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A Sequence in Coat Protein Open Reading Frame Is Required for
Turnip Yellow Mosaic Virus Replication

Hyun-1l Shin and Tae-Ju Cho

Department of Biochemistry, Chungbuk National University, Cheongju, Korea

Turnip yellow mosaic virus (TYMYV) is a spherical plant virus that has a single 6.3 kb positive strand RNA genome.
Information for TYMYV replication is limited, except that the 3'-terminal sequence and 5'-untranslated region are required

for genome replication. When a foreign sequence was inserted at the position upstream of the coat protein (CP) open
reading frame (ORF), replication of the recombinant TYMV was comparable to wild type, as long as an RNAi suppressor
was provided. In contrast, when the foreign sequence was inserted between the CP ORF and the 3'-terminal tRNA-like
structure, replication of the recombinant virus was not detected. This result suggests that the CP ORF contains an essential

replication element which should be appropriately spaced with respect to the 3'-end. Analysis of TYMYV constructs
containing a part or a full additional CP ORF indicates that the 3' quarter of the CP ORF is required for TYMYV replication.
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M E

Turnip Yellow Mosaic Virus (TYMV)E Bmovirus <
(genus) Hlo]# 29| Ao, alphavirus-like superfamily
o] A7l (positive strand) RNA B}o]{2~o]t}, H]Z]&
(virion)2 20 kDa Z712] gk 7}A] coat T Z o] 1807
(hexameric subunit 20719} pentameric subunit 1271)7} &
o] AT 2 Eo] 28 nm¢l T=3 Bo|AHAZ 9|y
(envelope)E ZtA] =T} Genomic RNAE W&l RNAZ
71 6.3 kbolH, 5" Ite]| cap FERE ZEAL, 3 HTO|
+ 82 nucleotide 2 °]29] tRNA-like structure (TLS)E 2t
t}. Genome C 9717} o G &717F A THC: 39%,
G: 17%) (1).

TYMVE] genomic RNA (gRNA) A= p2067} p69 T
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Q7] ApolE FiL FHETE p2062 stop codon?] read-
through®ll ]38l coat T (protein) (CP)2] open reading
frame (ORF)7}A] E&H3}= p221o] WHEo|d 4= 9l
p206 THEA L genome HAIE 13l Qo A =Z 2}
219] protease Aol ofal Eel pla1¥} p66 o= L]
OJZIt} (1). pl4l 142 methyltransferase-like domain,
protease domain, NTPase/helicase-like domainS 3 3}5}aL
2™, p66> RNA-dependent RNA polymerase (replicase)
domaing ZH=T} gRNAOA THEoIA| &= F o oyl
A2l p69F movement THMHO|HA {72} silencing
suppressor == 83T} (2~4). wlo]H 229] coat T
2 subgenomic RNA (sgRNA) A THEo1 It} (1).
7k RNA Hho] 2] 2~€] genome H A= &4 7FE
(negative strand) RNAE "7/|&2 o|Fo|Ft}, LA 7=
RNA H}o]2] 227} genome s 3402 EHA|steH A&
Al el A <555 Al3Ee] RNAS Hlo]2]220] RNAE 4
Hstal, 537 7] A K(transcription)7F Al AFE =
Z 23 sequences Frolul= Flo] Q) TYMVE
74~ 3-TLS9} S-untranslated region (5-UTR)®] TYMV &

Aol Festth= A ol9folli= of#] & uie A )t

o] oY) F A9l reading frame 4712
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Table 1. Oligonucleotides used in this study

Primer name Sequence*

TY(+)6209 5'-CGAGAATTC AGGCCTAAGTTCTCGATC-3'

TY(+)6186 5'-CGAGAATTC AGGCCTTCCGCTCATCACGGACACTTCCACCT-3'
TY(+)6139 5'-CGAGAATTC AGGCCTGCATCGACCTGCATAATAACTGTAT-3'
TY(+)6059 5'-CGAGAATTC AGGCCTCCCGGGTCAAAGATTCGATTCAGT-3'
TY(+)5625 5'-CGAGAATTC AGGCCTAATAGCAATCAGCCCCAACAT-3'
HDV-R29 5'-GGAGAATTC TCTAGATGGCTCTCCCTTAG-3'

*Restriction enzyme sites are underlined: EcoRI (GAATTC), Stul (AGGCCT), and Xbal (TCTAGA)

TYMV genome?] 3-etol Q= TLSE Tymovirus,
Bromovirus, Cucumovirus, Tobamovirus, Hordeivirus, Tobravirus
oA AAEE & 5o oy xE AFss g}
5o 2 WA HA=, TLSE AA RNAAH
Feohs Aoz deA U (5). TYMVE 79, 3-2
o sequence™= -ACCSIH] AIX W] (RNAAHH 3-2cho]
A7} 7} ™, valyl-tRNA synthetase”} 2F-&-3Fo] 217 3-
deto] valineo] H7HE o vk (6). E3h TLS7F H
(translation) S48 k= 21 o2 HILE Q) (7).

TLS= A AAoMx= dagt Zow defxich
Brome mosaic virus (BMV)2] 73-9-, A% replicaseS A}
B3 in viro A3 S S3 Wzl vl oshd, TLS7F X
¥ 134 nucleotide A °]2] sequence”’} BMV RNA EAo]l
a3k Hoz et (8). TYMVE| replicaseS A}
St in vitro 24X %= TLS7F TYMV RNA 549 &
ol g2 s oL T 3] ccavt E
8 o2 HIFEAT (1, 9). TYMVE] EA]

ot

A to o
oX,

By
=
R g

S-UTROIE= 5 709 hairpin®] EA]3F=H], ©] 5 hairpin
S 25 AASRE 5ol wild typeoll HIEH 1/1002 =
A7F 7A22% o] F hairpin®] TYMV HAlo] F2.3F o3t
S k= Ao R WA (10). 3 5-UTR®| hairpin &
Z 12719 718 v VIR vHEEAY AASSS o
= 77 171002 1/1,0002 7hAske] o] Tgh EHAo] &
8 & she Ao® YERT (1)

ATAelA = TYMVel 98 FdAE Ay
stal 1 HAIE AR v 9=l TYMV genome®] pol
domain¥} CP ORF A}olol| eGFP T+ GUS #2115 44
Yok AE3 TYMVE] 85 HAol & o] §li= 3o
2 Yeley (12), 71 $4 52 CP ORF H %ol €]

et

g e

ol e @ A4RE 5-UTR®] Ut}

TS A A5 BA7E A doluA] B8
BB, 1 olfE ZARHE HAoIA Aol 14
sequence element’} CP ORFell &A= A& &7
o] ole] 1 A3E Wilsh= welth

oo o

O

WE Uy
DNA construct

TYY, TY-V*™, TY-eGFP, TY-GUS+= o] ATl A] #|
24k 1S ARESIETE (12). 15 constructe] 3-Eito=
hepatitis delta virus (HDV)2] ribozyme sequence”} <=#)| 3t}
TY-eGFP2+CPgs2 TYVS] Smal®} Xbal A}o]2] sequence
& SpelS H]ESE U2 Alghak siteE Y3t ¥4 DNA
= AE & enhanced green fluorescent protein (eGFP)
HAAE Adste] HEAY. TY-eGFP2+CPgi= forward
primer TY(+)62092} reverse primer HDV-R29E ©]-&3}4]
nt-62095-8] HDV7}A] S PCR3}AL, TY-eGFP2+CPgy3 2]
EcoRIZ} Xbal Ato]] DNAS} L A|ate] Al2batgich. o
o} n}E7}A] & TY-eGFP2+CPygs, TY-eGFP2+CPys, TY-
eGFP2+CPgys0, TY-eGFP2+CPsgy5+= forward primer= 22}
TY(#)6186, TY(+)6139, TY(+)6059, TY(+)56255 A}-&-a}1L
reverse primer HDV-R29E AF8-3}] TY-eGFP2+CPgy
o} 2 Wi o2 A=SIIt) o]& primer?] sequence™

Table 10 YERHRATE
AgroinfiltrationZ} HIO[2{A RNA 24

Nicotiana benthamiana®} W5 growth chamberolA] 1l
FE v 16A1IRE 8AIREO R, 18]l 25 B 21T
/MY 19C =2 2+ 71T} Agrobacterium tumefaciensS ©]-8
3l agroinfiltration¥} BFo]2]2 RNA 492 Cho®} Dreher
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o] W (13)0l we} 5kl o (wild-type) TYMV
construct (TY™)%¥ o}yl | ZF(recombinant) TYMV
constructs 2=l HE wW= pl19 FA}F constructE
kA oA 4F53Th pl9+= Tomato bushy stunt virus
2] RNA silencing suppressor®] T} (14).

ol A total RNAE F=367] 9l A4z v
AHAL e whRbel whrpabbel] AAE A0 o) AR
0.1 g= 37 War Al&aiA] dol FE=E vk 57
¢ B8 ZFHA Siie Eppendorf tubeol]l 3l Easy-Red
(iNtRON Biotechnology, Sungnam, Korea)Z A}-8-3}% total
RNAZ 3Z35}91t}h Total RNA 1 pgoll DEPC-treated SDW
(0.1% DEPC A&t 32} SHTE Hst 2H)E Hrlst
o} 7.5 =2 THE31, FDE (95% formamide, 20 mM EDTA,
0.05% bromophenol blue (BPB) & xylene cyanol dye) &<}
7.5 Wk & 412 H 70ColA 1023 vt 1%
agarose gelollA] 1A17F 2087 A7]9E3kaL 20X SSC
£ o]&3}o] RNAE Hybond N” membrane (GE healthcare,
Chalfont St Giles, England)©. 2 %7]3 TYMV CP DNAY]
digoxigenin (DIG)S &¢! probeE A}-8-3}4 hybridization
3}l Probe’} B2 RNAT DIG chemiluminescent
immunodetection (Roche Molecular Biochemicals, Basel,
Switzerland) W] o2 E2l5tith

Coat protein (CP) &&l 24

CP @& 32 12.5% SDS-polyacrylamide gel electro-
phoresis (SDS-PAGE)S 4=335}1L Western blot 2.2 #2435}
Stk 2 AlE 0.1 g& 2X sample buffer (125 mM Tris-
HCI, pH 6.8, 20% glycerol, 4% SDS, 2% 2-mercaptoethanol,
10 g/ml BPB)2} &7 2} 1.5 ml Eppendorf tubeoll o}
587 # F, daEgste] A5de AMEE tubeel
ol vkm EAE7u 20TolA B askgith. Western
blot detection anti-TYMV rabbit antiserum¥} horseradish
peroxidase (HRP)7} 23} goat anti-rabbit [gGE # 2] 3}
o] chemiluminescent immunodetection *3-2]<! Luminata™
Forte (Millipore, Bedford, MA, USA)E A}-8-3}o] 433}
ATt

2 1
Qeff FEAF LURAXITE TYMV SHO| O|X|= G

o]d Ao A TYMV genomes UF W7 TYMV

111

GHUEE AR v Aok (12). TY-V™2 Byt o
W W E](Fig. 1)& sgRNA promoter2 227 tymobox 2}
multiple cloning siteE pol domainZ} CP ORF A}ololl 4}
Jate] Az otk TY-VY™2] EcoRIZ} Spel Alolo]
eGFP 322 AFSlste] REE TY-eGFPAH TYMVOl
Q- RS AT A2 TYMVE] A9 HA7F 2+
Z2ekgih Wb BE TYMV AMZAE N, benthamiana
vl S=ol] HE3 wolli= RNAI suppressor] pl93} H7|
THATE TY-eGFPo] HA1= pl19S o] A 4
9 TYVo} W28 FEO R HA} B o2 ey
ol S| eh T o A= eGFPZF CPoll HlEl A&
A AAE AT (12).

eGFP @ o] wd $Es i
E}z15H7] 918ke] eGFP 742} CP ORFY] ¢ & w1}
o] CP ORF$} 3-TLS Atolell eGFP 47} 4F i
constructE A 25} TY-eGFP22} ™83} UhFig. 1). TY-
eGFP2 A ZF A= TY-eGFP2+CPyys 2t TY-eGFP2+CPyyo
T 7HE AEEE eGFP A vkE H el wild
type®] nt-62037} nt-62092] 717} 747} 1AE Zlo|ch
TYMVS] 3-TLS H}lZ2 UZFo]= nt-62115F upstream
pseudoknot (UPSK)©] <&A8}=t], UPSK+ 3-TLS¢} &
7 45283t TYMV RNA oS 771 8s
3l Aoz BuE Aot} (7). WA UPSK sequence”f
ESHE S E nt-6203 EE nt-6209 A715-EH e 7 A
FHAE AZFeE Aol A3 TYMVE Agrobaterium-
mediated T-DNA transfer system$! agroinfiltration 4.2
N. benthamiana® 74&3ko] £23131t)

TY-eGFPS} TY-eGFP2E N. benthamiana 29l 7453}l
74 $ol YollA FE3t total RNAE 1% agarose gelol Al
A7)0l whe} #2]84 al(Fig. 2A), CP ORF DNAOI DIG
< €2 probeE A}-8-3}] Northern blot WH o2 F433}
Stk 2 A3} pol domain@} CP ORF A}o]ol| eGFP #7
A= AFQleh A=A TY-.GFP= o7 Ao} npik
ZHA R TYV9F Hl2eh o R BA|EE FoR vE
S THFig. 2B). TY-eGFP7} 874 02 HAwH F 7]
sgRNA7} RS0t} dlu= TYV S} vz FA| 2 CP ORF
WF E3E sgRNAZF WHE AL, 2 3lyi= eGFP
kel CP ORF7F §H7 EA)8k= sgRNA7F RS0 %] 7]
Atk TY-eGFP20 A= eGFP -7 Aket E3hel sgRNASH
CP ORF$} eGFP §-AA[7) 8] EA3}= sgRNA7} THE
ojd Ao= oidsiit). e TY-eGFPeb= &, CP

-
x
rr

BN R
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(79) (1754) (4106) (6061)
Mfel BamHI Nhel Smal Xbal
] ] ]
TYW * [ MTR ] p69 [ TPrRO] [HEL ] ] POL [T cp |§]§|
Ncol
SnaBl EcoRI
Scal~ ﬂSpeI Xbal
TY-\2tymo * — [ MR | p6g [ TPro] TrEL] [ pPoL  [mes][ cp IEIEI
EcoRI Spel Xbal
] | |
TY-eGFP ] poL K1 eGFP [T cP IHE
Scal
SnaBl_| , Miu Stul bl
Spel Ncol  EcoRl a
TY-eGFP2+CPgy05 L pro. 1M1 CP M1 eGFP EEE
6203
TY-eGFP2+CPg0g - | CP [T eGFP ||§|§|§|
6209

Figure 1. Recombinant TYMYV constructs. TY" represents a wild type genome. TY-V?*™ is an expression vector where an extra
tymobox and a multiple cloning site were inserted between the pol domain and the coat protein (CP) ORF. The gene encoding an enhanced
green fluorescent protein (eGFP) was cloned into the TY-V?*™, yielding TY-eGFP. In the TY-eGFP construct, the eGFP gene is expressed
as a bigger sgRNA. TY-eGFP2 constructs were designed to have the eGFP gene between the CP ORF and the 3'-terminal TLS. The eGFP
gene here is expressed as a smaller sgRNA. In the TY-eGFP2+CPg,(; and TY-eGFP2+CPg,(9 constructs, the TYMYV sequence downstream

of the eGFP gene begins with the nucleotide at nt-6203 and nt-6209 of
ribozyme sequence derived from hepatitis delta virus (HDV).

A)O]

ORF9} 3-TLS Afelell eGFP A4S A3 TY-eGFP2
(+CPgps ™t +CPeo)®] 78-%- ell’d™|+= RNA band& #2Het
4= 812U tHFig. 2B). sgRNAT E-A4]7} dojijopyt A g
), 19] whe} CP ¥ AT EA7} dojrfolnt wHEo]X|

), Western blot B4 o= Cp vz dha]S A}
gt Ay A% TY-eGFP29] 7Z-5-oll= CP TS ¥
g = §lo] TY-eGFP2 A= dojubA] ekka-S A8kl
& AATHFig. 2C).
TY-eGFP27} HA|E A ¢FE Ao] Hl7|F 2]&9l N
[e] [e)

benthamiana®| | Tk 18 ZQ1=] <ol 7] s 715 4
Q1 wjFol . gEste] STk B, eGFP 314
B} oF 1 kb A% ] 2 B-glucuronidase (GUS)E ¢l gk
TY-GUSS} TY-GUS2 (+CPgps 3 +CPey) = AlZ}5I] AlE
3l H.9}Uh(Fig. 3A). Total RNAZ Northern blot & &2 -2
3 A3}, TY-GUSS] HA1E tha oAl YeEREAI T TY-
eGFP} TY-GUS EF N. benthamiana®| <9} 7o) E-A)
7} dojwttiFig. 3B). TY-GUSS] H-#7} oFs}A| vhebt

= AYE GUS 429 RNA 23} +27F TYMV

o] H H

the wild type, respectively. All these constructs have a 3'-terminal

8%

= WelskiZ It RNAIE U A8l #281317]
o) Z‘i

2l Aoz} F=HUh TY-eGFP, TY-GUS$} 28], TY-
eGFP2¢} TY-GUS2E N. benthamiana®) < ¢} v 1A 2
A2 gelst 5= gld=r(Fig. 3B), o83 Axpz wol
TY-eGFP29} TY-GUS27} HA|EA] &= A
B9o] oJgko] opd AjFHA|e] F3F wjiol

= I~
g = it

2 o

=1
RS

S
A& 2

Aoz A7}

TY—eGFP22| 3'-ZHE0| CP ORF sequence &2

oz Qlet =X 35

TY-eGFP$} TY-eGFP2, = AZgA¢] xFoli= eGFP
ARRE AFSle $14]7}F v Zlolt)h =, TY-eGFP+= eGFP
FAAZE pol domainZ} CP ORF A}olol] A4t Aol
TY-eGFP2+= CP ORF$} 3-TLS Alololl 4Flgh Aot}
o] A2 TY-eGFP2ol| 4] eGFP -1 #}7} CP ORF$} 3-TLS
Atolell APEEA TYMV EA] Aol J3s FAS
Ho]3== Aot} wkeF CP ORFOl| HAo] L3 cis-
acting element”} A]3}3L, 1A 0] 3Tk} 7}7lo] 9lof
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Q ™vW V2™ TY_eGFP TY-eGFP2 @ YW V2™ TY_eGFP TY-eGFP2
107 107 107 CPexs  CPexos 107 107 107 CPes  CPenog

- gRNA =

_ ~ - = 28S rRNA

! g o

sgRNA =

VMo TY.eGFP TY-eGFP2

10" 10" CPer0s  CPexos
cp o —-n

o

Figure 2. Replication of TY-eGFP and TY-eGFP2 in N. benthamiana. Seven days after agroinfiltration of N. benthamiana leaf with
various TYMV constructs, total RNA was extracted from the leaf. 1 pg or 0.1 pug (107") of total RNA was size-fractionated in the 1%
agarose gel (A) and examined by Northern blot analysis (B), using the DIG-labeled probe representing the CP ORF. (C) Western analysis
of coat protein expression. 1:10 diluted (10™") or undiluted leaf extract was loaded and electrophoresed in 12.5% SDS-polyacrylamide gel.
The proteins were transferred to a nitrocellulose membrane. Coat protein was detected using anti-TYMYV coat protein rabbit antibody and
anti-rabbit HRP conjugate. The membrane was developed by a Luminata™ Forte (Millipore) using luminol as the substrate. The results of
the Northern and Western analyses show that the replication of the TY-eGFP2 is impaired, in contrast to the TY-eGFP.

Q EcoRI Spel Xbal
TY-GUS [ PoL [|] GUS | R ||é]§|
TY-GUS2+CPyy5 [ror M o 1 GUS HEE

6203
TY-GUS2+CPyy00 [ror M o 1 GUS HEE
6209
@ W \/2yme CPso03 CPé209

107" 10" TY-eGFP TY-GUS TY-eGFP2 TY-GUS2 TY-eGFP2 TY-GUS2

Figure 3. Replication of recombinant
TYMV constructs in Chinese cabbage.
(A) TY-GUS and TY-GUS2 constructs. (B)
Analysis of recombinant TYMYV replication.
TY-eGFP, TY-eGFP2, TY-GUS, and TY-
GUS2 constructs were inoculated into
Chinese cabbage. Northern blot analysis was
done as described in Figure 2. The results
show that the recombinant TYMV constructs
do not replicate well either in the natural
host when they have an extra sequence
between the CP ORF and the 3'-TLS.

sgRNA -

28S rRNA
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Xbal
TY-6GFP2+CPagsq T | | TN
6059
TY-eGFP2+CPgq5 [ por I cP 11 eGFP I cP [2]3]
5625
@ ™ \2umo TY-eGFP TY-eGFP2
107" 10" CPeagss CPyss Figure 4. Beplicaﬁor} 'of TY-eGFP2
6 constructs with an additional CP ORF

1 2 3 4 5

of githd o]t AE AW = dS Flolm, o] 4
% TY-eGFP2ol| A4 eGFP %A} u}= t}S-<] CP ORFE
Al Ak BA7F s)EE 5 s Floth ol 7}
&}l TY-eGFP22] eGFP ORF9} 3-TLS A}elo] CP ORF
o] 7] LS AAdsale W HAlol ojue d3s

HR3=A) Stobs] 913 F 7HA constructE Al H1SAT,

Sk CP ORF9] 3-Ett % 1/4
6059 E] AFA¥ TY-eGFP2+CPg50] 3L, &= T2 dhb=
CP ORFY] AJZAEQ nt-56255-E AY¥ TY-eGFP2+
CPs5°] ﬂ—(Flg. 4A).

Northern blot hybridization®] A3} Fig. 4Bel ®.<l u}
o} Zt} CP ORF2| 3-2th 2 1/48 U80S wl(TY-
eGFP2+CPgs0) L HA = TY-eGFPQ‘r Hj &gk o=
3] 5] thFig. 4B, lane 49} 5). TY-eGFP2+CPgs2] sgRNA
% A717F 2 sgRNAY] band 7} oFaHAl et A&
sgRNA2| <Fo] 2 o7} o}l Northern blot 270l
CP ORFE probeZ A}&-3}511 i7]7]- 212 sgRNAT
CP ORFZ 1/4%F %383l 91o] probe£}2] hybridization
o] @ dojr}r] wjFolt}. TY-eGFP2+CPgsi= CP ORF
AAE P2E TY-eGFP2+CPss &t H| 28 207 B
A7} 3] tk(Fig. 4B, lane 6). ©|2]3 ZAatz &2 uf,
nt-605991 4] nt-6202 Akololl EAsl= 7] Aol HAo|

A I29] sequence, =5 nt-

sequence. (A) TY-eGFP2+CPgyso and TY-
eGFP2+CPsgs constructs. TY-eGFP2+
CPgps9 contains an additional 3'-quarter of
the CP ORF at the downstream of the
eGFP. TY-eGFP2+CPsqs has a whole
additional CP ORF sequence after the
eGFP. (B) Northern analysis of the recom-
binant TYMV replication. All agroin-
filtrations included expression of the p19
RNAI suppressor except for the inocu-
lation represented by lane 3. Northern
analysis was done as described in Figure
2. The results shown here indicate that a
sequence element essential for TYMV
replication resides in the 3'-quarter of the

CP ORF.
8% S srh= AS & 5 2T Lane 32 RNAI
suppressor?] pl9& 7 HEoHA] ¥ohS Wi A=
SA7F AA ﬁiﬁt}—% HolFal 9=, o] A¥R= RNAi

suppressor<! p

TY-eGFP2+CPg0; 0Lt TY-eGEP2+CP00] 74-3- eGFP
A 9kZo] CP ORF7} EAI3tol| = Eatal Ea
7} =A ¢kom, 3-TLS wl=2 <ol CP ORF9] 3-Ztt
sequences Y- Aot HA7) I EEH= o=
Rol TYMV gRNAQ] 3"d& 533} CP ORF sequence
Apole] A7t FosithE AL & 5 Slrk ol 2
AHdE TYMV CP ORF9| 3-Tehio] EAo] Fagh
sequence < replication element”} =A|3}H, L replication
element®} 3-Eh Afo]o] of o zhg-o] Aol ujjg-
<83 S Ak Aolet Azt TYMV CP ORF
ol = replication element”} ™ FHolw AA| oH &
T2go] A 52 Yoz HEof & AU} E A
o]t}

Replication element 17 Y437} RNA Hlo]e] =2l
Tomato bushy stunt virus (TBSV)ol| A 22 A7} 2135
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Atk TBSV 4] 3} oA TBSV genome o ZH-E #}-&
Ho] 2] 2 replicon?] defective interfering (DI) RNAZ} A3
A% 71%= 3= TBSV DI RNAE TBSV genome®| &¢1
%4 THOZ region I (R)F-E region IV Ry)7HA] =4
skl (15). R Ry ZHZ) TBSV genome?] 5-reti-of
3odehel] EAI8EL, Ry9k Ry Do) oy el &
A &=, intraregional RNA-RNA % o}12} interregional
RNA-RNA 7J&2g-0] HEAo] Js nx|&= 3oz &
HAY (16). 2471 RNA &4 9] promoter &3S &}
= Ryl stem-loop (SL) 737} Al 717} le=dl, 3-2
E] SLI, SL2, SL3°|th =L Z SL19] 3-ehiel] 9}
s709] 9717} SL39] side-bulge F-912] 9719} A1 A
A7) LSz QlojA F Fio] szt 59
+/47F RNA 85 dAlskE 98 8=
Zye =), AA| o] e ARgo] dojubA] oA
+737F RNA o] S7HAH (17).

TBSV genome?] 5'-UTR®l| #938F= R+ 5-proximal
T-shaped domain (TSD)¥} ©] Z5-E 100 bp BE "ol
2ol $JX|8}= 3'-proximal downstream domain (DSD)®] %+

AR 47 MEe zaL gtk o] Aol o] 59 4

Ol oo
Ir

ofo
¥2 lo

to U
2 oz

==

P

ol
o

4
sabge] A BA| x70] Hi= Ao AelAr) (1)

t
O

, Ry= Ry} 45485 319 replication complex 3
el d&FE T, Ry ()= +487F RNACIA HEh
T ALEZ R ()T FeAES 33 HAE ST
=

1

AshS S} (19). ©]9)el| PotexvirusQl Potato virus X+
5-UTR H-9]2] 2 7)o} sgRNA initiation site Fol] &=
Aek= 2R A77F dEAgate] pvXe] HAlC T4
gt A%kS Sl Ao® ure T (20). B3, Tospovirus,

Rhapbdovirus, Flavivirus®)| 7] %= replication element”} RNA-
RNA 2485 &3l HAlo] 43S nAe= Aoz &
HA Aet (21).

TYMVE] 749~ 5-UTR®l U= 7 7N stem-loop T3¢}
I-AERTE Fa%k ZoR HuElon, I dA4E F
g CP ORFO % Aol A4l sequence element”} &
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