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HE . A A KA 5334k & X XARF (mild strain cross protection, MSCP) By #5 #H 4% & iR 9% , 4~ 51 5k
JA R R B K E % &M (restriction fragment length polymorphism, RFLP) | &) i# 4% 5 — 3¢ & Bl 4k
X (bi-directional reverse transcription polymerase chain reaction, BD-PCR) & % & 5-F 47723 v9
N B B AL T 6 /SRR e A 30 AN AR e b 69 #HAE % 1B 9% A (citrus tristeza virus, CTV) 2~ 5 kit 4720 BF
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CTVABRAIZE, LA REFBHERZRERE 6 MG A LCTVARMRA L £, R
M E M S Fh £ AR | Fedl BR 3 RAAR F , AT IRIFAE Su b 39 Ay 40 BF 3 Am L BE 5 AT 3, ot 4/
onft £ TN AR 3 A BE S AT S A A3 E— 12 F . 6 NG SR AY L CTV 4 B4k i 3~5 AP &
B R AR, MR EARA, 3 €45 T3 T30.T36 = AP R B AL, #a R4 K e Ak £ A4 B165 R B AL, 64
MG e Fr B CTV 4 B R0 AZ B 5 5 ARSI T 92.4%~99.8% Z_ 1] 5 A% 54k 2 HA-T-0.114~
0.467, 2L B A~ F-35.89~52.92 X I] , J P 2ady R AR CTV AF B 5 IR KM 9 AL S A 89 CTV AF 3
A AL R A KT 0.281, R B A T 1.00, KX 6 MG So AP CTV AP AL I8 A48 L B 3UR 42
AT RIS CTV A BE S Fl su AP ST RIS A CTV & BB AIARR 9 £, L P &
U EM AR SR Y E R0 CTV 4 B AR A B, AT RFAE s AP L AT A CTV 4 B AR A
RBIL, f R R Je Ko A £ KR35 CTV & B AR R A £ B UL CTV AP B £ 78 5 b
80.86% , & W14 £ Saft X CTV 4 &k p25 A H RS ELH F .
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Abstract: In order to effectively use the mild strain cross protection (MSCP) to prevent and control the
citrus tristeza virus (CTV) disease, and to understand the differences in the group composition, geno-
type and genetic characteristics of CTV isolates from different citrus varieties in the same area, the p25
gene of 30 CTV isolates from six citrus varieties in Meishan, Sichuan were analyzed with restriction
fragment length polymorphism, multiple molecular markers, genetic diversity, and phylogenetic analy-
sis in this study. Group composition analysis showed that 70.0% of CTV isolates in 30 citrus samples

were infected by multiple CTV groups, showing mixed infection of virulent and mild strains. There
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were differences in the CTV group composition among the six citrus varieties. Satsuma mandarin variet-
ies were mainly mixedly infected with Groups 1 and 3, and Newhall navel orange varieties were mixed-
ly infected with Groups 3 and 5, while the other four varieties were mainly mixedly infected with
Groups 3 and 5 or singly infected with Group 3. Genotyping analysis showed that 30 CTV isolates from
six citrus varieties were composed of 3-5 genotypes, all of which included T3, T30 and T36 genotypes,
while no virulent strain B165 was detected in Shiranui varieties. The genetic diversity analysis of CTV
p25 gene showed that the nucleotide sequence similarity among the six varieties was 92.4%-99.8%.
The genetic differentiation coefficient was —0.114-0.467 and the gene flow was —35.89-52.92. The ge-
netic differentiation coefficients of Newhall navel orange CTV populations with other varieties (except
Orah CTV population) were greater than 0.281, with the gene flows less than 1.00, indicating that there
was gene exchange between CTV isolate populations of the six varieties, but the gene exchange be-
tween Newhall navel orange CTV populations and other varieties was not frequent. Phylogenetic analy-
sis showed that the all isolates were clustered into three different groups. Most of the CTV isolates from
the varieties Harumi, Satsuma mandarin, and Aiyuan and five representative stem pitting virulent strains
were clustered in group I, and all CTV isolates from Newhall navel orange and T3 virulent strains were
clustered in group II, while most CTV isolates from the varieties Orah and Shiranui and virulent and
mild strains were clustered in group III. The variation between CTV populations on different varieties

accounted for 80.86%, indicating that the differentiation of CTV populations in the same area was main-

ly affected by the different host varieties.
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A o 1R o A AR Pl e ™ e 2 —
FH A 5 1R 5 2 (citrus tristeza virus, CTV) 5] i
(Bar-Joseph et al., 1989; Ghosh et al., 2014; Read &
Pietersen, 2015) , /™5 g i 25 tHE 525 s A a5 7 ol 1)
7% Ji& (Folimonova, 2020) . 2= 77 BHE 1) Jz 3 2 21
B CTV AR YL, S L AR B AT fig JCAE IR 55 36 20 o
AU ZE b S RN i B AR SRR EE ] SO
iEFFET (Handevié et al.,2018) . CTV fEFAEIR A
JUE R B T B () W R A I
FEA R A i B e CTV 79 B PR I AR 5 48 Bl (Moreno
et al.,2008 ; Biswas et al.,2012;Scott et al.,2013) .

BT B R 2 A T s A5 A I B 2
PEACHIL o B R L B A L& A A TR A
JE B IG AN i Bl . H AT ER TR 49 i A e B T
(grapevine leafroll associated virus 3, GLRaV-3) 7},
CTV 2K &AL #RHS AN 2 m fE— 2 A 2 Fp
Rk HEE AR (Moreno et al.,2008) . M HH A
CTV 58 55 M s R s R IUEE R Z (] ) X R, Gill-
ings et al.(1993) K4 CTV p25 KK (i) (&1 45
I3 BRI T A RE T R 4 A RE 5 S 55 bR
FHAD S AR RREER R A I R R 4
JT CTV 41 B PR Pk 22 58 0 B [A] RN AR (Atta et
al.,2011; FEH§45,2016) ; Harper (2013 ) £l Harper et

al. (2010 )8 i F (AL 3 e Je R CTV Bk R 42
U R R FE R 2R T36 2R PG AR BEAR R VT 55 BEfE
F T30 SR EEHR R T3 FIZEFA AR BE R 58 B165 1A
Hilf et al.(1999) \Roy et al.(2010) #1 Roy & Brlansky
(2010) 18 5 X5 CTV A [R] bk 28 B DR 20 F) 22 S DX el i
T2 85 FARic ok X 53 K A ; Harper (2013 ) AR 4fg
IR R G R B 40K CTV 43 BRI 434 T36
VT.T30.T3.B165 RBfIHA LR R , #37 T CTV
LRI (14 IX 4314 5 Yokomi et al. (2018) M4 A
WE T S1 MR Z ; Wang et al. (2020) %2 H 7 L1
MIFER . CTVIHERE 2410 ME S B0 BG
M 2 IR0 B IR BE AR 2R 0 57 55 Bk R AR A
i (Lee & Keremane,2013) , I H 55556k 5238 AR
(mild strain cross protection, MSCP) 1 Bj 1/ %% S X
BP9 Ml 7 3 A b CTV 5k PR R 4 i {8 A
CTV 5 . 55 # Pk & 1918t % 7 7E (Scott et al., 2013) .
PRI 1 Bt ] — b XA RIS o e CTV 23 B iR 1
2SN ) A TS I 20 | o e e e s e B (1
XFFIRAMIFE CTV LUL A F MSCP R B 42 A 4 52
R EAEEZE L, CTV p25 HH i H E 84
1 J& RNA ULERF 1 [ F 22 — (Benitez-Galeano et
al., 2015) , Foi o 410 1] 2 32 1 B DRI TR 52 Mo i 2
16 25 F AR N 19 &2 il 1 3% 15 (Burgyan & Havelda,
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2011), Wu et al.(2015)%f p25 FEH AT R G L B
A 317, 4550 K IR E CTV RS54 5 s 3
BIOK, LA RN KRB s BRI S 2
s o TR A v R A () DX 2 i)
CTV FPEER L4 (Wu et al.,2015; Xiao et al.,2017),
111 G F 7] — IO [A) 25 32 A b CTV 43 FHRIE 4
Mrivdia g b .

VU148 JE Ll R TR [ e A Y 7 X 2 —,
2 M AT M it P e 1 07 X, R B 2019 4F
JEC, JE LT R AR T AR R 7 7 hm?, L G SR A
1A L 4 U7 hm?, S RD EEAL SRS ALK R
U UL R IR A . R B (] — b DXOAS [R] A A
s CTV 20 BSRR A 3 etk , A )11 48 8
LT 6 MR S AR B CTV 23 B bk p25 JL IR i 2L RS
B RS DL R A R AT 20T, LA R CTV it
TTLA BRI FH MSCP Fi5 % = 1R b S AR08
1 MRl5AEE
1.1 ##

HEURE 2019 4F AU 1 28 8 L T 2% 1% 28 45
ANHUK TG R 4 A2 SRR, 21 R 1A AR
ORI P A 1A A R AR B G iR
SRR I AR 1234

IR B A : CTV BLst BEPLIAR , 35 B Agdia 2
) 5 BB AR TR 1 4 €8 15055 \ TRIzol Reagent, L3R
FeFPHA PR W] s RNA B ] 571 RRILRNA J 5%
SE i M-MLV | 5% J % 5% Buffer, 10xPCR Buffer (7%
Mg*) 2.5 mmol/L dNTP Mixture . Tag DNA 4 |
Hinf TR #1741 VI . 100 bp DNA Marker , 2000 bp
DNA Marker, H 4<~ TaKaRa 2\ 7] ; M5 Gelred #% 1% 4t
AL R A EAT PR F]  AxyPrep DNA #ER 711
&, 32 E Axygen 28 w5 HoAt 7 4 8 o O 5% =
FE4rHT4l . Centrifuge 5254R 5 28 R 7R O AL,
7 ] 35 A A5y 23 ) s NANODROP 2000¢ # {2 4%
PR A 0 R A, 3 [E FEBR R /R B A ] 5 S1000™
Thermal cycler PCR 1% . Universal Hood 11§ it % 4%
1%, 2% Bio-Rad A 7 ; DY Y-8C B HE Ik AX , L 5T /S —
YRR AF]

1.2 Ak
1.2.1  AHEH o= ERNARBECTV p25 A By 473

R WU 452 0SB S 8 vk CR AR 55, 2005) Xf
123 AR FEAT RN, J3 591) DA ALEARG it Aol e 258 B
o) 522 P RORE i S A , 5 o0 0 R B 1% 28 45 1~5
(AY1~AYS5) 41 faf R B 1~5(QC1~QCS5) ANHI K

1~5(BZH1~BZHS5) . &M # A 1~5(MG1I~MGS5) . F
L 1~5(CI1~CJ5) JiRHM 1~5(WG1~WGS5) , ik A AL FH
J5 T-80°CAR-TEE H -

BRI 0.2 g Bttt |-, REL TRIzol
(IR, 2014) FEHL 30 MR B RNA . $EEAY
S RNA B T-80°CIRFEF . HU1 ng BLRNA, B
HLAS BAR D 6N FI M-MLV Jz % 5% 42 136 B 5 452
YEX B AE 37°C 44 T LI 60 min & A% cDNA, L)
cDNA HH#iHy , 18 CTV ) p25 H£ K 5] 4 CP1(5'-
ATGGACGACGAAACAAAG-3' )/CP3 (5-TCAAC-
GTGTGTTGAATTT- 3') (Gillings et al., 1993) #F 47
PCRY 34, 519 i A T A TRE (i) e A BR A
Al G . 25 uL PCR J W A& % : cDNA BEAR 1 pL .
10xPCR Buffer ({5 Mg*") 2.5 pL 2.5 mmol/L dNTPs
1 puL . 10 pmol/L F M5 14145 0.5 uL.5 U/L Tag i
0.25 uL, il ddH,0 5E %% % 25 uL. PCR N 2 ¥ -
94 °C AN 5 min; 94°C7AE 30 5,52°CiE Ak 305,72°C
SEAH 45 5,35 PMEH ; 72°CFHAEMH 10 min, PCR =4
2 1.2% BENE A EE RS LUK 53 25, MS Gelred 2% R YL}
YLt J57F Universal Hood TR % 2250 if% .
1.2.2 MG A ECTV o B 4k g LA B s 7

K B P A B A B2 22 28 (restriction frag-
ment length polymorphism, RFLP) (Gillings et al.,
1993 ) AL i) idfi 7 5 — 5 45 il 5% =2 S 7 (bi-direction-
al reverse transcription polymerase chain reaction,
BD-PCR )2 #7772 (Cevik et al., 1996) 434 &N FE i
| CTV /BRI A A B . RFLP 325« DARR I PN
VI Hinf 1T4F 37 CREYI p25 38 1 h, P28 3% B4k
B W AR M2 FRL YK 3~4 h S -4 MS Gelred % iR YLkt
Yoo S EBERS UG R 58 L R AR B V) 5 435 1)
R/NFE R L2 A 1.2.3 .6 R 7 i
BEARZR , ALHE 4 F 5 Ry 55 58 75 bR R (Gillings et al.,
1993), BD-PCR:: L) 1.2.1 5 5 4K154 cDNA Ky
B L DL p25 BE DAY K i 51 40 CP1/CP3 LA e N
5] # CN218 (5'-TTTGGACTGACGTCGTGTT-3' )/
CN219(5'-TTACCAATACCCTTAGAATTAT-3') A
PEAT PCR Y38, 514l A= T AR TR () e A7
FRAFI A M. 25 pL W AR ZR : cDNA AR 1 ul, 10x
PCR Buffer({5 Mg®*)2.5 puL.2.5 mmol/L dNTPs 1 pL,
10 umol/L 5[4 CP1 .CP3 . CN218 AICN2194% 0.5 uL .
5 U/uL Taq i 0.25 uL, il ddH,0 % %5 % 25 uL. PCR
TN PR - 94 C TP 5 min; 94°C 725130 s, 57°CiB
k30's,72CHEMI45 5,35 PMEFR ;72 CHELEMH 10 min,
P24 8% AR NE R VIIG T REBE L T 4°C 200 V
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TFHLUK 3 h ARG WS SRl B RN | Bff A 5
TR RS AR R . p25 FNEH B SRR R
155 1 bR & AHOC R BER/N A5 R 672,320 F1 392
bp ., HEEANHRECTV FHEERH R,
123 35 FAREOMCTVS Bikeg L E A
KHIZ B FARC 6 6 Mg s AP L CTV
I1 BRI EE R RU#EA T 404, LA cDNA St 730 LA
5%F 514 VI-F (5'-TTTGAAAATGGTGATGATTTC-
GCCGTCA-3' )/VT-R (GACACCGGAACTGCYTG-
AACAGAAT-3") | T3-F (5-GTTATCACGCCTAAA-
GTTTGGTACCACT-3' )/T3-R (5-CATGACATCGA-
AGATAGCCGAAGC-3") . T30-F (5'-TGTTGCGAA-
ACTAGTTGACCCTACTG-3' )/T30-R (5-TAGTGG-
GCAGAGTGCCAAAAGAGAT-3') . T36-F (5'-TTC-
CCTAGGTCGGATCCCGAGTATA-3" )/T36-R (5'-C-
AAACCGGGAAGTGACACACTTGTTA-3") Fl1 B16
5-F (5-GTTAAGAAGGATCACCATCTTGACGTT-
GA-3' )/B165-R (5'-AAAATGCACTGTAACAAGA-
CCCGACTC-3") %} VT, T3.T30.T36.B165 K& [K %I
Y5, VT T3.T30.T36 1 B165 L [K 7l PCR § 4 ;=
1R/ U 302,409,206, 836 F1 510 bp (Roy et
al.,2010; Roy & Brlansky,2010) , 31 ¥y 1 4= T 4= 4
TAR R B A BRA R A . 25 pL VAR R
cDNA 5 #z 1 uL . 10xPCR Buffer (£ Mg*") 2.5 uL .,
2.5 mmol/L dNTPs 1 pL. 10 pmol/L I T ii# 5| ¥ 4%
0.5 uL.5 U/uL Taq i 0.25uL, Bl ddH,O & & &
25 uL. PCR JZ N F2 7 : 94°C AR ME 5 min; 94°C AR
P30 s, 52°C B k30 s, 72°C ZE{H 45 s, 35 DG ;
72°CHAEfH 10 min, PCR P=#£8 1.2% SRS W EE e
FLYK 4325 \ M5 Gelred % iR 4 Bl 4 €4 )5 7E Universal
Hood 11 #E I AR R 88 1A% o A5 4 FR I RE & 19
PCR Y™ M4 7= EAG I E] VT . T3 . T30, T36 5{ B165 4
PRI R S A R B, D8 2 R R oy v 5
Xof SRR i 2 AN 5 2 B R A
1.2.4 MG ECTV S B 455 il 2 B R AR S AR 5 AT
DL AxyPrep DNA # 5 5] i 328 551 &5 [l iic 24 1k
CTV p25 3K 1Y PCR W), ¥ 4lifk J5 PCR )ik 2
AT AR TR () ey A7 RS mB i . i H
CExpress 6.0 B0 7 7 91 BEATPF , HF 1R 5E
FF 31 #1432 20 A%, 1 FH MEGA 10 #4F 3158 30 4~
CTV 73 B AR A% 1 B8 A% 0 125 S IR 91 AR B
P£. RHI DnaSP 5.0 F 115 30 MRS F CTV 43
FREEAR N L N, , 24 N,>1.00 B 7776 50451 25 1)
FEHZZ W, 2 N,<1.00 W) 52 78 A 4 % (Lopez-Farfan

et al.,2007) . JH DnaSP 5.0 #4315 6 S HHHA & b
PR ) F) A% IR 22 5 B K, LA B A ) S5 788 R A ]
MGRAEZN d\/dy, dy/d=1 FoRn BRI TE rh Mk #8 T i
b, dy/d<1 Frn B H e alifb v £ F i1k, dy/ds>1 N
2o FE A IE W) 3£ 86 T #4k (Cheng et al., 2014) .
JH DnaSP 5.0 #F1155 6 M A - CTV 7 B bk
JEIN AL S A R F, st L ZRENE 3T P TR T
22 AR K Fn P PEAS 56 Tajima’s D Fu and Li’s D
M Fuand Li’s F, 24 3 Fh A PEAG 56 45 SR 44 0 1EE
FWIHOE AL T e sl ERIR A 5 2 3 A I 25 SR 1
i AR, R AN EY SRORE , 2 3 R &5
IR B2 AR, R BRANEY SRR s 24
1~2 BRI 45 5 oy 0 25 R A A, R BHILAE F 95K 1
#F P (Wu et al., 2015) . Al FHEK {4 Arlequin 3.1 3
1757 1 72 5 43 I (analysis of molecular variance,
AMOVA) . #Jffl RPD 5.0 % /- # RDP, Chimaera
Maxchi ,Bootscan ,SiScan . GENECONYV #/13Seq L}t
LRGN J7 7% p25 FE PSR P H 1) () T2
PEATAGI | 2570 4 oy RG340 48 3 (P<1.0%107°) (1)
WU 2 A 5
1.2.5 M SRAF ECTVY B4 A LLF 247
XA 53 AR A5 19 30 4~ CTV 435 4% Fl A NCBI
B R T Y B B 25 B a5 BE AR R B165 (Gen-
Bank % 5% 5 EU076703) | 7 [E 5% % #k & CT11A
(GenBank & 554 JQ911664) 35 M 58 bk £ Qaha
(GenBank % 57t 54 AY340974 ) . H 7 1 8 25 [ 15 0
7 Hk & NUagA (GenBank % 5 5 Jy AB046398) . LA
0, 51 25 [ 05 5% 7 Bk & VT (GenBank % 5% 5 N
U56902) MK F)IE 55 5 7% 52 PB61(GenBank %55
h AJ297702) | 35 [ 1 2K B A 5 B AR R SYS568
(GenBank & 55 4 AF001623) .5 B % % T3 (Gen-
Bank #5454 KC525952) 5575 #% & T30(GenBank
BRSO AF260651) F1E 5 5% B AR & T36 (Gen-
Bank % 5t 541 U16304) 104~ CTV £t M43 B bk i1
p25 FH iz F MEGA 10 84 LASR IR R 5t &
B, HRER KT 1 000K

2 ERESH

2.1 HIFESM ECTVS BERRIAR K

1E 30 M AR & P, B BZH2 F BZH4 i I
CTV b, HAbKE S F CTV 20 98 T 7440 24 7
(F1), Ho¥ 2Pl ECTVHRHR SR ARE S,
A 214, 8% CTV B —HBER YL AR AL 74, B
F A543 53114 70.0% F1123.3% , 2B 00 1145 JE 1 6 4
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MHAE S Ah B CTV LU Z R BHR AR Y b 3 ek
CTVARFR ARG B 21 DMFES T 2 A BRR A7
YR REA AT 194, Horb DAL RE 3 AL B S TR 1R e
R F AR CTV 2B R YL 7l b AL

HRE3 AL RE S, o DL AH#E 3 v 35 1 BZH2 il
BZH4AFEN | CTV i SR 1~7 HAE— DB
M(F1),

F1 ETp25s BRI 30 MHFERFRP CTV AR FIEEE
Table 1 CTV group composition and genotypes in 30 citrus samples based on p25 gene

b ZHRFAA

FLPR I 45 B Genotyping result

Sample  Group composition PR Strain VT T3 T30 T36 BI165 LN Genotype
AY1 3 3% Virulent + + + + + VT, T3, T30, T36, B165
AY2 3,5 i, Virulent + + + + VT, T3, T30, T36, B165
AY3 3,5 i, Virulent + + + + + VT, T3, T30, T36, B165
AY4 3,5 i, Virulent + + + + + VT, T3, T30, T36, B165
AY5 i Virulent + + + + + VT, T3, T30, T36, B165
QCl 3,5 i, Virulent + + + + + VT, T3, T30, T36, B165
QC2 3,5 %, 55 Virulent, mild + + + + - VT, T3, T30, T36

QC3 3,5 %, 55 Virulent, mild + + + + - VT, T3, T30, T36

QC4 3,5 i Virulent + + + + + VT, T3, T30, T36, B165
QC5 3,5 i Virulent + + + + + VT, T3, T30, T36, B165
BZHI1 3,5 3 Virulent - + + + - T3, T30, T36

BZH2 ZH1 Unknown 5% Virulent + + + + - VT, T3, T30, T36

BZH3 3,4 3%, 55 Virulent, mild - + + + - T3, T30, T36

BZH4 K41 Unknown 5% Virulent + + + + - VT, T3, T30, T36

BZHS5 1,3 5% Virulent + + + + VT, T3, T30, T36

MGl 1,3 3% Virulent + + + + + VT, T3, T30, T36, B165
MG2 1,3 5 Virulent + + + + + VT, T3, T30, T36, B165
MG3 1,3 5 Virulent + + + + + VT, T3, T30, T36, B165
MG4 1,3 i Virulent - + + + + T3, T30, T36, B165
MGS5 1,3,6,7 i, Virulent + + + + + VT, T3, T30, T36, B165
CJl 3,5 i, Virulent + + + + + VT, T3, T30, T36, B165
CJ2 2,3,7 i, Virulent + + + + + VT, T3, T30, T36, B165
Cl3 3,5 i, 55 Virulent, mild + + + + + VT, T3, T30, T36, B165
CJ4 3 i, Virulent + + + + + VT, T3, T30, T36, B165
ClIs 3 i, Virulent + + + + + VT, T3, T30, T36, B165
WGI 3 i Virulent + + + + + VT, T3, T30, T36, B165
WG2 3 %, Virulent + + + + + VT, T3, T30, T36, B165
WG3 5 3% , 55 Virulent, mild + + + + + VT, T3, T30, T36, B165
WG4 3,5 3% , 55 Virulent, mild + + + + + VT, T3, T30, T36, B165
WG5S 3,5 5% , 55 Virulent, mild + + + + + VT, T3, T30, T36, B165

+. —: PCRYMEH| AP 2] H ) BL, +/- : Target fragments amplified or not amplified by PCR.

FET AT ALRE 3 AL S RNl e 1 19
CTV FIMERS 343511 90% .47% F120% , HoAh2H 7
(RS R IR T 7%, 2B 48 JE LT 6 A HHAR i
Ff L CTVFBELIARE3 N FE (R Do 7o, ANFEH
i d Fp L CTV 4B AT A 25 5, 76 201 far K I 46
QC1~QC5 # it | CTV By i 3 AR S IR G512
Yo, 2GR 5B AR R IR AU 7R IR M A

MGI1~MGS5 £ 5 E CTVH 2 f Ll AR AR
Yo, HAP LIRS | FLBE 3 IR AR Yol &, Hi A7 ik
R YRR REVR R TE R I 28 5 AYI~AYS . KL
CJ1~CJ5 FIIR M WG1~WGS £ i | CTV 8o —2H 7
AR A AR, o — BRI A &,
TRA LR LLALRE 3 FNL R STR AR YN s FEANATK
sl b, B BZH2 Fl BZH4 FE b A6, Hofth 3 4 L 1Y
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h 2 FREHBRR AR YL

30 MG RE S B RE D3 K/ R 672 bp (15
R p25 He A R B, RIS G H 5 R BE R R AHOCHY
320 bp Fr B, WA B A7 B S th Y AE A CTV 5 PR
% ; B HMY QC2.QC3.BZH3 . CJ3. WG3 . WG4 Fll
WGS FEHREY 1S 1 5 55 Bk RAHOCHY 392 bp Fr B,
25 LR far RIS AN HK R DL R AP A
TECTV IR R M B RIB SRS (R 1),
2.2 HEBSFH ECTVA ERHERZE

30 GRS L CTV 2 BRI 41 7% T3 . T30 Ail
T36 3% 3 F L P Y, Horh 22 MG RE S F CTV 230 88
PRAL S 4 5 Fh PRI, F IRV 148 JA LT 6 A HT A
PP A YL T ZFh CTV RER A, H KB/ FE 5
I CTV 43 B AR FE IR AL . IRk, 5 AN A
Kk BCHI~BCHS5 it 1 2 A4 i /R e 48 QC2 A1 QC3
FESL BRI CTV 2r B R P AR B165 JERAL, 1 H 24~
AN BCHI \BCH2 # it S 1T H M MG4 iy
b CTV Bk Th A K H VT LR RS, 2 B 70 i b
1 CTV 53 85k J5 R 7R 20 B 0[] — o5t ol A 9505 20
1 CTV BRI IR B RIAFAE 25 57 (R 1)
2.3 HFE@EM ECTVH Bikp2sEEEEIHE
2.3.1 AR LA R Fe AR AR AL ST

6 A b B CTV 43 B b p25 L P 91K i
1o 672 bp, AT .C 1 G V-3 8243 K 28.74%
26.88% . 18.78% F125.60% , 55 i R g ik & A 22 A
K, HIA CTV 43 B ik p25 5L F 51 1 A+T 34
R T GHC R, ¥ o A A SR Sy

82 MAE SV L, RV 19 12.20%, Hrp 2 17 28
5 ANHLK TR UL RN BT A ar 2R R R
- CTV 53 Bk p25 3 K 7 51128 57457 55,43 591 o0 43
43.38.51.28 F156 15 6 A& i CTV 73 B bk
1) dy/d, AT 0.021~0.041 Z [8] , FBH CTV 43 B kR 1Y
AbFEAAE BERE AL s A TR P AN AR A T 92.4%~
99.8% 2 [H] , “F- Y35t £ #E 25 AF 0.033~0.054 Z 1] .
232 @SS ARR S

WAL 578 AT A5 H R, 6 N HE A S
CTV Mt B AE /0L R B F AE-0.114~0.476 Z Ja] , H
o A SR RS R CTV RlEE 5 Hofth 5 Fb | CTV
T =22 () 11 388 £ o0 Ak R B0 K, B3 5 TR o b I
CTV FIBEM 515 53 b R ECH 0.199 41, 5 At 5
I CTV R 1A% 71k R B KT 0.281, KW A
af R I B A Rl L CTV BB & AR T B R RE 201k
AN VLA B CTV R 2 8] 1935 40k 2
0 0.365, KB 24~ A L CTV Ml 2 (8] 531k 4t
B (322) . 6 MR S Bl CTV BHEE 19 55 K N,
TE-35.89~52.92 Z [0] (2 2) , W iy P Z ) A7 A 2 [
SEIMIMGE , Horp A far /R IR i B CTV FRRERR T 51K
FH A N, B8 KT 1 LSS, 5 A SRRl N, BN 1,
FEA AL R SR CTV 55 H Al 5 Fh 58 AN A 25 (3
2) . AMOVA F3#r 4 B ow , 6 TG S Fh L CTv
FRRE N8 S 43 LK 19.14% , FivE ] 25 5 71 43 L
80.86% , 7 W1 25 A A& CTV 43 B Wk p25 3L 4 1 1%
SRR E BN E(R3),

R2 6N BB ECTVARE p2S EEFINEES U RZBSERR

Table 2 Genetic differentiation coefficients and gene flow of p25 in CTV populations on six citrus varieties

mn FR28%5  ANHIK L T A ARGV ¥y IR

Variety Aiyuan 28  Shiranui  Harumi Satsuma mandarin Newhall navel orange Orah

Z % 28 5 Aiyuan 28 - 0.111 -0.046 -0.114 0.281 0.079

A%k Shiranui 2.00 - 0.365 0.133 0.476 0.092

% Il Harumi -5.71 0.44 - -0.007 0.461 0.257

T EEHf Satsuma mandarin -2.45 1.63 -35.89 - 0.303 0.005

24 ZK B #% Newhall navel orange 0.64 0.28 0.29 0.57 - 0.199
KA Orah 2.92 2.47 0.72 52.92 1.01 -

XML LL oA b 2B, ML UIT B . Genetic differentiation coefficients are shown above the diagonal,

while gene flow values are shown below the diagona.

R3 6NMHBRM L CTVHENS FERSN
Table 3 AMOVA of CTV populations on six citrus varieties

A ok FI B2 SFJ7 I A S oY R I
Source of variation df Sum of square Variance component  Percentage of variation/%
FEEP] Within population 5 111.533 2418 19.14
IR Among population 24 245.200 10.217 80.86
S8 Total 29 356.733 12.635 100.00
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233 it SAM GRIFE A R EESHT

6 M Rl I CTV 2r B MR IR Z AR A
T0.021~0.038 Z 1], #% H W2 V- 24 22 R 80 T 13.8~
25.8 Z [a], HoAp 7R IR S AP AZ IR 2 R A AT
1% 25 SR L 43 914 0.038 F1125.8 , 78 2 fif /R JI 1
iR F AR, 43 90 0.021 A1 13.8(F4) . E 128
5 U B RN AL A R B AR SRR L CTV 3 B RR Y
Tajima’s D . Fuand Li’s D J2 Fu and Li’s F¥J K F
0, FH3% 34N FP_I CTV 43 B # b T 51 s e bk
A AN ANRAH ShFl B CTV R BRI B AR p25 JE

[A ) Tajima’s D .Fu and Li’s D }2 Fu and Li’s F 3
/INT 0B PIEA R, R 2 i Fh L CTV 7385
PRATREAL T4 SRS s UL AP CTV FEE 4 B bk
p25 A Fuand Li’s D #1 Fu and Li’s Fka il 45
R U, 1 Tajima’s D AAS 2 UE, Rz
Fl I CTV s B bRk T4 sk ¥ (% 4) . RDP,
Chimaera, Maxchi, Bootscan. SiScan, GENECONV
F13Seq L Akl 7 VL ZEAE S B CTV ¥ K A6 I 21
p25 HER kAT F

R4 6N BT LECTV 5Bk p25s BB F IR H R S 2R P HRKE

Table 4 Nucleotide diversity of p25 gene and neutrality test in CTV populations on six citrus varieties

25 5 i BHREMRE BRI R4
T Nucleotide Average number of Tajima’s D FuandLi’sD  FuandLi’s F
Host variety . . . .
diversity nucleotide difference

% 285 Aiyuan 28 0.035 232 0.742(P>0.10)  0.813(P>0.10)  0.864(P>0.10)
A1 Shiranui 0.029 19.6 -0.379(P>0.10) -0.379(P>0.10) -0.410(P>0.10)
# Il Harumi 0.023 15.2 -1.252(P>0.10) -1.252(P<0.05) -1.352(P<0.05)
M # A Satsuma mandarin 0.037 25.0 0.012(P>0.10)  0.072(P>0.10)  0.066(P>0.10)
AT IR I 0.021 13.8 0.200(P>0.10) ~ 0.200(P>0.10)  0.215(P>0.10)
Newhall navel orange
IK#H Orah 0.038 25.8 -0.554(P>0.10) —0.445(P>0.10) -0.506(P>0.10)

24 HESRMH ECTVABHRHNRELZE N

30 M HHAGRE AL L CTV 43 B Ml o0 3 N8R,
HAF B AY1 AY2 AY3 A1k BZHL &L CI1 .
CJ2.CJ3.CJ5 FIZE M MG1 . MG2.MG4 £ i I /Y
CTV 7r Bk 5250 R EER 2R B165  ZE[A SR BRI
Z CT11A T 8 25 FA AU BE VR 3R NUagA | 1 825 1R
MURBEVR FR SYS568 MBI iR B R R VT # R A2
BE L IZZSHEN CTV 254 s0R BE R R ISHE ; 4ty /R IBF
P& QC1~QC5 FIIR M WG1 £ 1Y CTV 2y 5k 5
SREEER R T3 PR NS 2% AY4 AYS AHIK
BZH2~BZH5 . & W, CJ4 . % M MG3 . MG5 F1 ik #t
WG2~WGS i B CTV 43 bk 5 # K & Qaha
R EERR 2 T36 . 55 70k & PB61 IS5 B 1K 58 T30 #2R
SRR T, AN HUKCRR AR S _E A CTV 7 bk 2 5K
FEREICE ), —PR WA R 58 CTV 43
BB S H A A B CTV 23 B Rk S R AN AT

3 iTig

Atta et al. (2011 ) i1 X 854~ CTV 43 B Bk itk A7
CTV p25/Hinf 1 RELP 4 HE 5347 & 30, 4L 3 41RE 1
FALHE 6 & LU H B AAE CTV mAT4HE, HZ
MARHR A R YL A G AE H 8] Lb A 38 5 Jiang et al.
(2008) % [E g 75 3 M A ™ X 30 AN FE i | CTV

o7 BRI LAY G A T AT, R B9 MRS CTV
AR — 2 Y, 210 DA 2R CTV AR 512
Ju R CTV AR IR AR YRS . AT
Va)i48 JE T 6 A LA E CTV AR BHEA 753
B, 455 7R 7E 30 MG RE il 1, 70.0% HIATAGFE i
RZF CTV ARHR GRS, HEZ 0 SR RIRS
124, H 6 MG SRR | CTV 23 BBk 0 4L REAE i AT
FEZE5E TN AT SR 2R AR 1 AR 3R AR
Y AL JR IR i R A8 R AL 3 RN AR STR AR U,
1 oAt 4 A4~ P 2 R AL 3 RNAHBE S IR A R YL S
YARE 3 LRy, 2 S (A o TR B HEGTE R 1) 5% T
BT, Jiang et al.(2008) 18 i % b [E 43 25
Bk S4 1) p25 FLH 43 M % B0 1 A3 O BED A7 05, , 1% Tl
YIH7 56 299 bp v Britt— D] i 184 bp F1115 bp
WA B, OB 1~7 SN AR s AT IR AR &
ALK SRR 2 ANEE S B CTV 20 B R AN BB IS 2]
A 1~7 v M 2 RS B CTV 4 B RR Y p25 5
DR S AL PR R R B U i, B O BB 4L A
XILA it — 4550 A4 4 FEA 2 BD-PCR Y™
1 I TR A R Bk R AN dE AR R R A AR, 5
RFLP 73 B 25 S AR A, (LR N 2 Mt 4 % LA 27 3=
FE i | BD-PCR F AR ¥y A A it 55 35 Bk 5 00 0 i) 2%
17, 5 RFLP 70 A4 SRR — 3, 58 H 5 K ] B /& BD-
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PCR HAR F S5 REMR R (05 11 HL B — , ok R

CTV strain from AY?2/Sichuan, China (MW132666)
CTV strain from MG2/Sichuan, China (MW 132681)
CTV strain from MG1/Sichuan, China (MW132680)
CTV strain from AY3/Sichuan, China (MW132667)
CTV strain from CJ1/Sichuan, China (MW132685)
CTV strain from CJ2/Sichuan, China (MW 132686)

92| CTV strain from CJ3/Sichuan, China (MW132687)
CTV strain from CJ5/Sichuan, China (MW132689)
NuagA/Japan (AB046398)

B165/India (EU076703)

CT11A/Chongging, China (JQ911664)
SY568/California, USA (AF001623)

CTV strain from BZH1/Sichuan, China (MW132675)
CTV strain from MG4/Sichuan, China (MW132683)
VT/lsrael (U56902)

0.01

CTYV strain from QC2/Sichuan, China (MW132671)

CTV strain from QC5/Sichuan, China (MW132674)

CTV strain from QC4/Sichuan, China (MW132673)

— CTV strain from QC3/Sichuan, China (MW132672)

CTV strain from WG5/Sichuan, China (MW 132694)
CTV strain from WG3/Sichuan, China (MW132692)
T30/Florida, USA (AF260651)
100 T36/Florida, USA (U16304)
| Qaha/Egypt (AY340974)
CTV strain from AY5/Sichuan, China (MW132669)

CTYV strain from BZH3/Sichuan, China (MW 132677)
CTYV strain from WG2/Sichuan, China (MW132691)
CTV strain from MG5/Sichuan, China (MW132684)

CTV strain from AY 1/Sichuan, China (MW132665) _

Ir S RERR R CEE NP A1

RKEH
Group 1

100 — CTV strain from MG3/Sichuan, China (MW 132682)
89 I:ECTV strain from WG4/Sichuan, China (MW132693)
PB61/Australia (AJ297702)

CTV strain from WG1/Sichuan, China (MW 132690)

93
100 CTV strain from QC1/Sichuan, China (MW132670)
87 T3/Florida, USA (KC525952)

RKE
Group 11

R
Group III

93

— CTYV strain from BZH2/Sichuan, China (MW 132676)
—— CTV strain from BZHS5/Sichuan, China (MW 132679)
CTV strain from CJ4/Sichuan, China (MW 132688)

tCTV strain from AY4/Sichuan, China (MW132668)
CTV strain from BZH4/Sichuan, China (MW132678) |

B ETFp25s BEEFFIMME)IEE LT 0 MHBRFHERLECTV SBERIMEMK RN REREH

Fig. 1 Phylogenetic trees of CTV isolates from 30 citrus samples in Meishan City, Sichuan Province and other

related isolates based on p25 gene sequences

B2 CTV Tl G 3 YA 114 36 PR R 4 RS2 F1 T CTV
558 Vk R UEAT MSCP B (Scott et al, 2013) . A
T LS S R B 6 MG S FP b CTV r AR ¥ &
T3.T30.T36 = ALY, HA S T 598K AN
SRR 5k 55 Tk 2R 3k DR LA [R])— AR IR AR
(I G 330 £EAE , 120 Scott et al. (2013) % 5 PG B iR
B HEERN R LD 5 A A i AP 9 CTV 4 s bkt
TR AL, 2 B R]—At iR & A 5 dE vk R IR
BRI S ; Wang et al. (2013 ) X LR AF7E 0 JH 1]
VR TR AR v B O 4 T 5] P A AL ) 2R A 7 S R AR
BT, & B IR]— AR AR S5 B AR R IR AR Y
4 ; Xiao et al. (2017) X i B BB 1 194~ CTV

FAm AT RO SE R RIS, A0 K B Rl — A A

SRR RIR G RGNS o A [R5 R AL dn o 7E )
— bk R A 0 R 55 5 3 A R T30 R R
MSCP #L il , ¥ A £ — 2 #f 5¢ (Dawson et al.,
2015) o BEAM AN SRS S AR 2] B165
FEDRAD T HAth 5 AR R e G A3 i A D
FI| B165 PR A, A 11K B2 75 % B165 5k A 5
CTV 73 B MRAEAE DU Sl At S R A e i — 20 2 i
Wi . H TR Y CTV 3£ K AU A T36. VT, T30,
T3.B165.RB.HA S1.L1 M1 3t 10Ff (Harper,2013;
Yokomi et al.,2018; Wang et al., 2020) , A< 55 { %}
HAFRT36 VT T30.T3 . B165 FEH AT T %52,
A, 5 A 35 R 78 1 65 i N AR AN [ R At P 1 &
LA FEE—25 58T
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ABFFELE R Bon B AL far /R IS i F b CTV Fh
FESL , Hofth 5 AR Z ()G B 2y B R 2e it , OF HL
A g R A S AP L CTV Al & A T B 0 i A 43
1t s AMOVA 73 #1 i 7R 25 = i B2 CTV 73 B ¥k p25
FEH AL oA r F B R A A A far R IR A
CTV 43 ERRIHE R 2 1L, i HoAt 5 AP - CTV 3
BRI SRR T R S 1 1, i — 20
7% B A1 o7 R J5E A b FR L CTV RS LA 5 Fh
CTV M AAE W W ny st 25 5 o RS B 4 A7
CTV 11y i8¢ 1% 7 4k o B A5 & Z2/E A (Rubio et al.,
2001 ; Benitez-Galeano et al.,2015) , {H 6 S H 4 i Fir
b CTV FHE) p25 3 PR 28 AR A 21) 2 20 =54, 3R W
2 g IR B A 5 LA SRR 22 8] 9 CTV [P 91 22 5798 A8
e SR E A 5 R Y, I 2 £y R RS S A L CTV
FhRE 4346 W] BE 5 7 35 9 AH B4R AT OC (Dawson et
al.,2015; JHHH%5,2016) .

ABFFERT )48 T LT 6 A FH AR A 30 1 EE i
1 CTV 4 Bk p25 FEH AT IR Hil M Be K 2 4
P ZH g FhRid LIER B ZHEEM R G L B
G3HT, RIRIX 6 A LA b CTV 73 B ARFEE [H] A7
FEFERAC TN , 2F B MR FECTV Btk %
LB ELN R . MSCP 2 by A A7 1B o e A 3%
FIEEA , LB R T CTV 55 80k R Al B bk
Z I [AJEYE (Lee & Keremane,2013) , ft LLFE H 8] )]
JH MSCP B 455 32 3R 955 B 1. %5 & AN W) M 475 o A X
CTV 7r B Rist e 7L 52

2 % X wk (References)

Atta S, Liu YQ, Cao MJ, Yang FY, Zhou Y, Zhou CY. 2011. Molecular
characterization of Citrus tristeza virus isolates from Pakistan
based on CPG/Hinf I restriction fragment length polymorphism
(RFLP) groups analysis. African Journal of Biotechnology, 10
(44): 8689-8694

Bar-Joseph M, Marcus R, Lee RF. 1989. The continuous challenge of
Citrus tristeza virus control. Annual Review of Phytopathology,
27(1): 291-316

Benitez-Galeano MJ, Rubio L, Bertalmio A, Maeso D, Rivas F, Colina
R. 2015. Phylogenetic studies of the three RNA silencing sup-
pressor genes of South American CTV isolates reveal the circula-
tion of a novel genetic lineage. Viruses, 7(7): 4152-4168

Biswas KK, Tarafdar A, Diwedi S, Lee RF. 2012. Distribution, genetic
diversity and recombination analysis of Citrus tristeza virus of
India. Virus Genes, 45(1): 139-148

Burgyan J, Havelda Z. 2011. Viral suppressors of RNA silencing.
Trends in Plant Science, 16(5): 265-272

Cevik B, Pappu SS, Pappu HR, Benscher D, Irey M, Lee RF, Niblett

CL. 1996. Application of Bi-directional PCR to Citrus tristeza vi-
rus: detection and strain differentiation. International Organiza-
tion of Citrus Virologists Conference Proceedings (1957—
2010), 13(13). DOI:10.5070/c57t43c72b

Cheng FX, Jia PL, Wang Q, Lin CC, Li WH, Zhao ZM. 2014. Studying
tumorigenesis through network evolution and somatic mutation-
al perturbations in the cancer interactome. Molecular Biology
and Evolution, 31(8): 2156-2169

Dawson WO, Bar-Joseph M, Garnsey SM, Moreno P. 2015. Citrus
tristeza virus: making an ally from an enemy. Annual Review of
Phytopathology, 53: 137-155

Folimonova SY. 2020. Citrus tristeza virus: a large RNA virus with
complex biology turned into a valuable tool for crop protection.
PLoS Pathogens, 16(4): e1008416

Ghosh A, Das A, Pun KB, Kumar R, Meena R, Baranwal VK. 2014.
Present status of Citrus tristeza virus infecting Citrus spp. in Dar-
jeeling hills and its detection in different plant parts. Phytopara-
sitica, 42(3): 381-386

Gillings M, Broadbent P, Indsto J, Lee R. 1993. Characterisation of iso-
lates and strains of Citrus tristeza Closterovirus using restriction
analysis of the coat protein gene amplified by the polymerase
chain reaction. Journal of Virological Methods, 44(2/3): 305-317

Hancevi¢ K, Radi¢ T, Paskovi¢ I, Urli¢ B. 2018. Biochemical and phys-
iological responses to long-term Citrus tristeza virus infection in
Mexican lime plants. Plant Pathology, 67(4): 987-994

Harper SJ. 2013. Citrus tristeza virus: evolution of complex and varied
genotypic groups. Frontiers in Microbiology, 4: 93

Harper SJ, Dawson TE, Pearson MN. 2010. Isolates of Citrus tristeza
virus that overcome Poncirus trifoliata resistance comprise a
novel strain. Archives of Virology, 155(4): 471-480

Hilf ME, Karasev AV, Albiach-Marti MR, Dawson WO, Garnsey SM.
1999. Two paths of sequence divergence in the Citrus tristeza vi-
rus complex. Phytopathology, 89(4): 336-342

Jiang B, Hong N, Wang GP, Hu J, Zhang JK, Wang CX, Liu Y, Fan
XD. 2008. Characterization of Citrus tristeza virus strains from
southern China based on analysis of restriction patterns and se-
quences of their coat protein genes. Virus Genes, 37(2): 185-192

Lee RF, Keremane ML. 2013. Mild strain cross protection of tristeza: a
review of research to protect against decline on sour orange in
Florida. Frontiers in Microbiology, 4: 259

Lopez-Farfan DC, Jaramillo C, Guhl F. 2007. Population structure and
genetic variability of Rhodnius prolixus (Hemiptera: Reduvi-
idae) from different geographic areas of Colombia. Biomedica:
Revista Del Instituto Nacional De Salud, 27(S1): 28-39

Moreno P, Ambros S, Albiach-Marti MR, Guerri J, Pefia L. 2008. Cit-
rus tristeza virus: a pathogen that changed the course of the cit-
rus industry. Molecular Plant Pathology, 9(2): 251-268

Read DA, Pietersen G. 2015. Genotypic diversity of Citrus tristeza vi-
rus within red grapefruit, in a field trial site in South Africa. Eu-
ropean Journal of Plant Pathology, 142(3): 531-545

Roy A, Ananthakrishnan G, Hartung JS, Brlansky RH. 2010. Develop-

ment and application of a multiplex reverse-transcription poly-



44 Pl TTAE DUJNAE A LTS AR R R IR TR 8 MR O LR AL B R PR AR Bt A R 741

merase chain reaction assay for screening a global collection of
Citrus tristeza virus isolates. Phytopathology, 100(10): 1077-
1088

Roy A, Brlansky RH. 2010. Genome analysis of an orange stem pitting
Citrus tristeza virus isolate reveals a novel recombinant geno-
type. Virus Research, 151(2): 118-130

Rubio L, Ayllon MA, Kong P, Fernandez A, Polek M, Guerri J, Moreno
P, Falk BW. 2001. Genetic variation of Citrus tristeza virus iso-
lates from California and Spain: evidence for mixed infections
and recombination. Journal of Virology, 75(17): 8054-8062

Scott KA, Hlela Q, Zablocki O, Read D, van Vuuren S, Pietersen G.
2013. Genotype composition of populations of grapefruit-cross-
protecting Citrus tristeza virus strain GFMS12 in different host
plants and aphid-transmitted sub-isolates. Archives of Virology,
158(1): 27-37

Song Z, Zou M, Xu XF, Tang KZ, Liu Y, Zhou CY. 2005. DTBIA de-
tection of Citrus decay virus in new and old branches and leaves
of pomelo. Southwest Horticulture, 33(S1): 43-45 (in Chinese)
R, AR, TR/, FERLE, X4, A% 55 . 2005, fli et
PP TR R R A DTBIA K2 . PERGEE 2, 33(S1): 43-45]

Su HN, Wang XF, Huang AJ, Li ZA, Tang KZ, Zhou CY. 2014. High
quality total nucleic acid extraction method from citrus for dis-
ease detection. Acta Horticulturae Sinica, 41(11): 2342-2352 (in
Chinese) [J5#RA4, £ 2706, B2 25, i, JERLE, AR5 .
2014, % Bt IOHTAZ RE & P S SRR 7 122 (R 2 Bl 252
2, 41(11): 2342-2352]

Tang M, Jin X, Zhou CY, Li ZA, Tao ZZ, Zhou Y. 2016. Suppression

and sequence variation of Citrus tristeza virus genotypes by cit-
rus cultivars. Acta Horticulturae Sinica, 43(1): 55-60 (in Chi-
nese) [[HHH, 4%, MW 5, 2, WBE, HEZ . 2016. i
st o AN ] i PR R 1R 2 AT ) M e s ) el 22
1%, 43(1): 55-60]

Wang J, Zhou T, Shen P, Zhang S, Cao MJ, Zhou Y, Li Z. 2020. Com-
plete genome sequences of two novel genotypes of Citrus triste-
za virus infecting Poncirus trifoliata in China. Journal of Plant
Pathology, 102(3): 903-907

Wang JB, Bozan O, Kwon SJ, Dang T, Rucker T, Yokomi RK, Lee RF,
Folimonova SY, Krueger RR, Bash J, et al. 2013. Past and future
of a century old Citrus tristeza virus collection: a California cit-
rus germplasm tale. Frontiers in Microbiology, 4: 366

Wu GW, Tang M, Wang GP, Jin FY, Yang ZK, Cheng LJ, Hong N.
2015. Genetic diversity and evolution of two capsid protein
genes of Citrus tristeza virus isolates from China. Archives of Vi-
rology, 160(3): 787-794

Xiao C, Yao RX, Li F, Dai SM, Licciardello G, Catara A, Gentile A,
Deng ZN. 2017. Population structure and diversity of Citrus
tristeza virus (CTV) isolates in Hunan Province, China. Archives
of Virology, 162(2): 409-423

Yokomi R, Selvaraj V, Maheshwari Y, Chiumenti M, Saponari M, Gi-
ampetruzzi A, Weng ZM, Xiong ZG, Hajeri S. 2018. Molecular
and biological characterization of a novel mild strain of Citrus
tristeza virus in California. Archives of Virology, 163(7): 1795-
1804

(FTAERH  RIR )



