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Abstract: In order to study the interacting proteins between the Asian citrus psyllid ( Diaphorina citri)
and Candidatus Liberibacter asiaticus ( CLas) which is the pathogenic bacterium causing Huanglongbing ,
yeast two-hybrid ¢cDNA library of D. citri was constructed using the Switching Mechanism at 5’ End of the
RNA Transcript (SMART) technique. The total RNA was isolated from the citrus psyllid adults bred in
the laboratory and subjected to reverse transcription, and the double-strand ¢cDNAs (ds ¢cDNAs) were
synthesized. The ds ¢cDNAs were ligated with homologous adapter and purified by the chromatography
column. By using homologous recombination reaction, the ds cDNAs were transformed into the Y187
competent cell with the library plasmid pGADT7-Rec to construct yeast two-hybrid ¢DNA library.
Detection of the library indicated that it contained more than 10° independent clones, the titer of the
amplified library was 2.23 x 10" cfu/mL, and the average size of inserts was above 750 bp in the cDNA
library. These results demonstrate that the library meets the requirements of the standard ¢cDNA library.
Moreover, two membrane proteins, ORF420 and ORF3420, from ( CLas) were used as bait proteins to
screen the interacting proteins in the library, but no positive clone was screened in the tests. The yeast
two-hybrid ¢cDNA library of D. citri will be useful for the research on the interaction between insect
vectors and C. Liberibacter asiaticus in the future.
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TR 80% LA L, P& 5 B8 85% 24 (FEE )
%, 2009) ., MIEHE e B 1919 FFER E K I U
k, BTEWY . B RFEM ., EW K 40 ZAHEX
HIHb X A5 7345 (Bove, 2006) , Z2ih B 5 2 Hl ML 75 5~
BIE, I B A A B 0 o e D T O — b 22 IR BA
B, J& T 2L ®I] ( Proteobacteria ) ZRTE B 44 o~ 44
( a-Proteobacteria ) #] & # #F B J& Candidatus
Liberibacter( Bove, 2006) , HEJE &¥ 3 FRJEH
FAEPNRRHY | AP, Horp W R o fid ), W
L FE BRI

BB SHEYREE Z BRI A | FF
AERIAER R, YRR R A, TR
BB SR N R, AT R — S BB A Y%
AP RRERRIR = EL . HHh, W E WA 8
WO A EHEY R B E S E IR . KRR
AR, M5 ma B R ) B (Nachappa et al.,
2012) , Rk, RTHRIERE S B S EAENLH R
MERREEFREEEEZMNELER L, HiEARE
2 HLB % JB & Candidatus
Liberibacter asiaticus ( CLas) )i /) B 3 ( McLean
and Oberholz, 1965 ; Martinez and Wallace, 1967) ,
BT, Tiwari (2011) & 3L HLB £xFEARAT B A E 40
Jfifa 3R PAS0 FKIREE A Rk, K] HLB & HAth
IR — R T 18 E I — A Yt #E, (HHEE
YEDLHI A THRADIR

H Fields F1 Song (1989 ) & 37 BB WA X R G0
Pk, ERTFZIREF XA RKRELR
Z B EAE, BN B6UF 2 A B A & H R 2 8
TEREOL, RRFERRMELRYYIEE, B &
HEEAERE, #6E 8RBT B R ER AL R %%
(ZFERIREE, 2007) o BERERUZRATHARMNER H T
Y. Y. W AEENEEREIEMR,
TER B T A R AR R M e 3m 1R S (2008 )
#H A 3@ ¥ 8% Chrysoperla nipponensis ( Okamoto )
cDNA BERESCHE, #47 ESTs 23047, NRLIS 5Tk
R AR T LA 5 ARBA =55 (2011) 3@ i 14 A
4 W1 Helicoverpa armigera W ify cDNA L JE B BT 5T A7
gdh it Bt EHMA XREH; B (2011)
WK KE Laodelphax striatellus Fallén 574 3¢ BEA
cDNA BEEESCHE, HIFRE AR 5 KRB R LUK
HAENURI RS 3EE T 20 . ATFRAE TG AR
H\ cDNA BERE SO, I L) HLB J5 R & CLas P
FEF ORF420 1 ORF3420 JRyifsiH, 43 Ak B AEE
H, Rt —B05 5 B e mie IR A B BAERAE

Diaphorina  citri

AREETF T A RIFHIAER
1 #Me57%

1.1 #iEH

MEARREBEBEHABOTHIER
Murraya paniculata |, 7635 T 3 SEAE(RFEE 52
Citrus reticulata cv. Subcompressa, A TS &= &4
W REE26 £1°C, MXNRE 60% +5% , tJEHA
16L:8D,
1.2 EHRMHE

B Bk Y187 1 # /& pGADT7-Rec ¥ W H
Clontech /A &), £ I 4 i B. pGBKT7420 f) Y2H
Gold 15 1H i Bk A & H 41 FURL pGBKT7-3420 f Y2H
Gold 5/H Btk A L 50 2 R A7 o
1.3 FERKH

SMART™ cDNA SCEEM BRI & . HEFREE. X-
a-Gal ¥ ) B Clontech 7\ &]; Trizol Reagent Ity H
Invitrogen /A 7] ; A} BURARBUAN &1 B KARA 1L
PHARAH
1.4 = RNA £H

B30 KB AR HL, B 1 mL Trizol HHE, 42
B RNA(EARTT 2 0 Trizol KGRI BEEHA5) o HL 2
wL A NanoDrop 2000 ( Thermo Scientific) ¥k & il
OD fH, 1% BrBEWEEEME f vk il & RNA &
1.5 ds cDNA W& B R4k

Fi Clontech 4y ] Make Your Own “Mate &
Plate” Library System &3 & ( Cat. No. 630490 ) f
Fr% F & L cDNA 55—, B2 L & RNA 3t
2.68 ug, fil 1 wL CDS I ( Oligo-dT Primer), jilI
DEPC-H,0 % B /&F R4 L, 72°C KA 2 min, K&
2 min J5BEE, MRS WP MA 2 pL 5 x First-Strand
Buffer, 1 pL DTT, 1 pL dNTPs Mix, 1 pL SMART
MMLV Reverse Transcriptase, 42°C i & 10 min, fjj 1
pL SMART Il -modified oligo, 42°C{ & 1 h, 75°C K
WiE 10 min, ¥ H ZZEE, 1 pL RNase H,
37°C J & 20 min, BJ & A cDNA %% — 4%, H
Clontech /A ] Advantage® 2 Polymerase Mix &5 &
PCR 4" 3% cDNA 25 "%, RMIARMT: 2 pL
cDNA 55 — 4%, fil 70 L ddH,0, 10 uL 10 x
Advantage * 2 PCR Buffer, 2 pL 50 x dNTPs Mix, 2
uL 5" PCR Primer, 2 wL 3’ PCR Primer, 10 uL 10 x
Melting Solution, 2 uL 50 x Advantage 2 Polymerase
Mix, TR &M : 95C 30 s; 95°C 10 s, 68°C 6
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min, TG G LEAR B BN S5 s, 322 RIGER;
68°C 5 min, HU7 L F 1% BEewEEER s ik Al ds
cDNA HIJR &,

il Clontech 4% 7] ff) CHROMA SPIN™ + TE-400
Columns, FuE T 200 bp i) cDNA, EEETH:,
A—2 mL BB H, 700 g B0 S min, #lse
B, mEHHEEPEA 93 pL ds cDNA #4, 700 g
B0 5 ming mEEAE A HIIA 1710 {35 3 mol/
L BEREN, 2.5 BARM BIE oK 2B, -20CHK
& 1h, 14 000 r/min FJEE.L> 20 min, F LE, &
IR T4 10 min, fiIA 20 pL ddH,0, F NanoDrop il
WREE, 1% BREWEBER B IK R 446 J5 ds cDNA [
g8
1.6 EXE Y187 RZSMMAH &

BUBT SB35 B A2 2 mm DA FEERE Y187 B
% T 3 mL YPDA #ifk3szEd, 30°C 250 r/min 3%
#8 h, Bt 5 uL % 50 mL YPDA W iAKE 3R+,
30°C 250 r/min 535 16 ~20 h & 0Dy, 0.15 ~0.3,
700 g FIRE L 5 min, WEREEIEESLE 100 mL
YPDA #iikigzFdr, 30°C 250 r/min 3£ 3 ~5 h
% ODgy 0.4 ~0.5, 700 g ZIREG L 5 min YA H
&, H ddH,0 &, 700 g ZFiRE.L 5 min, LR
&, 50 mL %A 1.5 mL 1.1 x TE/LiAc &,
EHHEE.L 15 s J5F 600 pl 1.1 x TE/LiAc &, 3K
RIRZ AU,

1.7 ds cDNA #y%:1k

# 20 pL ds ¢cDNA, 6 L k44 pGADT7-Rec
120 wL BAEHE Carrier DNA 1A WIMAZ] 600 L
EERE Y187 BRAZ A4, finA 2.5 mL PEG/LiAc
VW, IRANIRA), 30°C KA 45 min, fIA 160 pL
DMSO, 1B%4], 42°C/K ¥ 20 min, 700 g FIRE L 5
min YTERE &, 1A 3 mL YPD Plus Medium, 30°C
PR35 7% 90 min, 700 g FIRES L 5 min, PR F A
EET 15 mL 0.9% NaCl IE# F. % SD/-Leu
M, FHB—E R E AR IR 110 A1 1:100 (v/v) i
Rt , TR,

1.8 XEETFE

SrHIPEE 30CHEFR 3 ~5 d ERRT 2 mm |
SCPEBATTYE 20 A, ¥R JE IR R 3R B R &
RECRERE OB, T2 PCR i 3C%E ks R R E 41
cDNA KR/, 514k pGADTT [fiki E#) LD-F (5'-
CTATTCGATGATGAAGATACCCCACCAAACCC-3")
1 LD-R (5’-GTGAACTTGCGGGGTTTTTCAGTATCT

ACGATT-3") , 1% B IE Bl BEME FL Pk A U4 A cDNA

RETIE 2N
1.9 XEREFRKE

30CHEF3I~5dfE, WFERTA4CHES ~
4 h, 840N 5 mL Fi¥e 5 YPDA/25% H i,
PR R o BRI R A% 1010, 1100,
1:1 000 1 1: 10 000 (v/v) FEATHREEFERE, B4k SD/-
Leu, W & 3C P2 1% BE. [l WL i) SC P T8 1R F7 i T
-80°C,
1.10 EEZAMNHE

PINMBEBEARTE 30°C 553 ~5 d, 7R E
BRT 2 mm HEAE T 50 mL SD/-Trp AKEE I
Ferp, 30°C 250 r/min R HEFE 16 ~20 h £ 0D,
KF0.8, ZER 1000 g B0 5 min WEREK, 7 L
1BfEH 4 mL SD/-Trp A FFEE R, MA 1 mL
ERW, 30°C 40 r/min R 5320 ~24 h, EW
FE“ =ME"HEA T, iR 1000 g Z.L 10 min 4§
£, F§10 mL 0.5 x YPDA/Kan iR IEFE 3 EH
B, % SD/-Trp-Leu/X-a-Gal ( DDO/X) F-4R, 30C
B, MW E ARG, PhikiE B3] SD/-Trp-
Leu-Ade-His/X-a-Gal ( QDO/X) -4z, FF 45 BH o4
FRAPEXS R, 30°C B F: 4%

2 HRESH

2.1 HIBABERKRE RNA §IRE

R FH Trizol 357 42 B 3K 45 M A A BUAR H 9 28
RNA, £ NanoDrop W& 7347, & RNA ¥REEJy 1.34
pg/pL, 0Dy, /0Dy 4T 1.80 ~2.00 Z[A], 4%
o DM EE A B TR (T 1), BT D 4R T BT )
# 4)BIJE 18S rRNA F128S rRNA, i RNA FE%H:
%, ATHTF cDNA M6H Ao

M 1

bp

5000

1000

100

1 A& AREVRSLE RNA 3K
Fig. 1 Total RNA isolated from Diaphorina citri adults
M: 5 kb DNA Ladder; 1: & RNA Total RNA.
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2.2 HHBAERH ds cDNA &R R AL

PCR X B8 ds cDNA 2535 g M B ¢ v Tk AR
MEI(E 2 ), & BRIRBCR, KFA7E 250 ~
5000 bpiEFE N, HEIFR A5, BLEIREIR/NA
AR B RNA # 2 #%5%, 7T LT cDNA SCHEE
KM EE, 2 CHROMA SPIN™ + TE400 Columns 4§
fbfG, 313 3.5 ug 9 ds cDNA, KB EFE AT 75 ) 2
~5 ug K,
2.3 HHEAERR H cDNA XTEHLNE, XEL
E B 3T BE i B Rl

A0S AR 1:10 F11:100 (v/v) B ERRRR
W, &8, BEERECRT 10°, KB @ER
Ko PCREEXEZAME(E3), K20 Nmk
RN, BFRFRDERAE, MAKREFHK
BERTF 750 bp, ULHISCEZBHRL, GEEE.

VUCEE 5 I SCE R VR R 1: 10, 1: 100, 1:

bp

5000

1000

100

1 0007 1: 10 000 FAT#E BB, HRABIE
WEEN 2.23 x 107, KBIREER

M 1

bp

5000

1000

100

E2 HHiGAEURE ds cDNA H ik E

Fig. 2 Electrophoresis of ds ¢cDNA from Diaphorina citri adults
M: 5 kb DNA Ladder; 1: A %/ ds cDNA Synthesized ds cDNA.

10 11 12 13 14 15 16 17 18 19 20

B3 Mt AREURE cDNA X H cDNA i A F Bt PCR A&l
Fig. 3 PCR identification of cDNA inserts in the ¢cDNA library of Diaphorina citri adults

M: 5 kb DNA Ladder; 1 —20;: E4{F Recombinants.

2.4 HLB ORF420 5 ORF3420 E{£ & A ik

T35S HLB & A BRI A REH,
FA1221RX# fl HLB ORF420 5 ORF3420 3% ¥ /™ i
EH SRR SUF AT, HEEH) pGBKTT -
420 7 pGBKT7-3420 1AM ARG, &
RFTC B WE R A BRI E IR . KPS
FRENRS SOF W BOR A 5 RS =R 8
BTHIE L, I HWE7E DDO/X #h9r %k EA K,
B2, HIRATHBE A 2189 QDO/X i 7 B i 1 i
KRG BPERT A vE b K H AR R, HAR RS
AR (E 4), WHALEBA %t 5 HLB
ORF420 5 ORF3420 HAEMAEEH

E4 QDO/X B33 |5 HLB ORF420 (A)fl
ORF3420 (B) EAEHHH AR E H it
Fig. 4 Screening of the interacting proteins from Diaphorina citri
with HLB ORF420 (A) and ORF3420 (B) on QDO/X plates
CK - ; Y%} # Negative control; CK+ ; FH{:X} i Positive control.
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3 g

H TR XU A8 52 5 F) A2 SE B e T cDNA
XEFEWEEEE, HRF® RNA RE R
KEE, AWFFT B 52 B R AE A 2SR &
RNA 1B 5 FHitk, X% A Clontech /A H] Make
Your Own “Mate & Plate” Library System &7l & #E 1T
RS, RVTREHAR & T R RO, RERIGH
ds cDNA B3 TE Bt S BRI AR ELUEL RNA (5.8,
AHFFEIRAGH) ds cDNA L4635 2 B £ 5% 1L BT 7%
WE, BRBEHE, A5 EEFEE. XERAER
AR MEARCRWE R, SCRRH R G %:
PRSI BB AR, AT 2 B R AE A B ST
PE, TR ERR, BRICEHRE, k3T
Make Your Own “Mate & Plate” Library System &3]
BV BB EZR, FHith, M ds cDNA &S
PEZS B . T BEHR AT DAAR - b S B AS T 53 BT ) 32 1) B
B ERABAFRE, NZ)EMHE TET T —
A RIEFHEEAL

M EE AR E FY B EEEE
M. B, AR B ASSHA, BRI
SRR HEA R A (OspA) #1 C (OspC) 73515
b7 ¥ TropsA FHMEVR IR (A ZE 1 Salpl5 254, #
Bl S B e AT AR VR G 33 A2 (Pal et al., 2004a,
2004b) . FEAWFFH, EATESE T HIB [REH
ORF420 1 ORF3420 fE i 1H&E H#17 T 4438 5%
I, (HEFBRAREL SZEENARRER, Fi
HEM R F AT BB : —J& ORF420 5 ORF3420 B4
PSR AR R L TO R A\ B B AR i, R RRATF
FAAYE B 5 I 3R T S e 25 i 8l — 2
ORF420 5 ORF3420 RAEMYANFRIL, MAEMIE
RESEHNZVIRW . LR, #UIMERAEFLR

ik

B R Y R B B AL R I . AR
MROAWIRA, EVENEEXRBEAELE
%L, Zhao 55 (2012 ) i i3 B 5 /K R 45 U B NSve2
EREMEREMRESIER, RETHREHEAK K
BE\ZH I f J5 38, Nachappa 45 (2012) X 44 K &
Bactericera cockerelli 4T T 5 5= 401 Fp 0 22 15 3% 4
Br, WIS SAREEIENA RERE, MiFAE
YEJy HLB MEZR B/, BARARHLHEES .
RPN ILAEHREVE AL TEIRE L, DhRERE R A
T —26 4R 18 (Subandiyah et al., 2000; Bove, 2006;

Pelz-Stelinski et al., 2010 ; Tiwari et al., 2011) , {HA
KBRS B e W EENE AR, F
H5REEERBEENMEAREED, KA BT
FZRE R E R AR E 5, X — BT RdE
WA E EERNE L, BT Clontech 23 H]
EEREXUZR AL R G T A R BB B ) ds cDNA
SCHE, SR B e o v I R R AR LR i i,
WHAEE A, At — 2 5 AR B A% B AL 2
iz

S E 3Lk (References)

Bove JM, 2006. Huanglongbing: a destructive, newly-emerging,
century-old disease of citrus. Journal of Plant Pathology, 88(1) :
7-37.

Fan GC, Liu B, Wu RJ, Li T, Cai ZJ, Ke C, 2009. Thirty years of
research on citrus Huanglongbing in China. Fujian Journal of
Agricultural Sciences, 24(2) : 183 —190. [JEE AL, XI¥, R
i, 254F, BT, Fop, 2009. o EAMAG RIS 30 4E. 4R
AR, 24(2) ; 183 -190]

Fields S, Song O, 1989. A novel genetic system to detect protein-protein
interactions. Nature, 340 (6230) ; 245 —246.

Li S, Sun LJ, Li X, Xiong RY, Xu QF, Zhou YJ, 2011. Construction
of yeast two-hybrid c¢DNA library of high-viruliferous ( RSV-
infected) populations of the small brown planthopper, Laodelphax
striatellus ( Hemiptera: Delphacidae ). Acta Entomologica Sinica,
54(11): 1324 -1328. [ 24, FhWNAE, Z58E, REANEE, #RBKDY,
JA%3 7%, 2011, JKRE R (RSV) BEAAREE B XA 3E cDNA 3C
FEmR . BRI, 54(11) . 1324 -1328]

Li TQ, Wu YY, Fan HC, Wang LQ, 2007. Development of yeast two-
hybrid system. China Journal of Bioinformation, 6 (1) : 46 —48.
[ZE4kim, ROK3E, YEBLE, £ IRE, 2007, BEREMZSC R GE0T
R EYERE, 6(1): 46 -48]

Martinez AL, Wallace JM, 1967. Citrus leaf mottle-yellows disease in
the Philippines and transmission of the causal virus by a psyllid,
Diaphorina citri. Plant Disease Reporter, 51 692 —695.

McLean APD, Oberholz PCJ, 1965. Citrus psylla, a vector of the
greening disease of sweet orange. South African Journal of Science,
8. 297 -298.

Nachappa P, Levy J, Tamborindeguy C, 2012. Transcriptome analyses of
Bactericera cockerelli adults in response to “ Candidatus Liberibacter
solanacearum” infection. Molecular Genetics and Genomics, 287
(10) : 803 -817.

Nie RE, Yang XK, Liu ZQ, 2008. c¢DNA library construction and
analysis of some ESTs of Chrysoperla nipponensis ( Okamoto )
(Neuroptera; Chrysopidae ). Acta Entomologica Sinica, 51 (8):
792 -797. [ R, HERL, XAERF, 2008. H A cDNA
SCHEAEE KRSy ESTs 4347, BL2A4R, 51(8): 792 -797]

Pal U, Li X, Wang T, Montgomery RR, Ramamoorthi N, de Silva AM,
Bao F, Yang X, Pypaert M, Pradhan D, Kantor FS, Telford S,
Anderson JF, Fikrig E, 2004a. TROSPA, an Ixodes scapularis



3 Dhped5 % . M AR BERE AT cDNA SUE KR P4 233

receptor for Borrelia burgdorferi. Cell, 119(4) : 457 —468. Characterization of five CYP4 genes from Asian citrus psyllid and
Pal U, Yang X, Chen M, Bockenstedt LK, Anderson JF, Flavell RA, their expression levels in Candidatus Liberibacter asiaticus-infected
Norgard MV, Fikrig E, 2004b. OspC facilitates Borrelia burgdorferi and uninfected psyllids. Insect Molecular Biology, 20 (6 ):
invasion of Ixodes scapularis salivary glands. Journal of Clinical 733 -744.
Investigation, 113(2) ; 220 -230. Zhao SL, Dai XJ, Liang JS, Liang CY, 2012. Surface display of rice
Pelz-Stelinski KS, Brlansky RH, Ebert TA, Rogers ME, 2010. stripe virus NSve2 and analysis of its membrane fusion activity.
Transmission parameters for Candidatus Liberibacter asiaticus by Virologica Sinica, 27(2) ; 100 —108.
Asian citrus psyllid ( Hemiptera: Psyllidae). Journal of Economic Zou LY, Cao GC, Zhang Q, Zhang Y, Liang GM, Wu KM, Guo YY,
Entomology, 103(5) : 1531 - 1541. 2011. ¢DNA library construction and EST analysis of the larval
Subandiyah S, Nikoh N, Tsuyumu S, Somowiyarjo S, Fukatsu T, 2000. midgut of Helicoverpa armigera ( Lepidoptera; Noctuidae ). Acta
Complex endosymbiotic microbiota of the citrus psyllid Diaphorina Entomologica Sinica, 54(7) : 739 -745. [48W =, H &, ik
citri ( Homoptera: Psylloidea ). Zoological Science, 17 (7). B, KEE, RN, RALW, TG, 2011, #2H T H cDNA
983 -989. SCEMIMIEE S EST 2047, BEHEEHR, 54(7) : 739 -745]

Tiwari S, Gondhalekar AD, Mann RS, Scharf ME, Stelinski LL, 2011. (TEATG%E : BFIE)



