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oIl 5-GCGCGTATGCAATACGAGCGGCA-3( 56 1160 16S Jagoueix et al.
rDNA 1996
Ol2c 5-GCCTCGCGACTTCGCAACCCAT-3
CGO3F 5 RGGGAAAGATTTTATTGGAG-3( 56 800 Zhou et al. 2007
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Table 2. Characteristics of the primersused in LAM P method
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rDNA-FIP 5¢ ACCGTCATTATCTTCTCCGGCG-TTTT-CATGCCGCGTGAGTGAAG -3¢
rDNA-BIP 5¢6 AGAAGCCCCGGCTAAACTTCG-TTTT-CGCCCAGTTATTCCGAACAA - 16STDNA
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rDNA-F3 5¢ AATGGGGGCAACCCTGAT -3¢
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rpl-B3 5¢ GGACATATCACATATTTCCTTTGT -3¢
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Fig. 1. Gel electrophoresis of direct-PCR product obtained by using primer pair A2/35. A) 1 ng DNA of HLB-infected tree
and healthy tree used astemplate. The 700 bp expected fragment was amplified in all DNA samples of infected (lanes
11-20) but not DNA samples of healthy tree (lanes 1-10). B) 100 pg DNA from infected and healthy tree used as
template. The 700 bp fragment was only amplified in 4 DNA samples of infected tree (lanes 16-19) and was not

amplified in some DNA templates of infected tree (lanes 11-15) and DNAs of healthy tree (lanes 1-10). Lane M: DNA
sizemarker.

oV © rsz“ Veo) JS sl0lgs ikises pslia s (Ca. L. asiaticus) HLB g lew Jule sbs; 53 cilises gla g, amslie ¥ J it
CPCR- CPCR-PL . cl 63 armlons g5 2 (51 St oS T5 Ao ys oy g0 4 45 0301 olS 51 0d o) St (p5 52
RPFI/RPR1 3 F1/R1 A2/J5 O11/012¢ gla S561 51 esliznl b i 5 4 Jsors ,l o b5, CPCR-P4 y CPCR-P3 P2
3 CGO3FICGO5R  (F2/R2 sla 851 5l eslizwl b i 5 4 nested-PCR 49 NPCR-P3 y nPCR-P2 inPCR-P1 ¢uily
b by e sla S50 51 eslinal b 5 5 4 LAMP 35, LAMP-P2 5 LAMP-PL tai3b s p 33 )33 (5! 2 RPF2/RPR2
dzes & Oy 40 5 16STDNA

Table 3. Comparison of different methods in detection of the causal agent of HLB disease (Ca. L. asiaticus) in various

amounts of total DNA (100 ng-0.1 fg) extracted from an infected tree which calculated as positive reaction percent for

each method. cPCR-P1, cPCR-P2, cPCR-P3 and cPCR-P4, are conventional PCR using primer pairs Ol1/Ol2c, A2/J5,

F1/R1 and RPF1/RPR1, respectively. NnPCR-P1, nPCR-P and nPCR-P3 are nested-PCR using F2/R2, CGO3F/CGO5R

and RPF2/RPR2 primersfor second round, respectively. LAMP-P1 and LAMP-P2 are LAMP methods using two sets of
primersfor 16SrDNA and beta-operon regions, respectively.

METHOD
23
LAMP _ LAMP
- nPCR- NnPCR-  red-time -PL -P2
PI-CPCR \ocR-P2  CPCR-P3 CPCR-P4 nPCR-PL P2 P PCR
Positiveratio
(%)
EW-Rh
A e
23
100 ng 100 100 100 100 100 100 100 100 100 100
10ng 100 100 100 100 100 100 100 100 100 100
1ng 100 100 20 100 100 100 100 100 100 100
100 pg 20 40 30 30 100 100 100 100 40 60
TRE
AT 10 pg 0 10 0 0 100 100 100 100 20 30
e 1pg 0 0 0 0 100 100 100 100 0 0
100fg 0 0 0 0 80 90 100 100 0 0
10fg 0 0 0 0 80 80 90 100 0 0
1fg 0 0 0 0 40 50 50 90 0 0
0.1fg 0 0 0 0 30 30 20 0 0 0
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Fig. 2. Comparison of sensitivity of direct-PCR and nested-PCR in detection of the causal agent of HLB disease. A) Direct-
PCR using primer pair F1I/R1 and nested-PCR with primer pairs FI/R1 (first round) and F2/R2 (second round). B)
Direct-PCR using primer pair OI1/Ol2c and nested-PCR with primer pairs Ol1/Ol2c (first round) and
CGO3F/CGOS5R (second round). Approximately 1 pg and 10 pg of total DNA from an infected tree used astemplate for
each method, respectively. The expected fragments were not amplified in direct-PCR (Fig.2A, lanes 10-18 and Fig.2B
lanes 5-14). However, the 400 bp (Fig.2A lanes 1-9) and 800 bp(Fig.2B lanes 1-4) fragments were amplified by primer
pairs F2/R2 (second round) and CGO3F/CGOS5R (second round), respectively, from each DNA template using nested-
PCR. Lane M: DNA size marker; lane H: Sterile distilled water as negative control.

(pA5ad oV b p S 5LV ee) SKIDNA ilisus sl jlag )3 2, 54 (sl by Como 5 Conoliatl (ol 4 lis ¥ J g

Table 4. Comparison of sensitivity, specificity and accuracy of different methods at various amounts of DNA template
ranging from 100 ng to 0.1 fg.
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TS JSDNA Sl (Sensitivity) ol (Specificity) <wwlazs! (Accuracy) o
Method amount of total DNA SEN=TP/(TP+FN) SP=TN/(TN+FP) AC=(TP+TN)/(TP+TN+FP+FN)
cPCR-P1 100 ng 1.00 (0.7225-1.0000)a 1.00 (0.7225-1.0000) 1.00
CPCR-PL 10ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-PL 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
PCR-P1 100 pg 0.20 (0.0567-0.5098) 1.00 (0.7225-1.0000) 0.60
cPCR-P1 10 py 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
PCR-P1 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P1 100 fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P1 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P1 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P1 0.1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCRF2 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 100
CPCR-F2 10ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-F2 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-P2 100 pg 0.40 (0.1682-0.6873) 1.00 (0.7225-1.0000) 0.70
CPCR-F2 10pg 0.10 (0.0179-0.4042) 1.00 (0.7225-1.0000) 055
cPCR-P2 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P2 100 fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P2 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P2 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P2 0.1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCRP3 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 100
CPCR-P3 10ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-P3 1ng 0.90 (0.5958-0.9821) 1.00 (0.7225-1.0000) 095
CPCR-P3 100 pg 0.30 (0.1078-0.6032) 1.00 (0.7225-1.0000) 0.65
CPCR-P3 10pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 050
CPCR-P3 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 050
cPCR-P3 100 fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P3 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P3 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P3 0.1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
cPCR-P4 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-P4 10ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
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CPCR-P4 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
CPCR-P4 100 pg 1.00 (0.1078-0.6032) 1.00 (0.7225-1.0000) 0.65
CPCR-P4 10 pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCR-P4 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCR-P4 100 fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCR-P4 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCR-P4 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
CPCR-P4 0.11g 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50

NPCR-P1 100 ng 1.00 (0.7225-1.0000) 0.90 (0.5958-0.9821) 0.95
NPCR-P1 10 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P1 ing 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P1 100 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P1 10 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P1 1pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
nPCR-P1 100fg 0.80 (0.4902-0.9433) 1.00 (0.7225-1.0000) 0.90
nPCR-P1 10fg 0.80 (0.4902-0.9433) 1.00 (0.7225-1.0000) 0.90
nPCR-P1 1fg 0.40 (0.1682-0.6873) 1.00 (0.7225-1.0000) 0.70
nPCR-P1 0.11g 0.30 (0.1078-0.6032) 1.00 (0.7225-1.0000) 0.65
NnPCR-P2 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 10 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 ing 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 100 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 10 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 1pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P2 100fg 0.90 (0.5958-0.9821) 1.00 (0.7225-1.0000) 0.95
NPCR-P2 10fg 0.80 (0.4902-0.9433) 1.00 (0.7225-1.0000) 0.90
nPCR-P2 1fg 0.50 (0.2366-0.7634) 1.00 (0.7225-1.0000) 0.75
nPCR-P2 0.11g 0.30 (0.1078-0.6032) 1.00 (0.7225-1.0000) 0.65
NnPCR-P3 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
nPCR-P3 10 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
nPCR-P3 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P3 100 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NnPCR-P3 10 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P3 1pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P3 100fg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
NPCR-P3 10fg 0.90 (0.5958-0.9821) 1.00 (0.7225-1.0000) 0.95
NPCR-P3 1fg 0.50 (0.2366-0.7634) 1.00 (0.7225-1.0000) 0.75
NPCR-P3 0.1fg 0.20 (0.0567-0.5098) 1.00 (0.7225-1.0000) 0.60
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RT-PCR 100 ng 1.00 (0.7225-1.0000) 0.80 (0.4902-0.9433) 0.90
RT-PCR 10 ng 1.00 (0.7225-1.0000) 0.70 (0.3968-0.8922) 0.85
RT-PCR ing 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
RT-PCR 100 pg 1.00 (0.7225-1.0000) 0.80 (0.4902-0.9433) 0.90
RT-PCR 10 pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
RT-PCR 1pg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
RT-PCR 100fg 1.00 (0.7225-1.0000) 0.90 (0.5958-0.9821) 0.95
RT-PCR 10fg 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
RT-PCR 1fg 0.90 (0.5958-0.9821) 1.00 (0.7225-1.0000) 0.95
RT-PCR 0.1fg 0.90 (0.5958-0.9821) 1.00 (0.7225-1.0000) 0.95
LAMP-P1 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
LAMP-P1 10 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
LAMP-P1 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
LAMP-P1 100 pg 0.40 (0.1682-0.6873) 1.00 (0.7225-1.0000) 0.70
LAMP-P1 10 pg 0.20 (0.0567-0.5098) 1.00 (0.7225-1.0000) 0.60
LAMP-P1 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P1 100fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P1 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P1 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P1 0.1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P2 100 ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
LAMP-P2 10 ng 1.00 (0.7225-1.0000) 0.90 (0.5958-0.9821) 0.95
LAMP-P2 1ng 1.00 (0.7225-1.0000) 1.00 (0.7225-1.0000) 1.00
LAMP-P2 100 pg 0.60 (0.3127-0.8318) 1.00 (0.7225-1.0000) 0.80
LAMP-P2 10 pg 0.30 (0.1078-0.6032) 1.00 (0.7225-1.0000) 0.65
LAMP-P2 1pg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P2 100fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P2 10fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P2 1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50
LAMP-P2 0.1fg 0.00 (0.0000-0.2775) 1.00 (0.7225-1.0000) 0.50

a 95% confidence interval

Soml palis 3 e 5 dmdl ol ol L
=S by DMl 0 S zas oV Voo 51 2 DNA
adols aslis (il sdalin Slude oy Canles s
s s S ol 4 das e OLES Ao ys A0 Ol

YO

1o 55 A0 Oluabl alsls @

SMZe (s eS 5 55 S plsy Aoy Voo Sl L
Yo) (5 eS ol b 35 p S s oV ay IS DNA
Jsd=) 55 oL, 1, Ca L. asiaticus (dw s Yo b
03 e ml o3 A, LS e gl STl il ()
NSV L e S5 eo) DNA o e 3lis



YEV-YOF IATAY Jlu/ ¥ ol / 00 W/ aLS slags low

(2055 05550 )) Somb nolie oo s dased ol
Jsde (¥ US2) a0 Can L. asiaticus ,bs, 4 36
ﬂél_in)bt_@.ﬁ)ezj_g QLMQ/\J“ ’LJJEJ ﬁ)l&] 48 gama 9O
C,A.:_«.»ALM.;- uS.xJ mbj_ﬁ oL:§DNA fﬁj—iﬁ. \o 9 Voo
X el 2 W O 0 sl S5ET L LAMP 2
M| sl aS das e Ol A 55 40 Oledsl ol
L LAMP 55, L ddaly 53 (Y Jsds) o Jls o
\o ‘)‘J\.E.A‘)J J)jﬂ&ijél6s I’DNA duﬁ)lﬁibj‘)ls
L odalise quS@I.»Az:Z:HL» OL;‘)‘DNA r;}:\.}
sy EalS 1 0 oo 5 Colant] Sl ams 3

(Y Jsax)

real-time PCR

i (p S 5ed ofY) DNA SUSl jly i3lie 55 (55kas
Ca L. Lo,y s yesid Glp ooy nsoeles Olse
[DNA ¢J§j;¢.'e Vo Jldie U i,y ol il o« aSidticus
) polis 5o sy Nee Conles L (Goley bile
4o Colo L 15 (solan Jsle DNA S 5205 o/
313 QLS |y Gl (i 5 3503 olus,y Ao
> e il S ecpl s L (Y o)

D o ol OIS 1 lad sl
real- nested-PCR « J sors ST e o oo Slexr avlis
s, o3 cilsis gla ST L LAMP time PCR
s> (Ca L. asiaticus) ol ! ;3 HLB (o)l es Jsls
(p 5 5ad o[V L5 p S pliNee) DNA il 3lia

L Shad sdal o rJl_w Slad Ssed ) )3
SN Ssb Voo e 535,50 K s L ool
C3LS ot e F2IR2. S5LET L L oLS DNA
03 SH) G 5 Cpolans] and s a5 Ad cdalin
ols 2als ;s gla ST 4 s DNA s oyl
T W = B O W R
e S5 53 Gigs ool 03 o eslinad s sla S5led
(¥ Jsa) 355 55 sme DNA 51 a5
L awslis ys Nested-PCR ool 53 sl
o5 Ca L. asidicus obs, 53 Jsens s
@lolss 3l p S5y Sl 5o Jle Ol iy A oalie
Sl ST 55 b Jgeme T g 53 03401 6lS 51 S
3 (G3LS ) s 5 i 550 axl FURL
F2/R2 sla S5l L nested-PCR 5, 5l 5 olKea
Foo aabad La,l s pload 5o b esli il pgs 550 52
S5 o Ca L. asiaticus obs, 5 s 0S5 shods
i b Jyene ST g aslie promen (A Y JS3)
5l eslewl L nested-PCR .l . ,» OIV/OI2c $5Lel
L35 3 s s 3 CGOBF/CGOBR S5Lel i
5 rjfj_id Vo 54> asS | s ;5 Ca. L. asiaticus
S sl SOl 4 el elS 51 IS (Sl
5y 50 4skd Nested-PCR s Lgs oS sls olas i,
Sonn Sl 53 5 b ST Sl A llatl

(B oY US2) s 5 iS5 s s ) g anked

LAMP s,
sl os ol gla S5Ts LS L, LAMP 3,
Ca. L. (JSDNA jl ¢SSy Ve 0lsa b 16STDNA

oo 5 Ve o wlu= L 5 5 4 |, asiaticus

YOY



o oo 5l pw o S B 2 Amlis 101\Kan 5 g

sdgd 53 HLB 4 o3 1 w55 5l o T Aol JS 100 ss s jralis s (k0900 G S50 LAMP jaiSly aoms ¥ S
B slad g 5ol o oslinl K1 Olge 4 JS 61013 5 p 8Ky ) s Ve (Voo p S5lY (Ve Voo palie s 4P L)
Slost & bl (25,0 Ky 045 F 50 sldd 53 5 Cute wmd dpd oo sdalie iyl e ) 4 UV L8 AL LS Y

ol e a5 ASly g

Fig. 3. Result of LAMP reaction (beta operon primers) using different amounts of DNA extracted from an infected tree.
LAMP reaction was carried out in tubes 1-6 using 100 ng, 10 ng, 1 ng, 100 pg, 10 pg and 1 pg DNA as template,
respectively. After addition of SYBR green | dye to each reaction tube under UV light, tubes from 1 to 4 showed green
fluor escence (positive) whiletubes 5 and 6 that remained orange/brown wer e assumed to be negative.
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