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Abstract The western corn rootworm Diabrotica virgifera virgifera LeConte, one of the most devastating and in-
vasive pest insect of field maize in Europe and USA, has most likely invaded China due to its rapid propagation.
Identification based on the external morphology of D. virgifera virgifera is blocked by small body size, high de-
gree of similarity and pleomorphism. In this study, a molecular method based on species-specific cytochrome ¢ oxi-
dase subunit I (SS-CO [ ) PCR technique was developed for rapidly identifying the western corn rootworm by
using nine other common leaf beetle species as reference. The mitochondrial DNA CO | (mtDNA CO [ ) gene

from D. virgifera virgifera and nine other leaf beetle species common in China, including Monolepta hieroglyphica
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(Motschulsky) , Pyrrhalta maculicollis (Motschulsky) ., Phyllotreta striolata (Fabricius), Psylliodes punctifrons

Baly, Ophrida xanthospilota Baly, Agasicles hygrophila Selman & Vogt, Lema decempunctata Gebler, and

Basilepta fulvipes (Motschulsky) biotype brown-yellow and biotype blue-green, were amplified by using the uni-
versal primer pair LCO1490/HCO2198 and sequenced. Morcover, one pair of SS-CO [ primers (DvvZCE1/Dv-
vZCF1) amplifying a single band of 462 bp from D. virgifera virgifera was designed. The specificity test of the

primer pair against the other nine leaf beetle species indicated that it was specific to D. virgifera virgifera and no

cross reactions were observed. The method was tested with egg, 2nd-instar larva, male and female adults as well as

adult debris (including antenna, head. thorax, abdomen, foreleg and posterior leg), showing that it was applica-

ble. In addition, the 462 bp DNA fragment could be clearly detected even at the concentration of 102.73 pg/pL.,

equal to 1/122 880 of a whole female adult of D. virgifera virgifera. The SS-CO | marker developed here for rap-

id identification of D. virgifera virgifera could be used in port quarantine and interception in international trans-

portation of agricultural products.

Key words Diabrotica virgifera virgifera; species-specific CO[ marker; species-specific primer; rapid identification;

molecular detection
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Table 1 Diabrotica virgifera virgifera LeConte and other leaf beetles used in the present study
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Species Host plant Location
Date
H-H#l Chrysomelidae
B R} Galerucinae

FAMEEM B Diabrotica virgi fera virgi fera LeConte 2K Maize ) FFIF& {8 Godollo, Hungary 2015 — 07
F K Maize 2 [E %7 B Missouri, USA 2013 -10
KB 55 - B Monolepta hieroglyphica (Motschulsky) =3 Sorghum Hf 224N Lanzhou, Gansu, China 2013 - 08
i E BN Pyrrhalta maculicollis (Motschulsky) it Elm b 5VE Haidian, Beijing, China 2016 — 07

B WAL Alticinae
AR BEE Phyllotreta striolata (Fabricius)
MR Psylliodes puncti frons Baly
i EZPH Ophrida xanthospilota Baly
FEREH Bk Agasicles hygrophila Selman &. Vogt
e Bl Crioceridae: §1 8 B A} Criocerinae
Mg e Bt Lema decempunctata Gebler
4 - H &} Eumolpidae: i M- IF A Eumolpinae
Hi J ) B R R 7D
Basilepta fulvipes (Motschulsky) biotype brown-yellow

e AN GBS B. fulvipes biotype blue-green 2K Maize

— H 2% Orychophragmus
#i% Common smoke tree

Z3 03 7 HE Alligator weed

)42 Chinese wolfberry

F K Maize

/INE3E Seedling of Chinese cabbage dtEUIN X Shunyi, Beijing, China 2015 - 06

JtEUI X Shunyi, Beijing, China 2015 - 06
Jt 5t ¥EyE Haidian, Beijing, China 2016 — 07
1EE K7 Changsha, Hunan, China 2016 — 07

b 5U¥EE Haidian, Beijing, China 2015 — 09

JE 505 X Shunyi, Beijing, China 2015 — 07

b5 X Shunyi, Beijing, China 2015 — 07
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PR TS L AR )5 LA 150 pll 28 ik (50 mmol/L
Tris-HCI, 1 mmol/L EDTA, 1% SDS, 20 mmol/L
NaCl; pH 8. 0041 2 YOFVEBFEEFE IR 5] A 5 pL
A K20 mg/mL), /MR 515 F 60 C/K¥E 1 h
CHIRIRAT 10 s SRJE WK 8 min, A 220 plL 54
{5/ S IREE(V V=24 D, B RIR BT K

JG . UK EACE 30 min;4°C .14 000 r/min &.0» 10 min,
BRI Y 350 p AT — B0 A 800 pl.
Ve Y ToK ST AR IR ) 1 B/ B ZUIRVTVE JR
F—20CJit# 30 min;4C .14 000 r/min &[> 10 min,
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W AR5 W B0 BN TS IR AR B, BAR TR
30 min/G BE A 30 pL HAiK, 5, LR
6 6E i (NanoPhotometer TM P330, Implen,
Munich, Germany) il & $#2 B9 DNA ¥ &, —40C
ArE .
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PR R 95 CHASPE 5 min; 94°C 30 s, 51°C 30 s,
72°C 50 $,35 PMEH; fzJ5 72 CHEAH 7 min, PCR -
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462 bp M Bt
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HH SS-COT 8| #1 DvwZCE1/DwZCF1 il F 4 5 1
PCR W AR ZR A 25 pl, Hirp 10X Buffer 2.5 pL(FF
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TS5 0.5 (5 pmol/L), Tag DNA £ 4 i
(5 U/pl)0. 3 pL A5 DNA 2 pl, 4liK 18. 7 pl,
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WERC1/2) REFE (1/4) JhT 2 (1 X g 2 (1 X% ]
DNA SR o 54 7 7 S AG 50 5 LA i R 11 o Sk fE
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DA KAR 5 LR oAty 9 A/ Az 28 it D
SR Bt it A o B 7 i L o il SRk R LR
B S LR S M kA AT B R
e JE A I B R R 08 A2 A Yl ) g
HAY mtDNA B4R, DL 5] 4 LCO1490/
HCO2198 #t47 PCR ¥ 4%, H YA I 45 3R 87w, 10
Pk B EIRE D 14— 2T M 9 B 5 B (B D) s X
ZEHLYKAIN 545 (1) PCR =467 7 30 ) 7 25 3 3=
3% F B2 680 bp, L kifk DNA CO [ 2 5
Ui SE A B, AR 10 Bht BRI 45 SR i R
KA B R S SS-CO T B4 1 %} (DvZCE1/
DwvZCF1) . Hopy 388 B By gk /Ny 462 bp.
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M: DNAS}FfbbRiE; 1~3: FORMEMH; 40 WHEK I S: 6
M 6: Bt AR BE AT 7 SRR PR 8: B EABEH; 9: Rk
5 10: MRS AR 11: 352 AR A A A0, 12: 352 A g H - 4t
5 13: PR IR G AIK)

M: DNA ladder; 1-3: Diabrotica virgifera virgifera; 4: Monolepta hieroglyphica,
S: Pyrrhalta maculicollis; 6: Phyllotreta striolata; 7: Psylliodes punctifrons;
8: Ophrida xanthospilota; 9: Agasicles hygrophila; 10: Lema decempunctata,
11: Basilepta fulvipes biotype brown-yellow; 12: B. fulvipes biotype blue-green;
13: Negative control (ultra-pure water)

E 1 mtDNA CO [ [l AZI5]47 L.CO1490/HCO2198
X ERIREM AR EA 9/ EMEE R R
PIBLE R KA
Fig. 1 Gel images of PCR amplicons of Diabrotica virgifera
virgifera and other nine common leaf beetle species/biotypes

using mDNA COT gene universal primer pair LCOI1490/HCO2198
2.2 ERREME SS-COI 5|¥FfHsRELK

AT KMt F A 9 b/ A= 0 05 DL i F )
R DNA St LA E IR e a4 et SS-COlL5|
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Prxt DwZCEL/DvwZCFL #847 PCR Y708 ki 2l Hifth O Falr i/ ARy Rt N BAT 93 8 7, R
R G AR AR A IOR X 5 1 TR AR | (8] 2)
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M: DNAZ T REbRE; 12 FORMUE N HT; 20 YR P B 3: M BB et 5 4 S k5 St sk 5 6: B B4
BRH; 7: SERCEFBE R ; 8: MU 5 U8 L 9: 38 A AR B L 10: 52 A Mt BT - R 4R 11 BT IR 4lK)

M: DNA ladder; 1: Diabrotica virgifera virgifera; 2: Monolepta hieroglyphica; 3: Pyrrhalta maculicollis; 4: Phyllotreta striolata;
S: Psylliodes punctifrons; 6: Ophrida xanthospilota; 7: Agasicles hygrophila; 8: Lema decempunctata; 9: Basilepta fulvipes
biotype brown-yellow; 10: B. fulvipes biotype blue-green; 11: Negative control (ultra-pure water)

2 EXARFM A SS-CO I 5[4 DwWZCE1/DwZCF1 fi4s R RIS
Fig. 2 Amplification pattern of mtDNA of Diabrotica virgifera virgifera using SS-CO |

primer pair DvwwZCE1/DvwZCF1

2.3 EXRRHEMESS-COI 5|4 R R DwZCEL/DwZCF1 147 PCR 4 » B KR 45 2 {i
PAEARMRE PR O0. 2 Wl i HEE R LA K % AN B AN )P 531 LA B A R B A [ B AR 2
MEE AR SICER R DNA AR LA SS-CO T 514 RERUE MY 14 462 bp AFEFIER AR A B (8 3) .

M 1 2 3 4 5 6 7 8 9 10 11

M: DNAZF b 3 EFFE: 12 MEd s b (B0, 1/4); 2: 208 4h B (B35, 1/3); &0 2 FIRIEE: MEE R : 3: SL; 4: HgR(1/2);
50 EFR(1/4); 6: BURLER; 7: BER(1X); 8: JERIA); 9: fill A (14); 10: A s s (B, 1/4); 11: 2K (BAHEXT HR)

M: DNA ladder; the sample no.1-2 are taken from the population originating from USA: 1: Female adult (abdomen, one forth);
2: 2nd-instar larva (abdomen, one third); the sample no.3-10 are taken from the population originating from Hungary: 3-9,
female adult; 3: Head; 4: Thorax (a half); 5: Abdomen (one forth); 6: Egg (single individual); 7: Foreleg (one pair of); 8: Posterior
leg (one pair of); 9: Antenna (one pair of); 10: Male adult (abdomen, one forth); 11: Negative control (ultra-pure water)

3 5 R1E5]49 DwZCE1/DwWZCF1 3t E KRR F 0P 4 B R B B 7% B9 SS-CO T PCR #1845 R B ik A il
Fig. 3 Amplification pattern of mtDNA of egg, larva and adult debris of Diabrotica virgifera virgifera
using SS-CO [ primer pair DvwZCE1/DvvZCF1
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2.4 FEHXREFEME SS-CO 1 5| Wag+e N H1E
B R w8 I H M B L DNA BEAR LA 2 £%5 338
VBURS BE VA TR R L RGN 45 IR B 7% L 24 DNA YR B B¢

M 1 2 3 4 5 6

bp

2000

1 000
750
500

250
100

7

h 102,73 pg/pL (X4 F 1/122 880 3k M 4 A 4O
IF L BA AN A AT 0 462 bp BYHEAR - BL. T H.
AT M SE (B 4,

8 9 10 11 12 13 14 15 16

M: DNAZ> F- & bRiE; 1~15: 23 51155105.2x103, 52.6x103,26.3x10%, 13.15x10%,6.575x103, 3.288x103, 1.644x103, 821.88,410.94, 205.47, 102.73,
51.37,25.68, 12.84116.42 pg/uL, FI24F1/120, 1/240, 1/480, 1/960, 1/1 920, 1/3 840, 1/7 680, 1/15 360, 1/30 720, 1/61 440, 1/122 880,
1/245 760, 1/491 520, 1/983 040, 1/1 966 0803k etk 5 1 ; 16: 7K (B MRS HR)

M: DNA ladder; 1-15: Dilution of 105.2x10%, 52.6x10%, 26.3x103, 13.15x103, 6.575x10%, 3.288x10%, 1.644x10°, 821.88, 410.94, 205.47, 102.73,
51.37,25.68, 12.84 and 6.42 pg/uL, equal to 1/120, 1/240, 1/480, 1/960, 1/1 920, 1/3 840, 1/7 680, 1/15 360, 1/30 720, 1/61 440, 1/122 880,
1/245 760, 1/491 520, 1/983 040, 1/1 966 080 of a whole adult female, respectively; 16: Negative control (ultra-pure water)

& 4

45214 5] 4 DWZCEL/DwZCF1 3t E K AR M a4 7 S

Fig. 4 Threshold of SS-CO [ primer pair DvvZCE1/DvvZCF1 in detection of mtDNA of Diabrotica virgifera virgifera
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P Wk e O Hott— 20 4k 0 Ho 34 0] 2, Lk
FETE A= X5 3 1] K A 32 S Pl XA BE g 51
PR T R e o fy ) 65 00 268 R B AR B Lk TR AR
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U T AN BRI A DR 30 O AT 3 LA Y A T R
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X A UL I A i A Y I ROR . T HL 1%
AR A 1 R AT e o ASACRT ARSI e K AR 2 1
) EARE B, 34 TR D ok ) ke AR A Sk L B R
JEER LA R fik Ay LRI AL LT AR 5 LU L DNA S R AR
HEAT AR R A R, LA A I 1) 1y 102, 73 pg/pl,
2T 1/122 880 SLMEMERCH . B4R 514 Dyv-
vZCEL/DvwZCF1 §73§ i Be il 7 4528 5 GenBank
HEAT HEXS L S5 R B i B B OR AR s Y [
PEER 99 20 ~100 Y6 o 1 5 Ho At A 24 B e ity ] 5Pk
R 870 ~90% , A 45 [7) & 3T Lk Fh -+ — R AR L i H
Diabrotica undecim punctata (L. ) C[a]¥EPE 88 %) Fi
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Blast. cgi # 743172760) {78 1248 I 4 A 58 42 7]
AT 10 R 35 R P A28 P S DR AR i it B A A

H Al 2T 00 AP g it B2 B Ul 4 0
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LA mtDNA CO T /rDNA 1TS2 B A 56 7=
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FICHLHEAR S FEE PCR HARSY AR SR X
SR AR HAL B AR L RELP AR B4Ry % 5
HAT 2 D) 4 DNA /7 oKl LK DNA 2%
TR BTG 2 PCR =Py A T [ Wi ali Al | Fe 510
Xt o s SEIF A PCR SR Bl 2408 i 7
B ST N Z R Bl E SS-CO T AR i 2%
T2 I mtDNA CO T B AR ICH AR K J ik .
HATRR SR AR A 1A 1 ARG R A8 vy 5 S 2
ot PCR HAR G 503 AH 24, LA gty B —
SR AW R PR EIE 2T e T U TR
PR G I 73 A7

S 3k
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