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FESEPES 1, 350 DNA ARIC 7 2R 4 £ P R RO G AR TR VR . W RRe S P S0 45 R 2 - 51X A XA AR T
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Abstract: Citrus Huanglonghing (HLB) is the most destructive disease in citrus production worldwide. The Asiatic citrus
psyllid ( Diaphorina citri Kuwayama) is currently the only insect vector identified to transmit the citrus HLB pathogen and is
one of the most significant pests in citrus production. Although D. citri is being controlled chemically, alternative biorational
strategies should be developed. Predators play an important role in the biological control of agricultural pests, and arthropod
predators have been identified as an important factor in pest population growth control. Traditionally, approaches to measure
insect predation include direct observation, predator enhancement or exclusion, and direct or biochemical estimation of gut
contents. However, predators and prey are often small, mobile or live under dense vegetation. Thus, arthropod predation is

generally difficult to observe and estimate directly. These evaluations require a heavy workload in complicated ecological

ESWA: A ARRFEERBIA (31171853); 7 ARA ARFL 2 5 & % BT H (S2013040015901 ) 5 ) 7R 44 [ Br & 1E B B 5 H
(2011B050400006) ; [ 1= J5 55 42 %8 B3 H (2013M531829)

Y5 B #A:2012-09-10; 1T H#3:2013-02-05

# 3B A Corresponding author. E-mail: guomf@ gdei.gd.cn

http ://www.ecologica.cn



23 1 T OF TG AR cOo T L B &t KR &1 A 7431

environments, which can influence their accuracy. How to evaluate predation accurately is one of the problems yet to be
solved in ecology.

The cytochrome oxidase subunit T gene (CO I ) is known as a conservative protein-coding gene that has been widely
used in systematic studies of invertebrates. To understand the predation of key predators on D. citri in citrus orchards, a
DNA marker, CO I of D. citri, was developed in this study. Specific primers can be used in polymerase chain reactions to
amplify prey DNA from the gut content of generalist predators with high specificity and sensitivity. A prerequisite for
applying this approach to field studies is to confirm that primers are actually targeting specific prey species or prey groups
and do not produce false positive results by amplifying DNA either from the predator species or from the wide range of
potential alternative prey found under natural conditions. Our study was not confined to a species-specific molecular
systematics study, but used the population of pests and their enemies in their citrus orchard environment. The sequence-
characterized primers were designed according to the CO I gene sequence of D. citri. The specificity test results performed
with the primers showed that the primers were specific and efficient to detect the species-specific DNA of D. citri. The
positive detection of D. citri DNA in the predators collected in field samples showed that Propylea japonica, Oxyopes sertatus
and Chrysopa formosa had a significant predation on D. citri; the detection rates of these predators were 58.06% , 57. 89% ,
and 48.00% , respectively. The time that residual prey DNA can be detected by molecular analysis of a predator’s gut-
content is very important, and it decides the practical feasibility of this DNA analysis technique. The lab digestion analysis
of P. japonica adults on D. citri indicated that detection decreased with the extension of digestion time. The half-lives of
DNA detectability for a single D. citri 4" instar nymph and adult consumed by a P. japonica adult were 4.93 h and 12.98 h,
respectively. DNA marker technology has the advantages of a simple protocol and a quick inspection over the previously
described detection procedures for predators of D. ciiri. It provides an important theoretical basis to investigate the spectrum

of predatory natural enemies and the sustainable control of D. citri.

Key Words: Diaphorina citri Kuwayama ; cytochrome oxidase subunit I gene ;predatory natural enemy; DNA marker
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PRIFE AN L A 0 25 R AT IR ) 1 i A PPN RO HER I

ORI, B o3 F A 2R (. TS | mtDNA SCAR I (A FR S LG (CO T | I1) JEFEARIC S ) Kl K
O G TE P2 75 A R AR L R R AR AN TR) A S0 £ A 0 A i £ Bh S R S e R PR bR AR fE X
TR H BB A2 SN TERLA A IR EOR | I BRI SR AR i T A S, ELRAE T B0 A
B, R, HLEL A R AR R U BRSNS A RO i, ) B AR e g e

ABFFEiEE CO I ARic B tAig A BV s R By 35 5 19, It ‘?*H*%‘*ﬁkl—liﬂﬁﬁ’i’iﬂﬁﬁ”ﬂiﬂ
ZLUWR AT PR ARy EL 0 H At | S DL R AR B M TR AT R S P A 0 R L i) A A R
it , WA A B B P KRGS BT SR B0 A W e kA . TR I A 28 N 2 T 0 F I i R B B

http ; //www.ecologica.cn



7432 JAE = 33 %

SAABAE 4 8  H SO R R T A SO, Ay 8 A4 B P R B e B P A 1 5 s A 4 i
1 MR5FE
L1 fElh )R

AR A E e FH )35 JRCSh Wy 25 T 478 | TR AL TR 48 DU 23 i 20 S S 6 L R ) LA L 80 ) A it 1
AR A

BEIRCE T AL 250 Y SO T 5200 TSR AR S5 47 [l AR 48 B SROBE S BT Mt B 3 A= A i 5 b 3 B 2 4]
FE(WEE(25 + 1)°C ;)68 L14 :D10 5 AHXEEE .60%—80% ) 45 .
1.2 DNA 4

DNA $2IBCR 353008 . S35 i A S i 5kt R sk BURI RGE KIS T2 1.5 mL B0,
T 50l #EHZE I A (1% SDS,50 mmol/LTris + C1,25 mmol/L NaCl,25 mmol/L EDTA) ,-20°C & 5 min
J& AR FRAB B, SR )5 100 L IR il e IR 5 65 °C /KT 45 min, R IRIIRURTR ) 2 U A SRR
FEHE B (3 mol/LKAC (pH fH 7.2) ), oK FJs’& 1 h LA F;12 000 r/min #5.0> 10 min, #% FIHR T 7 — B0 H
H112 000 r/min #5.L> 10 min, JILA 2 AR 1 TCK L BE 185, BCE-207C T h L1512 000 v/min, #5010
min, WEEDLHE , ] 70% LBFUEH 1—2 UC; B HU0RE s T I S0pL 0. 1XTE, FEI3 k)5 —20°C ARA7 55 1
1.3 HHEAREFR S5 Wit & PCR SO AR R B EENT

R 3l b A A 40 e (2 R AR 1 (CO 1) ZEHJF 51 (GenBank : JF509109.1) i ] primer premier 5.0 KX {f:
B R i B SR A F B SIxE A EYFGIH:5'-TGGAGCTCCCGATATAGCTTTC-3" s M5 14):5'-
TCTCCACCTCCTGCTGGATCAA-3', 5141%f B: Li#514):5'- CCAAGGAGTAGGAACAGGCTGA-3"; T 519,
5'-TCTCCACCTCCTGCTGGATCAA-3', PCR 4" # i Wi f& F 4 25 pL:Taq DNA R4 0.5 pL;dNTP 2 pL;10x
buffer 2.5 wL; #5141 wl; FFSI4 1 pL; DNA Bifk 1 wlL;ddH,0 17 pL, PCR ¥ 3% &\ #E Eppendorf
Mastercycler ep & R4 A rhtbAT % BES N AR 2R H Y DNA BEAl LARGZE KA, §7 3 RR T 0 .94 °C A8 % 5
min; SRJ7 94 CAEYE 30 5,55 CiR Kk 30 5,72 CHEfH 1 min, 3% 35 DGR ; )i 72 “CHEMH S min; W25
HUS pL PCR =447 1.0% BRARBREERE LUK , HB VK 2% 0 : 0.5 X TBE (45 mmol/L Tris-i 245, 1 mmol/L
EDTA) , LIFREST1 Marker 142 BRI 4™ 154 2%
1.4 5P S v

DL R AR A B R] 80 A 0 B sh ) (F S0 Propylea japonica; H AR JT I Serangium japonicum ; 21.J8
T Leis imidiate; /N8 OV J& Scymnus pullus (sp) 3 W 5 18 % B Chrysopa sinica; /\ BE BR 1§ Wk Theridion
octomaculatum ; KARMEWE Leucauge magnifica ; 5 [B]/NEYE Erigonidium graminicolum ; R Oxyopes sertatus ;
IR JE Lysiteles (sp) ; SRANK ML Teraponera nigar ; 2B W& Crematogaster (sp) ; 4 HL Aphidoidea sp ; i1 2&
JiA B Aleurocanthus spiniferus ; ZLMIWK Tetranychus cinnbarinus ; 34k Homona magnanima ; FFMEJE Oxya (sp) ;
LK Tropidothorax elegans ; MGk Phyllocnistis citrella ; Wi}l Mantidae (sp) )il 48 h ) DNA /£~
Rt , VR 2 Sk A mUr e i SOBIR g A D B A B 35 7KV D B XS B, 2330 LS [ /% A # B 3
748 K5 CO T 51 BIRRE S | LU S e FH R AR AR SR S PR 5 1 90 89 PCR AP L BRARFRYE . PCR B A
FHEFE L,
1.5 FH IR AR A B B P R Rk

T 2011 4R 10 A 1 HZE 12 A 1 HARAR SRS AW IR A 1 0, eRE I N BEALR SR Al BV K, sk
B, =20 CHRAFRFIN . LASIHXE A R £ 1 R SBos Mt A sl 1R
1.6 AL I X AR S 1 5 | ARG I R BIF 5

A TR R AR ) 20 e p B Sy S bRt a2 B s B LR A B 48 h 5 TR ARG AR L 4 % L 1 Skl
B Sk, B HIME AR TS LU E 25 C IR TR, W 45K Ry, 43 e B i A%
AEJF0,1,3,6,12,24,48,72,96 h, 3R HUS L DNA, T PCR, PCR RISIHIXT A 1514, ROb
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KRR SRPFE L, SCRAGFER 10 &, iageit R TR
2 ERE5NH
2.1 GIYAEE R IE

IR 21 FhAY RSP IR IE LS H R . SR A FI B X R AR B IBCE 2 Sk AR AR ELAY a2 S0 e ek e
(BHPEXT ) B ELAT BB i B RCR  HA IR, rd 38 R Be R INGr 3297 420 bp 11322 bp, o, 5145t
A XTI EFETCY HEVER, YRR SR . 5106 B 3843 5 AT LN BCRP A 45 B 340 9 DNA AR g3
5 Btr R BRI PCR 774, al WE X% B XPAME AR BN A RSk, 51906 A FEIR 909 K iy Wi [
N ELA X A AR B FR 0 e S i T2l (B 1)

A M 123456 7289 1011 12 13 14 15 16 17 18 19 20 21 22 23

B M123 456 789 1011 12 13 14 15 16 17 18 19 20 21 22 23

1 5|4t A TS993 B 452 MHIEIEA PCR P RIKE
Fig.1 PCR amplification of some species in citrus orchards using primers A and primers B
M:DNA Marker; 1 ; B4t HE Negative control ;2 : it A E £ Bt nymph of Diaphorina citri; 3 FAPEXS IR (MR 2 S AR A BRI A9, 8030 )
Positive control Propylea japonica ;4 : fa8UH M Propylea japonica;5: B A T FFHL Serangium japonicum ;6 : £1J8 BRI Leis imidiate ;7 - /NG 2L &
Scymnus pullus (sp) ;8 : W E WL Chrysopa sinica;9 : \NBEERIE K Theridion octomaculatum ;10 FTARME WK Leucauge magnifica; 11 % [A] /N B itk
Erigonidium graminicolum ;12 ; RIE5HE Oxyopes sertatus ;13 . AR IK)E Lysiteles (sp) ;14 YN ML Teraponera nigar;15: 28 JE & Crematogaster
(sp) ;168 HL Aphidoidea sp; 17 . M 4% A K3 B Aleurocanthus spiniferus ;18 : ZLBIWk Tetranychus cinnbarinus ;19 : %Mk Homona magnanima 520
FEUE Oxya (sp) ;21 2L¥ K 8% Tropidothorax elegans ;22 MGk Phyllocnistis citrella ;23 B4Rl Mantidae (sp)

2.2 FH )R ARG A SR B 1 DR e ) 45

AR 475 A U FH [1) R 4R A8 25 Pl B M R B A 52, L 5100 A BRI AS I HE ARG AR mUAO S AR &5
RRWI(FR ) AP 8 Z2EHF 20 M &P REch Bl Fle Frwpig g 0 SRR BA i B A
ARERIRE ), Horp LU Propylea japonica FHSUi%E Oxyopes sertatus IR 588 Chrysopa formosa 5 kW .
HCBHME R %53 31K 58.06% ,57.89% Fil 48.00% .

2.2 AR TAD O R SE  [HA D R B 5 )

PAG IS A X SRR U A R REAG A L 4 1o HRORT G R 80 2 0l 90 AT BH A AG I , 25 2R 3R (18] 2)
TEMCEL S O h A3 A 0 200 He i 24 REAS I AT ARS A Uy, (ELREE T AL TR A SE 4, DNA S5 9 B R %
%, BAVELL 2T R, P S R OC ] Probit ASTRYARADL i 50 L jilt AU IBCE AR A 4 I s ol iy BT
e 5B TRI DGR UG AT A S#EAT R, #6045 B 47 ( Chi-Square = 0.769, P = 0.979 ; Chi-Square = 0. 833,
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P=0.975) LRS54 4.93 h 1 12.98 b,

F1 HEEHESEXBNHBAEBEERHN CO 1N

Table 1 The predatory detection of predators based on CO I gene of Diaphorina citri in citrus orchards

PN ES LRl € P S 7 i PR S HE 26/ %
Predator species Number of tested Number of positive Percentage of positive
B Coccinellidae 84 29 34.52
LT AL Propylea japonica 31 18 58.06
FNYEA B Menochilus sexmaculata 27 11 40.74
LTI Leis imidiate 7 0 0
JIFTEH Serangium japonicum 17 0 0
BT Stethorus sp. 2 0 0
2 Chrysopidae 34 15 44.12
M5 Chrysopa formosa 25 12 48.00
HRAEFE Chrysopa sinica 3 33.33
B mites 1 16.67
A B 22055 Neoseiulus cucumeris 2 16.67
EIF I Syrphoidea 15 1 6.67
BRI Syrphus sp. 15 1 6.67
HE1%JE Reduviidae 29 3 10.34
LI /NJE U Vesbius purpureus 21 2 9.52
B HNA % Scipinia horrida 8 1 12.50
3 i 2 Formicidae 44 6 13.64
KWL Teraponera nigar 25 1 4.00
2 IUE Crematogaster sp 19 5 26.32
WKZE Araneae 70 20 28.57
FHSHE Oxyopes sertatus 19 11 57.89
A /NBIK Erigonidium graminicolum 12 4 33.33
KARNE WK Leucauge magnifica 17 3 17.65
J\BEBRNE K Theridion octomaculatum 8 1 12.50
=G AEWk Misumenops tricuspidatus 11 1 9.09
W% Asemonea tanikawai sp. 0 0
JEHZE Cicindelidae 0 0
SPERR Cicindela aurulenta 3 0 0
100 100 &
S
< 80 80
A
ﬁ %ﬂ 60 60
2
= 2 40 40
2 2 20
=
&
0 A ! 0 . A— A
80 100 0 20 40 60 80 100

4L ] Hours after feeding/h

B2 FAHFESIYI A RN RLIIRE RN HBAEABENREEHESHLNENXR
Fig.2 The relations of Diaphorina citri DNA detection probability and different digestion time in Propylea japonica samples after feeding,

using primers A
A s g Al 1 SRR AR T 4 145 Bt Propylea japonica fed one Diaphorina citri 4™ nymph; B 2488080 S AR 1 SRR A B

Propylea japonica fed one Diaphorina citri adult
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3 Fig5ite

HEE YRGB EAE RS, AR A S P i) — D E Ay, W T F A
B v AR ECA I B T Z R A K6 . DNA J3 THRICBOR N W ST Il B 8 -6 W ok R S i 1 SE O A7 280 e Y 7
2 AW C MAEARE CO 1 JEPFF31 , FHAAE A EUA [] T H A Rh 0 e DI, 0 B — Wy R ise it
51038 45 5 BRI RS0 S AU T AT AR R BR T4 T4 2824 5T 1T DA A [l AR B 1) 3%
HOFR FRR R S AR IS PREE 0, B X6 5 R ARG AR T[] 3 A 2 %) 30 AR B At 3 R R RO B e 1 A AR L
Fi 5P PCR 514, 75 B[R] R FOR DU AN 2 I AR I A 3 1 i — 2B g0k, Sege g Rt — LI A F e T
R A B 24 B RO 26 | R I B R B E AR B Z5 G B IR T EAS A 9 B SRR, 7T DAk
T CO T PRI 7 FARIC 7 V28 A AR AR A AP R 0 18 5 il A T B3 PAl

TETHALTE N & W 535 3 it 4l 2 2 TE AL TE TP S 5k B DNA B Rl AG: ) i () I 8 %2, LR GE T DNA
FeRMSEBR AT AT M, 0. 853 B R 4 Eupithecia sp W38 S Halmus chalybeus B J5 , 24 h AT K 58K Ry
85% ; /N Plutella xylostella TE WY 7E N , 16 h A] KR Ky 67% , TEIRWE Lycosa sp Wi N, 72 h Al KGR
7 80% 202 AW FTE it PCR BH: SOSEAGN , wT LA 5 5] f SCE B R 1 Sk AC L 4 %27 i A o
24 h FY AT AN R 235008 - 10% H1 30% , Hedig (AT ] 73591 2 48 h 1 72 h, ARGE DNA Al A (4 it R, BATT
AT AR A A7 AR EUFE ) 0 f SRR A B A I )Y R, b 7E A RAE S R Ge b i TSl g gk iz
NEA—E et HC R B 2 X THAIE N & 00 53140 B APPAS 1 i — e 52, ARS8 B F e i)
SR T & PR, HAE A IRPRBE b A AR A R A B 1 1 5 TR1 A B VR T 0 DG 28 SCHES2 el PR 3R i A
Frift—2BHoE .

AR E X W —AE YA RE ) RS R 2 e, I SR P A R AE DR g 1 v i R R 7.0
b, ZE R U v 2 R 102 50. 9 I ASHIR ST 45 2R ) R R B ) — il (A s o ) XA ) (R AR AL )
ANTA] RSB ALRE W R 5 A 2 R, f SO R i R 1 SR AR T 4 1 7 d s A Ak
1535020 4.93 h F112.98 h, AL, ¥75E DNA BREZSOR Al fE AP REE b i) B fo SORE B 7R 2 (] 5 I T b 0 A
WA TR A

WA T B AR AR S Y, A A - B R R T T 0, 2 40 T A S ) T[] 2 B R 1) T v i A
S, DR A e R M A PR i B TR BT 0 7 5 B TR X AR ST AR s ) AR TE N R
PET AT B A TR YA T B B P RGN, HAEAFE SR A R AR AE AR R 25 57 o XA TR AE A
SR B YR U, HA B VR 32 245 Fh R BE X - (0 52 ), F i g 4 21 5 SE BRI 00 T il B i s
AT AL AR LA R A R A —E 22 50 . AT UL, 19 el & 1l B A T s B PP 2 — 1 0 RIS A 1
PRI | AR A TR 2 4 1A DR 500 R ARG el Al B R e B4 ] B A 25 R A it — 2B IR R P9
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