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A study on the genetic structures of populations of Potato virus Y in Japan
and the attenuated mutant
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HE

Ty HAEY TAL VA (Potato virus ¥V PVY)
&, KT A VANABOFTCRLREBBTHD
RTADANABDZA TETHY 09, HHO
TARBIEDIZ BV TRERICKEL 525K b
BERRREDO—>THD. PV IIH 9. Tkb O
TRALIREHRNA RS ) L LTRD, 7/ AICE
—DA =TV —=F 47 7L —2 (ORF) 3=
—RFIhTEY, ZORIVEZRIENLEED
TaF7T—EERICLY Tety v SEFITTC
Dl L 10 MO LI Z I EHREHRS
ha ™. g3 578 (protein 3; P3) (Zik
TU—AYT7 b (#2) 12X 3B Pretty Interesting
Potyviridae ORF (PIPO) & FEIEN A ¥—D/ X7
ORF 238> % . PVY I OB EILIRIT 2HEOE
WE I L EYFHNE, MEFEAMEERs LT
BEFERHMEIZ L - T, PV, PVYS, PVY', PVY?
BLUOPW D5 REIN—TIHT BN D
(Table 1)°V. PYWR#E S/ NL—T71L, FAaBLW
Tx WA ERETORMOE, MmiFFAIER
LUOBEEHEEICLD, PV, PW™ B LW
PVWH (ALK T PYYY) @ 3 REIZH T b B.

WA NAOEFREEEEHET D Z LI,
VAN EEERMOREERAR Y A VAOMIBE
Rt e R T A L CEETHS W00 -
NETRT 4 VA NABO—ETHEIHTEYA
7 v A L R (Turnip mosaic virus;
TUMV)TI),97),98),99)’ w;ﬁ?,\,:e-ﬂ:,f y 7,{/&%
(Watermelon mosaic virus; WV)® B L O¥ A X
EY A 7 O A NAR (Soybean mosaic virus;
SMV)®?, RAEGANVRBD b~ FE[LEESR Y A
VA (Tomato yellow leaf curl virus; TYLCV)*",
IREGANVRBD Rice yellow mottle virus
(RYMV) " DB S I BT 2N RE &
NTEIZ. Thbizid, BIRE, AIBEDRHD
VINES ) LOMBBXBERIZ LY A VALY
RSN Z EBFEINTNS,

PVY i3, BEFHIEHRTHDZ L BB ESH
TUND 8.0 2L D PVY & PV RHE S N—F
DETBERIZOWTES ) AOMERFINRESH
TWDA, FREDSHERRE OEELEFIOFEIX
BRBRETHD. VANARY ) AOEMBZIELIL,
RIRMEDO (/2 ED T A N ADEYFHME T
LSRR DREBERD—DOTHDLEXOLNTVS

106,10 = NE THEED PVY SBEkkD S ) L
FRNTHER LV, PVY OF ) ARNICHIBRZ N 2F
THHEBRREBREFEETEZEBRESh TS
8).22),28),5|),52),62).86)‘ PVY @%ﬂ}ﬁx‘_ﬂ:0)§< ’i PVYNTN
BLOPWY R HBERTH Y, PV R L PVY
RETEERD S ) D EBINFREON, PVW R#HD
BERRRI DS ) LOMEBZI BROLNTNE 2,
BOMBZ DT ) MEEL LB LR, M
A= DEREITH HBRERONTEY,
Bz — 2 DRI O SR THBL T
b\f-: 28).51).52).86). PVY‘““E’-{:&S%%’@I%’?‘/ A@%ﬂ@x‘_
RE—=ELTXS J AR 3 DD 4 »FIOMMHR
REALEFFOZ/ENEL, PV REOBERE TIX
T AR 030 2 y OB (LA FOBE
7§§§b‘: E75§fﬂ roﬂ’lf(‘l/‘é 22).28).51).52).62).86). PJ\J:
DEIZ, TNETPVY OF ) AEERRITIZET
LWEITEEH BN, EFEBEHEEOTIZITD
nTWiehots,

AFRIZIBVNTIL, PVYO R, PVYN Zwt oo BiEkk 29 0
F XU VYN RBESrBERR O DAV S L% Bl
F (coat protein; CP) DEEEFINREINT
WBA, PVY SSEERRED 2 ) AOEERSIT — 4
LAY USiB i (S A e Y 5 A e A R el
% 2 THIFR TIL, FHICRET S PVY DRERO
HEMBECHEELALMCTLZ L2 EINC, BN
DEFOHIED HHE L7z PV I L UPVY Rk o
N—7 (PVY' Rt LONPVYN Rk DEEF20 4
BEREHEL, Th OO EE T2 LML,
K R NIRRT, 7 FRGCARNTR L VMBI SRR
EREGT L7, 7o, F—u v, dbkB L UEH
EED GenBank (2B #H X TV 549 150 D PVY 438k
BROT ) KESIT— 22 AWCCHIMEL, #HRIC
BT 5 PVY SSEERER DL L EBIZ DWW T H &
BLE. IRBHIZOWTI, (B1E AKROT ¥
TAEY VA NAOEHBEHEE) CTiolkd 5.
W U A NARIROBERIFIEICI, e OF|
H, BERESEOFIR, 777 L 0imiER s
DENFEOHIEHIS L UBFHE YA VAOF B &
HDO. MR H DU NVAZRBET B L FHE
RABRHHZeXmbhTRY, REE-IEERE
DA NI LD ZRBEEBIH ShE. Z0R
SEFALT, REMERIZEALRVWHEEY AL
A& NTENZHESIC B S &, BRARORYT
DHBYA N AL BT D EMTS— IS 7 A
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EROY v HA4EY 74V AORERHEE L 55H 7 AV AW BH%RE

WAV TERLSR TS,

FTEY A VAZEREE TSR THEIC B
LTWBEENRHZ T 0D, BEMRRRER
TN LS NEZ L HH DN, @ELY
BiRH D VBB ST TEHER L2 VA /L ARG
WY POLHRBVANVAEZRIKT I EELRE
W29 Y VEHT A LNTE, MBUANLA
BRYAES H> b OHIROHIL T A VR E TR
Li=UA VAKER % W CHEMEET Y v A0
79,89, 112 4 2\ NI SRIMRALERT 1 247 5 T LI &
D, VANRY ) DMIEREBER S, HEky
EHTAZEBBESN TS, ThETHEY
ANAR, ZOEHPBEINTNDIYA /LA L
LTI, FSEUALANZRBO R~ bEFAL 704
VA (Tomato mosaic virus;, ToMV)®, R A hi&k
BEYA 2 94 NA (Cucumber green mottle
virus; COMV), "OHFI<=ANVEFEY LD
A WA (Pepper mild mottle virus: PMMoV), 7
JEGANABDX 2y VEFALS I DA NVR
(Cucumber mosaic virus; M) BLUKRT 17
ANRBDA VHF V< AEWAL I IANVA (Bean
yellow mosaic virus; BYMV)®™, 7 o—/\—ZEfjk
o AL VR (Clover yellow vein virus:
ClYwW)'0 | R R ZEH Y A VR (Onion yellow
dwarf virus, OYDV)®, /%A YRR T A LR
(Papaya ringspot virus; PRSV)"?, SMV¥D H
< EHHESF A 7 U4 VA (Sweet potato
feathery mottle virus;, SPRMV)' @ XX v %
— =BT A7 A NVAR (ZJucchini yellow
mosaic virus; IYMV)*-®7p UR&H 3. FHFED
B THHPWIZOWTIL, TRNETHREVA LR
EEMT DI ENRETHY, BBRTHRICTH
ERA B RELTH H 7108 TR -7,

AT 4 TA NADFBCITIEA~NI—F 7T e
5 7 — ¥  (helper—component proteinase;
HC-Pro) # U I BERBREFADT I/ BOER
6), 12), 50, 89), 111) .@K%BI’)’ %l y V/{& E (protein
1; P1) BEFRORBIRSR 0% EORERIL
FACPBEET B EAMES TS, PRSVTIE
P1¥ v /30 HEFRDOCKRBEIRD2 7 DT
J B ¥ 72 I1XHC-Pro ¥ > /37 EBIBF D2 » FFD
T I, NS YORBEBRETHII LN
MERTVWS®. CIYWTIL, HC-Pro¥ v /37 Eiit
BFAD2r FADT I ) BRBIERD U A )V A DHR

HELRNAY A Lo FOMBIREAICER L TR
D, BECOFERTHDZ LBBRESHTNS!D,
FHERITHRAR VA VASEICEREE LT,
REORM, BRIVROSBEBIHYTIR
MY BT 3%, BEREL X CIiEFE
BE L BIZTANADEEEZTET HBROBED
—2 L LTHRAEHATEYY, fHHTANVAKED
BERR T O—2 & LTHIA S T& 7 09, =
i’Li'C'CMVw, ZYMV‘Z)'“), PRsvllZ)' BYMV 59)_-1;56]:-0:
SPRMV'® /2 Y CHRBE T A VR ICKT B5BE YA /L
ADFHHERNBRE SN TV S, FHEOHRT
HBPVWYDOFHERICOWT, T E TPVYORHE L
PVYMRE D S BERRR & BV MEPVYVRAE 7 L — TR
DYERER TOFHERABRAES LTS H,
THHOERCEEIC L > TTFHERDORE IR
RoTEY, FHERARKRD LRV, HrH
RTFBIERBBOLONDZEITTH -7
45), 48), 92), 96), 102) X

AR TIE, PVY OHE X R0 RERE M5
12, ERDBHETANAEHFETH A ERLE
BIUOHEMEET N v ABERVWTHEREVANL
ZEREHLE. &I, ThETOFELITRER
ZE b E HARERBERERE
(mutagenesis—in—tissue culture method; MITC
B) ) ICLABEVANAOERERR. D
FiE, BREYNIIEET 2 VA VREANS
FRUANVALBONAIERKEBIILEXILN
% 109D SHEBROMBHI AV RE X 2R/
BREERIT, ZNCBWTEMXER, Jy A
FIZBWTHEZ ZROBRETH D, FFETIL,
ERAZBNVTHEERKEEH L%, TDOH
BBREMBHILTE N2 L Dy VA EOMH O
BN THBELEERE I a—-Tx A
THER) OEHEZRIZIZ. ELIZETANLAD
HELCCEETIRETFEREERT H-0IT,
YEH L 7= 9B R OB EE SR L U7 2/ BES %
BRELE. ZhbicoWTiL, g8 Sy iia
FY VANAREZXERBESBEROBRE VAN
R] TRBT 3.
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F1E FXBOCYHLIEY DI LR
DEREHEE

RETIL, AFHO PVY HEEEOEREHEE 5
BRAOMNZTEZ L2 BN, EROEX i)
LEE LT PW B L PV B/ L—F (PVY
R LOPVYT RHE) DA EF 20 ERRIZ OV T
2EEFFNERE L, Thb O/ EALAET,
5F RIS L OEA ST 2 P8 L 7=,
EBIZ, F—ayn, kB LURREDH 150
D PVY FEEED S ) LESITF—F 2 AWTENRD
DEFBEEEIC OV THLEMEL, HRickiT3
PVY S3BERREER DAL & IEBRIZ DV TEZE L.

1) ZEBMRE LUVRBS
1) #ERO1 LR

AHFFETIL PVY D 2 e, PVY°, PVY™ Rt n 4y
BERR A AV TREBRZ1To 72, 3R PVY Sk iR
Buth, TEEAEY, RHEB LU GenBank D7 7 £
3 YEFIZOWT Table 1 IZ7R L7, PV BHisy
BERRIZ, 1981 DD 2010 EIZh T TEBKREIZ
BV THEEBRFEINRE, Uy A e85
B LY BV A 7 EWRA ED UL N ATFEEER S
YV A TREEFE L-RAB L ERO 0. 02M
U VEARTER (pH7.4) Z ISR AN TERL, &
—RTUE L (600 Avyia) ZHWVWT C
amaranticolor \"RIXKEM L7-. EREL-HEWIT
A7 AZNTERL, REEBE L. BEEC
R E NI RHMHAEEENCTIVERY, #/2
(5ufE ; Xanthi nc) |ZHERE L /-, #5578 2 BRI
ZEREY RSy FEREATIEE (Double
antibody sandwich-enzyme linked immunosorbent
assay; DAS-ELISA)'” 2L Y U A W ARPDHLE
ZHERR L, IBMEBRE B—RBE Rk e L7z, B—
ABETHERRIZ # /3 (5% ; Xanthi nc) VT
A7 AENTHFTE L, -80°C DIBIKIEE T BFER
7, BREREEHD VIV IS NVERWTE
BRTF L. PN REDOHBERIC OV T, B
TOFEZL Y E—RESBEE1To 7=, BOIC,
1989 N5 2010 FEINTTEID D v H A €
Ao T v A EREX TROERETTHRES
BELL. BELEREAZENCRY Ry Mok
1), HIFRICRE LEELERO 0.02M U E
BRER (pH7. 4) ZIEIZ AN TERL, ¥—KS

RRWT VR RAARSERT B 56 £ > & — 1F IR et

YEL (600 Avva) EFRANTISYHLE (&
T RR 59 5) (CHREREEM L, BREEIIER A
TEAZHAEZBEINCEI VRS TH N3 (5 ;
Xanthi nc) (Z#ERE L7-. # /S |2#Efl%iT PVY°
RSB OB — R D BEE R L R
DAS-ELISA (2 XV VA NVABBDFELRER L,
Btk B—RBE Bk & L7-. B —IRBE ik
1X# /82 (5% ; Xanthinc) ZAWVWWTH T AEN
THIFE L, -80°COBIKIREE TOMRBIRTE, HE%
BRTFEHDINEIV Y BTN E AV TERRETE L.
PVY? ZRitde L OF PVY"™ SR E00 M — R BE Sy BlERR 13,
Z3a (fLFE ; Xanthi nc) ICEEHEREL, B 1
r ARA 7 AZRNTEEL, REEWHELE.
(2) —EmBYy F1 v FRRESaHGE

PVY ZyBERRDIBEREHEMIZEIT B T A NV ARGBD
BELZFERT H7-DDAS-ELISAZ{To7- (Fig. 1).
DAS-ELISA TiI~A 7 v =7 L — p
MAXISORP442404 (X 7) %\, BHKE T~
saFL—hY—%—MPR-A4ill (HV—) %#H
WTNREER 405nm TRIE L=, —k#filks LU=
YVal— MIOWTIE, BAEYBEEGS KR
HAEFLIVIRESINR TSR 2 Hu /.
DAS-ELISA DFEBRFIEL L TIE, #DIZHRE: - &
IRBEFRTTHR (pH 9.6) T 1 KRIAMKIEE 500 {55
L e~A /0y V7 L— M2 2001 §°
DEL, IICTAREBRE L. 20k, 7L
— MIRFE Lo =i ZERL 728, 0.05%D
Tween-20 Z&A 7S 0.02M U VEEBEHAR AR K
(PBS-Tween) T 3 [BI¥Ed L7-1%, BEREL7-HMiK
#200ul FooEL, 4CT—HEHE L. KIZ
1 RGUE LR LR o TR ZRL 728, 0.02M
PBS-Tween T 3 [BI¥E# L 7=, 0.02M PBS-Tween
TH00fEFHIR LI Vb — Mgx 200 13>
SEL, STCT4RFRIBE L. HIRERISLA
o= EERL 728, 0.02M PBS-Tween T 3 [H]
B Ltk p=raTdz=AY L EBETF LYY
LARKFY (Img/ml) ZVEFRELI-PxZ ) —NLT
IVERE 2000 1 TG Lictk, ENTHEL
T 60 731kd LU 120 AR AE L RIE L, et
XD 2~3 FLLEDE %R L= 38 2 Bt RS
& L7

Q) BERIDRE
7) 4 LR RNA D
PVY & 53 BEBRICIBYY U 7= & /X BEh 5 D2 RNA



RIS HAEY 74N AORERGHEE L 59H Y A VA ZWT 50

Micro plate (96 well) (NUNC)

%

| Add IgG diluted with 0.05 M sodium carbonate bicarbonate buffer (pH 9.6)*

Incubate at 37 °C for 3 hours

Wash with 0.02 M PBS-Tween' for 3 minutes, 3 times
Add 200 p 1 sap homozinized with 0.02 M PBS-Tween
Incubate at 4 C for overnight

Wash with 0.02 M PBS-Tween for 3 minutes, 3 times
Add conjugate diluted with 0.02 M PBS-Tween
Incubate at 37 °C for 3 hours

Wash with 0.02 M PBS-Tween for 3 minutes, 3 times

— — — — — — — —

! Add substrate (p-nitrophenyl phosphate) diluted with 10 % diethanol amine stock solution (pH

9.8) *
| Incubate at room temperature for 30 minutes to 2 hours
Measure absorbance at 405 nm

* 0.05 M sodium carbonate bicarbonate buffer (pH 9.6)

Na,C0, 0.795 g
NaHCO, 1.465 g
NaN, 0.100 g
DW 300 ml

Adjust pH with HC1 and fill up to 500 ml with DW

0.1 M PBS stock solution (pH 7.4)

NaCl 43.5 g
NaHPO, « 12H,0 32.8 g
KH,PO, 0.8 g
KCl 1.0 g
Na, 1.0 g

Fill up to 1000 ml with DW
| diluted 5 times with DW
0. 02M PBS

T 0.02 M PBS-Tween

0.02 M PBS 1000 ml
Tween 20 (Polyoxyethylene 20 sorbitan monolaurate) 0.5 ml

' 10 % diethanol amine stock solution (pH 9.8)

Diethanol amine (2, 2’ Iminodiethanol) 50 ml
DDW 300 ml

Adjust pH with HCl and fill up to 500 ml with DW

Fig. 1. Procedure for double antibody sandwitch enzyme linked immunosorbent assay (DAS-ELISA).
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O IE ISOGEN (= Ry P—r) #HWE-
(Fig. 2). #H L7-2 RNA % DEPC-Treated Water
(FTrety) ICERLUTONKER GeneQuant
pro (TR % LT 7N TNRLFT ) T
REEZFEL, 0D260=20% 1 ug/ul &L,
2RABREXREH LK.
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b) HEER®

PVY D4/ A RNA Z8ENZ LT, To=—=y
ABAMET A NVA (Moloney murine leukemia
virus; MMLV) ##nEEE% (PrimeScript® reverse
transcriptase; #7784 4) #HAWT 42CT
1 BRfEIERE L, —AB{tHFHDNA (ss cDNA) Z &K
L7= (Fig. 3).

c) RY XA S—EMARKE

WERE S TH LT ss cDNA 25 ZAGHH
DNA (ds cDNA) ZHIESRB7-0HRY A F—FH
SR (PCR) %77 7=.PCRiXPlatinum™ P£xDNA
polymerase (4 ' rmPx ) 1L TDNA HitE
BEPCBI2 (TR T v 7)) AW, E9C 2%)
B1YA00N, FHC 58 -T=—V 7
40°C (30F)) - 68°C (34 DTy ha 404
AN, BRAC (1043) 21 VA I7LVDOEHT
TiT>7 (Fig. 5. #2¥8B, PCR KGICA W=
Platinum™ Pfx DNA polymerase ITHEBOEDO T
F—H LIXW* BERGETHDZ LRI
T3 %, PCRETH, BUSIRS0 plF2 p4l
Z 0.7%7 Ha—R S VEKKECHR L (Fig.
4), BAYL T3 ds cDNA DB FESR L7-.

d) DNA D%

PCRIZE»THOLNT=ds cDNAIZ0. 7% T Ha—
R NVERKENBER U7, FiE 365nm 0 UV
FUyT7BHETCEMLT AN FEEIV I LE.
D1, QlAquick Gel ExtractionKit (¥74')
FRHWTTa ha—mzft->T DNA ZRERIL-
(Fig. 5). B 7 405 DNA ZHHH¥ ABRIZ 50 1
@ 10mM Tris-HC1 (pH8.5) # AV i-.

o) HERMNDRE

HEEFIREDTZDIZ, PV 25 ) Lk T /3—

RGFERAREMRAE L~ ¥ — 15 ERE

THEOICE DN AR L. EhEho
DNA Wrhid, MEEIZD2< &b 200bp PAEiZA—
N—F v FFTHLITRE L. HEEFIORE
{ZiX, BigDye Terminator v3.1 Cycle Sequencing
Ready Reaction Kit (754 KXNA AT AF 4L
R) W=, FRIL7- DNA, DDV, 754 ~—
(1pmol/ u 1, 2pmol/pu 1, 4pmol/u 1, 8pmol/u 1),
5XBigDye Sequence Buffer # X 8 Ready
Reaction Premix %M1 % TIEF#, DNA HEiEHE
PCBI2 (7 AT v 7) ZRAW, BT (14) %
194 7V, EM96C (108)) -7 =—Y 7 50C
(6%) —BR60C (158) Oty hE2I5Y A7
v, ZEtE 96°C (10 ) —7=—Y 7 50C (5
) R 60°C (0F) oty hE5HA I,
25t 96°C (10 #) -7=—Y 7 50C 5 %) -
BE60C 24) Dy hE5HFA I, BE4AC
(104) %19 A7 1VO&ETTIT-7- (Fig. 6).
ZD%, RHREN NP ZBRLS by /) —
LR ZATV Rk, ERT 5 X THRE% -80CT
EHRFELRE (Fig. 6). REHIFEAERNC LR
40 ul @ Hi-Di™ Formamide (7754 KA A
VAT LX) (LERL, 2 REERE, SGICL
Y DNAZEMEE, 0ul 2P RT 42T
FAYV—RY v INFa—TIIBL, P=XT 4
I TFIAH =310 BLOC=XRT 4 v 77T
FAF—=B130 (TF T4 RNAAVRT LX) T
BEESIOFEN 21T 7. BEEFIORER IV
R SNBT I/ BEFIOAEHTIZIL DNASIS ver.
3.5 (B3) BLU'BioEdit ver. 5.0.9 ® %A
L7z.
4) PFHIERRHT
7) X BEORK

AW CHEERRS 2 RIE U7 57k L UBEIC
BHEEINPB/EINTWBIEF 149 HEER
(Table 3) DEBEEF|T— & % AV THEBR I
MOBRBEIT7=. SMBEL L THFREERRRNT
IZBWTPW LRBIERLRVANALEZI OGNS
Pepper severe mosaic virus (PepSMV) @ 1 4yHft
B 2AVWED. 2 ThOSBERORY & 08
7 BBREIRDOEEEFIX BioEdit ver. 5.0.9
ERWTT I BESICEHR LI, Clustal X2
WKV T ISA A DT ZO%, TNE
ho7 ) BEIICRONI=¥r vy T2V 7 Ly
x 7 TRANSALIGN ver. 1.0 (Willer i+ X ¥ 438%)
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0.05 g - 0.1 g PVY infected leaves

! Add 1 ml ISOGEN (Nippon Gene)

| Homogenized with a mortar and a pestle

| Transfer into 1.5 ml tube

| Store at room temperature for 5 minutes

| Centrifuge 14,000 rpm at 4°C for 10 minutes
Transfer supernatant into 1.5 ml tube

l Add 200 1 chloroform

l Vortex at 15 sec

! Store at room temperature for 2 minutes

! Centrifuge 14,000 rpm at 4 °C for 10 minutes
Transfer supernatant into 1.5 ml tube

|l Add 500 u1 isopropanol

| Mix gently with hand at 10 times

| Store at room temperature for 10 minutes

! Centrifuge 14,000 rpm at 4 °C for 10 minutes
Pellet

| Dry up at 7 minutes

| Add 100 p 1 DEPC-Treated Water (Ambion)

l Add 10 u1 3 M NaOAC

| Add 250 p1 100% EtOH (ice—cold)

Store at - 80 °C for 60 minutes

| Centrifuge 14,000 rpm at 4 °C for 15 minutes
Pellet

| Rince with 75 % EtOH (ice—cold)

| Centrifuge 14,000 rpm at 4 °C for 5 minutes
Pellet

|l Dry up at 7 minutes

| Add 20 - 40 u1 DEPC-Treated Water (Ambion)

Use for reverse transcription - polymerase chain reaction (RT-PCR)

Fig. 2. Procedure for total RNA extraction from PVY infected leaves by ISOGEN (Nippon Gene).
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Table 2. Nucleotide primers used in this study
Primer * Nucleotide sequence (5° to 3’ ) Position ® Sense

5" untranslated region

PVYST4P AAATTAAAACAACTCAATACAACATAA 1-27 +
PVYSTS0P AACAACTCAATACAACATAAG 8-28 +
Pl gene
NTNATSM CACTCTTGGATGTACGGAC 364-382 -
PVYP15P CGATACAAGACTGATG (C/T) CCAGA 397-418 +
N-P152P ACATATCACACGCCAAAGTTG 595-615 +
0-P151P AAGTTGACAGAAGGCCAGATG 610-630 +
NTNST6M CAAACGACTGCGCGATGTG 737-755 -
PVYP16P GAGAGTGGACTT (C/T) CG (A/G) TGTGATA 783-805 +
PVYPLI7M GATATCTCATT (C/T) GTGCCCAATT 1078-1100 -
PVYP18P AATTGGGCAC (A/G) AATGAGATATC 1078-1100 +
HC-Pro gene
PVYHC53P ATAACCTGCCC (C/T)AC(C/T) TGTGC 1192~-1211 +
PVYHCOP TACAGCTC (A/G) TGAATGGCAGGT 1476-1497 +
PVYHC39M TTCGAGAAAAACCGCTTGGC 1682-1701 -
PVYHC10P GCTGAGTTTAGGC (A/G) TTGATGA 1813-1834 +
PVYHC54P TTAGGC (A/G) GAAGATGAAAGGTG 1820-1840 +
PVYHC55P CG (C/T)GACATGTGTGTGCC (A/G) AA 2140-2159 +
PVYHCL 1M GTTGGCCAGGTTCCAAGCTT 2158-2177 -
PVYHCI2P AAGCTTGGAACCTGGCCAAC 2158-2177 +
PVYHC56P CA (C/T) TATAGAGTTGGTGGT (A/G) TTC 2395-2416 +
PVYHCI3P ATAATGTCTGAGTC (A/G) GCAGC 2473-2492 +
P3 genc
NTNP31P CGAGTGTCAGCAGCAGAAACA 2704-2724 +
PVYP314P CAGAT (C/T) ATGGAAAAAAATTATCTAA 2911-2935 +
PVYP357M TGCGGATAATTTTTC (C/T)CGCC 2969-2988 -
PVYP358pP ACTCATACA (A/G) GCAAA (A/G)CGCTC 2996-3017 +
NTNP32P AGGGTTGAATGAGCGACTCAA 3129-3149 +
PVYP315M ATTATTGC (C/T) TGACACACTGC 3277-3296 -
PVYP316P - GCAGTGTGTCA (A/G) GCAATAAT 3277-3296 +
PVYP342M CGCTGATGCCGCACATTATA 3487-3506 -
NTNP33P CTCCACACCAGGTGTTAAGAA 3507-3527 +
PVYP359P TCATG (A/G) TT (T/C) GATGCTGAAAG 3563-3584 +
CI gene
0-C160P GATGCTGAAAGGAGTGATTGC 3574-3594 +
N-CI61P CATGAAGTTAGACACCAG 3643-3660 +
PVYCI17P GATGT (A/G) ATCAAGAATTT (C/T)GATGA 3670-3692 +
PVYCI18P TTCAAGAAGCCAACACTGCG 4042-4061 +
PVYCI74P CATGTTCT (A/G) GATCCTTC(C/T)GC 4189-4208 +
NTNCI4P AAGGTATCAGCCACTCCTGT 4261-4280 +
PVYCIL19M ACTTCATTGTA (A/G) CTCGACAC 4423-4442 +
pPvICI20P GTGTCGAG (C/T) TACAATGAAGT 4423-4442 +
NTNCI5P TTGGGCTTAAAGTCTCACCG  4625-4644 +
PVYCI6IM GCAATGCTCCTATTGTCAA 4655-4673 -
PYYCI21P GC(T/G)CTTGC(T/G) TGCTTTGCATA 4816-4835 +
PVYCI40M CAATTGCCAATGAGGCTAGT 4867-4886 -
PVYCI75P ATTGGCAATTGTACTGT (T/G) CG 4876-4895 +
NTNCI6P GGATCAATGCATCCTGTC 4963-4980 +
PYYCI62P GATCAATGCATCCTGTCATA 4964-4983 +
PVICi22P GAAATGCTTTGGGAAAC (A/G) GT 5170-5189 -
PVYCI41IM TACACACTGCGCACTGATCTT 5254-5274 -
NTINCI7P AGGAACGAGTGAAACAGA 5321-5338 +
NTNCI8M TCTGTTTCACTCGTTCCT 5321-5338 -
PVYCI63P TGCAAA (A/G) GATTACAC (C/T) GCAGA 5421-5441 +
PVYCI23M TT(C/T) TCCTCACATGCAGA (A/G) CCAT 5498-5519 -
PVYCI24P ATGG (C/T) TCTGCATGTGAGGA (A/G) AA 5498-5519 +

* Boldface shows the pimer used in reverse transcription and polymerase chain reaction.
® The nucleotide position for primers corresponds to the nucleotide sequence of PVY™™ jsolate.
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Table 2. (Continued)

Primer ® Nucleotide sequence (5° to 3’ ) Position Sense
Nla gene
NTNNIAGP CTCACCAGGGCAAGAACA 5711-5728 +
NTNNIALOM TGTTCTTGCCCTGGTGAG 5711-5728 -
PVYVPG64P CA (A/G) TTCGTTGATCC (A/G) CTCAC 5941-5960 +
PVYNIA25P TTCGTTGATCC (A/G)CTCACTGG 5944-5963 +
NTNNIAL1P TGCCACACAACCCACTCA 6143-6160 +
PVYNIA26P CCAATTGC (C/T) CAAACAGTTTG 6319-6338 +
NTNNIALI2P CGATCAAAGGCAGAGACA 6509-6526 +
N-NIA65M ATGTCTCTGCCTTTGATCG 6509-6527 -
0-NIAG66M GATGAGGATGATATCCCTAC 6518-6537 -
N-NIA67P GAGAGGATTTGTTTGGTTGG 6601-6620 +
0-NIAG68P CGATCATCACAGAAACAAGC 6650-6669 +
PVYNIA2TM GTTTCAATCCAATGCTTCCA (A/G) AA 6697-6719 -
PVYNIA28P TT(C/T) TGGAAGCATTGGATTGAAAC 6697-6179 +
NIb gene
PVYNIB29P ACAGG (A/G) AATTTGCAAGCTGT 7048-7067 +
NTNNIB15P TCTTCAGGCCTTTGATGGATG 7166-7186 +
NTNNIB16M CATCCATCAAAGGCCTGAAGA 7166-7186 -
PVYNIB71P CTTTGATGGATGC (T/G) TATGG 7175-7196 +
PVYNIB30P ATGAAAGCTGC (A/T) GTCGGAGC 7384-7403 +
PVYNIB4 1M TCTTTGCACCGAAGTTCTGC 7531-7550 -
NTNNIB17P GGACATTCACTGCTGCAC 7574-7591 +
NTNNIB18M GTGCAGCAGTGAATGTCC 7574-7591 -
PVYNIB70P CTCA (C/T) CAGAAGCACATAC 7807-7824 +
PVYNIB3 1M CTTCCATGTATGTGCTTCTGAT 7813-7837 -
PVYNIB32P ATCAGAAGCACATACATGGAAG 7813-7837 +
PVYNIB64M AATTGTTCCATCTGGAGTTG 7897-7916 -
NTNNIB19P TCCTTGCTATGCATTACGCTC 7985-8005 +
PVYNIB33P TATGATTT (C/T) TCGTC (A/G) AGAACAAG 8152-8174 +
PVYNIB72P TAAC (A/G) CACCAAATCAGGAG 8354-8372 +
CP gene
PVYCP34P ACCATCAAG (C/G) AAATGACACAAT 8564-8585 +
NTNCP21P ATGCCCAAGAGTAAGGGTGCA 8737-8757 +
PVYCP35M TTGGCGAGGTTCCATTTTCAAT 8929-8950 -
PVYCP36P ATTGAAAATGGAACCTCGCCAA - 8929-8950 +
PVYCP73P GGAGTTTGGGTTATGATGGA 8959-8978 +
NTNCP22P ACATCACGGACACCAGTG 9187-9204 +
PVYCP37P CCAAGTATGCATACTCTACTTG 9337-9658 +

3’ untranslated region

PVY3T7TTM
PVY3T9M

AGTCCTCTGT (17)
GGGGCGGCCGCT (30)

9693- Poly (A)
Poly (A)
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A. RT-mixture

DEPC-Treated Water X ul
10 mM dNTPs 1.0 pl
5XRT buffer 4.0 1
Minus sense primer (50 pmol/pu 1) 1.0 p1l
RNA (5 ng/ul) Y pl
PrimeScript™ Reverse Transcriptase (TAKARA) 0.7 ul
Total 20.0 ul

| Incubate at 42 °C for 1 hour

B. PCR reaction

DDW 29.7 11l
10 mM dNTPs 1.0l
50 mM MgSO, 2.0 11
10X Pfx Amplifiaction buffer 5.0 u1l
10XPCR enhancer solution 50 ul
Plus sense primer (10 pmol/ 1) 1.5 ul
Minus sense primer (10 pmol/u 1) 1.5 ul
1 st cDNA (RT-mixture) 4.0 pl
PLATINUM™ Pfx DNA polymerace (Invitrogen) 0.3 u1l
Total 50.0 1
l
PCR cycle
94 °C (2 min) ’ 1 cycle
94 °C (15 sec) - 40 C (30 sec) - 68 °C (3 min) 40 cycles
4 °C (10 min) - 25 °C (o0) 1 cycle

Fig. 3. Procedure for reverse transcription and polymerase chain reaction using Platinum™ Pfx
DNA polymerase.
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0. 7% Agarose gel 20 ml

Agarose S (Nippon gene) l.d g
50X Tris—Acetate- Ethlenediamine tetra—acetic acid (TAE)* 400.0 u1l
Ethidium bromide (250 u g/ml) 20.0 p1
DDW 20.0 ml
1 XTAE
50X TAE 8 ml
Ethidium bromide (250 ug/ml) 400 u1
DDW 392 ml
* 50X TAE
Tris hydroxymethyl aminomethane 60.5 g
0.5 M EDTA 25. 000 ml
Acetic acid 14. 275 ml
DDW 210. 000 ml

Fig. 4. Composition of agarose gel and 1XTAE buffer for electorophoresis.

Agarose gel used for electrophoresis

| Excise the DNA fragment from the agarose gel

| Add 3 volumes of Buffer QG

| Incubate at 50 °C for 10 minutes

Apply the sample to the QIAquick column

! Centrifuge 12,000 rpm at room temperature for 1.5 minutes
Discard flow-through

| Add 50011 of Buffer QG

| Store at room temperature for 5 minutes

| Centrifuge 12,000 rpm at room temperature for 1.5 minutes
Discard flow-through

| Centrifuge 13,000 rpm at room temperature for 1.5 minutes
Place QIAquick column into 1.5 ml tube

| Add 501 of 10 mM Tris-HCl (pH 8.5)

| Store at room temperature for 1 minutes

| Centrifuge 13,000 rpm at room temperature for 1.5 minutes

Electropholesis with 0.7 % agarose gel

Fig. 5. Procedure for QIAquick Gel Extraction Kit (QIAGEN).
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PCR reaction

DDW Xul
Ready Reaction Premix (Applied Biosystems) 0.5 ul
5XBigDye Sequencing Buffer (Applied Biosystems) 2.0 ul
cDNA (66 ng) Y ul
Primer (1-4 pmol/u 1) 1.5 ul
Total 10.0 1

| Vortex and flashing

PCR cycle

96 °C (1 min) 1 cycle
96 °C (10 sec) - 50 °C ( 5 sec) - 60 °C (75 sec) 15 cycles
96 °C (10 sec) - 50 °C ( 5 sec) - 60 °C (90 sec) 5 cycles
96 °C (10 sec) - 50 C (5 sec) - 60 °C ( 2 min) 5 cycles
4 °C (10min) - 25 C (o) 1 cycle

Add 2 p1 125 mM EDTA (pH 8.0)

Add 2 u1 3 M Sodium acetate (pH 4.6)
Add 50 p1 100 % EtOH

Vortex and flashing

Incubate at 27 °C for 15 minutes

— = — — —

! Centrifuge 13,700 rpm at room temperature for 20 minutes

Pellet
!l Add 400 p1 70 % EtOH

| Centrifuge 13,700 rpm at room temperature for 5 minutes

Pellet
} Dry up for 20 minutes
Store at - 80 °C

Fig. 6. Procedure for polymerase chain reaction and EtOH/EDTA/sodium acetate precipitation for

sequencing.
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Table 3. Potato virus Y isolates analyzed in this study

Isolate Origin Country Strain group * Strain® Synonymous _code * Accession no,
Asia (33 isolates)
Guiding-3 Unknown China PVY PVY! 13590405
HC-2 Unknown China Pyy® PVY™ H\590406
N1 Solanum tuberosum China PYY® pPVYy™ HQ631374
N2 S. tuberosum China PYY* pyy™ Q200836
NTND6 S. tuberosum Japan PYY* pvy ™ PYY-J-NIN AB331515
NTNHIR3 S. tuberosun Japan pyy* Pyy™ PYY-J-NIN AB711143
NTNHO90 S. tuberosum Japan VY Py PVY-J-NIN AB331517
NTNKGAML S. tuberosum Japan PyY* pvy™ PVY-J-NIN AB711144
NTNKGAM2 S. tuberosum Japan Pyy* pyy™ PVY-J-NIN AB711145
NTNNN99 S. tuberosum Japan pyy* PV PVY-J-NIN AB331518
NTNOK105 S. tuberosum Japan PYY™ PVY™ PVY-J-NIN AB331516
NTNONO2 S. tuberosum Japan PYY® pyy™™ PVY-]-NIN AB331519
NTNTK} S, tuberosum Japan PYY* PVY™ PVY-J-NIN AB711146
0A021 S. tuberosum Japan PYY® VY AB711147
0A022 S. tuberosum Japan PYY® VY AB711148
0, S. tuberosum Japan PYY® Yy AB714134
OHO37 S. tuberosum Japan Yy PYY® AB711149
OKM S. tuberosun Japan PYY® PVY® AB711150
ONGI3 S. tuberosum Japan pvy? Yy AB711151
ONGOB6 S. tuberosum Japan pvye VY AB711152
OQUNKA3 Unknown Japan vy pPYY® AB711153
OUNKG Unknosn Japan PVY® PYY® AB711154
OUNKS Unknown Japan PVY® PVY® AB711155
PVY-12 S. tuberosum Syria VY Yy AB185833
PvYy-27 Unknown Syria VY PYY™ AB461450
sD1 Unknown China Yy Py EU182576
SYR-III-L4 Unknown Syria Unknown AB461454
SYR-NB-16 S. tuberosum Syria vy PYY™ pYy™® AB270705
SYR-11-2-8 S. tuberosum Syria PVY® PVY™ pPYy™® AB461451
SYR-11-Bel S. tuberosum Syria VY PYY™ pyy™= AB461452
SYR-I1-DrH S. tuberosuz Syria vy pyy™ pyy™ AB461453
Ts S. tuberosum Japan Py PYY" AB714135
WA-13 Unknown China PVY® PYY® 1580407
Europe (30 isolates)
12-94 S. tuberosum Poland YY" PYY™ A]889866
156 8. tuberosum Germany PVY? pyy*n PVY*™ AJ8BIS6T
156vari S. tuberosum Getmany VY pyy™n AJ889868
261-4 S. tuberosum Germany VY pyy*™ PVY™® AM113988
34/01 S. tuberosum Poland VY PYY™ AJ890342
Adgen-C S. tuberosun France PVY® PYVY® AJ890348
CH-605 S. tuberosum Switzerland PYY" YY" X97895
Ditta S. tuberosum Poland YY" pYY™ AJ890344
Foggia Unknown Italy Unknown EU482153
Gro9 Nicotiana tabacum Poland VY PYY™ AJ890343
Isol5 S. tuberosum Germany PYY" pyye AJ8%0350
Ly S. tuberosum Poland PYY* Pyy® PVY™Y AJ890349
LYE84.2 Lycopersicon esculentum Spain PYVY® PYY® AJ439545
Linda S. tuberosum Germany PYVY! pyy™ AJ890345
N Nysa Unknown Poland PYY* PYY" FJ666337
N-Fr S. tuberosum France PYY* PYY" NCO01616
NIB-NTN 8. tuberosum Slovenia PYY* PYY™ AJ585342
Nicola S. tuborosum Germany PYY* pvy™ Py AJ89036
Nop Capsicun annuun Italy Pyye PYY® AF237963
PRI-509 S. tuberosum Netherlands PYY® PYY® EU563512
SASA-110 S. tuberosum UK PYY® pVY® AJ585195
SASA-207 S. tuberosum UK PYY" pyy*® AJ584851
SASA-61 S. tuberosum UK PYY" pyyt AJ585198
SCRI-N S, tuberosum UK Py PYY" AJ585197
SCRI-0 S, tuberosum UK PYY? pvy? AJ685186
Satina S. tuberosum Germany vyt vy AJB90347
Sondl Solonum nigrum France PVY* pvye AJ439544
Thole S. tuberosum Hungry vy PyY™ M95491
Wilga Unknown Poland pyyt pyy*n PVY™* EF658545
v942490 S. tuborosum UK pyy" pyy™ EF016294
North America (79 isolates)
423-3 S. tuborosum USA pyy* PYY ™ AY884982
A95 S. tuberosum USA pyy" pyy"s A Q912866
Alt S. tuberosum USA pyyY Py PV AY884985
C01750 S. tuberosum USA PYY® vy PVY® 1Q912910
C01801 S. tuberosum USA VY vy PVY® 110912898
o827 S. tuberosum USA PYY® pPyVY® PVY® 1iQ912912
€01898 S. tuberosum USA pvy pyye PVY® 1iQ912906
C01960 S. tuberosum UsA PYY® PVY® PYY® 1Q912915
02081 S. tuberosum UsA pyy? PVY® 1HQ912913
02122 S. tuberosum Usa PYY° PVY® HQ912897
C02140 S. tuberosum Usa PVY? PVY® HQ912914

*“The strain group are proposed into [ive groups, PVY’, PVY', PVYS, PVYZ and PVY:,

* The strain are proposed into seven strains, PVY’, PVYY, PYY™ PVY*™ PVYS, PVY? and PVYE.

‘]Synonym;)us codes were described in previous study (Ogawa et al. 2008; Singh et al. 2008; Chikh-Ali et al. 2010b, Kerlan et
al. 2011).

¢ PVY-AGA and PVY-MON isolates were described as the PVY® strain isolates (Galvio-Costa et al. 2012).
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Isolate Origin Country Strain group * Strain® Synonymous codoe ¢
C02146 S. tuberosum Usa PYY® PYY® PVY®
02194 S tuberosum USsA VY PVY° Py
02247 S. tuborosum Usa pVY® pyYe PVY®
02272 S. wiberosum usA PVY° pvye PVY®
€02294 S. tuberosum Usa PYY® PYY? PYY®
(02352 S. tuberosum UsA pyy? vy PYY®
€02374 S. tuberosum Usa vy pVY pyy®
0284 S. tuberosum UsA pyy? vy pyvY®
€0286 S tuberosum usa Py Py PYY®
0289 S, tuberosum USA Yy PVY® PYY®
€0303 S. tuberosum Usa PVY° PVY® pyy®
cw S. tuberosum USA PYY® PYY®
L S, tuberosum Canada PYY® PYY®
HR-1 S, tuberosum USA PYY! PYY™
ICIA S. tuberosum UsA PVY® PVY®
Ip-1 S. tuberosum USA PVY PyY*™® pyy*?
ID1010 S, tuberosua UsA pyY° pYY® pvy®
1D11_27_57B S. tuberosun USA PYY pYYy pVY®
ID1269 S. tuberosum USA pPYY® pyy® pyVY®
D130 S. tuberosum USA PVY® PYY®
1P14_2_14a S. tuberosum UsA PVY! PVYYH pPVY®
D155 S. tuberosum USA pyY" PYY™
ID1_5_624 S. tuberosum USA PYY® PyY®
1D243 S. tuberosum usaA PYY® PVY®
1D253 S. tuberosum usa PYY® PYY® PVY®
1D269 Unknown Usa pyye PVY® PVY®
1D281 S. tuberosum USA PVY? VY
D315 S. tuberosun Usa VY vy pyye®
1D331 S. tuberosum USA vy PVY® PYY®
D431 S. tuberosum USA Py Py PVY®®
1D883 S, tuberosum USA VY VY
1D968 S. tuberosum UsA PVY® VY PVY®
D988 S. tuberosum USA PVY® PVY® PYY™®
126 S. tuberosun Usa PVY" PYY™ PYYE-NTN
LR S. tuberosum UsA Y pyy™
ME120 S. tuberosum Usa pyYe PVY®
ME131 S. tuberosum USA PVY® PVY® pYY®
ME142 S. tuberosum Usa PVY* PYY™® pYY™e
ME162 S. tuberosum USA PYY* PYY*™ pyy*°
ME173 Unknown UsA PVY® PVY® PVY®
ME178 S. tuberosuz USA PYY® PYY® pyy®
ME200 S. tuberosuz Usa PVY® PYY®
ME227 S. tuberosum UsA Py PVY® pyy®
ME236-4 S. tuberosum USA PYY PVY®
WE236-77 S, tuberosun Usa VY PYY pyy®
ME27 S. tuberosum Usa pyye PYY° Pvy®
VE286~-58 S. tuberosum Usa pyVy° pyvye PVY®
ME56 Unknown USA PVY® pyy° %
MES9-107 S, tuberosum USA PVY? Py VY™
Nt N, tabacun USA Unknown
Mont S. tuberosum USA PVY" PVY
N-Jg S. tuberosum Canada PVY" Py
Ryl S. tuberosum USA VY pyyt
N3 S. tuberosum UsA PYY PYY"™
N4 S. tuberosum Usa PYY* PYY™
N:0 L56 S. tuberosum Canada VY PYY™" PVY*®
N:0 Mbl12 S. tuberosum Canada PVY' PYY*" pyyre
NC57 N tabacum Usa Unknosn
NE-11 S. tuberosuw USA pYY pyy™
0-139 S. tuberosum Canada PYY® pYY®
0R-1 S. tuberosum Usa pvy! pyyY"™" PYY™?
0z S. tuberosum USA PYY® pYY®
PB209 Unknown UsA pyY* pyy*" PYY*?
PB312 Unknown UsA pyy pyy™
PN10A Unknown UsA Unknown
RB S tuberosum Canada PYY? Py
RRA-1 S. tuberosum usa VY pYY™ Py
Tu660 S tuberosum Canada pYye pyy™

Others (7 isolates)

AGA¢ S. tuberosum Brazil PVYE PVY?
AST S tuberosum Brazil VY VY™
Chile3 Capsicum baccatum Chile Unknown

Egypt Unknown Egypt pPVYyY pVY
NN ¢ S. tuberosum Brazil PVY® PVYt
NZ S. tuberosum Now Zealand PYY" PYY"
Patent Unknown Unknown Unknown

Accession no.
Q912907
1Q912901
1iQ912899
Q912900
HQ912903
HQ912902
HQ912808
HQ912905
Q912911
110912904
Q912909
Q912865
367075
FJ204166
HQ912864
Q157178
HQ912887
110912885
Q912882
1Q912888
110912870
11Q912869
Q912890
10912895
Q912880
FJ643477
HQ912893
HQ912881
HQ912879
110912862
HQ912894
11912886
Q912883
FJ204164
1Q912896
110912892
1Q912874
HQ912871
1Q912872
FJ643479
HQ912875
Q912889
HQ912877
Q912891
HQ912873
1Q912878
1Q912884
FJ643478
11Q912876
AF463399
AY884983
AY166867
110912863
Q912868
FJ204165
AY745192
AY745491
DQ303028
Q157180
009509
DQ157179
EF026074
EF026076
EF026075
DQ008213
HM367076
AY884984
AY166866

JF928459
JF928460
FJ214726
AF522296
JF928458
AN268435
A08776




FHROT v HAEY TANADOEAREHLE L §5HFY 1V ZET 5%

AW THEEEFI PRI A L, Biokdit ver. 5.0.9
FRAVWTK vy v 7HRDLNEIRER-.
5 UTR & P1 5V M& 3" UTR & CP # /30 BEl
RBEOM TOMBIEMLERET D702, £
NENDZBERORY &7 230 GRERESC 5
BLO3 URREFIZHFES L. TORR, HEAR
FILRT-PCREFD 5’ RIMRID T 7 A ~—271HE S
BRV M- 9570 SEE TR Sz, 2 b O EES
EEGLTEONESZ P Y 7 by =T
HESINTVWHAIHEBRIBRE T2 /I LTHB
RDP%® , GENECONV®? , BOOTSCAN®® , MAXCHI® ,
CHIMAERA™® 33 X T SISCAN 7u 7'J A W& W
THT L. ZROMRXRHT 0 75 AT Es
ERBTNITYRANIEY, 3 IN—TIZH8ET
BHZ &N T&3D. BOOTSCAN®, RDP® 35 L ¥
SISCAN® 71 /' 5 AL RFFAF51E, GENECONVE?,
MAXCHI®® 36 L T} CHIMAERA™ 71 /' 5 A (B ik,
PHYLPRO'® 71 7' 7 AITEEBEEIC RIS, 4
B ENARTORR, 3 EOERZFETO PE
A 1X10° LUTFOMEAR LiBEicix, (A
FRHR X EROL & HIlF L7, MM X OFTEENEN S B8
LIz DWW T2 T, FAR® SISCAN version 2'® %
AVWTHERRIBMORELZIT7-.
) DFREPOMIT

AFRD PVY sy BErK & MESL D PVY REBRD 77 T %
HENLRBRICOWT 2 EEOFEIC L VREL
7=. PhyML ver. 2.4.4* {287 A BAE Maximum
likelihood method; ML #:) # X T® PHYLIP ver.
3.59 |z331F Bk HERE S (Neighbour-joining;
NJ ) # AW THFREBEIER L. BRI
(IRRMTOFER, KU & o380 BEEREHAIC
ZERALASEREE S e o 7= BB 85 D PVY SRR &
HMEEL LT PepSMV @ 1 SyBiERR ¥ DIEEES % A
WTCHBER® Clustal X2 & TRANSALIGN ver. 1.0
ERAWTT T4 A2 b&iToT. Bohi-HEE
Flix 9165 IMETHR I /= ML TR LN
HEEFNZOVT, jModelTest ver. 0.1.1 ™%
AWCTEELREFTAEHES, FELETFTNLD GIR
+r, BT M XY 3 FRBMEMERL LTz, ML RFE
BicBiT27— R NF v 7fEIE 100 b LT
1000 77— FRA T v T 7V U AZEVEY
L7=. NJ #Ti% DNADIST {238\ T Kimura' s
two-parameter option® Z A\ CHER~ Y v 7
ABER L, IEBERESEIC XV 7T RE0H8 &2 1B

L7. NJ ZfE#tickid a7 — FA T v 7l
SEQBOOT ' %A\ T 1000 7— h A F T v FH v
TYUTIZEVEBLE. FREhOFEIZL-
TYERR L7- % %X TREEVIEW™® 2 VWVTHRRL
7-.
9) MEOWENES & USHIERT

SFRRFRIRNRER L VRS h S ) 28
I N—T7HHH B\ NIoEERRO Sy BEISRIC X v
BENFERIZOWT, FEANG LOERARO
HERSB LT I/ BEFIOBRLYE B=FE
LLlt) , SEFARNOEEEF B L ONT B L TD
ZiRtE GBIEOZHRME) T LE. BiEFER
2 DWW T, Kimura two—parameter method®
3 X T8 Dayhoff PAM 250 matrix'V % FiV>T MEGA
ver. 5K VARIT L7z, HEERFIO@ZHLE
1% Kimura two—parameter method® % AV T,
MEGA ver. 5 IZ K VBT LTz, ~NTudAT7DE
BEMEIX, DNASP ver. 5% AW TEMIZHBITB
Ta s TOREBEEZ LT L.

2) &%

(1) ZRESEHOEHEVERE L US

FRER

AR TIRENOER Y v A THEHILTH
DI D> & 7 53 BERE, A A & 5 57 BERE,
T 5 1 HlERRE K OHbHRER T 5 5 4y
BiERk, IRAEHURASTRBA R 3 BERR, A3t 20 SyHERR
EFRVWTHRELL. £hbd 55 10 BRIL PV %
HSBERRETH Y, RV D 10 BRI PWWRKEH B
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EMBL 33 & UXGenBank 7 — # _X— R |[Z & LT= (7
7 k& v ¥ a &S ABT11143-AB711155,
AB714134-AB714135) .
(2) X BERT

AFRE 20 Bk & BEIC GenBank [Z Bk S TV
%EF 129 D PVY SrBERR, &8 149 kO 25
J MEEDT — 4 % O TR B O/ 21T
ofz. HBXEAIAFTIC OV TIE, HERSIT
T2 < BEEBERENOLE L OIERBBE R Z
NENFTTRET H7-DIZ, O 5 BLW
3’ UTR DEFI% REEEFIH HBRVZRY 7 v
N EBHRERE RV TIT o, RV F 08
BREBOEERETIN X v v T2 RV,
RDP3 {Z & > THAMR X ERL 2 RR3R L 7. AR 2 BRI
& U TR SN EER OB RS IOV T,
EhEh ROP3 12 &V HA L 3l S -y Bkk &
DOEREEBR IR T 0 7 T AOH TRIEFHF
#Td 5 SISCAN version 2 (2 & - THERER L7-.
£, RYZoRSERREECORTIZE VR
HENRFHEBZIEBAIZOWVTIE, 5 LV
3’ UTR EIRDEFIZT T4 A b LTk, RV #
R EEIREIRELS LA XY, SIERES
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Table 4. Recombination sites in the Potato virus Y genomes detected by recombination detection programs

Gene and recombination site

Recombinant * Parental isolate Pare?tal b Programs detected by P-value * Z-value *
; sublineage c

Gene Site

NTNHIR3 HC-Pro/P3 nt 2416 CH-605 x ME173 N-1 x 0-3 RGBMCS;S, 1.712 x 107'® 9. 06
VPg nt 5826 ME173 x CH-605 0-3 x N-1 RGBMCS;S, 1.712 x 107® 8.58
cp nt 9176 CH-605 x CW N-1 x 0-2 RGBMS;S, 6.311 x 107 8.09

NTNKGAM2 HC-Pro/P3 nt 2416 CH-605 x ME173 N-1 x 0-3 RGBMCS;S, 2.015 x 10 8.76
VPg nt 5826 ME173 x CH-605 0-3 x N-1 RGBMCS;S, 2.015 x 10 8.58
CP nt 9176 CH-605 x CW N-1 x 0-2 RGBMS;S, 4.914 x 10 8.09

NTNTK1 HC-Pro/P3 nt 2416 CH-605 x ME173 N-1 x 0-3 RGBMCS;S, 2.033 x 107 8.76
VPg nt 5826 ME173 x CH-605 0-3 x N-1 RGBMCS;S, 2.033 x 107% 8.58
CP nt 9176 CH-605 x CW N-1 x 0-2 RGBMS;S, 1.107 x 10 8.09

Tis CP nt 9140 RRA-1 x 002122 N-2 x 0-3 RGBMSgS, 7.115 x 107® 8.09

2 Recombination sites detected in the PVY genomes by the recombination—detecting programs, from the aligned sequences of the likely
recombinant and its ‘parental isolates’ . The nucleotide position shows locations of individual genes numbered as in Ditta genome.
b Parental sublineage estimated from the comparison using non—recombinant sequences. For details of the sublineages of the isolates,
see Fig. 9.

 Recombinant isolates identified by the recombination detecting programs: R (RDP), G (GENECONV), B (BOOTSCAN), M (MAXCHI), C (CHIMAERA)
and S; (SISCAN) programs in RDP3 software (programs greater than P-values 1.0 x 10° are listed), and S, (SISCAN total nucleotide site
analysis) in original SISCAN version 2 software. The analyses done using default settings and a Bonferroni-corrected P-values cut—off
of 0.01 in RDP3 software.

4 The reported P-value is for the program in bold type and underlined in RDP3, and is the greatest P-value among the isolates calculated
for the region in question.

¢ One of the parents of the recombination sites had Zvalues greater than three in an analysis of all nucleotide sites in S; of the RDP3
program; thus, lower Z-values of one of the parents identified in S, of the SISCAN version 2 software are shown.

1A Y QESEIFMRERE QYA Y G A X Vi * 2 QY

-

7 bl



—20— Tl UL BT I 5E 2 > & — JERIE s s

12 -
10 4

, Zvalue
o ] [Se] e (27} [# 2]

Position

Fig. 7. Graphs showing SISCAN version 2 analysis of the sequence of NINHIR3 isolate with that
of CH-605 (blue line) and that of ME173 (red line). For the graph each window comparison involved
sub—-sequences of 50nts with a step between window positions of 100nts. Accession numbers of
nucleotide sequences of CH-605 and MEI73 isolates in GenBank are X97895 and FJ]643479,

respectively.
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Fig. 8. Recombination maps of Potato virus Y genomes of Japanese isolates; the estimated nucleotide
positions of the recombination sites are shown relative to the 5’ end of the genome using numbering
of the sequence of the Ditta isolate. The vertical arrows show approximate recombination sites
and the site positions were estimated from data analyzed using the PHYLPRO, SISCAN Version 2
programs and also RDP 3 software. The horizontal arrows show the regions used to construct trees
from non-recombinant sequences (Fig. 11). The Japanese isolates, NTNHIR3, NTNKGAM2 and NTNTK1,
fell into an independent O-NTN sublineage in nt 2600-5800 phylogenetic tree and clustered with
European and American recombinant isolates (Fig. 11b). Although the 0-3 sublineage sequences were
found as parental sequences in the regions of nt 2416-5826 by RDP3 software when we only used
non-recombinant sequences (Table 4), we were unable to identify which sublineage is closer to
the O-NIN sublineage in O lineage in this study. Similarly, we were unable to identify which
sublineages are closer to the C-terminal region of coat protein genes of NTNHIR3, NTNKGAM2, NINTK1
and T,; isolates in O lineage.
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Fig. 9. Maximum—likelihood tree calculated from the polyprotein sequences of 85 isolates
of Potato virus Vdiscarding recombinants identified in this study. Numbers at each node
indicate the percentage of supporting puzzling steps (or bootstrap samples) in
maximum-likelihood and neighbour-joining trees. Horizontal branch length is drawn to
scale with the bar indicating 0.1 nt replacements per site. The homologous sequences
of an isolate of Pepper severe mosaic virus (PepSMV) was used as the outgroup. Two
sublineages N-1 and N-2 have been called N-Europe and N-North America sublineages in
earlier studies. Isolate Wilga (GenBank Accession Code EF558545) originated in Poland
and passaged for 30 years. This isolate was described as serotvpe 0 and PVY*" strain.
Isolates with (red) diamond indicate Japanese isolates.
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Fig. 10. Maximum-likelihood trees calculated from the partial genomic sequences: (a)
nt 700-2000 (b) nt 2600-5800 and (c) nt 6720-7900 of 147 isolates of Potato virus Y.
Numbers at each node indicate the percentage of supporting puzzling steps (or bootstrap
samples) in maximum—1likelihood and neighbour-joining trees. Horizontal branch length
is drawn to scale with the bar indicating 0.1 nt replacements per site. The homologous
sequences of an isolate of Pepper severe mosaic virus (PepSMV) was used as the outgroup.
Two sublineages N-1 and N-2 have been called as N-Europe and N-North America sublineages

in the earlier studies. Isolates with (red) diamond indicate Japanese isolates.
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13 0.01931 (FEHERAZE +0.00079), 7 3 / ELECH
TI%0.01077 (£0.00097) Toh-7-. —H, NVU
F—VICRT 2B OBILE X, HEESIT
% 0.01923 (£0.00072), 7 I / BRER %I T
0.01097 (*0.00109) Th-7=. XEAYZC Y X
— VIR 5 BRI OB I, EEESITIE
0.09791 (£0.00237), 7 3 / EEEZFITIL 0. 04682
(£0.00273) ThHol. OBLUN IV RX—VAD
FELEOEBIDOTINGE> TV, € VX
— VN TOREUEOEEIZTOBLIUN Y X—TR
DELY bREM-T-. 7Y R— PHOE R
Flis LOT 2 ) BEIIC W TRz FEBE L E
HUEER, 0 VR—C0RY7 Y 2—JRI0E
{LLEE 1 0. 01465-0. 02863 ToH>7-DIZxfL, N VY
F—UTI0.03797 720, Y R— P TEAREIC
E=NRFBHENT- (Table 5).

TIT, 3—ay /" BLUILKED PV RS
N— T DESEERERIC OV T, EEESIO®E
BIZ iM% Kimura two-parameter method *® % Fj
WT, N7 a Z A TOERRIES DNASP ver. 5% %
BWTEREREHL, H8:L7- (Table 6). &
EEAL 700-2000 & AV-&Y TEMAOEESL
BE (727 10.04500, I—12 /% : 0. 06505,
bk : 0.02364) 1%, HEEL 2600-5800 & AV
T-8E (77 @ 0.09946, 22— w3
0.06302, At :0.06896) X bb#:L7-#ER, WM&
BoEIbTHTHoM-. TOZEE, Zhdd
BEFREIROEHIEE TOBRGHEREIT/ N E N
& &R LTV e, et RRENIZIEEERAL 6720-7900
DOEHIE TOY 7 EHANDOEELZIREDOHEIL,
7T YT (0.01488) &ik#& LTI — ooy N
(0.10330) F LMLk (0.10330) 1EBAGDANTK
EREEERL, I OWETHEE Tk Tl
CEFEDRH D Z ENRD LN, PW RSV
— I, EEERMT 700-2000, HEELER{AL 2600-5800
B L USEEERAT 6720-7900 O 3 W= FHIKLTIC
BWCAHESBERERORMEIL, dLKE (EiZ
TAYNE) LY bRELRBUEE R LA, R
W W AHRETBERRDEIIALKRE L » 0 7h
ofl-d, HERE Lighotz. RY Z s EH
RESEZ AWV TEESRELZRN LHE bR
DREENE LN ULED & 5 RBIGRREEN,
AFE PVY RAESBEEN 2 70 —7 (0-J1 B LT
0-J2 7 ) Fx—) ZHiTbnbZ EDFEREE

TR AR B e > & — SERIFFE S

RoOTNWAI L &THLTWE (Fig. 9). &5iZ
PVWY OF Y RX—CHOT VT, 3—ay 8L
JEKESBERERICOWT, NTu LT LER
ERREL B LT (Table 7). FDFRERIT, HF
RGBT 28 Y TERDOSERRERB LT
Y a8

3) BE

ZIE TEAD PVY SRtk OE Al sz o
Wi, 7' L0O—EERE AV I-fBgiTiiiThh
TWEh, EBOSBRIC L 2EMDLY ) 2%
AW EHTIfThbh T\ ido =, ATk
D PVY SHER OB FRCHEE L A LT 5 2
L& BT, SIEEETIEAENT L, #ESNE SRR
& ILIZEHE L 7.

EHFEICL VAL ot LB L
UTD4RIZEMEND. B 1IZ, PVYES L UPVYD
FAESTEERRIIAIR I W CTEREIC S/ LTV e,
88 2 12 PYY° BB BRI 0 F REARITIC BV TR
BEOYVTY x—UEERL, HREETIZ6 YT
Y=, FRTIIVR<LEH 3T Y R—Un
TR &N T, & 3 ITHHO PVY™ Rt orBkskiz )
Rl ey 2TV R—=JITHEEh, 1T X
— VN Y R—VOEEBEZEIC L > TR S,
BMO1YTYVRZ—UF0YR—TENY =T
BT A5ERBR TN TNERR L 425 Y X— UM
BTSN TV, BBICAERD PVY 438
BREFO—EX, I3 —a v/ SE b REO SR
BREM L 13RB 22 EMEHR L7 Z LA LM
ot

FA 2 BRI PVY O 213 i3 e, fhORT
A VA NARBIZBWTHELDEERHEENTH
50, FHFF T, AFHE PV REOBERIZE
WTERTIIZNE CTHERINTWARWS / L0
Fii-ex BERRA L. TodBIRIE, =3
— 2y ROEER LT A Y BIZBWTEEIZERD
LT3 (Fig. 8). AHFEIZHWTHELXL
PVY"™ i sy BiERR Dt T 1995 £EA B 2000 £EIZH»
o CEREE L7- 408k (NTND6, NTNHO90, NTNKGAML,
NTNNN99, NTNOK105 3 2 USNTNON92) (3£ T4/ A
ISR SR SN T, ARG THD
L Bbhi=. —F, ¥z 80T 2000 £LL
FRIZHEE SN = HEERIC VTR b, Bif,
JLHEEICBNT, A L FRROMBE]R X ¥ —
B DR OREERIZOWT, RAF Ly s



Table 5. Comparison of nucleotide and amino acid similarities in polyprotein encoding region between subpopulations of Potato virus ¥

Lineage ® N c 0
Sublineage N-1 N-2 C 0-1 0-2 0-3 0-J1 0-J2 0-05

N [n=13] © 0. 20900 0.20794

C [n=6] 0. 08858 0.13142

0 [n=65] 0.09275  0.05929
N-1 [n=3] 0.03797 0. 20905 0. 20591 0. 20468 0.20412 0. 20595 0. 20686 0. 20762
N-2 [n=10] 0.01973 0.20899  0.20898 0.20748 0.20626  0.20819 0. 20842 0. 20909
C [n=6] 0. 09055 0. 08800 0.13129 0. 13150 0.12945  0.13047 0. 13034 0.13219
0-1 [n=6] 0.09119 0. 09254 0. 05865 0. 02841 0. 02553 0.02598 0. 02677 0.02701
0-2 [n=T] 0.09369  0.09493 0. 06077 0.01628 0. 01465 0. 02698 0. 02863 0.02792
0-3 [n=10] 0. 08906 0. 09091 0. 05642 0.01058 0. 00862 0.02413 0. 02530 0. 02509
0-J1 [n=5] 0.09126 0.09197 0. 05920 0. 01397 0. 01664 0.01120 0. 02455 0. 02457
0-J2 [n=2] 0. 09275 0.09338  0.05917  0.01575 0.01850 0.01354 0.01417 0. 02483
0~05 [n=35] 0. 09257 0. 09341 0. 05995 0. 01521 0.01729 0.01248 0. 01449 0. 01586

" The nucleotide (above diagonal) and amino acid (below diagonal) similarities were assessed using Kimura two—parameter (Kimura 1980) and

Dayhoff PAM250 matrix (Dayhoff et al. 1983).

®N,C and 0 lineage isolates, and N-1, N-2, 0-1, 0-2, 0-3, 0-J1, 0-J2 and 0-05 sublineage isolates are listed in Fig. 10.

¢ The number of sequences.
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A RT-PCR 2 AV THREL#EIBEINT
WA IO, T AEBEDORRBE LN
PVY 53BERRD Y 7 2 N—FEMNBRE, KHIZk
WTHEB Lo2hd &, L THRBRIEY 7S
N—TEEADFER T HBROAIEE DRI & TV
T2 EERLTWAB EBDNRS. LLENS, PV
FRESEEREZII LD, PVY ERESBERDOAFIZ
B ARELEEREAT AL 4%, LE@ER
Mgk & Y HERERUC TR A EREE L, F ) DS
AR A CIC oW TR RENSLETH
bEEZLNB.
SFRGHE, VANV ASEERRERROE(LRY
RBFERLTVWS. AHEIZBWTEY / LD
—HERAVTER L= FRERITL, FUH60
1 R 1B L LTERT 32003, PV i
Pl LHEH 14 OV T I N—TERNBEET
BT LERLTWE (Fig. 9). En bW 770
— 7 DT, KME PVY RBHBERKD OHO37,
OKUM4 ¥ L TUf OUNKG 7yBfEtkIL, 7 A Y ABLUVA

XY RESHEL L HIZ0-I YUY R—JIZBL,

FOY TN A=V DOHRIEBNNT— A T T
ETIFEFIN TV (Fig. 9). HoOAIRE PVY°
RGCTHERRIY, AHESHEROSL TMIL LT 24
TYR—TVEFR L. ZOZ &L, FFEICE
WTHIHTHLNNIRST=I ETHD. oD
PVY® RBCSTREBR DS AHARD LD TH D0, HB
VIIHEA NG 1 EH D WVITHEEOBESIZ L O AR
IZBAL, TORENTIEB L2 E 5 2T A
THDH, FARUBRATHIRED 1 D& LTPW
IR LYy T TR L E LTEASNT
AREMNREZZ bMWD, Py A EiT 16 HHEN S
17 #AZUCHINT T, AT FOBAICED AV B X
YT POAERIGEVCIAEN-Z EBMOLATNS
MER, 19HREOBECT XY ABL®I—1
Y ROEL P HHF LORENFTREOZOICEA S
ni- 2. HFRERITBOTERIBED PV Ze s
BERR DR DR &1L, AHE PVY™ R SBERR OB
DEIXVLENoE. ZDZ LIE, PVW RGN
BEBRDS PVY'™ RBESTRERE £ 0 b B VBRI A E IS
BALREENLEHWVWZ EZRLTEY, PWYWN
R BER AN B/ N OBIRET C, Baff, HE
L7=Z &R LTU . AFHA~D PVY DR AR
BEFALMNITHIZNE, T¥ A ERE~SEN
AENTBRORR EoHuk, BIZITRET T O

RIGIE RS 5 > & — 15 RIRT e G

X 3 7R E D O D PVY SRR O 2 RE ST
—ZBLETHHLBELNS.

AHED S FECHIFFRIC L - T, A, 3—
2 v /338 L UL HE D PVY SyHikkk SRR SR HD
EBOR TR IN-AEENLHHZ L, HrxD
HIRIZIRESNDFED Y 2—2 2K TH &
BEALMIR T, HLOWSEEROBAL LU
LWBEFEE R ODBERO I, HERIESR
EIBRETIRZRL, 7/ LOERRERBERLE
WERRMEZ RO Z L BRIV TRENR, ¥
A NWATROPBRA R E#E ST 5 LTRFAVA VR
DY ) AEECEARCHERZERTH I LNE
EThdEBbhi. BE FEFBEETOPWYOD
BHRRRIIL, DA WRITEBY LTV RV e
WH~DEH, PV OENBRTHAT 7 I LY
DIEFILER, FIEEBEDD T A NV ATBSR LT
FRWHEOERRADRENEREIN TS ©.
LAL, 777 L DEABGERE, PVY {RYBHLE
HEE LTHEFHATHE I EBBEINTEY
.89 BREE TIE EOENMEREGF 2 HEROF
EHD5VITREFHEBAEREAVTEA LK
PIEREEERL, ThOLERATIZLBEY
MRATHHLEEZOLNTWS. ZRETPWY D
RHEDEBENRL, RULRFEOF TH RO S ) A
BEDEWZL ST, Vv A TOXEEPLHET
DIERDBENFPRIFBEN R D 2 LBHRES
rh'Cb‘é 8).52).74).81). %’D’C, é\'?fﬁ& %%h;&*no)
Ei LOHUS Iz 3517 5 PVY S Bk 0 £ miE
AT 5 Z L3, BHAMREOFRZ L O
XA SIS D L THEICEERZL T
HoLEZLNS.
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28 CreHLEYIYLLRBRES
TRFEDEHROBHEIANLX

AETIX, PVY OBEZ ZRESBERE RN
HERDFTHFRE Y A NV AEHFIETH HIERAEL X
UEEEET M) v A8, ThETOHELIIR
RHFleHE EBREBERERE MITC
B) | ILEDB[EVANAOERERLR-. 755
BROMBHIBWREZ 2 RFEIL, #3320
TEEZER, YA EBOTHEZZRD
BRROANATHD. £ THERETIE, #/3=2
KRBWTHELBHILLIZERKE (FNNaHE
B D R4, oA LV ZAOFHRIICEE TS
BEFEBREERT DI, EHLEHRVA
NAREEE LImBB VA NV AL ITERKET
EEARSIBLIOT I JEEES A B LI, {EHL
T-BEHEO—EIZ OV TIE, PVY ORFBRFEEL L
TOHEROFFEEEL, ¥/ \aTOREVA
NAZHT HFHEROFELRE L.

1) RRHEELUVERE
(1 #BRI1ILR
Ty A TREZFROERETTRHEN O
B L7 PVYY™ R oD PVY'™6 3 38kk  (NTNDG) ™ %55
EUANAEHDOHEIE Li-. NIND6 3&IEFRIL,
Z,3a (5% ; Xanthi nc) ZHWT 25°COH
AENTHRELIIRELTE o, REHRH
I ERGEME R L TWATRIRERESE X bh
= 2 THEBERK UUT, BEK) &fE
Hi4~ % E R0 NTND6 % NTND6B-Or, NTND6B-Orl #5
L TXNIND6A 3&EHR & AftiT7- (Fig. 11).
2 —EBEK%YY P vy FERRESRIEE
NIND6 3@EEHRE 7= i3 fEH X 7= 55RO fEH
MBI DA NABROFELHERTD2D
DAS-ELISA %177 (Fig. 1). DAS-ELISA Tii~
A Zax)LFL— bk MAXISORP442404 (X 7)
AV, BEEFIv/ 7T b— ) —F—
MPR-A4ill (Y —) ZAVWTHEER 405nm TH|
ELl. —KBLrar oy — L, BR
O EHESTBHEFTL VIRFEEI N TV HR
suZ V<. DAS-ELISA %, % 1 ETHMLE
BRFIE & FRIZIT o 7=,
(3) BEHAEH
AR T, BIBLE, @B M) U LLE

BLIUOHHBERERBRED 3 FE2AVTHSE
BROMEHERAT-. EFHEOFIEIL Fig. 1117
L7=.
7 ERnE
{KIRALEE TIXFFEBROPEL & L T NIND6B-Or 58
FEA B\ -, NIND6B-Or SRZEtkmiYy & "ol
10 fE&D 0.02M U BEREETR (pH7.4) ZFLHFIZ
ANTERL, h—RI7Fh (600 A via)
FRWTHES22%/5a (&% ; Xanthi nc) DL
Prih 3 FEHOTEICRIRERE L=, #EEKEOFN
2FEHIZ 13~14COKBEGT CERIN
AILRRBACBEL, £F X7 (Fig. 11,
Table 8) . & 10~14 H%I!Z DAS-ELISA &Iz &
D ANABYEERERL, BREENLOHENKE
BAWTHE, B \aZEEL, KREHGTT
FEEEE L. ZOFFEEXSEHRVERLIE, ¥
/N 2 RRREED b O E VT, PVY HEFERRIC
JIREE (X ZBER) 2R THV Y HA4E (&
B IRRG9S) IR, Uy A4 BRI
R En-FEREEENICEVERY, EhEh
EEMRLU%, BEFTERLE. EEEZO
Z 2T CHOH T ABNTER L, MEENICH
WA RE L. 0 2~ BRI XL BEL,
BBV NVE v MVER E 1 I3EIREO & /8 a{zon
TDAS-ELISA IZ & D A NARBDHFEARER L,
ek A58 ERR & L GRIKL - (Fig. 11).
) BF8; LY YLAR

FEREEE T R ) U AERIT, FIEFEEOMEIE LT
NTND6B-Or1 35 & U% NTND6A 3834k % AV, BE#HR "'
DFHEERRE L TITo7-. RBIXFNFNENEE
F b U T LEEHR & ORFIRE R IEBETRR O
REMib2EXTEH 4 BfTo7- (Fig 11,
Table 8) . 3REX 1 TiX, NIND6B-Orl s@EHK% &K
X3z (&FE ; Xanthi nc) HBWE N
occidentalis DEBEL Y LIOELX B RO
BRI L ST AN TERL, BRHRLERD
0. MEEEET N Y 7L (pH6.0) % &Te0. 8M EHAHES
F MU U AREIKRE BR%, BEHICH—RT A F L
(600 A va) ZRVWTRER Yy VA4E (@
i HRAR 59 5) ICRIFERE L. HER 2 TIEH
sk, RER1 L ERRICEMEET MY U AR
LIRFIL, 5 HREBRIC Uy VA IR L.
HE 3 TiE, BRIPIES 3 EROBBERTK TER
L, SBOHEMEET M) v ABKEIRfIL, 55
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: Original NTNDG
: isolate :
teccecvans eoevesssesasnrsersessesrsosesseesties cessssssecesessense sseeccens sodlecsecrecnraesrsninnrsrsrrsssnsicetansarisssssesonensas sessecnsnsens
Maintained in tobacco or freeze dried
gro— Maintenance
E Parental NTND6B-Or " — E
i isolate NTND6B-Or1
RN s ' . o 3 _l .......... :
: i Low temperature : Nitrous acid { ! Mutagenesis-in- : :
i Method 1 treatment ! ] treatment ! i tissue culture i :
: Mrirtrivirist 'I """" b : T ........... T"'"T :
Inoculate parental isolate to Inoculate parental isolate Inoculate parental isolate to :
N. tabacum cv. Xanthi nc to N. occidentalis or N. tabacum cv. Samsun NN :
: (stock at 13-14°C) N. tabacum cv. Xanthi nc (stock at 25°C) :
- (stock at 25°C) | :
: L Detectlo:l by DAS-ELISA | I Make leaf disks i
: Repeat inoculation several times " — | :
H ! " Mix sap of virus infected :
: using N. tabacum cv. Xanthi nc leave spa nd nitrous acid Culture leaf disks for ;
(stock at 13-14°C) 24-59 days :
: | (stock at 20, 25, 30, 35°C) :
: Process | Detection by DAS-ELISA | | :
: 1 Inoculate to S. tuberosum — :
Inoculate saps from infected plants cv. Konkei 59 Appearancehof :;iventmous
: to S. tuberosum cv. Konkei 59 Shoo :
X | :
: L . Single lesion |solat|onsl . I Transfer shoots to new
: - - edium to regenerate pl H
: | Inoculate viruses from single fesions to N. tabacum cv. Xanthi nc | m toreg plants :
: | | | | | | H
I DAS-ELISA detection of virus in plants showing faint and no symptom —l :

Attenuated
{ mutant

10,111, 117,118, 124,
221,222, 229

Fig. 11. Schema of the pipeline for producing attenuated mutants of Potato virus Y
Parental isolates NTND6B-Or, NTND6B-Orl and NTND6A were obtained after the maintenance
of original isolate NTND6 in a greenhouse and stock at -80°C. The full-length sequence
of the genomic RNA of original isolate NTND6 was reported (accession code: AB331515).
A total of 16 attenuated mutants were successfully produced and the genomic sequences

of all the parental isolates and attenuated mutants were determined.
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Table 8. History of attenuated mutants obtained in this study

a. Low temperature treatment method

b

Number of plants

Batch ® Severe symptom © Faint or no symptom ° Attenuated
Total Infected Infected  Not infected mutant
1 40 18 3 19 L-NA3
Total 40 18 3 19
b. Nitrous acid treatment method
Number of plants ° A d
Batch * Total Severe symptom ° Faint or no symptom ° tteimate
Infected Infected Not infected mutan
1 30 11 1 18 N-NA6
2 14 3 1 10 N-NA7
3 40 6 3 31 N-NAS8, 9, 10
4 84 75 2 7 N-NA52, 57
Total 168 95 7 66
c. Mutagenesis—in-tissue culture (MITC) method
Number of regenerated plants '
Temperature Severe .
Batch ® for leaf disk symptom Faint or no symptom ¢ Attenuated
¢ Total mutant
culture Infected Infecte Not
d infected
1 25 °C 400 344 2 54 M-MY10
2 20 °C 70 66 0 4
25 °C 469 442 6 21 M-MY111
30 °C 301 176 2 123
35 °C 57 14 0 43
Subtotal 897 698 8 191
3 20 °C 172 166 3 3 M-MY117, 118
25 °C 571 541 18 12 M-MY124
30 °C 415 338 1 76
35 C 64 14 0 50
Subtotal 1222 1059 22 141
4 40 °C—25 °C 1162 1133 22 7 M-MY221, 222
25 °C 462 445 7 10 M-MY229
Subtotal 1624 1578 29 17
Total 20 °C 4143 3679 61 403

= A1l the batches using nitrous acid treatment and MITC methods were done independently

on different days.

b Number of tobacco plants (Nicotiana tabacumcv. Xanthi nc) inoculated with viruses from
single local lesions appeared on leaves of Solanum tuberosum cv. Konkei 59 after the

treatments by the nitrous acid.
© Severe symptom; veinal necrosis.

4 Tobacco plants obtained by nitrous acid treatment or regenerated tobacco plants obtained

by MITC methods showing faint or no symptom were examined by DAS-ELISA.



MERIZSy VA BICHERLE. B84 T,
NTND6A JHFERR & B S 7o 7 N 2% 2{FBROHE
WEET MU U AR CEREL, 5 HEBE LK,
Sy HA TR, BRICHERRE LT,
NTND6B-Orl F&FERRESL & /N 22 S ROREMR
BATERL, Jy i/ BICERELE. £85I
BWT Y v 4 THEREEICR I N HEREET
EINCTIVERY, ThETnZERLI-%, BES
N U, SO Z 2L 2BCOHA TR
ENTEHEL, MR L. 25 14
~17 BRICEELBE L, T<BVE Y MVERK
FITEREDO B DIZHOWT DAS-ELISA 2 LY
ANABROFE TR L, BERELHEKRE L
TEHKR L= (Fig. 11).
9) MHRSEERBERE

MITC ¥ FBROMHE L LT NTND6A HFhk &
Az, HBRIIE8 4El{T>7- (Fig. 11, Table
8) . NTND6A S8 FHRIERE ¥ /X2 (fufE ; Samsun NN)
IZBWT, EEEL Y L I TER TEREE
HEROEEN Tm WHIZEIVERY, RERE
L7-1%, Murashige & Skoog (MS) #%## (0. 1mg/l
NAA, 1mg/1 BA, 30g/l1 sucrose, 7.5g/1 agar, pH
5.8) LICERL, TEFEHRELHEI . RR
1~3 Ti¥, ¥R % 20°C, 25°C, 30°CHELT*35C
DRLHBERMET T, 24~58 AREEELE. R
8 4 TITRAIC 40°COBBSEMET T 2~7 BRI
FUT-H%, 25°CHRUHTT28~59 HRMER LI, %
B, BEETEFIIFHLEH (1/2MS, 15g/1
sucrose, 7.5g/1 agar, pH5.8) IZBHEL, BHL
BEx R, BoLEEORMHTERL %
ERLCKRILERZRELVWAGKICIONT

DAS-ELISA IZ LY U A NV ARGDHELTHE L.

RIS &R LT B LBEICoWTit, 5588k
DR LTV = LM L, Bo{ef@Er» 50/t
WE & /8a (R ; Samsun NN) [ZHEFE L, SRS
BELLTWAZ LB LUDAS-ELISA IZ &L v FFEE
DA NABRPHERINLOE2BEHKLE LGB
kL7 (Fig. 11).
@) 1 LAERREE

555k & NIND6 SFHRD ¥ N 2iZBIT B U AV
AEBBAEB LI, KL 3~4 HOF 2 (&
& ; Xanthi nc) (Z&-55FHRIS L Ut NTND6A REERR
R L, T 2 AR ICEEEEED S b
2%H, SBEBRIVC4ERBDESL 0.3g 7210

RSB AR 5~ 7 — 1R

H2 Y, DAS-ELISA (Zf#t3 45 £ T-80°C DK
NTREL. REBRTIIETHERRS LT NIND6A
BMBHRICOWT, ZRENS 32 3EEEZ AV
DAS-ELISA TiX, &% 7% 3ml @ 0.05%D
Tween—20 & AT 0.02M V) VESBE AR AIEK
(PBS-Tween) TEER:LI-bLOERAWE. EHEEK
o S BEORKEICOVTIE, EEEA 2 KR
#®izeq4 77— ) —F—MPR-A4IOD (Y
—) ZRAWTHiEE 405nm TRIEL, 3 @EZO
BRI VEHEZEH L. v VAERRIZD
W, B39 30k & NTND6A 3350k DR SLEE T
ZHEXTEIZ B L, Student’ s ttest (P<0.05) |2
X FEHNBEEITH 7.
) REEMEREEFHE
PFERITENRERICL Y, REELERT 25
BWHD P, RISV TR L7-588 k05t
(=R R TEME % BT 5 728, N-NALO §58kis &
TM-MY10 3538k & # S TRV TRERER L, #
NaTORBOEDOEELFAE L (Fig.
12) . N-NALO S5EBRRA ML, BREBRFLL
FZ82 (5FE ; Xanti nc) oOHEHIREERESY
NIZHEREL, T AENT 15 HEEEEER L7z,
DAS-ELISA (Z& Y A N ABYARER LT-1%, B
RIELERERE L THOBEZ S MRS L,
AT AENT 456 BRIFEER L. M-MY10 5558
BT, BREERRES a2 b0l RES
NaZHEREL, FO% 3 ERMUEER L. SRHME
RROFITEBRMMIL, ThEh 20 B, 24 B, 15
B X140 BEITh o /-, BRI/ L7
Z N DR EEICIRE L7-. AR %
NENDTFFRD S/ LO—EHFRIZ SV THEE
BEPIZ AR L, MR COEREMIOFEIZ-
WTERE L.
(6) HERIIDHRE
7) 24 JLX RNA DhtH
LTHHHRE L UHBRRICRIE L= Z "3 fEh D
D4 RNA DX ISOGEN (= vy R ¥—2) 2 A
VW= (Fig. 2). HH L7-4£ RNA % DEPC-Treated
Water (7T A4 V) CHBERELTHEKESH
GeneQuant pro (7<= ¥ A7 7= T/RAL T
v7) TRHEEZRIEL, 00260=20% 1 pg/ul
&L, ZERNABEFEH L.
) BRE-KY AS5—GHHARG
a) ART 54 T —DRdt
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i Attenuated
¢ mutant
| Stock as freeze-dried leaves |
1st passage --------------------- seflsccsscanennenanannnne esvsessascevenssnnescancecsescsodhecesonnncesranes
Inoculate N-NA10 to Inoculate M-MY10 to
N. tabacum cv. Xanthi nc N. tabacum cv. Xanthi nc
| | |
Maintain at 25°C Maintain at 25°C
for 15 days for 20 days
2nd passage uuuuuu-uuuqu--.----u--.---u-nu..-.u.-n."....-.-----.-.."}..--u-.-u.-.u-
Inoculate N-NA10 to Inoculate M-MY10 to
N. tabacum cv. Xanthi nc N. tabacum cv. Xanthi nc
1
Maintain at 25°C Maintain at 25°C
for 45 days for 24 days
Brdpassage  +erereerereereessesemeeessereerrrrrreressessssseessssssereeemmeneeen B —
Inoculate M-MY10 to
N. tabacum cv. Xanthi nc
1
Maintain at 25°C
for 15 days
4th passage assesssescsncsascascccsflsncscssuscssssssnscscascancancarsussessscnssancnsssafhecancersenncnnen:
Inoculate M-MY 10 to
N. tabacum cv. Xanthi nc
| |
Maintain at 25°C
for 40 days
| Faint or no symptom l
| |
| Detection by DAS-ELISA |
v_ I 4

" Determine the nuclectide sequences of the genomes of mutants Il

Fig. 12. Schema of the pipeline for the passage of attenuated mutants of Potato virus ¥ (PVY).

An attenuated mutant N-NA10 was produced by the nitrous acid treatment method, and an attenuated

mutant M-MY10 was produced by the mutagenesis—in-tissue culture (MITC) method. The attenuated

mutants N-NALO and M-MY10 showed faint or no symptom in tobacco after passages.



BRI, R A 7 —CEERISE L UEE
EEFIOREIZAWIZ T T4 =—IZoWTIL, 1~
4—Fy hED DNA T—F_—RLDINE LT
PV 7/ LB EERT| 2 BICERET L/ (Table 1).

b) FEERME

PVY D5/ 5 RNA 2RI LT, Er=—=U
ABAMIE T A NVR (Moloney murine leukemia
virus; MMLY) $ExEE## (PrimeScript® reverse
transcriptase; #7354 F) #HAWT 42°CT
1RERAFE L, —&BHEMDNA (ss cDNA) %2 BRR
L7 (Fig. 3).

c) RY A S5—EHARK

WERBE RIS TE& b 7= ss cDNA 75 ds cDNA %
#A18 S ¥ 5 728 PCR # 17> 7=. PCR T3 Platinum™
Pfx DNA polymerase (f vE raP=r) LU
DNA fE#& PC812 (T AT v 7)) AW, BHE 94°C
245 Z19A 7N, BHIMC (168 -T=—
V7 40C (30%) -mE68C B4) Oty b
ZAFA 7NV R 4C (105) 1YL 71D
FHETTITo72 (Fig. 3). 7236, PCRBUSIZAW
7= Platinum™ Pfx DNA polymerase iT#RLDEED
TT—RN LIXI0EHERBTHD I & HER
ENTWD® PCRETH, IG5 ul2 ul
% 0.7%7 Ha—R A VEKKIHRL (Fig
4) , BR9L 35 ds cDNA DB % REZR L 7-.

d) DNA sl

PCRIZ L > T b7 ds cDNAIL 0. 7% T H o —
AT NVBKIKENHER U721, & 365nm 0 WV
SUoTBHTTRENET AN RV HLE.
# D%, QIAquick Gel ExtractionKit (X7 4>)
FRAWTT o ha—VcpEoT DNA &R L7
(Fig. ). 7 5h>5 DNA #HHT BE¥E 50 ul
@ 10mM Tris-HC1 (pH8.5) % FAv 7-.

e) REDEERIDHRE

REEFIREDT-DIZ, PV &5 ) L% H/—
THLOIZEE S DR EHERIL. £hEh
O DNA BT A iZ-oW\WTid, MEIZA2< &b 200bp
UEIA—NR—F v 7T 3L IR L. HE
BOFIDOPTEIZIL, BigDye Terminator v3.1 Cycle
Sequencing Ready Reaction Kit (7754 K/3A
FYART LX) &AW, FERLL7Z DNA, DDW, 7
FA4~<— (1pmol/ul, 2pmol/ul, 4pmol/ul),
5XSequence buffer ¥ X T8 Ready Reaction
Premix %0 % TIEF0%, DNA 1B (PC812; 7 R

RGBS £ > & — 1B R

Fvr) AW, EHIC 15) 214470,
2tk 96°C (10 fb) -7=—VU 2 50C (5 %) -
& 60C (75%) Oty b 1501470, B
96°C (10 #) -7=—VY 7 50C (6 #) -k
60°C (90 #) Dt v b%& 541 7, Fff 96C
10%) -7=—Y 7 50C (6Ff) -BE60C (2
5 DYy RESHAL L, BELC 104) %
1 A I NVDEET T{To72 (Fig. 6). D%,
R T2EE dINTP 2L T2 ¥ ) — VB & 1T
VWEEIRTE, AT D ETREE -80°C TENRE
L7 (Fig. 6). REHIEAEANCILEE 40 1l
® Hi-Di™ Formamide (77 A K/3A F L AT A
) WL, 2 EHBE, WK DN %
TS, 0ul #V=2RT A4 v I T7FT74%—
By INFa—TIBL, PxRXT 49 ITF
FTAY =30 BILVP 2 RT 4w I TFHI7A4H¥—
3130 (T A4 RAAL ATV AT LX) THEEERT
DFENT 1T > 7. BEEF|OREL LUHRAI SN
57 3 ) BEHIOARHTICIE DNASIS ver. 3.5 (B
37) ¥ LU BioEdit ver. 5.0. 99 & {EH L7-.
(1 EHDBERTIRHT

RNA DA NVADY ) AZE—ORETFRITIEA
<, DLTFoRGFEFIOR L DEREDLEMIC
Lo THREINRTEY, ZThizHE
(quasispecies) &FRIN TV 5 11911072 gaze
BT ) MIBD b EEERE, MEE L7
BHROERIZEENIEREDS ) AEFIICH¥R
TAHREMENRHSD. £ T, BEEOMEIE L
NIND6A SRBHRDOUERED T ) rE R RET S 7=
B, RF LA TANRET ) AOFTRLENICEA
7EP1 &% R0 BB+ & HC-Pro # /30 Eiftn
FHEgZE 7o —=V7 L, FnbOEERTI2 MR
Hr L7-. NTND6A SREERICRYL L= Z NI EM LD
42 RNA O ISOGEN (= vy Ry P—r) &AW
7= (Fig. 2). NTND6A 5&EEHKS"/ A RNA 2888
LT, MMLV PrimeScript® reverse transcriptase
& NIND6 SREHR Y/ LD P3 & L 737 Bt (m F i
D 5" Rugll GEEBMI 25630-2551) (AT S
X OW®EH LT F A4 < — PVYPINOT3M
(5" -GGGGCGGCCGCCTAATAGTAACTGTCTCATCAC-3’ )
ZAWT42CT 1 IFfljA »F2~X—F L,sscDNA
ZEM L7 (Fig. 3). $EERISTHE LN ss
cDNA 725 ds cDNA 2 B X & 572 PCR 21T o 7=.
PCRIZNIND6 SRR Y / LD 5’ KD FERIR B
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FHERD 5" RIEMOEAL GEEIAL 1-27) I
BETHLIIERH LT T A~ —PVI5TNOTIP
(5" -GGGGCGGCCGCAAATTAAAACAACTCAATACAACATAA-
3’ ) & Platinum™ Pfx DNA polymerase (£ ' E
fa =) F3KTUNDNA HIEHE PCBI2 (T AT v
7) RV, EHEMC CH) 219470, B
#94°C (168) -T=—VY 7 40C (30%) -fi
R 68C 34) Oty bE4WOVA 70, R 4C

(1043) 1Y A7 NVOEET TITo7 (Fig. 5).

PCRICAW=T T4 = —IZiXHIRREESR Not T UIHT
L (BT 74 ~—EFINDOTHREE) M
B/ PR¥ETH, BUSHKS0 ul P24l %#0.7%
THa—ZAFNVETKENCHER L, BMET3
2551 i (HEEIHT 1-2551) D ds cDNA D4R
2R L7= (Fig. 4). 77 A X K pZErO™-2 @ Mot
I EBALIC RT-PCR £ OEIBEHEBAL, KBE
(Escherichia coli) DH5 o ZTEERML, 7 o—
=7 L Bohkg s a— 20T, Al
k& BREDFE (1.6.2.5. SBEMERAOELE
FIOWE) 12 & EEEFIZRE L.
8) FTHEHRE

NTIND6 SREEHRICXT DFHBED & N 2izd1T 5
FHEROEELZRE L= FEHRELT, N-NA
10 36 KONM-MY10 5538k & AV /=, AZE 3~4 D
ey (BT ; Xanthi nc) {2 N-NA1O £7-1F
M-MY10 RYe & /N2 ZEL 10 8D 0.02M U ELhB
Bk (pH7.4) 2B AN TERLTELAE-
HHREI—RT o F 5 (600 A via) AN
THRIFERE L 7-. #F8 14~18 H1%IZ DAS-ELISA
WL D BEEOBEOFELHER L, FHERRY
BRICIXNTNDG % 2 JREERE L 7. 2 IR$EfE 24~28 A
% E CTHERFICREARE L. B EETO
FHEROFELZFMT 5720, RKFATRICE
PLEED D U7 i%Bk % AV CTalk & Rk D F ik

(1.6.2.5. S3HHREMADEEEFIORESR)
12 & YRR AR L7, M-MY10 $5FRETIE,
NTND6 B&EERED CI & > /37 BnFAD 4654 F
BOEENANLGIZERLTEY, ZOHD
TR THIREESR Hinc 11 YIBTERIZ A/ L T
W= (Fig. 13). ZOI &b Hinc 11 YIBFERAL
EROE OIS ) AO—HEEIEL, HIEEHD
Hinc 11 GO FT/E BRIKE /¥ — 128D M-
MY10 558K & NIND6 5REbk & % #5335 RT-PCR-
RFLP DFIANFRETH D L Boh/-. £Z T, M-

MY10 §534k$ L U NIND6 5834/ LD CL # >
Ry BB FEED 37 KRR (EEHMTL 5485-5
515) IZFEET 5D X HICERE L7 T A ~=—PVYCI
-RF-M [5" -CCTC(A/G)CATGCAGA (A/G) CCAT (C/T) (C
/T)A(A/G)ATTTGAGAA-3’ ] # AWV THERERITIC
£V ss cDNA 28K LT-. HEEERGTE LN
ss ¢cDNA 7°5 ds cDNA %R S ¥ 578 PCR 21T
<7z, PCR CiZ Platinum™ Pfx DNA polymerase
ArebaTzy) &C1 810 BlinTFESR
D 5’ IOEAL EEERAT 4039-4067) IZHEAT S
LI #H L= F A ~—PVYCI-RF-P (5’ -TT(C
/T) TTCAAGAA (A/G) CC (A/G) AC(A/G) (C/T) TGCG (C/T)
ATGCG-3" ] # M\ /=. PCRI& T4, RI#E 50 ul
2 ul % 0.7%7 Hoa—RHF VEKKENC R
L, BBE 95 ds cDNA DIiEZFERR L 7= (Fig.
4). HEAFEREINT/- ds cDNA 1T Hine 11 (&
T34 F) HIREER LIRFfL, 37°CT 4 RMEHE
U7, Hine 11 RISHRIZOWTIX 0. 7% 7 e —2R
FNVERKENZHR L, ds cDNA DpkEh ¥ —>
&Y Hine ILIC K BEOFEEFTHEL- (Fi
g. 13).

2) &8

(1) BEHEOEH
7) ERRE

NIND6B-Or S&FBRA 7KL & L TIRIBAE 21T\,
Ty HAE (BEE;RR S5 BEHERICERIN
- RMRE HEE 40 EEDF /3 (G,
Xanthi nc) IZE—IRMOEEL{T-7-. 40 BED
9 & 18 {HE{A& X NTND6B-Or SRk & FIARICIEAR 2. 7
ERETR L. —F, o 22 EEIZEgEVE b
MERMERE THo1-DT, A NVAREOH
% DAS-ELISA ICL WAL= & 2 A, 3 fEEMR
B LT, 3 BEOF TR LIERIE EF
R LT A VR E558E L L TRIKL, L-NA3
9%k L L7~ (Table 8a, Figs. 11 and 14) .

) BFE; LYY LRE

WEHEST N Y U LB T, R 4ERBRZIT
o7= (Table 8b). #f#t& L T NTND6B-Orl 58 EEHK
L NTND6A 5k Z AV, ¥ VA E (5f; B%
59 &) HR%ICER SN BMRKEY b &3 168
BED & /32 (5% ; Xanthi nc) ~BE—RBE5yHE
EiT> 7. B0 T 73 [BEFIIBRVE v MVEE
ROEIRE THHTDT, A NARLDOFESL
DAS-ELISA IZ X W FAE L= & 2 A, TEEHRRS
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a

4654
NTNDE 4642 CCGTTTTTAGATATTGACAATA 4663

*

M-MY10 CCGTTTTTAGAT|IGTTGACAATA

Hinc |l site

b

1st Inoculation Mock M-MY10

VAN

2nd Inoculation NTND6 Mock NTND6

|

RT-PCR-RFLP  Not digested Digested Digested
Hinc 11 digestion (lane 3) (lane 4)  (lane 5)

Fig. 13. The cross—protection test of the attenuated mutant M-MY10 against original
isolate NTND6. One nucleotide difference at position nt 4654 (A to G) in the cylindrical
inclusion protein (CI) encoding region between NIND6 isolate and M-MY10 mutant generated
a restriction enzyme Hrinc 11 site (a). In the cross—protection test, Nicotiana tabacum
cv. Xanthi nc plants were inoculated with an original isolate NTND6 and an attenuated
mutant M-MY10 (b). 0. 7% agarose gel electrophoresis (c). Lane 1, Lamda DNA digested by
Hind 111 and Eco RI, lane 2, RT-PCR products from the leaves infected with buffer (mock)
for 1st inoculation and isolate NTIND6 for 2nd inoculation, lane 3, digestion by Hinc
IT of RT-PCR products from the leaves infected with buffer (mock) for lst inoculation
and isolate NTND6 for 2nd inoculation, lane 4, digestion by Himc II of RT-PCR products
from the leaves infected with mutant M-MY10 for 1st inoculation and buffer (mock) for
2nd inoculation, and lane 5, digestion by Ainc II of RT-PCR products from the leaves
infected with mutant M-MY10 for Ist inoculation and isolate NTND6 for 2nd inoculation.
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Fig. 14. Symptoms induced by attenuated mutants and original isolate NTND6 in Nicotiana
tobacum cv. Xanthi ne two weeks after inoculation. An original isolate NTND6 and parental
isolates NTND6B-0Or, NTND6B-Or1 and NTND6A induced severe veinal necrosis. The attenuated
mutants induced faint mottling or very weak vein clearing. An attenuated mutant L-NA3
was produced by the low temperature treatment method, an attenuated mutant N-NA10 was
produced by the nitrous acid treatment method, and attenuated mutants M-MY10, 111 and

124 were produced by the mutagenesis—in—tissue culture method.



LT3, N-NA6, N-NA7, N-NAS, N-NA9, N-NA10,
N-NA52 35 L T* N-NAG7 35F#k & L7 (Table 8b,
Figs. 11 and 14).
) HRERERERE
MITC ¥ Tid, B8 4 BB % 1T > 7= (Table 9c).
M¥EE LT NIND6A S8FERR % VY, e & N a g
HOER LITHR LI-AEFENL 4143 BOBSLS
LEE»ELN. ZR6DOPFT, BRVEY b
MVAERR F T2 13RI OB F1ZoV T DAS-ELISA {2
LV VANABROFELFAEL-L 25, &
8 {EfkASERYL LT3 0, M-MY10, M-MY111, M-MY 117,
M-MY 118, M-MY 124, M-MY 221, M-MY 222 3Lk O®
M-MY 229 8838k & L7~ (Table 8¢, Figs. 11 and
14). #B 1~4 THVRBEE R LB LEED
B&E, TREN 0.5%, 0.9%, 1.8%B LT 1.8%
Thot=. RE 2B L3 TIIRERIBEE L 3
FORBIZOWTHRAE LR, BLELFE
ENELNTZDIX 25°C T, IRV T 30°C, 20°C, 35°C
DIETEH>7- (Table 8c). HEHIBEMNZTHV VR
2R LB EFEOREX, 25°C (2.3%) 2%
HE<, 20°C (1.2%), 30°C (0.4%), 35°C (0%)
DIETH o7z, 265°CTHEER LB, IEROHIH
AR & - REHF TIIsRE & AIROER % =~ 7@
ERFENTWDR, RS RL 85 EHW
R E R TEEORIE M U7, B84 Tl
BOMICERE2FERTH LOICHIE 40°C)
PERPEORS 2, 4BLXVCT7THB) 2ZxT
RBRL-. TOHER, BBLEZITORVESL
B U CREFOHREUIT DT ANIRD LA,
U VRIEE TR T AREENRER I NS FEIC K& A
BEWEERS b ho .
2 914 NRAERR

(KRR, HREERT MY U LAERE LY MITC
BIZE W ER L-558k% #3285 &,
WTFNHLEBWE Yy MUERS DVIIERE TH-
7= BBRR Y N aETO VA LV AERES,
DAS-ELISA DRI DIEHHEH> b AR FF4H L
7= (Fig. 15). %355k & NIND6A 58k & DR T
B D A R LR, SEHAEIz LY
5%KHETHEZENFRD S 7=DiL, L-NA3, N-NA-6,
M-MY221, M-MY222 33 L TR M-MY229 §5k CTh - /-
B, EROIIBR L 3 yFIOEL TTENRD
LN oiTTiER, —HOETDOHZENRDL
-, E7o, 55FRO BT NINDGA 383HE L 0 Bk

RIGERARBATF R > & — 1B FE s

FEBEDME A o 7= DI M-MY229 F5FHED 3 EERB DHA
T, TAUANOEORKEIIEN -1, FEEN
R b o M DFIHIEOWRILEEIL, NTND6A
BB L IR CEE R L.
3) BBHEOREHLREERARE
N-NA1O §5FER & M-MY10 FFZR A ME(VIERE L,
BREDOTIZODVWTHE L Fig 12).
N-NALO 558tk 2 BIOMAREEREEZITY, &8 60
A& N TREAELZITo 728, BERORH
WHEIRT A Lidedotz. £, MMY10 55558k
it 4 BIOMRAEE LTV, ©8F 90 BRIZ 2 TR
I 21T - 743, N-NALO 353k & AR RTER
DIRBEIRTBZ it Ebi, *
NENDTEHRS ) MRV THBHENOERL
ToEBALIZDWT, RERE DOFFEREROIE RIS % AR
Br L, BERE S ~DEROFELRE LI-HR,
FHEEOERENLERROEFHRT 2HER
IR LN Mot
4 MEMOIERETIDHE:

SREBROBEL L L7- NIND6 k%, V5 RAZE
HNTH AN BN TR LIERFT 50y, HBWIT
Ty A (SRR S9E) TOBE—IREESHE
HICHEEERAEB AT, RELE. UL LR
EHRTIRPTCERNEEDTEEMLH S
WD I DT Ehb, MEE LEERS ) A
DWT, BEKEHODOERFROEOFIC
REEROFELFERT D120, [HHEKOME
& L7- NTND6B-Or, NTN6B-Orl 35 & U NTND6A 345
BT LOBEEESNZRE L, NIND6 HRFHE & Lt
#L7= (Table9). NTND6B-Or, NTN6B-Orl 5 L (X
NTND6A SREERRIZL, VT b NIND6 Rk % Bk &
THLOTHD (Fig. 11). Zhb 3 4Bk L
NTND6 SEERE DS EEL S % Lk L 7= fE R, PL, P3,
Cl # R BRZFRB LT3 UIR Bi=FHEIEN
CEEOERMEE TEY, ThoOEREAIX
FHBRIEL T EIC R, 12 A LDOBEBKRY
J BIROONIEREMER L Tho7=. £,
TN DEEEFNOER TIE, BE—DEE~D%
ENEETEY, BRD 2EE~OLERIIRD L
nixmoi-.
AHEIZBOTEH L1-&8 16 OBEHROS
J BIZOWT, 5 KIGDMER T T A ~—I(ZV -
2TIRE S DEFNE R =8B 9674 EEARE L,
NTND6 5REHE S/ LADEEEFIB LT 2/ BEEL
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Table 9. Comparison of the nucleotide and amino acid sequences of the genomes of the original
isolate NTND6 and those of parental severe isolates used to produce attenuated mutants

Parental isolate Region ® Nucleotide Amino scid
Position *  Substitution  Position ®  Substitution°®
NTND6B-Or P1 367 ¢ C—c/U® 60 R—R/H or Y
P1 368 ¢ G—g/A 60 R—R/C or Y
3’ UTR 9497 A—A/g - -
NTND6B-Or1 P1 355 C—c/U 56 L—L/F
P1 367 C—C/U 60 R—R/H or Y
P1 368 G—G/a 60 R—R/C or Y
P3 2796 U—u/C - -
P3 3226 G—G/a 1013 V—V/1
3’ UTR 9497 A—a/G - -
NTNDGA P3 3287 A—A/g 1033 Q—Q/R
CI 4194 U—u/C - -
CI 5004 U—U/c - -
CI 5109 G—G/a - -
cp 8781 A—A/g - -

* P1, protein 1; P3, protein 3; CI, cylindrical inclusion protein; CP, coat protein; UTR,

untranslated region.

® The positions of the nucleotide and amino acid correspond to those of the NTND6 genome.
L (Leu), F(Phe), R (Arg), H (His), Y (Tyr), C (Cys), V (Val), I (Ile) and Q (Gln).
4 If nucleotide positions at 367 and 368 are simultaneously changed, the amino acid changes

from R (Arg) to Y (Tyr).

* Double mutations. Greater peak of nucleotide is written using uppercase letter.

Fi & OB A~ LT= (Table 10). ITE A ED
RS /) LI, 5 KD T T A ~—EFIE R
T ERIIOBHN T4 ERETHY , & &/

H#EFEENICIEEZOHFARCKKIIRD b
oo hs, M-MY221 38 KT M-MY222 3584k Tit
5 UTREGETHISAIC 2HEEROREKBED N
7=. PWW 7 ) LOEE 10 D ¥ 7 HilizF8|
BOPT, 6K2 ¥ 0 BRGFEIRERV - 9
OS5 3y R FERICBV T, 8394 DF
EEHNRBH L7 (Table 11). HEB R LED
M ERER, & FoI3ERBRBRTH Y,

IOFEDE I EREFDIH VPg & /30 Bl
EFERL SEDX V7 BRI FIZBWVTED
Lz, ERIBEHIZHOWVT, 0D 65%i% P1

BELOHCPro # /37 BRIEFHUCRD H 1, P3,
6K1, CI, NIa-Pro, NIb 38 KX CP # >/ s
FAIZ, FRENS, 2, 5, 2, 5L BHH

N7=.P1 # 7 BREFATROD bhi-88 19

DIEBEHD 5 H 15 (79%), HC-Pro # /37 Eik
BFAD 21 OEEBED 5 B 17 (81%) 28, Fh
ENIHRIBBR ThH 7. EROERIZET 2
BiX, EHEXROMHE TH S5 NIND6B-Or,
NTND6B-Or1 3 & Uf NTND6A 5&##R A NTND6 3@zEHk
MOEELUEMIIRWCTEH LR TH .
BEEBHHIZHOWT, &BE (transition) ¢
#7 (transversions) (2T THBE, &3 %4
DIEEFBO S 78 (83%) HEEBEL 16 (17%)
EREIThH . E-EBRBHROS D, 250
CoU~, 21 23G—A, 21 B A—G, 11 B U—-CTh
7= (Table 12).
FFRIRODHC-Pro s v 7 BRIz FHICED b
T-HRIBERITIEHMTLUT DO, B, ,R—G6,
a8, 1 EA, 0 DN, Y —H, AV, 5, PS5,
5168V, 56:DG, 60sQP, 6 6E—G, 60T A, 755D—N
BILUGWEKTIH o=, Fi-, LE—AL Q0PI
ZNEh, M-MY117553 8k & M-MY11855 88K, N-NAS
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Table 10. Comparison of the nucleotide and amino acid sequences between the genomes of parental severe isolates
and those of attenuated mutants

. Nucleotide Amino acid
Hutant Region Position ® Substitution ¢ Position Substitution
Low temperature treatment
L-NA3 (P1) (367) {c/U—C) - -
(P1) (368) {g/A—G) - -
HC-Pro 1825 U 546 R—¥
CI 5126 U=C 1646 I-T
YPg 6135 U=C - -
NIa-Pro 6870 [ ] - -
NIb 8019 c-U - -
(3' UTR) (9497) (A/g—G) - -
Nitrous acid treatment
N-NAG (P1) (355) (c/U—U) {56) {L—F)
(P1) (367) (C/U—C) - -
(P1) (368) (G/a—G) - -
HC-Pro 1739 [l 517 AV
(P3) (2796) (U/C—C) - -
(P3) (3226) (G/a—A) (1013) (V=1
NIb 8509 A—G 21714 T—4A
(3' UTR} (9497) (a/G=>G) - -
N-NA7 [(4}] (355) (c/U—U) (66} {L—F
P1) (367) {C/U—0) - -
(P1) (368) (G/a—G) - -
HC-Pro 1639 G—A 484 DN
HC-Pro 2197 A—G 670 T—A
(P3) (2796) (U/c—V) - -
(P3) (3226) (6/a—G) - -
CP 8673 G—A - -
(3" UTR) (9497) (a/G—G) - -
N-NAB (9] (355) (c/U—U) (56) L—F)
(G4Y) (367) C/U—C) - -
(P1) (368) (6/a—G) = -
Pl 523 c-U 112 P-Ss
HC-Pro 2003 A—C 605 Q=P
(P3) (2796) (U/C—C) - -
(P3) (3226) (G/a—A) (1013) (V—1)
Cl 1195 [di) - -
Nla-Pro 6621 A—G - -
(3' UTR) (9497) (a/G—G) - -
N-NAg (P1) (355) (c/U—U) (56) {L=F}
(P (367) (C/U—C) - -
(P1) (368) (6/a—G) - -
Pl 523 (i} 112 P—S
HC-Pro 2003 A—C 605 Q=P
(P3) (2796) {Uu/c—C) - -
(P3) (3226) (6/a—4) (1013} (v—1)
CI 4185 c—U - -
NIa-Pro 6621 A=G - -
(3’ UTR) {9497) (a/G—6) - -
N-NA1O (P1) (355) (c/U—1) {56) {L—F)
(P1) (367) €/0—C) - -
(P1) (368) (6/a—G) - -
HC-Pro 2374 G—A 728 E—K
(P3) (2796) (U/C—C) - -
(P3) (3226) (G/a=*A) (1013) (v—I)
NIb 7554 G—A - -
(3'UTR) (9497) (a/G—G) - -
N-NAS52 lic-Pro 1621 G—A - -
1iC-Pro 1759 Load]) 524 P—s
P3 2698 G—U 837 A—S
(P3) (3287) /g - -
«n (4194) (u/c—0) - -
n (5004) U/c—U) - -
[(4)) (5109) {G/a—G) - -
P (8781) (A/g—A) - -
N-NAST HC-Pro 1439 A=G 417 N—§
HC-Pro 1521 G—A - -
HC-Pro 1675 U—C 496 Y—H
P3 2698 G—U 837 A—S
(P3) (3287) ( Mg —A) - -
D (4194) {u/C—U) - =
cn (5004) ( Uec —1) - -
n (5109} ( 6/a —G) - -
CI 5470 A=G 1761 5—6
NIa-Pro 6351 G—A - -
(CP) (8781) ( A/g —A) - -

¥PI, protein I; RC-Pro, helper-component proteinase; P3, protein 3; BKI, 6kDa I protein; CI, cylindrical inclusion
rotein; 6K2, 6kDa 2 protein; VPg, genome-linked viral protein; NIa-Pro, nuclear inclusion-proteinase protein;

NIb, nuclear inclusion b protein; CP, coat protein and UTR, untranslated region.

® The positions of the nucleotide and amino acid correspond to those of the NTNDG genome (OTa\va et al. 2008).
° Region, position, nucleotide and amino acid in parentheses are where substitutions were already seen in the
parental severe isolates used to produce attenuated mutants(see Table 10).
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Table 10. (Continued)

Nutant Rogion * Nucleotide Amino acid
Position * Substitution © Position Substitution
mutagenesis-in-tissue culture (MITC) method
¥ -0 5'UTR 70 c—U - -
Pl 355 c—U 56 L—F
P1 915 U—C - -
HC-Pro 2036 A—G 616 E—6
(P3) (3287) a/g—n) - -
cl 3766 G—A 1193 G—8§
D {4194) {U/C—C) - -
CI 4654 A—G 1489 -y
D (5004) U/c=) - -
«n (5109) (G/a—4) - -
YPg 6069 A—A/g - -
(CP} (8781) A/g—6) - -
3 UR 9497 A=A/G
WY1 P1 355 c—U 56 L—F
HC-Pro 23N G—A 728 D—N
(P3) (3287) A/g—A) - -
n (4194) u/c—C) - -
«n (5004) U/c—U) - -
CI 5025 G—A - -
cn (5109) (G/a—4) - -
NIb 8010 U—4 - -
NIb 8334 A—G - -
(5] (8781) (4/g—6) - -
M -MYL17 5'UTR 70 c—U - -
HC~Pro 1181 A—G - -
HC-Pro 1517 A—C 443 E—A
P3 2748 U—C - -
(P3) {3287) (A/g—A) - -
P3 3477 A—G - -
6K1 3653 G—A 1155 R—K
n (4194) {Uu/c—C) - -
cn (5004) U/c—U) - -
N (5109) (G/a—4) - -
p) (8781) (A/g—6) - -
cP 9130 6—A 2981 v—I
3UR 9514 [t - -
M -MY118 5 UTR 70 [} -
Pl 355 c—U 56 L—F
HC-Pro 1517 A—C 443 E—A
HC-Pro 2283 c—=u - -
P3 2748 U-C - -
(P3) (3287) (A/g—A) - -
P3 ki A—G - -
n (4194) (U/C—~C) - -
«n (5004) (U/c—V) - -
{€n (5109) (G/a—4) - -
(o) (8781) (A/g—0) - -
3 -NY124 5 UTR 101 c—U - -
P3) (3287) A/g—h) - -
6K1 3570 G—A 17 M-I
cn (4194) u/c—c) - -
CI 4586 A—G - -
n (5004) U/c—l) - -
cn (5109) (G/a—4) - -
NIa-Pro 6799 G—A 2204 V=i
NIb 7073 C—A 2295 T—K
(CP) (8781) W6 - -
3 UR 9497 A—a/G - -

3 UTR 9498 U—U/c - -
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Table 10. (Continued)

. Nucleotido Amino acid
Mutant Roglon Position * Substitution © Position Substitution
M -)Y221 5'UTR 164 Deletion - -
5 UTR 165 Deletion - -
5 UTR 170 U—C - -
] 217 U~ 10 Pl
] 246 - - -
Pl 255 = - -
) 319 6—A 44 E—K
P 355 U 56 L-F
Pl 692 U—~C 168 1-T
P1 826 A—C 213 K—Q
HC-Pro 1889 A—G 567 D6
(P3) (3287) Weg—n) - -
(n (4194) /C—C) - -
«n (5004) U/c—U) - =
«n (5109) (G/a—A) - -
ci 5471 G—g/A 1761 S—S/N
Nla-Pro 6399 G—A - -
NIb 7073 C—A 2205 T—K
NIb 7449 G—A - -
(CP) (8781) (A/g—6) - -
3FUR 9515 U - -
W -Wv222 5'UR 164 Deletion - -
5'UTR 165 Deletion - -
5 UR 170 U-U/c - -
Pl 256 U - -
P 319 G—A 44 E~K
) 355 c—U 56 L—F
Pl 826 A—C 213 F—Q
HC-Pro 1889 A—G 567 D—6
(P3) (3287) Wg—d) - -
cn (4194) (U/c—C) - -
cn (5004) U/l - -
cn (5109) (G/a—4A) - -
NIb 7073 c—A 2295 T—K
NIb 7449 G—A - -
cp) (8781) (A/7g—6) - -
3'UTR 9515 c—U - -
M -HY220 Pl 355 ] 56 L-F
P1 826 A—C 213 K—Q
He-Pro 1003 A—~G 302 R—G
) 2767 C—A 860 L=1
(P3} {(3287) (A/g—A) - -
(48] {4194) {U/C—C) - -
n (5004) U/c1) - -
(n (5109) (6/a~h) - -
VYPg 5826 U-C - -
Nia-Pro 6529 A—A/g 2114 -1/
Nib 7073 C—A 22905 T—K
CP) (8781) ' (A/g—G) - -

3 UTR 9497 A—G - -




Table 11. Number

of non-synonymous and synonymous substitutions in each gene of the 16 attenuated mutants obtained in this study

No. of mutations in each region

Substitution

5" UTR P1 HC-Pro P3 6K1 CI 6K2 VPg NIa-Pro NIb CP 3’ UTR Total
% of genome® 1.7 8.8 14.1 11.3 1.6 19.7 1.6 5.8 7.6 16.1 8.3 3.4 100
Non-synonymous - 15 17 3 2 5 0 0 2 5 1 - 50
Synonymous - 4 4 4 0 4 0 3 5 6 1 - 31
Total no (%) . 6 (6.4 19(20.2) 21 (22.3) 7 (7.4 2(21) 906 0 (0.0 3(3.2 7 (1.9) 11 (1L7 2 @1 7049 94

* UTR, untranslated region; P1, protein 1; HC-Pro, helper—component proteinase; P3, protein 3; 6K1, 6kDa 1 protein; CI, cylindrical inclusion protein; 6K2, 6kDa 2

protein; VPg, genome-linked viral protein; Nla-Pro, nuclear inclusion-proteinase protein; NIb, nuclear inclusion b protein and CP, coat protein.

® Twenty-five nucleotides used for primer sequence in 5° UTR are excluded.
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FIFRE L N-NAOTS MR D25 BRI CILE L - LR
Tohotz (Table 10). Zh 6D ERBERDIT L
A ETE, HC-Pro% /30 BRF O IR (T
BELTHY, KICCRIWFEICAIE L Tz (Fig.
16). —77, SHEHEO LM TMITGEIZ LV EH L=
M-MY12455 8485 Cid, M—HC-Pro % > /30 BHifnF
PIZIERIRERMB D Doz,

HOHT I BT RALT I BOTLH
2RETHNXIZEL D Z & 2 FITH#(L (parallel

evolution) & W93, FBFFEIZIHBWTIEH LK
SEHRY ) MIBWTET#LE Bbh3 7 I/
BEERNERS Hivi=. NINDG 8&ERED CI & > /32
BB TFROEELNT 5470 & 5471 DR, *
NENA & G THor=A%, N-NAGT 5330k TILIEE
BMZ 5470 2% G, M-MY221 5534k TIIIE R ERAL 5471
BATHY, BEBEBBRICHEVDENFNANERRSET
I8 (7 BT 1761 DS A3, N-NAST TIE6
(2, M-MY221 TIEN) IKER L THY, AR T
ELENL L Bbhi=. TR bLIAMI b F U553k
{EHFETH D5, RERAERREANER S &ET
{EH L= FHMIc W Tl T A HERE RN S
T BDOFTLUTD 4 777, 5 UTR RO ELER(L
70, P1 & 230 BRI FADEEERT 355, NIb
Z Xy BRI FROEEIAL 7073 3 L U3 UT
R ADEEEL 9497 IZB VTR b, “hbid
AR EAT# L & Bbhiz. PIPO @sFHEET
IEEBHEIBD b oT-,
(6) EWDFXR

SIFHEOMEL L L7- NIND6A SHFRROHRED &
J LiEEEFEETSH, 5 UIR, PIL BLV
HC-Pro # U R/ BBEFHEEDNP I/ n—= 7
LVEBEONEEE 32 D/ u— i o THEER
FIZFRT LT=. ZORRE, &/ u— U iBEEER
AL, By B I OEN O0MAEShENRR
2B EE13F A FIT53iT biviz (Table 13). MITC
HBIZ X0 1EH L7=9586kD P1 38 KU HC-Pro # >
NI ERIETATRD b= E R, NIND6A 4
BRD 7 a— 2B\ TRO LN o7, 55F %
TRDOONT=ERDOF T NIND6A AFHD 7 o—
BV THRD ONERIT, MITCHEIZL V{E
H SN 55FRRD 5° UTR NSRS 70 & TR
BRALEE TYEH L7-338kRD HC-Pro # v /30 it
BEFHNOEELA 1521 TERODLNI-EROART
Holz. ThoDBEREERIL, RABBBRTHE

RWGRRMBATRE£ > & — 1 e lE

DT I BERITEE TR T,
6) FHmAE

ABFIEIT &V (B & - E 0 EmEkk o
5 FHERICOWTEE L7 (Fig. 13, Table
14). REBUT, AFE 3~4 D F /322 N-NALO 5538
BRE 71T M-MY10 5588k % | REEREL, £ 14~
18 A # IZ S BERIERAAED 2 B L DEEIZ NIND6 343
PR 2 REERE L7, 2 WRHEME 24~28 BRICBER IR
gL, VANVARY ) LAOo—HEE P1 LW
HC-Pro # /37 Ein¥) DEEEFIRNT, H5
VME RT-PCR-RFLP (2 & 0 ## &N TOFHEKE X
USRBHROTFERIZTE L7-. M-MY10 §53Fki
T LAD CI & 30 Bl n F P I FREE
#F Hinc 11 OLIEERIZA LTV 2DT, NTND6
REER L M-MY10 35EHk L OFHEROFEIL
RT-PCR-RFLP {Z & ¥ 3¥ff L 7=. RT-PCR-RFLP {Z35\ >
T, NIND6 SR3EkE & M-MY10 S5350kmRYL ¥ /S a s
DB % AV = RT-PCRIZ L Y 1477bp (CI # > /%
7 BEFADEEEMT 4039~5515 (ZFBY) @
HEIBEM G O 5035, M-MY10 S5ERDOISIEEY
DHH Hinc 11 A0FIZ LY 859 bp & 618 bp D 2
Wi ictlrs iz, FBMERRRIZBWT, o
SETAIIM-MYL0 % BUMCHEERE L7, HBVMT
M-MY10 S5FHEZ SRBRRICRT T BB A LR &
LTI RERBICAWERRIEDOLN-Z L0,
M-MY10 5538k 13 NTND6 JREERRICH L TH e Fi
ERZFLTWB LEX b/, N-NALO $58kk %
1 REEFET (C NTND6 FREEEZ 2 RIEREL 7= & "2
IZBVT, N-NALO 55F8K S/ AD— SIS D E &
BLPIDFAH3FR Hi, NINDG SRERROEEEF T
B oo Tz. TOZ LIt N-NALO 55EEEENS
NTND6 SREFHEIZXT L CTFHERZ AL TWA Z &
2R LTV, EHRROTFBIERIL, M-MY10 538k
B LU N-NALO FHEBROBRZ 1T > TV W ki
DEIZBWTERD NI TRL, BEEICE
WTHIEH L.
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Table 14. Cross—protection effectiveness of the attenuated mutants against the severe isolate

Number of test

Number of tobacco plants showing °

Ist inoculation 2nd inoculation . ;
plants ° Severe symptom Faint or no
symptom

N-NA10 Mock © 10 0 10
Mock NTND6 ¢ 10 10 0
N-NA10 NTND6 20 0 20
M-MY10 Mock 10 0 10
Mock NTND6 10 10 0
M-MY10 NTND6 20 0 20

* Total number of test plants of the two experiments.
® Severe symptom, vein necrosis; Faint symptom, very weak vein clearing or mottling. Virus

infections were also checked by DAS-ELISA,

restriction fragment length polymorphism

(RT-PCR-RFLP) and sequencing RT-PCR products from a part of the viral genomes.
¢ Inoculated with 0. 0IM potassium phosphate buffer (pH7.0).
¢ The tobacco plants inoculated with isolate NIND6 showed vein necrosis 14 dpi.

3) HER

FFFETIL, ZhE THEEOIEHFEL LT
H|EINTWBERAE V-9 L OEHETS b
UL T, A NVAE LTHL
WHIETHBMITCHEZ AV TPVY S5BHROEH%
R 7o RIRAAE L UHEMEET b Y 7 A0,
SEBED T A NV A BIHE F T RGAES H> H D
HHRICHER L BERBIRET 2200, 5B
BHRA B - OIS LETH 248,
MITC ¥ TILIERATICREBER Y A NV ALY
L TV iEias i O B — R B R T O 2 L
LiZ, BEPICREMENRRIEREMMEHE N
el b, RETIIE—RRESEEIISNERN L
Exz bz, HHE, MITCHEIZ LY /EH L7z M-MY1
0 33EEHE L MMY111 S9FBHRIC OV TH—IRBE D HE
TV, ThODEEESI AT L, BE—RMy
BERTOTRBROEEEF L B LI L 2 5, B
BICABEIIERS bidedodz., HHMEERT R Y 7 A
MBTIIFEDEEDEBBRBEZ VI, £D
BRELTUANRY ) MZERBBEREND °
O, (KBNS LOMITC IEIZ L Y BB EH &
NBA D =X AIDONTIE, TA VARBYAEDN
ICHFET D8R4 R ERAEOHEE (48 (quasispe

cies) ] 13),14), l7).72>z)§%% L—Cb \6ﬂﬁgﬁb§&6

FIREROMEL & LI-RBHEO U A NV AERMIZBW
T, HHEBEIT D ANCBEIC RS ERPICIFE
LTHRY, FAEIC L > THEROBKMSELES
ni- L& Z bind-. AR T MITC %17 D Al
BEIC S ERRASIRTERR U 4 VA ERAPIZTEE L TV
BEWNEIDEEND DD, FEE LT- NIND6A
MBHEO VA NARAOEZ M LAEL. 20
R, BEKY DBV THRBRENE R
® 5= Pl 38 L UNHC-Pro # /37 Bt Fic»
WT, BERVANVARENICHERTRD LN
TERBZERELEBRONE Mo (Table 1
3). LML, FHFETIXEH 32 7 u— 1 LN
IERATERP- T2 b, FHELICERTS
EENERBHRYANVAEEANICEERBEINTEY,
MITC BEORSBIRIC L > THBH M I a— L
ROAREM L BEETE RV, FHREICEWTE
H L7898k S ) AOBERFIOEREE, WM
B b U U LML LT MITC EEOFHEH
~7- (Table 12). Z DI &»bh, HIVAFBRRLAR
EFENLOF2MbIX, VA NVAERPOERRSE
BHTWBDNE LR, MITC iz i) 34818
BRI, EBMBRR RBIEEVANVATY
—ZRBREFOEIS MU &£ hh, RNA H



AV TRREBLTWAREELEZ NS,

UED X >z, A TIHEBAERL LW MITC
EIZ X DHBHRIEHD 2 = X LZITRBA L&D
£<, TOMPIITNEBHEDO YA NAERADE
RIECOWTEHEL Y EFRO 7 o— %A
TRETHILENRDD.

MITC £ TIX, T ¥ THEBHREHTELE L TH
RSN TEARIRAER JUTHHEET Y U L0
BLYLERSMBEVVERKEEHTER. &
FBIZBWTAREFHR TUHERAN—ZIR Y b
HIEOEMEEBROBE LY L/INEL, RIFIZK
BICROEI ZEBMRETHDZ E0b, (EkD
FELY bBBOERKEBRSITEHTH &N
T& 5. MITC IETIXRTR D X 5 IZE—RBE RN
VERWILHLEOTERT DI L, AETEHY
ANADERBKIERFIEL LT, #ROFELY
HLENZLOTHH EEX LN,

FHEIZBVTHERS ) JMIBOONER
X, VA NVABEREKRP TORRp NPT T—, HDHW
X —4 ABED RT-PCR =5 —HRFEETH 5 7
REME G 3 5. AHFFE Tid cDNA HIE R Z EREMEDE
WRYAS—EEFERA L. AFETER LR
U A F—EDEREMIZOWT, ERICEIFIAEE &>
272> TV 5 cDNA 7 B — % H9tE S &, PCR )
RAWCEER 37, 175 A2 A2 L, STOESI & bt
BTHI LIV T—REEH L. ZOHER,
PCRBEDT 7 —R(E, 0.268 X 10" LY HLIEHD-
7o, WLV FERERERORKEEUARIL, 1EEH
729 0.36 X 10" LFHEIN TV Y. WiRE L
PCREF % S~ 1EEH-V DT —=(%,0.63
X 107 L7eh. AFFICBWTHERL-E3 16
DOFFEEDOEEEFIFATIZRA 7= 154, 784 HE(Z
DNT, ZOTTFT—REAWTED LIZEEDOM
BOOREITI0EE LY b Lick 3.

EH LB EKR MBI L LICABEKRBO
HC-Pro # v /X/ E@fmFIcBIT BT I / BBk
RO, BEHRO PVY O F N3 BER 2 FREWRIC BR
T 37 I BRI KOO RT 4 A4 VA TH
HEINTWEUANAOFHELIZBERTET7 I/
BRI Z R LT=. HC-Pro # L /30 B3 SMRER ¥
YRRIEELTHLNTEY, ZOMELLTT
7T LhUBRIRE, U A NV ADOFBIaM R L UREERE
BE), VA NAER, HEREH, thovALRL
DEFFHER, 20S # U AL MEBERESHSE

R UL RIS £ >~ & —1$RIIgE it

(proteasome) & Y RATF A UEIZ /Ry BMKSEY
fRE DHMEER, P—rHA Lo 7omEl
DN EWHB. KT 4 VA NADHFEIC
HC-Pro % /37 BB FNOEEBBCRK KM
BMR L TWB Z L A%, OYDV®®, PRSV®, Clyvy'!V
BLUO W2z 80 THES T TWA. iz b
HC-Pro # U R/ HMEFL2EEZELT, VA LA
DB CICERT A7 I VBEERERENA T
D. PV TIEZ N ZEEIRZ FAERICERTS 3
yEROT I ) BEEMLARIE E N TV 530100 ZyMy
Ti3 HC-Pro # » /37 BB F D CDNQLD & F—7
DHBICEAELTWAZLENHESNTERY
19 ABFFECHEH L= N-NAT $5BkOREIEF—7
PHZT I VBRER (7 2 /BREML 484 D D—N) A3
R LT FFEEDOMD HC-Pro # /37 Btz
FROT I BERIT, ECPREGUHIB LT
Wiz, BBRERVNZ L1, FFEERO S T N-NALO 5
BRIZHC-Pro # RO EBIBFADL #FF (71 /
BEER(L 729 DE—K) DAMNT IV BEERZEI L
TWAETT, oy oy Bz FIiET I/
BERIIBPD N2, ZOZ LiL, B
7 I VBEBERIZT THREDOF[ELMFRETH S
ZEERLTWE Pl # U0 HHEFAD 56
FBBIBLUNIb ¥ 30 HiHFHND 2295 F B D
7I/8, 5 UIRROT0EBR LS UTRAD
9497 F B DHEEBBRIT, TATELIIIO ATHEMA
b, VANADOFEIZEEBL TS EEbh
799 oL, P17 o0 R FRD 56 R
D7 I /B E 37 UTRAD 9497 F B DB ERE
BT, PBEEOME L LI-AERICBVTHERD
BRIZZ LMD, ThSDEMIIFHEF(ICH LT
HETHRWEEZ LN, M1 5BFHRB &
TYM-MY118 §58#kiZ, HC-Pro # v /37 BHiftiz+H
DTIBEHERL MIFBRDT I JENENEFNER
LT3, B5eEERIL Pl # VR 7 Bl FHD
56 BADT I /BELERLTWE ZOPLEY
R7G/IETFAOT I ) BERT, EEET Y
7 LB O L= NIND6B-Orl SRERRICIHV
THLRHONT=Z Eh b, HC-Pro ¥ /37 Hiftz
FADENENDT I ) BERNPHEICERT
BEMLTHD Z LRIz (Table 9). 1F&
A EDBERIZIBT, HC-Pro # 37 Bltiz+
PHZD 2K EH 1 »FROT I VBRERMBEE TV
Tl b, tos o7 BffEF TR LN



KO HAEY 74N AOREFAGHE L §5H 7 4V AT 5%

7 3 JBEERIZL T, HC-Pro # v 30 BREFH
DERLBERDHY, FHEEHB L TV DA
WA D Z L AR ST, BRIV &I, MITC
B2 L 0 EH &7 M-MY124 55348k1%, HC-Pro #
) BRI TFPUHERIBE B RO bz h o
T-. ZO=%, BEEZ OF[EHRD ¥ N3 TOIR
BERELEN, WThoOBERICBWTHLENWE
v MVEERZRL, HEBHRO & 5 REEIRZ TER
FREIT Lotz FNRIATOYALNVRE
BIRAEICIV T M-MY124 35388R1L, o353k
BLURER L IZIIRBEOETELRD b
(Fig. 15). M-MY124 3388~ ) LDT I ) BER
I, 6K1, NIa-Pro 8 LUINIb # v /37 Btz FHN
IZENRENL » B, 883 yFRICBWVWTRH LN
7=. ZDZ ki, 6Kl, Nla-Pro 38 LTXNIb # /%
7 ERETFADOT I BERN P 8 LU HC-Pro
& R BT L R LI EE R BEF
AL THBEZLEEZRLTW= BEDXSIZUA
NADFHEICEETIRETFEHAE LT, i
HC-Pro # /X7 B FHREEL TWEEEX
LB DS, PVY TIHRFMEIZ HC-Pro # /37 Hit
BFLUN DR TEALABIR L TV 5 Z L 23
INTWBE Y, BELOFRE RDE—DT I
JBEIERIET BI21X, PVY ORIt o—2

ZRVTRERERZARA LIEERPLETHD.

I E TPVYORH L PV RHEO SRR H B 0
EPVYRE 7 V— TN O 5 BERRRE TOTFHER A
FEINTVED, WTFRLSBEERRCEEICL -
TFHEROREIZRZR->TRY, FTHERMNE
D oLRVD, BT HERANRO LN
i} ToH o7 9.19.9.9. 100 ot BREIZ KBFFEIZES
W L7598 T, #3320\ THlmEK
2T 2 FHBERANRRO N LD, BERFEH
L LTRIATE BAMaEMEA RSN, Lo LAHF
FETHEH L= & /32558, WThib &/ aT
BSHBIELTWER, Py A FIIIREER LR
RICERIZX ZEREZREZ Lz, PWWYRHEDL26
SYBERR T, BESROPVY ™ Rt RERR & Fidk DS/
AEEEF L TWED, 82 BRYEF I ZPVYT™
REOHETH DB TERETRET, Vb
AERFEIZIZEEREZRBI L2 E0G,
Ly HAETDZEERITIIVANVADERN
FhERDBEFEHAABEHR L T 5 Z & H3RE
A O KHEDOZ NI FWEEICONVTY, ¥

¥ A1 ETORBITITF N2 TOHE(L & 1357
DEETFEM AR LTHEY, BEICL> TRE
HICRHE T A ETF AR D LD EEL bR
7=



BAEFHR

AFFRTIX, FHO PVY R EREL, £h
b7 ) AOSEEEFIZRER, I—nyBX
ULk g O 7> BEMREEER & SLICARIT L, A0
PVY £MBGEEDITIT Thl, dkea—
oy N \OEMABEHEEL bERLEE. VA NVRY
J LB BRIL, REEOELRED YAV
ADEDFHIME L EILIEIREERDO—DT
HHEEZEZLNTEY, BF 4 A NVRZBWT
LIELOEERHEE N TH D 01910 KHRFFET
IEAFREE PVY'™ RGESTREBRIZIVNT, FATILZ
NETHERINTW WS ) AOFT- /2481 R
AT OBRBEETAIILEHALMILE
60.69.68  RBFITICIV THRE L7 PYY™ RSBt
RO T 1995 55 2000 FEITMTTERE LS
BERRD 7 ) AT THEBRZETHY, Fi-
PRI R (RTNT 2000 ELIRRIZEREE ST oy BERR
IZBWTERD bz, Kiff, dtEIcsW T, &
BFFE L EUROMBZ ¥ — % ) DO
BOREVRBEINTEY ", KFETOERL
HETEXD L, 7/ LMBEORBDIFH LV PV
SYBERRDY 7 7 N— T HREIA AT L
D0HBHI L, FLTHBZIEY 7 /v —7HEH
DT 2BRDOAIEEDRBEE TWD Z Lo
HlEni=®.

IHRETIC TV TiXEH@EE#EER L=
ROZARME AR L ~UL 72 i s L ~L TR
AL Sh, MERFEFEOTCLY, Tuv ORR
HizI—o v REEH-EHEI—o v L&
b, TROLOHENLEARER, Mz, &
TER, MEAREAE SRR S RPICIEEL
TEELHERINTNE VD99 KEFIEDSy
FRFFTICBNTER LTI TR TIE, &
FRED PVY RFESTBEBR DB DR S S AHRE PVY™
REOHROBEORIL VL EN-T. ZOZ L
i3, PVYO RGEorBERRAS PVY'™ R HERE L W L B
WERICARIRICBA LI TREEA BV Z & 2R L
THY, PW™ RFESHERER IR/ OBIET
T, BoEHBR LI R L TV Dy
HA T DOEFERPOEE~DE AT E DR
I L D ITON TV, Py TS EH DV
PVY H3RRELTTREA2 LoD B1EM %38 U T PVY'™ Rt
SYBERRDS EEBRRIBGEARIZBA LT FTREE 2 B E
T&RWIZ LD, YRR TOBIRDI R

R R RARIATRASE £ >~ & — 1R IBFsEHE

IZOWTERTILERDHD. WIS AR
FEITIWVT, PVYC Riffds KU PVYN™ Rl oo B A3
BHIBAL-RANRR L3N RINC
LG, FEAD PVY DRARBLERZ A HH
2T BI121%, Py A EBREF~EASNED
REO—MEHRENSIEBFET 7 DL S 2k
FEEN DL O PVY SRR O SEEEIST — ¥ BLE
ThdLEZLND.

LD X Sz, FBFFIZBTEERD PVY 48
RO BB GG DA ST 2o Tz iod, EEO
BERFOBRICFIATE2MB|BOAANVR (E8E
B W LTTFERZ T IHBVANLVR (558
B) ORRLICAME~BRBIE.

EIFETIL, FRaRT vy A EIZBLHEEL
5 Z2 T3 PW R0 EBHRE RN, #€3kD
PEEERFETHHEIBQAE -k L UHERY
B Y o LAME YA T, R FETHD
MITC 5% AV THEROEHEZRAT-BR, #°
a DR LIRSy A T TOFEEOIERICHET)
L7=. MITC IRIHBR AR L OEmMEE T b Y v A
WM LB LT, FRRCKBORBEZIMVES =
ERTEETHY, ¥/ AADERBMNEZVVER
BEEHTE S, MITC ETIHE—REESBEX 1T S
RERRWI L0, BEREEAED SV
A NV ARECHIRER S EEE e 7 A NV ABOFHEKR
EEHTAZLICFIATES. ZROOFIEND,
MITC EISHEH U A VADEREIERFEL LT
HROFEL IV HLENZLOTHE LB N,

INFEFETCHEORT 4 JANARIZBWNT
HC—PI'O 5 ://\"y gﬁ{a%ﬁmiﬁgﬁm 6),12),89),111)
KRG ORFRCICEARL TS Z LBRES
NTW3. PV Tid# N aDBER X ZERICEHR
T5 3 yHOTIBEMAAREENRTVS
.10 KRR TIEH L7598k S ) A2
EFIZARAT L, BBicEES T3S ER L
FER, HC-Pro # L /X RIEFNHPVWY DF /N ak
XY ¥ HA ETOBRBICERT 2EE 2=
FTHB I LI INT. FHERD HC-Pro ¥
R ERIEFROT I BERICOVWTIE, B8
DRFEHOEICEET AT I /B E — BT
DENBRD biehoTcZ b, BE#HE IR
RABELIZHRT 4 VA VADOFHEAIZBEET S
ERXHDZENALNITRS T . BEKD
HC-Pro #Z /37 HBEBEFADT I/ BRERTL



FEDOL v HAEY 74N AORBALEHEE L §HHEY 1V AIET LR

%, YANLZADRNAYA L 7RoRNA #EAEE
#1, FRARIRITICBAGR L TV 5 gk @ i fiL
BLTWABEENE 1=, TRNETRT 4 UA
NADFHELDOFERND—2L LT, RNA A L
TUTBRBEDETABEKRLTWS Z LBESH
TG 180D - ClyyW G, HC-Pro # /3 &
BEFRD 2 »FIOT 2/ BERAFERILOFE
ThHh, RNA A Lo 7 0mElfEHDETIZ
NI A N ZAOERBEHIET Lz "I T,
HC-Pro # v /37 B@GFHD 2 »FFDT I/ BEE
BAFELICES L TWAER, ZhbDE#RIT

RNA ¥ Lo v ZMfIESIC IR L TR 6T,

RIMDTFEILITIZ RNA S Lo o v THflEEA D
ETALTEHREL TV D DI TN &8s
ERTWD O, KBS THEH LI-55FHKD RNA
YA Loy FRBBICOWTIIS %M AT
BAYENHDHN, FNaBRFICHEROERE
BTSN Z &0b, RNA ALY
TV T IRIRE N DIE T LS PVY OIRFEME % 555
ILEEB AN XLRFETDHEEL BN K
BV TEH L 7-558EDO—E8Tid, HC-Pro
&R ERIEFRITIET I BEENRDLN
$*, 6K1, NIa-Pro 38 X UXNIb # v /37 Hif=FH
WWEERROD LN, VA NVADTBEEREEDOR
EEF & LT, PRSV Ti Nla-Pro # /37 Hiflis
F 9, PVY TIL CP # /37 BftiaTF VP DR 53
R &N, PVY T NIb & 37 BlinF038
ED UA NAERMER G FICS L TIEREERF
THY, NIb ¥ 37 HETFHOD 1 yEiDEE
ERIZE>TUANADFRENRET D Z LA
WEINTND D, FHEOFER LD, PVY D55
BICB ST 2 BB FEALIZ HC-Pro #7327 &
BEFLUIMCBEFEEL, HBHELOA =X LTHE
HThHREEZLNDD, RERE ZH2BEFHLA
R7 I/ BEMERET AL, RS o—r

ERVWTARRERLFIALIERPLETHS.

PVY OBSBREEMNTE L Tid, BEOEFMERETF
EUERDFED D WVITEHEFRBR A BHREZ AT
WA LEREREEERL, ThoZ2HATS
TENBOLMBHTHD LEXLLNTWS. BIE
DAEFRO Y ¥ HA B2 5 PV BHHLEOFT
ARIZ, PVYC B LT PVY Bfe (PVY-T) 2@ L
TEEFMN, BHEINTED, TEERENT
K LT3 PN REEIZRT HBEHRD PVY $EHTHE

BIEFOBRIZ OV T+ RAEIMTONTE
59, BRI AEOMREE LENTVAR
V. FHFROEMABRCEERITER LY, KHD
Tx HA FBICRET D PV RFICITY ) LilE
BRALD 2V TEAM, PV RHKIZIE 3 T EM
DEETIZEBHALIRSE . ZTHET
PVY TIXHRFEOEBENR, [ LR P TH /R
DY ) LEEEDEVICL Y, Dy HA E 208,
C. amaranticolar ¥ X P. floridana ¥V T
DIERDBNFORFRENET 2 LHBRE
ENTWS., ZOZENLEBIZRELTWVS
PVY I22oWT b, ¥ LEERY T /N —T D&
Wiz kY, Py AL ETORBEEFD PVY L
HRETFICRT 2 D BRSO BERR & 13 R D
SYHERBTFET D REMNRH D, 5% PVY I
BHIETMESEOFRICIL, FHD PVY BSREEH
BETHDHI LBV A EOFRIH D IHE
FHLILBOBTHE LTHA L, EFOERMERE
FOFERY ) DEEDB VDD ¥ A TOEH
YiC 5 X AHEBR CEFMICRET ALENDHD.
AFFEORER LY, FFHO PVY 5EEEOEFHARE
WiEEHET S &1L, HEORRS PVY 5B
DEMTORRBLER SN T EOILER
ZETHY, 5% PVY IR HBABR R & BREg
BTS2 L CHBICEE R L ThHELEX
ik,

Bk & 5 12k Y A NV AFEORERREHT L LT,
ERMESREOFA L L HICHE YA LV AOF AN
HD. INETEEOBEV A NVRIZOWTI,
BIEMOEEBIBIZBV T 7 A L RAIFEORSBRFE
ELTERAEENRTN OO, PWOFHERIC
DVTH, THE TORE TR THER
ZIRTTEGh, HAWITTEBERRRD s
- 7!-:2),45),48),92).96). 102)‘ :n 6 0)*&%: t li%i’i'ﬁﬂ']il
AFFEIZBV TR L-398kiT, sEFkioxL
TTFHERZRL, BERICLIBADRELH
L=z &nh, BIRREROFEM L LTEALKD
AREE b RSN,

Ty A EDORERBREREOFTRTIE, B
MOKREFERICH U TEFM%ETRT I L0 bER
ORERIIT L TEFMEZ TS AEFERED
BERVBBED—DE INTEY, HETHEER
EhIEFMEREFICT ADNA— I — % A7z
ThEBE 2 FEBFAINTVDET., Yy HLED



T8 SRR BRI 556 > 7 — SRR

RETHR TIRE RIEFIMES T e, FRCHE
WIRBHERRENEELHE L Sh Tk, %<
D% FRHIHE 7= T REO B RITEE# 2RI
HD. FHEDORERLY, F5F YA /L AIIPVVIEHR
HERIEF 2R 2V BEFERESD 2 W I F AR
LT, BRI B ICPVYIZ R4 B iRHitE & Hn &4
LFBRLLTHATED LEZDN. DT L
o, FPFETIEH LEBE VA VADOERIZ
TSR~ & S EEH 20, T F TPYWORSR
BBV TR AN B -8BE YA
WARIA DTN R LA HEOERITHES
by -2 AN

YA ED X5 IZA B T, AFOPVY O L&
HEXHOTHLNIZL, Fi-LBEREH Sk
ZBRF%, BREGT THLHATE APVYHEKRD
FEHICRI LT, ShEDOREIE, &AL AR
1T TR fMDOEH T A NV AT LG T 255K
VBB ZBAR L7213 T, AETELL
RN ERLTE A2 LTRR L. &
R LV EONT KRB, FROMEHILECE
PUHERBOBTRHRICLISATER Z E0b,
YR OB OISR E TIRESERTE S
LRBbhs.



FHOS v HAEY 74N AOREBREHEE L5 4L AIZMT L%

30
Y A VA DREREREI BT B,

DA NVADENEBAET S L THEBICEETHS.

RTFALVANAR, RFALTANVABOY A T
THBETXYHAEY UL NRZ (PVY) I3, HRE&H
DV A EEMIIBNTREREELR-OTE
BRIANATHD. PVY [3EYFAHEE R ME
FEMEHE, 7 MEBEDBN R LIC IV EEOR
I N—TI3iTbh, ERLOE LT PVY, PV
BLUPW HH D, Bl PWRKEISN—T
BT 272 RME LT PV L PVY
B|EINTEY, Ihb 2REDO—ITT v HA
EREXZRERT. ZhETEONDORT 4
U A VR OWTHREREEERT AT Ty
S0, PVY TR AT T TWied o 7-.
£ ZTABFIETIE, FIMITBWT PW RS L—
7 (PVY I LT PVY™) D 10 43RS L T8 PVY®
FHED 10 FHEREREL, Thb S/ 2OSIER
BFIZRER, I —0 v /3B LU KRIE D B
BRERED & SEITARIT L, A PVY EAREHEED
FRAT7Z1 T <, Ak I — o v RO LA BEHE
BE bEB L7,

PVY' it 7 v — 75y BiERR O SR BB ARAT O
fER, ALk, F—o v BLUEROHERICIT 2
Y TEABFEEL TV, —F, PVY LMo mbes
DEFARMGHEAMTORBER, ILKREFIZIT 49T
#£H, I—o v ERICIE 2 Y THEEA, RFRER
I3 $TEMAMNED b £, PVWRKS
N—TDHEERDE L X, PV B LU PV B
BRI Z PR OSRRERXETH - 7228,
PVY° R HERRIL, 3 EEI2TICB W THRBR L
FEThot=. &b, HESEERL LU FHRE
FENTRER LY, FHESBRO—HIZI—o v 3
BLUHLKER L 1T R B EMAEFR L TV,

ZHE T, PWNREESBEROBE A LR (UL
T, 5BFER) BT AHRIERE STV RN,
% ZTABFRTIE, &/ c3ER X 2R
Z L 2 PVY'™ RS D3R EE NTND6 Sy Rk 241 HT,
PERDTFTHHRIELFE TH D IRIR B L OEHERL
BIZMAT, HICRERRMMAY OBBIE%Y
FIA L7 ABSERERBRE 12XV HEHD
EHEZRA-. TO/BR, ¥ /33 TORHREIHE
L L7=&#t 16 DFFEHEEH L. X HICTHER
77 LOLBEETIERRT L, BECICESTS

PR ERE L. TOER, 13LALOFERKIC
BWTT I/ BERBRLE Mo ERIL, ~
NR—=FaF7—¥ (HC-Pro) & _IEREFT
Hotz. TRHDORERIE, HC-Pro # 37 Bt
F725PVY OFFFLICBR T 2EELRP|EF THS
TLEERBELTWE. F, AFEICLVERL
T-SSEHRIZOVNT, SREERR NIND6 12343 5 F#HE
RADOHEELZFE L. TOER, HEFRO—IX
SREBERICN L THRWTFER &R L.



SHEE

AFF % RITT DI T- ) HILIBE 2 D g
2B E LIEBRFRFREE KE5—EEL
WKWRERDZBHOBEARLET. BLBXOEE
KEBWTERBXEREREER SHAEL, &
BRERFHERE EREERL, FERKER
FHEdE BRBEE—HLL o CIERBRERY
MHEEAE BHBRELIZIIEIE L LTERAR5H
BEZBY T L. T/, TEEREEE &S
HEELICIZRRHBE LEBELBV EL
fo. AFFIZBIT 2 BB/ ERICBNT, T
—2R N7 U TEMKRFEAFHIFZ Adrian Gibbs 1#
T, BRRZEHEELHVE L. T TITRK
BOBERUEHLE LLETET.
MILITEBUENRE - RMEERHTR AT HE
)R L2 b O RIS E B
& — {EILFEEICIIE R A EEE L RS
BOELE. ZZIBHOBEZR LESHEHLBL
=05 =3
BRFRICBWTERREEENREE ¥ —
FHEEE LR G ICRIFREEIRRET RAE
FRITIIBHBEVANVAERHICEL, Z2XR258%
HEETEEZBY £ L. BATBIEATRIRE
¥4 — IWWT—XKEL, EBRIBEH
WIFZERT BB EEL AR O CNCREAIRBENE
Uy — FRILERKIIIEELRE L EREE
EELE. ZIIWZESHEHILELETES.
EFEO—EILBHAKEELD [Hi1- 72 BAKE
BUORZ S 2 ERRNAREE) ITBWTRY
MBDFE LT, AEECRBW T ERENE R
& — EEEREEICIISRRZHEE L HXE
FBOELE. VT M AHERERE K
EREZLCICHESRLEEIZIIH/EVA VAR
oA nFa—N"—DERIZEEL, $K25H
BhHLEXBEBVE L., ZZIESHELEL
EiFES.
AHEORITICHI Y, EEREREHITER
& — KEEAEEICIEEEFISETERIC
DWTHBE LEXBEBHY £ L. RXERYE
BRI IR S ER ORI S 265
DE L. RRFERESEY VA NV ARHIEEE

EDOHERICERZDBHH LA FELZTHEE L.

FICEMEAEL @ MIYTBEEARE - Ra
EREZIFREHFumE e , EEiRILHE

RIGRBABAMTBASR L ~ & — 45U #E

T (B MIITBOEARZE - RREEER S
FEHE PRBERAFIEELY ), BLEES
D Huy Duc Nguyen &, &L 2 EDRIBEKXK,
Bt | EOFXERER, FELEDF/IBRK (R
BRASHENIG), FATEFR, EFOMER, »
RicRK, HEFRTFR, KR, BEHTFK,
RILBER, AREER (B (EBRERERRS)
IZIIEBROBITICH T BRI 5 & %
EREXELL. ZTWWESHLBLETEY. &
BRI EEEEY) 7 A L ARSI b N
YRR EEREOERK L RICEERFMN 2B
Bl LIZBBORERLET.
FREORBRIZB T D2ZITICH-0, RIFR
BN — HESFEZEIUHEE
vE—ERBERDF A EBAHEBYELE. T
Ft ¥ —frk THRERRKICIISZRZZHZE
FBRVELE. ZZICELELELETET.
Ftr ¥ —BHERAEFRHEELIILD L
THMBOERRIIIZ K2 D2 HZE L EHH 285
DELE JIEEFRHEIER IHERIK,
TREME THEZK, TRHEWEZE BE
ShEtE (B FREHBSERAET) , KHJLK H &
EFIREBAE) , DESEEK R Bkt
—BRIEWZEEM), BAEOHEED FLALER, /)
EHIWYK, RENRFK, HYEFK AR
DY K72 S NSBEHBRLKICITKRFE TORE T
LW B RIS R COEBICBWVTHILBE 51
XBEBVELE. IOV EILBELLETE
5.
AR H N RIRRIZ BT B EB I BV
TELDF4 LV HBS LEXBEBY E LK.
RICRIERBREIFER L ¥— REMEEL
(H REBRRE , FRERKIIRERTO
EHBIBWTERR2HBEEBY E L. TR
WRBERARERE BT OHALKICITRIASE KRR
HHBE L EAXBEBY L. BEREREEHN
EREE Y — BEBARRIZIEINAVA VaREI
BT 2RI BNTERRHHBE LEHIEEL
DELE ZZIKESHEHLELLTET.
FHEO—EIL, BRBRERERBLREIC
BWTRYVEAE L. KER~OBRFEIZEEL,
RIGFEHEANMBR T 0 /T MEEBERICLIVE
KipHBAXBEZBY Lz, BREOFTA2~EL
BALE L BT ET



EIOY v H A4 EY T AN AOREREHEE & §5F Y 4V AT 2B

3| ASCHR

1)Ahn HI, Yoon JY, Hong JS, Yoon HI, Kim MJ, Ha
JH, Rhie MJ, Choi JK, Park WM, Ryu KH (2006)
The complete genome sequence of pepper
severe mosaic virus and comparison with
other potyviruses. Archives of Virology,
151, 2037-2045

2)Beczner L, Horvath J, Romhanyi I, Forster H
(1984) Studies on the etiology of tuber
necrotic ringspot disease in potato. Potato
Research, 27, 339-352.

3)Bukovinszki A, Gotz R, Johansen E, Maiss E,
Balazs E (2007) The role of the coat protein
region in symptom formation on Physalis
floridana varies between PVY strains. Virus
Research, 127, 122-125.

4)Bull JJ, Badgett MR, Wichman HA, Huelsenbeck
JP, Hillis DM, Gulati A, Ho C, Molineux IJ
(1997) Exceptional convergent evolution in
a virus. Genetics, 147, 1497-1507.

5)Chen KC, Chiang CH, Raja JAJ, Liu FL, Tai CH,
Yeh SD (2008) A single amino acid of NIaPro
of Papaya ringspot virus determines host
specificity for infection of papaya.
Molecular Plant-Microbe Interactions, 21,
1046-1057.

6)Chiang CH, Lee CY, Wang CH, Jan FJ, Lin SS,
Chen TC, Raja JAJ, Yeh SD (2007) Genetic
analysis of an attenuated Papaya ringspot
virus strain applied for cross—protection.
European Journal of Plant Pathology, 118,
333-348.

7)Chikh Ali M, Maoka T, Natsuaki KT, Natsuaki
T (2010a) The simultaneous differentiation
of Potato virus Vstrains including the newly
described strain PVY"™™ by multiplex PCR
assay. Journal of Virological Methods, 165,
15-20.

8)Chikh Ali M, Maoka T, Natsuaki T, Natsuaki KT
(2010b) PVY™™  a novel recombinant strain
of Potato virus Y predominationg in potato
field in Syria. Plant Pathology, 59, 31-41.

9)Chung BYW, Miller WA, Atkins JF, Firth AE
(2008) An overlapping essential gene in the

Potyviridae. Proceedings of the National
Academy of Sciences of the United States of
America, 105, 5897-5902.

10)Clark MF, Adams AN (1977) Characteristics of
the microplate method of enzyme-linked
immunosorbent assay for the detection of
plant viruses. Journal of General Virology,
34, 475-485.

11)Dayhoff MO, Barker WC, Hunt LT (1983) Est
ablishing homologies in protein sequences.
Methods in Enzymology, 91, 524-545.

12)Desbiez C, Girard M, Lecog H (2010) A novel
natural mutation in HC-Pro responsible for
mild symptomatology of Zucchini yellow
mosaic virus (ZYMV, Potyvirus) in cucurbits.
Archives of Virology, 155, 397-401.

13)Domingo E, Escarmis C, Menéndez-Arias L,
Perales C, Herrera M, Novella S, Holland JJ
(2008)  Viral

interactions, and pathogenesis. In: Origin

quasispecies:  dynamics,
and Evolution of Viruses, 2nd ed. (ed.
Domingo E, Parrish CR, Holland JJ), Elsevier
Academic Press, pp 87-118.

14)EigenM, Biebricher CK (1988) Sequence space

distribution. In /W
Genetics, vol. 3, (ed. Domingo E, Ahlquist
P, Holland JJ, Boca Raton, FL: CRC), Press,
pp. 211-245.

15)Felsenstein J (1993) PHYLIP (Phylogeny

Interference Package), Version 3.5.

and quasispecies

Department of Genetics, University of
Washington, Seattle, Washington, USA.

16)French R, Stenger DC (2003) Evolution of
wheat streak mosaic virus: dynamics of
population growth within plants may explain
limited variation. Annual Review of
Phytopathology, 41, 199-214.

17)French R, Stenger DC (2005) Population
structure within lineages of Wheat streak
mosaic virus derived from a common
founding event exhibits stochastic
variation inconsistent with the
deterministic quasi-species model.
Virology, 343, 179-189.



18)Garcia-Arenal F, Fraile A, Malpica JM.
(2001) Variability and genetic structure of
plant virus populations. Annual Review of
Phytopathology, 39, 157-186.

19)Gibbs MJ, Armstrong JS, Gibbs AJ (2000)
Sister—scanning: a Monte Carlo procedure for
assessing signals in recombinant sequences.
Bioinformatics, 16, 573-582.

20)Gibbs AJ, Ohshima K (2010) Potyviruses and
the digital revolution. Annual Review of
Phytopathology, 48, 205-223.

21)Gibbs AJ, Ohshima K, Gibbs M, Garcia-Arenal
F (2008) More about plant virus evolution;
past, present and future. In: Origin and
Evolution of Viruses, 2nd ed, (ed. Domingo
E, Parrish CR, Holland JJ]),
Academic Press, pp. 229-249.

22)Glais L, Tribodet M, Kerlan C (2002) Genomic
variability in Potato potyvirus ¥V (PVY):
evidence that PVY*W and PVY™ variants are

Elsevier

single tomultiple recombinants between PVY®
and PVY"™ isolates. Archives of Virology, 147,
363-378.

23 RAEERI, RAEER (1971) BEUANVRIC
LD UVANABOBBR-LERE Y A LV ADRE
HESMEMICT 8. i RERR
SgesR, 99, 67-76.

24)Guindon S, Gascuel 0 (2003) A simple fast and

algorithm to
phylogenies by miximum likelihood. Systems
Biology, 52, 696-704.

25)Hall TA (1999) BioEdit: a user-friendly
biological sequence alignment editor and

accurate estimate large

analysis program for Windows 95/98/NT.
Nucleic Acids Symposium, Ser. 41, 95-98.
26)Hataya T, Inoue AK, Ohshima K, Shikata E
(1994)
identification of a Potato virus Y isolate

Characterization and  strain
non-reactive with monoclonal antibodies
specific to the ordinary and necrotic
strains. Intervirology, 37, 12-19.

2N WRESL (2012) P v A EDRIF & 548
(2) ENTOENRY. v A THHM (MEH
EAVLERIRASE), 2ERH#HERS, X

RWFIL AT 56 & ~ & — 15 SURF e s

X, ppb1-65.

28)Hu X, He C, Xiao Y, Xiong X, Nie X (2009a)
Molecular characterization and detection of
recombinant isolates of potato virus ¥ from
China. Archives of Virology, 154, 1303-1312.

29)Hu X, Karasev AV, Brown CJ, Lorenzen JH
(2009b) Sequence characteristics of potato
virus Y recombinants. Journal of General
Virology, 90, 3033-3041.

30)Hu X, Meacham T, Ewing L, Gray SM, Karasev
AV (2009¢) A novel recombinant strain of
Potato virus Y suggests a new viral genetic
determinant of vein necrosis in tobacco.
Virus Research, 143, 68-76.

3DHu X, Nie X, He C, (2011)
Differential pathogenicity of two different
recombinant PVY"®

floridana is likely determined by the coat

Xiong X

isolates in Physalis

protein gene. Virology Journal, 8, 207.

) HEFE, FOH— (1986) EBHbDFKMAED
Y HATIZBTEEBRRVY ¥ HA EY T A
WAL DEF A 7ROBKR. BIRERRLEE
HHRBIGPIERE, 14, 31-59.

33) Janzac B, Montarry J, Palloix A, Navaud O,
Moury B (2010) A point mutation in the
polymerase of Potato virus YV confers
virulence toward the Pvr4 resistance of
pepper and a high competitiveness cost in
susceptible cultivar. Molecular Plant-
Microbe Interactions, 23, 823-830.

34)Ji JP, Loeb LA (1992) Fidelity of HIV-1 Ge
transcriptase copying RNA in
Biochemistry, 31, 954-958.

35) MEBME, AMRERE, (LEE— BE—R,
BEFE (2009) FUHTITLNREY B
NIANAF[EEOTHHR L BRFEES TO
EFIEEHE. B AEMREFSH®, 75, 230 (G
).

36)Karasev AV, Hu X, Brown CJ, Kerlan C,
Nikolaeva OV, Crosslin JM, Gray SM (2011)
Genetic diversity of the ordinary strain of
Potato virus Y (PVY)
recombinant PVY strains.
101, 778-785.

vitro.

and origin of
Phytopathology,



FHOL Y HAEY 74NV ARG E &L GHHET 4V RN H%

3N MEFSh, LMK, EFRE, AR, B
NE, WRLEE (1989) ¥FavVitkits
FavVEFA I VA NABHEROER. B
HHILAE BB, 36, 52-53.

38)Kimura M (1980) A simple method for
estimating evolutionary rates of base
substitutions through comparative studies of
nucleotide sequences. Jjournal of Molecular
Evolution, 16, 111-120.

39)King, AMQ, Adams MJ, Carstens EB, Lefkowitz
EJ (2012) Virus Taxonomy, Ninth Report of
the International Committee on Taxonomy of
Viruses. Elsevier Academic Press, San Diego,
California, ppl327.

40) /MREERT (2005) BRIV A NRIFY 7 F
DHERESBRORESM. H#EMBHE, 59, 1-4.

41)Kosaka Y, Fukunishi T (1993) Attenuated
isolates of soybean mosaic virus derived at
a low temperature. Plant Disease, T7,

882-886.

42)Kosaka Y, Ryang BS, Kobori T, Shiomi H,
Yasuhara H, Kataoka M (2006) Effectiveness
of an attenuated Zucchini yellow mosaic
virus isolate for cross—protecting cucumber.
Plant Disease, 90, 67-T2.

43)Kurath G, Palukaitis P (1989) RNA sequence
heterogeneity in natural populations of
three satellite RNAs of cucumber mosaic virus.
Virology, 173, 231-240.

44) Larkin MA, Blackshields G, Brown NP, Chenna
R, McGettigan PA, McWilliam H, Valentin F,
Wallace IM, Wilm A, Lopez R, Thompson JD,
Gibson TJ, Higgins DG (2007) CLUSTAL W and
CLUSTAL X version 2.0. Bioinformatics, 23,
2947-2948.

45)Latorre BA, Flores V (1985) Strain
identification and cross-protection of
potato virus Y affecting tobacco in Chile.
Plant Disease, 69, 930-932.

46)Lecoq H, Lemaire JM, Wipf-Scheibel C (1991)
Control of zucchini yellow mosaic virus in
squash by cross protection. Plant Disease,
75, 208-211.

47)Lefeuvre P, Martin DP, Harkins G, Lemey P,

Gray AJ, Meredith S, Lakay F, Monjane A, Lett
JM, Varsani A, Heydarnejad J (2010) The
spread of Tomato yellow leaf curl virus from
the Middle East to the world. PLoS Pathogens,
6, e1001164.
48)Le Romancer M, Kerlan C, Nedellec M (1994)
characterisation

Biological of various

geographical isolates of potato virus Y
inducing superficial necrosis on potato
tubers. Plant Pathology, 43, 138-144.

49)Librado P, Rozas J (2009) DnaSP v5: a
software for comprehensive analysis of DNA
polymorphism data. Brloinformatics, 25,
1451-1452.

50)Lin SS, Wu HW, Jan FJ, Hou RF, Yeh SD
(2007) Modifications of the helper
component—protease of Zucchini yellow
mosalc virus for generation of attenuated
mutants for cross protection against
severe infection. Phytopathology, 97, 287-
296.

51)Lorenzen JH, Meacham T, Berger PH, Shiel
PJ, Crosslin JM, Hamm PB, Kopp H (2006)
Whole genome characterization of Potato
virus ¥ isolates collected in the western
USA and their comparison to isolates from
Europe and Canada. Archives of Virology,
151, 1055-1074.

52)Lorenzen J, Notle P, Martin D, Pasche JS,
Gudmestad NC (2008) NE-11 represents a new
strain variant class of Potato virus Y.
Archives of Virology, 153, 517-525.

53)MartinD, Rybicki E (2000) RDP: detection of
recombination amongst aligned sequences.
Bioinformatics, 16, 562-563.

54)Martin DP, Lemey P, Lott M, Moulton V,
Posada D, Lefeuvre P (2010) RDP3: a
flexible and fast computer program for
analyzing recombination. Bloinformatics,
26, 2462-2463.

55)Maynard-Smith J (1992) Analyzing the mosaic
structure of genes. Journal of Molecular
Evolution, 34, 126-129.

56)Moreno IM, Malpica JM, Diaz-Pendon JA,



Moriones E, Fraile A, Garcia—Arenal F (2004)

Variability and genetic structure of the

population of watermelon mosaic virus

infecting melon in Spain. Virology, 318,
451-460.

57)Mori K, Sakamoto Y, Mukojima N, Tamiya S,
Nakao T, Ishii T, Hosaka K (2011) Development
of a multiplex PCR method for simultaneous
detection of diagnostic DNA markers of five
disease and pest resistance genes in potato.
Fuphytica, 180, 347-355.

58)Moury B, Morel C, Johansen E, Jacquemond M
(2002) Evidence for diversifying selection
in Potato virus Y and in the coat protein
of other potyviruses. Journal of General
Virology, 83, 2563-2573.

59)Nakazono-Nagaoka E, Sato C, Kosaka Y,
Natsuaki T (2004) Evaluation of cross—
protection with an attenuated isolate of
Bean yellow mosaic virus by differential

detection of virus isolates using RT-PCR.

Journal of General Plant Pathology, 70,
359-362.

60) EFKETF (2009) T A NVARROFSKR. Y
ANVAR%E (MEENENER), SIEEE (K
), ppl68-178.

61) B ARAE (2009) U ANVADSEHR. WM A
NVARE (1 EEENEMR), BREE G,
pp45-55.

62)Nie X, Singh RP, Singh M (2004) Molecular and
pathological characterization of N:0
isolates of the Potato virus ¥V fromMonitoba,
Canada. Canadian journal of Plant Pathology,
26, 573-583.

63)Nishiguchi M, Kobayashi K (2011) Attenuated
plant viruses: preventing virus diseases and
understanding the molecular mechanism.
Journal of General Plant Pathology, 177,
221-229.

64)0gawa T, Nakagawa A, Hataya T, Ohshima K
(2012a) The genetic structure of populations
of Potato virus Y in Japan, based on the
analysis of 20 full genomic sequences.
Journal of Phytopathology, 160, 661-673.

RGFIR RSB SE € ~ & — 1 BIRFsE#Es

65) /NI, WIIRE, KB—E (2011) BR
BREEMFOREZ ZHRETT Y A E
DONELTES Y A EYTANADY ) b
& WNRERFFESR, 57, 19-25.

66) /NI Eis, NRE, ELFE, KBE—B
(2008) V¥ HA TREZERORELERELES
BR. fEMBHE, 62, 481-484.

67)0gawa T, Nakamura S, Sayama M, Ohshima K
(2012b) Attenuated mutants of Potato virus
¥ necrotic strain produced by nitrous acid
treatment and mutagenesis—in—tissue culture
methods. European journal of Plant Pathology,
doi: 10.1007/s10658-012-0115-1.

68) Ogawa T, Tomitaka Y, Nakagawa A, Ohshima K
(2008) Genetic structure of a population of
Potato

necrotic

virus YV inducing potato tuber
ringspot disease in Japan;
comparison with North American and European
populations. Virus Research, 131, 199-212.

6 RB—E, MAER, LEHES, Inoue AK,
FHEMER (191) V¥ HAEYUA NVAEER
MBI VX ERKDOINES R BEDT I/
FRERY & A FE), MFFERLE. BAHEY
REFSW, 57, 615-622.

70) Ohshima K, Sako K, Hiraishi C, Nakagawa A,
Matsuo K, Ogawa T, Shikata E, Sako N (2000)
Potato tuber necrotic ringspot disease
occurring in Japan: its association with
Potato virus Y necrotic strain. Plant
Disease, 84, 1109-1115.

71)Ohshima K, Yamaguchi Y, Hirota R, Hamamoto
T, Tomimura K, Tan Z, Sano T, AzuhataF, Walsh
JA, Fletcher J, Chen J, GeraA, Gibbs A (2002)
Molecular evolution of Turnip mosaic virus:

of host
recombination and geographical spread.
Journal of General Virology, 83, 1511-1521.

72) Ohshima K, Akaishi S, Kajiyama H, Koga R,
Gibbs AJ (2010) Evolutionary trajectory of

turnip mosaic virus populations adapting to

evidence adaptation, genetic

a new host. Journal of General Virology, 91,
788-801.

73)Page RDM (1996) Treeview: an application to
display phylogenetic trees on personal



FHOL X HAEY 74V AORELRIZHEE & 558 1V 2T L% —65—

computer. Computer  Applications  In
Biosciences, 12, 357-358.

74)Piche LM, Singh RP, Nie X, Gudmestad NC
(2004) Diversity among Potato virus Y
isolates obtained from potatoes grown in
the United States. Phytopathology, 94, 136
8-1375.

75)Plisson C, Drucker M, Blanc S, German—Retana
S, Le Gall 0, Thomas D, Bron P (2003)
Structural characterization of HC-Pro, a
plant virus multifunctional protein. 7The
Journal of Biological Chemistry, 278,
23753-23761.

76)Posada D, Crandall KA (2001) Evaluation
of methods for detecting recombination
from DNA sequences: computer simulations.
Proceedings of the National Academy of
Sciences of the United States of America,
98, 13757-13762.

77)Posada D (2008) jModelTest: phylogenetic
model averaging. Molecular Biology and
Evolution, 25, 1253-1256.

78)ReversF, Le Gall 0, Candresse T, Le Romancer
M, Dunez J (1996) Frequent occurrence of
recombinant potyvirus isolates. Journal of
General Virology, 77, 1953-1965.

79)Robinson DJ (1973) Inactivation and
mutagenesis of Tobacco rattle virus by
nitrous acid. Journal of General Virology,
18, 215-222.

80)Salminen MO, Carr JK, Burke DS, McCutchan FE
(1995) Identification of breakpoints in
intergenotypic recombinants of HIV type 1 by

AIDS Research and Human
Retroviruses, 11, 1423-1425.

81) ERR—fL (2001) Bgh L x FRURFRMFHIARIC
BiIFDUANVAROBWHECET 5%, &
BEEEY ¥ -RERTRE, 4, 1-8L

82)Sawyer SA (1999) GENECONV: a computer
package for the statistical detection of

Bootscanning.

gene conversion. Distributed by the Author.
Department of Mathematics. Washington
University, St Louis, available at http://
www. math. wust1. edu/ " sawyer.

8EWLFE, /MIER, DEHFEHE (2005 743

EET—7TBLUOBERRY bBRAALAS T ad
Potato virus VDRI RITTHE, RS
HEFEEH, 51, 6-10.

84)Sayama H, Sato T, Kominato M, Natsuaki T,

Kaper JM (1993) Field testing of a
satellite—containing attenuated strain of
cucumber mosaic virus for tomato protection
in Japan. Phytopathology, 83, 405-410.

85)Schneider WL, Roossinck MJ (2001) Genetic

diversity in RNA virus quasispecies 1is
interactions.
Journal of Virology, 75, 6566-6571.

controlled by host-virus

86)Schubert J, Fomitcheva V, Sztangret-

Wisniewska J (2007) Differentiation of
Potato virus ¥ strains using improved sets
of diagnostic PCR-primers. Journal of
Virological Methods, 140, 66-74.

87)Seo JK, Ohshima K, Lee HG, SoM, Choi HS, Lee

SH, Sohn SH, Kim KH (2009) Molecular
variability and genetic structure of the
population of Soybean mosaic virus based on

the analysis of complete genome sequences.
Virology, 393, 91-103.

88)Sehgal OP, Krause GF (1968) Efficiency of

nitrous acid as inactivating and mutagenic
agent of intact Tobacco mosaic virus and its
isolated nucleic acid. Journal of Virology,
2, 966-971.

89)Shiboleth YM, Haronsky E, Leibman D, Arazi

T, Wassenegger M, Whitham SA, Gaba V, Gal-On
A (2007) The conserved FRNK box in HC-Pro,
a plant viral suppressor of gene silencing,
is required for small RNA binding and
mediates symptom development. Journal of
Virology, 81, 13135-13148.

90)Singer B, Fraenkel-Conrat H (1974)

Correlation between amino acid exchanges
in coat protein of TMV mutants and the
nature mutagens. Virology, 60, 485-490.

91)Singh RP, Valkonen JPT, Gray SM, Boonham N,

Jones RAC, Kerlan C, Schubert J (2008)
Discussion paper: the naming of Potato virus
Y strains infecting potato. Archives of



Virology, 153, 1-13.

92) HARME, MAH—, REH, RARS
(1983) ¥ VA EYVANRZERIZL B
NaBHZER F2R FRRON—L—HEIC
Biro%4LE. BEZEZIRBRERE, 17,
97-106.

93)Takaki F, Sano T, Yamashita K (2006) The
complete nucleotide sequence of attenuated
onion yellow dwarf virus: a natural

deletion mutant lacking the
N-terminal 92 amino acids of HC-Pro.
Archives of Virology, 151, 1439-1445.

94) Tamura K, PetersonD, PetersonN, Stecher G,
Nei M, Kumar S (2011) MEGA5: Molecular

Evolutionary

potyvirus

genetics analysis using
maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular
Biology and Evolution, 28, 2731-2739.

95)Tan Z, Gibbs AJ, Tomitaka Y, Sanchez F, Ponz
F, Ohshima K (2005) Mutations in ZTurnip
mosaic virus genomes that have adapted to
Raphanus sativus. Journal of General
Virology, 86, 501-510.

96) #MALE— (1983) P¥ WA EYVANVAZER
IZEBE N2 EEx TR Fil FIROEE
BICBiT2R4. BEIIZHBRERE, 17,
87-96.

97) Tomimura K, Spak J, Katis N, Jenner CE, Walsh
JA., Gibbs AJ, Ohshima K (2004) Comparisons

of the genetic structure of populations of

Turnip mosaic virus in West and East Eurasia.

Virology, 330, 408-423.

98)Tomitaka Y, Ohshima K (2006) A phylo-
geographic study of the Turnip mosaic
virus population in east Asia reveals an
‘emergent’ lineage in Japan. Molecular
Ecology, 15, 4437-4457.

99)Tomitaka Y, Yamashita T, Ohshima K (2007)
The genetic structure of populations of
Turnip mosaic virus in Kyushu and central
Honshu, Japan. Journal of General Plant
Pathology, 73, 197-208.

100) Traore 0, Sorho F, Pinel A, Abubakar Z,
Banwo O, Maley J, Hebrard E, Winter S,

RIGR RS ~ & — 1Rl S

Sere Y, Konate G, Fargette D (2005)
Processes of diversification and
dispersion of Rice yellow mottle virus
inferred from large—-scale and high-
resolution phylogeographical studies.
Molecular Ecology, 14, 2097-2110.
101)Tribodet M, Glais L, Kerlan C, Jacquot E
(2005) Characterization of Potato virus ¥V
(PVY) molecular determinants involved in the
symptom induced by PVY"

isolates in infected Nicotiana tabacum cv.

vein necrosis

Xanthi. Journal of General Virology, 86,
2101-2105.

102)FEJIR (1993) LAEHICBITEZF 20
A NWARDRELIRIRY A WV ADFRE - ZHTIC
B4 585, #R)|RBERESTFEFTHER
4, 135, 1-86.

103) Urcuqui-Inchima S, Haenni AL, Bernardi F
(2001) Potyvirus proteins: a wealth of
functions. Virus Research, 74, 157-175.

104) Van Volten—Doting L, Hasrat JA, Oosterwijk
E, Van’ t Sant P, Schoen MA, Roosien J (1980)
Description and complementation analysis of
13 temperature-sensitive mutants of Alfalfa
mosaic virus. Journal of General Virology,
46, 415-426.

105)Weiller GF (1998) Phylogenetic profiles: a
graphical method for detecting genetic
recombinations in homologous sequences.
Molecular Biology and Evolution, 15,
326-355.

106) Worobey M, Holmes EC (1999) Evolutionary
aspects of recombination in RNA viruses.
Journal of General Virology, 80, 2535-2543.

107)Worobey M, Holmes EC (2001) Homologous
recombination in GB virus C/hepatitis G
virus. Molecular Biology and Evolution, 18,
254-261.

108)Wu HW, Lin SS, Chen KC, Yeh SD, Chua NH

(2009) Discriminating mutations of HC-
Pro of Zucchini yellow mosaic virus with
differential effects on small RNA
pathways involved in viral pathogenicity

and symptom development. Molecular



KEOY v HA4EY 74NV ADPREMEHEE L §5HY 4V AR T 5%

Plant-Microbe Interactions, 23, 17-28.

109) Yamasaki S, Sakai J, Kamisoyama S, Goto H,
Okuda M, Hanada K (2009) Control of russet
crack disease in sweetpotato plants using a
protective mild strain of Sweet potato
Ffeathery mottle virus. Plant Disease, 93,
190-194.

110) Yamasaki S, Sakai J, Fuji S, Kamisoyama S,
Emoto K, Ohshima K, Hanada K (2010)
Comparisons among isolates of Sweet potato

feathery mottle virus using complete
genomic RNA sequences. Archives of
Virology, 155, 795-800.

111)Yambao MLM, Yagihashi H, Sekiguchi H,
Sekiguchi T, Sasaki T, Sato M, Atsumi G,
Tacahashi Y, Nakahara KS, Uyeda I (2008)
Point mutations in helper component protease
of clover yellow vein virus are associated
with the attenuation of RNA-silencing
suppression activity and symptom expression
in broad bean. Archives of Virology, 153,
105-115.

112)Yeh SD, Gonsalves D (1984) Evaluation of
induced mutants of papaya ringspot virus for

control by cross protection. Phytopathology,
74, 1086-1091.



_68_

Summary
Studies of the
populations of plant viruses are important for

genetic structure of
understanding the evolution of virus. Potato
virus ¥ (PVY) is the type member of the genus
Potyvirus in the family Potyviridae, and it
induces severe damage for potato production all
over the world. PVY isolates have been

categorized into several distinct strain
groups based on symptoms induced in indicator
plants, on serological responses and genome
structures. The PVY’, PVY® and PVY® are well
established three PVY strain groups. Recently
two new strains belonged to PVY® strain group
have been isolated and named, PVY"™ and PVY¥¥,
Some of these strain isolates cause potato
tuber necrotic ringspot disease (PTNRD). In
earlier study, the genetic structures of
populations of some potyviruses have been
reported, however those of PVY are largely
unknown. In this study, ten isolates of PVY"
strain group (PVY" and PVY"™ strain) and ten
isolates of PVY° strain were collected in Japan
and the genetic structures of the populations
were analysed together with the PVY populations
from Europe and North America.

The genetic structures of PVY" strain group
showed that there were two subpopulations in
the North American, European populations and
Japanese populations. On the other hand, the
genetic structure of PVY® strain group showed
that there were four and two subpopulations in
the North American and European populations,
whereas Japanese populations were comprised of
three subpopulations. Many PVY' strain group
isolates were multiple recombinants of PVY® and
PVY" sequence parents whereas all the PVY°
strain isolates were non—recombinants in all
three populations. Studies on nucleotide
diversities of populations and phylogenetic
relationships of the isolates showed that
Japanese PVY populations were in part distinct
from the

European and North American

populations
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The attenuated mutants of PVY"" strain
isolate have not been reported. In this study,
NIND6 isolate of a PVY"™ strain which induces
veinal necrosis in tobacco was used for
producing attenuated mutants. A total of 16
attenuated mutants were obtained from host
infected with NTND6, not only by traditional
methods of nitrous acid and low temperature
treatments, but also by a novel method called
the “mutagenesis-in-tissue culture method” .
The attenuated mutants showed only faint or no
symptoms on tobacco. Nucleotide and amino acid
sequences of the genomes of the attenuated
mutants were compared with those parental
severe isolates. Many non-synonymous
changeswere found in the helper—component
protease protein (HC-Pro) encoding region of
most of the attenuated mutants. The results
indicated that HC-Pro encoding regions might
be important for viral attenuation.
Furthermore, the cross—protective abilities
of the attenuated mutants obtained in this
study were evaluated. Some mutants were
effective in cross—protection against the

original severe isolate NTNDG6.
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Color Figure

(A) Severe veinal necrosis symptoms induced by Potato virus ¥ (PVY) tobacco veinal necrosis
strain group (PVY") in tobacco. (B) Vein clearing and mottle symptoms induced by PVY ordinary
strain group (PVY") in tobacco cv. Xanthi nc. (C) Severe veinal necrosis symptoms induced
by PVY tuber necrosis strain (PVY™) in tobacco cv. Xanthi nc. (D) Necrotic spot symptoms
induced by PVY? in potato cv. Nishiyutaka. (E) Local lesions induced by PVY" in Chenopodium
amaranticolor. (F) Severe veinal necrosis symptoms induced by PYY"™ in potato cv. Nishiyutaka.
(G) Tuber symptoms in potato cv. Nishiyutaka induced by PVY"™,
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