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ABSTRACT

URASAKI, N'., UEHARA, T". and KAWANO, S**. (2007). Highly reliable polymerase chain reaction assay for citrus huanglongbing
(citrus greening disease) using the sucrose synthase gene as an internal control. Jpn. J. Phytopathol. 73: 25-28.

The polymerase chain reaction (PCR) was used with an internal control to exclude false-negative reactions in a citrus huanglongbing
(HLB) assay. Degenerated primers, CSSF-1 (5’-GACACTGTTGGWCAGTATGA-3’) and CSSR-1 (5-TCRTACAVTGCAGGTTGCAC-3’),
for the internal control were constructed based on the sucrose synthase genes of Citrus unshiu, Medicago sativa, Daucus carota,
Arabidopsis thaliana and Phaseolus vulgaris. Multiplex PCR with the CSS primer and the Ol1-Ol12¢ primer amplified two DNA frag-
ments corresponding to the sucrose synthase gene and the ‘Candidatus Liberibacter asiaticus’ 16S rDNA gene from ‘Candidatus L.
asiaticus’ infected citrus DNA, respectively. A DNA fragment of the sucrose synthase gene was solely amplified from healthy sam-
ples. No amplified fragment was detected in incomplete reactions.
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% (citrus huanglongbing, HLB) %, # v % > ¥ D HEfH
ED—>TH % (Miyakawa and Tsuno, 1989; I At « Jl%f,
1997; BE D, 2003). AfEEI A v ¥ 5 3 (Diaphorina
citri) 1 X - TN & % ‘Candidatus Liberibacter asiaticus’
X oTHl &l &% (Jagoueix ef al., 1994). FHAE,
HLB O JEGALABRIE D 7=, HEFE o (kB X BBk
ENMThbhT\5%. HLB OFEL, 7 I+ ) 212k 5
WHRPERC v Y RZ 0 EDEMEE I X 2ERIC
fEALL L T\ % 72 (Koen and Langenegger, 1970; Ohtsu et
al., 1998), BT H 1z > Tix ‘Candidatus L. asiaticus’ 4F
RN T 74 v —% A\ TR ) 2 7 —EHiglsn (PCR) 1@
X a2WnfrbhTtns (EAM < E, 1997, N D,
2001). Lo L, HEWBHMARN O ‘Candidatus L. asiaticus’
DDA —THHZ LTz, FOWBE LK C
L, PCRIE CHBEEnboyy 7Y v 7 ifibh
T\ % (Hunget al., 1999; NEE D, 2001). = D iz,
HLB #4: % IR il & 3 2 i, KEOFBhTH LT
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HRORMI X b PCR G AE S -5 11y, HLB
B CTh > T HLBEMW EHEI A EHRAH H. &
DX 57l <, PCRIGE Db OO IEIC T
bhlcZ &R TE AELEIRDO LN TS, ZTOTF
BEo—obL LT, Wilay rn—nBRETAFIHIRT
Wh. Bz, YRR DNA v — 2 — & iR 7
DT, S VHEETFEZPCRONTE2 v b o —
/A& LT (Urasaki et al., 2002), F72) v ITD v A L A
FWE T, b2y )7 0OnadsEET 5 RT-PCR
OWIFav re—L L THAIN TS (Menzel et al.,
2002). ZD XS5, MWYHNE2 Yy b — A BB ETE
g, WE O PCREEDFIEHC, Affavta—ro 7
7 A~ —&BINT %I CHIER R ED < Mo E
P BT 5.
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DNA D& AMEHETRELTVWDE VA7V v v —
(Citrus depressa, ‘i X OSRHE - %, wl), » v+
Y (Murraya exotica) ¥ X O"» 5 2 5 (Poncirus trifoliata)
OO AELTTCREINTVWDEY v a3 v (G
unshiy, iR BEERA), WS I OVBALCREe 2 v
77 (C. tamurana), v 7 v (C. reticulata), X A X
A (C. aurantium), F 1 & (C. aurantifolia), v v (C.
limon), 1 275 v (C. iyo), >~ v %27 (C. hassaku), = 2 (C.
Junos), > 7 A (C. unshiu X reticulata) ¥ L O"A x5 (C.
sudachi) %A L 7. DNA o hhiticix CTAB ¥ (Murray
and Thompson, 1980) % U\, WEARE TR, F0
fllL o> A AEIZEED D DNA ZHhi L7z,

A bO—IVIEEER T 74 ¥ —D%ET I EY
DL NERSTNEY Y v a2y I VDAZ v —AEHK
B 3% & = T (CitSUSI-2, DDBJ/EMBL/GenBank accession

No. AB029401, Komatsu et al., 2002) Z#HNifia v b v —
ELT Ft, W2y s e—aAn o v RHE D
MiEIND X5 T 57, a2 F 4 Clustal Wz W
TAT9Fv~ITY (AF049487), =v v v (X75332),
vu A 2F XTI (X70990), 1 v v <2 (AF315375)
DAZ v —AGHBERBIET OLEEIN YTV, RIF
FEIE 2 2D, T4 v =k L — bk 7S5 4 < — CSSF-1
(5'-GACACTGTTGGWCAGTATGA-3") % X 8 CSSR-1
(5-TCRTACAVTGCAGGTTGCAC-3) #%i&itlL 7. W~ 5
4 =—1C XD 662bp DA 21— ALKEETE DS BLFIH
WiExns (Fig 1).

PCR PCR %, WRE:SR (TuKaRa Ex Taq, # 7 754
*, WD) HM\7o. ‘Candidatus L. asiaticus’ 451 7
7 A < —1%, Jagoueix et al. (1994) 1€ X % OI1 & Ol2¢c %
Auwte, 27 o—25MHEFRBLET B L0 ‘Candidatus
L. asiaticus’ @ 16S rDNA o [a] [ 34 i 1< 1%, CSSF-1 &
CSSR-1 % 0.5 uM, OIl & Ol2c % 1.0 uM DEE TR A,

A) Multiple alignment of sucrose synthase genes

Forward primer:CSSF-1

Citsus1-2 2324 TACTTTCTATAATTTCAGTAAGGACACTGTTGGTCAGTATGAGAGTCACACTGCTTTCAC 2383
ATSUST GCTTTACTCATTTTGCAGCAAAGAAACTGTTGGGCAGTATGAAAGCCACACGGCCTTTAC
WSSUS AGGATAAGGTTGGACAGTATGAGAGTCACACTGGCTTTAC
PVSUS AGGACACTGTTGGACAGTATGAGTCTCACACAGCTTTCAC
DCRNASS AGGATACTGTTGGACAGTATGAGAGTCATACTGCCTTTAC

X kK K RRRRK RRRRRREK
>
CSSF-1
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Reverse primer:CSSR-1

Citsus1-2 2984 TTTTGTGCAACCTGCACTGTATGAGGCCTTTGGCTTGACTGTTGTTGAGGCCATGACCTG 3043
ATSUST TTTTGTGCAACCTGCATTGTATGAAGCCTTTGGGTTGACTGTTGTGGAGGCTATGACCTG
NSSUS TTTCGTGCAACCTGCCGTGTACGAAGCTTTCGGTTTGACAGTTGTTGAGGCCATGGCTAC
PVSUS CTTTGTGCAGCCTGCAGTGTATGAGGCATTTGGTTTGACAGTGGTTGAAGCCATGACTTG
DCRNASS TTTTGTGCAACCTGCATTCTACGAGGCTTTTGGTTTAACTGTTGTTGAGGCCATGACCTG

ok RRRRK ORRRE X Rk kK R Rk ok Rk Rk Rk Rk R Rk Rk K
CSSR-1

B) CSSF-1 and CSSR-1 positions in exon/intron structure of C/tSUSI-2

11th exon 12th exon
225bp 564bp ]
108bp
> <«
CSSF-1 CSSR-1

Fig. 1. Multiple alignment A) and physical map B) of the sucrose synthase genes used as an internal control for PCR. Positions of primers
are indicated by arrows. CitSUSI-2 (Citrus unshiu, AB029401), ATSUSI (Arabidopsis thaliana, X70990), MSSUS (Medicago sativa,
AF049487), PVSUS (Phaseolus vulgaris, AF315375) and DCRNASS (Daucus carota, X75332) were obtained from DDBJ/EMBL/
GenBank databases. Asterisks indicate nucleotide residues that are conserved among the five sucrose synthase genes. Exons and
introns are drawn as boxes and lines, respectively.
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HphiE 055413 1.0 uM T PCR 21T - 72, #BHIEE 13,
HLB feit o d ) (0.1g) 25 HhH - K% L 72 DNA &
WrFWE L, WEAYKTS T OBMERIR L 230k %
JAWT, 16STDNA & A 7 v — A S HEFREE T OHEM R
X O RIRE IR S B X 0 BEAM U Ao, JREE SRk, 92°C T
2 Y S B etk BEM 92°C, 14, 7=—1
v 7 60°C, 14r[H, MERRIG 72°C, 1% 151270
ELTA09 1 7 AT, 8T 72°C T 5 A o E G
T ot RIGKETHORENL, BRkE %75 ¥ coM
4°C THRAF L. BRIKENL, 1.5% 7 #a—Ar i
W, 100 V T304 MFT, HkENE T, Bibz o 4
THM L, ZHHET (354nm) TAY FOFELZOM
& CHIE L.

PR X v Al U 7- DNA %2 g5 80 & L, CSSF-1 &
CSSR-1 # I TPCR & 1T - fz. £ OfER, BEal4a i
X0, MBI hsPRK&EXITHBH662bp DA 2 n— A5
B A B LT W 2N EE S vt (Fig. 2). [WRIEkic, HLB
TS H 2 Dl U7 DNA & 85 L U, ‘Candidatus L.
asiaticus’ 16S rDNA ¥l fHl 7 7 4 v — (Ol11 & Ol20) %
JAWVT PCR %17 - 7ok, HLB EEEC kR A9 72 1160 bp
O DNA W DRI e, W7 74 v —%[F—F 2 —7
WA L, PCR %17 iR, Zh£io DNA Wi b » 1
X hte (Fig 2).

M H R 72 2R3 % 72, HLB MEfi o)) (0.1 g)
BRI« K5 L 7 DNA B & R (225 ng/pl) & L,
WA KTE 5T O BBEAR L 2308 % H v T PCR
AT o fo. HMBIEOS G, A7 v — A GHEEREET
(CSSF-1 & CSSR-1) % L 0% ‘Candidatus L. asiaticus’ 16S
rDNA (Ol1 & Ol2c) Tix, KIG# Dy v~ 72 DNA B

CSS primers

HLB primers

JERENER 0. 144 pg/ul ('REFH) 3 X 070. 72 pg/ul (5°
A W) ¥ TDNA OIENZED bt (Fig. 3). —Kh
IR HEIE 1, 3.6 pg/ul GfEAHD % T8 v K OEIES
b BT, [RRFEIE Tk, BRI LT
JEIE MR U722y, HLB Z82E A+ 5 B k5|l & A
WTHRERTT > T\ A7, HLB O KEBREIC KT 5
FRBREE I E Lo R e E L BRB. LrL, &
ORI ) v v Eh DEREI L KEORENC
ik, ¥Eow b £ o HLB HLUER TN Z, & & A ERIE
Lich D, WERFEETOELGRICL DR ENLHE X
NTEDH, RKERECETERLETNTHRDBRL Dk
WHtCchH s, ZDted, cnEFTHOOIL & Ol2c 771 ~—
& 7 PCR %€ Tk, DNA % v 7L DJRBEIC X b F84
THERDETEECHBRTE . £ 2T, PCRWE DK
B, BT OWIENRD B & S hcikhe o

1200 b
D ep rDNA (1160 bp)

700 Dpupp
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Fig. 2. Simultaneous amplification of ‘Candidatus L. asiaticus’
16S rDNA (rDNA: 1160 bp) and sucrose synthase gene
(CSS: 662 bp) by multiplex PCR. Lane M, 100-bp DNA
Ladder (New England BioLabs); lane 1, primer set (1.0
uM) for sucrose synthase gene (662 bp); lane 2, primer
set (1.0 uM) for ‘Candidatus L. asiaticus’ 16S rDNA (1160
bp); lane 3, primer sets for sucrose synthase gene (0.5
uM) and ‘Candidatus L. asiaticus’ 16S rDNA (1.0 uM).
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Fig. 3. Dilution endpoint of simultaneous amplification of ‘Candidatus L. asiaticus’ 16S rDNA (rDNA: 1160 bp) and sucrose synthase gene
(CSS: 662 bp) by multiplex PCR. Lane M, 100-bp DNA Ladder (New England BioLabs); lane H, DNA (10 ng/ul) from healthy C.
depressa; lane D, DNA (11.25 ng/ul) from diseased C. depressa; lanes 5°-57, DNA from diseased C. depressa, which was diluted 5" (n=0
to 7) fold by distilled water (ranged from 11.25 ng/ul (5°) to 0.144 pg/ul (5").



28 H A KE i B 2 i

BI3E W1y CPRI1942 A

W EABERE TS 2 L X, WO TEME A -
TEfe. L, EVBRELXIT O, ZBOH v F U
LT IR ER 7 V) — OfREEuE & 3 AL Lo
AN L5 L b, ThcftlEo o9 BRI
TH5B. Ebig, BT L - Tix, Hx REREEC X
BIGFN0E IR E LT T, BARBENBE S
HLH 5.

K OFEFEE PCR 2HEIL, A7 n— A GNEHEHE
ZFENTay e — 2 icHAT2 XD, MR
PHEA 7 v — AGRFERBEIET DAL, HERE B
‘Candidatus L. asiaticus’ 16S rDNA & 2 7 v — A &
AT Ol 2 iE X, DNA #it % 7213 PCR Ok o
LA HIE X s, D7, DNA KB O A
BT 2 et A fat: L HE T 2B S L TE S
Lrdhie, HE»OZfiicZ N TE A b, AZ
0 — 2 SWRHREL TR v R Y BTk
RN T AFHL MBI NI EnD, KEIIEL $H v
BHEY D 7 ) — = v ZIRBRE S FIFH T & 5 A fEkE A
H5.

w4t [

KRR O—TBE, EMOKEB DN U o S Biii 215 H
L7c BMOKED SR LS (1529) 1 X B 323E0H98i &
B, Fin, AUIEERBRITTACHTD, TR RN ¢
v 2 — AT O BRI i, BB vF
VR T, IR L RS S,

51 A X

BEYT - fBof— « AR - RHRED (2003). R BR
CRTAHDVFY 7Y —=v 7RO E. HIERE 69:

307 (Rk¥E).
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