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Abstract: To better understand the distribution and molecular characteristics of citrus tatter leaf virus
(CTLV) in China, a field survey was conducted from 2017 to 2021, and a total of 2 012 citrus samples
were collected from 12 Chinese major citrus-growing provinces. Among these, 413 citrus samples were
tested positive for CTLV, and this virus was present in all of the Chinese major citrus-growing provinces,
except Shaanxi Province. In surveyed citrus genotypes, the most frequently infected genotype was pum-
melo, with an infection rate of 32.31%. CTLYV is a strain of apple stem grooving virus (ASGV, Capillo-
virus). In this study, the complete genome sequences of 22 CTLV isolates from different provinces and
hosts were sequenced. Comparisons of the whole-genome sequences of these 22 CTLV isolates as well
as seven CTLV and five ASGYV isolates previously reported from around the world revealed that the se-
quence identity ranged from 78.6% to 99.8%, indicating that there was a very low level of sequence het-
erogeneity among CTLV isolates of different geographic origins and hosts. Phylogenetic analyses of
these 34 genomic sequences suggest that ASGV-MK (GenBank accession no.: MZ127820.1) has a clo-
ser relationship with CTLV than other four ASGYV isolates. These results indicate that the evolutionary
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relationships of Chinese CTLV isolates may be associated with geographic origin and host species.

Key word: apple stem grooving virus; citrus tatter leaf virus; detection; sequence alignment; phyloge-

netic analysis

o EDEAAG BB — R R R IR T
AR AR R RS AL R Z AR
aAE M) 2 32 Z R EEAR Y, 1 iU 9855 7 it
K AR EE AT . i SESR 251 B (apple
stem grooving virus, ASGV) #H 4 # I ¥k & (citrus
tatter leaf virus, CTLV ) 3 | & (1 HH 475 i i 22— P g
e AE AR ™ e L BT A B B B . AR R A
R Bl B (AR SR e CTLV Ji5 , Hofifiid
D54 11 i K R B[R] A — Rl 4 4 4 HL 5 Wi 4,
kAL, i 2 v A AR IR B 2 58T (Tan et al.,
2019). H 1962 4E CTLV # YCTESE [ M 9 & L LA
ok (Wallace & Drake, 1962) , H Rl 12 /0 i 1E 3L H |
B R ARE SO #Y Z2 A AH A% 377 [ (Marais &
Lee, 1986;Broadbent et al., 1994) , Err DI [E K
FINE AN H A S5 R AR B H 2 oy BRI R AR AR
7o E 57 M (PN 4 2009 ; Tatineni et al.,
2009).

CTLV &K 4 2 Bl Closteroviridae 7% ¥4 74
J& Capillovirus B 1F L HL5E RNA J 55 , HIE K 412
6.5 kb, 2 2 M HCEEISAHE (open reading frame, ORF)
(Ohira et al., 1994) . T CTLV 7R/ 4% | ILIE
Koy FHY e B 5 ASGV IR R % VT, 9 R
& ASGV 1— 1k & (Magome et al., 1997) . ASGV
F B A K P T AL, |, 18 T3 2 S R AR
H AR B AL A TAEHE (Isogai et al.,2022) . ASGV ¥
A VBV BRI AL  B AR YA AL A PR
BEFIRABERE 5 SR (PRIGE S, 20105 0T 55, 2017) , LA
K TRE iRk BRI R Z A B AR ) (Cook
et al.,2020; 5K FFEHLAE,2021) . HET, ASGV 7EFK [H
SESR BURBRAGER A A L 1 R A R AR B AR
4,2005; Zhao et al.,2019) . IL4h, ASGV HyS e
I (coat protein, CP) J& A 75 A [] 27 = SR I 1Y 70 B 4
(8] AR S PR 22 SR, H ASGV M R G ik 5 77 &
T IS 0 B R 5 A W A OGHK (Liu et al., 20135 5
5RAF,2020) .

20 122 80—90 4RAX, FIEWIVL ) PU A AR 55
B IX Dy S bl A A R | BB A an T8 RS oK ORE AR
(Zhang et al., 1988; fi 445, 1991) , LI H A
A E] )1 I N 2R ik R CTLV (B AE A7, 1990;
JEH B4 ,2013) . [ 20004F , JCH a5 1 ACTE P E %

Wil K, CTLV 19 & A= I % . (HS ARk, FREA
f b B i W U BOIC R R AR AR HEA R, R
KA FEH H ATV B & SN, Btz %
AL, X S ENHEE R TE A P X E TR
AN R (AR B34, 20135 3 HAE 45, 2020) .
AT o X AR A e R AT 1E S 2 A R R GE A
2, DIz TE T AR P X A AR A B it
() 73 5 e Pk, LA B 06 A AR A s DL K T 5
CTLV W R GRS H AR
1 #BE57FE
1.1 R

B RE . T 20172021 4EE K . =/ L)
[LLET S 11 DY IR YRR [ A DA A W I & - S R
S 1208 (AR X BRI ARG 327 XN BT
IR I Bl AEM I3 1 AN 2R L S AE AR
WA S AR ARG R I IR ) ARG AR R B
B, BRI 5 AR J7 0] L 30 mg 2 3 ak
J& -yt i AU 1 e, R 2 012 47, Hirp
FLAE T RIS T8 KA At il AR A A A A A
T A 554 G F

LB ( Luria-Bertani ) [#] {4 5 3% 3% . ¥ B £ L)
5 g JRE PR 10 g SEALEY 10 g J5UIEH 15 g, JCHIK
SEAREL L,

LA : RT/Taq [ , 3¢ [ Invitrogen 23 F] ; RNAiso
Plus it 7 .DNA Marker ,pMD19-T #&fA | BEHLS 4 .
RNA 11 il 5] (RNase)  Tag DNA % 4 .3’ RACE
R &5 RACE U &, S A4E W TR (R ) A IR
N EE B ISR DNA [RIR ) &, 35 Ome-
ga W) TREN )5 SN G A ZLBE AT (isopropyl
B-d-thiogalactoside, IPTG) . 5-VR-4-54-3-15|P-B-D-f
FL ¥ (5-bromo-4-chloro-3-indolyl S -d-galactopy-
ranoside,, X-Gal) . 2 'F 5 5 & , < [ Sigma 2\ 7] ; 2
S M-MLV , 3¢ [#] Promega 2 A ; KIFTF 1 Esch-
erichia coli DHSa Wtk , A3t X & E W H AR A FRA
A s HA R4 o [ 7 Al

Y %% : Tprofessional Thermocyocycler % PCR
1%, 4 [ Biometra 23 7] ; POWER 3000 ! HL ik R 4t
% [ Bio-Rad 2~ 7] ; ChemStudio B BE IR A% R 55, 152
Analytik Jena /A H] .
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1.2 Ak
121 BEAL R Je AR A v Jm AR o 5 A 69 A )

hy B A R BR RE IR 5 CTLV 8 40 56 1, i )
RNAiso Plus i 7 73 5] A 2R 45 19 2 012 153 F A7 4 i
H R ICE RNA, T80 CHR-A7 A& H o kA nd 4
RNA # JRFESE(2011) J77%, LLCTLV (W) CPEEH Y
FI M RE AR S S 9 TL-B/TL-C (2 1) 47 )%
# 5% PCR (reverse transcription-PCR, RT-PCR) ¥l ,
10 pL SOWAK R : ddH,O FLE RNA £ 1 pL, A8 PE TR
A ddH,O 1.5 pL . 2xBuffer 5 puL .50 mmol/L MgSO,
0.3 uL. 10 pmol/L 3|4 TL-B/TL-C 4 0.5 uL .RT/Tag
fiti 0.2 pL, #3454 . 42 °C 2% 5% 60 min; 94 C i
A5 2 min; 94 C7AEME20 s,54.5 CCIB k20 5,72 CHE
145 s, 3L 40 MEFF ;72 CLIEM S min, HLUS pL
RT-PCR F= ¥ #E1 T 1.5% B g HEEE IS B Uk , MK HiE 27
K/NFN W2 75 YL CTLV , 20 Mr %6 25 76 A [R) A A
F X B OL [A] IR F RT-PCR G IR AL A
ri s 7 A R DR AR 7 R AR s 1R B (citrus
tristeza virus, CTV) (Gilings et al., 1993) A4 25 ik
¥ B (citrus yellow vein clearing virus, CYVCV) (B
LR 2015) FIAHA% 24 K2 9 289% 7 (citrus exocor-
tis viroid, CEVd) (Wang et al.,2009) , 5|4 /5 51l {1 &
17k, CTV AICYVCV RGN FRYS A CPIEN P
H1), CEVd AN R Sk v g2 4200 X (central conserve
region, CCR) ¥ 51| (Gilings et al., 1993 ; Wang et al.,
2009; BRHEHIAE,2015), BRIBJGREESR, CTV.CYVCV
I CEVd A& R AR 7 5 CTLV MR, A5G
FA 51 FR AL R A R A BR A Fl A A
1.2.2  CTLV £ R E A4S suAh L AT Bz k69 A &

T 20172021 4EFEH K . =/ )P AR LI
N ARG BAAE AT VTP AR PP A B 124>
A CRIA D BT MR 327 DI AR AR T s
() J A AR, FEE S AR N AR AR AR, 45 1.2.1 %
CTLV (R4S S 4 7 T e IR R AL 537 -
1.2.3 5 % CTLV -4k 89 4 57l 2.

Sy AR E CTLV 8k 00 70 14 iR AE i
1) SR b Rt Pl 2 Y | DR 22 Bk CTLV bk T4
FEHIINE . S0 MR (2013) A7 8E, 25T 1.2.1 42
B SV RNA il FHFEHLG 1) G S —%E cDNA, If-LA
2 uL 55 —4ik cDNA N AHR 43 4 B (F2~F5 Jr B A7
ZJFHIPCRY Y. 25 uL )R WfAZ : 10<PCR Buffer
(5 MgCl,)2.5 uL. .10 mmol/L dNTPs 1 pL .10 pmol/L
ERLE S (£1)4% 0.5 uL.5 U/uL Tag DNA B4 1
0.25 uL,ddH,0 %M Z 25 pL., 4748 5544 94 CHiAs
4 3 min; 94 CAE M 30 s; A5 478 AR R AR R

(50~54 °C) FiB k30 5372 CHEfH 2 min, 3£ 35 5
572 CALEH 10 min, PCR =44 Ui [l 4l
b J5 531 5 pMD19-T 84K % 42, 7 4k 2= K AT i
DH5a WiAKf5 7 LB [ {442 137 Clfedsss, il
Tk W BB R B PR B R, JTHEAT R K PCR %8558 , L
MR R FFEF[F o A BOkE s AN BHPE se ik
AT TAR (TR ) A A BR S A 70 7 2 0
FIF 3' RACE i) & Fl1 5" RACE it & 2 IR i 1 45
4 i 3-RACE #1 5'-RACE #" 14 £ #k ¢cDNA, ] T
CTLV 3'%1 (F1 Jy Be) #1595 (F6 Bt ) i) PCR 973 .
50 pL FZ W& % : cDNA 5 L. 1xcDNA Dilution Buf-
fer II 5 pL. 10 umol/L 394R/3" RACE Outer Primer
(8% 5723F/5' RACE Outer Primer)2 pL.10xLA PCR
Buffer II (Mg™ Free)4 pL .25 mmol/L MgCl, 3 uL .
5 U/uL LA Taq 0.25 puL, H ddH,O #h /£ % 50 pL.
S50 94 CHAE I 3 min; 94 CZEPE 30 5,50 CiR
k30,72 CHEH 50 s, 220 PMEFR ;72 °C L AE
10 min, CTLV 3% Fll 5" 5 41 00 7 7 vk ) L, )
HH SnapGene 3.2.1 FAFXF 1A 6 Bellll 3 fr 45 7y 471 i
PO G155 CTLV 4 12891,
1.2.4 CTLV AR AR 5 R ZEEE 5
A SE CTLV W35t A% AR, B AR 1519 22 Bk
CTLV #4751 5 M GenBank 1 T 2519 7 ¥k 43 41
D s e e 1 I AN R (A 112 B 0 N
R A E A 0 CTLV 328, LA K S Bk 4 Bk U8 3
AL ASGV #itk 2275 H SDT 1.2 Ak 475
1| —E0PE 434 5 F F DNAMAN 7.0.2.176 #4547
R AT R M i 28 FE 1R 17 5] 22 5 LUK 5 SR 5 0 6 1A
4 427 9 K AR R 1) 28 3512 741, i Mega 11.0 4K
LA D1 3475 B (Bayesian information criterion)
HEWT CTLV 791 (1) Fe A B A GTRAGH, F 4B
Wit T 2GR B 0T, SN SCRREEHEA T 1000 1K
HE A

2 BER55H

2.1 CTLVEREARRHEBERMEESH

TE 2 012 {3 R A A i v ARG I HH JER CTLV BH M
FESL 413 0y 8 380 20.53% ., FPE .0 ) P DY
JI GRS WV VVE AAG T AR A R D
1LAME (BRI ELR T BAAE 377 X% CTLV A
RO 13.70%(93/679) . 10.64%(20/188) .24.84%
(119/479) .32.09%(43/134) .31.90%(52/163) .36.96%
(17/46) . 9.26% (10/108) . 54.84% (17/31) ,26.17%
(39/149) . 10.00% (1/10) 1 100.00% (2/2) . X B¥ ¥4
BRI AR CTLV(0/23)
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Table 1 Information of primers in this study
. .. Bk
Wil TR BIHFI(5-3) s SF I ing 2
Virus  Amplicon Primer sequence (5'-3") Primer name P'roduct Pr‘n.ner tempera- Reference
size/bp  position/nt .
ture/°C
Mg Fl CCATGAGAAAGACTGAATGC 394R 430 394-374 50 MR,
W& TACCGTCGTTCCACTAGTGATTT 3'RACE 2013
CTLV outer primer Bu, 2013
F2 TTGACCAAACATGGTCTGACACTT 1909F 1909 198-221 53
GATTACCTTTGATTGTGCAGTAC 1909R 2 106-2 084
F3 TCAGGGCCAGAAGATTTAGATTG 1492F 1492 1543-1565 54
GTCATCCCTTGAGATTCACTGACTGT 1492R 3034-3 009
F4 CACTGCAACTAAGGTACTATTCTGC 1570F 1570 2725-2750 54
GTCGTCCCTGTAAATCTCATTATGGC 1570R 4294-4 269
F5 CCGACTATACAGCTTTTGATTCATCTC  1921F 1921 4105-4125 54
GTAGCAGCAAAGGTT'TTCAACTCAGG 1921R 5767-5 749
F6 CATGGCTACATGCTGACAGCCTA 5'RACE 785  5723-5742 54
outer primer
GGAACTTCTGACGGTTCCTC 5723F
CP AGAGTGGACAAACTCTAGAC TL-B 888  6496-6477 53 K=,
CCCTCTCAGCTAGAATTGAA TL-C 5607-6 407 2011
Song et al.,
2011
Mig=iE  CP ATGGACGACGAAACAAAG CTV-CP1 672 1-18 40 Gilings et
JREECTV TCAACGTGTGTTGAATTT CTV-CP3 654-672 al., 1993
ftiG#k  CP TACCGCAGCTATCCATTTCC VEF-1 614  6175-6 194 55 BRHEEASE,
Uk GCAGAAATCCCGAACCACTA VF-3 6 767-6 786 2015
CYVCV Chen et al.,
2015
Mgz CCR - CCGGGGATCCCTGAAGGACTT CEV-R 371 78-98 58 Wang et al.,
RN B GGAAACCTGGAGGAAGTCGAG CEV-F 99-119 2009
CEVd

TEANRIFHAGZE R, DIl i CTLV Bk %
5, N 32.31%(74/229) , HURARUCH ik 2ttt o
B A AR L A A L B AR A 6530 31.58%
(18/57) .24.45%(243/994) .14.64%(41/280) .10.71%
(3/28) .8.25%(33/400) F14.17%(1/24) . AN, TEAN
[RIFT AR A R ep SRl = 20l YT A | AR
FLEGEMN BT BB R R T A A
B CTLV FOAS 3R 5 T 50.00% . LAk, B Y
B LD R HLK R  OHE LW - BB
FERHME ZLR N TCZIRM e SRR RS L H T
B AR R CTLV AR R s, M T
20.00%. Jelnl2l Epa 5 R bR BRI ) A s
13 R AR CTLV (32 2) .

2.2 AEHFRFHES CTLV FERER

FETFRAERE S CTLV ARSI &5 58, 454 i A
HURE B (RPRE DR, e RAE I R 48 Ak 24 B DL R 78
AL A6 DR T T AEEAR T A AR RS IR A A I L 7
2 HN 5 WEE SN I HES BT, R AR SE A A R A AR

MG G 5 RAERZE, fEE PR AR E BT
DX AR A B DRI E A M T R A 2 B, AR
ARG A (1) = £ Al 21 PR YR 2l | 85 PR VR 2 el
SRR CTLV Ji , Hop iy s k™ 5, B 54t
- Ja R, S BB S AR . 1
Ab FEVU A P B DT R B A R B, AN
KI5 20 R R 149 A8 AR B A 8 B ) IOk A R
R AR R 2 25 KB RE IR 2K
2.3 CTLVERARESED

3 0 RS 22 ¥k CTLV #EkkIY 42551, 1%
GenBank J& 3 15 % 5% 5 &7 ON820668~ON820689 .
A 22 % CTLV BERRER & A 6 496 1Nk , bk ]
PRI A2 T TR A2 6 R 43 9 AR AU 23 1)K 94.4%0~
99.8% 1 95.6%~99.9% . iX 22 ¥k FF K5 T iR 1A 1)
12 ¥k ASGV B CTLV B bRk DR 2 7E A% 11 2 Al = S 1R
IKAF- b 1 A R 2 51 R 78.6%~99.8% F 17.0%~
99.9%, 5'F #15 [X (5 untranslated region, 5’ UTR) .
ORF1,ORF2,CP #13' UTR Y% H FR AU 5 51 A
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80.6%~100.0% .78.5%~99.8% .81.8%~99.9% .87.4%~ 100.0% F1179.4%~100.0% .,
F2 REARAHBEFRERLARSHBEMRRANEZEBR
Table 2 Incidence of citrus tatter leaf virus in citrus in China
FRPAAE: it B i R i Koo
el 5 Number of positive samples/total number of tested samples Sétéc_‘
Type Calivar TR e T W WL U PR W g B o
Ch.ong- Yunnan Guapg- Si- unan %he- JlarTg- Hubei Guang- Fu- Shaani Gui- rate/%
qing Xi chuan jlang  xi dong jian u
iR AN 0/7 0.00
Sweet  Longhuihong
orange @i Gannanzao  0/21 0.00
AL IR 0/38  0/22 3/8 7/20 5/97 8.11
Newhall navel
orange
R A 0/18 0.00
Cara Cara
&M Lane Late 1/11 5/13 25.00
2T Zaohong 1/19 5.26
VKBRS 0/5 1/33 1/1 5.13
Bingtangcheng
X i 2/17 11.76
Yunguicheng
K1 0/3 0/2 0.00
Changyecheng
BEVTRE 0/6 0.00
Hongjiangcheng
PR £ 1/36 0/6 2.38
Tarocco
FHIHE Anliucheng 4/4 100.00
KA 0/1 0/1 1/1 3333
Qingqiu navel
orange
TR 1/10 10.00
Early-maturing
blood orange
Tttt HEIN 7/63  3/4 3/10 818 2/7  3/27 2/7 20.59
Citrus Ehime Kashi 38
hybrid 454 Murcott 212 0/18  14/67 0/5 17.39
KA Orah 14/124 8/44  45/140 0/3  14/42 5/5 3/3 2/8 24.66
ToRE M Orah 091 2/16 273 0/1 20.00
W - BRRH R 1/5 0/13  17/44 29.03
W-Murcott
LTS B 8/19  0/1 1/24 28/82 0/1 2/6 0/1 1/1  29.63
Jingiushatangju
‘H-F Kanpei 1/9 1/1 20.00
# Dl Harum 1/11 0/1 8.33
KA Daya 9/22  1/4 6/29 29.09
W H I Asumi 3/16 0/1 17.65
%7 Haruka 0/3 212 40.00
ANHIK Shiranuhi 12 17/47 36.73
5 F5 Xiangcheng 3/23 0/4 11.11
14 Huyou 1/5 20.00
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££3 2 Continued
PRI RE 5/ B 8 .
o o Number of positive samples/total number of tested samples SLEH )
R Ry s N - Detec
Chpng- Yunnan Guapg - Sk %he- Jlagg- Hubei Guang- Fu_ Shaani " rate/%
qing Xi chuan jiang  xi dong jian u
LA WM Shatangju  0/3 0/15 2177 1/36 16.79
Mandarin %%%1‘% 0/7 0.00
Jinkuimiju
K43 Dafen 0/8 0/1 0/9 0.00
HEA Ponkan 0/10  0/8 0/7 0.00
i R Yura 212 0/1 0/1 50.00
Tl Gonggan 0/2 9/62 0/2 0/5 12.68
SR AT 0/5 0/5 0.00
Early-ripening
Satsuma
HLR M AT 3/3 100.00
Early-maturing
Satsuma
BB 5/6 83.33
Yichangmiju
Hr 1% 0/5 0.00
Nichinan 1
it HR B 0/11 05 02 0/9 0.00
Pomelo  Guanximiyou
=T 1122 1/3 2/2 2/2 6/14 51.16
Sanhongyou
LT FR 0/7 4/11 22.22
Hongrouguanxi
T TR 39 0/3 25.00
Huangrouguanxi
il 12/27 6/12 16/17 60.71
Jinchengyou
HIT A 2/4 50.00
Dianjiangbaiyou
EA 1/3 3/12 0/11 15.38
Ruby green pomelo
FHl Green pomelo  1/6 0/9 12 11.76
70 FH A Shatianyou  0/3 0/2 3/14 15.79
VLKA 0/7 0.00
Jiangyongxiangyou
ik T virE 0/27 0/4 0.00
Citron  Eureka lemon
1% Citron 1/1 100.00
Jemurrs 171 100.00
Meyer lemon
4 Lime 1/3 33.33
{3 Bergamot 5/11 10/10 71.43
M SRR A 0/1 1/12 0/1 2/14 10.71
Grape-  Cocktail grapefruit
fruit
A M 1/24 4.17
Trifoliate Trifoliate orange
orange
3T Total 93/679 20/188 119/479 43/134 52/163 17/46 10/108 17/31 39/149 1/10 0/23 2/2
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24 CTLVERARGEESNER

FEF CTLV M ASGV R M HE ) R 48 & B ik
AR BN ST RS0 22 bk CTLV Ttk 5k A 61
AREHE T ST AR A B AR LA CTLV
7 PR (1X416228.1 . MH144341.1 F1 KC588947.1) 1F

RGEREW FRIE—DKRS3. HHA4PEASGY
BEARAH LG, 2 B H ED SR B W ASGV-MK Ef f4
(MZ127820.1) 54K 5% 22 ¥k CTLV bk 1 5E 2% ¢
R, BEAh, Ok H[FE—48 1% CTLV AR AR A Al
51 CTLV Fk 2 RAEM R R (1 1) .

*CQ-JCY2/Jinchengyou/Chongqing, China (ON820688)
100 *CQ-JCY 1/Jinchengyou/Chongqing, China (ON820689)
*HB-WG3/Orah/Hubei, China (ON820678)
95 TE *HB-WG2/Orah/Hubei, China (ON820679)
*GX-STJ/Shatangju/Guangxi, China (ON820684)

61 79 ‘,_E HJY/Huangjinyou/Chongqing, China (MH144341.1)
84

88 *CQ-SHY?2/Sanhongyou/Chonggqing, China (ON820686)
EEE *CQ-SHY 1/Sanhongyou/Chongging, China (ON820687)

*GX-WG/Orah/Guangxi, China (ON820683)
CTLV-XHC/Sweet orange/Guangdong, China (KC588947.1)
l: *HB-WG1/Orah/Hubei, China (ON820680)

100 CTLV-Pk/Ponkan/Taiwan, China (1X416228.1)
*GZ-JQ/Jingiushatangju/Guizhou, China (ON820682)
*HN-HMR/Ehime Kashi/Hunan, China (ON820676)
*HN-BTC/Bingtangcheng/Hunan, China (ON820677)
*SC-ALC1/Anliucheng/Sichuan, China (ON820672)
*YN-HBS/Ruby green pomelo/Yunan, China (ON820674)
*GD-WG/Orah/Guangdong, China (ON820685)
*SC-ALC4/Anliucheng/Sichuan, China (ON820669)
*JX-NHE/Newhall navel orange/Jiangxi, China (ON820675)
*SC-BINM/Meyer lemon/Sichuan, China (ON820668)
*GZ-QQQC/Qingqiu navel orange/Guizhou, China (ON820681)
*SC-ALC3/Anliucheng/Sichuan, China (ON820670)
*SC-ALC2/Anliucheng/Sichuan, China (ON820671)
*7J-XY/Citron/Zhejiang, China (ON820673)
ASGV-MK/Apple/India (MZ127820.1)
CTLV-lily/Lily/Japan (D16681.1)

67 CTLV-MTH/Ponkan/China (KC588948.1)
g’_E ASGV-CHN/Apple/China (JQ308181.1)
96 ASGV/OS/CITH/Apple/China (MN786531.1)
53 ASGV-Js2/Pear/China (KU198289.1)
ASGV-HT/Apple/China (KU947036.1)
TL111/Meyer lemon/USA (MH108981.1)
100 TL115/Dekopon Tangor/Japan (MH108985.1)

i WA FRBTE AN BER A B/ A7 /MR U (GenBank %5545 ) . Bootstrap [H>90% . 4 3 K EAFTRBGIE .. *fis
FERR N AW ST 43 B 9045 . The description is represented as the isolate/host/origin (GenBank accession number). Bootstrap

97

100]

value=90%. Branch length represents the genetic distance. * indicates the isolates are separated in this study.

B1 ETeERAZHERFIIRASEEIMBEERIORFSHBEMNKREZANRELERH
Fig. 1 Phylogenetic analysis of citrus tatter leaf virus isolates basing on nucleotide sequences of its complete gene

by using neighbor joining method
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3 it
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TEE PN FE 0 T 50 WL )08 R ATy
JIAEAR X AEE SN R B0 A0 F H A [ 9E [E A
R H 2 E K (Tan et al.,2019) . i T3k H KW

DIk DIBE R RGO, Bl T AE A A 7 Ml e
K MARGREIT 5 9 A B R, JE A FH [R) OR A
b2\t | A WAt it e P B =
JEYL T CTLV , JEYL RN 7.39%~20.0% (31 JE %5, 2017
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Tan et al.(2019) WY 45 3R 7, CTLV 78 K24
FH ARG b Pl LA BRGRE S 2 , AR AR B AR R ERGE AR T
FEARBA R . IEAE R AR, CTLV 1y R 2Epk R
AT TE 4 B8 Al 51 R B A 8 AR 5E R (Xuan et al.,
2022) . ARHFFE K& PR CTLV 7E ARG =204 (21 N B
BREE AN R ENR B M bt nT 5 R R B AL RE R
FEAEARHUK SR LM T BB B RE R . ek, 76
PG A AR R T A T A A E B
PR ALAR /N A AT R W - BRBHRE (IRAT
1 A% AH R R A AR PR AT Y T CTLV., % F
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FER.
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etal.,2018;Tan et al.,2019) . ARMFFHRH 1294
(AR X R ) 9 22 Bk CTLV B4R 0 4351 53 Bt
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B, N 94.4%~99.8%, 3 H. CP 3L ¥ I e <y . #fE
I35 B CTLV 35 R 41 722 S A5/ IN Ay it R T g 2 R TR
TR, AN Ty R b P Bl 27 = 22 S5 i & A W B A
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CTLV 8k CP R P 94750 M7, & 8L CTLV 1)
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