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DNA barcoding of Anagrus dmitrievi (Hymenoptera, Mymaridae)
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Abstract [Objectives] To provide a convenient and efficient way of identifying Anagrus dmitrievi Triapitsyn & Hu, a small
parasitic wasp with potential as a biological control for the corn pest Zyginidia eremita Zachvatkin (Hemiptera, Cicadellidae,
Typhlocybinae), that is difficult to identify on the basis of morphological features. [Methods] Eggs of Z. eremita were collected
and hatched in a laboratory to obtain adult A. dmitrievi which were then identified according to morphological characters such as
body color, antennae and wings. Genomic DNA was extracted from the adult wasps using a non-damaging DNA extraction
method, and DNA barcoding tests performed on the CO / and ITS2 genes after PCR amplification and sequencing. [Results]
Multiple sequence alignments, genetic distance and phylogenetic analyses indicate that although A. dmitrievi CO / and ITS2 are
highly homologous to those of other Anagrus species listed in the NCBI databases, there are some clearly distinguishable
differences. [Conclusion] CO / and ITS2 gene sequences were obtained from male and female A. dmitrievi are sufficiently
distinctive to provide a foundation for the development of a molecular rapid identification system for this small, parasitic wasp.

Key words Anagrus dmitrievi; non-damage DNA extraction; DNA barcoding; CO / genes; ITS2 genes

*PEEI H Supported projects: HrimdEE /R HIA X HARBIAILESTH (2011211A004 ); ERHRFAILETH (31360523 )
*#2 —VE¥ First author, E-mail: 849262649@qq.com

=457 JA/E# Corresponding author, E-mail: hoohyi-69@163.com

Wik H 4 Received: 2020-05-21; #:4Z H M Accepted: 2020-07-15



+ 336 - R B 31244 Chinese Journal of Applied Entomology 58 &

TR =S HBE Zyginidia eremita ( Zachvatkin )
R JE T2 H Hemiptera M 1R} Cicadellidae, %
RO JUAR R A ™ i —Fh oK A, 2
hE K Zea mays Linn, HAK AFE/NAZ Triticum
aestivum L., /K#H Oryza sativa L., F:pdl . 4% I
SN FREOR Poa annua L., Jij FE# Setaria viridis

(L.) Beauv.5¢ ( FYLESE, 1995). M TizHF R
BTGB BB 758 | R A5 4 R B 45
TR, HHZ MY FORMEMR R R . ko
PRI T LB i R RIME (TR ZT45, 20005 5K4k
R4, 2013 ),

ZR/NERL Mymaridae Ay IF 2 Y 32 2
A8, SR JE T H /% SR Chalcidoideal
SCRKAE, 2017 ), EINAME 22238 X% B o A i
125 LR 2 A I B IR 4T T F9E, 40 Oliveira
1 Lopes( 2000 )AF5E %€ t Anagrus breviphragma
Soyka #il Oligosita sp. 2 Fh &7 A= i B P Fo K
WY K K rF I Dalbulus maidis ( Delong 1
Wolcott ) [ 25 AR, J2fZE HURHEL. Virla
45 (2013 ) WFFEBTHR AL B KT Dalbulus maidis
AR PR, BRIP4 \%& Anagrus breviphragma
Soyka. Anagrus flaveolus Waterhouse . Z2£&2%/
¥ Polynema sp.. 7% iR ALY Pseudoligosita
longifrangiata ( Viggiani)%} 7 K - RAERA 5 =5 0
A, A (2013 ) PAA AR EE FOK L H AR FF
A S GEUR /NI R/ NI R | AR IR MR} | N
B 10 B, RORPRIH AR KRR IG £k
e 2 PR T RIS

T oK WA AN Anagrus dmitrievi 38
TN PSRN 2L N T8 Anagrus Haliday o 1% 59

A AR RGN, s T K = 5 B P R B 0 1
FHPERH (Lietal., 2018), 7K =SBt

WA B A TR A T R R R AT (B, BT
RN AR AU, AF SIS T L. S
Ho A& iy H A A AT R X 3 R, 75—
FREE A 1) K R 28 N I S e B

DNA 4JE4% ( DNA Barcoding ) $ A 1432
5% Paul Hebert 7 21 2005 k32 H ( Hebert
etal., 2003a, 2003b), L DNA 73l A%i%, H
AR R L E DA, TN T

BRI IR I E , BRI TRANE SR S e 1) —
BRI (4B, 2004; FdL0%, 20105 [
JeMESE, 2016, 2018; JEERESF, 2016 ). fHEL
TR F%E, DNA FEEEARANZY)
FEB BB MBI ARG | e ETERE
S semn ; R BB . 5 TAnifEfk . @
FHPEFNAERPE = A0 A, AT DA— WP s 4 e K
BREA (MH%, 2018 ), ZH AR LR E 5L
AR B (e BRSPS S R A B kA
BIUN1TS1, ITS2, CO /453 . Hebert %5 ( 2003b )
XTE T 11 1] 13 320 Ay CO 7 3EF T3t f7
Fds, RBUEIT 98% M1 Fh ] it it 14 BE B K+
2%, MFPPRBEEE Z/NF 1%, R0 2%,
RERZT 2 AT oh ¥ 25 . A RO Sidi 22 A 4
REZEYF CO 175 ZRIN AR EAR ATl A
it 1% 25 55 K AR v i b R 5t 15 22 5 ( Folmer
etal., 1994; Hajibabaei etal., 2006 ), fifF5% &
ITS1., ITS2, CO 7% 5E K F3E A Wy K FLRh i
FIBFSE (EAEF4E, 2006), RAFRE L, i
ATl S R XE, DNA SIS H A R /26
HEASRITZ M, #E 2018 45 5 H, BOLD
BARPEC 24 it 400 T K B d i SR 0
S, BB 70%A 1L, 45 T 183 513
AEARY R, HAp B ATFA 137 048 B, 7%
G R RIR NSRS I, R IEMAE AR
A LZE A By sh A aBl2E i Z ol & &
DNA S5 HE AR s i i 2 52 PRI il B
B2 B Ty 1) (R H W AR R I
2019 ),

TG A G BRI W2 2 T A8 2R R AIE
i o5 DNA $2 UL R IGE R 41 DNA, FIH
PCR 4" 4 FI P 4451 /N ITS2 FI CO 1 3L A 1)
DNA JF4I, A FOK i WA 2ER 20 [N 1) 4325 S5 o
PR T H

1 #MRERE

11 FENHBES

LRI (SMZ745). W HEEREE (1R
SE2200 ), Motic fififli . B PCR 1 ( 3£1E ABI 3§
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BRKHHIR VeritiFast ). & KR 25,041 BECKMAN

COULTER TM Allegra TM X-22R Centrifuge ), Hi

VKA (JE5i75— DYY-7C), ACFHGAE (bmiss

— DYCP-31C ), B AEIX (Bio-Rad Molecular

Imager Gel Doc XR+EEMEIR RS ). kivfn
(IKA MS3 digital ), HE KBRS,

12 iR

FEACRAERTT] . 2019 4E 7 A REMH. #H
SO FFERE LR AR FOK ML SRAEAY . BE
RIBE A7 AR B oK = BEN RO RS B T 1t
Bl SLgeE, KPS O HER YA E D,
IFAEN AR R, N TAEFE:
FE(25+1)°C, J6MR 14L : 10D, {AE 35%+3%,
T RS A 7 A e 1 PRI O o Pk ) 27 2E (R AT
TEATK O E.CE T, IFCE TUkA - 20
CIRAE o LABLARARAHIE G P e bRAS oK i L2850
BN

13 WRAGEHHERIE

1) 359 K LB DNA J5 ik A G
K ZBEHBE 3, BHK 5-10 min, 2) f#ES: 10%
A, 50 ChnFAAME T ilfT. 3) WUk A
TR CBEEYE S . 4) BiK: HURIHTRAR
ARG 20 min, 5) BLEAG F . BOKIEHR
AT T Flrh, AR R TR AR AR A T A
WHEBGE, EEI R b, FE PR,
GRS RVl o bR A M flAh, L, R
fife ) Ok, I E. 6) B R 45 CHET
3-4d, HIMERMWKE R 7) FRAUEMN & K
FAR . AT 5 v AR 9 3% R BR A ¥ 7E - Nikon
SMZ25 A= 4 i i T LS T4 il 5

1.4 EHFEA DNA ZRIFMEEEF B PCR 31,
[B] 4 K2 0 i

1.41 EFEZ DNA BJIREXL DNA JTofiffifEie
FES IR (2015), 1) KRR HbrAdL
IR ATKCEET, FEETF - 20 CHUKFE IR
FEZE/ 2 ho2 il 45 50 pL 4 2 1928 mhifk - 10xPCR
Buffer 5 pL. 0.45% NP-40 0.25 uL. 0.45%
Tween-20 0.25 pL. 0.6 mg/mL Protein K 1.5 pL

ddH,O 43 pL. 3) TEF IR, PREGERAE
AAMEK, F ddH0 WEUEE . FR 2 ameogt,
IIA B LA HIE) 50 uL WARZR ., 4) BRSO
A 50 CHEIR/KIESH, BER 1 ho 5) -20 °C
A, B8 17 ho6 )95 °COK I, #4410 min,
7) K HEBUSE R DNA BICEAE - 20 °CIIVK
LRI

142 EERKEPCRy ., BWENE HE
P51 H BGL ERIEHFAFSH, BG4
P9 e 27 SCHRANEG 1 FTm o 9B AR 2R SRR

20 pL, f34% 2xPCR Master Mix 10 pL. F R
5194 0.5 uL (10 pmol-'L "), DNA #ifz 5 uL .
ddH,O #MEZ 20 uL, CO 7 FEH BN REFE N »
95 °CHiZE Mk 5 min; 94 °C7Z8ME 50 s, 58-50 °C
(55 AEHE 2 °C Rk 50,72 °CHEfH 50 s,
ZJ5 94 °C7EME 508, 50 °CiEk 50 s, 72 °CHE
il 50 s, PG 15 K, TEALEHRIG 72 CHEM
10 min, 17S2 FEH BT : 95 °CHAEPE
5min; 94 °CZEME 50, 59 °CiR 50s, 72 °CHE
il 50 s, PE¥ 35 WK, PEASSHE 72 CLEfH
10 min, ¥ 34 WH 1% HEHE ( Spanish ) HEE
FEL KA o A L Uk s I 2 H A5 R B fs >R B PCR
PR FI A Cycle-Pure Kit (100 ) ( Omega

*® 1 PCR ¥ #859i&it %R HES % i
Table 1 PCR primer design and its reference

P4 X FlE B4 51975 27 3k
Amplification region  Primer name Primer sequence References
co/ C1-J-1718  GGAGGATTTGGAAATTGATTARTTCC ( Chris, 1994; Hua
CI-N-2191 CCCGGTAAAATTAAAATATAAACTTC etal., 2018)
ITS2 58SF GTGAATTCTGTGAACTGCAGGACACATGAAC ( Chris, 1994;
ITS2R AGTCTCGCCTGCTCTGAGGT Zhu and Livy, 2002 )
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Bio-Tek 24 ] ) MU PCR 7=4), FEFEULEE 50 L,
ZACAETAY TR (1) A FRA 5SS Ak
HEATIY o

15 FIHELBESTFRESGRAE

Wy 345 1 2 57 51 ] Dnastar Package 1
) SeqMan AR{FHEATF 4 W [ A PR DT RS
1E, FHAR-FE R FASTA #%3X, #£ NCBI( https://blast.
ncbi.nlm.nih.gov/Blast.cgi ) H A TAHIM: Hudse,
TRIA ISP 91 S R 25 N1 CO [ ITS2 BE[A .
I A& M GenBank it H A L F 51, H
ClustalX1.83 #AfF#EAT Hoxt . FHA Tk kst o
Prik i MEGA 7.0 73 Hr4 ¥ F] DNA 751 22 5%,
TR R AR . 5T Kimura-2-Parameter
iR, FH4B$E ( Neighbour-Tioning, NJ) ¥Eib gt
S FRGERE, 5 000 RAEFMETHRGER T s B
24 B 157K ( Bootstrap confidence level, BCL ),

2 HR59H

21 BEEHLEELE

MERE: AK 0.4-0.63 mm; LIREBEE, B
IR AN HRIR LA 5 Ml fAAR T . AT RIS 1 2R
f e, HopRimm e, BIREWwR 6, iHE I (&l
1: A). it K seny 3.5-3.86 15, B,
WA 1.7-1.8 £, 56 1| RUTMHEDE, B%

KM 172, 55 2 ROISKTFHE&T, 6
3EWEF 6 KIHFEK (K 1: B), FRWEZ
PIBCEINR . F4 (0-1 32), F5 (1-2 37), F6
(2 3%); BN R AT 3.0-3.3 75, H 5 52
25 BT TER 9.0-9.1 £, KGNk G
1) 2.8-3.0 f%, WEHE 2-42FF (Kl 1: C); J5i#
KBFER 24-27 %, wKGHCHBTR 6.0-6.5
fis, WHHARTEENES (E1: D), F=iEE
AT 3ET, YT RIRYY 2.1-2.4 5, 7
B 25 I A A € 1, LG AR A3 o5 7 IR AR
0.06-0.15 fi5 . F=BREIMRMIMI&H 3 LK E,

M KK 046-0.59mm (K 2: A); BT
ffs (B 2. B) MIAMEFEERLISLN, KESIEE
FRIE 5 MEMERR A R B R o (P44 €5 L MEPE RS TR
JEHGERA IR AR A, Jid (B 2. C) K
H G 7.3-8.2 1%,

2.2 ENEPW/NEE CO TF11TS2 K BRI PCR
i

DIFREUAYFE [F 4] DNA IS T PCR ¥
RN, Zeat 1 %3 B R EE e FEL VK E A TAG (1] 3),
ME 3 FTLVEH, 4475 CO 7R/

(500 bp 2247 ) A1 ITS2( 700 bp 2247 ) A BEAIAT,
ST R TR BT o FEL VRSN 22 R — B 5 2% ) PCR
PR ELAEE N, R 4% PCR
FE RN 3 28 w1

100 pm

100 pm

100 pm

B 1 B T ok A i 2 A | i R A
Fig. 1 Morphology of female Anagrus dmitrievi

A iR B filf; C.oH#; DR
A. Body; B. Antennae; C. Fore wing; D. Hind wing.
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A B

100 pm

Bl 2 MR RS AR A N E S E
Fig.2 Morphology of male Anagrus dmitrievi

A. BfA; B. filf; C. HB#H; D, JEE,
A. Body; B. Antennae; C. Fore wing; D. Hind wing.

M - 1 2 3 4 5 6

A

2 000
1000

=
. Q§
== 100 pm
S
=
100 pm
i A pEo T T
/ 100 um
M - 1 2 3 4 5 6

B

E 3 PCR ¥ ITS2 #1 CO J K BRHIIRASHE AR R ik B
Fig. 3 Agarose gel electrophoresis of ITS2 and CO [ fragments amplified by PCR

A PCR U1 1TS2 FrBt; B.PCR ¥4 CO 7} Bt M: 2000 DNA marker; -: BFAPEXSHR; 1-6: SCEed.
A. PCR amplification of ITS2 fragment; B. PCR amplification of CO / fragment;
M: 2000 DNA marker; -: Negative control; 1-6 experimental group.

2.3 EXMUEEEBB/EE CO /F1 1TS2 F35I
S

231 FERKMIEMBA/NEE CO [F0 1TS2 F5I
WESENHT KITITF T PR, 571
JP1TS2,CO 1 HYJF5 43 Hrin 2 3 i /R . 7E NCBI
HEAT FXT, 25 SR B I AR 81 S R T
N2 A &g co J (B 4), 1ITS2 (K 5)
FEPA B AR , PR T LA R AP 1A
SR/ COI, 1TS2 K31 5 Ry AR el

KA i, B AECRSF X L BR, (LA 3 i
JPHH AT 8T

it MEGA7.0 FAFINE 3B 7 F K - i 2
TN P E FIMEYE CO T 1TS2 JE R B 2L 4]
FEIV AT A R R, BT A AL AT F1 GC B
P E IR 3 P, Hy et co 1S
ITS2 B[ AT & w8, AT & /53 3 75.7% .
75.4%, HEET GC &g, RIHEM AT 6
HEfmrg, H A5 T &MY, s EET
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Anagrus dmitrievi IS} A ATTTTGATTATTATTACCAACATTRTATTATTAATTTCTAGATATTTATTG
ATTRTATTATTAATTTCT AE)

Anagrus daitrievi Q

A.ustulatus ABW82487.1
A.ustulatus haplotype ABW82486.1
A.ustulatus ABW82481.1
A.ustulatus ABW82483.1

A.atomus haplotype ABW82476.1
A.atomus isolate ABI81466.1
A.atomus voucher APG29258.1
A.lindberginae APG29226.1
A.atomus haplotype ABW82474.1
A.erythroneurae haplotype ABW82479.1
A.ustulatus ABW82488.1

Anagrus dmitrievi 3

Anagrus daitrievi Q

A.ustulatus ABW82487.1
A.ustulatus haplotype ABW82486.1
A.ustulatus ABW82481.1
A.ustulatus ABW82483.1

A.atomus haplotype ABW82476.1
A.atomus isolate ABI81466.1
A.atomus voucher APG29258.1
A.lindberginae APG29226.1
A.atomus haplotype ABW82474.1
A.erythroneurae haplotype ABW82479.1
A.ustulatus ABW82488.1

Anagrus dmitrievi 3

Anagrus daitrievi @

A.ustulatus ABW82487.1
A.ustulatus haplotype ABW82486.1
A.ustulatus ABW82481.1
A.ustulatus ABW82483.1 gTTAATTTTATT
A.atomus haplotype ABW82476.1 VATTAATTTTATT,
A.atomus isolate ABI81466.1

A.atomus voucher APG29258.1
A.lindberginae APG29226.1

A.atomus haplotype ABW82474.1
A.erythroneurae haplotype ABW82479.1
A.ustulatus ABW82488.1

Anagrus dmitrievi § AACTGCAATTTTATTATTATTAICIAT TACCTGTITTIGCTGT 352
Anagrus daitrievi Q ABCTGCAATTTTATTATT A TTARCTTACCTGTITTGCTCS 352
A.ustulatus ABW82487.1 A CTGCAATTTTATTATTRTT CHTTACCTGT ‘TTRGCTG T 352
A.ustulatus haplotype ABW82486.1 A CTGCAATTTTATTATTRTT TTACCTGTHTTRGCTG T 352
A.ustulatus ABW82481.1 ATHAACTGCAATTTTATTA TTTTARCHTTACCTETATTGCTEH T 352
A.ustulatus ABW82483.1 AT[A CTGCAATTTTATTATTHTT TTACCTGTHTTEGCTG T 352
A.atomus haplotype ABW82476.1 A CTGCAATTTTATTATTHTT TTACCTGTRTTGGCTG T 352
Aatomus isolate ABI81466.1 AACTGCAATTTTATTATTTTAUCHTTACCTCTITTRGOTCd T 352
A.atomus voucher APG29258.1 AACTGCAATTTTATTATTATTAUCHTTACCTGTATTE GCTCG T 352
A.lindberginae APG29226.1 A CTGCAATTTTATTATTHTT TTACCTGTRTT GCTGGH T 352
A.atomus haplotype ABW82474.1 AACTGCAATTTTATTATTATTARCTTACCTETATTGCTECH T 352
A.erythroneurae haplotype ABW82479.1 CTGCAATTTTATTATTETT BT TACCTCTITTGCTCR 352
Austulatus ABW82488.1 ABCTGCAATTTTATTATTTTAN ol 5 352

Anagrus dmitrievi 3

Anagrus daitrievi @

A.ustulatus ABW82487.1
A.ustulatus haplotype ABW82486.1
A.ustulatus ABW82481.1
A.ustulatus ABW82483.1

A.atomus haplotype ABW82476.1
A.atomus isolate ABI81466.1
A.atomus voucher APG29258.1
A.lindberginae APG29226.1
A.atomus haplotype ABW82474.1
A.erythroneurae haplotype ABW82479.1
A.ustulatus ABW82488.1

Bl 4 M E KM 88 AR & Anagrus dmitrievi CO J EE 5 GenBank Hr4845LF 51 & bk 3¢
Fig. 4 Multiple sequence alignment of CO 7 gene from male and female Anagrus dmitrievi with GenBank
RO FIORIE—EUWER 100%, LLEFTRER 75% <THE—HPE<100%,
WO RN 50% <kt —EME<75%. K 5 .
Black background indicates 100% base consistency; red background indicates 75% < base consistency <100%;

blue background indicates 50% = base consistency <75%. The same as Fig. 5.
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Anagrus dmitrievi 3

Anagrus dmitrievi Q

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate F1861065.1

A.epos isolate F1861064.1

A.daanei isolate F1861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK 024909.1

Anagrus dmitrievi 3

Anagrus dmitrievi Q

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate F1861065.1

A.epos isolate F1861064.1

A.daanei isolate FJ861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK 024909.1

Anagrus dmitrievi 3

Anagrus dmitrievi Q

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK024902.1
A.nilaparvatae isolate MK (024901.1
A.epos isolate FJ861065.1

A.epos isolate F1861064.1

A.daanei isolate F1861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK 024909.1

Anagrus dmitrievi 3

Anagrus dmitrievi Q

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate FJ861065.1

A.epos isolate F1861064.1

A.daanei isolate FJ861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK024909.1

Anagrus dmitrievi 3

Anagrus dmitrievi Q

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate F1861065.1

A.epos isolate F1861064.1

A.daanei isolate FJ861053.1
A.turpanicus isolate MK(024911.1
A.turpanicus isolate MK (024909.1

Anagrus dmitrievi 8

Anagrus dmitrievi Q

A.columbi isolate MK 024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK 024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate F1861065.1

A.epos isolate F1861064.1

A.daanei isolate F1861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK 024909.1

Anagrus dmitrievi 3

Anagrus dmitrievi @

A.columbi isolate MK024906.1
A.columbi isolate MK024905.1
A.nilaparvatae isolate MK 024902.1
A.nilaparvatae isolate MK024901.1
A.epos isolate FI861065.1

A.epos isolate FJ861064.1

A.daanei isolate FJ861053.1
A.turpanicus isolate MK024911.1
A.turpanicus isolate MK 024909.1

GCCTGGCTGAGGGTCGTTTATAAATATARACCAGACTGCTTGC
GCCTGGCTGAGGGTCGTTTATAAATATAAACCAGACTGCTTGC
GCCTGGCTGAGGGTCGTTTATAAATATAAACCAGACTGCTTGC
GCCTGGCTGAGGGTCGTTTATAAATATAAACCAGACTGCTTGC
GCCTGGCTGAGGGTCGTTTATAAATATARACCAGACTGCTTGC
GCCTGGCTGAGGGTCGTTTATAAATATAAACCAGACTGCTTGCG

(GTTGCGTGTATTTTAT
(GTTGCGTGTATTTTAT

IGTTGCGT .
IGTTGCGT .
IGTTGCGT .

.. ITT....ATACGC.
.. ITT....ATGCGC.
.. ITT....ATGCGC.

(GTTGCGTGTATTATTT. . . . ATACGC.

(GTTGTGTGTATTTTATTAATACACGCGRTG

GTTGTGTGTATTTTATTAATACACGCGETEC

TGTTTC 165
165
157
157
158
157
155
156
179
174
175

IGCAAG'
GCAAG'
GCAAG'
GCAAG
GCAAG'
GCAAG'
GCAAG
IGCAGG'

2h

CG

[eleyinii\CGCGCTTCAGAGCATAA AMA!CG
ARCG

CG

TT 249
TT 249
TT 245

QOO00000a0000

337
337
319
319
323
322
306
318
343

Q
Q

T

QQ

Q

CGGTTT. ...AGCTACC.
CGGTTT. . . . AACCACCH
CGATTTTTATACAAATC!
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TTGAGGARGACAAAACACTGTTTATI TIRCIMAT TCCCAGCACCEECE T TTCINTTCC 515
TATAGGGAGAGAAAGCTAATTGTATTTTHCHMITC TAACGCACCTTCET T CICRNTTCC 515
GAAAGGGAGAGACTACTACCGTTTGTACHTIMIC TCACG . . AAAGCAC el TTTYNTTT. 494
GARAGGGAGAGACTACTACCGTTTGTACHTIMICTCACG . . AAAGCAC G TTTURTTT . 494
GAGAGGGATAGAC . ACTACCGTTTGTACHTIMIlCTCTTG . . TTGGCAC el GC! ... 493
GAGAGGGATAGAC . ACTACCGTTTATACHTIMICTCACG . . TTGGCAC G GCTURTTTT 495
GAGAGGGAGAGACTGCTGTTTGT . . . AT TYMIlCTTGCG . . AAGGCAC el TTCINTTCT 482
GAGAGAGAGAGACTGCTATTTGT . . . AT TYMIlCTTGCG . . AAGGCAC G TTCIRTTCT 494
GAGAGGGAGAGCACGCTCTTTTTT . TACHTHMIlC TCGCG . . AAGECAC G TTCRINTTCT 520
.......................... GTWGIMIT . . . . . . .AATGCGT, GTi GITYRNT . . . 454
.......................... GTRCHgIT . . . . . . .AATGCGT, el TT ... 455
TTTCCTGGAGAGGAGATTTTATIEIA CEERGETTIRTTTTTEA. . . . .. 596
TTGATTGGAGAAGAGATTGAATIMANCTCAAAGTA' GGEEGEGEAANNAAAAAALK. . . . . 598
AAABA. . . . AGATCHGIAINCA . . . T, 567
AGAT ca. T, 567
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T. 564

TTTTACGAAGAAT. . T. 574
TT..ACGGAGAAT. T, 602
T. 520

T 521

B 5 UM KM 8RN g Anagrus dmitrievi 1TS2 EE 5 GenBank F14#8 4 7 51 &Y £ ¢
Fig. 5 Multiple sequence alignment of ITS2 gene from male and female Anagrus dmitrievi with GenBank
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Table 3 Nucleotide usage frequency statistics

PR B M7 FrBOE (bp) AT Tl AT &8 (%) GC & (%)
Material name Gene name  Fragment length A/T content ratio AT content GC content
K I M 2 N e e co/ 492 0.66 75.7 24.3
A.dmitrievi male ITS2 636 0.95 57.6 42.4
e R P i 25 25 ) e i co/ 492 0.68 75.4 24.6
A.dmitrievi female ITS2 636 0.83 57.4 42.6

GNAFAE W I 0 B S 2 1l i ) P o 38 s X6 T DK -
PR 2RI T FMERE CO 7 1TS2 JEH R 514y
BraR i, FrAR 7 5 B Re 16 217K b 6 K i
ZE /NI AT ARSI 3 AT

232 EXRMUSARA/NGE CO [i=fRHER #
F MEGA7.0 #44: L) Kimura-2-Parameter #7131
K I 2R AN CO [ 7 51 5 AH R A

IR (R 4) o 2T CO 1 ARt
AR R TT DU, T K i I 28 288 /) g e
FHEE Z AR AE B 0.5%, S[EJE A F R
Z IR BB AE IR YN 7%-9%=2 18], 5 [E R H:A:
JEFhZ B B e 12%L) F, BERA B IX 43T
e, T LAB 8 ARAT T 51 S K I 2800 20/ N e 1)
CO /T4,

R4 AREBBNEMEERT CO I FIIKHLS I

Table 4 Genetic differences of different Anagrus species based on CO /sequences

(1] (21 [B] 4 [51 [6] [7] (8]

[10] ([11] ([12] ([13] ([14] ([15] [16] ([17] (18]

1
2
3
4
5
6

0.006

0.046 0.052

0.046 0.052 0.000

0.046 0.052 0.043 0.043

0.046 0.052 0.000 0.000 0.043

7] 0.046 0.052 0.043 0.043 0.000 0.043

[8] 0.049 0.055 0.003 0.003 0.040 0.003 0.040

[9] 0.055 0.061 0.014 0.014 0.043 0.014 0.043 0.011

[
[

—_ /s =

—

]
]
]
]
]
]
]
]

[10] 0.058 0.064 0.011 0.011 0.049 0.011 0.049 0.008 0.014
[11] 0.061 0.067 0.014 0.014 0.052 0.014 0.052 0.011 0.017
[12] 0.067 0.074 0.074 0.074 0.055 0.074 0.055 0.077 0.086
[13] 0.074 0.080 0.086 0.086 0.074 0.086 0.074 0.083 0.086
[14] 0.077 0.083 0.096 0.096 0.086 0.096 0.086 0.099 0.102
[15] 0.077 0.083 0.086 0.086 0.074 0.086 0.074 0.089 0.092
[16] 0.077 0.083 0.096 0.096 0.089 0.096 0.089 0.099 0.099
[17] 0.077 0.083 0.096 0.096 0.083 0.096 0.083 0.099 0.102
[18] 0.080 0.080 0.086 0.086 0.086 0.086 0.086 0.089 0.089
[19] 0.146 0.146 0.157 0.157 0.153 0.157 0.153 0.160 0.164

0.003

0.086 0.089

0.093 0.096 0.102

0.108 0.112 0.102 0.058

0.099 0.102 0.105 0.064 0.040

0.109 0.112 0.102 0.064 0.040 0.043

0.102 0.105 0.105 0.061 0.026 0.037 0.034

0.099 0.102 0.105 0.031 0.055 0.061 0.058 0.061

0.171 0.167 0.146 0.149 0.142 0.145 0.145 0.142 0.143

[1] M A. dmitrievi. Female A. dmitrievi.[2] #E A. dmitrievi. Male A. dmitrievi. [3] A. columbi_isolate MK024858.1.[4] A.
incarnates isolate MK024812.1.[5] A. virlai isolate MK024822.1.[6] A. incarnatus isolate MK024811.1.[7] A. virlaiisolate
MKO024823.1.[8] A. incarnatosimilis isolate MK024846.1.[9] A. nilaparvatae isolate MK024852.1.[10] A. incarnatosimilis
isolate MK024845.1.[11] A. nilaparvatae isolate MK024855.1.[12] A. turpanicus_isolate MK024809.1.[13] A. erythroneurae
haplotype ABW82479.[14] A. atomus haplotype ABW82476.[15] A. ustulatus haplotype ABW82486.[16] A. atomus
haplotype ABW82474.[17] A. lindberginae APG29226.[18] A. ustulatus ABWS82488.[19] Gonatocerus uat voucher

AAY41948.
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233 BRGHAR CRIRAE R K 2R 22
/N A dmitrievi BiEPEFUMERE B HUREAR ) CO 7
ITS2 J¥HI7E NCBI Hiff 47 Hu X}, 45 &8RS
ZHSH CO 1, 1TS2 A AL G v i 235 243
/NigJE RS (K 4, B 5), A ClustalX1.83 #44:
PEATHEXT, F MEGA7.0 F4 222850 28/ Ne s 0 I
Pl NI B, 2R 6 & 7 FESEIERT . DA NT #

([ 6) WRIA I, ARSCHMEHEREAS A dmitrievi
DR S B AR, BRmE M, )7
A A A, dmitrievi i) CO /A1 1TS2 J¥%1;
5TA]J& A. virlai, A. incarnatus, A. columbi. A.
nilaparvatae. A. turpanicus DA% = & 15 {1l B 1E —
B, B HABIENELGCR, (BAEBE LA —
NP e

95| Anagrus incarnatosimilis MK024845.1

50 Anagrus nilaparvatae MK024855.1

40 Anagrus nilaparvatae MK 024852.1
99| - Anagrus incarnatosimilis MK024846.1

56

71

53] —{

99! Anagrus virlai MK024823.1
@ Anagrus dmitrievi

100 I—

Anagrus columbi MK024858.1
Anagrus incarnatus MK024812.1
Anagrus virlai MK024822.1

Anagrus incarnatus MK024811.1
68

B Anagrus dmitrievi

91

Anagrus turpanicus MK 024809.1

493|:Anagrus erythroneurae haplotype ABW82479.1

Anagrus ustulatus ABW82488.1
78 ——————— Anagrus ustulatus haplotype ABW82486.1

81
73

Anagrus atomus haplotype ABW82474.1

Anagrus atomus haplotype ABW82476.1
Anagrus lindberginae APG29226.1

0.02

Gonatocerus uat voucher AAY41948.1

El6 ET COJEREMER NIH

Fig. 6

Construction of CO /sequence based NJ tree

© FiR FORAUR AU NG HEYE ; WS EoRSNH A NEMEYE ; Anagrus nilaparvatae: FEELZL NG
Anagrus columbi: EMETRZHTLE/NE; Anagrus turpanicus: M- &K ZHHALNKE; Anagrus atomus: [ ZNH S N
PR 2 ] MEGAS.0 B4R 40314 2, bootstrap fHJ2 5 000 IRER . K 7 [H,
@indicates female A. dmitrievi; Il indicates male A. dmitrievi; Phylogenetic tree was constructed by Neighbour-Jioning

method using of MEGAS5.0 software. The bootstrap value was derived with
5 000 repetitions. The same as Fig. 7.

3 TitE4ie

DNA ZRIEMHARTE R R TAE 82
B e RGN rIesA 2 BIHLAG Y, DNA AR
REME S A AR H, wrab TR GE R U T ik A
2, RS ZEPR M TR, SR sk
HAETR S E o [, FE AR T T 4 B LA

TEAS 2SN AT B | BRIk, HExE
B L BRI AR ZER A = AT RARTE A4
BRI A Z R, (EBE TR &S
J%, DNA FIUHEAN L T, BIESS2E
PIRBBEE TR R Y 1 DNA KB 751
SRR (Hua et al., 2018); FIHfESG 2
SERFIE (OMETESSFE . Wk L KN B )
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68

98

94

991 Anagrus epos isolate FJ861065.1
50

Anagrus epos isolate FJ861064.1
Anagrus daanei isolate FJ861053.1
Anagrus virlai isolate MK024840.1
99! Anagrus virlai isolate MK024841.1

g1 Anagrus turpanicus isolate MK024911.1
Anagrus turpanicus isolate MK024910.1
99|, Anagrus turpanicus isolate MK024909.1
90! Anagrus turpanicus isolate MK024909.1

791 Anagrus columbi isolate MK024906.1
89| Anagrus columbi isolate MK024905.1

Anagrus incarnatosimilis isolate MK024884.1

8l Anagrus incarnatosimilis isolate MK024885.1

Anagrus nilaparvatae isolate MK024902.1
Anagrus nilaparvatae isolate MK024901.1

Anagrus incarnatus isolate MK024828.1

39 Anagrus incarnatus isolate MK024829.1

@ Anagrus dmitrievi

100l W Anagrus dmitrievi

0.02

Gonatocerus ashmeadi voucher DQ167231.1

7 ETITS2 EEME NI #
Fig. 7 Construction of ITS2 sequence based NJ tree

XTI RIS S, A
A2 ST R AR 1 S T
TeHi B B DNA 52 UK U N B e A
R R A I ARRHE SR, T, 7
ST AL SR AL R P HOE A0, TR TR
an I ZHEUE S R a5 0, i DB SR AT
BAE R R RGRELARAE , SRR 25 T
1 BHESHEARAAAES I 9 1 . A ohT5 s . LR
W PREETS LSRR (ERFSE, 2015), BRI,
AN TR A 8 25 KA AR B R 22 25 ( SNP (5K
YRARAE, 2013 ), LACHBACRPRAS 5838 144 2
B A, RIS 52 DNA 42
Sk B R S 8 AR O 2 A MRIER X
AR B SL AR Aphis gossypii Glover ., -l
Tetranychus cinnabarinus Boisduval . [ 4} &l
Trialeurodes vaporariorum Westwood, AR44: %
I Rhopalosiphum padi Linnaeus . Z — X 1
Schizaphis graminum Rondani, Z¢5 % Apolygus

DNA &%

lucorum Meyer-Diir  Af4% H Helicoverpa armigera
H t bner, /N3 FE Agrotis ypsilon Rottemberg |

Fi#i o5 Thrips flavus Schrank %5 it DNA ( T#§
&5, 2015 ) AT E WA TR B DNA
BARICE KRS/ NE DNA, Hol T PCR ™
e AR

AHF SRR R FOK A 2N b B 1R S
fE, e A EORE BN A
dmitrievi; ZFIE L E 2/ NERUB PR L R E
B . TR M- B2 28 Nt J& T Anagrus )&
i incarnatus Ff ¥ ( Chiappini et al., 1996 )., 4k
WL A 5 H JE A. columbi Perkins . A. fisheri
Donev . A. nilaparvatae Pang and Wang . A.
turpanicus Triapitsyn and Hu. A. virlai Triapitsyn
SER ML ( Triapitsyn et al., 2018 ), A#f
FEHIH CO [, 1TS2 FE [H T 51 % M Al o A - i 22
TR/ NE A TR A, RN BN 0.5%,
P AL 3N 7%-9%; CO 1 HEPIAY NI FH43
Brai LB, TR IRAEH AN 5 IR & R
Pl A o B R A — e, 6P AT B SR %
KFRNTS2 FFHN AT g th TAR AL AR B e, =
BT ITS2 iR R B A AR ST ) L TR HE EL
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R, FEHAMAHOCESH 2L Mg 7 R UEE AT
s BT FIRERYZSE R ((Gallego and Galién,
2001; Triapitsynetal., 2018 ), FutijiiH CO /
JEIFFHNE 1TS2 LA 91 B 5 4 0 T oK - i
PR/ N SEE R T o

ARWFFEIRAT TR 1TS2 . CO T3 H T4,
JF50 LU X R NT A 43 4 2% B s S 5L R 7 471 8 Pl A
Ry K - R R B N PR M GE ) DNA S7JE
i, BEASSCELIZ A R ER S8, AR 2Rp T
N GHRAEEE et 2 2% e 81, LAAE AR IA S A Al
255 BB S A B ) R BEE S
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