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Application of high-throughput sequencing in citrus virus identification

and analysis of population diversity
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Abstract: Citrus, as an important component of global economic crops, is the world’s largest category
of fruit. However, citrus is also a host for many viruses and bacterial pathogens, and its production condi-
tions are threatened by various viral diseases. These diseases are widely distributed worldwide, causing
severe impacts on the yield and quality of citrus, resulting in significant economic losses. The viruses
that severely affect the citrus industry mainly include: citrus tristeza virus (CTV), citrus chlorotic dwarf-
associated virus (CCDaV), citrus tatter leaf virus (CTLV), citrus yellow vein clearing virus (CYVCYV),
citrus psorosis virus (CPsV), citrus vein enation virus (CVEV), citrus exocortis viroid (CEVd), citrus
leaf blotch virus (CLBV), citrus sudden death- associated virus (CSDaV), and satsuma dwarf virus
(SDV), etc. Among them, CTV is one of the most destructive viral diseases in the citrus industry, lead-
ing to reduced citrus yield and quality, weakened tree vigor, and even death. CTV, a positive single-
stranded RNA virus in the Closteroviridae family, exhibits significant genetic diversity and strain differ-
entiation, resulting in varying pathogenicity. Based on symptoms and genomic sequences, it can be clas-
sified into quick decline, stem pitting, and yellow shoot strains. CYVCYV, belonging to the Mandarivirus
genus of the Alphaflexiviridae family, has a positive single-stranded RNA genome. Transmitted among

citrus plants by citrus mealybugs, contaminated tools, it causes leaf wrinkling, chlorosis mottling, and
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yellow vein clearing in lemons, posing a global threat. CTLV, a Capillovirus genus virus in the Betaflex-
iviridae family, is an ASGV strain, seriously harming citrus production. CLBV, a Betaclosteroviridae
family Citrivirus genus member, is a positive single-stranded RNA virus with filamentous, wavy parti-
cles, infecting diverse hosts mainly via grafting and seeds. Lately, citrus viral diseases are on the rise,
yet some pathogens remain undetermined, such as citrus cristacortis disease. Citrus-infecting viruses of-
ten have latency and are hard to detect directly. Therefore, accurate detection and identification of citrus
viruses play a central role in the disease control system. In recent years, with the rapid advancement of
molecular biology technology, rapid and accurate virus identification and in-depth study of their genetic
diversity have become key to ensuring the healthy development of the citrus industry. citrus virus detec-
tion and identification are mainly based on the biological characteristics, physical characteristics of vi-
rus particles, protein characteristics, and nucleic acid characteristics to establish some methods. At pres-
ent, the conventional detection and identification methods for citrus viruses mainly include biological
indexing, electron microscopy, serological detection, and molecular biological detection. The above
methods are well-suited for known viruses and can be combined with multiple methods for detection
and identification. However, when it is necessary to accurately identify unknown viruses or newly
emerging viruses, the above methods are difficult to work. With the emergence of high-throughput se-
quencing (HTS) technology in recent years, the above problems have been solved. This technology uses
the principle of sequencing by synthesis, which can sequence a large number of RNA and DNA mole-
cules in a short time without prior knowledge of the virus's biological characteristics or genome struc-
ture, thus obtaining its nearly complete genomic sequence. This capability solves the limitations of tradi-
tional methods when facing unknown viruses and greatly accelerates the discovery and identification
process of new viruses. Through HTS technology, researchers have revealed many previously unknown
virus types and deepened the understanding of the genetic diversity of known viruses, providing a scien-
tific basis for targeted control strategies. HTS technology also shows great potential in population diver-
sity analysis. By sequencing a large number of virus samples, researchers can obtain rich genetic se-
quence data, thereby analyzing the genetic variation of viruses, evolutionary trajectories, and their inter-
actions in the ecosystem. This provides a powerful tool for understanding the mechanisms of viral dis-
eases, predicting virus variation trends, and assessing the effectiveness of control measures. Although
HTS has achieved significant results in citrus virus research, it still faces some challenges. For example,
the complexity of data analysis and the need for bioinformatics knowledge limits its popularization and
application in some areas; the high cost of sequencing is still a major obstacle for resource-limited ar-
eas. In the future, with the continuous development and optimization of technology, HTS will play a
more important role in the identification of citrus viruses and population diversity analysis, providing
strong support for the sustainable development of the citrus industry. This article reviews the latest prog-
ress of HTS in the detection and identification of citrus viruses, as well as the challenges and future
prospects in citrus virus research.
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B HATCA 30 Z 50, AR R AE B — FHHG o
B A — i B AEAN [F AT Bl b R IR I AR AE 2
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HTS £ A N FRA AR 7 Hi A (next-genera-
tion sequencing, NGS) B¢ & £ Ml /¥ #57 R (deep se-
quencing) "o HTS £ A & T 14 & p i W 77 Cse-
quencing by synthesis, SBS) Jii £ , B % — VR 14 % 44
T 73 B HA 3 DNA 73 134T I, SR P f
DA 20 Bl S L I PR R A0 B e AN, HTS BOR B 75 Tl
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HTS £ A 3 Z AL 45 « 2 K 20 & Il /¥ (genome rese-
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sis sequencing) F1 3 [E N F 4= %) & 45 (Applied Bio-
systems , ABI) A ] 1] Solid i #2 B ¥ £ K (solid 1i-
gase sequencing technology)"”. 454 I 7 & 4t 1) 13
Kef K, 18173 BE R, 38 G oA 1 25 DRI 26 R MK
Solexa Il /7> 5 4t 1IN 388 & vy, M ALAIG, 1E & 2R R AH
DN A0 EE 0 e 5 Solid I 5 5 ¢ 1 B2 K dRe R, (H I 7
KR v, & A A% H R 2 & ME (single nucleotide
polymorphism, SNP) £ ", H §i llumina HL %%
ARG RS, F 58 HTS 113%™ Tllumina H
I 2E 77 1Y MiSeq~ NextSeq500+ HiSeq % %1 - NovaSeq
FHVEED A, 0 AN (]38 5 75 5K 5 I 1] FR il 2E AT
T E 1AL s HoF HiSeq & 41 #il NovaSeq & 71 °F &
S5 B SR AR v PRI R S v, HAs AT
FEPR AR, R B H S AN L
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FAZIR 1] % B AL EL 4N DNA (cDNAD 4 % o B
AR DL S A8 I 45, KA DR Cp Ik B LA ] 2
PE o EAE A A B KA OG0 75 (CY Va V) 1 307 2
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Table 1 The citrus viruses identified through high-throughput sequencing in recent years

4 YA FEFA JrEERE H Wl S0k

Chinese name English name Genome Viaceae or order Year  Reference

MG RS R4 B Citrus chlorotic dwarf-associated virus Hi5E DNA AR R 2012 [21]
ssDNA Geminiviridae

R AT JRR RV 5 T 284 2 Citrus leprosis virus 2 HUEERNA Jb By Rkt 2013 [22]
+ssRNA Kitaviridae

RGN SEBE 303 75 Citrus necrotic spot virus FEREERNA ORI R AL 2014 [23]
-ssRNA Rhabdoviridae

RGBT 5 « Citrus jingmen-like virus; Citrus virga-like virus ~ #L5E RNA LRAE B H 2017  [24]

HEAGAEIR FAL 7 +ssRNA Martellivirales

FHA R XK S R B A% ) Citrus leprosis N dichorha virus TMIPEERNA SRR R} 2017  [25]

-ssRNA Rhabdoviridae

FGRBERIE L 55 Citrus chlorotic spot virus MEBEERNA R R 2018  [26]
-ssRNA Rhabdoviridae

H A 11 e i 3 75 Citrus concave gum-associated virus i U RNA SRR 2018  [27]
-ssSRNA Phenuiviridae

MG A Citrus virus A AEERNA AR E R 2018 [28]
-ssSRNA Phenuiviridae

FHAE I B L8003 Citrus bark cracking viroid PR RNA LR EYEICEEAIFR 2020 [29]
Circular RNA  Pospiviroidae

TR B KA B I 25 Citrus yellow vein-associated virus HUEERNA T AR B H 2021  [30]
+ssRNA Tolivirales

R A7 5 B 2 Citrus yellow spot virus HEERNA LI TR 2022 [31]
+ssRNA Betaflexiviridae

M jivivirus HI9&%# 1 Citrus jivi-related virus 1 FEERNA FEAFFIR 3 25 7 2023 [32]
+ssRNA Virgaviridae

R A7 5 A ik B s 2 Citrus yellow vein clearing virus HEE RNA HR 2R T T R 2024  [33]
+ssRNA Alphaflexiviridae

FH 475 %2 1B 995 7% Ccitrus tristeza virus, CTV) 5| &, 1%
BEAE B 52 G AT A LA S 22 Bl T2 AR 10, T
W E, CTV B AR 78 /e 7 FHT i b X, A 0F 73R
B CTV AR IR 1351 g VT 76 25 M (10 BT A M A Bt i 7
DU EE R AL R VL T ) AR R
HEAR 4 UL 30

HTS $5 A 76 AT 7 538 975 45 e 5 PR 22 R 1 4y
AT T B 8L R AR A9 5 T R T A e )
9, 2021 4, Da Cunha %73z ] HTS $iA , il it
KIRAEFEAT I , 454 RT-PCR FI1 RNA-seq J77% , A
Ak I 22 aF B AH A JE AR P b RO B 1 B
RNA, WIRAFE S T %8 H 24> CTV R &R, I
DNTFIEEZREME . TERRITHME &ML, (58
BEAL 514 RNA-seq, 4 T 1 41 31 199 25 3 [ 41 i 25
SAB L, SEBLT X CTV i R 5T v v s 1 ) 3
Kl o 1B FUIE AR R T CTV bk R TE %2 B Al
R s P Z AR, XK RS 2 A

T 5 B0 PR AR DA At i X H BRI bk &R o R A
8L, 3X N T AR CTV [P 23 A 3845 A8 S S P 45
PP AL 7 HH i . HTS HRSE R 17 A& Gl 5 7732
(140 Je PR 5 LB AR s A AR B R I ] 58 1 1 % K =
an AR B, WHES) TP EOR S 2 0 Thric i 1
(multimolecular marker amplification, MMM) %5 FHAth
BRI R N, Oy 22 BF R S AR 91 FA [ 52 1)
TP 75 D715 SEmg A it 7 R ARYE A 1S T
Vv EE I TR N R o

2021 4, Bester %™ 37 7 PF R I HTS AW 15
B HTREE, T %% CTV /£ 1 — B8R & 4Lk
ATNREERM . ZRENZOET, e 1 EEH
RS PR IR 5k A 21 78 i R B P 50% A0 92%3X
PR BE AE X 53 E B A 5= D5 28 5 985 76 3 28 S5 R 2R )
RYETRREEIMEN. BARME, M5
(1) 225 [ 4 78 5 2 sk S0% T, & A v — N AT RE I
i 6 e DRI B 5 T 24 78 5 20K B Bk I 92% I, 13k [A]
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RUNBG = BERAAE 9 H bR R A o LR 250 X 4y
TR EERNAUE S 5 4E BRSBTS
5, BU T VR BRYLE AS rp J [R B DA IX 23 TR R
IR 7R T A [F) H PR 8 2 8] 52 2% R A B A R AL
il @I HTS HAR 5 EME B A L&,
Bester 55 FHiZm B D %58 1T S A CTV £ A
T 3 R I T B ) 25 DR B AR Ak Bl 2 4 L X 7S A
7~ 1 HTS R R 95 75 2 A PEIR R O0I80 1) R 1e
P, NCTV IR B rf S S it 7 RS AR
L E S TR T RN AE SR RERLNE
HBHRRE, Em TS R ORI R
T 58 A0 T >R T 3T FRIARFE TR A RN D7 V208 R, R
SR T RS T CTV 2 FEVEFI T K MR 225 J0ii
JE I B EE, DhsE SRR B 5, HEshist— 2D 2R
SFRFAE R B BEARBEALAIT FE , I 7T R £ o0 28 AR
PR ER AR, 3X — RS T B A HE A B S AT AT Y
— T R R

2023 4, Ghorbani Z5E*7E B ILH A % L X,
FIFHHTS EAR, IR 5ERK T CTV Sari £k & (1 42 3 K]
AP AR AATRIB FEASORE BfEIBT T Sari 7 55
PR BB AR REAE S04k 8 &, 1 B JJUE B T Sari #&
F 5 H A SE DR Y 2 1) R ST P R o B ER T
T3 2 2k R 7 ISR AR 1) 3R A 2 e R R R AR T
P13 BRI 2 B LR 1) e R IR e 1%, IR N B CTV
(B ML RE T8 AR A A, B HTS #
AR W TN R — P 7R T e e R R S 50 B
DIReRrPEZ (B I N EBR R, AEHERT 12 CTV LA LR
TERTAR 2 L AR R e e R T B R IR TRl
2.2 HTSIARZECYVCVEEFHHINF

HTS £ A B H T 44 55 40 bk W1 99 B¢ Ceitrus yel-
low vein clearing virus, CYVCV) [ % 58 N FpREZ ¥
PR3 AT ATk, SEIA T X689 B 9 T A AR A R 1) 5
DRI ZEL ¢ FE A AT » Al Rt HE ST 1 903 25 S5 A0 AH B4 H
W R R, Dok AR T Briz H T #9220
WF AR L e T IR SR, 2017 4, Yu 55z
SRNA W HE A, MR AT A AR rh PRI | o 3 25 5
tH CYVCV-CQ H KA Bk, I Dl i A4 L K]
HFFl. CYVCV-CQ KT H X KIMAPICYVCY
SR ETES - ACmeERKERAY
CYVCV 73 B4, & 1R DU K Hb R T+ 7 X6 975 25 9%
JEAR RS TR RE 770 J T sSRNA I B A I A Sk
YAERE T, RENE 18 7 A A4 A 52 2% P 22 LR U BR L o)

5993 5 BT 48 2 18] B BEG 2R, D BE-ME DA LA 9T
TEREAHTERAE . S4h, 18 RGN 0T, K i 2
A A HB BRI CYVCV 43 B8 Bk 2 [A] 8% 58 & 5 1
B3 A 00— B0, N B AR R R 2 RE MR 34k )
SIRMA J1MBHE S

2023 4F Bin 25" H) | HTS R IE N IT T 74
TYITE YL CYVCV Ji (1 A e m o, 38 i LR
HFEAR IR RIAE N, %2 33691 4% FRIA M
X 2 S B [RIAE 2 D 2R i S R S T ki AE
W& LA S BRI R 2 A .l
I HTS HA, W78 KL CYVCV G A h
KR A RER RFRR O A6 RAE
SESBRAERARENRTER. R, KBRES
f& S BAAZ RG] XL AT RE(ERE T CYVCV
(1) R GRS, HEsZmm 1 AT R0 0 25 1Y B 4
N HTS Bk o, i 566 1E ARG 2 7 3R
IREERAE CYVCV IR R R 35 R, #8s T
TR 5L A AE IR AR CYVCV R G id 72
W Z G AE R RIER N CYVCV U HLH K
HEMEEYAHEIERRME T m. TR
UE HTS &5 SR e it , i A e £ 7 12 NRENLIE F
BEAT T 92 96 % 52 B PCR(RT-qPCR) 5256 . S0 45
R, mRNA KIE 7T 45 R 5 RNA-Seq 45
— 2, 3 — I T HTS BARLEAEY I 3551 504 1
ATEEME . XU A AR T HTS BEARTEH R 2
W) F G v TR R IA S U Ak 7 T 58K R T
N ERE CYVCV IR G i YR K & M+
SRR TR ULAR L S oA SR AR 7 v s B
Peft BRI KR , 785 B IR T HTS HURIEAE Y0
B AL BE N 5 R T .

2024 4, Park 595z I HTS HA , &1 %5 W [ 6
ANE 9N XCRAE I 118 I fH A A P ik 1 A T
JEI B2 BT A, e ot MRE i 5 5 HE T 4 R
BF, 43 9 N CTV  HH A% B 5% 995 55 Ccitrus leaf blotch
virus, CLBV)  # #7 ik <97 & (citrus vein enation vi-
rus, CVEV) I CYVCV, K, CYVCV 7E i [ & 1
B ARIE IR R AN . X LR EE R IR R Th S A
AT 7T W A AR P L 3B N S SR R
of 1 AR AT 9 B B 4 i U A4S T R SR B AR &
A B TR TR = L g B S rT R R R
2.3 HTS#EARZECTLV FHINA

FE R )5 F5HF 9T 400, HT'S $2 A 19 82 FH N Mt A
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5 -7 Ceitrus tatter leaf virus, CTLV) FBIF 7T 45 A A1)
HH5 R, CTLV & — P ™ 8 s 35 M A% A 7 (195
B, BRI M ARG AR P ARG, B 5 T AR IR
SR, H BTG T CTLV 2[RI 2H 1) 2 FEPEREAE, DL AR
b 22 5 M A T L A 52 g B AU L AR, sk = T
ft. 2019 4F, Tan 25" & B HTS BiA , 0 3k [ A A
X PRAF 2 4510 12 Fh CTLV 9 B £ A & I8 50, ik
DRI T BT 4y BRI A KRR A 74 . FETax sk
ERRHAFF], AN RHAT T REKE 50, /o
T CTLV [P 5 i3k A 2% 15 S FLAEAS R AR 9 F (8]
(i A, HRRN I T B R R A 2 R,
3L CTLV 43 2K 22 R Mo A7 $2 415 17 5 1RSI f) J50 80 =¢
. WEFCET HTS 4 1) 904, F & T %% CTLV
1) RT-qPCR M 7 2 , 1% I 52 ¥ B v B2 R RE S P R
REE . HTS HARBIRH 5ER T 4% Geil 7 AL & T
oy B iR /N R IR A XS AT A AT I R BR  SEBL T
XF % N BT B AR A AL B R G b, N
O FIREEARL I 7 VL e S 3R R A T R 51, S
S AL A PR A B R b R s A 5 DR AL
SEMT . X —FH HTS HAR AT I RS MERE 5t
S EWEBR T CTLV KGO B 7R Af 12 A T S 8, s
TEAED 5 TR A 98 i A R Rt 1 B Ay 4 T AN
A AR SRE A B 10908 2 by, PRER AL A=
R
2.4 HTS#HARTE CLBV HHIR A

M AE H BE 5% K 2 Ccitrus leaf blotch virus,
CLBV) 3 J& & 8 2 ) 5 #} (Betaflexiviridae) , 4
H298.7 kb F LR L IE S P EE LR 2 RNA, 1R e
Z M E B WA A A R A DL R R AR
Y™, CLBV Bl 54 77 Nk AT 4% 3%, 7 [E
(R AR R, 5T B, CLBV Ji 5 1] fE &
PG 5 R RIS A 5, 5 80k B AR R G Fh
I8 e by P IX 311D 43 8 AR P AL HH R IR B A% 4 M R
fiE . XA Az S F Haruka (C. tamuranua) 3547 FE R 20
MR, R I 5y SRR O 3 B8k (8] A7 18 2 35 (1 33
i 75 57, W 7R FE T RRARER T ARG 93 23 1) — o B 2
A 2018 4F, Cao 55 H FH HTS £ , MR I H it
J B SR B 55 RE IR ) Haruka #H A AR P Rl 2h % 52—
Tl B4 1EE RNA B » iy 44 9 A - B 2 2 2107
(CLBV-2). HTSHAR LRI H & 250 77 el 1
X} 97 i 2 R 2 1) D Sk 2H 2%, ) P R U i % 4
Hi48 7~ CLBV-2 5 EL51 CLBV ) B Wk 75 3 K] 21 45 4

HePE FRAELE S Z 5. UNEREERNZ,. 5
C A1 CLBV 4; B BRAH LL , CLBV-2 7£ 5'4E # 1B [X (5-
untranslated region, 5'- UTR) & & #| i £ & H
(ORF 1) [X 38 J& P B LA B PP P AR BAE: , T AE 2 3)) 2R
1 (ORF2) \ 41 5% 85 (1 (ORF3) Jz 3'4E ##l 3 [X (3'"-un-
translated region, 3'-UTR) [X 35 1| & B H v B2 A AH AL
Peo FETREEEAF 5508, B Ik T CLBV-2
A RE I H Al R En A A e 5 R A B AT SR Uy
JE FE R Py B B UL, A B AR B E AL AL 3R it T
B A . KRR E bR 2 2K 2% 2% 51 2 (Interna-
tional Committee on Taxonomy of Viruses, ICTV) fiif
il 52 ) PRl 4 B v , CLBV-2 4 1E 70 %2 A Betaflex-
iviridae Bk A ) — N Fr i, 3K — R AR 5% CLBV-2
TEAT A J& F B SRR AT , AR A 3 55 4 28 2%
SURIAT T SRR .

2022 4, Kim %552 F HTS BiA , M [ 5 M) &
U0 HH B AL AR EORE BR B T AGE R PR I R A R
RNA, JE177 #4 48 cDNA 3L FF St B 7 » = Rk
HU 7 R RNA M P24 . i e s b AT i E il
JEFE A S AL ORI 75 CLBV & [
YRR Fr B B B, IR 35 5 41 LS R RT-PCR 5%
IOIOIE T PRI R CLBV 1 B SR B YL I, X 7E
5 8 T E iR E AT AR A AR B AR S CLBY. Uik
Ab, 53 BT HTS $R S 80408 , 1P AT i vk b CLBV
(R RIREE , N I SR FEIRAT o Wit 7T ) 2 0 55 B 4%
TGP 7 E BRI . M HTS EEAR B ZE i 7
TEATIE 1 ORI CLBV [ERE , 9k v %5 5 ok
BEAN BT3B R AL 471 (R 8 ED IR AR

HTS $5 R C s Dy B T A 32 2295 750 1) BF
F, FEMG o 55 7 AU R B AN nT Al B VR, R st
HJHAHES) E Bk B RIS %€ TAE. 20184F,
HH ik S5 008 F 75 e S AL 22 R, 35 5 Y — Flol M
Wt E RNA T B . BT IZREEE RGN - wall )T
M b gl R RRERBE RURER DR B 48 3 i 44 9 A A
FB R B 15 A 5295 7 Ccitrus chlorotic dwarf-associated
virus, CCDaV) . 2020 4F , 5K [N 5 25 2 Bl sSRNA 7
JEE I PP B AR I 45 & RT-PCR 40 #1 F B, R L it
(X f) 213 NAH A7 3538 18 52 CTV . CYVCV g I
240299 7 (citrus bark cracking viroid, CBCVd) LA
e oA A A 25 9 75 Ccitrus viroids) H E & 12 4L .
2023 4F, AP I RNA-seq 1 ARAEA 7 o & B
— A H A 6 KB £ A RNA B H , Hd it
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TF) , S5 e A B P AR 4 2 45 1 15 PR 22 Rk 20 M o 1 2 657

ARSI T HAKIT A, oM R R A S5 LT
FUARBAE B Ak 56 & L B L A AR jivivirus AH G
J55 B , 1 4 A A jivivirus A 9995 FF 1 citrus jivi-re-
lated virus 1,CJVVD),
3 mEEE N ORI R B AR 2
FELE 73 B A i N

TR0 B M T R A T P R RE BN 1Y
Wy D3 AT S FE RS H, EATT %) b B 4 A7 5 IR () HS R
152 R I 2 PR B SRR, I HLIZX M 5l 245 1 ik Sht
ISR VO YRR Y YRR
FIEAEY Y E P S BRI , R R 95 B 4H 2 HR IR
FINEE IR Z R — € bR X ™, HTS %
ABEW A ROR A CEHE e A 5, fEAH AR
BEAPHE 2 R 0 M 2 R A AR AR 8 LA S OmAT IR
AR 2 AR AU R RO E B M A
HTS AR B R BRAL T X0 A= 0 A 38 % A 14 RO
WAHES) 1 50 A% FE ML) S T B 56 W 1A 8 5 K
@[59]o

AR, il I HTS $ AR EA A AR P 30 S P e
2 BB AE AR S FE DR VAL & M PR IR AL DL R A 25 44
ST A RESF T 7R 2018 4F, £ KR H
HTS $7 AR $8 7~ 1 E 5 By A A w22 P 28 55 1 42
R, Hbh CBCVdA 5 2 AP 2 7 B 2, BRI
e JER I AL Z R, S B0E bl it — 22 RT-PCR
313 CBCVd — 3K & cDNA, JF1UE S 342 Yok, ik —
SRR T CBCVd 5 2 VEFIAR S 4k o

2020 4F , Wu S E B HTS BEAR , ML 3E 738 55
A28 R AR AR i 2HL 23 65 H ARG B A B S5 H 0%
J5i 7 (citrus yellow mottle- associated virus, Ci-
YMaV) , H 5 R AR AIE 5 204 B 5 8 (Mandari-
navirus) % FBL, 38 I 57 S L - A I 52 B
BRR LS. ETEIES ARG K E 5 i B
7N, CiYMaV 5 Bl B Hif 7 ¥F B 3 2% (indian citrus
ringspot virus, ICRSV) M CYVCV H. A & [F Y,
BAEMLIE S AAED 2 ERTIX o o IRAT o 22 A A
CiYMaV 7£ A B AT A AT s, BE S
CYVCV J CTV iR G , IX 3R W] B 18] 47 £E 1 £
(A HAE S0 RIS AR 3 H s B gt 4% 2
FEtE. R EZBEIT RNV sl s, F R
KD 2 CiyMaV , 3X — 25 R W% B 1) Hh 2 23 Afi
TEERR S, B A E N ARG ER . HRIEFK

T 85 5 RT-PCRAG I J5 3% , FFIESE T CiYMaV )
FowtE, BT %o B AR R PR AL T BB . X
TR FE AN IRAL, 7 5% o3 B3 P 22 B 4 15 b 2 23 A
AU 1) v T8 R R T 5 3 9 A AT TEE AR A 0 B (0 i34k AR
FRATL A1) B 0 M AR 77 b B4 98 7 52 i S Ak 158 (R A1
i

2021 4F, Liu R HTS BEAR , % = m 2 1L
iy DX A A A 0 7 1) 2 AR A R R MR AT TR
FH 4 MRAE 1 45 %) 6 0 B2 8 (Ampelovirus)
FA FiF A7 AH 22 78] %5 45 99 B 1 (citrus-associated am-
pelovirus1, CaAV-1) M AH < 1 % 4 i 75 2 Ceit-
rus-associated ampelovirus2, CaAV-2) L & 7] e %K
K 2% T 9% 25 B} (Closteroviridae) 351 J& ) A 47 7% 7% B
(citrus virus B, CiVB) . i iz bb 5 52 5] 40 45 1) B
AES3 B HEAC RN B b7, s 1 B E S CORR R
R DA RS 1) 23 A A e R B A AR, I 1R K
FEDR G 7% B DR B RN 3k SR IR X2 2 T Clo-
steroviridae Jj§ 25 [ & R 2 2 4 A 2 1840, DL R
AR 5 T AATTXF Closteroviridae 27 A 20 A1 i 44
AT BRI B AR, SRR T T B ) AR 22 A 1 A E B
P, BLACEAT B A0 T AR A S5 A A ik 2 1)
AHEAEH I E =L

2023 4F , ZE XL Li %52 F HTS BAR, M
T T T LB A AT A D E AN R CTV 4
ERIY-2. FVREFAILEXT KRG K E o Rk
B, 10 B RARER — P B CTV B R A -g Y JE R Y
FLIE R Y A L PR 4H 7 1) 22 S 0t 7.5% , ORFla [ %
TR AN B 7 9 2 S 30k 8% . 1@ I X 12400 &5
PRI ORF1b\p33.p25.p23 F IR 7 5 3E47 5 F 4
TERE ST, K TP 55 2R CTV R AL 5 55
PR R B DR F AT EL XS 0 A, R I JY B DRI R Rl Y
S PR 82 A AR S R R AU, o 285 R AEDN AR e, JY AR
DRI 20 5 H At CTV ik PR B 2 [A) £7 7F i 35 a8t A% 22 7t
ERGREN ELIY 40 BRI UL )%, 5 20
1) CTV BRI & X 73 P k. CTVAER EMIGS
BRI A AT AR 1) ) B R AT A R, 22 R

2024 4F , Jin ZECUE B HTS $ AR , of M8 [ i [X
REEFINIG Sy FEA e i 15 45 08 it 2
FEVES BT o 25 BRI , 38 [ 25 . S AN 8] 1 SR IR )
CYVCV 45 B bk 1) 5 PR 417 41 vy P — 200, AHALLBE Ry
95.2%~98.8% , H¥4 A J& T [A] — kb 73 3, R W] X 4k
o3 B PR BB AL AR T A IR L E1TE B 7 R 1R o R 4
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Fyo @I EEXTERE ) CYVCV 20 B FR 5 A b g 1
CHp ] R SOTE | B E () (1) o B AR R R I, R
AFAEZE 5 AH v A I8 B 8 B o a0 Fof 1) 58 25 2
FE, R CYVCV £ ERREE W 2 4E 4. AIH
b X35 9 B PR ()47 7 55 5 I B A S8 U S B
Ro FREI A S SR i SR R A TR
SRR A JIHES) TG B S U R

4 AR ORI H AR PR

5 A& e (R BRI 7 VAR b, HTS BR B AR 4
FEARIAECL T ILAN 7T H— HTSH ARGk
R BRI . AE s FAL SR I 7 R R SN B
BEAT RTINS EH 5695 55 16 75 71 DL R AR 0 2 e sk
Z RN R FERER IO, S RAEAE . 2
AHEG , HTS $ AW 7 s S A< B 38 v AR 40 FE 8 H A
SE K AR 1R 7 A Ab BE AN 25 LI AE TAE TR RETE L
SIS A Y 58 B, WO R M B T 7 A6 0 255 5 v f
PEC . H L HTS EORIHA MR IR AL B GE 7, AT
SN 2 AMREA B[R] D A I e 30 L AR v () A
ME . EEE R, B 7N OB AR S
() cONA s I 52 PR T 51, e80T 5K B A [F]
B AR AR =P BR )0 B AT A T AR S B o AT
ARSI BT B 2% S AL AR 52

SR HTS AR AE AT 9 75 568 58 S Fhile 2 FEE
G B T R I B R 0 R 2, AR LA S B
AT IGE — RV . o, BRI REFE I 42
Koo EIRM P S WA S PR, (H FE AR AR L Ab 3 2
W7 5 B B2 U 3R BURA 23 B, 4N IR AR R Kk %L
H X PR 7 AR T R e S PR 12 W ) &
7 5 JFG = A A e e N K, T Ak
MR BT EZE E 2 2R WA, X o B n
TR B e BT = AR AL RS Y 5 ) A
e e . 2019 4E, Asplund %5 7% 7000 4> A FTF [
HTS $Ha 34T 20 0, IR AEE KRBT 5115
PR . HEWT, 75 G 5 R AT B I 0 R RS
N5 YL X ] B 5 BOH IR B B A R A, 5
M ffF 7 25 SR e P . BT R (JT L2 RNA R
B UERR N P 8 B B e B, P4 HTS 7= A4
(15154 (Reads) THI I AR AE 45140, KK =F 5 RO ARLAZD 95
B sSRNA J7 71 2 S P AR AR, [FI 51 &N
MR A AR (Chimeras) [ 72427, BbAh, X+ 5 K4
HARE AR 81 5, EEPHER T 21 nl Gedh = #E

BdE, @ BEAT WU IR B AR IX e Bk R R A T
HTS BEAR Rk — A HE) A0SR, 15 1 9 b A% 9o 2
FCAUSHRI HHARSK K K R A2 5 U7 18D

5 4 ®

Zr BRIk, SR HTS BORAE S A B BR 52
LS5 T T T W b X (L L R A AR A il R
TR R R U B e P A5 S B DU 3, AE A o 25
S L AR S R U . HTS $0R
DI R ST U R E MR I SO0 40 T A
RS IRAL T XS Sl E MR VE IR R 739 I FL T BE Y
PERINED S IR, WO HESD 12 U 7T 1) 5 &
WHITT IR JE . B R , HTS BORAE MR i 25 F
FCATICHE B M o DA 1)L S T+ E AN 40 Je
375, LXS HTS $ARAE MR 9 25 5 H A A 9
FEAS I T AR S R A S, A BT B I EOR
FEAS [FI R D99 B 46 2 v B3 S R, D9 AL A Aer
SR HES A 7 2 RO R SR BB B 7
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