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Population characteristics analysis of citrus tristeza virus isolates from

wild citrus in southern Hunan and Jiangxi based on two conserved genes

WANG Changning, YI Long", ZHOU Jun, ZHONG Ke, CHEN Yiqun
(School of Life Science, Gannan Normal University, Ganzhou 341000, Jiangxi, China)

Abstract: [Objective] The experiment aimed to clarify the population characteristics of Citrus tristeza
virus (CTV) in wild citrus, and to provide an important basis for analyzing the genetic evolution of
CTV population. [Methods]With 10 positive CTV samples from four different geographic regions of
Chongyi (Jiangxi), Daoxian (Hunan), Mangshan (Hunan) and Jiangyong (Hunan), the CP gene and p23
gene amplification were carried out. The samples were named Chongyi 1-10 (C-1 to C-10), Daoxian 1-
10 (D-1 to D-10), Mangshan 1-10 (M-1 to M-10), and Jiangyong 1-10 (Y-1 to Y-10). The samples were
preserved at —40 “C for later assay. After purification and recovery, the PCR products were sent to
Shanghai Bioengineering Company for paired and sequencing. MEGA-X was used to calculate the con-
servative site, abbreviated information site, mutation site, descent locus and the ratio of the base transi-
tion rate 75 to the transversion rate 7v. The software Arlequin 3.1 was used for the analysis of molecular
variance (AMOVA), and GenAIEx 6.5 was used for gene flow Nm calculation. DnaSP was used to per-
form three neutrality tests and mismatch analysis to infer population expansion and genetic evolution.

RDP 5 was used to perform recombination event analysis. In order to clarify the genetic relationship
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among the CTV isolates of wild citrus from different regions of the same gene, this study combined the
40 CP gene sequences and p23 gene sequences obtained by sequencing and the CP gene sequences and
p23 genes of eight CTV isolates downloaded from GenBank and built phylogenetic trees. In the pro-
cess, it used maximum likelihood (ML) and the Kimura 2- parameter model respectively, and each
branch node confidence in the phylogenetic tree underwent repetitive verification for 1000 times based
on bootstrap. The isolates data downloaded from GenBank included those of US isolates T36 (U16034)
and T30 (AF260651), Spanish isolates T318A (DQ151548) and T385 (Y18420), Israeli isolates VT
(U56902), Egyptian isolates Qaha (AY340974), the Mexican isolate Mexico-ctv (DQ272579) and the
Japanese isolate NuagA (AB046398). Through Network 10.0 and the Median-joining method, we con-
structed the haplotype network based on CP gene and p23 gene respectively, and analyzed the evolution-
ary relationship among those isolates. [Results] The base composition analysis showed that the CP
genes base A, base T, base C, and base G nucleotide base contents of CTV isolates from wild citrus in
four regions were 28.32%, 26.99%, 18.49% and 26.20%, respectively. The ratio of transition to transver-
sion was 5.049, with 555 conservative sites, 80 abbreviated information sites, 117 mutation sites, and
37 descent loci. The nucleotide content of base A, base T, base C, and base G in p23 gene were 30.48%,
24.74%, 19.60%, and 25.18%, respectively. The ratio of transition to transversion was 4.415, of which
the transition was higher than the transversion, with 485 conservative sites, 97 abbreviated information
sites, 145 mutation sites, 48 descent loci, and AT base content was higher than that of GC. According to
the AMOVA results of the CP gene and p23 gene, it showed that the molecular variation within the pop-
ulation accounted for 85.8% and 82.38%, and the molecular variation between the populations account-
ed for 14.20% and 17.62%, respectively, which indicated that the genetic variation mainly came within
the population. The gene flow Nm was 6.749 and 1.475, respectively, indicating that there was a high
level of gene exchange among the four regions. The result of the neutrality test showed that the CTV
population may remain in a stable state or experienced population expansion, but the P value was not
significant. Through base mismatches, it was further found that the two genes both formed the multi-
modal distribution curve, indicating that the CTV population from four regions remained stable.
Through recombination analysis, it showed that there was no recombination event detected for both
genes. The phylogenetic trees constructed based on the two genes showed that most of the CTV popula-
tion of the same geographic origin were aggregated in the same cluster, and a few were scattered in dif-
ferent clusters. For example, in the phylogenetic tree constructed based on p23 gene, the first group in-
cluded 8 Chongyi isolates; the second group included 5 Daoxian isolates, 8 Jiangyong isolates and 2
Mangshan isolates; the third group included 2 Jiangyong isolates, 5 Daoxian isolates, 7 Mangshan iso-
lates, 2 Chongyi isolates and VT, NuagA, T318A, T385 isolates; the fourth group included 1 Mangshan
isolate and Qaha, T36, Mexico-ctv isolates. It indicated that the genetic relationship among CTV popula-
tions on wild citrus from different geographic sources was related to geographic distance, and the haplo-
type network structure yielded similar analyzing results. [Conclusion] The genetic variation among
CTV populations on wild citrus in the four regions mainly came within the population. Although gene
exchanges were frequent among regions, genetic differences were small, and CTV populations re-
mained stable. Moreover, phylogenetic analysis and haplotype network structure showed that the genet-
ic relationship among CTV populations on wild citrus from different geographical sources was correlat-
ed with geographical distance.
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AR SR8 AR T A2 thE 5T L A s 35 A ™ P 2R
W 55 2 — 1209 5 FH M A 3B 9% B (Citrus tristeza
virus, CTV) 5| 2 . CTV J& T K & & % 5 £} (Clo-
steroviridae) £ £k 95 55 J& (Closterovirus) If] 1E X H
BE RNA 95 B , 998 5 BURL K /N2 12 nm %2000 nm!",
CTV R 2H H 5 12 N FF 5] 52 HE Copen reading
frames, ORFs) ™, 43 5l & ORF la. ORF 1b. ORF
2~ORF 11; X1, CP X[ J& T OFR 7, CP 4 K K /)y
N 672 bp, %it i 97% I 4k T E 1, 5 CTV i 7 AL
(1) 32 B 2 Rl s p23 B R & T 37 9 1) ORF 11,
p23 FEIR KN M 630 bp, J& T CTV YTERFIHI 1 2
—, AR R P R T ERY, G FUR B, p23 R
AR AR AT S BLAE B A B EAE

B CTV 7 BS AR a8 A Z A6 5 1 CTV i
s IR TR A RN A A EEE L. ®
B YNNG o LA R X R B AAG CTV 2 B ik B
CPER A CPm H:H 5 E 4 CTV 7y Bk AT KRG K
B ER T, 45 R, &4 B AR 1] G B S () 38R
Kbk, Ho E S HAD E K AHX 1) CTV 4 B R AFA(E
A 3 1) 6 TR A2 0 5 X 75 5 S5 00 85 i b DXORR B ME Ag
CTV 73 B bk _F 1) CP LR B 2R 70 M, L& 77 B ik
[F) 25 G MEAN RN MR S, B S AN CTV 73 B iR 7 1)
1) 5% 2 MR [R) R MRS, I CTV K& (K 41 A AT B A7
TEAKE TR B 7 51 A8 7 5 Ty e 5 ] B A M A R R
A CTV 43 B bk 1) p23 FE PR 3 AT LU AT, A
A AR AN R RS AE CTV 20 BRI p23 J: R FE R
AR AR [R) SRR 5[] AR LA S5 38 A R Ak T T
BB A .

T RG M R — | Tl B B A AR
DTl A R A D v A I R KR % R, B R
B T 0 A AN [ 1 A S0 4 A (8] PR AH SR, 7
i EE b A B AR A B A L B AR R AR S O L
AHSCTT T B FE Y, 2 RGBS o b . 2B
H EEONANE A BB A MR B CTV B 1) CP A&
DRI A0 p23 3k R BEAT 8 A% 2 AR R A 2 T R Gt B 22 0y
AT, B A [ 1 X B AR A | CTV 23 BRI () 43
WAL 225, AT CTV R B A5 2E 10 52 £ 1 24K
5.

1 FRATA

1.1 iRIEaR
BRI R ETL VG 52 3T B W 3

Ly I8 R VL 7K BT AR ATAR B TR S R R A IR i dE
S -5 A i B 20U B (RT-PCR) ) 5 1L EAT A
TEIRIATIN . B S A 4 AN X ) CTV BHEAE 4
AIBEATLIZEE 10 4332047 f5 SR 56 , 1 HURE & 2 3l i 44
N5 1~10(C-1~C-10) JJE & 1~10(D-1~D-10) . 5
t 1~10(M-1~M- 10 FIYT7K 1~10(Y-1~Y-10) . FF iy
T-40 CLRAF#H
1.2 RWAHE

% 1 TRIzol i 57| (TaKaRa, Beijing , China) i} B
R EL 40 173 7 42 A7 5 RNA, I 2 I8 Gillings 2517
0 J7 i X CP #: [l (CP1:ATGGACGACGAAA-
CAAAG, CP3:TCAACGTGTGTTGAATTT) 1 p23
£ A (p23-F:ATGGATAATACTAGCGGACA , p23-R:
TCAGATGAAGTGGTGTTCAC) #4731 , 4 4k,
J& B PCR =903k & g A=) T RE AT BR A =) 347 XL
)5 o
1.3 HiEo R

W7 3R #% H R J7 511 48 CExpress 6.0 3 {43k
1T BB 5 T, 35645 40 26 CP IR p23 JE A
H, K 5 51 A% % GenBank (£ 1) . | i MEGA-X
HEAT B2 20 B4 AT, T B AR ST A6 X (conservative
site) « fij Z115 B A7 /& (abbreviated information site) «
Ax S A7 5 (mutation site)  H &5 A7 4 (descent locus) «
Bl 2 2 4 2R () AN R (Tv) o« FI 3K A Arlequin
3.1 HE47 70 T8 5 (AMOVA) 23 #7 , tH55 E i FE (de-
gree of freedom) - /7 fll (sum of squares) 4% 57 2f 53
(variance components) F1 48 5 F 43 [t (pecentage of
variation) o

I F RDP 5 A% I 7 3145 1 CP 2 K F p23
B K7 41 3k AT B F 4 2 #r, 95 M GenBank H R
) 8 AN CTV 4 B bk [ 35 [H o 3 A 5 25 % T36
(U16034) f1g5#E & T30CAF260651) PG HE 2F 255 A4
R GE B Pk T318A (DQI51548) Al §5 # #k T385
(Y18420) . LAt F1 25 [ s 5 B K VT (U56902) 2%
N 38 B Bk Qaha (AY340974) | 52 P4 & 25 [ i A4 A
T 7 M 55 75 Ak Mexico-ctv (DQ272579) PA M H AP
T 7 50 75 Pk NuagA (AB046398)] /) CP % [X fl p23
FLRI I, B A MEGA-X H e K ABUSR 2 (Maxi-
mum likelihood, ML) ] Kimura 2-parameter % ! , 4
BAGKEN, HRMERLEESE 1000 K.

Il H 8 4H Network 10.0 3+ 25 & #2725 (medi-
an-joining) /3 A F FE T CP 3 KA p23 F: R ) Ay
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Table 1 Each sequence is uploaded to the login number obtained by GenBank

IR WX 45 s

Gene Region Serial number Accession number

CcpP YLVG 4% X Chongyi, Jiangxi C-CP-1~C-CP-10 MT954976~MT954985
WP YLK Jiangyong, Hunan J-CP-1~J-CP-10 MT955006~MT955015
1HJF5 18 £ Daoxian, Hunan D-CP-1~D-CP-10 MT954986~MT954995
W E 2 1Ll Mangshan, Hunan M-CP-1~M-CP-10 MT954996~MT955005

p23 YLVG 4% X Chongyi, Hunan C-p23-1~C-p23-10 MT955056~MT955065

WPk Jiangyong, Hunan
V8 7 18 B Daoxian, Hunan
57 %# 111 Mangshan, Hunan

MT955086~MT955095
MT955066~MT955075
MT955076~MT955085

J-p23-1~J-p23-10
D-p23-1~D-p23-10
M-p23-1~M-p23-10

RRRK R i & Stk M A &R . R
GenAlIEx 6.5 #4735 KA (NmD 715 . F H] DnaSP #%
43347 Tajima’s D Fuand Li’s D }, Fu and Li’s F 3
Fh R PRI , H AT BRI A TC A, TR 5K S
ARSI

2 HR550

21 WEEREFIER

22 0L R P 7R I 37453 40 25 672 bp 1] CP 25 A
J¥ 511630 bp ] p23 FE K ¥ 41, Tomg R A AT N
¥ B LR 23 B K L, CP 5& [ 7 81 AR <7 A L 555 4
(15 82.59%) , fal 2345 B AL 5 804N, B R AT A 1174,
H &AL 374N s p23 LR 7 AR S AL 151 485 4, TR 24
3 BAL T 97 A, AR A 55 1454 (1 23.02%) , H %
5484 . CPE AT.C.G A RIIE & B
0N 28.32%.26.99% + 18.49% . 26.20% , %4 ¥ 55 Hii 4

*2

EEAE 9 5.049, e 4 i T 46 p23 LRl AT C. G ik
BB 0N 30.48%24.74% 4 19.60% . 25.18% , 4
e 5 e AR N 4,415, B TR . 2 AN
(A+D)EFEH KT (C+O) & &, it C K& B,
I AT f )1
22 HFLERS5EFER

4 M [X B AR MG b CTV 20 B 0k 1) CP F: R A
p23 FN 5 T2 57 B (AMOVA) 45 5 (£ 2) BoR,
S ESHRIA B F E Bk A TR, o Al
85.8% 1 82.38% , M HEA] 43 128 7 73 ] 7 14.20% A1
17.62%. FEFW 558 6.749 Fi11.475, F W CTV 4
BRI CP 3[R R p23 JE R 7 25 1 [A] 35 R A2 I A
B L 2 SN
2.3 BRSO

R IR 25 R (3R 3) EoR 8 B IR AT K B
AEAHE B CTV 4> B kK ) CP %5 A Fu and Li’s D Fu

HEETXEEEMHB L CTV 2% CP EE p23 ER S FEFHIT

Table 2 Molecular variation analysis of CP gene and p23 gene in CTV isolates

from wild citrus in southern Hunan and Jiangxi

L AR YR H Rl 5 S5 4H 4y TRESL
Gene Source of variation daf Sum of squares Variance components Pecentage of variation
cp AT ] 3 199.053 1.842 68 Va 14.20
Among populations
FHEN 124 1381.080 11.137 74 Vb 85.80
Within population
JEE-4 127 1580.133 12.980 42 100.00
Total
p23 EEar| 3 282.578 2.719 34 Va 17.62
Among populations
FHEN 124 1576.243 12.711 63 Vb 82.38
Within population
PS8y 127 1 858.820 15.430 97 100.00
Total

T Va. Vb FoR i 2 R .

Note: Va and Vb represent the number of variance components.
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Table 3 Nucleotide diversity and neutral test of different genes in CTV isolates of wild citrus

from southern Hunan and Jiangxi

47| X 2 R HHER 5 Neutralily test

Gene Region P, Fuand Li’s D FuandLi’s F Tajima’s D

p23 MW 38 0.032 92 -0.397 31 -0.514 08 -0.483 11
Chongyi, Jiangxi (>0.1) (»>0.1) (>0.1)
g E 0.050 34 -2.15725 -2.083 20 -0.986 86
Daoxian, Hunan (0.05<p<0.1) 0.05<p<0.1) (p>0.1)
WIFEZE L 0.040 03 -0.970 68 -0.520 56 0.647 40
Mangshan, Hunan (»>0.1) (p>0.1) (»>0.1)
W EE YLK 0.045 33 -0.394 42 —0.495 44 -0.527 57
Jiangyong, Hunan (»>0.1) (p>0.1) (»>0.1)

cP TIPSR 0.032 36 -1.51475 -1.550 08 -0.937 54
Chongyi, Hunan (>0.1) (»>0.1) (=>0.1)
EEBIER5 0.032 24 0.358 91 0.296 98 0.040 26
Daoxian, Hunan (»>0.1) (p>0.1) (»>0.1)
W ZEL 0.034 40 0.191 84 0.655 68 1.308 65
Mangshan, Hunan (»>0.1) (p>0.1) (»>0.1)
FETLK 0.03593 0.049 85 0.176 84 0.428 77
Jiangyong, Hunan (>0.1) (»>0.1) (=>0.1)

and Li’s D I Tajima’s D Kr 5063 K -0, 45 R A
E(p > 0.1, RKHINMHIX CTV FEEH CPEEH W]
Re & DI A BEY 5K 5 52 8 B VL 7K B A2 i
CTV 73 B R 1 p23 e PR A 52 SCEY A M A B CTV 4
H P ER P HEREREYANT G > 0.1,
0.05 <p < 0.1, RKHIX3IMHLIX CTV FEEM p23
FEDRUMI 2 SCHBIX CTV AP I CP B PR AT Re Ak T Mot
FoE B 4 KA o BT G 20 A 45 SRR, R BG4y
M th 245 2 22 0 i 25 20 A (B 1), 2B 4 4 Hb X Y
AR L CTV 23 BRI 2 AN L R R RN IR Fr AR
JE o BZHRZFEIE BT o , 18 5L X B A Hi A B
CTV 43 BRI p23 B R A4 PR BH b vy T Ay
X, Ut B IZ M0 X 1) p23 5 DR 2 A B0 A% B R 2 4
P, CPEEA F S XA H IR Z A O 22 7 (R 3D
24 EANMERGKRESN

XPRRAF I T AT B E A, AR BN, T
MRS W 77 ¥ (RDP. Chimaera. Maxchi. Bootscan .
GENECONV . Siscan 1 3Seq) 4] A £l 1) & 20 F 4,
Ui B CP BRI p23 LR 41 9 R R AR s 2H A«

BT CTV CPEHEME I ARG T M (& 2-A)
BoR,CTV 2 BR AT 0 3 /N5 281 5B 6
ARSI BERR S AN TE By B RR 5 AN 2R L2 AR AT 9
ALK G B AR s 28 2 RBEEFE 1 MK 73 Sk 44
EX BRI E R B RSANZE L R A
T36.VT.Mexico-ctv.NuagA 73 Z#k ; 5 3 KB ALFE 2

ANIEEL > BRI T30.T385.T318A . Qaha 73 5 bk (&
2-A),

BT CTVp23 HFEMWEMNRE K EMN ER,
CTV 7 Bk 7 N AN K. BRI E
S s 2 2 BRBEEE 5 AN TE B Ar Bk 8 ALK
Iy BRRAN 2 AN 23 B AR 5 3 RS 2 MK o
BIRRSANE B B AR T AN TR B R 2 AN S Uy
B PR AT VT NuagA . T318A . T385 7> B #k ; 48 4 25 8
ALFE 14 %E 11 4> B Bk A Qaha. T36 . Mexico-ctv 73 &5
PE(E 2-B)

CP M p23 LRI I R G R B W35 R, il
SKUFARE B CTV 43 B RO 7 SR AE [/ — e, /b
a3 B A g
2.5 FAMRKEREDH

BT CP 3 DRI R 2 1 A IR O 2 I (I 3-A)
BN, CTV 7 BRI 4 N2 AN KB, RBFAGEES
ANFEW A BRR T AN TE B A B R L6 AN 52 X AT B R T 9
ANV 4 B Ak s RBE B ALHE S AN IR 1oy Bk .3 i
B BbR 452 U0 BT T ANTTK 7 Bk

BT p23 B R R A 10 A R 06 R B (K 3-
B) IR, CTV 3 Bk AT - N2 K. KA R
FE8NFE I Bk S ME R B 2NN
PRAI3/NVLK 7 B bk s R B A2 NI L4 5
PR S ANTE B4 B AR 8 AN 52 4 B AR AT 7 NTLK 43
Bk
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