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Species-specific PCR primers for identification
of Liriomyza sativae Blanchard
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Abstract; [ Background] Liriomyza sativae Blanchard (Diptera; Agromyzidae) , an invasive alien species, is an important pest on
many vegetables, flowers, tobacco, and cotton in many agricultural areas in China. Morphological identification of L. sativae is limit-
ed by small size, the high degree of similarity to related species and polymorphism. In this study, a method was described for the
development of DNA marker for the identification of L. sativae. [ Method]A pair of species-specific PCR (SS-PCR) primers based
on a fragment of known mitochondrial DNA cytochrome oxidase I (mtDNA COI ) sequence (936 bp, GenBank accession no. :
EU219613) was designed for L. sativae. [ Result] The SS-PCR primers amplified a single band of 294 bp of L. sativae. The speci-
ficity of the primers was validated using four other leafminer species, including Liriomyza huidobrensis ( Blanchard) , Liriomyza tri-
Jolli (Brugess) , Liriomyza chinensis (Kato) and Phytomyza horticola Goureau, all of them commonly occurring in China. All L. sa-
tivae specimens were correctly identified, and no cross-reactions with other leafminer species were observed. The method was tested
on single individuals in the egg, first-, second- and third-instar larvae, pupa and adult ( male and female) stages, and proved to be
applicable for all life stages. Moreover, the 294 bp mtDNA fragment could be clearly identified even at the dilution as low as 1/3840
of a whole female adult of L. sativae. [ Conclusion and significance] The SS-PCR method developed is promising, effective, fast and
economic identification, hence proposed as a valuable alternative to traditional identification of this insect species. This technique
should be applicable in quarantine testing for L. sativae during transportation of seedlings of flowers and vegetables and also in moni-
toring and management of this insect pest.
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SEVNBETEME Liriomyza sativae Blanchard , J& XG#
H g R S R | 2 A e RO
A s YR P 2H 2 ( European and Mediterra-
nean Plant Protection Organization, EPPO) ¥ HZ1| &
A2 RAGPEMEA T A (hup : // www. eppo. org/) 5 3
LT 1995 A4 H A Ay 4 558 i A 4 4Gy 92 VS T
PR, IR HE 1 YNV U Wy AR K]
(BRSO FIBRIEAS ,2003) o YN RETE Il 2 1k
W FFFEZ i R X A S e ) 20 B
130 ZFPAE ) (B P~ F £ ,2005)

SN BT 7 L PG, 20 4 40 ARAR DK
RiliZe 28 e T2 FLGk gl R A, 70 AR X T
VRPN B — 26 5 05 01 BT 7 A7 2 & w3500 b IX % 30 1%
M, ZARKIZ HUE A 3 ) e A A BT AE A
NGRS I, L E T 40 20 [ X F L X ™ 8k
4= (EPPO/CABI,2011) . ¢ T SE P BEvE g 2 A B8
REJIoR , A R, 2 FIE L), se ARk Z M)
S RE , AT TR N 8] 2% Jh I A R L, VR 22 T K
HH g HE W Ao 95— 26 A& I M 3 1L ( Deeming, 1992
EPPO/CABI,2011; Zitter & Tsai, 1980) . F [E T
1994 AEYITEME I 48 — W T i 3 b B O Ok R S N B
TR, [F) AR IS BT AR Fg e v 25 1 35 3k A= () B 8
45,1996) ,1997 4 & Gk 2= 4> [ 25 N4/ BRI/ B
BIGEIHE Y IR, 2R E )z oA T3 E 29 4>
B/ R FR DO IR GBS R B AR AR A 4
CRVE AL 1 U™ B 1, & 3 E ROl AR 7
A5 H R R (BREE A, 2002 3 S R
i,2005 5 B ROFN 55 Ak, 2003 5 B A E
2005; FZE45,1999) o BRI, s Xof 56 P 5 7 i 1)
a9 R0 W B Ay A 4P T L X6 A1 BR ) A5 5 A e N IR
g B AR 1% 1Y 00 LR B o 58 YN BRETE e LA O R &)y H
FEAEZF FARD LN BEDIAE D) 5% Al i IR
O3 HAWAY F2 0 R DL K SR ) AT B R AR
% ; 1 [ 27 32 A% K 12 8 44 7 (EPPO/CABI, 2011)
DL , ST XoF 56 Y BREVER i 114 4G 2 5 WA 0 0 0 ST
— B PR AER Y 7 AR |

i, T 5 1 i B v g s B R 2947 300 #, {H
FLIEfE FEARAEW A 23 F(Parrella, 1987) , [
CHA 14 B (08 e, 1995) o BEWE I s 5 A7y
BN CUNSEPNBEVE e i HAAHE 1.3 ~2.3 mm, B} 0.2
~0.3 mm) , HAMRIE SR AR{RL, B | 4y H A0 o

MELAMIE S EANEAIX 70 (BE %) o KT, K TAF
AR A DLV 22 g B &)y HU B T DT e
BB B A A E SRR IEAS B S T4 L) 25
TEPIE, TOIE S BEAT RN ZE UM, A T AR K18
LA (PSS ,2002 5 Frick ,1952; Sasakawa,1961)
53T A=) i Ji-5 o7 FH Ry ARG 5 1 ) B g
YoE Rt TOE IR I AR . ASOF ST DL AR
T R SEYN IR T e DA AR, LA [ S P AL v g 2
FEof G L BEVE MR Liriomyza huidobrensis Blan-
chard , =M BEEME Liriomyza trifolli Brugess | KV
Liriomyza chinensis Kato i 5 1MW Phytomyza horti-
cola Goureau 55 1% I8 | % FFh4E 3% PCR (species-
specific PCR, SS-PCR) HEATHRBUUEE RORRIBIIT , B
TE A AR5 LA S5 Y B 0 i 1) 0 — 25 A 1 9, AR
R R G (R 2RO 7 2 R AR S H

1 ARSI

1.1 it RiR

I N BREE i 1) 7 T v A B o e Al P DR 4
WFFEITRE Xl 2%, 2F EAEY) SR SL Phaseolus vulgar-
is L. s R BEIR IR A = & BRI 2 51 HGi s
PR, A B R SR Apium graveolens L. ; I
BEVER bR R AR AR R 2 B IR PR B 2 Bt B s A SIS
PR ABERR A T KA Allium fistulosum L.
P AR A B P B TS R H AL T =
BZE S % EHYI N — H 2 Orychophragmus vio-
laceus (L. ) Schulz,

1.2 ERHig 5 DNA RH) &

Z: B ERIPEAF (2007 ) FJE & HAE (2007 ) 197
BICRE IR Bl o HUSE YN B T | T S R L =
DTRG0 W R 8 v A% 1 Sk Ohz) L BT
#4520 wl. DNA $2HUE 1 (pH 8.0, 0.05 mol Tris-
HCI, 0.001 mol EDTA. 0.02 mol NaCl, 1% SDS) #J
Parafilm i |-, 4] 0.2 mL i) PCR 4 EAE RS R 78
IIITESII, SR BN R AR A 1.5 mL B0
A 100 L SRR My 2 R sk 510 A% OF
MAF— B0 IR A INA 8 wl(20 mg -
mL~") 21 K, FEHRA)E , F 60 C/KIA 1.5 h(hik
TRAT 1K) AR EHR7K 8 min, fITA 220 wL 5445/ 5
P (oo =24: 1) SR, R 2RIR 5180 10 YUs , kiR
30 min;4 °C 12000 r+min ' Z.00 20 min, B WS,
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A 440 pL F2 TOK S RRIRS)  F i b i R
ARVTFEST T - 20 CJf 30 min;4 °C 12000 r+min ™'
B0 15 min, 325 B A 400 pL 75% Fitve £
FEVEY%,4 °C 12000 remin ' B0 15 min, 25 i
W5 AR AR B O BN TS B AR B, BSR4 30
min J5REE A 30 L B8 2l 7K (5 A S8 P BE B Y
BEUA K 1 ~3 ¥4 i DL 20 wL @4tk %, B LA 10
pL AR IS ) |, it s T - 20 CORAF# .
1.3 EBI#EE SS-PCR 3| #1/9igit

£ GenBank i FH £ 1 11 3 Y B Vs 0 4 R 4
DNA 4 ifo {6, 25 E ALV 56 T K (mitochondrial DNA
cytochrome oxidase I, mtDNA COI) 41| ( GenBank %%
58 EU219613 ) (Shang et al. ,2008) , iz A Primer
Premier 5 #4416 L PN BEWE # COT 791 5 H ik & Fh
@%ﬁf{*’iﬂ% = BEVE IR A BT IR Y COT 3 g ik

AT HCHR AT, 38 B U BRE VS s 5 JHL Al 7 - i 2 L

ﬂ{ﬁ PR I X B, MR 4002 IX B I Bl 56 Ty 9 s 3 1
Xof SEYHBE T A e 5 | ) LSCZEL/LSCZF1, L5 |
YR EL P 5] TCGAGCAGAATTAGGACAT, FiiE5]
WIRIL 51 ATTGAAGAAAGTGGAGGGT( |-
TAY TR S A RA R &R , 5199
W R BRIV 294 bp,
1.4 SS-PCR 3| ¥ 54 R 4T

53 ARk T 56 BRE VR L = RE T L AR
WG B P R Y DNA R AR, 56 W SXE 7 i Ay B
Xof BE RG50S PN BEVE Ry S i Be ) 1 514 LSCZEL/
LSCZF1 [yl tE, PCR MR RN 20 pL, Hrf
4K 11.4 L, 10 x ZZ ik 2.0 pl, 10 mmol - L.~ !
dNTP 0.4 pL. 5 U-pL™" L Tag B4 0.2 L (£
NEB 2A#]) | 20 ng- L™ L35 #5A iz [ #745 2.0
pL, Bz DNA 2.0 pL, § 57 :94 CHIASYE 3 min;
94 °C 60 5,68 °C 60 5,72 °C 60 s,40 MEH ;55 72 C
FEAS min, § 34 [ W AE ABIS9700 PCR JE K4 354X
FiEt7. WS pL PCR Y H4 /™ WI7E 1.5% (HE ) BX
BB (amresco ) HEIE LA 80 V Hijk ( Bio-Rad Power-
Pac Basic) 43 B 50 min, 4% J5 DA GelDoc Universal
Hood 11 Y 5E I AR £ 45 ( Bio-Rad Laboratories ) 43
Pria ik g . BRI Eo BIAI 10 Sk, FFREAL LA
HoAth 2 Fh %I 5 ( Bio-Rad iCycler il ABI Veriti) A9
PCR {47 56IE

1.5 SS-PCR 5| #X¢t A [E
AT BT E
53 RIS B R R 5 M L B B 1)
A (1~ 3 4l ot BV ) 7353 B DNA
RN AT T F B R B, B 15
S AR 10 Sk, B Ab R S b R A
B2 DNA 902 wLCED 1/15 Stopoh) DL 2 fie i i
WA R RE 25 1/30720 St DNA, SR LUK e
JE Y R A DNA AR (BP 1/15.1/30.1/60.1/120 .1/
240, 17480, 17960, 1/1920, 1/3840, 1/7680, 1/
15360 ,1/30720 Sk i th ) A7 5 A H4 B 0052
FEARIE LR 10 3K
2 HRE5SMH
2.1 £MBEHIE SS-PCR 3| MEFS BRI
LS B A0 ST ¢ 45 82 . o g
DNA SgH00, AFE HRE PE 4 1SCZEL/LSCZFL

AT PCR 74, KA RS, 5 1) A0 SE YN Bt

HENT EBRURUEER

WEEAYHERE ST AR R A BE DT
PG 1) o

W5 W00 S BV MR ey

2000

1000
750

500
250
100

Bl 1 SS-PCR 3|4 LSCZE1/LSCZF1 i3 i B & 18
RHIL&FEZITiEr PCR 184 R
Fig. 1  Amplification pattern of mitochondrial DNA
of L. sativae and its related leafminer species
using SS-PCR primers LSCZE1/LSCZF1
M i DNA Jp it ; 1 ~6. SEUMBERLG . RISEHOEM . BitL
TR ZIBEA . R . IIMEXTER (BEC7K) o
M: DNA marker; Line 1 ~6; L. sativae, L. huidobrensis ,
P. horticola, L. trifolli, L. chinensis, negative control

(using ultra pure water as the template) .

2.2 SS-PCR 5| #y3d SN B B A [ A3 1R

DIASTR] A J31) R 2 285 7 56 U BRE VS i DNA Sy A
M, LA SS-PCR 5| 4#y LSCZE1/LSCZF1 #4794, 4%
SRR AN E RS S 0 2 U BRI Re R e B
1 294 bp MFEFER B (B 2) .
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2.3 SS-PCR 5| 41%4 £ BT 88 A AR KA BI{E
AN PRSI R DINA RS 1447386 U s
WiRE 2 1/3840 LT, iy i MA B RE Y 4 Hh HE 5
PERRR AR BB MR R 177680 ki, T34 60% 1t
ANRRT Y8 I B 25 (181 3) 6

2000

1000 |
750

& 2 SS-PCR 3|4 LSCZE1/LSCZF1 3 2 il 5T & 18
AR BSMERE PCR i85 R
Fig.2  Amplification pattern of mitochondrial DNA from different
developmental stages and sexes of L. sativae
using SS-PCR primers LSCZE1/LSCZF1
M: RifE DNA 737 Judd; 1 ~8: WEMERR | MEPERSCR | 8., 1l
2 fhgh i 3 IRl SURIER | BT I (AR KO o
M: DNA marker; Line 1 ~8: adult female, adult male, pupa, st instar
larva, 2nd instar larva, 3rd instar larva, egg (a single egg) ,

negative control (using ultra pure water as the template ) .

bp M 1 2 3 4 5 6 7 8 9 10 11 12

2000
1000
750
500
250

100

B 3 SS-PCR 3|#) LSCZE1/LSCZF1 5t
Xl IR A AR R A H BE

Fig.3 The detection efficiency for L. sativae, using a

dilution series of mitochondrial DNA isolated from a
single adult, using the specifically designed
SS-PCR primers LSCZE1/LSCZF1
M. Frif DNA 23 F it ; 1 ~12 5300k 1/15, 1/30, 1/60 .
1/120,1/240 .1/480, 1/960 . 1/1920, 1/3840 .
1/7680, 1/15360 . 1/30720 S WfE 5l
M: DNA marker; Line 1 ~12 represent dilution series:
1/15, 1/30, 1/60, 1/120, 1/240, 1/480, 1/960,
1/1920, 1/3840, 1/7680, 1/15360, 1/30720.

3 g

P M R H A B T AR, HAl, B
i B E ) TR 32 AR A i L Y TE AR AIE ( Sasaka-
wa,1961; Shiao et al.,1991; Spencer, 1986) ; i H Hif
I COP Al R ) B8 E TR SRR B
AEAS BRI JC ¥ S ( AR 45, 2002 5 Frick, 1952

Sasakawa, 1961) , i IS0 JE 4 LA 73 N AR 5%
TP PR E , A AUREI S, TiT HL P AR A £k
/DT 4 TAETCIE S (B —h 45,2000
I, AR T bR | T R HLaE T R RN R &
YA IR TE TR, A R 1 £ R
b 2L RR A HC, 1 DRG0 G FHAS TN W 6 T 1)
B

FIRT, LA 5 AR W~ BOR BEA T R e 1 5 A 26
S TR LA R ASHIN A 0 ) % 5 A 0 I 2 i A LA
e AT, Ho#p RAPD (random amplification of poly-
morphic DNA) ( B§— H7 &£ ,2000; Col et al.,2006) .
RFLP (restriction fragment length polymorphism) ( 3
4% 2002 ; Scheffer et al.,2001) .2 PCR ( mutiplex
PCR) (Miura et al., 2004) DL f DNA 59 4t ( DNA
barcoding) ( Scheffer et al. ,2006) R AR E H T3
TRl HUR S e BF Y OF I R 4F Rk, B2,
RAPD it BEAXS #1458 X 1~ 19 A2 A A o B, 4 1
PP A MR AR R 2% A5 R T AR PRI, PRk
H T 8 d 1] RELP K fy T if DNA &K,
AIRZ G, 7 L A PR AT B A v 3 i
SEMERIOE 2R, BT AR RO ) 3R AR e T 4R
B E AT, B AR A, PR e T T
mtDNA COT BEPR R 245 D1, B} Rt fL B, BE R Ay
AR B DR <7 P SO R 08 9 78 S 1, 0 b R LU A
DNA AR AFAAESR AFIBR IS , 46 I 2 503 8, 35 1)
FFha] 451 ( Hoelzel ,1991 ; Hoy,1994) , F:F COI
LA DNA Z5JE S ith B R S48 T B2 5 7 ) el
W glidk I LA B 3 LG S AR B AR H RS 2B
YIRS E T . SS-PCR AR i1 COT ARicde AR
Sk, HA H MR G5 SRR ST
AU AG I 537 o

AWFFERE ORI 5E M BE B mtDNA COT &
KO8, et 256 I BE RS i e S e o 1 9 1 X, I id i
SS-PCR $Z ARAIE 52325 | ) HOXF 56 Y 5 7 i mtDNA
HAY HERE 7, % Rl A Az 00 At 288 14 7 - e 28
1 T S IR T | = e R T | 80 KV e i L
TR AE SO R RE T 5 X BRI R AU 5 0 B
TR A R B R RO ROR T H AL 1~ 3
W2y M LA K BB B EL A [R) AR Y 7 1S ROR 5 [F)
I, IR F B HA R R vk, H AR B
B 1/3840 Sk pgH ; Xf #8655 9 9 I 1 B Gen-
Bank A5 BN 1% 5 Be 5 56 UH BV i i) [m] 54
>4 100% (Shang et al. ,2008; Yang et al. ,2011) 15
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FofxCH H R B iy s B A T 96%  (hup: /
Ah, SS-PCR 43
BB AR SRA T (e PR, 4 T 8 OGS ], 42 1 T

blast. ncbi. nlm. nih. gov/Blast. cgi)

YERRE . PRI I AR 2R AT DL T 58 DI B0 7 g
R S 5 T AR, 75 5 HUR 8 G 56 5 46 0 s ) v L

ﬁ%?ﬁ%%ﬁudﬁm?&ﬁ%ﬁmm%ﬁﬁ
MR H PR L, A F5EH SS-PCR 59 Ff
YA A itk — Rk

Bt b m T E R AR T N R E R F KT AF
REF AR A & A oy PR A2 48 ] 2 T By 52 R 3 2 ik B, 4F
FRH !

Sk
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