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AR RS By mUi Ay 5k SS-COl Rl A

SRAEESS T, EEREA, vekeE ", T, 8hE 0
P E R LA F AR AR R EASNFERE L LR E, LR 100193; PR LI RN
AW 5 R A P e 100193 PH B R X FRFERMMEY FE, LA F B 266109

FEE . [ H MR BRI AR P il (08— 6 B8 S50 R el oA 4 5 ol et LR R Bt | 50 R b BT A5 A 1
AR LR A DX 43 14 )AL, LA FE B DAY 11 F/ R BN 228 SR FHJE T miDNA A3 C & LEFIEIE T (mitochondrial
DNA cytochrome ¢ oxidase subunit I , mtDNA COI ) FEPH s 51 (species-specific COI , SS-COI ) PCR ¥, W58 #4H3 il
PO PRI S E A . [ J7ik ] FIH mtDNA COT FE 38 A5 #5%F LCO-1490/HCO-2198 F A3 #4453 BURIH: Al 3 WA mURY)
COT JEPHF ) AR HE ) e &% SRR M4 U % SS-COT 514 1 4 (SPZWCF1/SPZWCR1) , 2 Je ffi & ot B i A BERY 138
KB, IR | W] Wik S RS D R A BEA T AL . [ 4528 ] 51900 SPZWCF1/SPZWCR1 44 i B i1 BE 2y 426 bp.,
Wb S 06 45 SR S % R 1 AR LY mtDNA COT i PR ELA 7 B R e i [ DL 1) At b 288 (4 4 BV EL 95 S
FRAS B RH (Asia [ Asia Il 1, Asia 13 MED MEAM1 Baff) LK SRy ml  BSUE A7 d0 2 oY L FHEARS o T80 004 LA mURIRL
A B S X YRR Ty, R IS T R 20 5 AR AS R ) AN [ SR 4 1) 1 i LA R A
BERRE K 2~ 4 27 B R R O R A OIS BT TR RE B S RO HER AR I B {8k 75.1 pg » w7 (A4 T 1710240
SCErE ) o [ 4538 IR 20T FH TR L A R v B s N ARG R | ok A S B A Lt — A iR b i A
YEH,

KB BT EL; FRRSES Y AT B PR TR M

Species-specific COI primers for rapid identification of an
exotic whitefly, Siphoninus phillyreae ( Haliday)
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Abstract; [ Aim] The ash whitefly Siphoninus phillyreae (Haliday) , is one of the most important pests infesting fruit trees and or-
namental plants worldwide. It is a recent invader to China. Morphological identification of this whitefly is complicated by its small
size, high degree of similarity to related whitefly species and polymorphism. In the present study, a species-specific identification
technique based on mitochondrial DNA cytochrome C oxidase subunit I (mtDNA COI ) gene sequence (namely SS-COI marker)
was developed for the rapid identification of S. phillyreae. [ Method] The fragments of mtDNA COI gene of S. phillyreae and 11 oth-
er related whitefly species or cryptic species were amplified and sequenced using COI gene universal primers LCO-1490/HCO-
2198. One pair of species-specific COI (SS-COI ) primers, SPZWCF1 and SPZWCR1 was designed. The length of target fragment
amplified by this SS-COI primer pair was identified and its specificity and sensitivity tested using various life stages and sexes of 11
whitefly species collected from two geographic locations. [ Result] The primer pair amplified a 426 bp long fragment. The primer pair
proved species-specific as it gave no cross-reactions against any of the 11 other whitefly species tested ; five cryptic species of Bemis-
ia tabaci ( Gennadius) (Asial , Asiall 1, Asiall 3, MED and MEAM1) , Bemisia myricae Kuwana, Aleurodicus disperses ( Rus-

sell) , Aleurocanthus spiniferus Quaintance, Dialeurodes citri ( Ashmead) , Paraleyrodes pseudonaranjae Martin and Trialeurodes vap-
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orariorum ( Westwood ). All S. phillyreae specimens were successfully identified. Sensitivity test demonstrated that the successful am-

plification could be obtained with 75.1 pg + wL™" template DNA, equal to 1/10240 of a whole female S. phillyreae adult. [ Conclu-

sion] The SS-COI method developed here provides a rapid, simple and reliable molecular technique for the identification and moni-

toring of S. phillyreae, which would be benefit in intercepting and blocking the further spreading of this new invasive whitefly

species.

Key words: Siphoninus phillyreae; SS-COI primers; detection threshold; rapid identification; molecular detection; monitoring

WAL Siphoninus phillyreae (Haliday) , &2 3#
H by EURL T A by BUR 2 — ot S A e v T
(Martin, 1987) ,2002 4FF [ £ V544 H 51 S T 22 114
B R BEVE T HL (] 4R BFIVRIA IR, 2004) , 2006 4F
e ] ] 0 o M A 6 A 8 S ) Ay S G
T RSB A 92 M A 3 A (38 L I B Az 31 [ 2006
31 53¢F) . MECh ZEMEE R, F EEY LA
11 #} 28 J& 60 Z /722 R, H LI R A A1 F2 AR AE )
TR AR EEHR R SR AT
BERE R R 2B R BRRE 0 B R L T SR
8 L HB U AR RUR BB ( Dooley , 2009 ;
Stocks & Hodges,2000) , HiH | 52 F 45 0 ™ & ) R
WA o RO A SRR AL I AR A
BRI AR, DL R B R e i 7 8T A
5 s R AR 52 5 B A R AR TR SE
WA, ARBRBHRS R Lot T A KRR R, T
JE SRR EE B, 95 FR KA, DL ROR 2= B AR
WA (Byrne, 1991; Martin e al.,2000) , 7£3E
US| b e i 1 DX LA K e S Y R0 DU 45 b X B4
3 B AT LA 0 il Rk R T A Y —— it
Wi Olea europaea L. ( Gémez-del-Campo et al.,2010;
Nguyen & Hamon,2014) . F8r&EUE = TR Horh
S VIE | S o 1 R S i =X A 2 = A I
(Paula et al.,1995) , 1% 5 FiAE P 15 A 19 572 2 16 Bl ik
FTIE PR B ALY 1, — AR AR DX 2 e 7,
Mo FHEA T EITMAE TR (Tom et al.,
1992) . HAT, M ECy HEIL LM E =P
A, PR R & 2 N SR L, LA SO ) LA 31
AUAE EDRE | RS E | H A SE A [E KA X
(VEBETFEE 2015, CABI,2014)

oy BRI AR S A di O A B Y
SR ARAEWRREZ —, B 2003 4 & LA &
MED [l Bemisia tabaci ( Gennadius) (Q #Y) AfR
LI (#EHRAE,2005) , C5E S5 A IRHERY T\ Aleurodicus
disperses (Russell) ( E [E BK 55,2007 ) W4 H 85 Hl
Paraleyrodes pseudonaranjae Martin ( &£ [ BR 5,

2010) /NE A} E\ Paraleyrodes minei laccarino (
BRAE, 2014 RICEHMATHUE ,2013) H #F B Al-
eyrodes proletella (L.) (3KH:Z545 2014 ) 55 ZFhok; @l
e AR KBl (R el AAORI SR A R
PRy B AN A R (UEBETE 25, 2015) , X F [ 2R A
DL e ARG AL P AR B 1™ R, TR A ELE
F U B T B S 0 ST AR, BOMETE
BB AR B A8 AR, a0 B4 S5k B (B [ BR A
2010; Martin,2001) , SR, #8 ECSARTLDN, BEH
#K:0.80~1.10 mm, FIIAK L4 1.40 mm (Stocks
& Hodges,2000) , H.-5H ARy B2 B LR I AR
G iiF S S5 o A1 EZREE S Y i e s NI
ARMERS AT HERRSEE o I, A BTN LA LR A
DNA 40 i (0 & C AL W % 1 ( mitochondrial
DNA cytochrome ¢ oxidase submit I , mtDNA COI )
FEPR A AR 57 B ) A4 B\ Y R R K (species-
specific COI | SS-CO1 ) PCR ¥ il Atk %, LA
AT BB oy VR T — 2D A R4 I, SIS e ) R
MRS BRI e o0 HoA S B 1 SR BEROR S
1 #R5FE=E
1.1 i RiE

R ECR I DT ORI I50 p o XX, 3
FAEYI YRR . ABIETE R L 30 i H A R A
BrEAE 11 A Ok AL MED A (Q %) MEAM1
B (B ) DL KR ZE M Bl Trialeurodes vaporariorum
(Westwood ) ¥R FR7E i E MV BL 2 AR M PRI BT 5T
BTl 2, A% AR 00 i AR AL OB AL Asia |
BRI Asia I11 BRh (ZHJ-2 BY) fly $ VLR 5%
Asia [ 3 [0 (ZHJ-1 BY) di AR g 4Ol R I8 1% 5
Wy EL Bemisia myricae Kuwana FIA4% 43 B\ Dialeuro-
des citri ( Ashmead) 2% B 0 E AL B B B N 46
A AR o300 R SRR RN A 2= IR Ry L
FIRUAE) S5 TR [ 76 1 489 V6 1 T, 2% EAE ) 70l
J B A REFINAE ARy B Aleurocanthus spiniferus
(Quaintance ) >k FH1ALA TN, 27 FAEY) A
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1.2 DNA $2E

DIRSR B R HAt 11 Fh Bk B0k AR, 2
HEZ/INRVAE (2014) (1975 1%, B ARSI A ELUEL DNA
PEHUH DNA DL 40 pl BBk B, OB HoR 46
Y& T ( NanoPhotometerTM P330, Implen, Munich,
Germany ) M E W, -40 CIAFH
1.3 #MAXEH COl EEFFIH PCR ¥ i

PIRSRY EULA A Hofth 11 A/ BEFloky Bl DNA A4
M, LA mtDNA CO T 3 A 1% 38 F 54 5| 91 X%} 1.CO1490
(5'-GGTCAACAAATCATAAAGATATTGG-3') Fil HCO2198
(5'-TAAACTTCAGGGTGACCAAAAAATCA-3") #E1F
P4, B EZ) S 700 bp (Folmer et al.,1994)
PCR SR Z N 30 L, Horr | 10x Buffer (7 Mg™)
2.5 pL,dNTPs (10 mmol - L") 0.5 pL, FiFE5 14 #
TSI (5 pmol - L") 43524 0.5 pl., Tag DNA %
(2.5 U - pL b2 XS ARG RA
F)) 0.4 uL, 4 DNA 1.0 pL, Lk 24.6 pL B4l K #b
3. PR 95 CHUAEME2 min;35 AMEFR .94 C
40 s, 52 °C 40 s, 72 °C 40 s;5J5 72 CHEMH 5 min,
PCR ¥ 34 2 W 75 3 K 47 38 4 ( ABI-9700) |3z 17,
B4 pL PCR F=¥I7E &4 GoldView ) 1.0% (w/v)
Tl M B e DA 90 V HE UK ( Bio-Rad Power-Pac
Basic) 4315 45 min J& , K B Uk 4%
1.4 BHENFMERY SS-COI 3| #xTHigit

B 1.3 ARG A% () PCR 7= 9 98 £ X 1w )
(Ao =R A W H ARG R A ) | SR 5 AR Pl 7
LR LURAE Oligo 6.0 Bt 1 %R [a] ## EL CO T 5
AR S SS-COT B1HXT, I 44 i SPZWCF1/
SPZWCR1, [¥#51% SPZWCF1 BB FE 5 N 5'-
AAGAGAATTAAGTAATAGAGGG-3', F Wi 51 ¥
SPZWCRI1 ) 5 2 /5 %1 &7 5'-GATTCAAATCTTAT-
ACCCAATAGT-3"; 51 i A4E TAEY) T/ ( 1) it
AR A TR,
1.5 ##H&E SS-COI 3| ¥xf B4 B0 16

3 AR SKOA [ B A 0 A B (46 Asia |
Asiall 1 Asia [ 3 MED il MEAM1 [&if#) UL K 85
m\ e R | SRRy U AT AR R mL L U A LA
TN T DNA SAARAR , URERS Bk FH AT R 56
EAS Ry BURE R R BT B 5l W XF SPZWCF1/
SPZWCRI1 YWy Flke s, SR ZR S 25 ul, H

i1, 10x Buffer 2.5 pL,dNTPs 0.2 L, 5 ##F
W14y 918 0.2 pl, Taqg DNA B4 0.2 pL, #
L DNA 1.0 pL, LA 20.7 wL M4k #h55, K a4
94 °CHALYE 2 min;30 MG 94 <C 30 s, 50 C
30's, 72 C 30 s; 5 72 CIEM 5 min, 37379
(ORI 73 F) 1.3, AR By ml s A i 8 Sk
1.6 H#E SS-COI 3|3 i R G4

DI TR 53] (P O e ol R R ol AL ) AN [
B (HRIOE, 53k 1.2 .3 4 8 FNHELI ) AR [R]
SRAEH ( RNV DR ) B RSR Bl DNA, DL M 2 fi% i
TR RE(19.2x10° 9.6X10° 4.8x10° 2.4x10° [ 1.2x
10°.0.6x10° ,0.3x10° ,150.2.75.1.37.55.18.78 .
9.39 4.69.2.35 Fl 1.17 pg - pL™", #H24F 1740,
1/80.1/160 .1/320,1/640 ,1/1280,1/2560 .1/5120
1/10240 , 1/20480, 1/40960 . 1/81920, 1/163840
1/327680F1 1/655360 3k ) 1) 5.3k B HL (MfEPE) DNA
AR, AT REERIN RS R S R
A DX DA R A R A 8 Sk

2 EREHSW

2.1 MEAXEH COI EEBERFIY R MR
HEFRIE D HT

LKA 45 SR W, 12 /B ok EUER BE D 184
W—AEWA S B R B (B 1) o kR IS
AR PCR F=W A7 0L I Y, 45 3 3 iz A Bt
MK LR 710 bp (483 Bl GenBank % 55
HFS.2012.201199.5.1) . AR i 5 5 410 0 o 45 2R 15
TS AR S P SS-COT 51# 1 %} ( SPZWCF1/
SPZWCR1) , Hdy 44 Fr Be iy K /INK 426 bp.,
2.2 BHE SS-COI 5| ¥y Fhis F 418

FL KA I 25 SR R W], P ke Stk 514 SPZWCF L/
SPZWCR1 H X #4y mUE A P 3G 5CR %o HoAth H (7]
BOULAY 11 /B U BA Y1 /8 7, Ul Izt
S AR B R S 1 (B 2) .
2.3 ThEFRIME SS-COI 5| ¥Xd AE MR B AT Y
WA ER YRR

ISR S PARCR [ 2 A sk i #4085 E
DNA i 58 i, R FH Fh RE 5 1 51 9 % SPZWCF1/
SPZWCR1 #47 PCR ¥4, Al 25 R R W, A [m] 4
S AN TR H A DL B 2 A Hiu s 0 B4R LA BE B 4
426 bp MFRERPER BL(E3)



- 276 - 7/ Rreeo i

Journal of Biosafety %26 &

bpp M 1 2 3 4 5

2000

1000
750
500

250
100

6 7 8 9 10 11 12 13

M ARiE DNA 7350t 5 1-13 A58 Il SR Asia 1 Bl HBSEL Asia I 1 B ABEL Asia 13 B3P ARAS B MED B |
F Ry Bl MEAM1 Ffh  S2obml SRk ml | SR DAy ml R A oy L OOUE8 SRR L 28 L B X R (R oK)
M: DNA marker; Line 1-13 Siphoninus phillyreae, Bemisia tabaci Asia | , B. tabaci Asiall 1, B. tabaci Asiall 3, B. tabaci MED, B. tabaci

MEAM1, B. myricae, Aleurodicus disperses, Aleurocanthus spiniferus, Dialeurodes citri, Paraleyrodes pseudonaranjae,

Trialeurodes vaporariorum, negative control (using ultra-pure water as the template) .
B 1 COl £EFEERES|H LCO1490/HCO2198 X5 E K Hfth 11 #/F2 7 H (8] % I B DNA Ky# 1535 R
Fig.1 PCR amplification of mitochondrial DNA of S. phillyreae and 11 other whitefly species or cryptic species common in
the field using a pair of universal primer pair LCO1490/HC02198 target to COI gene

bpp M 1 2 3 4 5

2000

1000
750
500

250
100

6 7 8 9 10 11 12 13

MR DNA 7350k 5 1-13 A58 El JHR . Asia 1 Bl JOBSEL Asia I 1 B HOBEL Asia 13 B3P ARAS B MED B |
F Bl MEAM Fefh  S2opml SEeAs ml | SR DAY R A oy L OOUEA SRR L | 28 L B X IR (R R K
M: DNA marker; Line 1-13 Siphoninus phillyreae, Bemisia tabaci Asia | , B. tabaci Asiall 1, B. tabaci Asiall 3, B. tabaci MED, B. tabaci

MEAM1, B. myricae, Aleurodicus disperses, Aleurocanthus spiniferus, Dialeurodes citri, Paraleyrodes pseudonaranjae,

Trialeurodes vaporariorum, negative control (using ultra-pure water as the template) .
B2 #4rR1ME SS-COI 514 SPZWCF1/SPZWCRI X5 #YE AR E 4l 11 #/ % HEE R MEXF RN EHR
Fig.2 Amplification pattern of mitochondrial DNA of S. phillyreae and 11 other whitefly species or cryptic species using
the species-specific SS-COI primer pair SPZWCF1/SPZWCR1

2.4 BHEAERM SS-COI 3| ¥R N H &

FEERSLAA R TR L (MERE ) 119 DNA 4 A 2 £ ik
R R RAZE S R T AR ] LAY 3 e S
PER H AT . YR E A 2.35~37.55 pg - L7 B, 4K
IRA 20% ~ 50% M- PRBED™ 15 4855 1 B 19 Fr B
(B 4) , FRBIZ5 W %o 1) R A 55 v, A6 0 K
294 75.1 pg - wL7'(RP 1/10240 kA |

3 g

IR R Z AR AR AE W 6 B o ™ Y
RZ—, BBET 2002 45k aE P E G L4
F (IR AR R, 2004 ) 52010 4E7E G4k & 91
S E AR B, 2 AR JE MR A B A AR
(A R AR R B A LA A (S0 20125 BRI
H4F,2015) ;2015 4EEEH NAETLIAE K IUILER T
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FUAT, Mk 8RR 3R Rl X A fa 3, — Bt P AR ACRHT L A 3 il R & PRk
— AR, Ao ) Pl bR s A A Tl KR

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

2000

1000
750
500

250
100

M ARIE DNA Z3-F Bt s 1-12: 1 5570 2 i85l 3 - iy 4 WA= By DU e plg e MEPE A O MEPE R (B |
TP (T 50) MEPE ARG (50 ) S B (AR A K)o
M: DNA marker; Line 1-12; Ist instar nymph, 2nd instar nymph, 3rd instar nymph, 4th instar nymph, red-eyed nymph, male adult,
female adult, egg, female adult collected in Shanghai, male adult collected in Nanjing, female adult collected in Nanjing,
negative control (using ultra-pure water as the template ) .
3 FEFSRME SS-COI 514 SPZWCF1/SPZWCRI X AN E RES ARSI 2 A #isiS B A PCR #HEER
Fig.3 Amplification pattern of mitochondrial DNA from different developmental stages, sexes and adults collected in
two locations of S. phillyreae using the SS-COI primer pair SPZWCF1/SPZWCR1

bp M 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

M. bR DNA 23 F it 1-15 43510 19.2x10% 9.6x10% 4.8x10° 2.4x10° .1.2x10% .0.6x10% .0.3x10% ,150.2 .75.1 .37.55 ,18.78 .
9.39 .4.69 .2.35 .1.17 pg » pL~'( 1 1/40.1/80.,1/160,1/320 .1/640,1/1280 ,1/2560,1/5120 .1/10240 ,
1/20480 ,1/40960 ,1/81920 ,1/163840 .1/327680 il 1/655360 Sk Mt i ) ,

M: DNA marker; Line 1-15 represent dilution series: 19.2x10%, 9.6x10%, 4.8x10%, 2.4x10°, 1.2x10°, 0.6x10%, 0.3x10%, 150.2, 75.1,
37.55, 18.78, 9.39, 4.69, 2.35, 1.17 pg - pL™!, equal to 1740, 1/80, 1/160, 1/320, 1/640, 1/1280, 1/2560, 1/5120, 1/10240,
1/20480, 1740960, 1/81920, 1/163840, 1/327680 and 1/655360 of a whole female adult, respectively.

E4 iR SS-COI 3|4 SPZWCF1/SPZWCRI1 X #y & ik DNA B4 51E
Fig.4 Detection threshold for diluted mitochondrial DNA samples of female adults of S. phillyreae using
SS-COI primer pair SPZWCF1/SPZWCR1

AR AT mtDNA COT FER MR FR S FRIBy El AR EL XU S U 250 &) A B
PE SS-COl Amic ik, WH A THEm M EUR R S A RO . Rl BRI R B e i R
PESI W%t SPZWCF1/SPZWCRY Je H AR s A M 42 B AOM Ry mU R (G Fm R R ) 2~ 4 8
Ao ZX 51 AR G B I R BB A R G BRGSO B Ay R
H4RE ST, X H )R WL A Fof 11 Fh/ By @\ (4G A TRIRERY R BE T ORI B (248 75.1 pg - L,
JHAREL Asia 1 Bl Asia 11 fafh Asia 13 Bafl, A4 T 1710240 Sk MEVE R i — 25 09 B4 P2 W)
MED BafhFl MEAMI B, DLk SRopy ml BRBER L, JEE F XS A0 A 4 SR SR B B AT ] — T 3 % Aoy &L
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B A B HUA DNA J7 41 5 #4058 BURFA 1Y 426 bp
BoE A — B (W79 — Bk <82%) , iz A
BORRZR T LU T 1R B bRAT ) B SR i A 46 [
B 52 5 1% Sh RS S AGRE , LA % ] A i X ) b 4 ) A
B K PE B LR RE T Tk A W

FT mtDNA COT ZE [ (1475 410 7 DA K 4 i &
JEE SR B R R S SS-COT Aric BAR , & H i
TSR AR B EF BN AN ITEZ
— % A (2002) 1 Qiu et al. (2009) L1 COT %
373 R HLBR , R F DNA 8005 3k s I 25 %8 T
B Y (MEAM1 &) . Q AU (MED B Af) Fl Cv 5
(Asia 1 7 B MERYEL; Ovalle et al.(2014) LA COIE
53T S AR S8 T AERHE A AR 1 9 Fh
Y Ry TR [ AL 6 AR BE S L | Alewronudus
melzeri Bondar, 22 4§ ¥} B\ Aleurothrixus floccosus
Maskell | Aleurotrachelus socialis Bondar . 3 ¥y &l
Aleurotrachelus trachoides Back . {l ¥} &\ . Lecanoideus
Sloccissimus Martin i 25 83 BRI IR B Trialeurodes
variabilis (Quaintance) %5 |, IR WA FE L5 RN F ik
oy B gl M R R R 3 S L 2R
R (2014) W43 1 LL COT FEPH 57 3 1 37 S Ay 40
b, XHAELFG KR A B MED B fh | BUEL S A L W2 E A
AAE AR N RO TR [ )5 UL 16 Aol sl 1T
T RE R I 5 e 51 B 3E T ST DNA
SIS YT S 5E R B 55 (2015) FIsKEESY
(2013) £ T col EPFH, R H SS-COl tric$:
AR, A3 ST T AR A EUR R SRR L TR
A e AR R

PR DR | =5 R ) o 5 T 3 % S e 2 g
By EFE TR B sk sh A, il e A7 22 A R0 0 )
Bl s AT B4R F R X, AW & ST
Py BURF 51 SS-COL 514X} SPZWCF1/SPZWCRI
BRI AR R VR AR T e T SRR
YETRIA S R = | 7 SR R | T LR AR
(s DA 20, A2 R4 LR R 477 K i 34 S sl s
T SRR 5 By s Pl R R B R T o 22
TR B B AP 2R A 2 o g 20 L
FPAEABI ST T IR K, an 53 —F RO 7T X H A7
1 & FE B Siphoninus immaculatus ( Heeger ) .
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