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Cloning and Sequence Analysis of 16S rDNA of Citrus Huanglongbing
Agents Collected from Five Provinces in South China
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(1 College of Resources and Environment, South China Agricultural University, Guangzhou 510642, China;
2 Tianhe Entry-Exit Inspection and Quarantine Bureau of Guangzhou, Guangzhou 510620, China)

Abstract: In the study, eight samples of Citrus Huanglongbing( HLB) trees showing typical mottle symp—
toms were collected from Provinces of Guangdong, Guangxi, Guizhou, Fujian, and Yunnan in China.

The HLB agent specific primer sets, OI,/Ol,. was used to amplify DNA from the loci of 16S rDNA. Am-
plicons were collected, purified, ligated to pMDI8-T and transformed into Escherichia coli DH5a. The
cloned DNAs were sequenced and compared to all published DNA sequences in GenBank through BLAST
(http://www. ncbi. nlm. nih. gov) for phylogenetic analyses. The single nucleotide polymorphisms

(SNPs) were identified by using BioEdit sofeware. The cluster analyses were performed by MEGA soft—
ware. It were concluded that eight of 16S tDNA sequences from these provinces were phylogentically most
closely related to those of the published HLB agents. The similarities between the eight sequences to that
of Candidatus Liberibacter asiaticus were 98. 6% to 98.9% , to that of Ca. L. africanus were 95.4% to
97.4% , and to that of Ca. L. americanus were 92. 5% to 94. 5% . The results indicated that the HLB a—

gents collected from these provinces in southern China were Ca. L. asiaticus.
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HH4% 85 2 9% ( Citrus Huanglongbing ) J2& T #-P4: 1
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R o M RE TE A o |, B o S5 A W B
Fil 1R B 49 Proteobacteriace — V.28 5 (14 ) iz 5R4F
W& Candidatus Liberibacter ssp. ,— ELRJE N T .55 5%
RABIRI, A B ( Candidatus ) 2548 . %905 % i
AR AR A Sk e X TR 8 2R A 2004 4E L
BT, BRI AR 2R 1 70 Y e 08 114 ] 5 R 3 X
KA. 2004 4E S A AE B AR M IX R B
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W ERE R OB TR S T 2 A E R
FEEM. FRETE 20 tHat 60 FALLE , A AR
PRI AR e T R TR TR T AR
TR M B TSR DI AR P X ) S R T
FAERHARR . 80 AR LUE , MAETLPY it DY
J 5B BRI R 5548 R o3 AT AR 7 X i 2 B
W, FIRT A R R S " FEM A
B Y 22 REE 5 T, ] — B2 3 AR AR A A
B e A IR R A AR A I R A I
FHA e eI SR A6 W A ( Candidatus Liberibacter
asiaticus , Las) FIHEYN ( Candidatus Liberibacter af-
ricanus, Laf ) . J5 oK, Garnier A ) LY 2R
25 N BRI AAAEAN 6] 09 1005 AL, AT BB A5 0 P 5
B 2 DR R BN, BEE 7T AW i kR il k)
16S tDNA A% H B2 15 1 #EA47 43 © Ry I A% A ) 43
R — D EHEMKIE. 1996 4F, Jagoueix 28l S ok %o
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Teixeira 2 °' U [RIRE (9 7 15 76 B P 36 (R 20 % B0
T SEMFR ( Candidatus Liberibacter americus). Garnier
AR 1 Y T E R Calodendrum
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FIE 1 ASETIE Rl 70T, B 2 2 g 4 3 4 2
AT REAELERT AR B i AN T 1 1 A8 A
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AW O, i s ) A HAR 1 R e R Iz, 1
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BEAT A o0 A, % 3 AT AR B3 0 9o ik JEE 1 2 S 0T

FREAEEZ L.
1 MB5F®
1.1 BERFRERARER

BRI IEARAS 2 5RO (il G L BR
L) TP (AR B (T = E (K ANH)
g (JELI]) 25 3R I B 7R S8 g o i IR 1) RIS I, A
WA B e dmdn s, 45 .

1.2 AR E DNA AY3REX

SrEE L T 8 A~ 3 I HE Mg B R BRE SR R 1Y)
MK 0. 5 g, SR CTAB 3 BLHUH ik 24 DNA | 7E 10
o/ L BB HEEE I b iUk, 524N T ULEE DNA 94t
B, HAYE - 20 CIRAE4 .

1.3 #H#EMBk/E DNA B9 PCR ¥ 1%

T Jagoueix 25" L MMHE B R R IR 16S
tDNA 95149 O, /0L, , i g 3R A=) TRARA
B, 5 E AT .

0l,: 5'—GCGCGTATGCAATACGAGCGGCA—3
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1.4 MHFBELFFKE 16S 1DNA EEHIEE
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B B v
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FIFH MEGA3. 0 #F 1 Biokdits. 0 B AFHEAT R4 K&
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2 ZERE5SH
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M:DNA marker DL2000; + :positive control (infected tree ) ; — :negative control ( healthy tree) ;1 —8:DNA samples from Guangdong Zhongshan , Guang—

dong Lianshan, Guangdong Lianjiang, Guangxi Beihai, Guizhou Congjiang, Yunnan Jianshui, Yunnan Gejiu,Fujian Xiamen
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Fig. 1

2.3 HEEERBKE 16S 1DNA FIIHEEMESHT

FIH DNAstar 24K A8 fir sa BERIRE T 5 44
X 8 M B Je i AL 16S vDNA B 1) 5 3[R JE
oY I PN R 122532 FF W R 122533 iS58 P AP
AY742824 FATRIEE AT (R 1). HER 1 AT 0L, B

A& B e I 16S tDNA 1 BE(a) M HEZHBORL(b) PCR 7 1Y HL VKA
PCR amplification products of 16S rDNA genes from Candidatus Liberibacter and cloned productions
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Tab.1 The identical ratio of 16S rDNA gene sequences among 8 samples from five provinces
75 HHRRS IR
ji iﬁﬂlw fme 1 2 3 4 5 6 7 8 9 10 11
1 L. asJS =K 99.9  99.7  99.9 100.0 100.0 99.9  99.6  98.8 97.3  94.5
2 L. as-ZS P &AL 0.1 99.7  100.0 99.9  99.9 100.0 99.7 98.9  97.4  94.6
3 L. asXM WHEET 0.3 0.3 99.7 99.7 99.7 99.7  99.4 98.6 97.1 94.4
4 L. as-BH JUREALE 0.1 0.0 0.3 99.9  99.9 100.0 99.7 98.9  97.4  94.6
5 L. as-CJ EMMIT 00 0.1 0.3 0.1 100.0 99.9  99.6 98.8 97.3  94.5
6 L. as-L] R 0.0 0.1 0.3 0.1 0.0 99.9 99.6 98.8 97.3  94.5
7 L. as1S AREL 0.1 0.0 0.3 0.0 0.1 0.1 99.7 98.9 97.4 946
8 L. as-GJ =B 03 03 05 03 03 03 03 96.9  95.4  92.5
9 L. as(122532) E 0.4 0.3 0.6 0.3 0.4 0.4 0.3 2.4 97.0  93.8
10 L.af(122533) A 1.9 1.9 2.1 1.9 1.9 1.9 1.9 3.9 1.8 93.7
11 L.am(AY742824) EWFh 40 3.9 42 39 40 40 39 60 43 45

2.4 HHBERRHFE 16S tDNA F BRH SNPs S 4
BT 3RAY 8 A3 DA 8 e oo LAY 16S rD-

NA 19 ¥ %1 # 17 SNPs ( single nucleotide polymor—

phisms) 73T, AATEE R (e 2) AT WL, = p AN TH AR

SRR e i D )72 S L SR 22

2.5 HHBERFRBIE 16S tDNA FIIHRE S
FIFH MEGA BRAAF2R AR EE RS T vg B 4 P 51 il

LR RO S PP S BEAT R G R T, B A gk
e 2. Kl 2 W Phyllobacterium myrsinacearum |
Stnorhizobium sp. Aminobacter sp. | Ensifer adhaerens |
Agrobacterium tumefaciens . Mesorhizobium sp. | Rhizobi—
um sp. Escherichia coli & )\ GenBank RN R 8 A
alpha-Proteobacteria FFI#K ) 16S rDNA J¥ 41 (1E K L
XS IRE AR - WEFE R BAR /N T50% i | it
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Tab.2 The location of differentiation of 8 gene sequences from five provinces
e samples KR source 2 3 6 7 8 9 10 11 244 261 657 827 839 844 1166

CL.XM f#&El ¢ 6 T A T C C A _ AT G G
CL.LJ JUHRHET C G T A T C C A T G G A G G
CL.CJ FMMIT  C G T A T C C A T G G A G G
CL.JS “EEK  C G T A T C C A T G G A G G
CL.LS I HR#EL  C G T A T C C A T G G A T G G
CL.BH  J 7P4dkig  C G T A T C C A T G G A T G G
c.er  zmn [ N 0 ¢ - I -
CL. 7S &Rl G T A T C C A T G G A T G G

C
1) IBH R B Bl 78 e ol

AR AT SEVE TR IO, A EAR B R T 70% i), it
A A AT HER . AR 2 AT 0L SSCE B b 20 B 3
ANERE, I vaRE R 8 AR AR B e 5 9 Dt 740 TR AR AR
PR ) R AR B o D ) BRT AR ZEL I 1 1> B R SR
( monophyletic group) , H#t a1y %N 100% . 1M H:
T ) —BE B AR (BR E. coli) W J& F alpha-Proteobacte—
ria, 53— FATHL, HB KRR 99% . E. coli fF

JARBELY SEML FREETT ok b
PR ZEAH TRE RS

LJ. CJv XM, JS. BH. ZS. GJ. LS samples from
Guangdong Lianjiang; Guizhou Congjiang; Fujian Xiamen
Yunnan Jianshui; Guangxi Beihai; Guangdong Zhongshan;
Yunnan Gejiu; Guangdong Lianshan respectively
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99

O~ Liberibacter asiaticus LS

FHMEREG I DE AN RS L B AIRAR. AHt
GERTSEREY) 8 Y51 5 A A B e s S i) S Y A A
[F]—A~ A% L T 55 A Y R S8 P AE A ] 7 43
b T ST RARTE 95% LA . FEE IR 0L L
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LS AORESL IH T2, s S 353 51 o 63% Fil
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Liberibacter asiaticus JS

Liberibacter asiaticus BH
Liberibacter asiaticus Liberibacter
Liberibacter asiaticus ZS
Liberibacter asiaticus GJ

o . alphla-Proteobacteria
Liberibacter africanus

Liberibacter americanus |
Aminobacter sp.
Mesorhizobium sp.
Phyllobacterium myrsinacearum
Sinorhizobium sp.

Rhizobium sp.

Agrobacterium tumefaciens

Ensifer adhaerens

Escherichia coli

0.10 0.05

& 2

0.00

HET16S rDNA KD 7514 S AATAR B It i) N R GE 4 T

Fig.2  Phylogenetie tree generated from alignment of 16S rDNA gene sequences from Candidatus Liberibacter
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16S rDNA 716 TR A R A i rh | &2
WS 2 AL RIE S X R EZ4E bR, il T
PR R R ARG LB B TR
REF AT N TGS 4l el , A H e 7 2K — 1A
JI T H. HETC AN AR A 16S rDNA FE H
FRA2E 3% LI AT 52 g AR TR i Fh . AW B
e ERT T 5 B X8 A HiL X AR A TR i IR

16S rDNA FE[H J¥ 51 5 3 (R g Hp 8 55 1 7 91 42 [
VEPE HEXT , 25 55 2 B I AR A5 1 3 8 A b IXC A A A7
T I g 1 R — A, oA SN b {ELLE ST YH b
W, 2 ra S TH AR 2 DA A7 8 e i R AE 16S rD-
NA #B43 5 W 9 A (122532) 89 [REHE K 96.9% ~
98. 6% , 5 AL PN A (122533) B[R] JE I h 94.5% ~
97. 1% , 53RN ( AY742824) B[R EMEH 92.5% ~
94. 2% , [RIJEPEADGT FAK. PR, AR i sk A9 1 =
B TERIA A I 1T 1 DX A M A7 8 e s J mT g ) T
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W R A — B WA, ESE IR SR Ak,
BT T 22 A R DR 58 A BB AE L T A 0 .

AT 8 Je 95 95 B 16S tDNA BE[H R 48 & 5 ik
AR RT UL FRE R T 5 48 X8 AN ML IX A A B e
S D B i 1 K]
JEPNARFISEM B AL IRTE. (EAE PP P58, 1T .CT
XM . JS A1 BH ) 16S rDNA F31JHF—i2 , 1Mii ZS, GJ,
ﬁm%ﬁ?ﬁ%*m%ﬁ%fﬁ@ﬂ—Aﬂﬁw

REFELEA BT A, X 7R 2 —A LB R A4 4y
EiWEkm@WW%@m%%ﬁﬁE%W%ﬁm,
BT R AR ST

DL 25 SR BB BT RIS 1Y 8 B IX (R AH A 5 e
o i P A2 R R AR B s TR b T AR AR TR 1
{ERAT S X (055 IR & A T /NS S5, LR PR 2
TP IR ZE R R A T A A R Tk —2
W5E.
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