed that the Kenyan variant KP324753.1 was an independent taxon. The tomato leaf miner populations China:
GSLZ in Lanzhou, Gansu, and China: NX in Ningxia, were the same taxon as the Kenyan variant KU565664.1. Furthermore,
the genetic distance was similar to that of the China: GSZY Zhangye variant in Gansu Province, even though it was identified
as a different taxon. [Conclusion]

Globally, the tomato leaf miner moth exhibited low genetic diversity indices, and highly

homogenous population genetics. The population of tomato leaf miners in China have undergone molecular differentiation, and

61 4%

the population may be currently expanding following the invasion bottleneck.

Keywords Tuta absoluta; genetic diversity; genetic structure; systemic development; geographic population

Py ek BE Y st AR 2 RE PR AR WK iR L
B =, AR A7 N R R A B A B4
— Y Rpis AL Z AR e B R F R,
BER0 B7 St C IR STEN SR VA (WA 0 O
Sy R AT (Lei et al., 2007), Hlankig
Myzus persicae figi8 2 P M A B — 26 5 305 55
EAOCH R HATH G, Sy AR B L 45
Fa, $ T HOFE R G AT 3 RS R PR o ()3
M, FAEH R AT #EE ST FpHHE( Vorburger et al.
2010; Figueroa et al., 2018 ), TELM AT RS
o, HORPRE R AT DL A I R g A ks B R
AU RIS D I S AR I, U HAE A7 A H )
ORI EEBEE T, P2 H BAEHZ AT &
A S AR T 55, 33X BEAT AU R APR L X % HL I Y
e, EEE A BRI ( Zhang et al.
2022; Renaultetal., 2022; Wangetal., 2023 ),

A I T8 A P — D WO A T
B P UEHEAT IR B TR R, HARS S AR R

YLE TR et fe , LR — 1 f 5 e
b b S RREEAH EAE TR 7 =X, PRt o o B e e
FERBAE A e, AT DAAEWT AR Y e 3l . )
FNTERFAE | BRI R AY HOR AR 05 B o 1
SO BTG BT R R R N PR AR
PR +8 S F HOWE I FYE BRI ] %2 ( Bourgeois
and Warren, 2021 ), 40, SRS i n] LA
HE B ST AP o AR, B AR TE R R R D
T A2, A B i FRATT N AR ok LA A B g

15 VAR W W03 7 72 A 4 ) B e i i
PRI AR AL, A8 AR S 35 I AR S R A A, L
S A% M7 45 B Y BE AR SR W T U S AR R BH
( Rellstab et al., 2021 ),

T Tuta absoluta (Meyrick){E it
AR A TR R A I Y R AR R —,
2017 AEE YA AT EBTER AL, Bl S (S B
FIETER ™ LITY | Periss b kA CIRFEZFSE,
2020 ), " HE L %L%o% T P4 2
B, AR R 2R SR 2k 822.62-
4190.34 1270 (ﬂ%é%ﬁ*ié, 2022 ). Tl i
YER—Fh2f )z 28t/ N E B, A
(38 N e AR R R, JFEIRE A RIS A X
B, WHER A X TR T IR E P . TP
BRI R A3 HL DX, DL KR aE . W RN 7 7 45 1
FERMIX (FEEE, 2022 ), BfiE 7 HvE ik
FEFRE (B AF & 9 | DLk 2% AR A DGR it
(1Y Bi7 v AR S 28 6 AR R I ], 7 22 X 5
TP AL T B 10T iR R PP R, JUHAE
MRS . IR M AR A RN T,
Bk ke e st oAb, BRI 3 X R AR Y
T AT AT T 2R R R LT
8T, (BRI BB TR AR, pFoE 45 R IfAR
RN Y KRR ] s AL AR S ( S HRAE
2021 ), MifEARAEZMAE (2022) it ISSR (i
PR H 4 751 X 8] Inter simple sequence repeat ) 43
Fhric & AR AL N AR TR 25
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F IR AR T AO T IHATIRA T i 3% 1R
AORRRESSH | 38t f% 22 AR 1 0k e B A T
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Wk o (o e B R A AR AR S A, T LA
BRI | AEZSTEPE PTG PESS , T
L2 PR RE R AL BT 6 S, e e B iR SOR A ]
I 38 T DAY/ A 00 S 1 5 962 B 8 T g R R
B o AT FE L v SO P TE RS 5, X
IR CO I BN L SR T 00T, BEIR
B 8 T e i R i ) A% 0 AL HE AR, DL RS 1
FIHERBERRE R, A REHN T, 18

WIRAIR, TRAGES, YRR
I i ) el A 5 A% B A R R R B G AR A B
AR BEIE S

1 MRERE

11 RBRE

e A g R A3 R B s pE AR L B A
AL GGy . TE R HR LM AR
Mib (1), F 95% 0K LAEFRIE & R 37,
BT - 20 CHZMTIRAE, HT DNA 21

x1 EMEBETHMEMHERERR
Table1l Geographic population collection information of Tuta absoluta

e o o . -
HIX Location b Label Lilnrg%ttfde )(°) Ettri%uc(ie ()°) cOnzztiﬁoTt'iie((iaﬁn)mnth)

H 7R 22 M Lanzhou, Gansu China: GSLZ 103.68 36.07 2022-6

H 3K Zhangye, Gansu China: GSZY 100.53 39.01 2022-6

T X 5 H Wuzhong, Ningxia China: NX 106.58 37.82 2022-8

LI P5IE ¥ Linfen, Shanxi China: SX 111.39 36.10 2022-8

A Yili, Xinjiang China: XJ 81.20 43.82 2022-8

75 #% ¢ Panlong, Yunnan China: YN 102.75 25.20 2022-8

1.2 DNA #H

W R A DR AT 1) 75 90 Tk I 0 A AR S A B Sk
DNA $2H0, BAREZHO LS RN/ 28 40
LR EBEAF A (DP304) P ( KRR A4k
FHE (dbst) BIRAT), a4 5 DNA %+
50 pL JoREJCHE 2 B F 7K H . ] NanoDrop fil &
SEEREEHIE 0D260/280 18, 4{EH K 1.8-2.5
B0 R 54 o FH 1% 0 BRI I FEL P RSE DN DNA
ik, FEASHUET - 80 CFRF&H.

13 HWERBEY

DLSRIBUR L DNA FRG R, F R v
i CO T BEPRia FI5 1WA T PCR &1, BTk |90 «
LepF:5-ATTCAACCAATCATAAAGATATTGG-3' ;
LepR:5-TAAACTTCTGGATGTCCAAAAAATC
A-3' YR ZR (25 pl ): 12.5 pL Taq PCR Master
Mix ( RARAEARHL (dbat) ARAFR), BT

WE5 9 (10 pmol/L ) 4% 1 uL, DNA £k 0.5 uL,
ddH,0 10 uL. ¥ IESH: 94 °CHIALYE 5 min;
94 °CAEM: 305,54 °CiRk 305,72 °CIEfH 45 s,
B 30 Yk, 72 °CHEfH 5 min,

14 HHEREKENF

PCR ¥ HRYBEH G, 1% BB biE i
PEATHLTK, HAYZHE 671 bp, £F%F HbR&AUEAT
YIE e, 53464k DNA #48 ( AxyPrep DNA
Gel Extraction Kit, Axygen, AP-GX-500), H]
NanoDrop {43 GG 2 0D260/280 1H.,
HIEN 1.8-2.5 MW EHE, SRt Aw (I
A 3 K v A ) BE 2 BB BR A F) https://

www.panomix.com/ ) FE1TIIF .

15 FINBEHBSH

P 77 BT 45 7 31 ZE NCBI ( https://blast.ncbi.
nlm.nih.gov/Blast.cgi ) 3 /47 BLAST HLXT,
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BINY 3G 5 Bl BAR R . dli MEGA 6.06 X
1Y Clustal W #4172 H P51 HLxt, 675100
it Jo AN 1 A AR A T X SR AL B, JE R R AR A
R, TR

16 EHBEMBHEMBFEESHUESRER
B

M GenBank T #2BRVTHIN 30 MERHE
ARk CO T HEFFH, it 590 & (% 1),
AW il TS T A T R G R B b

(£ 2). FIH MEGA 6.06 #4-FTFF T 415
EERIFA, TR A ST T Ir A S N 2 4Bk
A, JETEER A HEAT Clustal W HEXT, DAASHT
FEMARH CO T J@a 3k, Xt A Fp ol f et

FEAL W gaps A 30 bp, M ER DT i RAK T 85%
PP, BB R S PR Phthorimaea

operculella AN, FAb B W H b meg

F& 2, RSB (Neighbor-joining, NIJ)

MERGEEEW, RELEMNRERHRBIE
( Bootstrap method ), & Wil 1 000 ¥X .

JWH] DnaSP 5.10 J3 B BRI Fl 4 45 [ il

IR AEE CO 1 IFANM 2L R (S).
RASSE (n). AR (H), SR 2R
(Hd). % REZHANE (Pi). PR 2 74K
(K). HEAN S AE LG BSOS, Jdkfr
Tajima's D RS, W H Arlequin 3.11 #47
AMOVA 5378 R34t , SEGE G HE I i 7+
T 2000, IR RRAR A

x2 AEERMMXEFMEHE COIEEFT

Table2 CO1 sequencesof Tuta absoluta from different countries and regions

; PN
Jr Jg [E] Z I X GenBank & 3% N Fbﬁl}f'fﬁj ! @1[ i
Continent Country and region GenBank accession no. umber ot downloa
sequences
k==l %E America MT021750.1-MT021751.1 2
North America
e B R % R Algeria MK848296.1-MK848297.1, 8
Africa MNO066580.1-MN066581.1, MZ475335.1-MZ475338.1
7" Benin MH882429.1-MH882452.1 24
i FgN =R Burkina Faso  MN066582.1 1
ZE Togo MN759250.1 |
Jng4 Ghana OP413630.1-OP413633.1 4
# el Kenya KP324752.1-KP324753.1, KU565521.1-KU565530.1, 181
KU565536.1-KU565650.1, KU565661.1-KU565685.1,
KU565691.1-KU565719.1
Fi4E South Africa KY212128.1 |
Je H /K Niger MK848292.1-MK848295.1, 19
MK848303.1-MK848315.1,
MNO066586.1-MN066587.1
JE HFE Nigeria MK189155.1-MK189162.1 8
FEPIM/R Senegal MK 116924.1-MK117050.1, 131
MK848316.1-MK848317.1,
MNO066588.1-MN066589.1
52 JE W, Tanzania KU565496.1-KU565520.1, KU565656.1-KU565660.1, 36
KU565686.1-KU565690.1, KU565720.1
% Je# Tunisia MK848298.1-MK848302.1, 7
MN066590.1-MN066591.1
513k Uganda KU565651.1-KU565655.1 5
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#E3k 2 (Table 2 continued)

. A
e ] 52 AN b X GenBank &35 FRUFIAA
. . . Number of download
Continent Country and region GenBank accession no.
sequences
JEM . W R Egypt KY129655.1-KY129659.1 5
Africa, Asia
U BTARZE Argentina MK 848320.1 1
South Ameri
OURAMEICA 1yt Brazil MG596129.1-MG596228.1 100
B Colombia MK848319.1 1
& Peru KU565531.1-KU565535.1 5
DR HHF] Austria KX443108.1-KX443111.1 4
Europe 2 Bosnia and Herzegovina KC852871.1-KC852872.1 2
[ France HQ968678.1, MK848318.1, MN066583.1 3
FEIRYET. Serbia IN417242.1 1
7 Greece MK848321.1, MN066584.1 2
BERF| Ttaly MK848322.1,MN066585.1 2
T BT Oman KT452897.1 1
Asi
S EFEWriH Pakistan 0Q511270.1 1
JRIA/K Nepal KY619677.1-KY619680.1 4
ENFE India MK000732.1, KY619681.1-KY619687.1, OM232041.1, 28
MT516429.1, OM230185.1, MK639581.1, OM232057.1,
MH337367.1, KP814055.1-KP814057.1, MH940244.1,
MZ357191.1, OL601546.1, OM230176.1-OM230177.1,
KY923648.1, KX467347.1, KY619673.1-KY619676.1
& China MT919642.1-MT919643.1 2
- TH (China: NXWZ ) A—FpRAHAAERL 45
2 &BRE5SH 3056785 5 H 22 M HBFFRBE ( China: GSLZ ) Hi

21 REEMHEMHEMEME CO | ERARK
il

I FE IR RS 5 M (HIRKK) 6
ASHB PN 180 45 CO T BN FA, &5 F4
VR i B IR ) B, e CO T R 671
bp, VA ARiE R BEAE NCBI i BLAST bk
PEAFRIRERG 2R, 25 5 R H AL -5 50808 4
EATF B AR CO T 3K 5 41 [R] i
99%- 100%, FRIAFTHATHIF MG Co I %
S HERG T & . a3 P 91 22 8 HLG AT R B
T EH T E X B R R & T ]
wEAR S (% 3), A H R T Ao AR
£, 439} C/T( China: GSLZ )l A/G( China:
GSZY ) ¥4 58748 , 253 10.00%F1 13.33%,

), ARG H A 22 b BRI RERY 2.67 i .
22 BIEBHBEETERSH

LA CO T ZERAE Ry 7 Fhric AT s A 728 5 03
Br (3% 4), 255 S R 2ERHIEFREILA I E] 28
RS, FARTALY 10 DL, AR IS
N8 AL, RS AR
4.26%, HAEET 134 HEOLEH 15 Ly
fr LR, T L3t vk o e HA i ) gt A [ T
P R, AT A 2 AR AT
HLE R 2045 LA, Ul BT ) st BE AR 9 382 1
RAEAREC ZIE I T —E R REAL T . Tajima's
D P ERG SR B, AR v ot B R E
BAFTEVE AR AR A B, Ul IR RLASEAL T
ORI RE R, SO A A T E Mk BARAR
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*3 REBMEMBHMEME COI ERARTELAER
Table3 Basicinformation of CO I gene mutationsin the geographical population of Tuta absoluta in China

IR AR ¥
MR B s PEAKC R GRGE GUER (%)

Geographic population Label Number of samples Number of mutant Point mutation Mutation rate (%)

individuals
Hf Gansu China:GSLZ 30 3 C—T 10.00
China:GSZY 30 4 A—G 13.33
% Ningxia China:NX 30 8 c—T 26.67
1175 Shanxi China:SX 30 0 — —
HriE Xinjiang China:XJ 30 0 — —
ZxF4 Yunnan China:YN 30 0 — —

— FRZHIFRE CO 1 BN WA KA A FEZE R

— means that the CO I gene in the geographic population has no mutation or does not contain this information.

x4 AEAMEMBFEFMENE COI ERAFINTRAH
Table4 Resultsof CO I gene sequences of Tuta absoluta from different geographical populations

4Bk Whole word HH[E China

Z# Parameters BUH Data Z¥ Parameters BUE Data
FEAR 770 FEA B = 364
Number of sequences Number of sequences
JPFKEE (bp ) 657 A EE (bp) 671
Length of sequence (bp) Length of sequence (bp)
TRAFAL RUEL 629 PRSP L 669
Number of conserved sites Number of conserved sites
AR S s AR 28 5 AL 2
Number of variable sites Number of variable sites
SR 13 F LA 0
Number of singleton variable sites Number of singleton variable sites
[ESIES SN A 15 {295 B AL A 2
Number of parsimony informative sites Number of parsimony informative sites
AL 10 A 2
Number of transitions Number of transitions
RS 18 LA 0
Number of transversions Number of transversions
G+C 4t 0.324 G+C o 0.316
G +C content (%) G +C content (%)
Tajima's D - 2319227 Tajima's D - 0.616 59

TFIRE P<0.01 K B2 B (PR ).

** means significant difference at P<0.01 level by selective neutrality test.

Fe = 19 F v i A SR s AE A | 23 HRSEERN BB ERAMBES S

o PRSI I8, HORh B \ \
e 15 51 A A S 5 S 5
P LI, 2 - YRR TG SR, SRR, IR

AR BRIREN R (P2005), FF B4 78 T B B 5 2 REEREAG . CO T 3
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L BIEALS (S) 284, RAFHIEE (7)) H R E R AP RS RS R 3 B, AR T
28, HAEHUEL (H) 18 Fh, BAAERIZHEME (Hd)  FEEERUZ TR ZREPE 22 R0 B M BRI IE IR
J0.084, BHFFRZHEENE (Pi) 2 0.000 18, ¥ HI BAfEREIAN, B —Fho2s safsm, (0% Hh 3
AR 2ES (K) 5 0.119 (£ 5), 76 18 FipfE  FhEFEAAE A ZHEPE | B IR 2 FE M - 4% 1
Rirp H1 S8 e, HKOh HL, s HmTHeEE, BEmns, ENE
HI18. H10 Fl H15, £5EZ A LIZERIN/R IR ﬁﬁ‘ié.kﬂﬂlﬁziﬁ%gﬁﬁﬁ%%, R 43 5 A S 9 A
PRI ER, 5 10 Fl, HUCHE R (5 /1), BEEM.

x5 EMMEMHHME COl BEREME SN
Table5 Geneticdiversity of CO I gene of Tuta absoluta

REFR] ( AAH
W R FH X PR (A ﬁiﬁ ) y .
Continent Country and region S ( H Haplotype (number He Pi K
y & of individuals)
St — 28 28 18 HI(737) H2(1) H3(1)  0.084+0.010 0.000 18 0.119
Worldwide H4(1) H5(1) H6(1)

H7(1) H8(1) HY(1)
H10(2) H11(12)

H12(1) H13(1) H14(1)
H15(2) H16(1) H17(1)
H18(4)
A6 %[ American 0o o0 1 H1(2) 0 0 0
North America
el B[ JR A Algeria 0 0 1 HI(8) 0 0 0
Africa J1“F Benin 0 0 1 H1(24) 0 0 0
TINIER 0 0 1 HI(1) 0 0 0
Burkina Faso
% & Togo 0 0 1 HI1(1) 0 0 0
fin44 Ghana 0 0 1 H1(4) 0 0 0
# B Kenya 2 12 5 H1(177) H11(1) 0.044 £0.015  0.00022  0.143
H12(1) H13(1) H14(1)
B3 South Africa 0 0 1 HI(1) 0 0 0
Je H/R Niger 0 o0 1 HI1(19) 0 0 0
J& HFJF. Nigeria o o0 1 HI1(8) 0 0 0
FENIN/R Senegal 10 10 10 HI(121) H2(1) H3(1) 0.147=0.030  0.00028  0.182
H4(1) H5(1) H6(1)
H7(1) H8(1) H9(1)
H10(2)
e Tanzania 0 0 1 H1(36) 0 0 0
R JEH Tunisia 0o 0 1 H1(7) 0 0 0
5Fik Uganda 0 0 1 HI1(5) 0 0 0
e, WPl R K Egypt 0 0 1 HI1(5) 0 0 0
Africa, Asia
B F#E4E Argentina 0 0 1 HI1(1) 0 0 0
South America 1y gy o 0 1 H1(100) 0 0 0
HHE LI Colombia 0 0 1 HI(1) 0 0 0

FhE Peru 11 2 H1(3) H15(2) 0.533+0.095  0.00081  0.533
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#E3 5 (Table5 continued)

AR (A%

Con{fiﬂnent Cotr%yjl?j‘r:[:gion 1 " Hapl(.)ty}.)e. (number Hd Pi K
of individuals)
el HHhF] Austria 0 0 1 H1(4) 0 0 0
Europe W 0 | H1(2) 0 0 0
Bosnia and Herzegovina
¥ [E France 0 0 1 H1(3) 0 0 0
FEIRYEVY. Serbia 0 0 1 HI(1) 0 0 0
#i i Greece 0 0 1 H1(2) 0 0 0
BERH Italy 0 0 1 H1(2) 0 0 0
RIA7 BiT€: Oman 0 0 1 HI(1) 0 0 0
Asia EAEHA Pakisan 0 0 1 HI(1) 0 0 0
JEIA/RK Nepal 0 0 1 H1(4) 0 0 0
EVEE India 3 3 3 HI@Q6)HI6(1)HI7(1) 0.138+0.062  0.00033  0.210
Hi[E China 2 3 Iﬂﬂg@iﬁﬂn) 0.154+0.025  0.00023  0.157

S: ZVENLA RO p: RABLEEG H: PAAREG Hd: BAGRZRAE; Pio MHTRZHAE; K. PR RRZE 4
S: Number of polymorphic sites; #: Total number of mutations; H: Number of haplotypes; Hd: Haplotype diversity; Pi:
Nucleotide diversity; K: Average number of nucleotide differences.

24 BMBHBRZEZESH

XA I 30 A FE R 0T h T i
CO T RHHITREK T M (K1), g558%MH,
TH S B P T h v B R T LAl 4 AN 28R,
Hrh5 8l KP324752.1 FIZE748f KP324753.1
Iy IR —A, FEH R %M ( China: GSLZ )
MTHE (China: NX) BYFIAHEELFP RS ALFP 5
H e KU565664.1 RAFRLE—4:, H AR
— LAY LA B AR R AL, R T R R
PIRAEAE — it R B 1R ZT, (A4 548 i
FEBITET 2 N s AE R s e, 43 il 4
MK116930.1 . MKI116931.1 . MK116942.1 .
MK116977.1 . MK116982.1 . MK117003.1 .
MK117020.1 . KU565581.1 . MZ357191.1 .
KU565533.1 . KU565535.1 . KX467347.1 F
China: GSZY.,

25 AMOVA SFTROH

ST 2200 (AMOVA) o (3£
6 ), T 5% 0 L A 75 0 -t L ) 1 52 2 72
S BARAE A 2.01%, [R)—FE AN [R] AN A TE]

A5 97.99%, RUGIE AL F 2
RATAET RS, A MARAE

3 @RS

TR AR E O A 248, ARG
22 B P 43 B K T R 4 S L R AR S A 3
N & A AT 7 X ( Crawford and Whitney,
2010), HABFFE R TR CO T FR XT3
FAERYE BN 00 25 00 78 I A A EA T T AR 4
P53 o SERFWT, FREH R T B M DX 2
FRfC e k4 T8 5, 58748480 10.00%-
26.67%, A 2 MR GEAR R R AE AL, 7]
L3 [ 43 b BN HE AT BE O 2000 B T R AR Y
BEURZEHY , (USR5 g S5 b B R 5 98 A A
7, X5 EHRAE( 2021 ) AHF5E 25 FAH A . Tajima's
D PR 35 3R I 43K 7 at T - e A A RIS
H G F RO R, s AR A 2 T )
PERE, (B AR TR B Bt T i AT AR b T AR
JaHy R (D =-0.62, P>0.05), HIEfE
o AR M 8 DI A AR I S S s R ) PR 5
BRI AL A A e 4 RN R R ) S5 kR
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Fig. 1 Phylogenetic tree of Tuta absoluta based on mitochondrial CO I gene

- FR CO 1 JENFINGIEL:; + FRFI SRR CO 1 FNAFAE R RA

sequence number existssite mutation.

indicates that the CO I gene sequence number is continuous; + indicates that the CO I gene corresponding to the
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*6 HMBHEMIEFME COI ERAFIENS FERDN

Table6 Molecular variation analysisof CO 1 gene sequencesin the geographic population of Tuta absoluta

AR SRR FI H -5 LR 4N WRETE (%)
Source of variation df Sum of square Variance components Variation (%)
Pl ) 29 3.234 0.001 20 2.01
Among populations
ﬁlgf‘w . 740 88.251 0.058 52 97.99
Within populations
41t Total 769 91.485 0.059 72 100.00

( Thornton, 2005 ). NS 2 hm v I ik 1l £y 2 i
MR WY, R B 45 F o vl g & A 728
1k, XFARILRERT LR A L R4, nl DIk
PR LRSS 355 o S T B AR R B A v
AR IR AR 1T 5, AR T F T 250
Hr CAMOVA ) TN FIHEAE SRR IR (2295,
2010 ), AR TR, v it g b AP 5
AR FERFETMBFAN, ZRESHRE
97.99%; 3HMRG KT RYT, T E BRI AE S
Gb, HE A R BIEFR —BE KT TR
T, PR I R ] et T - i P BB AN
ARG KR, E A R R T —En
PRI ZZ R, T b PR R A R A ] REME RN,
X5 3R E VG AGH] ) AR FEARRL (R TFAE,
2014 ), BERISIE ZREME AT R, tHAEEN
e 00 TR - e LR TR A AT R 2 AR R A A
1%, 28RS M ( Cifuentes et al.,
2011 ) S5 iE Z M BRAR R P FRAE AR R], ] LA it v
I g A 5 A T B R B, X RO R T AR
VIR BRI AR, AELH 20 R B X SR B AR AL A g
JoiR3E 149385 10 i T3 B A ¥ 1 ( Jump et al., 2008 ),
TEME RGP, v e Rl B SRR DLy 4
A, o e Wb FEAN LR DU A R A
IMA, JUH KP324752.1 FIZE75Rh KP324753.1
3 MR R — A, R EH N =2 N R 5 AR A
55 el KU565664.1 28 St p hy[a]—28E, Hilt
K S 0 55 T R ] b R A S Y
wAE sk, BT LT R 4 R v st % 1k
TWERE AR, BARTE , BRI iR I T
FEM (Terzidis ef al., 2014), {HAEIE R FEHh
TR e 0 o B R A A R A e A% R 25 A P R

I ZREME, 3R R 35 0008 i o < f L &
YRR R B S R A ( Singh et al., 2021 ;
Matthew et al., 2023), JLHAER AT REH,
1515 Z2 A P G o DU 25 ) fiff 5 H 7 2R 2 0 B s
THUR AR (R SERITEE R, 2008 ).
151] G H R it ) AT -3k B BUMRBY L “BLikSh R
7E DNA 43 F/KF Bk a1k, dEim s i
PRIBABSER) (REMRSE, 2008 ), (HFiIEREN AR
T IR PE , 38K B AR ORI $E R 7 3 iy X
) (5REEAF, 2022 ),
L TR, L 2R HE R 2

S 2 AR A W TEAR A MU EE ST FP R L R, fi
e TR I g /A B ) — ol AR e, s
78 A AT AT T AP R D 3k, B AR AR
3k, BEEAHABHER AL, DR E R B
R S ELA FE LR S A AR R R X v A SR
Hle BA myihE (ZEReESE, 2022), fEHGEMR
N HBLDX AT D3 FH ] 44 127 28 R0 4 50 55 80 1R
A (JBEEESE, 2022), LB B SR AN A BE
17T S, 2l ™ iR o ARE
FANEET CO T K307 1 i vl - i it A% 45
¥y, T Re DiRcg M iifk, HFPREZ (8] 2
D, X AT RE T Bk AR 1 R R
%, 7 A v b T D SRR I 5 A 2R
Pk, KRBT EIA T e i SEFH AT . 555
T ARYFRES W L 2ERN R, N TS
T 1) s B A X 5/, n SRAR B — 25 IR 7
TV Mk AR AL R, S2 IR A R 15
ST, TR IR A Y RIR &5 A T
5 A NE S S IS N Tl e O (1K R X At
ISSR ) HATLEH 41T -
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