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BERE A RFEEMEMEEEER
K B2 B R 12 46

E  f, Atif MANZOOR, ¥ =8, E/N %"

(P ARl B2 B ARMAL SR S RIP T T BT, [ ARl RS R B R 2 B S0 2, bt 100091 )

WE: [ 869 A5 R E M AR5 R Lycorma delicatula 3 % 3 £ AP BEFAE 2 7, FIFE K
A AT 64 Bk AR AR ], A A S A s AR A BE g dE B R [ k] AR DNA 408 A3
RIKAF R B30I BE 52 R B3 5 & F A % COI = 285 rDNA 53, A Al K2P £ A 3t 3 R F) 3b 22 A
AR 69 T AEFE B |, VA AR 4 (neighbor-joining, NJ) ik M 2 AL F At & T COI 53] % i #4572
PCR(SS-PCR) 314, #) Al SS-PCR *f 5 R #3823 &2 DNA #t47 4 38, ) & AR N2 T A b 44
Dryinus sinicus 4 % ;7 B &8 4= PCR 47 3| 2 4 ¥ 3t R B) R AR & 5E RBE 8 2 R 69 F 4
F o\ ZR)25 %, AR I AP BB R HE % S G A b AL gAY COI B 5) 4 3
16 AN345 70 288 rDNA 53 34 2] 4 A3 AL R B b2 AP RE 18] o AL B i 45 38 3 £ 0. 00691 ~
0.01310 2 ja], AF4EEMENRAAR TN BT RFMEAB P LEEYR T -4, LT COI /7
%3t 49 SS-PCR 3| 4 4 o Ao A3 g 2k 40 R ¥ B A RAF a9 4 38 20R , sAKAE M 44 4 0. 000005 ng/
Ll DNA, #| A SS-PCR | & v 4 A ¥ 2 & 5K 4 & 5 RG-SR 5 2 04 F & 5 4 22.54% ~60.00% , %
5 TFBRMGET LR (5.63% ~36.98% ), [ 4] RE) b 4ok 3 32 F B 0 54 £ 450D
SS-PCR 3] 4 7T A T 7R F) #u X o 46 A 3 2 52 AR 525 7300 5 A A 0 Beag adoan]

KGR s REEHE, PAEEEE, IR APEE; DNA XML, #4554 PCR; 4%

hESZES: 0969 XEKFRIRAG: A XEHE: 0454-6296(2020)02-0218-11

Genetic differences among geographical populations and rapid early
detection of a nymphal parasitoid of Lycorma delicatula ( Hemiptera .

Fulgoridae )

XIN Bei, Atif MANZOOR, CAO Liang-Ming, WANG Xiao-Yi" ( Key Laboratory of Forest Protection of
National Forestry and Grassland Administration, Research Institute of Forest Ecology, Environment and
Protection, Chinese Academy of Forestry, Beijing 100091, China)

Abstract: [ Aim] This study aims to determine the genetic differences among parasitoids of Lycorma
delicatula nymphs from different geographical populations, and to rapidly identify the parasitism of
parasitoids on L. delicatula nymphs at the early parasitization stage so as to evaluate the control effects of
parasitoids on L. delicatula populations. [ Methods] The DNA barcoding method was used to sequence
COI and 28S rDNA genes of parasitoids of L. delicatula nymphs from different geographical populations.
The genetic distances between the parasitoids from different geographical populations were calculated
using K2P model, and a phylogenetic tree was constructed using neighbor-joining ( NJ) method. The

species-specific PCR (SS-PCR) primers were designed to determine whether L. delicatula was parasitized
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by Dryinus sinicus by amplification of DNA from L. delicatula nymphs using SS-PCR method. Visual
assessment method and SS-PCR amplification were used to determine the parasitism rates of the
parasitoids on L. delicatula nymphs from different sampling localities. [ Results] The parasitoids of L.
delicatula nymphs were identified as D. sinicus. A total of 16 haplotypes and four haplotypes were
detected in COI and 28S rDNA sequences of D.

respectively. The genetic distance among D. sinicus from different geographical populations was 0. 00691 —

sinicus from different geographical populations,

0.01310. The phylogenetic tree constructed by NJ method showed that D. sinicus samples from different
geographical populations were clustered in one branch. SS-PCR primers based on COI sequence could
produce good amplification results for both adult and larva of D. sinicus, with the detection threshold of
0. 000005 ng/pL DNA. The parasitism rates of D. sinicus on L. delicatula nymphs from different
sampling localities were 22.54% —-60.00% detected by SS-PCR, significantly higher than those by
visual assessment method (5.63% —36.98% ). [ Conclusion] The genetic differences of D. sinicus from
different geographical populations are quite low. SS-PCR primers can be used for rapid detection of the
early parasitism of L. delicatula by D. sinicus.

Key words; Lycorma delicatula; Dryinus sinicus; geographical population; DNA barcoding; species-

specific PCR ; parasitism rate

PEAHENR Lycorma delicatula /34 T [E  H A4S,
i Rg EE AN SE [, v] G FE A JE Diospyros spp. %
J& Vitis spp. JRMERE Actinidia chinensis . 75 #% Toona
sinensis MG Ailanthus altissima 25 70 P23 FHEY)
( Barringer et al., 2015) T A s e AN N AT
FAEW W, 15 02T FAEY) 55 , 20 8 A P i
o AL BRI (AL Re, 19925 Sig i FIR
2005) . MEAh, HAHEME Y 5 5F 0 TT DL | R S 0 5
) 2F FEAEY 6 A E A ( Barringer et al., 2015) , JT4F
T2 BN B 8 4 R Ak A5 7 ol 3 s KA R
(Wang et al., 2018) , i X} &l MR &% AL 72 A A B 52 )
(EPPO, 2017) . BEAHEM ™ T & | H A i
SEAR I 5K, 2004 4 A {1, B2 1k
4855 (Kim et al., 2011) ;2014 445 A £ H, I 5H
SOE, HATCEAESEE 4 S A 3 H 4 AR 25 FR B
PR T TR E U (Lee et al., 2019) o FCHH A i
YR ZHZL(EPPO) - 2017 AE XS BEAR B0 EAT T
SRS PEAR  IA SR 123 ORI BAG Hh 8 AR AU, —
BAR AR R 1 28 7l i R ™ B 28 P 4R R
(EPPO, 2017) , BEACHS W 7R S N 9 HE
FEAAIE I T FR G2 %) B G B A [R] s 3
I T KE AR

I A SEAHE W LA~ B 36 o 32, A A TR AR
P Z AR F AR IR (Leach et al., 2019) . FIFR
FRCHEAT A= W7 3 A A48 ) DR A M i e e 28 32, L A4V
PO — AL R HE R R — (L%, 2014)
BEACHE WA R T 3l 4 Foh 2y R W0 2 i S it A= 9

(JEISE, 1946; [E1 M4, 2008 ; Yang et al., 2015;
Liu and Mottern, 2017; Clifton et al., 2019) . HHi
8 1 R R B B8 8 Dryinus 1A [RZE 86 D.
browni , X SREAC I W ELAT 47 £ F1 25 A= DU A A A
S b R I AR W R I SIS (R,
1994 ; [EZM4E, 2008; Xu et al., 2013) , ¥4
eI & BB PUSE 2 VL5 pe 5t AL AR 28 2 55 A
B AR A I WA Y 2 0 R, 1B G R o HL A
o TR X0 SR AR ey e B 20 e Joms SRR ) F S
R T Y E AR SN T 5 5 5 T VAR
Xof BREAR M e oy 2 A R 7 A B LR I ] %
NREZ , RIVIE Ao O 22 B0 A M i 28 7 e A A AR
PN A R (K 1: A, B, C), SiE ISR
2 A SEAC IS WA S5 % N R T N T AR 3R R ECPAL
goitarAE R (EFIY, 1987; FIZKIM4AE, 2008) , H
E 25 Az 509 PR R AR X WL 25 81) B A M i A 3 170 25 e
G, TR SREA Mt ey e SR AR AT ] =28 AV A 3% , 1) BE 23 A
Ry BEA I WAL T3 MG T8 27 A R w1
AT oM MAL 5T L ZR 2822 T R 3T B )5 AL
P R B TR A M Wi I 2 A e R VT O R
FUFARER B HAEA o S B AN [ s AR EREAR
U 0P 2 A 21 L R L b SRR R [ 7 it A% 25 5%, T
R T A B R ARG Ty, YRR 00 X R A e Y
T AR A FH DNA ZRIE R HOR 73 B %5 L 5t
IR 2842 AT R 9 i RN YT I3 B 5t A B A i hif ey
F AW FPRE COT 1 288 tDNA J5 51 JEAT LX), T
COI J51) 53 A 45 b FRRRE DA IS Wy Hy 27 A Mg 135
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Lycorma delicatula nymphs and parasitoid

Ay BEACHE I fa Bt Healthy nymph of L. delicatula; B %7y Az 5407 (%) B A I dfi 25 v ( JC W @ %40, ) Parasitized L. delicatula nymph at the early
stage (without visible thalacium) ; C. ¥ 7 A= 6 39 %) B A il i 225 ohy (3% 40 B {2 ) Parasitized L. delicatula nymph at the late stage ( with visible

thalacia) .

Fig. 1

25 PR AE COI FF IV BT Rl S5 | W T %
A W R RS TN , 100 7 SRS XA M R 74 2 A S,
oy HUAT AR AT A I LA 45 A, st — 28 N
TR IR 15 BEA I 42 BL Al B a0

1 #B57%

1.1 #ikER

111 B s REOE S M@ BRI A ey
YA SR A SR A T AL BT 1L AR 2R 2 ] R 4
E(F 1), T 2019 4F 5 A~ ) -6 A LA 57

T B B AR A AR I R, S U SRR IE 52
FEHE HERR A 3 Sk IR T 5% WiKE T TR
SEIE

1.1.2 Ao R IR M BRI 1% 22 AR AR 46
AT R AR AR % VT 95 RS AR g 58 I )k (%
1) & AR rh BB S Sk 40 BT 5 ) B A it i
HORE 0 A 5 S5 AR AT T AR e Al e, BRI DNA T
rhAR R W A ) b 3 A 3gt 4% 3 A R R RR 5 7 PCR
('species-specific PCR, SS-PCR) 5| ¥y & 75 5= A% 1l
B, TR ORI S Sk A AR 1 i He S I DNA 1
pSRONi

®1 HRESEAFEEREARER

Table 1 Sample information of parasitoids of Lycorma delicatula nymphs

A GenBank & 535
B FRHFAURS FEARL TP BB WEHE (m) (4E-A-H) GenBank accession number
Population Number of Sampling Longitude
No. Altitude Sampling date
code specimens locality and latitude col 285 DNA
( year-month-day )
b 40°0'N, MN727864 —  MN741119 -
1 BJ 5 70 2019-06-11
Beijing 116°14'E MN727868 MN741123
MBINEEY 32°7'N, MN727869 - MN741124 -
2 NJ 4 20 2019-06-05
Nanjing, Jiangsu 118°46'E MN727872 MN741127
T E s 33°0'N, MN727873 - MN741128 -
3 ZMD 50 2019-06-07
Zhumadian, Henan 120°20'E MN727876 MN741131
IR # % 36°10'N, MN727877 - MN741132 -
4 TA 5 120 2019-06-09
Tai’an, Shandong 117°9'E MN727881 MN741136

1.1.3  SS-PCR 5945 SRR AR AS : il %E SS-
PCR 5906 A [ s 25 A 28 0 R 7 2 Y BREAC
B HRURIIAS () st B o 3 b 412 2 e 4y OO 37 39 4
IR A F AR 4 Ll AR B B T A B A
Wit e R 2 e S R R AP A 1 A I oy

b, WAL R0 R AR 1 B W] A AR e e 4
A BEAC I Wiy AL (] 1: ) BOH AP 10 Sk fRAF T
IR P AR DA A Al B e g A 1) A I B SRR AR
#5520 SkE T 50 mL B0 A B R B fif
IS REA I WRIRCEL A T 25°C IR 65% =



2 4 T A DEACHE WA R Ay A 8 PHRD R I 44 22 S e LA pREUAG 221

5% DGR 121 12D B35 3246 h i 5%, B H T4 R
WBUAR 2R AR G 4 H I A, B IS 23 e R T
I A AR i g gl e VR D AR i A R A, R
AR I RO SRS AR S IR A . KRBT A B
A BE AT H Ay b S DX SR 4 3] 14 SREA E 0 BT e 7
TR ZAE R BE TR AR v, 17 FLOE A I W B IR A I
A, DI DR BEACE Wi HUR B 27 4= . BIRFEAN 1Y
TRAFTIK Qb T 520 DNA
11,4 S[r] b 3R S0 A 5 5 ol 2 2 S5 A i A
A AL AT LR 2R 22 YL e SR e 3 T
RAE 2 — 4 R BEACHE WA By, B RAL A BEH LI R
AAE R RREE , B FPEE 50 ~ 100 3k 12T Tok &
M F T2 DNA
1.2 BEAcHiags RF A ERNETE

W 1115 T 75 4R 2 A B A I e el 3 2
B [ S50 PN, R 58 R e s A L AR RO e
J& B AR A TE5K 1] Stemi 2000-C AR i i385
THEATIE A MEE, JF A I AERE 70D BRARBLAA IR,
B e ARl AT 2 AU SRR IE 2R AT %258, (] I 27 1K 2
WP R RUTERSL,
1.3 DNA £

FIH QIAGEN DNeasy® Blood and Tissues Kit
PR E A BRI 1. 1 35 B R AR TR AEAC B DNA,
B I 1. 2% BrOREWEEE I f vk 42 B Y DNA
B &L, 37 ) FH NanoDrop Spectrophotometer ( DS-11
Envivx ) il i DNA Y& FE , K0 5 4% )5 PR A7 T - 20C
#wH.
1.4 COI 71 28S rDNA %! PCR ¥ 1&50 =

COI #128S rDNA H£:[H PCR §" 45| 4 M F 5]
Y1, COI'5|%)(Folmer et al., 1994), LCO1490:; 5'-
GGTCAACAAATCATAAAGATATTGG-3"; HCO2198 .
5'"-TAAACTTCAGGGTGACCAAAAAATCA-3', 28S
rDNA 5|4 ( Campbell et al., 1993; Goolsby et al.,
2006) , D2-3549 . 5'-AGTCGTGTTGCTTGATAGTGCA
G-3"; D24068; 5'-TTGGTCCGTGTTTCAAGACGGG-
3', PCR WK Z (25 pl) : GoTaq® Green Master
Mix ( Promega) WiR K 12. 5 pl, b FiF514 (10
wmol/L) % 1 L, 1.3 W HEEU 7R [ o FIR BB AC
Wb 1 25 DNA B4 (25 ~ 150 ng/pL) 1 p,
9.5 uL ddH,0, COI F128S rDNA 31/ PCR JZ [
254t 95°C THARME 2 min; 95°C AR 10 s, 54°C iR &
15 s, 72°C 4B 30 s, HAZ 35 AMEFR;72°C e &Sk
5 min, A PCR /)W #{# F| Biometra TOne 96G
(Analytikjena, fE[) 47, I 1. 2% HEEEENL

HLUKOR PCR =4 A TR, 16 B B AR 45 1 M i A
ri AR R AL (i) B 5 A IR R R ABI
3730 I ¥ % ( Applied Biosystens, 3¢ [&]) 47 XL [l
W
1.5 SS-PCR AL E 2 RIFLETE

BT 14 5T 25 2R, A A Primer 3 (hip: //
bioinfo. ut. ee/primer3/) ( Koressaar et al., 2018 ) Fl
NCBI Primer Blast T H-(https: // www. ncbi. nlm. nih. gov/
tools/ primer-blast/index. cgi? LINKLOC = MultiSensor )
(Ye et al., 2012) %} COI %1%t SS-PCR 45 75|
Y(F2), WEELL L3 5 EEHUR e B e 4y B
H R BT A 10 TR A W e e v A B e g TR
Bl AR e Y A Y BEAC I I H DNA S84, PCR
SR Z SRR 1.4 35 x5 [ e S . H
FHBE AR BE R vk 0T BT 45 PCR =Wy AT 460 , LA
SEGIYI R S, TR BEHLIESE 10 ) PCR Y47
M, LA E PCR 741k HbR COI ¥ 9153 Bt .

VEPEY 38 ) B A R A 9 S I T SS-
PCR 5 |y S vE ARG 36, T AR ARG 5 1 R et B 5
E PCR S BAR R AZAT () 1.4 55) o BlJEH#F 1.3
PRI AR B 4 B DNA S350 V5 A T 0 TR il
IKANDF BT HL DNA (50 ng/pL) , e
W4t DNA ¥ 88488 50, 5, 0.5, 0.05, 0.005,
0. 0005, 0.00005 #10.000005 ng/ L, FEA P iZ
5 W, ME SS-PCR 5| ¥y %) rh AR 2 % DNA 9 e I ks
I 11
1.6 FAEXPIREMEERETFERNNE

PRI IR WL 58 25 A SRASE a5 F BREA ES s b 3 28 2
PAFAE DT AR e R B 4y 4, (=) 50T 45, 2008 ) (&
12 C), i sf H A ST 0 4 27 A A s
SVECFILEREAKR, 153 H Dk A I oy i) 2 2
o BERELA L3 5 BRI BT A A R WL as 1) A
R B3k DNA SN, FiIFH SS-PCR 51947 PCR
(B ANGEAER 1.4 95) AR 4 PCR 7=yl e 45
SR E AT Ry HUR B AR TR A A, A
R = WA AR PRSI HURBY BFE AR x 100%
1.7 HESH

FIH BioEdit (v7.2.5) X 1.4 35 X m) i ¢ 2%
HEATHFE BN, HERR B R B i) BB JS R 4 4 a8 &2
NCBI, 315 GenBank 2355 . Bf)5#]F DNAMAN 8
( Lynnon Biosoft, Quebec, JIE X)) 4465 fr 5
F e 1E B B0 A 1 5T DA O 90 09 O A 4, T
NCBI database ( www. ncbi. nlm. nih. gov) A F ]
BLAST {6 HoW 2 e 7 91, DIHERR ALy A+
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#2 HETFHEEE COl FFH SS-PCR 3| #E R

Table 2 SS-PCR primer information based on the COI sequence of Dryinus sinicus

Elk7) SIMFFFI(5" -3") F A Bl 8 (bp)
Primer Primer sequence Target fragment length
DS-54 TCTCCTCCACCTACAGGATCA 191
DS-265 TCCATTATGGGGGCAATAAA
DS-54 TCTCCTCCACCTACAGGATCA
DS-279 TTGCAGGGATTTCTTCCATT 205
DS-360 CCTGTACCTCCTCCTAATGAAAC 251
DS-633 GATCAGGAATATTAGGAACAGCATTAAG
DS-269 AATGGAAGAAATCCCTGCAATATG
DS-481 GGGTTTGGAAATTGATTAGTACCTT 189
DS47 AATAGGATCTCCTCCACCTACA
DS-340 GGGTGAACTGTTTATCCTCCTT 272
DS-424 TCCATTATGGGGGCAATAAA
DS-635 TCTCCTCCACCTACAGGATCA 192
DS-313 TTAGGAGGAGGTACAGGGTGAA 308
DS-642 AATAGGATCTCCTCCACCTACAG
DS-182 GGGGGTTTGGAAATTGATTAGTACC
DS-338 ACAGTTCACCCTGTACCTCCT 132
DS-318 AGGAGGTACAGGGTGAACTGT 08
DS-436 CCCCCATAATGGAAGAAAT

P, HiH MEGA 10.0. 6 ( Kumar et al., 2018) X F4|
HEA7Z & AF, COI F1 28S tDNA J3 51 43 31l #1
DnaSP 5.1 (Rozas et al., 2010) 1B & 75 257 5
Bk (S) RS BIRCE (H) BB R ZREE (Hd)
TR Z AR (PO) AL 7304 (Fst ) ,IF3EAT Tajima’ s
D ¥:56, 7F MEGA 10.0.6 F#]H Clustal W JFH1]#¢
X, 53 BT & 7 5 () B L 20 i, B S R T Network
4.1 AR 22 COI 7 31 A% BY 1) 4% ] ( Bandelt et
al., 1999) ,FTF COI FFHH| T K2P A ( Kimura-2-
parameter distance) ( Kimura, 1980) 4374 7% 4 i fip
FE (B 9 38 4% B B LAA [CES 58 Dryinus koebelei
(GenBank % 3¢ 5. JN306860 ) 1 & #h #E ( NCBI
database ; Stahlhut et al., 2013) , Fi| FH4 4% ( neighbor-
joining, NJ) A HE R G R B .

FIFH SPSS 20. 0 47 84l 734t , A [F) 3 B FPRE
H B I (1) 75 LB SRR [T 7 YA SE T 2 A % A
(12 5 W E VR X K56 (a=0.05) .

2 #R

2.1 BERERMEEHFEBELETE

DA W mifCe o 25 A bR A 27 25 THE SR B I R L
o2 B KA E VY K 2% (Tuscia University )
Massimo Olmi Z{$% % 5 Ry 1EE % Dryinus sinicus
Olmi Z % Ry iz e w4 N o TEEHAR LK 7l 2

FHHEE (1994) Al 546 FIF 45 (2002) Al Xu 25
(2013) SCRR (&2 A) e & iy 2 2 A9 R EH R
Stk (B 2: B), H RS 3 ik, 945 T4 4
FIs fiifa 2 A (P 2. C) 530k AR B Y P
AR R — 25, D LA AIF T BT SR 5 1 BREA 0 B
TR g AR B
2.2 mfeEiEMBRAe SN

PCR §" 3415 2 4 B e it 643 bp 1Y COI Jy
5IH1614 bp i) 285 rDNA J¥41, Hrfr, COI Fp 4
A, T, C, GRS H N 31 77%, 44.17%,
10.43% 1 31.77% ,A + T 80 75.94% , 5 A 14
SPALRL 624 AN AR AL 19 AN, TAE BALRL T A,
FI#07 85 12 4>, 28S tDNA JFE5IH A, T, C, G i
32 B R 20, 82% , 22. 22% , 26. 50% il
30.47% ,A + T 31t Jy 43.04% . Hirp & 4 {f5Ffr
586 A, AR 28 A, TR A fE B A 16 4, A
FALR 12 4o

COI F3 rp LAG I E 16 Fft fLAF 20, JHL e 42 22
HECTA) 3 AMREAIC S A R0 HIS  HAR i 1l
PIRFEAIAT B AR B (8] 3) o 07 288 tDNA 351
ORI ) 4 A FRAE AL, B 5T (BY) (BE D) (ZMD)
FZe2e (TA) Fifif 320 Hapl, B mURPRE (N JU) 42
T ANAFER AR (R 3) o COIFPAIRAT R 22 FE
P (Pi) fie 8 9 SRPEE(NT) (0.0099 +0. 0027 ) , %%
% FE (TA) {5 (0.0018 £0.0000) ;288 rDNAJF
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B2 hAezkig FRIERNHE
Fig. 2 Main morphological characteristics of Dryinus sinicus
A, FRAEECWEME Y L Dryinus sinicus female adult; B M B FT /& Propodium of female adult; C . W5l M fil /1 Antenna of female adult.

el HIO mvl g™
[// TTTHIE N
- / \
! 7'-:'::.—.H !
A\ QHI2 THIS /
\\ . R ‘. . , //
~ HI4 _.-

K3 BT COI PP i v AR 2 e FLAT L A 9 2% [

Fig. 3 Median-joining haplotype network of Dryinus sinicus based on COI sequence
H1 - H16; 5% %) Haplotypes; mvl —mv3; 0] BEZEAE ({3 4, Possible mutation sites.

®3 AREMMBHMBPEEEBAER DN
Table 3 Haplotype diversity of different geographical populations of Dryinus sinicus

DRI i
Poﬂlﬁfiii code Gene A Hif;ypes Hd Pi Tajima’s D
B col 5 5 HI(l),H2(1),H3 (1), H4 (1), H5 (1) 1.000 £0.126  0.0065 £0.0021  -0.89450
28StDNA 5 1 Hapl(5) 0.000 £0.000  0.0000 +0.0000
NI cor 4 4 H6 (1), H7 (1), H8 (1), H9 (1) 1.000 £0.177  0.0099 +0.0027  -0.07004
28StDNA 4 4 Hapl (1), Hap2 (1), Hap3 (1), Hap4 (1) 1.000 £0.177  0.0245 +0.0078 0.04097
ZMD cor 4 4 H10 (1), H11 (1), H12 (1), HI3 (1) 0.700 £0.003  0.0071 £0.0017 0.68673
28StDNA 4 1 Hapl (4) 0.000 £0.000  0.0000 +0.0000
A cor 5 3 H14(1), HI5(3), HI6(1) 0.700 £0.218  0.0018 +0.0000 -1.0849
28StDNA 5 1 Hapl (5) 0.000 £0.000  0.0000 +0.0000

FECAS ILEE 15, F[R], For population code, see Table 1. The same below. N #:A<%{ Number of samples; H: FAA% %Y 24 Number of haplotypes;
Hd : BfERIZAEPE Haplotype diversity; Pi: ¥H R 2 FEME Nucleotide diversity; Tajima’s D; Tajima’s D {H Tajima’s D value. Hl — H16: COI J¥3

BT Haplotypes based on COI sequence; Hapl

FUREHY R 22 B e i i g 0Bl (N (0. 0245 +
0.0078) . ALHTAHE(BY) ARG LA (NT) B COI 7
B i A R AR (H) i T AR A FRE RS, (R
FILURRE(NT) Sb, oAt 3 S FhiE 28S xDNA J751 14
BRI Z RN 00 201 AR R4 B W g 5 Rl
HE(ND) L Z R f
2.3 BT CO1mrpeEgRffiaRiBEEs U
FIH K2 P A5 70 TS50 rp A0 8 S (] e o 1 1]

-4, 28S tDNA J# %1 Bf% & Haplotypes based on 28S rDNA sequence.

HEREBS/E 0. 00691 ~0.01310 Z ] (£ 4), 35
JEFPHE (ZMD ) 1% & B RE (TA) [a] 5t 1% FE 2 il
(0.00691) , Z&ZAHE(TA) 55 g R AE(ND) [8] 35 1%
PR (0.01310) o FEAS [) Hy B e84 434k 7
T, bR [ ] 52 2280 (Fst) 76 0. 11111 ~0. 60983 =
], Horp b s b e (B)) FNZR 22 FhEE (TA) Fst B,
k7 0..60983 , 3 B b 5 ot fhf A 48 £ R () 43 Ak e
R TR TR AN D S R fR) Fst RBURAR .
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2.4 ETF COI FAHAREHIEF B LR R
GZEBHM

NI R G0k B W FBH AT T R A 11 A it
MR RN COI TR A T — KL, 1 5 4N iF
W [CES I COT Y9 3 25 (&1 4) , R WIBT B 00 A1
COI 35 JIT & W ol 5 B0 A ey iy oy 23 A e R 2% G &R
2T, T AN (] B P ) 0E A i % el 2 A e 2 25 O
R, PR ARG S 00 BXE A 0 Wi ol 2 A e 3

x4 BT COI F3Hrh 8 B0 R 5] 3 28 7 B% 18]
BEER(T=f)MEERE Fst(L=A)
Table 4 Pairwise genetic distance ( below the diagonal )
and Fst (above the diagonal) among different
geographical populations of Dryinus sinicus
based on COI sequence

BJ NJ ZMD TA
BJ 0.22727 0.16352 0.60983
NJ 0.01045 0.11111 0.56364
ZMD 0.00818 0. 00959 0.34815
TA 0.01074 0.01310 0.00691

N [l ff

BI1 *F4EEEW¥E Dryinus sinicus MN727864)
12 RAEEWE Dryinus sinicus (MN727865)
14 EEHEWE Dryinus sinicus (MN727867)
BI5 F4EE¥E Dryinus sinicus (MN727868)

NI2 FAHEENE Dryinus sinicus (MN727870)
NI4 FHEEEEE Dryinus sinicus (MN727872)

MD2 HHEEWE Dryinus sinicus (MN727874)

L 7MD4 FHEEME Drpinus sinicus (MN727876)
TA1 FRAEEWE Dryinus sinicus (MN727877)
TA4 HEEYE Dryinus sinicus (MN727880)
TA2 F4EEIE Dryinus sinicus (MN727878)

TA3 HAEEEYE Dryinus sinicus (MN727879)

100 ll-—TAS HRAEESNE Dryinus sinicus (MN727881)

ZMD1 F4# 5 Dryinus sinicus (MN727873)

ZMD3 HHEEEE Dryinus sinicus (MN727875)

99 L BJ3 Hi4EHE8E Dryinus sinicus (MNT27866)

NJ1 FAEEEE Dryinus sinicus MN727869)
I;NJB FRAEEEYE Dryinus sinicus (MN727871)

17 (R E4% Dryinus koebelei (TN306860)

—
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Fig. 4 Neighbor-joining tree of specimens from different geographical populations of Dryinus sinicus
using Kimura-2-parameter based on COI sequences
55 NS GenBank 5855 DI RE M COT FEF 731 A4, The codes in brackets are GenBank accession no. COI gene sequence of Dryinus

koebulei was used as the outgroup.
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Fig. 5 Amplification pattern of DNA from Dryinus sinicus at different developmental stages and
Lycorma delicatula nymphs by SS-PCR primer DS-54/DS-279
M: DNA 7 T3 #E DNA molecular weight marker; 1. FA3EIEL i D, sinicus larva; 2. #f AEEK G257 A4 B BEAC S WA i L. delicatula nymph
parasitized by D. sinicus; 3: HHEFEKIE I D, sinicus adult; 4 Al %A (9 REAC B 1 Un-parasitized L. delicatula nymph; 5 -8 4334t 5t
(B)) B (N)) BFE L5 (ZMD) (Z&% (TA) FRAEE e MpBEL L D, sinicus larvae of Beijing ( BJ), Nanjing (NJ), Zhumadian (ZMD) , and Tai’an
(TA) populations, respectively.
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Fig. 6 The detection threshold for Dryinus sinicus DNA using SS-PCR primer DS-54/DS-279
M: DNA 4 F-HA5#E DNA molecular weight marker; 1 -7 D435 50, 5, 0.5, 0.05, 0.005, 0.0005, 0.00005 #i10.000005 ng/pL (¥ H14E
Fe DNA A 9 PCR ;=4 PCR products using D. sinicus DNA at the concentrations of 50, 5, 0.5, 0.05, 0.005, 0.0005, 0.00005 and
0. 000005 ng/pL, respectively, as the template; 8 — 14 BEA UK I DNA (50 ng/pL) 4355 50, 5, 0.5, 0.05, 0.005, 0. 0005, 0.00005 F1
0. 000005 ng/ L FR4EEEIE DNA TR A9 AR A PCR 724 PCR products using DNA mixtures of 50 ng/pL L. delicatula DNA mixed with D.

sinicus DNA at the concentrations of 50, 5, 0.5, 0.05, 0.005, 0.0005, 0.00005 and 0.000005 ng/pL, respectively, as the template.
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Fig. 7 Parasitism rate of Dryinus sinicus on Lycorma delicatula nymphs sampled from different sampling localities
P e R I + bR HE LR IR RS B ) — A 7 ik BT A5 2 26 B AR AR AL RAY 2 ) 22 57 .38 (%8 B30, @ =0.05) , RIA/NG k)
FER AR ) SR ARE 15 00 2 2R FRAEAS (RGN 7 vk 6] 25 7 B35 (x* K03, «=0.05), Data in the figure are mean = SE. Different capital letters above bars

indicate significant differences in parasitism rates among different sampling localities using the same detection method (X2 test, a =0.05) , while different

small letters indicate significant differences in parasitism rates in the same sampling locality analyzed by different detection methods (x? test, « =0.05).
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