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Abstract: [Objective] The project aimed to develop an accurate, sensitive and fast technique for the early diagnosis of
Huanglongbing and identification of Ca. L. asiaticus. [Method] Conventional and two types of Fluorescence Quantitative
Polymerase chain reaction (PCR) including SYBR Green I DNA-binding dye and TagMan Probe approaches were established and
optimized based on two pair of primers, CQULAO3F/CQULAO3R, CQULAO4F/CQULAO4R. TagMan fluorescent probes were
designed from the ribosomal protein gene sequence rplJ/rplL of Candidatus Liberibacter asiaticus. The specificity and limitation of
both SGI and TagMan FQ -PCR methods were compared with conventional PCR. This was the PCR for suspension detection of Ca.
L. asiaticus collection from citrus leave midrib and recombinant plasmid DNA with a ribosomal protein gene target fragment. We
also use the detection systems to monitor the dynamic change of the Huanglongbing pathogen in the host from July of 2004 to May
of 2005 and obtained some useful information about the interaction between the host and the pathogen. [Result] The three
techniques (Conventional-PCR, SYBR Green I and TagMan Q-PCR) stably detected target bacteria from symptomatic or
asymptomatic citrus samples, and the sensitivity of FQ-PCR is higher than Conventional-PCR at 100-1000-fold (these are 439.0
fooul”, 439 fg-ul', 0.44 fg-ul’ for conventional PCR , TagMan and SGI PCR respectively); the TagMan Q-PCR has robust
specificity and higher accuracy but is more expensive compared with the SGI approach. [Conclusion] This specific, accurate,
sensitive and fast technique will play a key role for the early diagnosis of Huanglongbing and identification of Ca. L. asiaticus.
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PR PTiR, HATC4kiE Candidatus Liberibacter
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VTR, o ] ) B %09 9 B A T FE (Ca. L.
asiaticus ) Ul BZASERVENR &R, A s
AL AR, DM PR ke, A (D
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(FIRIRE, AR AEHE AP 20 t20 90 4R H I
Dr. Bove [ 50/NFI A In2.6 R4 Fr Be e ih 1)L
P51, LT MRS B TR PCR 419 7732, R %
VR HY Fr BOSE R AN B 4 DX R =W 55 80 1R
WU RFLP 1550 M7 LU 386 7= ) 1) i 1) el 3 10,
ML AFR N P IRAT R B 22 10 ) U AH S AR R ARG 38 e o 1T
() PCR A 7R 1M, ORI Y
B POEE R PCR SRS # A PCR A LE B AT
IR R e (BL TaqMan BREFE S AAT BRER
LR FNARE PENE, b 2 Yt T gk
DA R A5 A7E B 400 45 AR s A A9 X P B R Bk NG & T
HLB il i — Pl a6 CRUR P ) S8 ) il ] 4
SCE AR SO0 18 15 2y IR R R REA b, AR
I NV M0 AT VR AZ O A B 1 ik DRI B o 7 PR R S |
Yrxs,  DUREARS SO R P AREAE Fr BE (382 bp) #4
M EL R, DNA H4hS AR, K iCycler™
(Bio-Rad, USA) #3772 5ER PCR KI5,
SR BEACUATEARS B R0 1 S 2 i R 2 342 A 3 i BT ) 3
St —mie . TR ZERA.
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BT HE R RBRIT B T SBE AR REASR:
PP YT PERITT AR B B R T DA LA
G BERL AR I o DL B i SR

DNAM AL B0« WEOH Ao kORI IR
#2) 200 mg KN 1.5 ml B0 5 1 TES 28
7E 65°C N 30 min; RHRIEMEAE 10 000X g T &L
5 min, HU_EW5WE N UNIQ-10 4 J€4: (Sangon, I
) 10000 X g 5.0 1 min; MR NBEHUEM IR Z G
TR O, BRI 50 pl ddHO 10
000X g B5.0» 1 min PEMAEY) S DNA, Frfsiih PCR
REIEE S BN E) AT B DNA | Be b ok
pMDI18- T &4z, AN IM109 SRAF I F B
(FELLFR. DNA (SRR 1X10°=439 ng-ul™
(1) 10 A5 EARRE VR Ay BH A0S S T3] BN 8 B GRS Js
PG IIVERT IR BRI - DNA 2 Hon DL AR
B2 B KA e R, O DUAS A i AR AR 23
PR G B G 4l B RS AR TS AF B DL A S e R
JSL A B TR e
1.2 HFEELRE PCR MK R

WL PCR: AHTAR S50 B (A5 1 4000 1 SFC AR
R AL rpldrplL (GenBank 25 M94319) 4% [
Primer premier X fFi5cit, F#AEY TREA R G R 8
BT E H A 5 906 & : CQULAO3F: 5'-CAAGG
AAAGAGCGTAGAA-3"; CQULAO3R: 5-CCTCAAGA
TCGGGTAAAG-3', TitlA4 4% Jr Bt 382 bp. PCR KW
RN 25 W, SAHZLWREEN 1XPCR &P, 0.25
pmol- L™ #8341 5[ # %t . 0.3 mmol-L" dNTPs. 2.0
mmol-L"' MgCl,. 1U Taq WL A 3E B . PCR W
FER: iy 1 94°C 2 min; 92°C 20s, 56°C 30s, 72
C 45s, JL30 MEH: ARKIREEF 72°C, 7 min.

7 5E B PCR: K[ TaqMan /K it #5121 SYBR
Green | ZCYLEAIEREAT, TP R AT B AZ B 14 2
FIHEDA rpld/rplL ()47 k387 41 #4 . Primer Express
WAE (ABI, USA) ¥ it CQULAO4F/CQULAOR 5|4
%} (5-TGGAGGTGTAAAAGTTGCCAAA-3'/5'-CCAA
CGAAAAGATCAGATATTCCTCTA-3') 5 TagMan
KR E CQULAP(5-ATCGTCTCGTCAAGATTGCT
ATCCGTGATACTAG-3") , H LA TREA F &k
5191, TaqMan Z¢6HREN 5. 3/ 20 5 FAM )5
PG TRAMA YK 7t g kbbrid, A A
RAET-20°C 4% o

TaqMan /KAREREHE: K 25 pl RNER, &H
&R J¥ 1 XPCR Buffer (Bio-Rad, Master Mix) . 0.8
pmol- L™ 5[#) %) UCLARO4/UCLAF04. 0.2 pmol-L’
TagMan #%EF DL JGE BRI . PCR RNV FEJF: 7
iCycle™ (Bio-Rad, USA) %3¢ & PCR {X _LitAT,
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T4 95°C, 1 min; #RJ5 95°C, 15s, 59°C, 15s,
72°C, 45s, 45 M RKKEEM 72°C, Tmin; 1%
AMEEAR B (72°C) [F)25 2 IR

SYBR Green [ %644 kHE: 25 pl I RMNAE R,
THZWRE N 1XPCR 22 (Bio-Rad, SYBR Green
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W B ] b3 K R Tk . PCR 4739 45 0 37 B kA7
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ST FELAAAT: ol SRR S50 0 TR e PP 1) B A

JFURL DNA 0] LAAEE 1 Hh R S PE BT (382 bp)
MM A 127993 T8 DNA, MRS 36895 18 cDNA g —
SEfP s R I AN B DNA DS g e S 4121
TEEEUY DNA HSASREd™ 38 (7] —H0A1, 1K 1 B 51900
(RIS e dr (B 1-A) .« HIEE41 50k DNA (1) 10
TR RERRR I 8 ANFES AT IR0, IR 107 5]
10 1) 4 ASFES SRS 38 H A B 47, 21 5 SR

(107 B ¥R RS« B, 2 WS BrAS A B PCR
H R REL S 0.439 pgul! (K 1-B) . ¥ PCR
RT3 2R v, B T 5510 e A 8 R Bk
NEERIZEA AN, SRR G @il CTAB
L RS UEVR . HERRIRERNR P -1 YERAE 4
HIRE 7 72 L), U S8 P 8 V0 B AR o AT S
A ) PCR 6 DN iy € 28 0 22 040 o S HE R
NI R e S B B, B R P A e 1
2.2 KRR HEE PCR BIAEN 14 &E

—382 bp

B

ACKHL PCR KSR PE. M. DNA 43 Fibrift (300~800bp); 1. MEERATAS I 42 HUK DNA; 2. MR IBHITE (CTV) 1) ssRNA 5445
FI[f) cDNA;  3~8. MM FJE A 40 B P 3R ER K DNA; 9. KJAHFFE DNA; 10, MRS MRS - KGR DNA. B. %4 PCR Kl
RIFIE. M. DNA 2 FaFrdE (100~1500bp);  1~8. FURARAE SN K 10 R85 RRRE SRV 439 perpl” B 0.04 feul™; 9. BIPEGE; 10. 2514

X I

A. Specificity of conventional PCR assay. M. DNA ladder (300-800bp); 1. DNA extracted from healthy citrus leaves; 2. The cDNA revers transcripted from
Citrus Tristeza ssRNA virus; 3-8. DNA extracted from saprophytic bacteria on the citrus leaves; 9. DNA extracts from E.coli untransformed ; 10. DNA extracted
from midrib of HLB —infected leaf sample. B. Sensitivity of conventional PCR assay. M. DNA ladder; 1-8.The amounts of plasmid DNA of target fragment:
439 pgrul™, 43.9 pgul”, 4.39 pgrul™, 0.44 pgul”, 43.90fg-ul™, 4.39fg-pl™", 0.44 fg-ul™', 0.04 fg-ul'; 9. Tested sample without template as negative control; 10.
The only felted ddH,O as blank control

1 E# PCR M RE RN
Fig. 1 Specificity of Conventional PCR assay
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Ko 2 R K A AL IR IE N 439 ngul! BURIRIMG (B 2-A PRI CtEMmAD » X ATLUA
(Beckman 2843606 H) IEALFRL DNA LL 10 PRFRESRRE S . kR DNA AR A /b1 8k
fERL RS 10 NBAE, 7E IR FQ-PCR R W5 T, EREZE (B 2-A)  GREEFRUFS R, i€ TagMan
el 45 MERJE, DAREERFW], BHGRE N 107 BREFOH RSB AT B AR RN 107, B 4.39
F 10° 1 6 MFERIIREH I B9 BAUMAETOE  fopl G T HUARFEIREE DUS 1 290 #5 01w, A3
kBT eI (Threshold) LI b, WFREIE 10°F1 547252580 NMEIL , X ELH AL PCR HIRLI R S
10701 2 MFERRFES DT 45 MEIR G MR HILE w2 MES (E2-B) .

FIPOEHK, I EILR 107 Bk 20 B8 0 i I B Ry IAERAYE: TaqMan REHZE S & PCR A
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A. TaqMan ZREHERIREIN RBUE . 1 TaqMan SREFELL 10 (760 SEMIRE ) TORLERAE by ORSTRRASC R A9 58 b 22 LA 5 1207 2 R R AU o 2 JE T B
HEBA BRE IS P IORH A 38 2R £ 7= AT 20 TS 2P 2B B. TagMan REHE I I B FEIK 7347 M: DNA 73T Abs#E (100-600bp);  1~8. ALK
BERIASE N 107 8] 1070 0. BIPERS IR Jd 5 B P e AT LA H IR (0 BSERR /S TaqMan $REVEPHT 6 AN T ISR, ifTEBERR I (1AFehy
L PCR) b REH SIAT 4 ML AOSEAT, AAF T H S 38 R 80100 5 9S8,

A. Detection sensitivity of TagMan FQ-PCR. Shows the detection sensitivity using 10-fold serial dilution of recombinant plasmid DNA by TagMan FQ-PCR.
B.The TaqMan products analyzed by agarose gel electrophoresis. M: DNA marker (100-600bp); 1-8. 10-fold serial dilution of recombined plasmid of Ca. L.
asiaticus from 10-3 to 10-10; 9. Negative control. In FQ-PCR there are 6 samples with dilution of DNA from 10-3-10-8 exceed the threshold , while in the
conventional PCR, only the first 4 dilution samples can be amplified and observed in agarose gel, the other 4 samples and the negative control only give the
weak bands of primer-dimmer. This verified that the Q-PCR is more sensitive than conventional PCR at 100x fold

& 2 TagMan #REHESE M PCR BN R & *F Ltk
Fig. 2 The contrast between TagMan FQ-PCR and conventional PCR

REELCIRIM VP LB, R A B PRS2 8 54 UCLAO4F/ UCLAOAR X b33 J5L BT [ 5 S M i 5
[ 3 #LH HL PCR CUIFE 5, P9 TagMan $R%EHE E 8T (2) SYBR Green | % GHRHEN R B RE B oni%
RO, A RS SR AR [H], (EE L PCR RTINSy ALk TagMan BREFE RBUETE &, 7R R 54T
BHPERE 28 90t B PCR RIS RO BIAE, SXiFWI3e F, BRI 107, B 0.439 fopl PIRE R ik B) T 5%
JtiEE PCR MR B E M PCR B, e HiT JEBIME, M0 1070 FER AT I B IPORIE K (3 #E

i R T LR RS 5 TagMan $RENERI S5 R 524 —5.
2.2.2 SYBR Green I #é)t4 kL SYBR Green | 2.3 FEFEKNER
PR GRE S ik TagMan BREMEIT R 3 R A F£ 1 PAEH TR M PCR (514155 CQULA

), AN 05 i h 26 LSS AE Y 3 P~ i bk . 38 O3F/CQULAO3R) X T PHAN P AT B J6 35 s A i &
BoEdE Bon: (1D ZIER P TagMan $REHERS 2, FERI I E5 5, W AE HY 9 B 12 H A I BH PR 2 0
ANEHFHN 2R RN G AL 35 MR 2. B, 13 B S A R R AR B, X Fl
Jo) HHILT RSO, A& AR R R L PCR JTVEAR S R U
DU X BSOSk F 5 1) AR CGRINAE HLB Wi d Fro &, RIS b s B B 2 KA gt &5 7= AR i
PSS BIPEST LT — 200, HSBAME IRA R IR IR, IX— AU TaqMan %¢56 PCR J7¥E 1€
FEATHEI 1AM, 2008 3>, wfWAIKESR A A Es T LSS th— e I Re CIRIARE IR i FH I 7
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PRIHERSRAS T RHPESE R, OF HAdE s 9 2112 A i, e RESSRE S ORER .
T R, ORI 3 2 5 R 2y 100

35

- —— Negative control

30 F —a— Blank control ...
| —#— positive control ’H*
5 - Positive sample] I"'I il
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5 15[ —#— Positive sample4 f. Iv'.daq- s
,;.’ © [ —#&— Negative sample A WY *

52 54 56 58 60 62 64 66 68 70 72 74 76 78 8O 82 8B4 B6 B8R 90 92 94 96

i Temperature ('C)

SR it £ S T DL S AT LA PRV B R V(IR SR 70 ) o BT AT P AL, A7) — 41 CW(EIRLSEAE 82°C) D H bR ¥ B, 7eid iy (U
EILEETE 78°C) 519 —RAKTE AU . {# ] SYBR Green T JRHA B 88 il 4 vl e 5 149 — S AR5 10, RiIFAE B b md 5, s
£ T LD X R

The most important information the melt curve can deliver to the readers is the peak types which are divided according to the temperature of peaks. In Fig.3,
there are two types peaks: the right group(peak temperature at 82°C) shows the specific amplicons amplified; while the left group (peak temperature at 78°C)
shows the primer-dimmers. Sometimes the increase of fluorescence dose not represent the specific amplification due to primer-dimmers’ formation when using
SYBR Green I assay, we can discriminate this case after making this kind of melting curve

3 SYBR Green | FRIERYIAREM
Fig. 3 The melt curve of SYBR green I assay

F  FEH PCR AN AN ML R
Table Detection of HLB pathogen by routine PCR for tested samples from Liuzhou, Guangxi

IURE H Kl 45 4 Results of detection BAPEZR
Sampling date 1 2" 3* 4 5" 6" 7" 8" Positive(%)
2004/07 + + + + + + - 87.5
2004/08 + + + + - + + + 87.5
2004/09 + + + + + + - + 87.5
2004/10 + + + + + + + + 100.0
2004/11 + + + + + + + + 100.0
2004/12 + + + + + - + + 87.5
2005/01 + + + + + + + - 87.5
2005/02 + + + - + + + + 87.5
2005/03 + + - + + + - + 75.0
2005/04 - - + - + - - + 375
2005/05 + + + + + 62.5

IR AEAAT AT 20 FHRRARE AT IR, MK TEE (484N J7 1 25 R 40 o it o HARSRAGIN B 1, — AREA I A4 o
Tested samples collected from infected Shatian pumello and mandarin, each with 40 pieces newly mature leaf from surrounding canopy, without typical
symptom from Liuzhou, Guangxi Province; “—+"stands for sample with HLB pathogens, “—stands for tested samples without pathogens

3 i Femtbg vt &3,y Badrh, DL FohifE

AR S B PCR () R SR T LUK 3 107 gl 9%
3.1 BT AR BT B MR S R S | 00 T RE A Y B 1D, AR, X TR SRR X i 15 7 40
FSW R I G e o B, U, AL oo SR R AR A, BN
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i, IR LR B, By DL PCR AE S th I
BIPERIfE DL S54h, R PCR RN ] FE kR A e &5
B XPPTERER A REEAR DNA alr B A FEPE
(B AN A N RS AN Z D,
DR FH S0 42 ST 57 ) 224
Ak PCR KT IHE AR Z 5, B ) 52 I8 5 i i

PCR LA AE IO U TR AR o 5 R v G
S0 1 B 03 = W)y [ oLy = S BN 87 SN
EEAE. MEREEIL A, CEBCAE NI FAY)
SERFIE AR (R 3 BRI AR A 2 Sk AU

SEIN E 9O PCR &SR 2O 5 % PCR =)
(S i B s ) R, 7E PCR § 38 i fed, JEZA Wy
HRS I e AR ZR R GAE T AR . AR SOGAE T 2k
LI P BB IR HEZE, 75 99.7% B A% FE N TH
KTPEMEM DO CE RN BME, SRRSO GE 5 1
FTI0E FE R ) PCR fEFR X (P Ct D o (&
RN PCR R VAR R i 4 DNA B R0 SUE 2
F) A7 A% IR ME DG 2R o I BE PR AR B AR RE R UE 8 1) Ct
B2 bm At ith 2, FEAR PR A A St 1) Ce B3R T LAUE
Bt 00 5 SR DL T P R LR AR (1 DL, ARt
FIET iCycler™ % A WA T (1) TaqMan FRE]
FQ-PCR Hi A4 Z (WA I 2 B RE 42 /b ] DUIA 2] 4.39
fg-pl™ o Herf TaqMan $REFVZAEFH 1 %55 401 1 46 50
FHAN A B9 e Gk bR ic 1) TaqMan /K fEEREL,  KI0EE
SR NG . 505 DNA FER: 4411
SYBR Green | %G44 kNE, T4 —XUi DNA 4>+
REFIZ A~ SYBR Green [ Jeflor FIERF bk g, ¢
JOAF T LURT B, DRI R Rt B sy, RS
19 B 5 R e R R, HOBERE T T [ 2R
A, i BRI R BE P CrT LU i it 28 355 B S 1

3) o PRI RIS FT A R ] SYBR Green
[ FQ-PCR V2, M7 Jit B ksl I 417745 ] TaqMan £
I RERIR
3.2 X sEELXT PCR A 4 A M 1) e & 5 T
FQ-PCR FEARA M A ¥ T AL SEI ok i H Be2% 5UA
PP, SEBL T AR R R n] B A I I 5 Bl
SEAPOCAT T, FRIE TR 1 I AR L
HA5 R A 2SR I CeE! ), MR bR
P EL . FQ-PCR ANHENFR, #EG T s
B B )T e 4, & —MEr . nTSEmR e
7N hRUE LR VA TR AT R ) PCR P RYL
%[13]0
3.3 X IR SR R A R A P T

SN A I — 4 K I 45 SRR W], MRS S te
VRE B AR PR N 1R 1 B B Y R B RN AR AL,
FIREL A AT B4 EAA B FRIR DU IR 25 AF
AR REBERA KRR GERGRO K
R o AWFTUEL IS RE B PCR R 5 245 A A
S (K09 T S W MRS SO0 i i I 2 1
S B PR TR SR . RS AR

4 i

AHEFUHE ST TR T RERS SRR (¥ 5 't o
PCR JiVEMR AR, MRS e 5 012 W LA it 1 25
SEPRAL TR ROUER T SE . REE AOR EHR
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