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Abstract: [Objective] To explore the intraspecific genetic structure and genetic diversity of “Candidatus
Liberibacter asiaticus” (CLas) in different regions of Guangdong Province, and evaluate the feasibility of using
multiple loci in studying genetic diversity of CLas. [ Method] Six polymorphic gene loci, including three phage
regions (SC1, SC2 and PJXGC), transposon region (CLIBASIA 05620 — CLIBASIA 05625) and short tandem
repeat (STR) genes, STR1 (CLIBASIA 03080) and STR12 (CLIBASIA 01215), were used to evaluate genetic
diversity of 176 CLas samples from 10 cities in Guangdong Province. [Result] Based on the prophage types, the
ClLas isolates were classified into six groups, among which the strains with Type II prophage were predominate,

accounting for 85.23% of the population. Four types of isolates were identified based on transposon sites, and the
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Clas strains containing the B350 fragment (non-MCLas-A type) were the dominant group, accounting for 76.70%

of the population. Based on the two STR loci, nine and ten band types were identified respectively, and the isolates

with three CAGT tandem repeats at the STR1 locus were predominate accounting for 56.82% of the population.

The distribution of polymorphic bands at the STR12 locus was scattered, and no predominate band type was

identified. Cluster analysis showed that CLas populations from Zhanjiang, Maoming and Shenzhen were different

from populations of other regions, while the CLas populations collected from Qingyuan and Meizhou were

similar. [Conclusion] Cluster results based on individual locus and based on all six loci are different, indicating

the limitation of using single gene locus to analyze the genetic structure of CLas population.

Key words: Citrus Huanglongbing; “Candidatus Liberibacter asisticus” ; intraspecific genetic structure; genetic

diversity; polymorphic gene loci
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5 22 25 () 7 B EE A B PR A5 (Simiple single repeat,
SSR), &5 WKW, I Z DA H H Bk E R P
(Variable number tandem repeat, VNTR) 22 [A {37 &3 bt
AU FH B AN VINTR 2 P57 15 FS) 70 BT B 58 A 1 L 48
NI AE Z R Islam PR T 7T AMRCE A
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HL 3K (Polyacrylamide gel electrophoresis, PAGE) i
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HIBE IR R R A — e B R e . TERE TR e
] 35 & % A TCA (Miniature inverted-repeat transposable
element, MITE) [ Z #1477 1], Wang %" /£ CLas
JEUWE T AR X ORI T 2 A BA 2R MITE F# 81 4FAE
(¥4 AL % 7 MCLas-A F1 MCLas-B, JF7E %'
i5 N CLas Fp#E AR AL HY MCLas-A(B720) Al
MCLas-B(B630) A7 FRAS, MEFK E ) CLas
#Eh, A Ho— MRt

23 LBk, HXEF 168 rRNA %:[H, 168/23S r RNA
BEDA (] BE X B BN T LA K omp FEfR~p BN, KT
W B A X 35 STR(ZK SSR. VNTR) & MITE %5 4%
LRI CLas FRFBE ZREIEE N FE, HITAK
HH) CLas TR 45 5 T HAB & o (H A6 I Ik
T AL AL AR T AR A Clas FPRFREAT 20
ARE . ARIGAE IR TR b, FIH 3 Fhas A
1 T A8 S A7 A R T 4 [X 38 MITEY A1 STR i
R R TTRA R 176 ASAS A RS CLas
PRIEAT B AL Z AV AT . IR Getth 43 B 3 0 K AR
3 S IS AW AR AR & HUTT ) CLas PR 7K T 1

ZFEE, DLBI A B R T A I S DX a4 A 1
O, LLIOA CLas MOEREAL IR BE RIS SO RF . R, ik
— B o M SR T S T A A SRR R 2 Pl 2k A
WE ZFEE ST TR RL A

1 RS

1.1 FREME

TR B PR FE SRR T R A TE R R, &
PR MM B BRI Y] 44 BRI M T, R
£ BTG U B S5 B AR IR PR R L B 1
MHA A BE L R 176 A SRRSOV ECE [ —
PRI B[R] —F 2% B0 3 B SO B 0 o e IR 1
m
1.2 DNA #£H

B HUHE A% M Bk 100 mg, 218 OMEGA 4
DNA #2EUR 5 & (OMEGA bio-tek) i B 5 $2 B
DNA. Hl 1~2 pL $2 5] DNA ¥, A Thermo
NanoDrop One i & 5 4h 7 A 6 11 11T DNA
JR B BIASIN, Ak B DNA FE SR RE 222 100 ng/ul,
RAET—20 C UKFEH T F— il .
1.3 PCR K&

B 510 R Sk kAT 2 EISAE, S11E
RLE 1. ] Real-time PCR 3611 Fr e i 2 15
T CLas J& CLas BH P B4 & P R MR R AR 2R 2 s

x1 HRMUSIMER

Table 1 Information of specific primers

FERERAD 5y el YR /ANMop R EBCEE S FEEA 7 A FEYP S
Gene type  Primer Primer sequence Product length Short tandem repeat ~ Gene locus Primer origin
Mk SCI1-045F CCGTTCGTCTTTTGCCCATA 87 SCI_gp045 AR
Prophage  §¢1.045R  GCATTCTTCGCATCATCGGA This study
SC2-035F  AGGTCACAAGGATTTAGCCCA 86 SC2 gp040 ABFR
SC2-035R  CTCCTAATCCCGCACCGATA This study
PJXGC-8F CGGCGCTGAACTCTTGTATT 85 PJXGC 08 ENTISW
PIXGC-8R  AAGGGCGTTGTTCTTGTCAC This study
MITE  LapPFI-f GCCACTTTGGGGTAGCAGTA 350~ CLIBASIA 05620~  SCHR[23]
LapPFl-+  AAAACTTTCGTCACGGCTTT 731 CLIBASIA 05625 Reference [23]
STR STRIF  TCGCTTGAAAGTTATTATTGGG 181 CAGT CLIBASIA 03080 SCHR[22]
STRIR  GCATAAGAATAGAAGAACCTA Reference [22]
STRI2F  GTTGCTTCGTTTATCC 239 TACAGAA  CLIBASIA 01215 SCHR[22]
STRI2R  GCATTCTGTGCCTCTT Reference [22]

1) MITE A # A B & 54 B otk STRA 42 $ I & 5751

1)MITE: Miniature inverted-repeat transposable element; STR: Short tandem repeat
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WM PCR 4 39 #% & 457 55 CLIBASIA_ 05620 )%
R B 2 A STR 2RI 5 (CLIBASIA_03080
F1 CLIBASIA_01215).

1.3.1 Real-time PCR CLas [{RGIIR FH 35T Li 224
Wt B M G W AR5 HLBas/HLBp/HLBr 1)
Real-time PCR %, %} Real-time PCR #& |15 %] {1
Ct {H<30 B FH A 52T 5 281050 . Real-time
PCR ¥ 144 A Bio-Rad CFX Connect &4, Jx MAK
%3t 20 puL, f4%5 10 uL Bestar qPCR Master Mix
(DBI Bioscience), 1 uL DNA #4% (100 ng), 0.2 uL
PCR %l (10 umol/L), | Fi#514 (10 pmol/L) %%
0.4 uL, 8 L ddH,O. # 38/ : 95 'C 2 min; 95 C
10's, 58 'C 30 s, 40 MG, 1EREA 58 °C DL

B 4 3K % )65 5 o {f ] Bio-Rad CFX Manager
2.1 B AT B0 S A, 2R R0 A W B N B
1.3.2 #H PCR ¥ £ S 1) PCR R PR R
N 25 uL, 85 17.6 pL ¥ ddH,0, 2.5 uL
10xDNA 54 B 2% ph i, 2.5 uL 1) 2.5 mmol/L ]
dNTPs, 0.4 uL fJ 2.5 U/uL Taq DNA % & [
(Tiangen Biotech Co.), | %54 (10 pmol/L) £ 0.5 uL
A1 1 uL DNA #54R (50~100 ng). 3 #5585 H: 78 94 °C
FRIUEAE 1 2 min, ¥ 35 MR (94 °C 308, 55 C
30s f1 72 °C 30s), )5 72 C % 7 min. 4 PCR
FEYIAE 10 g/L B A B i b FLK (0.5XTBE 22 o
W), SRJGAE B % 2 G0 B 45 51, 3 1R (R
%o STR 1% M PCR [ WiAR 529 15 pl, MV
WRAY T S UL Ly 1 MITEs 1k R &
B, PCRIBKIRE N 57 C. PCRF=ME 10%(w)
PAGE HiJk (1xTBE M) f5, HER I 4 4,
TE FUE AR 3 BT R A7

1.3.3  wokar A IRARCE AR R B HE R A

PKEE R, X} CLIBASIA 05620~CLIBASIA 05625 3"
5> PCR F=4idkAT I [l SCER I v B e, AR
W72 853 AR 2 Fpafi AL B720 1 B350, &%
Wang %52 143 8753, ¥ 719 F1 731 bp #5671 14
N B720(%) 720 bp, 57 MCLas-B 2R % ja 1)
Bt % 303.291 F11292 bp V44 B350(%) 350 bp,
Gtk MCLas-A SR )+ v BY) . PAGE HLIK )
DNA 7 R BUCRR 8 2% AH 0 40 o3 & /N B R AR
UCSEEL, g5 o AR FRIK B DA RS 45 51
0 AF [ AH XS 43 1 S5 B A o BT L [R) — BRI h
HE4T PAGE HLK, DAXTEE 3 — DAt
1.4 BASH

R Real-time PCR FI# # PCR 45 R it H &4
AN[EI R R JE IR AR Y CLas B8 FRAE A 7] b [X RE s
FIT o5 (R LA DA R B JR2 -6 o5 o B TG 5 R B B
WSR2 a8, ] Popgene v1.32(https://
www.ualberta.ca/~fyeh/popgene.html) 4, 3T
Nei’ s(1972)genetic distance 734 %, X ARAE
10 N X ) CLas FlRERE4T K04,
MEGA 6.0 ffill [, 77722 ] S0k [25].

2 BERG5H

21 ETEEALBNT RbXHEERELRER

FhEE A

0T 176 AN 38 Je o3 1 it gk AT Wk B A RE S 1
5| %) Real-time PCR, J:%55€ HH 6 FZEAU[H) CLas
PR (3 2)o 85.8% I3 Je i B HRAE ity A RET 38 tH
1 FRIR AR, RPN RS 2 Ml 2 FhDL b s
WA A S 1R EE AR 151 AR, A
150 NEEHK (99.3%) RAEAT Type 11 R AIMR R 44, 1%
A CLas WHRANT REMNH B, [R5 2 Fi
AR S B WR TR AR R B PR 23 A (13.1%), 2R

R2 I REMHBRLFEKISEIEEFLBHER

Table 2 Phage types carried by the “Candidatus Liberibacter asiaticus” strains in Guangdong Province

I8 K H Origin and number

P

Iy i Wd Wk BB WM Mmoo ks der M R

Qingyuan Shaoguan Zhaoqing Meizhou Huizhou Shenzhen Jiangmen Maoming Zhanjiang Guangzhou Total
Type I 22 12 34 12 21 3 5 17 21 3 150
Type 111 1 1
Type I+ Type 11 + Type 1II 1 1 2
Type I+ Type III 14 1 15
Type I+ Type II 1 6 7
Type 11+ Type 111 1 1
&1 Total 22 12 36 12 22 4 6 31 27 4 176
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Type I + Type III 252 (15 /N, 8.5%), Foik &2 Type I+
Type I; [RIF #5707 3 Fh 2R AUWR R /4 (Type I + Type 11 +
Type 1IT) HIB FEEE D o HoA 37 Type 1+ Type
TIT W58 T A AR i 32 225K H % 44, Type 1+ Type 11 28
RN 32 2R B L . AHEFEAR R I 2] 3% Type
1 R RIE AR AR A A S LIk 3 Fh 2R R IR iRy
PRI B R . Type I fl Type 1T I B 44 56 i 1v) 1 5 51
(e B 1 & B A7 AE (Type I W AR AMFE S H A
TEAERI LE 22 0124 Type 1T W B AR A 7EAE 5 B
AAFEMILL 22 1:118), 17 Type 1T Wik B 44 A 7] T
BMAFAE (BRAFE 5 HSAAAER EE R Z 150:10).
TN, G A R AR IR R S BT R AT, 45 R KT
TR T 485 1 W B A 1) IS 28 55 A ot P I3 A A G

bp M CK 1 2

2000

1 000
750

500

250

22 ETEREFUSH R XHBELREN

FhEE S A

f# Fil LapPF1-f/LapPF1-r S5I1¥0% &R 176 4
CLas Bk )% L PCR = A2 1 56 w7 K ALH 4 Fhe
B720.B350.B720+B350 M A %4 (H 1),
HAIX 4 Fh4H I CLlas W AR AEAS [H) 1l X B e )
I3 A W 3. 4 BEF CLIBASIA 05620~CLIBASIA
05625 A i3 45 RRIR, TR B350 KA %A i
% (1 76.7%); iE A EE G CLas Ff fhh K91
t B350 JEAY ) 5% a7, Ui B L RP R 45 8 ] R B A
—; A FE Y1 H B720+B350 [ EL 8, o5
FI| 54.8%, Tt B FFPHEAR S AH RSO s WHTAE S 4 1
t B350 F1 B720 fELEIAH 24, 34074 40.7%(3E 3)-

4 5 6

7

8

—— B720

—— B350

M: DL2000 DNA marker; CK: g 5 ifr: 1~8 A 7] (IR B9 TR #E: 719, 731 bp [R15%4H 4 B720; 3034 291, 292 bp 5% A B350
M: DL2000 DNA marker; CK: DNA from healthy citrus; 1-8 indicate different “Candidatus Liberibacter asiaticus” strains; Bands of 719 or 731 bp are

defined as B720; Bands of 303, 291 or 292 bp are defined as B350
&1

LapPF1-f/LapPF1-r 5|¥IX 1~ R A DGR L REKE) PCR ¥ 5T

Fig. 1 PCR amplification bands of partial “Candidatus Liberibacter asiaticus” strains in Guangdong Province with

primers of LapPF1-f/LapPF1-r

%3 HTUEETF CLIBASIA 05620~CLIBASIA 05625 (i S X RA MR LRERNY LS S0

Table 3 Analysis of amplified bands of “ Candidatus Liberibacter asiaticus” strains in Guangdong Province based on
transposon sites in CLIBASIA 05620-CLIBASIA 05625 gene

KE 5% H Origin and number

Gt oy — - o - o
) ] EPUE i 37 SO (=41 VL 75 7[| I W o I 4 BT LI S
Amplicon type" . , , . , . .
Qingyuan Shaoguan Zhaoqing Meizhou Huizhou Shenzhen Jiangmen Maoming Zhanjiang Guangzhou Total
B350 22 12 34 11 21 2 5 14 11 3 135
B720 1 11 12
B720+B350 1 1 2 1 17 1 23
T4 No amplicon 1 5 6
&1} Total 22 12 36 12 22 4 6 31 27 4 176

1)B7202 350 5 45 % H719 3,731 bpah £ ; B350 3590 A+ 45 R 4303.291K292 bp#y £+ — A &4
1)B720 are sequenced bands of 719 or 731 bp; B350 are sequenced bands of 303, 291 or 731 bp

23 ETHEHREERIIN, RXHEEBRELR
BRI FREE A1
PRI VF S AR 5502 FF R 33 MM IRTFA 2 18 1)
STR A £, ML 2 N2 SR 5 STR1 M
STR12. @l 2 fiizw, #£F STR #5412 NASFIAL S
X R A8 A B0 006 PR AR T 3 L SR I 2% SR B 3
WONZFRE 3 4 PR, STRI A7 5316 9 Fhi4

R

Wy BN E A R — R — 5. 2 Bk &
B S5 IS L. STRI AL 47 18 7= 4 N B — 4%
T AT A A A 4 B ARl 43 53 R 13314139,
PGP N 150~160 bp 2545 I RTET RE N K
053 1L X P Ee A9 LA s o 56.8%, AR B Ak
HA BT E R Z 5 E] 150~180 bp 2571, 1M 1% 4
BRI 22 [R) I 4748 Y 140~150 A1 150~160 bp 257t o
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a:STR1
bp

190

M 1 2 3 4 5 6 7 8

170

160
150

b:STR12
bp

M1 2 3 45 6 7 8

300

280
260

240
220

200

9

9 10 11 12 13 14

10 11 12

13

14 15 16 17 18 19 20 21

15 16 17 18 19 20 21 22 23 24 25

M: 10 bp DNA ladder marker; [ a 3% T-48 8 BE 5 5 5 51 STRI(CLIBASIA_03080) HIF 14774, 1~21 43 B AN R BOA G BB B bk B b AT
JER IR 5 5 51 STR12(CLIBASIA_01215) {41874, 1~25 43 I Z2 7= AN R (¥ MR S 8975 i ok

M: 10 bp DNA ladder marker; STR1 are PCR amplicons of STR1 (CLIBASIA_03080) in figure a, and numbers 1-21 indicate different “Candidatus
Liberibacter asiaticus” strains; STR12 are PCR amplicons of STR12 (CLIBASIA_01215) in figure b, and numbers 1-25 indicate different “Candidatus

Liberibacter asiaticus” strains

2 STRI/STRI2 5|4 FRABD HAEA LB E R PCR #1857 PAGE HIKEER
Fig.2 PAGE electrophoresis of PCR amplified bands of partial “Candidatus Liberibacter asiaticus” strains in

Guangdong Province with primers of STR1/STR12

4 ETHEHKESFT CLIBASIA_03080 LS REMGELRE RN EEH 0

Table 4 Analysis of amplified bands of “Candidatus Liberibacter asiaticus” strains in Guangdong Province based on

short tandem repeats in CLIBASIA_03080 gene

i K/ bp S 37 S 3

THiZ

A

el AN A TR oM Rt

Sequence length Qingyuan Shaoguan Zhaoqing Meizhou Huizhou Shenzhen Jiangmen Maoming Zhanjiang Guangzhou Total

140~150 3 3
150~160 17 12 22 10 21 1 3 6 6 2 100
160~170 5 1 1 1 1 10 19
170~180 10 1 11
150~160. 200~220 2 2
140~150. 150~160 1 2 2 2 1 18 1 1 28
150~160. 160~170 1 1
150~160. 170~180 2 2 | 3 8
o2k No amplicon 2 2 4
J71 Total 22 12 36 12 22 4 6 31 27 4 176

WIZR S Fron, STR12 AL A4 3 10 Fl4 s o
STR12 £z gi bt STR1 A7 i ZAEPEHEFE . STR12 5]
LB Y/ SR SN NS S IR s SRR ]
3N 141:19:16. 240~360 bp & —4 8 447 5
ZH, MEEH 2 BB IR D H . Ho
TEYTHORE S 22 9 240~280 bp FIAETT, 1% 4 B R
Z Y H 280~300 bp [ 57 o R ICHL X A
—, ffi ] STRIF/STRIRG| ¥ A ¥4 i 150~160 bp
X —Fh 4, ] STR12F/STRI2R 51404 14 Hi )

2kt BE R TE 280~360 bp. 7341, 45 A Wik B Ak 2 AL R
STR 2 Fif & R EoR, &F 2 K& 2 UL B
B 25 ANk STRL 973 HAF 2 MR
i BCH 1S A T AR B AR B 151 AN B bR
STRI1 #3422 %71 IR S 24 1~
24 ETF3IEZTMNANBRLFEHRIEL

43 ) 5 5 T A DXk A R 7 R R R
EHEFI 3 L SN SN 176 4 CLas B FEAE H
4 ANREE (E 3) v W, BT AR H CLlas Fhi
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W 2 KA, EAFAL G B ARE OUOCE BT A 4 i IXR B Rk 38 A% BB B0 ; X MITEs Al
Al M4 ANREE EE, L ORAARIIERS  STRI AL, VLIRS T HAR X ATk

®x5 ETHEBRESFT CLIBASIA 01215 (LS REWGRLRERBT BEH S0
Table 5 Analysis of amplified bands of “Candidatus Liberibacter asiaticus” strains in Guangdong Province based on
short tandem repeats in CLIBASIA_ 01215 gene

Z K/Mbp TH iPS EN HE M 7N L] K4 T TN it
Sequence length Qingyuan Shaoguan Zhaoqing Meizhou Huizhou Shenzhen Jiangmen Maoming Zhanjiang Guangzhou Total
200~240 1 1 2
240~260 2 2 2 5 1 4 6 2 24
260~280 2 2 6 1 1 3 12 27
280~300 1 3 4 1 2 1 12 1 25
300~320 2 1 2 1 1 1 2 1 1 12
320~340 5 4 6 4 3 1 1 24
340~360 2 3 3 1 3 1 2 15
>360 1 7 1 1 2 12
Mk Double amplicons 4 5 1 1 4 1 16
527 No amplicon 4 3 2 6 19
BT Total 22 12 36 12 22 4 6 31 27 4 176
11 Qingyuan &I Qingyuan
A A% Shaoguan B 1% Shaoguan
/1 Meizhou M Huizhou
HE K Zhaoqing EE K Zhaoqing
M Huizhou 1 Meizhou
]~ Guangzhou I— 7L Jiangmen
PRIl Shenzhen J7 M Guangzhou
VL[] Jiangmen Yl Shenzhen
YT Zhanjiang %4 Maoming
%4 Maoming 171 Zhanjiang
T2 s
JHIZ Qingyuan 15 Qingyuan
C VL[] Jiangmen P 4‘1@”{ Meizhou
1l Meizhou #1%% Shaoguan
J7 M Guangzhou _|:’lﬁ;ff Zhaoging
B K Zhaoging 7% Maoming
l AR Shaoguan HH Huizhou
| #JH Huizhou 3l Shenzhen
| 31l Shenzhen \_{%E?I Zhanjiang
| 74 Maoming |‘JI [} Jiangmen
LT Zhanjiang Il Guangzhou
10 s

A S FETHIAE BRI P W T /AR Y (SC1. SC2 F1 PIXGC); B A& 3T a7 07 s (CLIBASIA_05620~CLIBASIA_05625); C R T B EL 7
5| STR1(CLIBASIA_03080); D J&J& T-J Rk 8 5 )57 51 STR12(CLIBASIA_01215)

A is generated according to phage types (SC1, SC2 and PJXGC) in “Candidatus Liberibacter asiaticus” populations; B is generated according to
transposon loci of CLIBASIA 05620-CLIBASIA 05625, C is generated according to short tandem repeat STR1 (CLIBASIA_03080); D is generated according to
short tandem repeat STR12 (CLIBASIA_01215)
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Fig. 3 The dendrogram analysis of “Candidatus Liberibacter asiaticus” populations in Guangdong Province based on different gene loci
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Fig. 4 The dendrogram of “Candidatus Liberibacter asiaticus” populations in Guangdong Province based on six gene loci
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