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Porcine reproductive and respiratory syndrome virus (PRRSV), a member of the genus Arterivirus in the family
Arteriviridae, is the most important viral pathogens in swine industry worldwide. Here, we have investigated 5' and 3'
cis-acting RNA elements required for PRRSV genome replication. Using the infectious PRRSV cDNA, we have
manipulated the genomic RNA to generate mutant genomic RNASs, transfected these mutants into susceptible MARC-145
cells, and examined the competence of RNA replication. We found three genetic factors that were essential for viral
replication. First, the cap structure present at the 5'-end of the genome was absolutely required for RNA replication.
Secondly, polyadenylation of the genomic RNA at the 3-end was also essential for RNA replication. Thirdly,
approximately 100-nucleotide region just upstream of the N protein-coding region was crucial for genomic RNA
replication. Taken together, our findings indicate that replication of PRRSV genomic RNA requires three important
cis-acting RNA elements: 5' cap structure, 3' poly(A) motif, and an internal sequence of about 100 nucleotides. Further
investigation is needed to elucidate the molecular mechanism(s) of how these elements act on PRRSV genome replication.
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UERAT (10,14,16~18,20,21,23). H-7312 0 & PRRSVE
equine arteritis virus (EAV), lactate dehydrogenase-elevating
virus (LDV), simian hemorrhagic fever virus (SHFV)S X3}
3= Arterivirus genus (%), Arteriviridae family (2hell &3t
t} (4,29).

PRRSV= 2he- <l Futo]e] 2 (enveloped virus)©]™,
upo]g| 29] AlE2 Tdrbee] -5 RNAClt) tf
£ arterivirus®} PR FA 2, PRRSV Als2 2F 15 kb 4
Lolu, nucleocapsid THd o] #ofz] 9Tt (7). Al
9] g-dtcto| = €} | 74 -3 (type | cap structure)E 7}
AaL glom, 3-wetol= poly(A) @ilS 7FAaL T} (25).
PRRSV®| 73, AA7HA] ¢F 2001 78] Eef5=e] ZA)-
sl @Il USAA D 5. dolel el ALk
Ao Fadl FAER TFAHOZ Ao g Wojxi= H]|
FEH A (nonstructural protein)E-2 Hhol] 2~ Al Q]
5o 2 RE o 455 s, MR FHEE
ORF1a}t ORFlbell ©]3A wHEo]xt}. ORFlb =12
74$-1= ribosomal frameshiftel] 2]siA LHAET} (3). Hlo]
o] FZEMA (structural protein)y s AlEe] 3-%
cho 2R oF 1/565 2HA|ElH, ORF2a, ORF2bolA1+H-E
ORF7714] 7719 f-At=2 56 3 ¥th ORF2b= ORF2a
ol ¢kds] S5 = o] Qi) o] & el s didEe
A% AIE ellA] subgenomic mRNA2] 5-Hko 21
B @} (19,30). < PRRSVE] 9d-fdA) Al 2~E]
(reverse genetics system)©] 30]4}o] HEHE AFaFoR
FH EEJenR, o o5 Ve % EAE
4 EAof digh ATt B2 o] g HoR 7]
ot}

B o= AE= PRRSV7E Ao 299 7, o5
o] AA-Al% RNAZF HAE = o] 223k cis-acting
RNA elementsell thaljA] dolr iz} shgich. < =
oA e A Z5E EEE PRRSVE] Sl
PLO7-1/LP1o theh EAHE A EAo] EAH o
L3l o5 3802 ARSI infectious cDNA molecular
cloneo] A=A} (5,13). & AFollA= ©] infectious
PRRSV cDNAE AH&3te] PRRSVE] Al RNAE f3l
sl o w7 Z2%ko 24, PRRSV genome replicationo]]
How e 5 = 3 cis-acting RNA elementsS 5435t
Atk °o]&+2 PRRSVO WI7dS YE= MARC-145
AZol] wol el A7HEAe] AejHoR e sthe

AL 4 F AT} ol 370¢] cis-acting elements o1l 4],
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53] PRRSV N 314} vk eHlo] 8.3k cis-acting
element’} A& ks AL wAskTh
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1. MIZEHHQf

MARC-145 A|3Z+= minimal essential medium (MEM) Hli
Aol 5% -$-efo}d7d (fetal bovine serum)¥} nonessential
amino acids, sodium pyruvate, ¥4 H/~EJEvlo]AlS
A7ysto] gk mjF o2 ARSIt MARC-145 Al
3= 37T, 5% COlA mFatalor, 3~4<d witt At
HjFgro = AT AR GA] AREE BE AR
52 GIBCO-Invitrogen (Gaithersburg, MD, USA)S 2 5-F
T AT
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U2+ PL97-1/LP1 (GenBank Accession No. AY612613)
O ZHE] %"élﬂ infectious PRRSV c¢cDNA, pBAC/PRRSV/
FL/ACIV®N (5)2 F3 o g Apgdle] Aztalddn). S22
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A AZE EdWol 5L PCRE T34 infectious cDNA
of A491slsith PCRE FEH H-9= A7|Md BAe
EfA dshkes AR} dAUARGEH A= A&
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Table 1. Oligonucleotides used for mutagenesis in this study.

Oligo-nucleotides Sequence® Polarity
PR-F 5-TCCCGGCCAAAGCTTICATGATTTT sense
PRnpa-R 5-AGGGCGGCCGCAACGTCTAGAATTTCGGCCGCATGGTT antisense
PR14600-F 5-GCAGACGCGTGGAGCAGTAGTTGCACTCCTTTGG sense
PR14700-F 5-GCAGACGCGTTTCTGGCCCCTGCCCACCACGTTG sense
PR14800-F 5-GCAGACGCGTGGTCAACGGCACATTGGTGCCCGG sense
PR14900-F 5-GCAGACGCGTCAACGGCAAGCAGCAGAAGAGAAA sense
PR-R 5-CCTGCAGGGCGGCCGCAACGTTTTTTTTTTTTTI antisense

®Restriction endonuclease recognition sites used for cDNA cloning are underlined

nucleotide Pac I-BsrG | ©)7} H3AIZ ) o] 2 A vhe
o]z A z3+ PRRSV cDNA Z2}~n== Mutant/NPAZ}
3 gHekqiTh

At Aol $-2]E5S PRRSV Al RNAS] 3-2th
E5H 911 w2 QE| =7} npo]e] o] A7HE A9

A= 911 FEHQLERIE Tl A o gl 17
do] wpole] o] AHEAC] Fagh s o= A
= Bu A=A 48171 91814 5719 Ax% cDNA
(Mutant/nt14500, Mutant/nt14600, Mutant/nt14700, Mutant/
nt14800, Mutant/nt14900)5 &d3131t}. Mutant/nt14500%
7150l 3 ATtellA /3 E pBAC/PRRSV/Repluc S8
I FAah, FA =0l AoE fEiA B A
oAl Mutant/nt145002} EH3HATE 2 AF A AHEE
Mutant/nt14500%= PRRSVS] 7]xde] AHH (deleted)
T2l encephalomyocarditis virus (EMCV)<] internal ribo-
some entry site (IRES)ZH-8] W& ¥+ FA]H# o] = 3
25 Abste], wlolg 2o A HEAIE E4AEo A
= g4 EAF = QA sl Mutantnt14600 2t
=g Az feiA e 22 S Tl
WA, PR14600-F2} PR-R X #}o]HE ALE3lo] pBAC/
PRRSV/FL/ACIMNS: 3 o 2 BE g TS PCR &
Zao). =E¥ o o 2R 886-nucleotide Miu 1-Not |
S-S Adsle], Mutantntl45000 2 HE AwkE 279
oA (17584-nucleotide Not I-Rsr Il ¥+ 3} 4642-nucleotide
Rsr [I-Mlu | ©+3)3} g8t o 24 Mutant/nt14600 =
gtan =g ARSI oleh e W o ® Mutant/
Nnt14700, Mutant/nt14800, —L2]3l Mutant/nt14900 =2}2~H|
=5 AFsisiTh oju AREH Zbzko] Tajolm o] gL

ohS-7 2l Mutant/nt14700, PR14700-F/PR-R; Mutant/

M 2 e oW o

AHel fAAAR Agae A o 5 AU ©)

nt14800, PR14800-F/PR-R; Mutant/nt14900, PR14900-F/PR-R.
3.PCR &%

PCR ¥F$-2 10 mM Tris, pH 8.3, 1.5 mM MgCl,, 50 mM
KCI, 0.01% gelatin, 200 pM dNTPs, 0.4 UM primers, 2.5 unit
Pyrobest polymerase (Takara Bio Inc., Shiga, Japan)S ¥~ 3s}
= 100 pl ¥Hg-Hell A o] FolHth PCR 5% denatura-
tion (94C, 30%), annealing (60°C, 30%), extension (72°C, 5
) O®E F 30 cycles APt om, mpx|2} extension T
A= 72°ColA 108 F<F FaAich

4. A& L ®AMFZ (/n vitro transcription reaction)

1~2 ug®l cDNA Ze}Ar =2 Acl | B3 Xba | (Mutant/
NPAS] )0 Aelste] dergromm, Ag i A
Ap-S-A] 3 run-off sites WHEQITE 1 o] %, AR
2~ Hk-g-oN2- phenol-chloroform &2 &3}l ethanol = 3
AAZ1 Z, 20 pl nuclease-free dH,00l 5% © &4 RNase-
free DNA 588 FH|3I3ITE ZAR= 7.5 mM dNTPs, T7
RNA polymerase (New England Biolabs, Beverly, MA, USA)
E0] B0+ 20 pl HHg-HS 37T 1AZE F3F Y
oFslgit). o]=2 Al WA synthetic RNAE 2.5 M LiCIE
AR&ste] 20Tl A 1AIRE &<9F F A A7) AL, 14,000 rpm
ol A 104 F<¢F AlEE It wElE RNAE 20 pl
nuclease-free dH,00 HolA FH|sle] FQd wj7}A
-80°CellA] Htsl3lTt.

5. RNA E& &2 (RNA transfection) & S0|& Y=

(specific infectivity) =3

BHK AZ (1x107°l Alga W drptgog dojxl
synthetic RNAE @ statqlnt. Jadshd A= A
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gt e v, 10014 348 AEES 6-well
plate®] Zt7+o] wellell dolx mjeksigint. olul, 6-well
platecl] = o]n] 1~2A]7F Aol 3x10°2] MARC-145 A%
7% Z47Fe] wellel] mle] F=H)Eo] ek wfdS Al#teA]
4~6A17k0] AUbA 0.5% oF7FE e 9k 10% $-Ejo}
Ho] 5ol viXE HolA 37T, 5% COlA vl st
QAT T2A17bo] g vh, mpolE| o] HA|R Qg
plaques 7HAH o2 ERlsty] fI8iA 75% EFL s
ol= Ao R WA T 5% crystal violetO. 2 A
3tk BHK A ¥+ T2 Ao BlsiA RNA d&A
3t g8o] worg B AR o] Aol e
mutantel] thgk &EAjo] vl A golsirt # AEL 29

o1 B, g 4YAsE Ak

= T A
. EANHYo|= M E (luciferase activity) =F

PRRSVS] RNA A7HEA| = QIs)|A] fE5]s= FA|H
ojze] MAA LS A5 P8l a4 s =4
&3tk ZH7be] synthetic RNAR F2 485 Al (3<10°)
= A A5= washingdt 9, 215 200 ple] lysis buffer
(25 mM Tris-HCI, pH 7.8, 2 mM DTT, 2 mM EGTA, 1% [v/v]

A

Virus 5'-CAP-ATGACGTAT ... ...

WT/GAcap 5-m’G(5')ppp(5')ATGACGTAT ... ...
WT/GGcap 5-m’G(5')ppp(5')GATGACGTAT ... ...
WT/cap- 5-ATGACGTAT ... ...

3

53 @9

2

10°

2,

102

Infectivity (PFU/ug of RNA)

—
Q

N.D
0 T

WT/GAcap WT/GGcap WP/cap-
Cap analogs

Figure 1. Requirement of the cap structure for PRRSV RNA
replication. (A) Schematic presentation of the 5'-end region of
three synthetic RNA transcripts derived from WT/GAcap, WT/
GGcap, and WT/cap- cDNAs. (B) Determination of the specific
infectivity of synthetic RNAs transcribed from the corresponding
constructs. N.D, not detected.
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Triton X-100)2 AF&-3ko] lysisA| ZAth Al 208 5
QF wj ket tF2, cell debrisE A AT Y304 cell lysate
S 2871 12,000 rpmell A AR e8] FEolE ASATH:
10~20 pl] Al 58-S 100 w2l luciferase assay reagent
[20 mM Tricine, 1.07 mM (MgCO;);Mg(OH), - 5H,0, 2.67
mM MgSO,, 0.1 mM EDTA, 333 mM DTT, 270 uM
coenzyme A (Sigma St. Louis, MO,. USA), 470 uM luciferin
(Promega, Madison, WI, USA), 530 uM ATP]<} 4] o] A
k2 ZA|H o] = S EE Luminometer® ARE-5}1o]

etk

e ikl

2 o

9]

1. PRRSV Al=2| 5'— 2 2

Fxo| ey
PRRSVE] 7% RNAT A|X2] mRNAS} vlzk7lA] =
5-ctol] 7 FFx2E A Yl Utk HEgF PRRSV & RF o}
e}, o] mle]g=E ek oy T B2 Arteri-
virust= R EA[ oIt} (24). AN AE7HA] A hETE
Arterivirus®] A71EAe] ot 75 Fle=x odtw

A

wr GCGGCCGAAATTAAAA ... ... AAAA-3
Mutant/NPA ... ... GCGGCCGAAATT-3'

B

108

(5.1

10°

-
o
s
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Infectivity (PFU/ug of RNA)
)

10!

N.D
0 T
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Templates used for transcription

Figure 2. Requirement of the poly(A) tract for PRRSV RNA
replication. (A) Schematic presentation of the 3'-end region of WT
and Mutant/NPA that does not contain the poly(A) tail. (B) Deter-
mination of the specific infectivity of synthetic RNASs transcribed
from WT and Mutant/NPA constructs. N.D, not detected.
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v itk whebd 2 ol = PRRSVE] AP7HEA] A2~
HS o]&3te, vtole o] Al -] EAlEE Y

729 7Es dotEaat siich
Fig. 1o YERA A=} o] PRRSVY infectious cDNA
= FHoR ARgste] Aldd W AARES-S F3lA syn-
thetic genome-length RNAZ g4 & 1, m'G(5)ppp(5)A
T m'GGE)ppp()G H FAHIE wHg-del H7slA,
2o A S H7bsHA 8o &M, WT/GAcap,
WT/GGcap, 5=3= WT/cap- 2}l WHE RNAE 7H7 3
A8ttt (Fig. 1A). 4¥ RNA7F 228 A7HEA S
VS
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A F, o]59] HolF HAYURE AP oR EAE
g}, A8 Ay}, m7G(5')ppp(5')A—* A7)ske] 3R E WT/
GAcap RNAY: 53x10° PFU/uge] #A=E Yehdon
(Fig. 1B). ©] 2= A w=oll A u3l vie} Fdg 2
7ot} (5). m'G(E)ppp(5)GE H 7kl A WT/GGeap
RNAS] 7%, WT/GAcap}t F-AFSHI 4.9X105 PFU/ug ]
ZAEE JeRAAT (Fig. 1B). m'G(5)ppp(5)G # A}
A& H7kete] RNAE 48 49, vhole| =9 A
5-ehe] wpole| 2] 7] o]elel] F7bE & i) G 4
715 Il |t (Fig. 1A). w2 A9 4 92

o 7 Qe AE FAE] f18A], BHK Aol 4 L PRRSV 5-2the] F=719 slte] G A7) RNAY
Run-off site
SP6 Promoter i
Zalolips
= B @ B \
WT ] 1 | [ — O
|—> EMCV IRES - :
Mutant/nt14500 Iﬂ Luc i L (A)sa
12163 14500 |
I—» EMCV IRES ; :
Mutant/nt14600 Iﬂ |LUC I ] , L (A)sa
12163 114600 !
|—> EMCV IRES
Mutant/nt14700 Iﬂ | Luc I ! (A)sa
12163 ! 14700}
EMCV IRES - :
Mutant/nt14800 -ﬂ [Luc] i—'u L (A)ss
12163 :
14840
|—> EMCV IRES - :
Mutant/nt14900 -ﬂ Luc i L (A)sa
12163 14900

Figure 3. Schematic depiction of luciferase-expressing PRRSV viral replicons. The five viral replicons Mutant/nt14500, Mutant/nt14600,
Mutant/nt14700, Mutant/nt14800, and Mutant/nt14900 have large internal deletions of nt 12163~14500, nt 12163~14600, nt 12163~
14700, nt 12163~14800, and nt 12163~14900, respectively. An expression cassette consisting of the EMCV IRES-driven LUC gene was
inserted at the deletion site to facilitate the monitoring of viral replication.



Solx o] G vAA Qerhs A o & 9l
fich e, AP ) B A fAAE A A
71aA) S A5 TS WTicap-©] RNA 79, B
ARl ZEAe BT 5 99 (Fig. 18). o] A7
23}, PRRSV A% RNA9 5'-““’/}01] EAqetE A xR

2o olzele oF

2. PRRSV =9l 3'-2E poly(A) taile] ZeY

PRRSVS] RNA A7HEA|A] Blo]#] 2 Ali5e] 3-Ut
EA8H= poly(A) tailo] 583 98-S xS dolr
7] 91814, poly(A) tails $-:13] #1743+ synthetic RNAS
el 71k Al o] AARES FalA A skaat
k3Tt o] 984 full-length infectious PRRSV cDNA
(wild-type, WT)S clA|Hol&]ale] vfo]e 2 Al 3-%
wholl E=A)eke= 54719 A 9715 ¢hds] AAT Mutant/
NPA cDNA Eeh=n =g s 3 Wyol 7]=3k 2
o] A =31AT} (Fig. 2A). Mutant/NPA cDNAS F3 o=
ARgste] AlEd W AAWESS S84 ThF] unpolya-
denylated RNAS A3kt (data not shown). /3%
Mutant/NPA RNAE BHK Alzel] F2x3kA171 5, o] A
o] 4% FA=E WTS HjuLe3itt

Fig. 2Bl WERH A3} 2ol WT RNAS] 739~ ol gt
A3} o] 51x10° PFUGe] #HALE vrebd ki,
Mutant/NPA RNAS] 74~ A13] 7l et SA =] %] okt
(Fig. 2B). & 23S &34 $-8l= PRRSV 75 RNA9]
3-edo] A3 poly(A) tailo] HRolz]~2] RNA #}7}h

Al F83 S ke S & AU

3. PRRSV /=9 3'-2HE2
QEO|ES &2

[of Zxfst= 100 =2z

Ad A7 AIE BEdE 925 PRRSV AlEe] 3-
o 2 HE oF 911 TLf 7 ¢ Elol== njolz] 29 =7}
EAe] I5Ad ahehE AL & 5 AT B). B A
TAME 911 wF ‘v’ﬂOE}O]C el &A1= cis-acting
elements TS AlF-Ao = FAdstasl sk AT
E 98l A7HEAI7F 75 Mutant/nt14500 ¢cDNA 2
g =2 BE] 71 4709] PRRSV cDNA Zofn|=
(Mutant/nt14600, Mutant/nt14700, Mutant/nt14800, 7231
Mutant/nt14900)& A2+t (Fig. 3). ZH2Fe] mutant 2
gfn=3= PRRSV Al59] 3-UekE: weko 2 100 &

Luciferase activity (Log RLU)
o c |8 ] [9V] i
R
| i

Mutant/nt14500
Mutant/nt14600
Mutant/nt14700
Mutant/nt14800
Mutant/nt14900

Figure 4. Expression of LUC gene. Naive BHK-21 cells were
transfected with the PRRSV RNAs transcribed from each cDNA
template and seeded on 6-well plates at a density of 4>10° cells
per well. After 36 hr incubation, cell lysates were prepared for
LUC assays. The experiments were performed in duplicate; mean
values are shown.

g QEfol=9] F=7} 947144 (nucleotide deletion)S 714
3 Q)= Beo] EAo|t) w3l o]E mutant cDNAES v}
olg]ze] Fxu Ao A7 AHS THAAL JYFo =, 3
A/do] = wlolel e A EA] bl wheba 72t
©] mutant cDNAZS-E A E RNAY x7HEA 58S
A EAstaz EMCV IRESER-E] WHelo] f it

Fl

FAFEo|= A4 B NS G714 P9lol A
ISk o9 Aol FAstdel= fas
Azl Pdd3kE RNAS] A7HE Al ojEA o= W
A}

ol# A A|2t7l 5702 cDNA =
AFE3Fe] ZHZEe] mutant RNAS A8 LH ﬂ/\}‘?l%ﬂi

AT (data not shown). T4 %E RNAS BHK A3
HASA 7] 3 36A1Fo] Ast the, zkzbe] AR
kel M|3EO] lysateo]] EFHE FA|FHo|=o] SAHEE
A3t Fig. 40 YEbd A3} Fo] Mutant/nt14900<
xalfdﬁ& U A 478¢] mutant RNAZH-E] 15~5%10° RLU
o] FAl Yoz A4S TS ey, Mutant/
nt14900 RNAEF-E dojxl FA|HZo]=e] A%+ 10
ojst=E UElskom, o] A& A HEE A 2> BHK Al
ERFE dolxl A} fAbellth adeRE, 2 4
S Za4 Mutant/nt14900 RNAE RNA A7HEA 2
A gethes 2 & 5 Ak vl ZajA Mutant/

_IIN' ot 051 m

[*]

o
T

Olt
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nt148009‘r Mutant/nt14900A}o]oll F7}2 A= 1007]<]
Y| QEto] =7} nlole] o] RNA Ap7HgAlel Fa.3gh
T

|
—

1

1l

i ATl A= PRRSVE] Ap7HEAo H4=4Q1 cis-
acting RNA elementsE 5743}51th PRRSVE] & HA-A
b A28 o] gato] niole] 2ol s RNAS 415!
S =2H, 1) A 5-Edel EAlshE A T, 2) Al 3-
dtol] =X poly(A) tail, 18|31 3) AlEe] 3-HEHE-
AN FHAF vz oH-efoll EAsk= oF 100702 ¢

717} mpelel=o] RNA Al A7HgAle] dojzos &
83h= 3S & 4 AT PRRSV o]gld)] thE W
RNA Hlo]2] 9] ﬂ]i«] 53 3 wetel] 74zt 7Y Fhx9f
poly(A) tails 7HA L Qgo s, B AFAnRS EaX
Welxl AbdE o5 Hlole] 2] ATHIAS o]affsl=T
B Ewol 2 Ao® Vg o yoprf gho® o
Aol 7% B 17150l vlo] 28] A7HEA| o
Al Fofsi= Aol tidt FAYESH] WAYZ
b AT7F AAs] dasith
RNAS] 5-eto] EAj5h= 41 3% mRNAT-H
Mo ol Fa% JS g} (6). F o152 cap-
dependent translationol] ¥+ofsko 244, id}’“gi ribosome
< mMRNA2] 5-Zthe]| recruitsh=d =
W7 HA|Z PRRSV Al 5ol &4
= Hlolg] o] whiAs sk A4
2Rgsiths AS 4 AT (Yun S| and Lee YM,
unpublished). 3}AIRF ole]gt M (translation)=} T
5 7 7lentes= 2 AgolA #E3 uncapped RNA
o s BT A9 5 glok 2eRE, Hvlolgx

Ase] 5-eel] EAleE A TR A Ee A
O % RNA? el #ofd Ao *§745 ‘jr. ow o
A AdE FAAETA A
Az},

Poly(A) tail®] == 3] suatole] o] RNA E2™ ¥
o]=7} nfole] o] 3-wke] Agtsh=t] g4 olH (8),
sRUptole] 0] A9 5A3-7Ee] RNA 0l T4

o2

oA o mln

¢

i

3 o9eks 3t} (15). FE3F poly(A) tailS 7HA Al e @
2 mpole] o] §d-7hE o] 59 5ol poly(U) tail
S 7HAaL 9le (9,11,28,31), poly(U) sequence= AlE

ol v]sivputole] =] 5/3-7F RNA 4l ¢
3t} (1,27). ©]2]3k Ao] PRRSVO|:E 2 &= X]= ko
= ¢ B2 497 Zesi.

Beet necrotic yellow vein virus RNA 32] 7-%-, poly(A) tract
o] AAE RNA ZAAHl poly(A) tracte] Z 71w o]zlct
3 ®WaE ¥F Qo) (12). 22y, nonviral U-rich sequence
7} wpole] 2] 3-weky} poly(A) tailAbolol] F71s] o]zt
H]= poly(A) tailo] thA] &S5 = 21e npe]g] o] &g
Ho]= =2 A¥E2] poly(A) polymeraseol] 2JdA] o] F
oAd ZoF ARJFEHAAT, ohE2 wHYFO] segmented
genomeS 7}l wlole] oA AotE| 7| %= ATt Turnip
crinkle virus sat-RNA2] 73-9- RNA 1 T 29 ]34 vt
S]] poly(A)-RNA polymerase complexel] 2]3jA] 3-hek
o] gld F Uvh= s AR M 7HsE A
o= A7 (22).

upA]uko 2 PRRSV Al RNAS] A7HEA| o= vfo] ]
29] Al el EA3H= sequence”t AtjAo s HQ
shebs Zls o o AT o] sequence= vholE{ o] N
Frazke] mpE oH-elol] f1AskH, FHFEH RNA o3k
Z o 2o 483 Az, o] 72 stem-loop
TEE 7 v As & F AT (24). ol e
stem-loop %7} PRRSVS] RNA replication & g+ ojv]
2}, RNA transcription 2 subgenomic RNAS] 3gol oju
g Qe sheA doE wWe At 28 o=
A olgdk 71D SolARl e ko w ¥
viol] s A|Aje] sl wig- SR V|2AR

aheleh 7 e
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