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A NADA TN PG A INARTA XY A )L AT E T, FERO
T FUEEICRARTH D728, R RECILBER IS B9 2 FE 23K 1189
IZHFZE ST D, —EM T A VA TIE T A L AJFELBRE L CIRBUYERE S O
BRICZ DX D BRFRENMETHLA, LAEHDNADY = =T A LAFDOY
ANVAFEIR EITHIENIR TN D, £ 2 TARBIE T, RIEMEOEERE L T
WRWT 7 T T RMEMIC R T 5K 8kh D 2 REEDNA 2 Ffoh U 7 5 U —E Y
A7 AR (CaMV) &#19.8kb D 1L ARB{RNA ZFf O 7P A VEF A 7 D
A LA (TUMV) ZHY EF, [ A L 2 ORI R EE & HEEOR IS O W THREKT L
77

CaMV [Z2oWTix, ¥V v ¥, 47, MaBIlOHARMND 67 bk z i
LT MEEZRER, EBREIERY| T — &2 X— 28I Tnd 9 o
HERR DR FERL S & BT 76 Btk W ToH LRI ifr L7, £< o
CaMV 7/ LTHH Z SNE G880 DAL= 728, #AHE 2 (K ZBRE CaMV £ Dk
Ll EE, FRRIREE R J OSSR PR 22— 2 fE LT, A—T7 ) —F
4 77 L—2 (ORFs) IV & ORF VI fHIl D 7y ALy 72 bl 2> &, i AR X
I DGR EE L 2R o T Z E RO MNIRY, RN AR Y
A NVAEMITHEEREEC LV b LTz 4 TV —T D GEET D2 ERBD LI
72, ORFs -V 35 J. Y ORF VI Ik O ¥ FE B i FE 13 2 240 1.71 35 K 0°5.81x10
HERAIAE E I ST, 2 OfE% Ml CaMV £ ORRIREZHEET 5 &,
B & B % B DD B 400-500 FFERIIC /G L, BIFEO—F o7 Kl
HEIZASIER > TWD EEB X b, FIoRBHBIERMBHT NG, hralk
ZOEBEFEE, FAEARBLIOT AU BBV T H BB FIREINEE TS
ZEDBH LN T,

TUMV IZ2WTiE, A=A M7V T7BLVP=a—Y—TF 2 Kb 32 k%
BRE LT /) MEGEZIER, EREERYT —Z X=X 8K I TV 5 197

SYBERR OHEIERLY & BT 229 BERRICOW TR L7, < @ TuMV 7/
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LR Z AL ANERD BTz T2 8, R Z AL DD 720 3 BB T [~V —RK
n7aT T —8H N7 E (helper-component protease; HC-Pro)*, % 3 % > /X7
'E (third protein; P3)* I L OEHNEI AR D # /37 F (NIb)*)] O—EBaEE %2 M
WT o LRIRNT 24T o 72, W [E D BERR ORI X RTINS, AW T2

C 11 AR ARTUDSTR D DAL, £ D 5 B LAz AR 3 E [# T A LT e s,
W EOBICEMITR > TRV, /a3 —my T VT REEOEH & b R
2 Tz, A AGHEGER I EDSWTRET L7, HC-Pro*, P3* &5 KT8 Nib*
BB T IR ORI EHOEE (X2 Eh, 1.47,1.35, 1.30x10* HELAHNAL/AE & B
Sh, 80 FANIIT—r vy "B EICIRAL, basal-B2 75 7Rt 7 7 /—
71 world-B2 ° world-B3 %7 7 /L— 7 X 0 IRl E~ERA L TE 7o & A
bz,

PLEDHRERN D, AROIFEE, 77 7 TREMICEGS 5 CaMV & TuMV DRf
RS LB 2 1D T BT L, WU A VAT ) NI TR % FF
DI L, FRENTNDOTANATREDOFEROELSNHOBENZEME L T
EELTEEZEZHLNI LT,
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The timescales and migration routes of animal viruses including Influenza virus
and Human immunodeficiency virus have frequently been studied for the vaccine
production. In contrast, although these studies are necessary for viral disease control
and virus-resistant plant production, only a few studies were reported for
single-stranded (ss) DNA plant virus species in the family Geminiviridae. In this study;,
the timescales and migration routes of two viruses infecting Brassicaceae plants were
assessed; Cauliflower mosaic virus (CaMV) which contains a circular double-stranded
DNA molecule of 8kb and Turnip mosaic virus (TuMV) which contains ss RNA
molecule of 9.8kb.

To assess the timescale and migration routes of CaMV, sixty-seven isolates of
CaMV were collected in Greece, Iran, Turkey and Japan. The genomes were sequenced
and nine sequences from the international nucleotide sequence databases were also used
in the subsequent analyses. Recombination was a common feature of CaMV evolution,
and the open-reading frames (ORFs) I-V had a different evolutionary history from ORF
VI. The two ORFs evolved at rates between 1.71 and 5.81x10™ substitutions/site/year,
similar to those of viruses with RNA or ss DNA genomes. The phylogenetic analyses
showed four geographically confined lineages. CaMV probably spread from a single
population to other parts of the world around 400-500 years ago, and is now widely
distributed among Eurasian countries. The results revealed that the evidence of frequent
gene flow between populations in Turkey and its neighboring countries, and also
revealed that gene flow between Japan and USA.

To assess the timescale and migration routes of TuMV, thirty-two isolates of
TuMV were collected in Australia and in New Zealand. The genomic sequences
together with 197 isolates from the international nucleotide sequence databases were
analysed. Eleven recombination type patterns were found in the genomes of the

Australian and New Zealand isolates, and all were novel. Only one recombination type
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pattern was found in both countries. Australian and New Zealand populations were
genetically different, and were different from the European and Asian populations. The
three non-recombinogenic (HC-Pro*, P3* and NIb*) regions were used for Bayesian
coalescent analyses. The substitution rates of HC-Pro*, P3* and NIb* regions were 1.47,
1.35, 1.30x10™* substitution/site/year respectively, and TuMV probably started to
migrate from Europe to Australia and New Zealand more than 80 years ago. The
basal-B2 subpopulations of the two countries seen in phylogenetic trees seemed to be
older than those of the world-B2 and B3 populations.

This study reports the first assessment of the timescales and migration routes of
CaMV and TuMV. Both virus genomes had similar evolutionary rates and the
timescales of two viruses correlated well with the history of agriculture development

and human migration to both countries.
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A OHEAEFE TE ORFFIRE (@ & o LIZFER) 27/ LG HRH»
SHEE T 20 FHE L VO BEDER 20TV D, milt, RFFERE ORI
Mz, JEEGRE BRHTA R Ea—2 Y 7 =7 RS TND
4 A E TSR Z2EEY TR K OE R TR R E O 23T o, o
AL OIEFH 3 59N 72 > CT& 7= (Drummond et al., 2012; Duchéne et al., 2014;
Ho & Duchéne, 2014), =0 TH & Y oiF b MBI LTI, Darwin (1871) 25 A
Fld oMz RO LR Lo X 5 IR RO RA], & 25\ Tzl LAl
MBEZEDON—VICEALTEL OFEmNZhbINTE L, BUETIE, BHAED
AL T 7Y e Lo e OO EE AR SRS TUV D (Eriksson &
Manica, 2012; Malaspinas et al., 2016; Timmernann & Friedrich, 2016),

A NADORFRREICET D bR L TS, OB E LT, VAL

AV IAh AW & bl U, R E RO T <, 1 AR 72 0 oERY A 7 L3
W, BEPMERLLTL, 27 LRPEWEOIZT / LRI HTH
TN EBRBETOND, BT AL A TIIHRE R TOREN K S, Fi
A NVAKRE/ZGRT NI & IR DD 7 ) DMEBRPEDT <,
INOIEHRESE L LI FESANRIMENHES N TWD, BT A L A0
FCTHANBHICERRYEZ L LTS E MEERET A /LA (Human
immunodeficiency virus; HIV), 7> 27 7 A JL A (Dengue virus ; DENV) & %\ M3A
YN T A LA (Influenzavirus) & HOIIHFIER 2 S TERY, Zib Y
A VA D RER R SCPEHGRR IS A3 B 5 22 7= (Korber et al., 2000; Lemey et al.,
2003; Twiddy et al., 2003; Bahl et al., 2013; Sun & Meng, 2013), Z i1 5 DOFEFRN
EhEFLE LEBEEOBIIN Y AV AORALREICKRE S BET S Z L2
SN TS, RKIETIE, A7V P UL LRERLE LT, TO
RIRT 7 DAFHORIAEL D © Y 77 — 2 92 B E O AT O ME L O U 2 B
BT TR, REDOENLDVI 2 b— 3 v F L TLY ERfERAETEICH
T HHFFE LI HILTE TV 5 (Chao et al., 2010; Ahn et al., 2014; Guo et al.,
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2015),

BAEZ b O A NV APER L, BEEEICBONTREREELE X TV,
ZND U A NAIEOREILR P T2, U A L A DOERLARE D FLAERY
IRWFGEN R AR T 5, fili 7 A /LA L LTI, Rice yellow mottle virus (RYMV),
k< L EER T ()L A (Tomato yellow leaf curl virus; TYLCV), Maize streak
virus (MSV) = L CH 7 WA 7 A /LA (Turnip mosaic virus; TuMV) 72 &
H BRI &> 2\ M HIBRASE T O B R R SRR B 2 FZE s D 5TV %
(Ohshima et al., 2002; Tomimura et al. 2003, 2004; Tan et al., 2004; Tomitaka &
Ohshima 2006; Lefeuvre et al., 2010; Monjane et al., 2011; Kraberger et al., 2013;
Nguyen et al., 2013ab), Z iU HHFFENOREY D A L A OHBER /340, JEHIREESO
LHBCREE DN S, FIREH O BB R EEOERS, YA L AD
BENZOWTORANE BN, HEYPIES Y A NV ZADBERICKE S HRT 5 Z
EDRHFEINT WD, MU ANV ADEREMEZIIET D2 L1X, VAL
A2 LIEEDOHBEAEL T A )V AD R B IL 2 BEfR$ 2 L THETH D
(Garcia-Arenal et al., 2001; Gibbs et al., 2008a; Gibbs & Ohshima, 2010), 4 H Tt
SH 72 A R SRR O W NN ER AV L TR Y, MU A VA Z ETIRIR
ROZARIENEZME - £k L& Tuw% (Cameron et al., 2016; Fuehrer et al.,
2016; Thompson et al., 2016), 4% & Z OMAITHE< & A B, JHEIERDR A DK
NI A L, TR D O REEST B B OROKTZ T TR <, PR RE
Bt BIfR e < i < O MU DA S AL DG G 72 BT K DRI IR R A D
DI 5 Z LN FREND, T L0 HERBEL TOWFER 7290 AR D i
WAEBUATI RO D & 912720, WOIEB LIZD) & 9 IR 0 B LR
PES B2 ORI R 27 BT 50BN H D,

ZTAMZETIET 77 TR G 2 7 ) AHEED R D 2 RO U A
VA, 2 K8 DNA %75 ) KZFEHO Y 77 U —FH A 7 7 A L A(Cauliflower
mosaic virus; CaMV) B LV 1 K8 RNA % 7/ LIZEFD TUMV O 2 Fi T A /LA
ZONWT, THHLEMORRREZAET L, EOX IR L%
WO L AL Lic, MUANADT 7 DGR A HITEH O E B 4 HEE
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%, ORI R EHEE I X OIEEGRR R 217\, U A VR Tno) TE
ZInBEZA IEB LD EHFHE LT, CaMV 22\ TiX, BAR, 17,
FUTYBLOMLrans CaMV HRIERZ 2327 7 7 TRz EL, ©
NWONBER DT ) D 2 RIS ER, FEMREMIT 21TV, CaMV 28
ED XD REMMNED X S IR ML L 72D NnEZLE LTz, TuMV (25
W, 7 =THHIMNETAIAI—A NV TEBLIR==2—Y—F 2 N
5 TuMV BEREZ 2T 27 7 7 T RMEM A TRE L, &7 MEEZIER, W
D, FOXIBRETHETHL ZNDLDELIZ TUMV BMEALIZDD, KEfH
RIEZENT LTz, EHICZRORRE B TEOBIE DO BRI E 4D
FHEE BB L, R COHIREEIC O W TER LT,



V. #FFESE

1. UA NV ZADOKRFH R E I X UYL

A BT A LA

B RNA U A VA FERPIC 2 T —Z2IET 5L FF > TB 6T, mWEl
BCERKEZELZEDNALNTEY, mWEBHIZEEMEL £ (Vignuzzi et al.,
2006), < DEARHIZHRMEIIE EORE LV iy, AR 2 EA5 T 5 2

CIWZHFHE L, VANVADEFEIRICRELSEET L, VANV ATHEITEDOREE
TbHHA, FM - Y ANV LORILHEFITESNTE Y, Hric/emRrt
AT 8 D VT U728 E03 041 LT D MBI S L TRl 2 ff o S 7
WE DT BHENRDH D (Vignuzzi et al., 2006), =i FE THFH#LAOFZEN =
BT A VA DR JENEEGCA R A M O BEARIE, HELRY I B D L AL D E
Zfi#A L C & 7= (Fariaetal., 2014; Gire et al., 2014; Monne et al., 2014),

oy FHEACHIRTFEINE A TN D T A LA E LT HIV 238 %, HIV 13 1983 £E(Z4)
DTHEA S, MRRFEIT I EEZ L, £/ 110 AL EDO AmEE s TH
% (Sayetal, 2014), HIVIZL b A VAL b oA L A@REICESN,
ZDT7 7 AT 7.0-8.0x10° (BEHL/ERNLIAE) OFEWIEIRERE 2 FFL, v N7
L EREICHAENTT oA VAL L D, £ L TH D OERBIR 2
2-10 M & FEHICER <, b b CDA Mgz a4 o Az Ffo, U ko Xk

(DT A NA L TMRD TRRDMWE LS LD, HIV OiREIIREE
WD, U7 FUBBERENTWD, O, BIRHIZERIED A 1 = X 5 L
ROBRMEBEZWAL NPT L2201 0 FEAIEZHEFRICEETH D
(Maldarelli et al., 2013),

HIV ([ ZME G E OV 1R N5 2 DOFEERIITHSH 1 8 (HIV-1)
BEIOV2 B (HIV-2) (2430 6, B TR icmiT L, &7 70 Dk
DIRE S L7 il TR A LT % (Barin et al., 1985; Clavel et al., 1986; Kuiken et
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al., 1999; Reeves & Doms, 2002), HIV-1 35 ZX TN HIV-2 O FERLY %2 Y L5 A4
7 A JL A (Simian immunodeficiency virus; SIV) O EEEIS & Hrlik L 7= 45 5, HIV-1
ETTF R =no SN D SIV EBRIIZITR, HIV-2 ITEREO~ T 7%
A—=T 4= U HRA DEFEESND SIV EBIEMICTZR Th -T2, £
HIV O 2 FEIARII 200 SIVICH R T2 L EZ 6N TWVD, 1 BT 4 >DRR 5
JNV—7"(M, O, NBXOP) (25731 5115 (Keele et al., 2006; Heuverswyn et al.,
2007), A HFIZHFHIT L TWHD HIVIZHIV-I O Z v —7 MIZJE L TR Y (Vidal et
al., 2000; Kalish et al., 2004), K7 N —7 DR ED Z L2k v, U7 F B
ROVEFIECERDH LWV R EZBR NS AR H Y, Fo v P—nbE b
W% L TR L 7= SIV SR & 35 2 B3 CE 7= (Gilbert et al.,, 2007; Hemelaar et
al., 2011), HIV & SIV QRS DT — & %G o T Rt RE O 34 H i
THY, SIV & HIV-L 3B KO HIV-2 1ZZ 120K 294-666 4, 76-228 fFEHITIC 57
L7z L H#EE S 7= (Wertheim & Worobey, 2009), & B LN HIV OBEINS
HIV-1 D 7 v—7" M OYLEOIESL 2504 L7 fER, SIV Ok b~ gL
< & 13 [EdH 72238, 1909 4E) 5 1930 D], = IRFELFEO EHF
VA HTRUT I vy (MRBRIEIT) BEAEL, ENBBHED HIV-1 O 7 Lv—
TMIZER ST EEZ LTS, £ LT, 1930 4-1950 FF D], Fr i v
MOBETHOLEEZBLTE FOBEIND Y, £INbEEN 2 TRE
HHREAE L, WO CEEZ#T 257 7 U BEEEICIEDR 72 & ST\ % (Faria et
al., 2014), Z @ X 5 ITFERHIEESCPLARIE OFATIZ LV, HIV-1 OELDFE )
HOMNIR->TETEY, ZAOLMAITRNRIBFRIEORELE L Znnb
Doy FHEFHIFFRIRDNCERT D B2 oD,

AV TNVEFTA NN I T I TA VARSI, EDT ) A
T~ AT AR LKRERNA D8 RHiNLR D5 T/ LEkE LT 5 (King
etal,, 2012), & v XV BB IO~ M v 7 2 Z X7 EOHURMEDEWZ LD
A BEBIXOCHEODOIMMIIDEIND, BAALIZEHE A TV Py A )L
ADPURMEIIRE X VXV EThHH~~ I NVTF =2 HA) B/ A4 73I=4
—F (NA) ICEVIREESND, A 7N P70 ALE OHIFEMENRE ST
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BT Db, EEORENSLHIIEN, FHAWTELBESL, W7
BT CABICEZ R ELHZTWD, £, A 7NV A L ZDOHIR
PES 7 FDAD=ANE L TEEFHEENETOND, M), 7X4EBLTE
FDOTANAR TR E B TEESOTIZIE, TOHREENZE TAET
WAITLTWEbDEIIRESERLZEONRHY, HBLLIZ Y A NV RITRFZ N
FIv I ERBIFERIT, NEIZ3IEDONRUFT I v 7 28R L7= (Simonsen et al.,
2013), 1918 4E0 HINL 77 A /L AT K % Ao L @S, 1957 4E0D H2N2 7 A /L A
2k 27 TR, 1968 D HIN2 U A VALK DFEWER CTH D, 7VTH
L OFEEIRITOBRICOBE SN ZA > 7V T4 LA, B hBIO
VA IV TANAZHK LT ) AP OER SN FESKRTHD Z
EMHBNIIe > T D, 1957 FIT0HES IR TIE HA, NA B LT PBL
B Ry G a— KT 5BE 7%, 1968 FDRM TIXHABLUPBL # v /X7
Hxa— T 58EFZ NI HRXVANVANLERLEEZ ATV
(Laver & Webster, 1973; Scholtissek et al., 1978; Kawaoka et al., 1989), —J7 Bl { >
TNZ P TANAFEERRONATEY, THLEEAC T Iy ZidRI SR
VAR, MBI 2R 0RA TR & R 2

A TNVEFTAIVARFTITT HI2NCZE D T A VAR ERERT S D
TOTANAMEED LD b D LA S (Holmes, 2009), & D W A L ALA D
SIXY 7 DMEREGD Z LN TE D, HIEBHEL L U A VAR Gy LT R
DBEMRMEDN S A TN T A VAN —EORE THEL L TETWVDH I LN
R XL CH Y (Hayashida et al., 1985), 1 > 7 LT oA L A XIEIE 50
LD RS > THEAL LTz, Z Dby FHE 2 Wt " aH Th 5,
2013 B HETE MIBWTHEFIFIICIEAEL TWD HIN9 U A 71>
YT A A N VITIHRREETH S, B MIx L TEREETH 5720,
FRZE B EOAEFEBIGIZB W THEM TO U A VA DIFEIT K E M8 & 7
S TS, RBYUA VAT THERFEIHICIA LB LD, UA LRI
RLTEZBEOIRNNHUR TOBE L AZT-ZEENLHED LWL ESTEO
FENTOFK E LTHE SN TW5 (Lametal., 2015), % L T H7N9 (% H5N1
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BEORHIN2 FU A TNz P AR LR XD ICEEEZ B R TR
TOIEMNE X 5 AfHEME bR STV 5 (Gao et al., 2013; Wang et al., 2014),
FLMIA TN OANZOENZ BT LVWFELERINTE
0 T8 ERERAY 72 v — T VIR (host-specific local clock) &7 /v] TlX, #x7g
fEERMIT &I, MO T AV A5 FHEEE 2 HOA 2, BT 21T - 72
(Worobey et al., 2014), 4%/ LEICIO72 5 — 8B L7 (B D23 & )22 78
D, U= HINT UA VAN Y BREROUIRFIEREIC HT2 Y, ThbORED
Mm@t e’ 19 A ICTF/E L7 (Taoetal., 2015), £7-8 RO U A 7>z
POANZARMITEIS, ZDF ) DEROKI IR 1918 FDON LTIy 7 vA
VAN H L, 3L ITMATIC 1963 FEIZ U~ R TRIEAT L 72 HIN8 RATIZ b 3
H.L7= (Gilbert et al., 2014),

A TNT P TANACELTE, @EOHAT, WARSIOZE R XU
JRHEDZEAL DGR Z 0B BT 2 KR D U A v 2 DR AN 2 T
T5HZEHRAAHIN TS (Chaoetal., 2010; Ahn et al., 2014; Guo et al., 2015),

B. #H¥ U A /LA

BT A NV AIHA, FE T A VAT EERR 2 R AE L T DB D ATz,
5 FELRIEIT 24T 5 7o IR B E O O 5Bk 2 2 < HED 5 Z LIFIEFIC
WEETH D (KK, 2012), £DHFTHEONOREY) W A /L A2 L TIIMFEEH]

BHED K B AL, 5 A O S BERE 2 W 7o BT 23T 4072 (Ohshima et al.,
2002; Ohshima et al., 2007; Lefeuvre et al., 2010; Nguyen et al., 2013a),

TYLCV (%1964 4-I2A AT /L TIIAID THRE S TLLK, AR HCHERS
Sh, BEOEL, HE, BRREOFEAGI I b~ FIEER O BB
ThHO, B b~ MIREefiEL 5 2 T2 (Cohen & Harpaz, 1964; Antignus
& Cohen, 1994; Pico et al., 1996), TYLCV [IV = I =T A L ARRITE T A LA

SN, WO RRTHL X NaaF v T T Lo THREMIZEIT
SND, At E TIEAEERA - JEIEM O ERR E B 2 b TW e, #3a
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aF U7 IRNTOMEGE R S 7= (Pakkianathan et al., 2015), £7- b~ hiZ

BT DAY RE IS4, VA NVAGRFE T ORI ANKT A )L 2 OHFE
WATIZEE G- LT 5 (Kil etal., 2016), A A /L A 13l H 13589 2,800 M2 570> B HERK
SNLHHE—ORIR 1 A8 DNA 257 5L LTROMN, 7 AU I KRk
TYLCV X2 2DEIR L ARSI DNA % 7 / & L THD (Kheyr-Pour et al., 1992;
Navot et al., 1991; Abhary et al., 2007; Diaz-Pendon et al., 2010), TYLCV (Z1% 7 &#E
DIFET DN, AV RREB LA 2T )V R/FIT R FIZHEB L T 523,
T OMD 5 RiLiTA T ENDO A THEGR SN TV D, oFhFatZ W TZfigfric
LV, KTA VAT 1980 FRUTHHRHIL T~ A )L RRH L A AT )L RHLDFHE
AL, TORBREBEFEEICILA Y, TA VKRR, I—m o, BT U7 7REH
RAHITHEEL L= 2 EH ST 72 > 7= (Duffy & Holmes, 2007; 2008; Lefeuvre
et al., 2010; Mabvakure et al., 2016), <& L T Z U5 OILHI X HRIFAEY) OB B C1E
FOX NS VT IOIEEREFG LD EEZ BT (Gorovits et al. 2014;
Seal et al., 2006), —HDOWFFEIZ, FeBRIT T A VA DOHEFHIER Z fEHT LI S 2>

AU, Y DNA U A )V A D RAEHBLFE) « 53 P AR EDE T /L r— A D
1oL o5TWN5D,

RYMV (3 1966 4127 =7 THID THRAENRE S TLUKR, 4 20385 ST
WBT 7V DIEE A EDEX TIRAENED B, FHErk L OB AA R OMIC
A FRHEE CH IR RO Sz (Aboetal., 1998), RYMV (X7 k7 71 L
AR Y RETANABITHFAI I, K 4500 HENORER SIS 7T A 1 A
RNA % £f> (Fauquet et al., 2005), RYMV [l - 5 EMRRE SN TEY, vA
v ZEEH OB SHEE D ELIAKER ST W S 70, R B PR 22 pF RIS
W77 A/VAToH% (Abubakar etal., 2003), 7 7 U I 5&E > HEEE L7Z RYMV
320 ZyHERR T 14 S BiEkk o i ELRL S & W T R REZ O 225, RYMV D
RHUIRT 7 U B bHEE S, 2206l T 7 U A ~rx 2K LT (Fargette
et al, 2004), 77 VU 11 HENHEE LT RYMVAO 3Bk O 2 3 7 8
(coat protein; CP) Z H W\ 7 Rt 2 6, 2D BRI RE < 2 7 v —7
23, F7N—TITRT 7V B LW - T 7 U T pEO Sy EERR TR
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ShTEY, R7 7 U BEREFE - L7 7 U BEH I SBEEICEERTH
-7z (Abubakar et al., 2003), =D 7=, W7 7 U HEMDF B HWEMTHDH Z
EMHEER S L7z (Pinel-Galzi et al., 2009), & 7= i JLE51, ORF1, ORF2a, ORF2b
B LW ORF IV & W25, RYMV ORISR D & 272 2 (b
JETH#EAL L TETWVWD Z EMN/RIB S L7z (Fargette et al., 2008; Pinel-Galzi et al.,
2009), =T 7 U F1 16 I [EH HEEE LTe 253 SRR DM & o N E B IR T
% H 72 RYMV O3 IEERHAEE S, RYMV O HEBLEKI 200 i1 CTH Y, HEL
DERJREKNIT 7 U T TA RAIEDIEN o 72 2 LI L0 BB o &k E5 1 =8
TANA R L TDDE AL R E DM MR N L < Rolo 2 L RHEER S
N, A FOFFALEHEDTZ Z & RYMV OO K E 72 i) TIX2ninsg s
z b,

2. W) 70—V A7 T A)LA

A. EWERIEE

CaMV [ZHERRTIEL A 2L T T T AVBINEET AT 77 Lvie
R EBBTEDT 7T LU Lo THRBRINSBIR S 1L, THEERE TES IR
FeF D2 MbNTEY, A aROLEITR, £z CaMV [FHliE - &
Hr7e EMHR NI AT H XTI v 7R A VA THY (Tomlinson, 1987),
ZOEERMIIEILT 7T TREMIZR O 57, T AREW I &G Lo s
bt & 5 (Shepherd, 1981)., 77 7 FFHEMII NESLEMIC & - TIRFICEE
E CHERS - THEE SN TRY, Ml —F 7 HNEFEEEX DN TND
(Crisp, 1995; Hemingway, 1995; Hodgkin, 1995; MacNaughton, 1995ab), % < DY
TANRINT 7T FTRHEMITEGET 505, KR TuMV, 2D VeV A7 A
JL A (Cucumber mosaic virus, CMV) & LT CaMV BRI EL H7-H LT
%o

13



B. kit L7/ M

CaMV [ZEM T A LV AD A~/ R A LR L RIFRICHER G RER A FF D,
W TRNA 204555 L ha A LATHS (Kingetal., 2012), CaMV D ™7
A IVARLAATIT = R =T e <, EAR 52 nm DIE 20 RO D T R Z v
NIEMBRKD (Fig. 1), 7A AL 7 JITK 8,000 HhEkfo 2 A8HEDk DNA
ThHY, TTABU A - A F AU AT v v TRIFEET D, ZDOF
Y v AR E OMBRE AR IZBRICAE L, 6 EMRICEGLE, BEInS, CaMV
A FTAEAEHDNA BIZIXTEOFR CMEDOA =T V=T 4 77 L— L4
(ORF) 23 | 7°5 VIl £ TH Y, ORFs V-VI fEIH & ORFs VI-VII fEB R IC 137
NZ ) 150 & 700 HEE e OIEFHERBIR S FAES D, 4 ORFIISBEITMIL L T
Wb, BHDHWVIEIEEET D ORF &4 —1—F v 7 LCTW% (Tang & Leisner,
1998), CaMV DNA 725X 35S 53 X1V 19S @ 2 fiFHD RNA DB X b, Zi
HORNAITRN 270 E—F—TH5H3BS 7T RE—F—BLV19S T rE—H
—% &%, ORFs |-V 3 X ORF VII 1 35SRNA, ORF VI 1% 19SRNA & FliR
=5 (Fig. 2),

ORF | (first protein; P1) IZffafii&4T % > X7 &, ORF Il (second protein; P2)
F L OV ORF NI (third protein; P3) (X7 7 7 A2 X 2B 5345, ORF IV
(fourth protein; P4) (X CP %# =— R L, ORFV (fifth protein; P5) (XS iR E R, 7
ANRT X777 —ER LW RNaseH #=2— R LT\ 5, ORF VI (sixth
protein; P6) IIE AKDREE X N7 BHa—RNL, oZ 37 BREO
transactivator & L CfJ<, ORF VIl I — RENDHX N7 EFIZRMTH 5
(Haas et al., 2002), ZAL5H DX 8V B Ik A IpRE 2 Ff> TV, PLIXBEES
L fE~ CaMV R - BATT D 7= DI ETH 5 (Parbal etal., 1993), F7=, P1
D C RIGFEI & B < fHIIE PL 2N T XETF 2~ —Z ITRTE L, CaMV D BEEEHH
NA~OBATHZESIELHTOIMETH S (Huang etal., 2001), P2 L7 7 7 L
BWRIZRE G- L, v A VZAOERIZITNT L MLETIEZRVY (Armour et al., 1983),
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Fig. 1. Electron micrograph of Cauliflower mosic virus virions (Haas et al., 2002).
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Fig. 2. Genome map of Cauliflower mosaic virus. Thin lines represent the
double-stranded circular DNA (8 kbp) with sequence discontinuitied (A1-3). Major
ORFs shown by coloured arrows code for the cell-to-cell movement protein (1),
aphid transmission factors (11 and I1l), the precursor of the capsid proteins (I1V),
the precursor of aspartic proteinase, reverse transcriptase and RNase H (V), and an
inclusion body protein/translational transactivator (\V1). The solid black lines of the
inner circle are the long and small intergenic regions which contain the 35S and
19S promoters, respectively. The two external arrowed lines correspond the 35S
and 19S RNAs.
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P2 1X[F CHIRAPNIZAFAE S Hihod P2 & 5 ME P3 EMHEMEA L, P2-P2 5\
P2-P3 AR ZIERT D, P3IL P2 L[FAERIZT 7T L UAGHRICEE G L, £D N R
B LN C RIIE VA NV ADOREEYICEE & E %2 573 (Jacquot et al.,
1998), £7- P3 X7 7 7 LAVIEBEIR SN HEED CaMV OFEREIZ b 8% 5. 2 T
W% (Lehetal., 2000), P4 X CP OHIEMATH Y, CRumfEKICT nEy 7%
ZFTHE X XU E L 72D (Guerra-Peraza et al., 2000), P5 OEl&IZL
VA NADKBRMREICEET 5B EHAEELTRL, YA NVRT ) AOHER
IZWZETH D (Richert-Poggeler & Shepherd, 1997), F£72 P5 (X7 AT X U~
n7 77—, WHERGEFE KO RNaseH O = 235, P6 (TEYAaNIZ B
TELFET DEBOBIEE Lo T2 X VXV ETH D, BIAKRD LB i »#
YNJE, LT O & X7 BRELO transactivator & L CfEi <, Transactivator
X CaMV &R U v 2 b =v 7 mRNA OFIERTENMEAL, % v ™7 HOLEIE L O
BROMRILICH ST D, —J5T P6 I CaMV OfF E&EPHOIE (Schoelz &
Shepherd, 1988) <CJ&Ys L 72fEM DRI b B % 5 % 5 (Broglio, 1995),
transactivator | X7 A /L AL AR & NV HTHY, CaMV AR Y v X hr =
7 mRNA OFERIEMEAL, & > 7 HOREEB L OEROZRICH 5T 5,
F 7= transactivator ® N Rumfdlks 7 ARMEMZ I 1T DI EELZIRE L TWnWD Z
ENHE STV D (Kobayashi & Hohn, 2004),

C. i1k

ZHET CaMV (BT 20701, JGuing, AT H 5 WL e £
LDTHY, HTEMICBETZIITIEE A SHER L TR, BRI IR E
S5 M ORF VI & A FLEAH 2 W TSt TIEART A U e BRI 1 DD 7
TAR—EBRT D Z EAURIE STV D (Chenault & Melcher, 1993ab, 1994),
F 72 ORF VI & FWT=fiFHT CTIE, A 7 BB HEREE U 7o o3 BiEkk & R EE 4y Bk
ME—D 7 Z AL —IZ/ L, fMOHIEI HRE Lo A T BRI L= 2
T AL —ZH L, CaMV OEMIERIZITAIEE 2 MBI TV % (Farzadfar &
Pourrahim, 2013),
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3 MWTEVA T ET AT TA IR

A. EWERITEE

TUMV 3R T 4 DA NV RABIZGE SN, 77 7 LU Lo TIHFKEMITERE
X35 (Hamlyn, 1953; Shukla et al., 1994; Fauquet et al., 2005), [ Z=1EV<°21EY)
CHAETDHIHERERFTTA VAL LTIE CMV IZRWTTF 7 INTWD
(Tomlinson, 1987; Provvidenti, 1996; Ohshima et al., 2002; Walsh & Jenner, 2002;
Tomimura et al., 2003), fg E#PAN AL, 77 7 FREM EZ D & LTX 7 F
TAYR, Frvaf, FARZRE 43 B 156 & 318 ORI IR L
(Edwardson & Christie, 1991), 77 U1, 77, d3—m v/, 7 =7E XL
OFFAET A U I ot L OMEGE G 2 IR S R RIC R L, BIEY
ICHEEEZ BT LTS, RNT 4 VA NLABOT A VAR5 57
D, L ORSEIZE LTV D (Gibbs & Ohshima, 2010),

B. kifB IO st

RF 4 TANARHIE AL FERA— =T A LR T N—T 1T/ L, T TEHHR
TATANABKRT 4 VA NVABEITH 180 FEO T A NV ANGHER SN D, RT
4 TANAED T AN ADRLFEIE 680~900 nm DJE el L7200k T (Fig. 3),
TIAAEH RNA &7 7 LELTRS, 5 Rnflicidsr/ bfEa 2 w78
(genome linked viral protein; VPg) 23 A HEG L TR Y, 37 RimAlZidkx ek &
DAY APoly A) BHINTFET D, RT 4 VA NVADY ) DT H—O ORF A3
a—REINTEY, ZORIFZNNTEHENLEH 1 22374 (first protein; P1),
I R— Sy T e T T —8 & 7 E (helper-component protease; HC-Pro), 35 K
OEENE AR a #7378 (nuclear inclusion a; Nla) ® 7' =7 7 —EiGMEl
D Faty T EZITTORED 10 O LY X7 ENRET SN
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e —

Fig. 3. Electron micrograph of Turnip mosaic virus virions stained with methylamine
tungstate (Walsh & Jenner, 2002).
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% (Richmann et al., 1992; Urcuqui-Inchima et al., 2001), BiH, AR"T 4 VAN AF
J AT 5 Kyl S P1, HC-Pro, % 3 % > /XZ’& (third protein; P3),
6K # /L b8 1 X oRnrE (6K1), fEIREI AKX )7 (cylindrical
inclusion; Cl), 6K ¥/ k85 2 % /37 'E (6K2), VPg, Nla-Pro, ZWNE AR
b %> /37% (NIb), CP oAk % (Riechmann et al., 1992) (Fig. 4), F7=
P3 E{sFHEM I L T PIPO & PFEZHL D/ S 72 ORF 23-1/+2 A3z
FeAHFEIZ o7 7= (Chung et al., 2008), PIPO /3 =t— R4 % X% 7 /&%, P3
BARFORER D Z R H & ZNRE S D& THidien-1 B\ T
NWTERINDZ N7 EDRG LT P3N-PIPO ¥ /37 B & L THELT 5,
INODZ NI IR 2 I RE A Ff > T\ D, PL BIGTIE, HHEDHZ 3
JED C KiizGWrd 2% Y 7 uesr 7 —BiEEE2E->TEY (Verchot et al.,
1992; Choi et al., 2002), N REmpE il drg FHIRE, JHEEH, MIFEBITICE 5
LTCW5 EHEE STV 5 (Barrett & Rawlings, 2007; Shi et al., 2007; Rohozkova
& Navrétil, 2011), HC-Pro i&f{s1-1%, N ARimfEiki LM T, HoaEikixr 7
T LRI MEIZ B 5 L (Pirone et al., 1983), C KilZH & D Gly-Gly %4
HISISNA VKR AT A a7 T —EBIEMEEZ A LT % (Carrington et al., 1989),
ZOMIZH RNA 1 Loy 7ol (Valli al., 2006; Fuellgrabe et al., 2011),
NI LB E, REBITICES L TW\W5, P3 Ba 11 PL Bis 1 & [Akk
(SRR BT 2D, UANVAOER, B, RIEE, EREUETR S L O
JAMBATICE G4 5 L& 2 5T\ 5b (Shukla et al., 1994; Merits et al., 1998;
Séenz et al., 2000; Dallot et al., 2001; Johansen et al., 2001; Urcuqui-Inchima et al.,
2001; Jenner et al., 2002, 2003; Suehiro et al., 2004; Tan et al., 2005), 6K1 Efx1-IL
RNA EHHEIZEES- L CTW\WD EE 2 B TW\5 (Riechmann et al., 1992; Lin et al.,
2009), Cl & HEHEND Cl & 287 BTG U= fE S o /a1
%) T0kDa D& > /37/Eg L L CRTE L TRRE AL ZZE L (Rojas et al., 1997),
ATPase JEPEL NTP {7 F T dsRNA Z%& X 57 RNA ~VU 7 —EIEME (Lain
etal., 1991), JHJE 11 L IR{EFEBL (Zhang et al., 2009), HIILFBITIZBIE4 %, 6K2
BARFITBUKMET X R FEL, BT A )V ZADORTF R EFERED
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PIPO (-1/+2 frame)
6K1 6K2

P1 |HC-Pro| P3 Cl VP

JL \ 4 VLVL \A4 \ 4 \ 4 A 4

Nla- L Poly (A
Pra | NIb | CP y (A)

(=]

P1 |HC-Pro| P: Cl VPg yr'g NIb | CP
/ /1 PIPO 6K1 Jin . \
/ /71 7 11N W \
’ I VAR \\\ \
Pl |HC-Pro| | P3 Cl H VPg g'r'g- NIb | CP
/ 1 1 PIPO6K1 ' BK2 1 Vo \
/ [ \ 1 v ) \
7 [ \ 1 v \
; I 1 pIPO 6K1 V6K21 \ k \
P1 | |HC-Pro P3 H Cl |:| VPg ’F}'r'g Nlb CP

Fig. 4. Genome maps of Turnip mosaic virus and its encoded protein. Arrows indicate
cleavage sites of polyprotein.
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Bl 24 2 2205, RNA OFERIZEE L TuW% (Riechmann et al., 1992), *
2, 20 K2 B IF VA NVADREBATE LOREBOFHEICLEG L,
U5 OBEREITIE TR TH S (Spetz & Valkonen, 2004), VPg Ei& 11XV A /L
Z RNA @ 5° Rz dA#EA L (Murphy et al., 1990), 5 FHEIC L 5 =% v X
L7 —BEREE LTS/ A RNA 2R L, £72, EHETUA/LAD RNA
BRFER LA EERT 2 2 &0 h, UA L ZAE-OMIC RNA #ERIERE M < 72
DT TA~<—L LTHRIETDEEAOND, VANVARZ NI EHAK, Mg
BT A L ADEIREERSIT (Schaad et al., 1997a; Lellis et al., 2002; Puustinen
et al., 2002; Dunoyer et al., 2004), VA /L AR 7 D%FE (Rajamaki & Valkonen,
2009) ([CHEAG L, ReREVICHE EBEaF 2Rk L, Pt E2RET HERICEE R
#eE % 7= LT\ % (Dunoyer et al., 2004; Moury et al., 2004), Nla-Pro i&fs 71
ERNEIAEK a #a— KL, RUVF U A"\IETawy v 7Olkoorarr—
PiEMEB I OF ) 28885 L CWwW5 (Carrington & Dougherty, 1987;
Carrington et al., 1988; Hajimorad et al., 1996; Tozsér et al., 2005), NIb &= 13N
HAK b Za—RFL, GDD EF—T7&FDOTZDORT 4 UA L AD RNA K17
RNA 7R A Z—E (RdRp) &&x b, #HENEM:ZFF-> (Hajimorad et al., 1996;
Hong & Hurt, 1996), CP E{n1-1%, v A /v Aki+DFEAERK, HHWHNTO AL A
OMIfEMBELT, FIEEEREIT (Doljaetal., 1994, 1995; Rojas et al., 1997; Lopez-Moya
& Pirone, 1998), A LA LT 7T AIREMEICES L T\ 5 (Atreya et al.,
1991),

C. sk

ZIVE T TUMV D43 FIEAGIZ DV THFSEZ 72 £ 41 (Ohshima et al., 2002, 2007),
TSRS E D BEREE L 720 BERR D 53 F L 23T 2 5, TuMV 7 b D 5511tk
{EITIZZESRZE 2 (Mutation) 35 X ON(H#A 2 (Recombination) NEZETH DH Z &,
T BT 4 pF %K v—F , basal-Brassica (basal-B),
basal-Brassica/Raphanus (basal-BR), Asian-Brassica/Raphanus (Asian-BR) ¥ X O}
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world-Brassica (world-B) %> 1% 7V —728 0, Z D4 7 2RTIHIER L 1F21F
—HLTWDHZLAWLMNILTERE, TUMV OREFEMITT —a v 25 b
I —a vy "G THY, 0 OHER) O S, HPRRMREEEL S ) 72
D OMHRBEHIILH L, T OTHE~TIT 77 S @i e, ¥4 ar
JEAE kT 2 R R ME 2 RS L 72 S S Pk L C X 7= (Ohshima et al., 2002;
Tomimura et al., 2003; Tan et al., 2004, Tomimura et al., 2004; Tan et al., 2005;
Tomitaka & Ohshima, 2006; Ohshima et al., 2007; Tomitaka et al., 2007; Korkmaz et al.,
2008; Farzadfar et al., 2009; Ohshima et al., 2010; Nguyen et al., 2013ab), FH#t x KIZ
B U CIIBARR A 2 ERAL 2 FF O 0 BERR SR T U7 OBk T < B bh, —
J7 TR MR A AL T — 1 v ROGERICEZ S L b R 2 D, /T
T ~DRNT AT O Z & TH D (Tomimura et al., 2003), S HIZHET v
DIYBERR 2 NS 7 ) L O—EREENL (P15, 6K2 75 Nla-Pro &fnf £ T
DRI LU CP AR T) OHIALSIZRE L, T b Ay Lo kA 4 1
WTHHIRZ FALICOWTIRA L2 L 25, 2L OB E D/ L BICHHHR
2L A FES THR Y, FFIZPLIB L OVPY B 7122 < AL b iz, [\ AR X (4
BLDSYHERR DS T T JRICRO B To oD, — Bk % 2 fR R U 7 3 BERR 25 TR
TIUTIHER LT EFE 2 BTz (Tan et al., 2004), W7 7 &3 —nm v NG
142 pBER A2 BAE L TIT O I EFEBED N LR T U7 &g —m X
? TuMV FLHITBIEMIZRR 5 2 RS, BEMOTEEIZ TR E R
LTS EHEELS L (Tomimura et al., 2004), £7-7 7' 7 F B2 kY
PeZ R0, A aVBRIZIEE o G2 R S0 A X ZpE UK 1 47
RORYME cDNA 7 m— 2 ZINT, REO X A 2 M - f#RL, 7/ A
IZRD N DERZFE LTCHER, XA 2 OYEYZIE P B FROT
JBEBRPEG L TWD Z ENRIN, TUMV BT 77 FRIEMNO XA 2
JEREY~E IS L C & 722 LR & L7z (Tan et al., 2005; Ohshima et al., 2010;
Gibbs et al., 2015), H1#E A\ RALFIE & FAEO—H g HH4E L - EFHE G
ERRAT 2 H1%, WENZR S5 — OB R IT LT 5 28 —EOERNIX
RipoTEY, FrIZIWNHITIZIWW T basal-BR 43 F Rt 7 /b— 7 DL MM
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2000 =LARRIZ 22 R AT PETR L CTHENL & 72 > T & 7= (Tomitaka & Ohshima, 2007),
ARIBITIBNTIE, TUNHTT & AN i s HER SR U 7o SR HIE s AT 2> A
M RERIZIBW TS basal-BR 43 7R/t 7V — 7 IMEAL R HBAERI TH D Z &
MRS (Tomitaka et al., 2006), 6 72 < L CHIEE N RALFIE O (LR CTHAE
L7c S A AL LTz TUMV 2 Z0BERR 7S basal-BR 231 %ifi 27 /b — 72 &
TLHZLENHRESN, TSI HARESBEK S SWBERIE—EZ R LT
(Wang et al., 2009), kv =dtfEICHBIT HETIE, 77 7T RBIOX M2
JBRE 72 £ T TUMV ORGSR b, &7 SEEZIRE LTz 2 BEIE
J— 7R 2 B KOG X A TH Y, world-B 35 LY Asian-BR 4313t 27
N—TBTHZEBNRENTNT TR T 5D My adfEIZB VT TuMV
DL AT LTS Z ERFIDOTH LM E 72572 (Korkmaz et al., 2008), % 7=
NP A HEREE LT 30 Bk DS ) AEEEDE L, PEZE L THARSEEE
ERMBIEEICHOW TR LR, 26 3 ERIZR W TR T2 w3
Do —F, TVTHESE I—m v SSEEBTIRERFIRENTIZE A LR
HALeAro 72 (Nguyen et al., 2013a), & 7243 1 RMf@iT 70 S 84D Z B
(CIEGE L T2 T A VAN TUMV OEEFERIBRTH 0, 43It &2 VO 7 R
Profik, Zib TuUMV 3R 1,000 FRMICHEBL Lo, & HICHF3EMEY) 215 &
&#énMV@%ﬁ(7ﬁbﬁw—f)D&ﬁ#é?%wz&ﬂMV@%%@
B L TuUMV 73 F R G008 ETORBERON AR SHERIT 2 &, BZH< TuMV
IRAE MDA T B EL LTRY, BElLAE LT 7 7Tl %
ol & Lo B ZERE ) ~ DR R 2 5845 L 7= (Nguyen et al., 2013a), LA OO
I, REOEIAEZRICS 2V (R, 2009; 2012; 2013; 2015ab),
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V. MBhds K OSEBRT1E

1. T A LR
A B T7T530—%Y A7 7 4)LA

HA, 17, XUy BLONMLaT CaMV HIEREZRT XA 2, Fx
XY BION THEW e & &R LT (Table 1, Fig. 5), HAJE JPN-M, JPN-S1,
JPN-S2, JPN-UV1 3 KT8 JPN-UV26 Z7BERRICOWTIRRZEAM R Y — v
7 (MAFF % 5 104018, 104019, 104020, 104021 35 & T* 104022) 7 HHEA L 7=,
TS BERAE 1 7 (GhFE;, TR D) ICEERTR, H—IWBE B & X 3 BT
STt HEDT (W EEIEb0) ICEML CaMV ZEE St b 67
SYBERRICIN 2 CEBSE RSN T — 4 N— A TR RESI N AR S TnWD 9 4y
HERR, S DICHIERLSI O AR S LTV 5 21 kA &8 T, LD FE
BRICHWT,

B. V7V A7 T AR

F—=A IV TEBLP=2—Y—F 2 FT TuMV £RIEIK A 773 Hirschfeldia
incana, Rapistrum rugosum 3 KO0 7hid#7e & 484 L 7= (Table 2, Fig. 6), il
& % Chenopodium quinoa Z MW THE—JREESBELIT > 72, B 7 (5HE; HZ
B V) & 5 X Nicotiana benthamiana (Z82fE L C 32 7y BERE D TuMV % il <
iz, THOOBERICINZ CEBREERYT — # N — 2 TR RS 23 AR &
TS 197 /B A BT, LIBEOERIZHW:,

2. BEEt

CaMV B LT TuMV HiZA— 7 L—7 (mERE) A2 Lz BRI G
W OFE T4 R FR L, 2SR (25°C) CHEARIM A Bk L7z, TRAHE L iR o
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Table 1.

Cauliflower mosaic virus isolates analyzed in this study

Isolate Original host Location (city, district) Year Of. Reference Sequencet_j regton

collection or Accession no.
Asia
China
Xinjing Brassica oleracea -, Xinjiang 1963 Xieetal.,, 1979, Fang et al., 1985 AF140604 (Full)
Iran
Ca-BE39 B. oleracea var. italica -, Esfahan 2004 DQ870913 (partial ORF VI)
Ca-CAz22 B. oleracea var. botrytis Orumiyeh, Azarbayjan-e-Gharbi 2004 Farzadfar et al., 2007 DQ870907 (partial ORF V1)
Ca-CAz26 B. oleracea var. botrytis Orumiyeh, Azarbayjan-e-Gharbi 2004 Farzadfar et al., 2007 DQ870908 (partial ORF V1)
Ca-Cbz10 B. oleracea var. capitata -, Zanjan 2004 DQ870909 (partial ORF VI)
Ca-Chz26 B. oleracea var. capitata -, Zanjan 2004 DQ870911 (partial ORF V1)
Ca-CE1 B. oleracea var. botrytis -, Esfahan 2003 Farzadfar et al., 2007 DQ119041 (partial ORF V1)
Ca-CKh19 B. oleracea var. botrytis -, Khorasan 2004 Farzadfar et al., 2007 DQ870910 (partial ORF VI)
Ca-Csh1l B. oleracea var. botrytis Shiraz, Fars 2003 Farzadfar et al., 2007 DQ119040 (partial ORF V1)
Ca-CQ50 B. oleracea var. botrytis -, Qazvin 2004 Farzadfar et al., 2007 DQ870914 (partial ORF VI)
Ca-CT4 B. oleracea var. botrytis Varamin, Tehran 2004 Farzadfar et al., 2007 DQ870912 (partial ORF VI)
Ca-CT22 B. oleracea var. botrytis Karaj, Tehran 2004 Farzadfar et al., 2007 DQ870915 (partial ORF VI)
Ca-Kh32 B. oleracea var. botrytis -, Khorasan 2004 Farzadfar et al., 2007 EF503597 (partial ORF V1)
Ca-RT66 Raphanus sativus Karaj, Tehran 2004 DQ870918 (partial ORF VI)
Ca-TM65 Brassica rapa Mahallat, Markazi 2005 DQ870917 (partial ORF VI)
Ca-TT56 B. rapa Karaj, Tehran 2004 DQ870919 (partial ORF VI)
Ca-TY61 B. rapa Meybod, Yazd 2004 DQ870916 (partial ORF VI)
HC63 Brassica napus Razan, Hamedan 2012 Farzadfar & Pourrahim, 2013 KF015282 (ORF VI)
HRa4 Raphanus rogusum Hamedan, Hamedan 2012 Farzadfar & Pourrahim, 2013 KF015283 (ORF VI)
IC1 B. napus llam, llam 2012 Farzadfar & Pourrahim, 2013 KF015284 (ORF VI)
IRN1 B. oleracea var. botrytis Uromia, Azarbayjan-e-Gharbi 2003 this study AB863136 (Full)
IRN2 B. oleracea var. botrytis Uromia, Azarbayjan-e-Gharbi 2003 this study AB863137 (Full)
IRN3 B. oleracea var. botrytis -, Qazvin 2003 this study AB863138 (Full)
IRN4 B. oleracea var. botrytis Varamin, Tehran 2003 this study AB863139 (Full)
IRNS Brassica pekinensis Karaj, Tehran 2003 this study AB863140 (Full)
IRN6 B. oleracea var. italica Falavarjan, Esfahan 2003 this study AB863141 (Full)
IRN7 B. oleracea var. botrytis Karaj, Tehran 2004 this study AB863142 (Full)
IRN8 Matthiola sp. Mabhallt, Markazi 2004 this study AB863143 (Full)
IRN9 B. rapa Mabhallat, Markazi 2004 this study AB863144 (Full)
IRN10 R. rugosum Vavan, Tehran 2006 this study AB863145 (Full)
IRN11 B. napus Shiraz, Fars 2006 this study AB863146 (Full)
IRN12 R. rogusum Vavan, Tehran 2006 this study AB863147 (Full)
IRN13 R. sativus -, Yazd 2006 this study ABB863148 (Full)
IRN14 B. oleracea var. botrytis Falavarjan, Esfahan 2007 this study AB863149 (Full)
IRN15 Lepidium sativum Mashhad, Khorasan Razavi 2007 this study AB863150 (Full)
IRN16 R. sativus Mashhad, Khorasan Razavi 2007 this study AB863151 (Full)
IRN17 R. sativus Mashhad, Khorasan Razavi 2007 this study AB863152 (Full)
IRN18 R. sativus Shiraz, Fars 2007 this study AB863153 (Full)
IRN19 B. oleracea var. Shiraz, Fars 2007 this study AB863154 (Full)

gongylodes

IRN20 B. rapa Mashad, Khorasan Razavi 2007 this study AB863155 (Full)
IRN21 R. sativus -, Esfahan 2008 this study AB863156 (Full)
IRNCaCOr1 B. oleracea var. botrytis Uromia, Azarbayjan-e-Gharbi 2004 DQ119036 (ORF II)
IRNCaCQ1 B. oleracea var. botrytis Boin-zahra, Qazvin 2001 DQ119038 (ORF Il)
IRNCaCsh1 B. oleracea var. botrytis Shiraz, Fars 2003 DQ119039 (ORF II)
IRNCaME1 B. oleracea var. italica -, Esfahan 2003 AY703456 (ORF II)
IRNCaRE4 R. sativus -, Esfahan 2003 DQ119037 (ORF II)
KEC17 B. napus Kermanshah, Kermanshah 2012 Farzadfar & Pourrahim, 2013 KF015285 (ORF VI)
KOrC1 B. napus -, Kordestan 2012 Farzadfar & Pourrahim, 2013 KF015287 (ORF VI)
LC11 B. napus Koram abad, Lorestan 2012 Farzadfar & Pourrahim, 2013 KF015288 (ORF VI)
LR9 R. sativus Koram abad, Lorestan 2012 Farzadfar & Pourrahim, 2013 KF015286 (ORF VI)
TuE24 B. rapa -, Esfahan 2012 Farzadfar & Pourrahim, 2013 KF015289 (ORF VI)
WKBI7 B. oleracea var. capitata Birjand, Khorasan-e-Jonubi 2012 Farzadfar & Pourrahim, 2013 KF015294 (ORF VI)
WKBI32 B. oleracea var. capitata Birjand, Khorasan-e-Jonubi 2012 Farzadfar & Pourrahim, 2013 KF015295 (ORF VI)
WKB13 B. oleracea var. capitata Bohnurd, Khorasan-e-Shomali 2012 Farzadfar & Pourrahim, 2013 KF015290 (ORF VI)
WKB15 B. oleracea var. capitata Bohnurd, Khorasan-e-Shomali 2010 Farzadfar & Pourrahim, 2013 KF015291 (ORF VI)
WKB17 B. oleracea var. capitata Bohnurd, Khorasan-e-Shomali 2010 Farzadfar & Pourrahim, 2013 KF015292 (ORF VI)
WKB63 B. oleracea var. capitata Bohnurd, Khorasan-e-Shomali 2012 Farzadfar & Pourrahim, 2013 KF015293 (ORF VI)
ZC20 B. napus -, Zanjan 2012 Farzadfar & Pourrahim, 2013 KF015296 (ORF VI)
Japan
JPNHGB340 B. oleracea -, Hyogo 2010 this study AB863157 (Full)
JPNKWB778 B. oleracea var. italica Takamatsu, Kagawa 2004 this study AB863158 (Full)
JPNM B. oleracea -, Tokyo 1960 this study AB863159 (Full)
JPNN B. oleracea Sendai, Miyagi 2008 this study AB863160 (Full)
JPNS1 Armoracia rusticana -, Nagano 1965 this study AB863161 (Full)
JPNS2 A. rusticana -, Nagano 1965 this study AB863162 (Full)
JPNTKD762 R. sativus Miyoshi, Tokushima 2002 this study AB863163 (Full)
JPNUV1 B. oleracea -, Ibaraki 1981 this study AB863164 (Full)
JPNUV26 B. oleracea -, Ibaraki 1981 this study AB863165 (Full)
S-Japan A. rusticana ‘Yokohama, Kanagawa Not known  Takahashi et al., 1989 X14911 (ORF V1)
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Turkey
TUR1 B. oleracea var. botrytis Canakkale, Marmora 2006 this study ABB863166 (Full)
TUR2 B. oleracea Balikesir, Marmora 2006 this study AB863167 (Full)
TUR4 R. sativus Balikesir, Marmora 2006 this study AB863168 (Full)
TUR5 B. oleracea Canakkale, Marmora 2006 this study AB863169 (Full)
TUR12 B. oleracea Konya, Center Anatolia 2007 this study AB863170 (Full)
TUR34 B. oleracea Aksaray, Center Anatolia 2007 this study AB863171 (Full)
TUR50 B. oleracea Nigde, Center Anatolia 2007 this study AB863172 (Full)
TUR59 B. oleracea Bursa, Marmora 2007 this study AB863173 (Full)
TUR69 B. oleracea var. botrytis Bursa, Marmora 2007 this study AB863174 (Full)
TURS1 B. oleracea Bursa, Marmora 2007 this study AB863175 (Full)
TURS84 B. oleracea Bursa, Marmora 2007 this study AB863176 (Full)
TUR94 B. oleracea Canakkale, Marmora 2007 this study AB863177 (Full)
TUR213 B. oleracea var. botrytis 1zmir, Aegean 2007 this study AB863178 (Full)
TUR214 B. oleracea var. botrytis 1zmir, Aegean 2007 this study AB863179 (Full)
TUR216 B. oleracea var. botrytis 1zmir, Aegean 2007 this study AB863180 (Full)
TUR220 B. oleracea var. botrytis Aydin, Aegean 2007 this study AB863181 (Full)
TUR239 B. oleracea var. botrytis Canakkale, Marmora 2007 this study AB863182 (Full)
TUR244 B. oleracea var. botrytis Balikesir, Marmora 2007 this study AB863183 (Full)
TUR249 B. oleracea var. botrytis Balikesir, Marmora 2007 this study AB863184 (Full)
TUR263 B. oleracea var. botrytis Canakkale, Marmora 2007 this study AB863185 (Full)
TUR278 B. oleracea var. botrytis Balikesir, Marmora 2007 this study AB863186 (Full)
TUR279 B. oleracea var. botrytis Balikesir, Marmora 2007 this study AB863187 (Full)
TUR285 B. oleracea var. botrytis Bursa, Marmora 2007 this study AB863188 (Full)
TUR289 B. oleracea var. italica Bursa, Marmora 2007 this study AB863189 (Full)
TUR303 B. oleracea var. botrytis Umurbey, Tekirdag 2008 this study AB863190 (Full)
TUR306 B. oleracea var. botrytis -, Center Anatolia 2008 this study AB863191 (Full)
Europe
Croatia
CRO180A B. napus Zagreb, - 2009 this study AB863192 (Full)
France
B29 B. oleracea var. botrytis Rennes, llle-et-Vilaine Not known  Pique et al., 1995 X79465 (Full)
Greece
GRC83 B. oleracea var. italica Dytiko, Pella 2008 this study AB863193 (Full)
GRC84B B. oleracea var. italica Dytiko, Pella 2008 this study AB863194 (Full)
GRC86B R. sativus Athyra, Pella 2008 this study AB863195 (Full)
GRC86D R. sativus Athyra, Pella 2008 this study AB863196 (Full)
GRCS87E B. oleracea var. botrytis lonia, Thessaloniki 2008 this study AB863197 (Full)
GRC87G B. oleracea var. botrytis lonia, Thessaloniki 2008 this study AB863198 (Full)
GRC91B B. oleracea var. botrytis Epanomi, Thessaloniki 2008 this study AB863199 (Full)
GRC92A B. oleracea var. italica Epanomi, Thessaloniki 2008 this study AB863200 (Full)
GRC92C B. oleracea var. italica Epanomi, Thessaloniki 2008 this study AB863201 (Full)
GRC92D B. oleracea var. botrytis Epanomi, Thessaloniki 2008 this study AB863202 (Full)
Hungary
D/H B. oleracea Budapest, Budapest Not known  Howarth et al., 1981 M10376 (Full)
Italy
Bari 1 Brassica campestris-rapa  Bari, Puglia Not known  Stratford & Plaskitt, 1988 D00335 (ORF V1)
L
Cabbage S B. ruvo Bari, Puglia Not known  Franck et al., 1980 V00141 (Full)
North America
US A
BBC B. rapa var chinensis -, California 1988 Chenault & Melcher, 1993a M90542 (Full)
Cabb B-JI Brassica sp. -, Wisconsin Not known  Vaden & Melcher, 1990, DQ211685 (ORF VI),
Geri et al., 2004 M32813 (ORF Il1)
Campbell B. oleracea var. botrytis -, California Not known  Shalla et al., 1980 M17415 (ORF 1)
CM1841 Brassica sp. -, California 1967 Gardner et al., 1981 V00140 (Full)
CMV-1 Not known -, California Not known  Chenault & Melcher, 1993b M90543 (Full)
D4 B. rapa -, California Not known  Daubert & Routh, 1990 M23620 (ORF V1)
NY8153 B. oleracea var. botrytis -, New York Not known  Chenault et al., 1992 M90541 (Full)
PV147 B. rapa -, Wisconsin Not known  \olovitch & Modjtahedi 1990 M37581 (ORF I1)
X53860 (ORF VI)
South America
Argentina
W260 Not known -, Mendoza 1985 Qiu & Schoelz, 1992, M94887 (ORF I, ORF VII),

Wintermantel et al., 1993

L09053 (ORF V),
JF809616 (Full)
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Table 2. Turnip mosaic virus isolates analysed in this study.

Isolate Original host Location (City, District, Country) Year of Host type? Reference Accession
collection code
Oceania
Australia
AU1 Hirschfeldia incana Canberra, ACT 1998 B Imamura, 2007, This study AB989628
AUST1 (3696F)  Cicer arietinum Myall Vale-Narrabri, NSW 2003 B Ohba, 2014, Schwinghamer etal., AB989629
2014, This study
AUST?2 (3834A) Rapistrum rugosum Breeza, NSW 2004 B Ohba, 2014, Schwinghamer et al., AB989630
2014, This study
AUST3 (3896A) Brassica Juncea Breeza, NSW 2004 B Ohba, 2014, Schwinghamer et al., AB989631
2014, This study
AUST4 (3896B)  B. Juncea Breeza, NSW 2004 B Ohba, 2014, Schwinghamer etal., AB989632
2014, This study
AUST6 (Q1280) R. rugosum Allora, QLD 2001 B Ohba, 2014,Schwinghamer et al., ~ AB989633
2014, This study
AUST10 (Q186) B. pekinensis Kalbar, QLD 1996 B Ohba, 2014, This study AB989634
AUST13 (Q484)  B. pekinensis Gatton, QLD 1994 B Ohba, 2014, This study AB989635
AUST19 (Q2080) R. raphanistrum Melbourne, VIC 2007 B Ohba, 2014, This study AB989636
AUST21 (5346A) H. incana Tamworth, NSW 2011 B Ohba, 2014, This study AB989637
AUST22 (5349A) R. rugosum Tamworth, NSW 2011 B Ohba, 2014, This study AB989638
AUST23 (Q2081) R. raphanistrum Melbourne, VIC 2007 B Ohba, 2014, This study AB989639
AUST26 (4323A) B.rapa Mullaley, NSW 2007 B Ohba, 2014, This study AB989640
AUST27 (4323C) B.rapa Mullaley, NSW 2007 B Ohba, 2014, This study AB989641
AUST28 (5346B) H. incana Tamworth, NSW 2011 B Ohba, 2014, This study AB989642
AUST29 (5349B) R. rugosum Tamworth, NSW 2011 B Ohba, 2014, This study AB989643
BRS1 B. rapa Brisbane, NSW 2007 Not known HM544042
New Zealand
NZ11 Crocus sativus Mid Canterbury-South Island 2002 ND Noguchi, 2011,0choa Corona et al., AB989644
2007, This study
Nz12 Nasturtium officinale, Kumeu, Auckland-North Island 2003 ND Noguchi, 2011,0choa Corona et al., AB989645
2007, This study
NZ246 B. napus cv. York Globe Hornby, Mid Canterbury-South Island 1995 B Imamura, 2007, This study AB989646
NZ290 B. pekinensis Hornby, Mid Canterbury-South Island 1998 BR Tomimura et al., 2003 AB093612
NZ402 Lepidium oleraceum Stony Bay ,Banks Peninsula, South Island 2010 B Ohba, 2014, This study AB989647
Nz403 L. oleraceum Island Rock, Banks Peninsula, South Island 2010 B Ohba, 2014, This study AB989657
NZ403B L. oleraceum Island Rock Banks Peninsula, South Island 2010 B Ohba, 2014, This study AB989658
NzZ412 Pachycladon fastigiatum Lincoln, Mid Canterbury-South Island 2010 B Ohba, 2014, Fletcher et al., 2010, AB989648
This study
Nz412B P. fastigiatum Lincoln, Mid Canterbury-South Island 2010 B Ohba, 2014, Fletcher et al., 2010, AB989649
This study
Nz415 L. oleraceum Bridge Point,Otago,South Island 2010 B Ohba, 2014, This study AB989659
NZz419 B. rapa cv. Marco Methven, Mid Canterbury-South Island 2010 B Ohba, 2014, This study AB989650
NZ419B B. rapa cv. Marco Methven, Mid Canterbury-South Island 2010 B This study AB989651
Nz419C B. rapa cv. Marco Methven, Mid Canterbury-South Island 2010 B This study AB989652
NZL5 (NZ298) Brassica spp. Lincoln, Canterbury-South Island 1999 B Imamura, 2007, This study AB989653
NZW3 (NZ299) B. rapa Lincoln, Mid Canterbury-South Island 1999 B Imamura, 2007, This study AB989654
NZW4 (NZ300) B. rapa Lincoln, Mid Canterbury-South Island 1999 B Imamura, 2007, This study AB989655
NZW6 (NZ302) B. rapa Lincoln, Mid Canterbury-South Island 1999 B Imamura, 2007, This study AB989656
Asia
1] Raphanus. sativus Saga, Saga, Japan 1977 BR Ohshima et al. 1996 D83184
2J B. pekinensis -, Tochigi, Japan 1994 BR Tomimura et al., 2003 AB093622
59J R. sativus Saga, Saga, Japan 1996 BR Tomimura et al., 2003 AB093620
AD178) R. sativus Rokunohe, Aomori, Japan 1998 BR Ohshima et al., 2007 AB252094
AD181) R. sativus Tohoku, Aomori, Japan 1998 BR Ohshima et al., 2007 AB252095
AD853] R. sativus Ohhata, Aomori, Japan 2002 BR Ohshima et al., 2007 AB252096
ADB855] R. sativus Ohminato, Aomori, Japan 2002 BR Ohshima et al., 2007 AB252097
ADB860J R. sativus Sennai, Aomori, Japan 2002 BR Ohshima et al., 2007 AB252098
AKD161J R. sativus Ogachi, Akita, Japan 1998 BR Ohshima et al., 2007 AB252099
AKD934J) R. sativus Hachiryu, Akita, Japan 2000 BR Ohshima et al., 2007 AB252100
AKH937J B. pekinensis Yuzawa, Akita, Japan 2000 BR Ohshima et al., 2007 AB252101
AT181) Eustoma russellianum Aomori, Aomori, Japan <1998 BR Ohshima et al., 2007 AB252102
BJ-BO1 B. oleracea Beijing, Beijing, China 2010 Not known KC119185
BJ-B02 B. oleracea Beijing, Beijing, China 2010 Not known KC119186
BJ-B03 B. oleracea Beijing, Beijing, China 2010 Not known KC119187
BJ-B04 B. oleracea Beijing, Beijing, China 2009 Not known KC119188
BJ-B05 B. oleracea Beijing, Beijing, China 2009 Not known KC119189
BJ-C4 B. oleracea Beijing, Beijing, China 1985-1987  Not known HQ446217
BJ-RO1 R. sativus Beijing, Beijing, China 2010 Not known KC119184
Cl Not known -, -, Taiwan Not known  Not known AF394601
C42) B. rapa Saga, Saga, Japan 1993 B Tomimura et al., 2003 AB093625
CH6
CHK16 R. sativus Guilin, Guangxi, China 2000 BR Ohshima et al., 2007 AB252104
CHK16 R. sativus Guilin, Guangxi, China 2000 BR Ohshima et al., 2007 AB252104
CHL13 R. sativus Lushun, Liaoning, China 1999 BR Ohshima et al., 2007 AB252105
CHN 1 Brassica sp. -, -, Taiwan <1980 BR Tomimura et al., 2003 AB093626

2 Host type B; Brassica, isolates infected B. rapa cv. Hakatasuwari systemically giving mosaic symptoms. Host type (B); isolates infected B. rapa only
occasionally. Host type BR; these isolates infected both B. rapa and R. sativus systemically giving mosaic symptoms. Host type B(R); isolates infected B.
rapa systemically giving mosaic symptoms and infected R. sativus only occasionally.

b Difficult to infect brassica plants

¢ Unclear
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CHN 12 Not known -, -, China <1990 B Jenner et al., 2002 AY090660
CHZJ26A B. campestris Jiande, Zhejiang, China 1999 B(R) Ohshima et al., 2007 AB252106
CP845J Calendula. officinalis Kisarazu, Chiba, Japan 1997 BR Tomimura et al., 2003 AB093614
DMJ R. sativus -, Tochigi, Japan 1996 BR Tomimura et al., 2003 AB093623
FD27J) R. sativus Fukuoka, Fukuoka, Japan 1998 BR Tomimura et al., 2003 AB093618
FKDO001J R. sativus Sukagawa, Fukushima, Japan 2000 BR Ohshima et al., 2007 AB252109
FKDO004J R. sativus Funehiki, Fukushima, Japan 2000 BR Ohshima et al., 2007 AB252110
FKH122J) B. pekinensis Naraha, Fukushima, Japan 1998 BR Ohshima et al., 2007 AB252111
GFD462J R. sativus Yoro, Gifu, Japan 2001 BR Ohshima et al., 2007 AB252115
H1J R. sativus Hirosaki, Aomori, Japan 1996 BR Ohshima et al., 2007 AB252118
HOD517) R. sativus Kimobetsu, Hokkaido, Japan 1998 BR Tomimura et al., 2003 AB093617
HRD R. sativus Hongzhou, Zhejiang, China 1998 BR Tomimura et al., 2003 AB093627
HZ6 Brassica sp. Xiaoshan, Zhejiang, China 1998 B Ohshima et al., 2007 AB252119
Asia

IWD032J R. sativus Iwaizumi, lwate, Japan 2000 BR Ohshima et al., 2007 AB252120
IWD038J R. sativus Yahaba, Iwate, Japan 2000 BR Ohshima et al., 2007 AB252121
Kall B. pekinensis -, Tochigi, Japan 1994 BR Tomimura et al., 2003 AB093624
KD32J) R. sativus Nankan, Kumamoto, Japan 1998 BR Tomimura et al., 2003 AB093621
KGD54J) R. sativus Sendai, Kagoshima, Japan 1998 BR Ohshima et al., 2007 AB252123
KWB778] B. oleracea Takamatsu, Kagawa, Japan 2004 B Ohshima et al., 2007 AB252124
KWB779J B. rapa Takamatsu, Kagawa, Japan 2004 BR Ohshima et al., 2007 AB252125
KYDO073J R. sativus Mineyama, Kyoto, Japan 2000 BR Ohshima et al., 2007 AB252126
KYD81J R. sativus Joyo, Kyoto, Japan 1998 BR Tomimura et al., 2003 AB093613
Lu2 Brassica sp. -, Shandong, China 1986-1990  Not known HQ446216
MED302J R. sativus Shiroyama, Mie, Japan 2001 BR Ohshima et al., 2007 AB252127
MYDO013J R. sativus ‘Yamamoto, Miyagi, Japan 2000 BR Ohshima et al., 2007 AB252128
MYDO015J R. sativus Kesennuma, Miyagi, Japan 2000 BR Ohshima et al., 2007 AB252129
ND10J R. sativus Hirato, Nagasaki, Japan 1998 BR Ohshima et al., 2007 AB252130
NDJ R. sativus Takaki, Nagasaki, Japan 1997 BR Tomimura et al., 2003 AB093616
N1D048J R. sativus Niitsu, Niigata, Japan 2000 BR Ohshima et al., 2007 AB252131
NID119J R. sativus Yuzawa, Niigata, Japan 1998 BR Ohshima et al., 2007 AB252132
NRD350J R. sativus Gojyo, Nara, Japan 2001 BR Ohshima et al., 2007 AB252134
RC4 Zantedeschia sp. -, -, Taiwan 2000 BR Chen et al., 2003 AY134473
SGB088J B. rapa Hikone, Shiga, Japan 2000 BR Ohshima et al., 2007 AB252136
SGD311J R. sativus Nishiazai, Shiga, Japan 1998 BR Tomimura et al., 2003 AB093619
SMD060J R. sativus Gotsu, Shimane, Japan 2000 BR Ohshima et al., 2007 AB252137
TANX2 R. sativus Tai’an, Shandong, China 2007 BR Wang et al., 2009 EU734433
TD88J R. sativus Tokyo, Tokyo, Japan 1998 BR Tomimura et al., 2003 AB093615
TRD052J R. sativus Akasaki, Tottori, Japan 2000 BR Ohshima et al., 2007 AB252138
TRDO053J R. sativus Tomari, Tottori, Japan 2000 BR Ohshima et al., 2007 AB252139
Tu-2R1 R. sativus -, Tochigi, Japan Not known  BR Suehiro et al., 2004 AB105135
Tu-3 B. oleracea -, Tochigi, Japan Not known B Suehiro et al., 2004 AB105134
T™W Not known -, -, Taiwan Not known Not known AF394602
VIET15 R. sativus Van Giang, Hung Yen, Vietnam 2006 B(R) Nguyen et al., 2013b AB747286
VIET56 B. juncea Moc Chau, Son La, Vietnam 2007 B Nguyen et al., 2013b AB747287
VIET58 B. juncea Moc Chau, Son La, Vietnam 2007 BR Nguyen et al., 2013b AB747288
VIET65 R. sativus Gia Lam, Ha Noi, Vietnam 2007 BR Nguyen et al., 2013b AB747289
VIET66 R. sativus Gia Lam, Ha Noi, Vietnam 2007 B Nguyen et al., 2013b AB747290
VIET73 R. sativus Van Giang, Hung Yen, Vietnam 2007 BR Nguyen et al., 2013b AB747291
VIET79 R. sativus Cam Giang, Hai Dung, Vietnam 2007 BR Nguyen et al., 2013b ABT747292
VIET80 R. sativus Cam Giang, Hai Dung, Vietnam 2007 B Nguyen et al., 2013b AB747293
VIET82 R. sativus Ban Me Thuot, Dak Lak, Vietham 2007 B(R) Nguyen et al., 2013b AB747294
VIET83 R. sativus Ban Me Thuot, Dak Lak, Vietnam 2007 B Nguyen et al., 2013b AB747295
VIET89 R. sativus Ban Me Thuot, Dak Lak, Vietnam 2007 BR Nguyen et al., 2013b AB747296
VIET138 B. juncea Thanh Long, Thua Thien Hue, Vietnam 2007 B(R) Nguyen et al., 2013b AB747297
VIET153 B. juncea Hoi An, Quang Nam, Vietnam 2007 B(R) Nguyen et al., 2013b AB747298
VIET158 B. juncea Gia Lam, Ha Noi, Vietnam 2007 B(R) Nguyen et al., 2013b AB747299
VIET159 B. juncea -, Lang Son, Vietnam 2007 B Nguyen et al., 2013b AB747300
VIET160 B. juncea Huu Lung, Lang Son, Vietnam 2007 B Nguyen et al., 2013b AB747301
VIET164 B. juncea Thuong Tin, Ha Tay, Vietnam 2007 B Nguyen et al., 2013b AB747302
VIET166 B. juncea Thuong Tin, Ha Tay, Vietnam 2007 B Nguyen et al., 2013b AB747303
VIET167 B. juncea Gia Lam, Ha Noi, Vietnam 2007 B Nguyen et al., 2013b AB747304
VIET169 B. juncea Vo Cuong, Bac Ninh, Vietham 2007 B Nguyen et al., 2013b AB747305
VIET170 B. juncea Vo Cuong, Bac Ninh, Vietham 2007 B(R) Nguyen et al., 2013b AB747306
VIET172 B. juncea Gia Lam, Ha Noi, Vietnam 2007 B Nguyen et al., 2013b AB747307
VIET173 B. juncea Viet Yen, Bac Giang, Vietnam 2007 B Nguyen et al., 2013b AB747308
VIET174 B. juncea Viet Yen, Bac Giang, Vietham 2007 B Nguyen et al., 2013b AB747309
VIET175 B. juncea Viet Yen, Bac Giang, Vietnam 2007 B(R) Nguyen et al., 2013b AB747310
VIET176 B. juncea Vu Thu, Thai Binh, Vietnam 2007 B(R) Nguyen et al., 2013b AB747311
VIET177 B. juncea Vu Thu, Thai Binh, Vietnam 2008 B Nguyen et al., 2013b AB747312
VIET178 B. juncea Nam Truc, Nam Dinh, Vietnam 2008 B(R) Nguyen et al., 2013b AB747313
VIET179 B. juncea Nam Truc, Nam Dinh, Vietnam 2008 B(R) Nguyen et al., 2013b AB747314
VIET180 B. juncea Viet Yen, Bac Giang, Vietnam 2008 B(R) Nguyen et al., 2013b AB747315
YADO020J Raphanus sativus Shirataka, Yamagata, Japan 2000 BR Ohshima et al., 2007 AB252140
YAL018J Lactuca sativa Sakae, Yamagata, Japan 2000 BR Ohshima et al., 2007 AB252141
YC5 Zantedeschia sp. -, -, Taiwan 2000 BR Chen et al., 2003 AF530055
YMDO069J R. sativus Misumi, Yamaguchi, Japan 2000 BR Ohshima et al., 2007 AB252142
YMDO070J R. sativus Abu, Yamaguchi, Japan 2000 BR Ohshima et al., 2007 AB252143
WFLBO06 R. sativus Weifang, Shandong, China 2006 BR Wang et al., 2009 EU734434
ZH1 Phalaenopsis sp. -, -, China 2012 Not known KF246570
Europe

Al102/11 Anemone coronaria -, Liguria, Italy 1993 B Tomimura et al., 2003 AB093597
A64 A. coronaria -, Liguria, ltaly 1991 B Tomimura et al., 2003 AB093599
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Europe

Al Alliaria officinalis -, Piedmont, Italy 1968 (B) Tomimura et al., 2003 AB093598
AllA A. officinalis -, -, Denmark 1991 B Nguyen et al., 2013a AB701694
ASP Allium sp. Gatersleben, Sachsen-Anhalt, Germany 1995 B Nguyen et al., 2013a AB701697
BEL 1 Rorippa nasturtium-aquaticum  Wavre, Walloon Brabant, Belgium 1986 B Nguyen et al., 2013a AB701698
Call Calendula officinalis -, Liguria, ltaly 1979 BR Tomimura et al., 2003 AB093601
CAR37 Cochlearia armoracia -, -, Poland 2004 Not known Kozubek et al., 2007 DQ648592
CAR37A C. armoracia -, -, Poland 2004 Not known Kozubek et al., 2007 DQ648591
CAR39 C. armoracia -, -, Poland 2004 Not known EF374098
CAR51 C. armoracia -, -, Poland 2004 Not known HQ637383
CRO184A Brassica napus Zagreb, Zagreb, Croatia 15.5.2009  Not known Musi¢ et al., 2014 KF595121
CZE1 B. oleracea Ruzyne-Prague, Prague, Czech Republic 1981 B Tomimura et al., 2003 AB093608
CZE5 B. rapa Ceske Budejovice, South Bohemian Region, 1993 B Ohshima et al., 2007 AB252107

Czech Republic
DEU 1 Not known -, -, Germany <1976 B Nguyen et al., 2013a AB701699
DEU 2 Raphanus sativus -, -, Germany <1993 B Nguyen et al., 2013a AB701700
DEU 4 Lactuca sativa Stuttgart, Baden-Wiirttemberg, Germany 1986 BR Nguyen et al., 2013a AB701701
DEUS L. sativa Monchengladbach, Nordrhein-Westfalen, 1991 B Nguyen et al., 2013a AB701702
Germany

DEU 7 L. sativa Frankfurt, Hessen, Germany 1994 B Nguyen et al., 2013a AB701695
DNK 2 B. napus -, -, Denmark <1993 B Ohshima et al., 2007 AB252108
DNK 3 B. rapa -, -, Denmark 1978 B Ohshima et al., 2007 AB701703
DNK 4 B. rapa -, -, Denmark 1986 B Nguyen et al., 2013a AB701704
Eru 1D Eruca sativa -, Piedmont, ltaly 1991 B Nguyen et al., 2013a AB701705
ESP 1 Eruca vesicaria subsp. sativa -, -, Spain 2001 B Nguyen et al., 2013a AB701706
ESP 2 Sisymbrium orientale Las Matas, Aragén, Spain 2001 B Nguyen et al., 2013a AB701707
FRA2 B. napus -, -, France <1994 B Nguyen et al., 2013a AB701708
FRD 1 B. oleracea -, -, Germany 1987 B Ohshima et al., 2007 AB252112
GBR7 Rheum rhabarbarum -, Gloucestershire, UK 15.9.1993 B Nguyen et al., 2013a AB701709
GBR 8 Lunaria annua -, Essex, UK 20.4.1994 B Nguyen et al., 2013a AB701710
GBR 27 B. oleracea Kimmeridge, Dorset, UK 24.3.1999 B Nguyen et al., 2013a AB701711
GBR 30 B. oleracea Kimmeridge, Dorset, UK 26.4.1999 B Nguyen et al., 2013a AB701712
GBR 31 B. oleracea Chapman’s Pool, Dorset, UK 26.4.1999 B Nguyen et al., 2013a AB701713
GBR 32 B. oleracea Chapman’s Pool, Dorset, UK 26.4.1999 B Nguyen et al., 2013a AB701714
GBR 36 B. oleracea Winspit, Dorset, UK 18.6.1999 B Ohshima et al., 2007 AB252113
GBR 38 B. oleracea Winspit, Dorset, UK 15.7.1999 B Nguyen et al., 2013a AB701715
GBR 50 wild B. oleracea Staithes, Yorkshire, UK 28.9.1999 B Ohshima et al., 2007 AB252114
GBR51 wild B. oleracea Staithes, Yorkshire, UK 28.9.1999 B Nguyen et al., 2013a AB701742
GBR 57 wild B. oleracea Llandudno, Conwy, UK 12.9.2000 B Nguyen et al., 2013a AB701716
GBR 83 wild B. oleracea Llandudno, Conwy, UK 20.8.2002 B Nguyen et al., 2013a AB701717
GBR 91 wild B. oleracea Llandudno, Conwy, UK 20.8.2002 B Nguyen et al., 2013a AB701718
GBR 98 wild B. oleracea Winspit, Dorset, UK 28.8.2002 B Pallett et al., 2007 EU861593
GK1 Matthiola incana -, -, Greece <1989 B Nguyen et al., 2013a AB701696
GRC 17 B. oleracea \Wolos, Magnesia, Greece 1993 B Ohshima et al., 2007 AB252116
GRC 42 wild Allium sp. -, -, Greece 1999 B Ohshima et al., 2007 AB252117
HUN 1 Alliaria petiolata -, -, Hungary <1996 B Nguyen et al., 2013a AB701719
ITA1A Brassica ruvo -, Campania, Italy 1990 B Nguyen et al., 2013a AB701720
ITA2 Cheiranthus cheiri -, Campania, Italy 1992 BR Nguyen et al., 2013a AB701721
ITA3 B. ruvo -, Campania, Italy 1990 B Ohshima et al., 2007 AB252122
ITA4 B. rapa -, Campania, Italy 1990 B Nguyen et al., 2013a AB701722
ITAS B. ruvo -, Campania, Italy 1990 B Nguyen et al., 2013a AB701723
ITAG M. incana -, Campania, Italy 1992 B Nguyen et al., 2013a AB701724
ITA7 R. raphanistrum -, Campania, ltaly 1990 BR Tomimura et al., 2003 AB093600
ITA8 Abutilon sp. -, Piedmont, Italy 09.1993 BR Nguyen et al., 2013a AB701725
ITA9A Cucurbita pepo -, -, Italy <1995 B Nguyen et al., 2013a AB701726
NLD 1 B. oleracea -, -, The Netherlands <1995 B Ohshima et al., 2007 AB252133
NLD 2 B. oleracea -, -, The Netherlands <1995 B Nguyen et al., 2013a AB701727
OM-A Orchis militaris Celle, Lower Saxony, Germany 1981 DI¢ Nguyen et al., 2013a AB701691
OM-N O. militaris Celle, Lower Saxony, Germany 1981 DI Nguyen et al., 2013a AB701690
ORM O. morio Celle, Lower Saxony, Germany 1983 (B) Nguyen et al., 2013a AB701692
oS O. simia Celle, Lower Saxony, Germany 1981 DI Nguyen et al., 2013a AB701693
POL1 B. napus oleifera Poznan, Wielkopolska, Poland <410.1993 B Nguyen et al., 2013a AB701728
POL 2 Papaver somniferum Czempin, -, Poland <4.10.1993 B Nguyen et al., 2013a AB701731
POL 4 B. napus oleifera Grabianowo, Wielkopolska, Poland <4.10.1993 B Nguyen et al., 2013a AB701732
PRT 1 B. oleracea acephala -, Madeira, Portugal 1993/1994 B Nguyen et al., 2013a AB701729
PV0054 B. oleacea -, -, Germany Not known B Nguyen et al., 2013a AB701730
PV0104 L. sativa Stuttgart, Baden-W(irttemberg, Germany 1986 BR Tomimura et al., 2003 AB093603
PV376-Br B. napus Braunschweig, Lower Saxony, Germany 1970 B Tomimura et al., 2003 AB093604
Rn98 Ranunculus asiaticus -, Liguria, Italy 1997 B Ohshima et al., 2007 AB252135
RUS 1 Armoracia rusticana -, -, Russia 1993 B Tomimura et al., 2003 AB093606
RUS 2 B. napus Moscow, Moscow, Russia Not known B Tomimura et al., 2003 AB093607
St48 Limonium sinuatum -, Toscana, Italy 1993 B Tomimura et al., 2003 AB093596
TIGA Tigridia sp. Braunschweig, Lower Saxony, Germany 1983 (B) Nguyen et al., 2013a AB701734
TIGD Tigridia sp. Braunschweig, Lower Saxony, Germany 1983 (B) Nguyen et al., 2013a AB701735
UK 1 B. napus -, Warwickshire, UK 1975 B Jenner et al., 2000 AF169561
uT Utricularia sp. Wuerzburg, Bayern, Germany 1997 B Nguyen et al., 2013a AB701736
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Table 2. cont.

Isolate Original host Location (City, District, Country) Year of Host type Reference Accession
collection code

Other

BZ1 B. oleracea -, Federal, Brazil 1996 B Tomimura et al., 2003 AB093611
CDN 1 B. napus napobrassica -, -, Canada <1988 B Jenner et al., 2003 AY227024
IRNTRa6 Rapistrum rugosum Varamin, Tehran, Iran 2004 B Farzadfar et al., 2009 AB440238
IRNSS5 Sisymbrium loeselii Semnan, Semnan, Iran 2003 B Farzadfar et al., 2009 AB440239
1S1 Allium ampeloprasum -, -, Israel 1993 B Tomimura et al., 2003 AB093602
KEN 1 B. oleracea -, -, Kenya 1994 B Tomimura et al., 2003 AB093605
PV134 Sesynibium sp. -, California, USA <1960 B Nguyen et al., 2013a AB701737
PV389 Tulipa gesnerana Beltsville, Maryland, USA 1986 B Nguyen et al., 2013a AB701738
Q-Ca B. rapa -, -, Canada Not known Not known Nicolas & Laliberté, 1991 D10927
TUR1 B. oleracea Canakkale, Marmora, Turkey 2004 B Korkmaz et al., 2008 AB362512
TUR9 R. sativus Balikesir, Marmora, Turkey 2005 BR Korkmaz et al., 2008 AB362513
USA1 B. oleracea -, -, USA <1980 B Tomimura et al., 2003 AB093609
USA4 B. pekinensis -, -, USA 1993 B Nguyen et al., 2013a AB701739
USA5 R. sativus San Francisco, California, USA 2002 BR Nguyen et al., 2013a AB701740
USA6 R. sativus San Francisco, California, USA 2002 BR Nguyen et al., 2013a AB701741
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Fig. 5. Map showing the provenance of Cauliflower mosaic virus isolates which were
studied. Dots on the map correspond to the isolates listed in Table 1.
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Fig. 6. Maps showing the provenance of the Turnip mosaic
virus isolates from Australia and New Zealand that were
studied. Dots on the map correspond to the isolates listed
in Table 2.
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0.01 M U U EgfEfEE (pH 7.0) ZFEKIC AN TEMRL, T—AR 7 4 L (600
Ay va) BRWEBIERERICL D A VAR AT T2,

3. 15 LG A

CaMV IZ2W T, » 7 (il fHZiEh), 177U — (W, A/ —72
A=), Tayval— (W FyLrYy—), FrXY (W FE, BB
FOMEIL25), #T7HA (Wl #7% A1), T2 (hfE KAL), ~7 A1 (&
fli; By 1 %), 2 — A8 (W, 7707 2—7) ZHWTEERIGIZOWNT
FREt L7z,

TUMV 22\ TCIE, BE L7=DBRIC W Th 7 (W DY), C.
quinoa, ¥ A = (ffd; FKEI D, MRHRKD BTV R), BT
(o, B D LK), T2 3 (Ifl; BAR327%), FyY (WfE B2 5k
FOHE), ~7 A (fE; B 1 53 K OWEEREES 3 &) O EISIZ O
Thiat Lic, S L2 AR 1 o AR, 7 AEBNTEHERL, HEEBIEL
T2t RS AR R £ ORISR e o TEEMIZ oW T, HE
Pk > A v FEEERE G PUIRIE (Double antibody sandwich-enzyme linked
immunosorbent assay; DAS-ELISA) (Clark & Adams, 1977) 2 X » TG A E %
el L7 (Fig. 7). DAS-ELISA 134T IR « B IRFEFEER (pH9.6) TAR L
72 1gG (1.25 pliml) #~A 7 a7 =)L 7 L— MZ CaMV D4 100 ul, TuMV @
Yty 200 pl 000 7EL, 37°CT3WFMFRE L7z, TDO®T L — MIWAE L7
72 19G ZFR< 729, 0.05%D Tween-20 % & e 0.02M U - FEEE R AL B R K
(PBS-Tween) C 3 [AIei L7-1%, BERE L 72HIHRE 100 & 2 Wi 200 pl 37245
HFL, ACT—BFE LT, 196 LA Lo fRZ R < 728 0.02M
PBS-Tween T 3 [AEi L7-1%, 0.02M PBS-Tween CTHIRL7=a> Va7 — &
100 & A ME 200 pl 52437 L, 37°C T 3 FFFE L7z, S BICHUR & B L7
Mo =ik %< 728, 0.02M PBS-Tween T 3 [H¥EE L=, p=bhn 7 ==
VY UEERTF RY T A6 KR (Imgiml) ZIRfEL 7=V =X ) — VT 2 UIRIK
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2

u /ml)
Coat plate with IgG diluted with 0.05M Sodium cabonate-bicarbonate buffer (pH9.6)

+ Incubate at 37°C for 3 hours
« Wash with 0.02M PBS-Tween for 3 minutes, 3 times

Add samples to plate

« Incubate at 4°C for overnight
* Wash with 0.02M PBS-Tween for 3 minutes, 3 times

¥ \

Add conjugate diluted with 0.02M PBS-Tween to plate

* Incubate at 37°C for 3 hours
« Wash with 0.02M PBS-Tween for 3 minutes, 3 times

Add Img/ml p-nitrophenyl phosphate prepared with substrate buffer (pH9.8) to plate

* Incubate at room temperature from 15 minutes to 2 hours

Add 1mg/ml p-nitrophenyl phosphate prepared with substrate buffer (pH9.8) to plate

Measure absorbance values ar: A4os

Fig. 7. Double antibody sandwich enzyme-linked immunosorbent assay
(DAS-ELISA).
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% 100 & HVNE 200 pl To07FEL721E, SR TEHE L T15 90550\ 30 0k
TICHAEZRE Lz, 728, W (Aws) DBEME= Far—Lo 2-3 F2LE
DIEZ 7~ LTEiRE &2 O & LTz,

4, T A IVRARGT ) DG DOE
A W)V 70— A7 T4 A

%2 DIFHERRICOWTIZZ A V7 b —0 o AEIS TR SR E 21T - T2
05, 21 STEERRICOWTIIAR U A T — BB SUSES TIIM i Lizdok s 71
WEMEAL, —#7 ) LAEOEIERSIIRENNETH > T2/ed, /n—=7
ATV ALY 2 IR E LTz,

a. BT T A ~— DR

RY AT —BHEHHERIL (PCR) B X OHEERIOREICHW =T 74 ~v—%,
BEIZHER) 7 A L AR HIE PR IEE CIRE S L TV D CaMV 7/ A DM KRR S|
B L OEBEIERLS) T — F N— R TBER SN TV D CaMV 7/ A ORI 4
b CTEREF LT (7 — 2 REH).,

b. T A L AREERH

CaMV JE&YEE)> 5 DNAeasy Plant Mini Kit (QIAGEN) (Fig. 8) # fv», 7’1 b
a—/ZHEC T4 DNA b L7z, #hii L7-4 DNA % DEPC-Treated Water
(7 ey B L TR GeneQuant pro (7~ —Y v A7 7 L~ T
NAFT v 7) TRNEZMEL, ODwo=20 % 1 pug/ul &L, 42 DNA JRE%
B L7,

c. WU AT —VHEHUSEMIZ X D HERSI DR E
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Disrupt plant leaf issue (0.02g for lyophilized and 0.1g for fresh leaf issue)
using a sterile mortar and pestle
‘ * Add 400 pl of AP1 buffer to the mortar and ground the sample

Transfer supernatant into 1.5 ml tube

*Add 2 pl of the RNase A stock solution (100 mg/ml)

*Vortex vigorously

- Incubate the tube at 65 “C for 10 min

*Add 130 pl of AP2 buffer

* Incubate on ice for 5 min

; + Centrifuge 12,000 rpm at room temperature for 5 min

Transfer supernatant into QIAshreder Mini spin column placed on a 2 ml tube
+ Centrifuge 12,000 rpm at room temperature for 2 min

Transfer the filtrated solution into new 1.5 ml tube
+Add 1.5 time volume AP3/E buffer
* Mix by pipetting immediately
* Add 550 pl of the solution to a DNeasy Mini Spin Column
+ Centrifuge 9,000 rpm at room temperature for 1.5 min
- Discard the fellow -through
+ Add remaining solution to a DNeasy Mini Spin Column
- Centrifuge 9,000 rpm at room temperature for 1.5 min
V -Discard the fellow -through
Place the column in a 2 ml tube (in the kit)
+ Add 500 pl of AW buffer
+ Centrifuge 9,000 rpm at room temperature for 1.5 min
- Discard the fellow -through
* Add 500 pl of AW buffer
¥ - Centrifuge 12,000 rpm at room temperature for 2 min

Place the column in a new 1.5 ml tube

* Add 100 pl of AE buffe

«incubate at room temperature for 5 min

+ Centrefuge 12,000 rpm at room temperature for 1.5 min
Place the column in a new 1.5 ml tube

+ Add 100 pl of AE buffer

«incubate at room temperature for 5 min

+ Centrefuge 12,000 rpm at room temperature for 1.5 min
Mix both tubes, totally 200 pl

Fig. 8. DNA extraction by QIAGEN, DNAeasy Plant Mini Kit.
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DNA HlERE iCycler (XA 4T v R) BLRY—T F IR (TATv7) T
PCR %#17-7-, PCR JJixl% PLATINUMTM pfx DNA polymerase (f > & k& ¥
=) AW, VAT 243 % 1A 7V, BV 94°C (15 #)-7 =— 1 > 7 40°C
(30 7)-H £ 68°C (373) v h&E30 WA 7, HEL4CA0D) 1V AL
DM T TITo 72 (Fig. 9), PCR ZOBUSHE 50ul 1 2ul % 0.7% 7 Her—XA
FOVESRVKENCHGE L, B &35 dsDNA OHEIEZ#EGE L, ZiE PCR EY
& L7z (Fig. 9), PCR EM%E 07 % 7 H o — A7 )VESIKEICHERAL, UV 7
TR T CHMET DN REYID LT, £D%, Gel Extraction Kit (%7
7Y EHWT T m Fa— e -> T DNA g%, =% 7 — A iiEIic kD
S bizHi b L7=(Fig. 10), 72d5, 717 A70>5 DNA ZIEMHT 5B, 50u @ 10mM
Tris-HCI (pH8.5) % F\ 7~

HEHECH O E 21X, Big Dye Terminator v 3.1 Cycle Sequencing Kit (777 A
NAF VAT LXABl) ZHWe, B8 L7 DNA, DDW, 771 ~— (2, 4,
8 pmol), 5xSequence buffer 35 X" Big Dye Terminator v 3.1 % /il 2 CiEfn%,
iCycler (/XA 4 F v K) T PCR %#{7~7- (Fig. 11), = D%, &47243% ddNTP
R b 2 ) — R AAT VRS, T 5 ToMEIZ -80C THEOY
17 L7= (Fig. 11), fEAERTIC, LE% 40ul @ Hi-Di Formamide (ABI) (2 iAf#
L, 2 &%, 2mIcL DNA 28, 20ul 2227 4 v 7 7 F
FTAV—HYF L TINFa—TIBL, V=T 47T F7A4%— 310 BLW
3130 (ABI) THEEERLAIOMEMNT 21T > 7, ARSI OPREL LOHERHI SN S T
J BROFFENTIZ I DNASIS version3.5 (H3Z) 3 KUY BioEdit version 7.0.5.3 (Hall,
1999) ZfEH L7,

d. 7 a—= T REWIZ X 5 ERE] O E

R T A ~— 3R U A T — BRI K DM EELA TR L 72K & Rk
DT FTA~—% A\, FHERYOPREIZIE M13 Forward Primer (777 A
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Polymerase chain reaction (PCR) mixture

DDW 28 ul
10mM dNTPs 1l
10 x Pfx Amplification buffer 5ul
10 x PCR Enhancer Solution 5ul
50 mM MgSO, 2ul
DNA 5ul
Plus sense primer (10 pmol/ul) 15ul
Minus sense primer (10 pmol/ul) 1.5ul
PLATINUM™ Pfx DNA Polymerase 0.33 ul
Total 50 pl

+ Vortex and short spin

PCR cycle

94°C (2 min) 1 cycle
94°C (15 sec) — 45°C (30 sec) — 68°C (3 min) 40 cycles
4°C (10 min) — 25°C () 1 cycle

50 x Tris-Acetate-EDTA (TAE) buffer

Tris 60.5¢g
Acetic acid 14.275 ml
0.5M EDTA - 2NA 25 mi

Fill up to 250 ml with DDW

l

Dilute 50 times to prepare 1 x TAE buffer with DDW

0.7% Agarose gel

Agarose 0.14¢
Ethidium bromide (250ug/ul) 20 pl
50 x TAE 800 pl
DDW 20 ml

Fig. 9. Procedure for polymerase chain reaction and composition of
Tris-Acetate-EDTA buffer and agarose gel.
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Agarose gel
« Excise the DNA fragment fromthe 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 temperatue for 1.5 minutes
Discard flow through

+ Add 500 pl of Buffer QG

« Centrifuge 12,000 rpmat room temperatue for 1.5 minutes
Discard flow through

+ Add 750 pl of Buffer PE

« Store at roomtemperatue for 5 minutes

—

h

« Centrifuge 12,000 rpmat room temperatue for 1.5 minutes
Discard flow through

<

« Centrifuge 13,000 rpm at room temperatue for 1.5 minutes
Place

Q

IAquick column into 1.5 ml tube
* Add 50 ul 10mM Tris-HCI (pH 8.5)
- Store at roomtemperatue for 1 minute

h

« Centrifuge 13,000 rpm at room temperatue for 1.5 minutes
Electrophoresis in 0.7% agarose gel to assess amounts of the DNA

*Add 3 ~5 ul3M NaOAC (the amount of 10% of DNA product)
+Add 75 ~ 125 pl EtOH (2.5 time the amount of DNA product)
*Vortex
Store at -80 C
* - Centrifuge 14,000 rpmat 4 °C for 15 minutes
Pellet
1 - Add 200 pl of 70 % FtOH
- Centrifuge 14,000 rpmat 4 “C for 5 minutes
Pellet

* Dry up for 20 minutes
+Add 30 ~ 50 ul DEPC-Treated water

Sequence reaction

Fig. 10. DNA extraction by QlAquick Gel Extraction Kit (QIAGEN) and EtOH ppt.
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PCR

DDW Xul
5 x Sequence buffer 2.0 ul
Primer (2 pmol/ul, 4 pmol/ul or 8 pmol/ul) 1.5l
cDNA (Total 66 ng) Y ul
BigDye Terminator v3.1 0.5 ul
Total 10 pl
l + Vortex and short spin

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 (120 sec) 5 cycles
25C ()

- Add 10 pl DDW

+ Add 2 ul of 125 mM ethylenediamine tetra acetic acid (EDTA)
+ Add 2 ul of 3 M sodium acetate (pH4.6)

+ Add 50 pl 100% EtOH

+ Vortex and short spin

- Incubate at 27°C for 15 minutes

» Centrifuge 14,000 rpm at room temperature for 20 minutes

Pellet
$ - Short spin
Pellet
l - Add 200 pl of 70% EtOH
« Centrifuge 14,000 rpm at room temperature for 5 minutes

Pellet

¥ - Short spin
Pellet

s 2 * Dry up for 20 minutes using aspirator
Store at -80°C

A 4

Add 40 ul Hi Di Formamide (Applied Biosystems) and boil for 2 minutes

Fig. 11. Polymerase chain reaction and EtOH/EDTA/sodium acetate
precipitation for sequencing.
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RASA AV AT L) & H W2, PCR K& Bk U7z 51k & RERIC T - 7= (Fig. 9),

PCR W) % k592 72812 PCR Purification Kit (%7 %7 >) Z M\ T 10mM
Tris-HCI (pH 8.5) TDNA ZigH L, =% / — Wik %1T -7 (Fig. 12),

WIZ pZErO-2 (f > hr Y =) # EcORV (=R v—2) #HNT37C
T 3 WEMIFRE L, HIREEREA OUIW 21T > 7o, HIBRER AL &2 GIT L 72
pZErO-2 #8425 7=|Z, MiniElute Reaction Cleanup Kit (7 4~ >) Z W\ C
10mM Tris-HCI (pH 8.5) TIAH L, =% / — ik %&1T->7- (Fig. 12), FE#L L 7=
PCR HMEEM R L O Z —DNA % DDW TiEfiE L7=, hZhn 1l % 0.7%
T —=Z7 AL, DNA &% #5VkE) CTHERRT%, T4 DNA Ligase (=2 > =)
ZHWT1I6CT—HAf > FaX—rL, T4 —ar&{To7 (Fig. 12), A
»H— K DNA &7 % —DNA [ZE/LD6:1 &5 X DT LT-,

KIGHE DHSa a2 B —F7 v bV EALEY T A7 BT A RiE (Hanahan,
1985) (X V¥ L7= (Fig. 12), 2 B —F 2 bR & T4 HF—3 g U SR
10:1E72D X DEML, e—hya v 7 IECRGBHEOERRE{T-7-, £
D%, UEME TH DL~ A U ZRM LT LB BEHilC A L, 377CT 18 v H
20 FEfEEE#E L 72 (Fig. 12),

7' A3 K DNA 7R A V7 (Holmes & Quigley, 1981) (2L Vi L7z
(Fig. 12), LB E5HICIBR L7z n=—% 2ml @ LB FFHICERE L7, KIGHEIX
Mok IF SR O 728 37°C T 14 5 16 BiFIREEE Lz, T ORER Z =05
BEL, JLERC STET %R, STETL ¥ikAZ IR, 100°C T 30 FMIAE k4 im0
HEL7-, £O®BAE UM ZZE LT TRV BrE, REO 1ul 2 0.7% 7
Hua =AW L, EXKEI CEMNOBE 2>/ e— 2Rk LT,
Z D% RNase A (= RV —2) ZRAAMRE 0.01 (ug/ul) (2725 Kozl
37°CT 30 /s &8 RNA Z#0fif Lz, N OIRIZEEDA Y T asX)
—VEPINL CTELDBEL, E U A T A L — % — T SE T DDW (2
Wi UTciniki e 77 A X iR & LTz, £ D% MiniElute Reaction Cleanup Kit (3
T &AW, 10mM Tris-HCI (pH8.5) 50 ul TIAH L, =% J — Wik %17
-7z (Fig. 12),
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PCR product (Insert DNA) Plasmid (Vector DNA)

Endonuclease digestion (EcoR V)

pZEI0-2

Purified PCR product
by QIAquick PCR Purification Kit (QIAGEN) MinElute Reaction Cleanup Kit (QIAGEN)

Ethanol precipitation Ethanol precipitation

¥

Electrophoresis

<

Ligation of EcoR V digested polymerase chain reaction products with pZErO-2

/\

<+

Transformation of bacteria cells (DHS « ) N

Plate the cells onto LB containing 50 i g/ml of kanamycin

<

+ Incubate at 37°C for 18-20 hours

-
|

A

Select colonies //J

<

Inoculate cell using a sterile toothpick to 2 ml LB (kanamycine)

+ Shaking at 37°C for 14-16 hours

<

Extraction of plasmid DNA from cell culture by boiling method

<

Extraction of plasmid DNA from cell culture by boiling method

Purification of DNA clone with MinElute Reaction Cleanup Kit (QIAGEN)

Fig. 12. Procedure of cloning.
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HWRBLHIOWREITAR Y A T — BB EY O FEES OW®RE (Fig. 11) &
AR DFNETIT 72 (Fig. 13),

B. 1 7EH A7 DA NR

TUMV ([ZOWTIE BRI B W TCHE IR B2 1T o 72y —T T
DR, H—0wmty 7 ARG 570 ERICH W25 BERICOWT A
A V7 h— o AEICB W T Y E T o T,

a. AT IA ~—DikE
BV 7T —FW AT NADEB =S,

b. ™A /L AR

TUMV % MR S 7= D 7 A LA RNA Z 442572912 ISOGEN

0 (=yRry—2)(Fig 14) 2V, =y R P—rO7 v ha—LIH#EL T

4 RNA Z#i L7, #iitt L7=4 RNA % DEPC-Treated Water (= v K> P —

) ISR L CA O EFE BioSpectrometer (= w2 KL 7)) THEE 2 1€
L, OD20=20 % 1pg/ul & LT RNA BEZFH L7,

WHRE—R Y A T —PHEEHUSEYI & D ARSI ORE

TuMV @57 7 5 RNA 82 L T, Er=—<7 XAHMK 7 A /LA
(Moloney murine leukemia virus; M-MLV) #5553 (Prime Script Reverse
Transcriptase; % 4 7 /34 4) ZHWT 42CT 1 KA > FaX—hFL, —A&
$HFEAE DNA (ss cDNA) # &k L7z (Fig. 15), WG T H 72 ss cDNA
26 ARG DNA (ds cDNA) ZHilE <& 57-%, PCR #{7->7-, PCR I
PLATINUM™ Pfx DNA polymerase (-f > £ bz =), DNA HilE# iCycler (/3
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Composition of sequencing reaction

DDW Xul
5 x Sequence buffer 2.0 ul
M13 Forward Primer (0.8 pmol/ul) 3.75 ul
pDNA (Total 400 ng) Y ul
BigDye Terminator v3.1 0.5 ul
Total 10 pl

l + Vortex and short spin

Sequencing reaction 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 (120 sec) 5 cycles
25C (0)

+ Add 10 pl DDW

+ Add 2 pl of 125 mM ethylenediamine tetra acetic acid (EDTA)
+ Add 2 pl of 3 M sodium acetate (pH4.6)

+ Add 50 pl 100% EtOH

» Vortex and short spin

- Incubate at 27°C for 15 minutes

+ Centrifuge 14,000 rpm at room temperature for 20 minutes

Pellet
l + Short spin
Pellet
+ Add 200 pl of 70% EtOH
l + Centrifuge 14,000 rpm at room temperature for 5 minutes
Pellet
§ - shortspin
Pellet
» Dry up for 20 minutes using aspirator
Store at -80°C

Add 40 ul Hi Di Formamide (Applied Biosystems) and boil for 2 minutes

Fig. 13. Polymerase chain reaction and EtOH/EDTA/sodium acetate
precipitation for sequencing.
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0.05-0.1 g TuMV infected leaves

+ Add 800 pl ISOGEN 11

+ Homogenized with a mortar and pestle
* Transfer into 1.5 ml tube

+ Add 340 pl DEPC-Treated Water

Vortex for 15 seconds
Store at room temperature for 10 minutes
Centrifuge 12,000 rpm at 4°C for 15 minutes
Transfer supernatant into 1.5 ml tube
+ Add 320 ul 70% EtOH
« Store at room temperature for 10 minutes

Centrifuge 14,000 rpm at 4°C for 8 minutes

Pellet

+ Add 500 pl 70% EtOH

- Centrifuge 10,000 rpm at 4°C for 3 minutes
Pellet

- Add 500 pl 70% EtOH

+ Centrifuge 10,000 rpm at 4°C for 5 minutes
Pellet

l + Add 30-40 ul DEPC-Treated Water

Use for reverse transcription and polymerase chain reaction

Fig. 14. RNA extraction procedure using ISOGEN II.
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Reverse transcription (RT) reaction mixture

DEPC-Treated Water 11 pl
10mM dNTPs 1l
5XRT buffer 4 ul
Minus sense primer (50 pmol/ul) 1l
RNA (1 pg/1pul) 2 ul
PrimeScript™Reverse Transcriptase (Takara) 1l
Total 20 ul
l Incubate at 42°C for 1 hour

Polymerase chain reaction (PCR) mixture

DDW 29.7 ul
10mM dNTPs 1yl
10 X Pfx Amplification buffer S5l
10 X PCR Enhancer Solution 5ul
50mM MgSO, 2ul
15t cDNA (RT reaction mixture) 4 ul
Plus sense primer (10 pmol/ul) 1.5l
Minus sense primer (10 pmol/ul) 1.5ul
PLATINUM™ Pfx DNA Polymerase 0.33 ul
Total 50 pl

l \Vortex and short spin

PCR cycle

94°C (2 min) 1 cycle
94°C (15 sec) —45°C (30 sec) — 68°C (3 min) 40 cycles
4°C (10 min) — 25°C (°) 1 cycle

Fig. 15. Procedure for reverse transcription and polymerase chain reaction.
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44Ty R) BEORY—VT FF R (TAF v 7)) #HWTIF-7= (Fig. 15),
PCR # 7% dsDNAEIEDF =~ 7 B L ODNADKERII N Y 77 U —F WA
7 OANVADHERAZZMH (Fig. 10),

WREBLSNOWREI Y 77V —FHF A 7 VA VAOHE 25 M (Fig. 11), 7
BA—=ANT VT BERT ) L OHIERY] 2 T2 fF AT I 4R (2007) , KEE
(2014) = L CAMIZEDT =X 2\, =2 ——F v ROBERRYT ) D OIS,
AFF (2007), B O (2011) B L OVKREE (2014) = L CANIZED T — & Z iz,

5. Sy F AL ERIFRAT

A, HLHR 2L O FRAT

BRAR U 7o op BIERR OB LB Y 36 K ONEIBRME ALY 7 — 2 N =2 B 15 BV
FLBOA 2 AR 2 SO OFRAT I T2, oy IR 120, SMEZ LB S 375
2 CaMV D& B8 L OFEBICHOWT BLAST ik &iT-o7- & 2 5,
Horseradish latentvirus (HRLV, 77 & v 3 > &5 NC_018858) DI ILEIFI| &
Tk ToHDZERH NIRRT 7c), ZOWIEEINZNEE L THW, £
N Dy BERR O FLEL 1 BioEdit v5.0.9 (Hall, 1999) %z HWC7 2 / [ighl 4]
I8 H#a L7=%%, ClustalX2 (Larkin etal, 2007) (IC LD T7 T4 A v F&1{To72, KIC
FNENOT I BRI BN X v v 7% TRANSALIGN (Weiller fi#+: I
D 53iE) &RV CHIERISIHIZHE A L, BioEdit v5.0.9 (Hall, 1999) % HWCTX ¥
Y TR DI A RV, D%, CaMV IZOWTIXORF LI L IV 3B
X OV O EAY & fEA L CEFERLY] (ORFs 1-V) 1 X OV ORF VI O FLE 5 %
7o, HEFEERLS| OS2 AL A2 AT 572, RDP4 (Martin et al., 2015) ¥ 7
R 2T ICHEA SN TW DA 7 e 72 A CTh D RDP (Martin & Rybicki,
2000), BOOTSCAN (Salminen et al.,1995), GENECONYV (Sawyer, 1999), MAXCHI
(Maynard Smith, 1992), CHIMAERA (Posada & Crandall, 2001) 3 X TF SISCAN
077 N RWTHIT 21T o7, £ RSOV T PHYLPLO '1 /5
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2 (Weller, 1998) % FHVNC 50 HEJE = & \THHHR X AL 2 3R~ 7=, #HIR 2 O TREME
D& D ENLIZ DWW TR THERR O SISCAN version 2 (Gibbs et al., 2000) % FHu»
THE X SN ORI EIT > 72, X 51T Recombination Analysis Tool (RAT;
Etherington et al., 2005) % F\\ CRENT 21T > 7=,

B. 70 7SR A AT

BRAE L 7o o Bk B X O EBE BT — 2 N— 2 b 15 b Ve o BERR D 53 F
Rt Bk Z 3D TTIEIZ L VF~7z, 97245, SPLITSTREE v4.11.3 (Huson &
Bryant, 2006) (Z331F % Neighbor-Net 7%, PhyML v3 (Guindon & Gascuel, 2003) (Z
BT 5 & A (Maximum likelihood method; ML %), BEAST v1.7.5 B X O
TreeAnnotator v1.7.5 (Lemey et al., 2009) (Z351) 5+ RiE%E T+
R LT, ok, mUER XA XVEZ W TERR L7 Rk T, ERd
DFRHTI SR Z AR & b 5 0Bk & BR &, CaMV (22U T ORF VI IZDU T
135 R & 220 HEATITICITHEIE X SN L <RBO b z), T XTDO5y
HERR D 5> R~ B 220 Hidk F TORH Z RV T Bds 2 VT 21T > 72, &
72 TUMV (IZ2DWTIE CaMV & [RIERICAEHE % H 2758 L, Region A, BIB LU C
[HE 77 1460-3472, 3812-6016 5 L U8 6479-8068; UK 1 7yBfERE (Jenner et al.,
2000) DEEEFFEZZM] © 3 fHEEkE MW T 217> 72, CaMV DAMEIZIT
HRLV DOIEFEEIF], TuMV OFEEIZ 13 Japanese yam mosaic virus (JYMV) (Fuji &
Nakamae, 1999, 2000), Scallion mosaic virus (ScaMV) (Chen et al., 2006), Narcissus
late season yellows virus (NLSYV) (Lin et al., 2012; Wylie et al., 2014) % Hv>,
jModelTest v2 Tl 7 B FEE LT T L 25~ 7o, ML EZ Wi ¢ix, WY
ANVADIRY 24T > - RHEBICE L CHEEERE T L& L T general
time-reversible (GTR), JENLREDZEHEE D ARL) IOV THEEL, Vo~
AR L ORE AR 2 HWIRE R ET L E LT GTRHa+ ZiEH L 7c, Rk
DEFEDEEMEZFTMT D72 0I121E 7 — M A b7 > 7L T 1000 B D T > & A
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Yo T T uTole, — A REE AW T, £37 A—2—D%E
BERSOHEE I~V o 7HEEETE T v a ik (MCMC 1E) I2ES3&1To 72,
PV T 10 EKE L, R&PIO 10%DH 7 V% burn-in & L CERWV =,
ENENDITEIZ L o TER L 72 R # k1L TREEVIEW (Page, 1996) 5 L T*
FigTree v.1.4.2 (Rambaut, 2009) #HWTE R L7, S HIZ, T I THLNTZAH
¥f1X PATRISTIC (Fourment & Gibbs, 2006) O fEHTIZ V7=,

C. AL VHftT

LM OBEHESICOWTHET 2720 HP BT 2 N &2fTo72, T72bb,
Tajima’s D (Tajima, 1989), Fu & Li’s D*33 £ TN F*5 2 k(Fu & Li, 1993) 35 & U~
7'a X A T DEEEMEE DNASP v5 (Librado & Rozas , 2009) ¥ 7 b w7 =7 %
THM L7, Tajima’s D 7 A N OEIXHEEALS D LR D FE & 2834 K
(segregating site) MOHEIZ LV EHEN D, Fu & Li's DB L NF*7 X FDfA
T ERSIMOZEROBRB EERESMT 1 HEDOLBOONDIER
(singleton) K OFEIZ IV RSN, Fu & Li’s F*7 & b OffE I3RS D £~
7 R O AR E O EEIE & singleton ZBOMIEICEIVEH LI, ~TuX AT
SERMEITERRIC BT 2T 0 24 TOBEHEIC I VR L, 72, A%
i A/ R #% & #2 (dN/dS) bt o fif Tt 2 MEGA v6 (Tamura et al, 2013) @
Pamilo-Bianchi-Li (PBL) %% W CHEH L7=,

D. E5HI I L ONEAR T IR BT

LM OBIZH R L BB T REIOKE SOEIETH D Ks*, Z, Snn 5 &
' Fst/E (Hudson, 2000) % DNASP V5 (Librado & Rozas , 2009) ¥ 7 h v =7 %
AWTHEH L7z, FstEDfxHED 1123 512 EEITEEMIZE L T
HZEMREEN, Fsrfi<0.33 Thiud, B FiiEhnHEicikE Tcns 2 b
Y,
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E. MR HIEAT

CaMV £E[H|ZB L C Structure v2.3.4 (Hubisz et al., 2009) % F\ > CH& Bk A &
DML EDOREDOEI G THRT I EHE L, &7 —% vy MIxfL
T 1-10 oY 7 (K=1-10) 2»bix byl e 7% HE L7z, MCMC
157C 10°[5I & 4E L, burn-in & LT 10%[8143 % BRV /=, Evanno et al. (2005) (Z7EVY,
delta-K #tit &2 HH L, delta-K 23k KIEZ <9 HF D K & fx & ) 72 7 5
&L,

6. EACEEE, Wy REHEE

NRA RYEZHS T BEAST v1.7.5 (Lemey et al., 2009) % HVy, & 7 A /L AD
EALEE LR REOHEEZ1T 72, 723, TuMV (2B L TITHI X AL 525
L, Mz oL 72na—L KRRy N ThD 3 Ein-iEK (HC-Pro, P3
BELONIb &R T) OF k. [HIEE S 1460-2494; HC-Pro*, 2591-3463; P3*,
7208-8068; N1b*, #2513 UKL 7B (Jenner et al., 2000) D& Hfl A1 2 2 H]
EREANTICH W2, 0 FRFEHE T VOB MITIEAA R[Rf (Bayes Factor, BF) % %

T T o T2, 0 FIFFFET L CIE strict 35 KT relaxed (uncorrelated exponential

F L O uncorrelated lognormal) @ Hh5, F£7= 5#EFHET /L (constant population
size, expansion growth, exponential growth, logistic growth 33 X UF Bayesian skyline
ploty OHFNLIRERET VERA, £z, DHHROREFEE L ZOEROE

EEICHBENRH 2008 ) 0 ERET H7-9HIC Path-0-Gen vi.3 % H W, [BIIFHT
AT o7,

KRT A= H—DFEHWERSOHEE T~V 7#EHE T ik (MCMC
B IS & To70, 7Y 7 108 mINEL, &0 10%DY Tk
bun-in & L T B W =, Z b O K F 1L Tracer v1.6
(http://tree.bio.ed.ac.uk/software/tracer/) % FH\ CHERR A 1T > 7,
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e L 7o AL E WO & IR R OB IRMEZ DO 572018, FEROT 7'r
—F B4T o T2 HCATHISE (Ramsden et al.,, 2009; Firth et al., 2010; Duchéne et al.,
2014) ItV T A B =T a VRIERIT o7, E72 BEAST Vv1.7.5 D
717 7 A /v % AT Maximum clade credibility (MCC) S#tf % FigTree v1.4.2
TR Limse L7z,

7. PRERR S E

IRFFRIREIE (2 D ZEFRIRY 722 T 7 A b 2 DR ZEENIC DU Tik BEAST OBfEHIAL &
TV E AW 217572 (Lemey et al., 2009), L ZN DEM DRI~ A
AKF (Suchard et al., 2001) TXFFSN TV D5 Zffqd L, SPREAD (Bielejec et
al., 2011) 35 X 0" Google Earth 2 T, i A L A O MERIR I TORBITIE
2 LT,

8. HL % W D HEE

TuMV (2B L CTIEfaHIkHHE 2 23 & 7= FE & Visser et al. (2012) o )55 % L2
HEE U7, MR X RO 2 BE l RS 2 0B L, £ OB ORI X OER-0M
BB 2 HIbRER, HIBRL7-fEICF v v 72 FAL, Zh 62 IR & IEHH R
Z AR FERL S 2 BEAST v1.7.5 (Lemey et al., 2009) CTHERHEEZIT 72, T D
% MCC RAht O Fi D oyl AR A TR 2 Pl OHEE 21T - 72,

VI. fE R

1. BV 73U —FHF AT T4 )R
A. 15 EG

AT, ¥y, MLaBIOHAAERNS CaMV FRIERZ 9 5 MRiEY &
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BRAEEL, CaMV FrRIHLAR % IV 72 DAS-ELISA 12T U A )V ARG DA 4 % i
ELTZ, TORE, 72x, 24Xy, HVT753U— TJuoyal—, 77
F BRI X A 27 ETHMERIG AR bivTe, EA D S EERE O IR
VEZfER T 2572, SENOREMWROSEKREZEREL, 777 TR#E® A A
TiE EXS %2 L7= (Fig. 16, Table 3), T DR, Z< ORI A 2V B
LT 7 7 F BRI U, 1 RIERBROBYM 28 Uiz, BIBRZ2EIR 2 7R
/2o TV TIE, DAS-ELISAEIC LY, RO ®ELME L-, H
APE JPN-N, JPN-S1 35 KO8 JPN-S2 73BERRIZ N 7 (Wfl 2 ED D) D7
T I TR LA 3 RIS WD TR RIER 2R S R0 T2,
DAS-ELISA JEIC L 0 DB HER TE 72720, T4 b BRI It O 23 BfERk & g
LCHE: & b,

B. 7 Mk

BAE LTo 67 DBERICOW TR Y X T —BEHSUGRPEY % i\ C et SRS
REZRARTZE T A, 19 DEERTIXS /7 A 3RmOR Y A By, £72 6 408
BRICBW TR Lica ey 7 AR EBE L, —H57 7 AR oISk E
DRFETH o7, TDID, 7 oa—=" T FEWZE AV Ci%Y 4 2 sEil ot Sl
FNOWRTEZAT - 72 (Table 4), & DfER, TURL Sk Ciz3 s/ m—r 27
— VMR DT T =0, 1 7 u— N TIHEOT T = TRY A B
STz, £7-, IRNCaQA 4yBlEkE Tid 7392 Hi 2L/ 7775 #iIE £ TORISI %
Ja—=2 7Ll Ah, 67— 37u—rREoRsTHY, RN
AT —RHERIGFEY OBRLHI & UTERA Lic, &oBEks /7 o o0
7984-8063 Hi ki Toh o 7=, ORF 1% 978-984 ik, ORF Il (% 459-480 ik, ORF
113 390 ik, ORF IV |3 1458-1512 #i%k, ORF V % 2025-2040 #zlk, ORF VI
11 1560-1575 Hgkds L ONORFVII 1% 285-291 ¥ THh -7, 512, ORFVI
& ORF VII 3 X Y ORF VI & ORF VIl O s 1-FEIKk T 2 704-784
B LUN103-104 HETH -7z, 723, CaMV 67 3Bk DM HEL 5113 DDBI
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Fig. 16. Symptoms caused by Cauliflower mosaic virus. Chlorotic
spots on Brassica rapa cv. Hakatasuwari and mosaic on Brassica
oleracea var. botrytis cv. Snow queen.
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Table 3. Host reaction of Cauliflower mosaic virus.

A

Raphanus sativus (Radish) Brassica rapa (Turnip)
Isolate Original host cv. Akimasari 2 go cv. Everest cv. Taibyo- sobutori cv. Hakatasuwari
GRC83 Broccoli LI/CS, M, VC (2/3), -/- (1/3) LI/CS, M, VB, \C (5/6), -/- (1/6) LI/CS, VB, VIC (2/3), -/- (1/3) CS/M, Ru, VB, VC (6/6)
GRC84B Broccoli LI/CS, M, VB, VC (3/3) LI/CS, M, VB, VC (3/3) CS/Ru, VB, VC (6/6)
GRC87E Cauliflower LI/CS, VB, VC (2/3), -I- (U/3) CS/M, Ru, VB, VC (3/3)
GRC87G  Cauliflower LI/CS, M, VC (3/3) LI/CS, M, VB, VC (2/3), -/- (1/3) LI/CS, M, VB, VC (3/3) CS/ M, Ru, VB, VC, (12/12)
GRC922A  Broccoli LI/CS, M, VB, VC (2/3), -/- (1/3) CS/M, Ru, VC (3/3)
JPN-M Cabbage LI/CS, M, VC (3/3) LI/CS, M, VB, VC (3/3) LI/CS, VC (3/3) CS/Ru, VB, VC
JPN-S1 Cabbage LI/CS, M, VB, VC (3/3) LI/M, VB, VC (3/3) CS/M, Ru, VC
JPN-S2 Horse radish LI/CS, M, VB, VC (3/3) LI/CS, M, VB, VC (3/3) LI/CS, M, VC (3/3) CS/VB, VC (6/6)
JPN-UVL1  Cabbage LI/CS, M, VB, VC (3/3) LI/CS, M,VB,VC (3/3) CS/M, Ru, VB, VC (3/3)
JPN-UV26  Cabbage LI/CS, M, VB, VC (2/3), /- (1/3) LI/CS, M, VB, VC (6/6) LI/CS, M, VB, VC (2/3), -/- (1/3) CS/M, Ru, VB, VC (3/3)
TUR34 Cabbage LI/CS, M, VB, VC (3/3) LI/CS, M, VB, VC (6/6) LI/CS, VC, (3/3) CS/ M, Ru, VB, VC, (12/12)
TURS0 Cabbage LI/CS, M, VB, VC (3/3) LI/CS, M, VB, VC (6/6) LI/CS, VB, VC (6/6) CS/M, Ru, VB, VC (3/3)
TUR263  Cauliflower LI/CS, M, VB,VC (3/3) LI/CS, M, VB, VC (3/3) CS/M, VC (3/3)
TUR285 Cauliflower LI/CS, M, VB, VC (3/3) LI/CS, M, VB, VC (3/3) CS/M, Ru,VC (5/5)

& Symptoms of inoculated leaves / upper uninoculated leaves.

b Numbers of plants infected / plants inoculated.

CS; Chlorotic spots, LI; Latent infection, M; Mosaic, Mo; Mottle, Ru; Rugosity, VB;
\ein banding, VVC; Vein clearing, -; Not infect

B.
B. oleracea var. botrytis B. oleracea var. capitata B. oleracea var. gongylodes B.oleracea var. italica
Isolate Original host cv. Snow queen cv. Shinsei cv. Grand duke cv. Challenger
GRC83 Broccoli LI/Mo, VC (2/3), -/- (13) LI/VB, VC (3/3)
GRC84B Broccoli LI/Mo, VC (2/3), -/- (1/3) LI/VB, VC (3/3)
GRC87E Cauliflower LI/CS, VB, VC (3/3)
GRC87G Cauliflower LI/CS, M, Mo, VC, VB (3/3) LI/CS, Mo, VB, VC (3/3) LI/CS, VB, VC (6/6)
GRC92A Broccoli
JPN-M Cabbage
JPN-S1 Cabbage LI/VC (3/3) LI/VB, VC (2/2)
JPN-S2 Horseradish
JPN-UV1  Cabbage LI/RS, VB, VC (3/3)
JPN-UV26  Cabbage
TUR34 Cabbage LI/CS, M, VB, VC (3/3) LI/Mo (3/3) LI/CS, Mo, VB, VC (3/3) LI/CS, M, VB, VC (3/3)
TURS0 Cabbage LI/CS, M, VB, VC (2/3), -/- (/3) LI/CS, Mo, VC (2/3),-/- (1/3) LI/ M, VC (3/3) LI/CS, M, VB, \C (3/3)
TUR263 Cauliflower LI/CS, Mo, VB, VC (3/3) LI/CS, Mo, VC (3/3) LI/ M, VC (3/3) LI/CS, VB, VC (3/3)
TUR285 Cauliflower LI/CS, VB, VC (3/3)
C.
B. campestris var. Narinosa__ B. napus B. pekinensis
Isolate Original host cv. Tatsuai cv. Otsubu cv. Nozaki 1- go
GRC83 Broccoli LI/CS, M, VB, VC (3/3) LI/CS, M, Ru, VC (2/3), -/- (1/3)
GRC84B  Broccoli LI/CS, M, Ru, VC (3/3) LI/CS, Mo, VB, VC (2/2) LI/CS, M, Ru, VB (2/2)
GRC87E Cauliflower LI/CS, Mo, VB, VC (3/3)
GRC87G Cauliflower LI/CS, M, Ru, VC (3/3) LI/CS, M, VB, VC (3/3) LI/CS, M, Ru, VC (3/3)
GRC92A Broccoli LI/CS, Mo, VB, VC (2/2) LI/CS, M, Ru, VC (2/2)
JPN-M Cabbage LI/CS, Mo, VC (3/3) LI/CS, M, Ru, VC (3/3)
JPN-S1 Cabbage LI/CS (3/3) LI/CS, M, Ru, VC (3/3)
JPN-S2 Horseradish LI/CS, M, VB, VC (3/3) LI/LI (3/3)
JPN-UVL  Cabbage LI/CS, VB, VC (3/3) LI/CS, M, Ru, VC (3/3)
JPN-UV26 ~ Cabbage LI/CS, M, Ru, VB, VC (2/2) LI/CS, Mo, VB, VC (3/3) LI/CS, M,Ru, VC (3/3)
TUR34 Cabbage LI/CS, M, Ru, VC (3/3) LI/CS, M, VB, VC (3/3) LI/CS, M, Ru, VC (3/3)
TURS0 Cabbage LI/CS, M, Ru, VC (3/3) LI/CS, M, VB, VC (3/3) LI/CS, M, Ru, VC (3/3)
TUR263 Cauliflower LI/CS, M, Ru, VC (1/2), \- (1/2) LI/CS, Mo, VB, VC (3/3) LI/CS, M, Ru, VC (2/2)
TUR285 Cauliflower LI/CS, Mo, VB, VC (3/3)
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Table 4. The results obtained by cloning for Cauliflower mosaic virus.

Isolate Region? Clone Number of A or mismatch between clones Adoptednu  Mismatch between
mber of A clone and PCR product
CRO180A 7704 - 181 cL6Y 7 7 0
CL8 7
GRC86B 7704 - 181 cLav 4 4 0
CcL3 4 0
GRC91B 7704 - 181 cL3v 6 6 0
CL4 6 0
7392-7775 cLav - - 0
CL5 - 0
CL7 - 0
GRC92A 7704 - 181 cL3v 7 7 0
CL4 7 0
IRNCaE2 7704 - 181 cLiv 8 8 1
CL4 8 2
CL7 9 1
IRNCaQA 7704 - 181 cLiv 6 6 0
CL8 6 0
7392 - 7775 CL1-2° 5-ATGTGTGAGTAG-3’ - 0
CL2-2 5°-ATGTGTGAGTAG-3’ 0
CL3-1 5-ATGAXXGAGTAG-3” 2 nt deletion,
1 nt mismatch
CL3-2 Couldn’t read after nt 7505 (perhaps contaminated) -
CL4 5°-ATGTGTGAGTAG-3’ 0
CL6 5’-AGGTGTGAGTAG-3’ 1
CcL7 57-AXXXXXXXXXXTAG-3’ 8 nt deletion
IRNTuKh12 7704 - 181 cL1 15 9 0
cL2 17 1
CL3 Couldn’t read after polyA region (perhaps contaminated) 0
cLav 9 0
CL5 10 0
CL6 9 0
CL8 15 2
IRNTUMA 7704 - 181 CL1 Couldn’t read after polyA region (perhaps contaminated) 11 9 nt deletion
CL2-1 5°-TAATCCGCATAAXXXXXXXXXAAAAAAAA-3’ -
(polyA=8)
CL2-2 5’-TAATCCGCATAAGCCCCCGCXAAAAAAAAAAAA-3” -
(polyA=12)
CL3-1 57-XXXXXXXXXXXXGCCCCCCXXAAAAAAAAAAA-3 11 nt deletion
> (polyA=11)
CL3-2Y  5°-TAATCCGCATAAGCCCCCGCXAAAAAAAAAAA-3’ -
(polyA=11)
CL5 57-XXXXXXXXXXXXGCCCCCGCXAAAAAAAAAAAA 10 nt deletion
AA-3’ (polyA=14)
CL6 5’-TAATCCGCATAAGCCCCCGCXAAAAAAAAAAAA-3” -
(polyA=12)
CL8 5°-TAATCCGCATAAGCCCCCGCXAAAAAAAAAAAA-3’ 1 nt insertion
(polyA=12)
7392-7775 CL2 - - 1
cLav 1
CL6 - 1
CL7 - 1
TUR1 7704 - 181 cLiv 8 8 0
CL4 7 0
CL8 8 1
TUR2 7704 - 181 cL1v 8 8 0
cL2 8 0
CL5 7 0
TUR4 7704 - 181 CL1 9 8 1
cLsY 8 0
CL7 Couldn’t read after polyA region (perhaps contaminated) 0
CL8 8 0
TUR5 7704 - 181 cLiv 10 10 0
CcL7 10 0
TUR12 3131-3549 CcL2 - - 1
cLsY - 1
CL7 nt 3257-3585 deleted 1
CL8 nt 3257-3585 deleted 1
TUR50 7704 - 181 cLv 7 7 0
CL2 7 0
TUR59 7704 - 181 cLa2v 6 6 0
CL6 6 0
TUR213 7704 - 181 cLiv 7 7 0
CL4 7 0
TUR214 7704 - 181 CL4 8 8 1
cLsY 8 0
TUR249 7704 - 181 CL1 13 10 0
cL2v 10 0
CL3 10 0
TUR303 1753-1836 CL1 Couldn’t read after nt 1847 (perhaps contaminated) -
cL2v 57-AAGX XX XXX XXXXXXAGC-3’ 0
CL3 5’-AAGAAGAAGTTAAAGAGC-3’ 12 nt insertion
CL4 57-AAGXXX XXX XXXXXXAGC-3’ 0
CL7 Couldn’t read after nt1847 (perhaps contaminated) -
CL8 57-AAGXXX XXX XXXXXXAGC-3" 0
TUR306 7704 - 181 cLsY 6 6 0
CL7 6 0

@ Nucleotide position where cloning is necessary.
b Number of A added to the PCR product.
¢ Adopted clone as adding to the PCR product.
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Table 5. Tentative and clear recombination sites in Cauliflower mosaic virus genomes.

Parental isolate

Recombination

Isolate Position (nt)? ORF Maior Minor detection P-value®
J program®
B29 3296-3946 V-V TURS50 Unknown (TUR4) BSrS.P 3.81x10°
5996-7341 Vi Unknown (TURS50) TUR4 RGBMCSgrSo 2.14 x 103
BBC 3259-3946 V-V TURS0 Unknown (TUR4) BSrS.P 6.48 x 1010
4214-5995 (UD) \Y; Unknown (TUR263)  TURS0 RGMCS, 3.41 x 10V
Cabbage S 3298-4078 V-V TURS50 Unknown (TUR4) GBSRrS.P 2.02 x 10°
6239-74 VI- Vil TUR285 CM1841 RGBMCSRS, 7.43 x10°%
CM1841 3259-4071 V-V TURS50 Unknown (TUR4) BSrS.P 3.80 x 1010
4214-5995 V-VI Unknown (TUR263)  TURS50 RGMC 3.42 x 101
CMV-1 3259-4031 V-V TURS0 Unknown (TUR4) SrSoP 2.66 x 1010
5887-195 VI-Vil Unknown (TUR4) TURS0 RGBMCSRS, 7.84 x 10%
CRO180A 5996-7362 Vi TUR50 Unknown (TUR4) RGBMCSRS.P 3.10 x 10°%
D/H 5957-82 VI-VII Unknown (TUR50) TUR4 RGBMCSRS,P 421 x 10°%
GRC83 7240-15 VI-Vil GRC86D BBC RGBMCSRgS,P 1.32 x10%
GRC84B 7240-15 VI-VII GRC86D BBC RGBMCSRgS,P 1.37 x10%
GRC86B 4318-7239 \! GRC84B TUR216 RBMCSrS,P 3.21 x 100
GRC86D 7348-615 VI-Vil TUR9%4 Unknown (CM1841) RGBMCSRS, 7.28 x 10V
GRC87E 7348-615 VI-ViI TURY4 Unknown (CM1841) RGBMCSgS.P 3.18 x 10713
GRC87G 7348-615 VI-Vil TURY%4 Unknown (CM1841) RGBMCSRS, 421 x 104
GRC91B 7348-615 VI-Vil TUR9%4 Unknown (CM1841) RGBMCSRS, 2.63 x 101
GRC92A 7348-615 VI-ViI TURY4 Unknown (CM1841) RGBMCSrS, 7.99 x 10715
GRC92C 7348-615 VI-Vil TURY%4 Unknown (CM1841) RGBMCSRS, 1.83 x 10
GRC92D 7348-504- VI- Vil TUR9%4 Unknown (CM1841) RGBMCSRS, 1.15 x 1017
IRN1 5969-102 VI-VII TURS50 Unknown (TUR4) RGBMCSRS, 2.07 x 10
IRN2 5969-102 VI-Vil TURS50 Unknown (TUR4) RGBMCSRrS.P 7.68 x 10°%
IRN3 5969-102 VI-Vil TURS50 Unknown (TUR4) RGBMCSRS, 2.07 x 10°%®
IRN4 5996-195 VI- Vil TURS0 Unknown (TUR4) RGBMCSgrSo 4,08 x 10
IRN5 5996-208 VI-Vil TURS50 Unknown (TUR4) RGBMCSRgS, 1.58 x 10
IRN6 5944-180 VI-Vil TURS50 Unknown (TUR4) RGBMCSRS, 4.70 x 10
IRN7 5969-76 VI- Vil TURS0 Unknown (TUR4) RGBMCSRS,P 8.64 x 10°%
IRN8 5962-208 VI-Vil TURS50 Unknown (TUR4) RGBMCSgS, 4.48 x 10
IRN9 5965-64 VI-Vil TURS50 Unknown (TUR4) RGBMCSRS, 1.53 x 10
IRN10 5967-7342 \! TURS0 Unknown (TUR4) RGBMCSRS, 3.77 x 10°%
IRN11 5969-42 VI-Vil TURS50 Unknown (TUR4) RGBMCSRrS.P 1.44 x 10°%
IRN12 5965-7342 Vi TURS50 Unknown (TUR4) RGBMCSRS, 2.59 x 10
IRN13 5965-180 VI- Vil TURS0 Unknown (TUR4) RGBMCSRS, 1.45 x 10°%
IRN14 5952-99 VI-Vil TURS50 Unknown (TUR4) RGBMCSRgS, 2.46 x 10°%
IRN18 5969-212 VI-Vil TURS50 Unknown (TUR4) RGBMCSRS.P 1.57 x 10°%
IRN19 5965-64 VI-VII TURS0 Unknown (TUR4) RGBMCSRS, 1.18 x 10°%
IRN21 5996-180 VI-Vil TURS50 Unknown (TUR4) RGBMCSgS, 2.93 x 10
JPNHGB340 3259-3946 V-V TURS50 Unknown (TUR4) BSrS.P 5.12 x 10°
5996-7341 \ Unknown (TUR4) TURS50 RGBMCSRS, 5.81 x 10°%®
JPNKWB778 3265-3946 V-V TURS50 Unknown (TUR4) BSrS.P 3.72 x 10°
5965-7341 VI Unknown (TUR4) TUR50 RGBMCSgS, 3.35 x 103
JPNM 4214-5964 V-VI Unknown (TUR263) TURS50 RGMC 1.26 x 101
JPNN 5996-7361 VI Unknown (TUR4) TURS0 RGBMCSRgS, 1.35x 10
JPNS1 3259-3946 IvV-v TURS0 Unknown (TUR4) SrSoP 9.43 x 10°
5996-269 VI-VII Unknown (TUR50) TUR4 RGBMCSRS, 1.19 x 10°%
JPNS2 3259-3946 V-V TURS50 Unknown (TUR4) SrSoP 5.74 x 10°
5996-269 VI-VII Unknown (TURS50) TUR4 RGBMCSgrSo 1.19 x 10°%
JPNUV1 4214-5964 V-VI Unknown (TUR263) TURS50 RGMC 1.26 x 101
JPNUV26 4214-5964 V-VI Unknown (TUR263) TURS0 RGMC 1.15 x 106
JPNTKD762 3242-3989 V-V TURS50 Unknown (TUR4) SrSoP 217 x 108
5881-210 VI-ViI Unknown (TUR50) TUR4 RGBMCSRrS, 5.12 x 10°%
NY8153 3296-3946 V-V TURS50 Unknown (TUR4) BSRrSoP 3.20 x 101
2104 (UD) - 5896 (UD) IV-VI Unknown (TUR263) TUR50 SrSoP 8.95 x 1013
5900-164 VI-ViI Unknown (TUR4) TUR50 RGBMCSRrS, 5.70 x 10°%
TUR2 399-1261 -1 TUR249 TURS9 RBSr 2.87 x 10°
TUR34 4438-5876 V-VI Unknown (TUR285) TUR278 SrSo 1.39 x 10°®
TUR59 4511-5948 V-VI TUR278 Unknown (TUR285) MSgS, 4.61 x 107
5996-164 VI-Vil TUR4 Unknown (TUR50) RGBMCSgP 8.65 x 10
TUR214 1772-2108 1 -1 TUR2 TUR12 BSrS.P 2.49 x 10°®
TUR216 2832-4937 (UD) \VAAY, TUR249 Unknown (TUR2) BSrSo 2.03 x 10°16
5324-7347 Vi Unknown (TUR306) GRC92D M 1.90 x 10°
TUR220 5539-6357 Vi TURS1 Unknown (TUR285) RGB 5.22 x 10
TUR239 34 (UD) -1034 | Unknown (TUR4) TUR244 RGBSRS, 3.0 x 1071
1857 (UD) -2799 \Y GRC83 Unknown (IRN2) SrSoP 3.71 x 10
4365-5326 (UD) V-VI TURS0 TUR4 BMSgrS.P 6.57 x 10"
TUR289 471 (UD) -2485 -1V TURS4 Unknown (TUR306) RGBMCSRrS, 2.00 x 10°®
TUR306 1831-2512 1 -1 Unknown (TUR94) TURS84 BSrSo 4.52 x 10°°
W260 3259-3946 V-V TURS0 Unknown (TUR4) BSgS.P 2.54 x 107
Xinjing 627-1661 -1 Unknown (IRN19) IRN21 RBSoP 1.96 x 105

®Recombination sites detected in the CaMV genomes by the recombination detection programs (listed in column 6), from the aligned
sequences of the likely recombinant and its ‘parental isolates’. The nucleotide position shows locations of individual genes numbered as in

Xinjing genome (AF140604). UD; Undetermined.
PRecombinant isolates identified by the recombination detection programs: R (RDP), G (GENECONV), B (BOOTSCAN), M
(MAXCHI), C (CHIMAERA) and Sr (SISCAN)
programs in RDP4, and So (SISCAN total nucleotide site analysis) in original SISCAN version 2 and P (PHYLPRO) programs. The

analyses were done using default settingsand a Bonferroni-corrected P-value cut-off of 0.01 in RDP4.

“The reported P-value is for the program in bold type and underlined in RDP4 and is the smallest P-value among the isolates
calculated for the region in question. Pvalues smaller than 107 are listed.
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Fig. 18. Recombination analysis by RAT plot. Each blue line represents a pairwise
sequence comparison. The red curve represents the estimated proportion of recombinants
at each position in the alignment. The red vertical lines denote estimated positions of
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region. The estimated nucleotide positions of the recombination sites are shown relative
to the 5° end of the genome, using numbering of the gapped aligned sequences with gaps
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genome using numbering of the sequence of the Xinjing isolate.
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SNEURT 4y ZHEBET vy S ORESR S, ORFs 1-V 38 X TVORF VIHIZDW
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XFHRIIIZ, ORF VI TIXEWE &2 F52 2 DO FEE 2 7 )L — 7 R S 1, ORFs |-V
B L ORF VI OFH 77— 13 B R 720040 & BARER H 5 X 5 12 Bbih
7= (Fig. 19), F7z, L ZIRZFRE MLIEIZ L Y 1ERR L7= ORF VI O Rk IE
Neighbor-Net %12 & 0 1Rk L 7= 2kt & A ONLFH %2 7~ L7z (Fig. 20), ML S&#t
BTN —AFA T BIXORARALT AV la—a y YT T —"7, 7
N—T"BIEX V¥, MaBlOa 7477 Vv—71200x 7z (Fig. 20),
FHIRN DEAE L1222 < OBKIZ 1 DDH T I A—FIB LTENR, AT Pk
DEERIL 2 DO =T IR L T\, BREWZ 2T, Mray T s —7
ERBRICIN—T B R LA 7 N T T N—T O TOaBERRIT kL=
BN A T DR UK TR D T T o AT = MG
Bk Cd o 72,

d. fEMEAR2RIAET

MRS D% % DNASP VS 7' 2775 A D Tajima’s D, Fu & Li’s D*35 KX OV F*
T A k& HWTHENT L7- (Table 6), Tajima’s D, Fu & Li'sD* BLXUF* 7 & b
TIZORF VI & Iran Il Z—7 D55k W TR L7 O A B 72 EOfE
R L, RHOBGHERZHERL, ZHRELZIAT T bz, ~7'r
H A T DML ORFs |-V & W TR L 72 EI3 9= T 1.000 7~ L 7273, ORF
VI TiZ 1.000 % TEIHHE &880 iz,

STRUCTURE ZH\W T CaMV MDY T 2% Y 7 %1T->7-, ORFs |-V X
VI Z W T AT Tldmai 72 0 7 /BN TN £ 6 BL U5 (delta K 235 K
EORFDO KX 6L U5) EHEH S/ (Fig. 21), ORFs IV TixZ < Oy BErE
TH7HEMNINEE L T D23t LT, ORFVI TIEZ < OOBEIXIFIEH —D
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Fig. 19. Phylogenetic networks of Cauliflower mosaic virus from the Europe,
Japan, Middle East (Iran and Turkey) and USA. ORFs I-V (A) and ORF VI (B).
Neighbor-Net network analysis was performed using SplitsTree4. Horseradish
latent virus is used as the outgroup. Formation of a reticular network rather than a
single bifurcated tree is suggestive of recombination. The isolates obtained in this

study are listed in Table 1.
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Table 6. Neutrality tests, haplotype and nucleotide diversities of each Cauliflower mosaic

virus population.

Population n®  Tajima’sD Fu&Li’'sD* Fu&Li’s F* HP n°
ORFs |-V
Europe 1 ND ND ND ND ND
Greece 10 -0.82887 -0.83106 -0.93903  1.000 £ 0.045 0.01444 +0.00142
Iran 21 -0.52759 -0.66138 -0.72583  1.000 £ 0.015 0.02456 + 0.00107
Japan 9 0.18843 0.17286 0.19863  1.000 +£0.052 0.02173 +0.00378
Turkey 24 -0.96070 -1.07740 -1.22349  1.000 £0.012 0.02776 + 0.00152
USA 0 ND ND ND ND ND
Europe and Middle East 56 -1.14071 -1.86667 -1.89633 1.000 +0.003 0.02974 + 0.00066
ORF VI
Group A
Iran | 42 -1.77600 -1.59392 -1.97970  0.995 +0.006 0.01418 +0.01336
Japan/USA/Europe 20 -0.92229 -1.01111 -1.14931  0.995+0.018 0.04114 +0.00481
Japan | 6 -0.71704 -0.80069 -0.85372  1.000 £ 0.096 0.00672 + 0.00136
Japan Il 4 -0.86098 -0.86098 -0.90322  0.833+0.222 0.01143 £0.00535
All Japan 10 1.10579 0.53744 0.76837 0.978 £0.054 0.03849 + 0.00589
USA 7 -1.25469 -1.21381 -1.35564  1.000 £ 0.076 0.02627 + 0.00361
Europe 3 ND ND ND ND ND
Group B
Greece 10 -0.71255 -1.47501 -0.77668  0.956 + 0.059 0.01763 + 0.00350
Turkey 24 -1.79825 -2.22791 -2.45792  1.000+0.012 0.01389 £ 0.00075
Iran 11 10 1.32614 1.56210** 1.69509* 0.978 £ 0.054 0.00749 + 0.00111
All Iran 52 0.37842 0.97767 0.89536  0.996 £ 0.059 0.06934 +0.01178

2The number of sequences.

b Haplotype diversity.

¢ Nucleotide diversity was estimated by the average pairwise difference between sequences in a sample, based
on all sites.

**P<0.02, *P<0.05; Tajima’s D test compares the nucleotide diversity with the proportion of polymorphic
sites, which are expected to be equal under selective neutrality. Fu & Li’s D test is based on the differences
between the numbers of singletons (mutations appearing only once among the sequences) and the total
number of mutations. Fu & Li’s F test is based on the differences between the number of singletons and the
average number of nucleotide differences between pairs of sequences.
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Fig. 21. Cluster-based analysis of population subdivision using Structure. The
results are grouped by population of origin for each individual. Each individual is
represented by a column. The number of clusters is indicated by the value of K:
ORFs 1-V, K = 6 (A), ORF VI, K = 5 (B). The colour proportion for each bar
represents the posterior probability of assignment of each individual to one of six
clusters (A) and one of five clusters (B) of genetic similarity. Clusterings

correspond to those shown in Fig. 19.
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D. E(bid 6 K O] REEHEE
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Eﬁﬁ%ﬁﬁ?ék@ﬁPMﬂH&m&B%%w,Eﬁ%ﬁ%ﬁotwﬁgﬂx
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Fig. 23. Estimates of nucleotide substitution rates. Mean estimates and 95%
credibility intervals are shown. These were estimated from 66 ORFs |-V and 97
ORF VI (see text). In each set of estimates, the first is based on the original data,
whereas the remaining ten values are from date-randomized replicates. The 95%
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overlap with the mean posterior estimate from the original data set. In addition, the
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suggest that there is sufficient temporal structure in the original data sets for rate
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&bz (Table 7), F7oAEHLEE OFEE LR LR, ORFsI-V I
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BELOMLIEIC L0 1ERL LT Rk & [RERDOALFE 27~ L7 (Figs. 24, 25),

E. JRHGRIEHEE

DNASP V5 7' 7' Z A% VT 2 #UBH OB s T BN DU THREHT L 7R 3R
(Table 9), ORFs I-V CixA 7>, U v BIO Lz, ORF VI TiLHA-
T AU BB W TEIEFRENINTE O bl

F - RHBLIAA 22 FYEE VT CaMV O£ sk [# T ORI TIC 2T ORFs
-V B LY ORFVIZOWTHIT 21TV, TNEI 4 B X5 SOHBK TORAT
PR LTz (Fig. 26), E7Z 0 OFEERBHEHFMNCHR TH L0 E I %
TRDH7-0IZ BF 7 A F %1772 (Table 10), ORFs |-V OF — % & v b OffEMT#E
RiX b vazE@flcx) vy (BF=205) BLOS 7> (BF=61) ~&mf L7z
BATNZ — R LT, ET2NOOMT LD b BF 7 2 FTRVWEFTlEdH -
e, brvahb HR~OBITHLRBE I (BF =14), — 5 ORFVI D7 —#
Ty FOMHTFER T, ¥U ¥ o hra (BF=230) ~, hranbA 7y
(BF = 128) ~DBAT/ X — N8 b, HANS XU vy (BF=23) BLOT
AU (BF=112) ~OBTHRDO LN, MLandb AR~OBITHRE I
72 (BF=14), —J/ ORFVI DT —%t v FOMITHERTIE, ¥V vrb ML
= (BF=230) ~, ML amnbA T (BF=128) ~DOBIT/NEZ—L N bR,
AARNLFY vy (BF=23) BLOT AU A (BF=112) ~OBITHRD L,
Mvant BARSOBITIZE L TiX STRUCTURE (2 X A EMEEDENT (Fig.
21) IZHB W T HRERNLFF SN T,

69



0L

Table 7. Detailed results from BEAST analyses of Cauliflower mosaic virus.

Model Marginal Bayes -(I;;\él; CH/;D ;gl:titution gzﬁ—zl\jvlgr gRSai/f(e)-E;er ngulation 9_5% HPD Population Population 95% HDP Growth Rate
likelihood factor lower-upper) (subs/sitelyear) (subs/sitelyear) (subsisitelyear) Size Size (lower, upper) Growth Rate (lower, upper)
ORFs |-V
Constant Size -25503.665 | - 2052 (457 - 4697) 4.25 x 10°° 2.45 x 10 7.81x10° 1.16 x 10* 2.24 x 103, 2.69 x 10* N/A N/A
Strict clock Expansion Growth -25503.434 | 1.26E+00 1163 (440 - 2298) 5.18 x 10 1.39 x 10° 8.95 x 10°° 2.73 x 10* 6.94 x 10%,5.92 x 10* 8.01 x 10°® 1.30 x 1073, 1.46 x 102
Exponential Growth -25503.301 | 1.44E+00 1057 (433 - 2086) 5.28 x 10° 1.67 x 10° 8.76 x 10°° 2.04 x 10* 6.60 x 10%, 4.22 x 10* 6.41 x 10 1.92 x 103, 1.09 x 102
Bayesian Skyline -25503.692 | 9.74E-01 4383 (359 - 10271) 3.53 x 10 3.39x 108 7.29 x 10 3.05 x 10* 3.02 x 103, 7.70 x 10* N/A N/A
Constant Size -25410.037 | 4.59E+40 2998 (71 - 5677) 2.48 x 10 1.48 x 10°® 6.95 x 10 7.75 x 103 1.16 x 10%,1.13 x 10* N/A N/A
Relaxed Expansion Growth -25411.092 | 1.60E+40 634 (108 - 1687) 1.69 x 10 9.62 x 10 3.72 x 10* 1.41 x 10* 1.01 x 103, 3.92 x 10 2.23 x 102 1.30 x 1073, 4.87 x 102
Exponential Exponential Growth -25404.395 | 1.30E+43 491 (86 - 1260) 1.71 x10* 1.45 x 10° 3.87 x 10* 1.24 x 10* 5.25 x 102, 3.40 x 10* 1.69 x 102 1.66 x 107, 3.70 x 1072
Bayesian Skyline -25409.932 | 5.10E+40 1438 (77 - 2822) 1.75 x 10 1.92 x 107 4.29 x 10* 8.95x10* | 4.50 x 10%,1.99 x 10* N/A N/A
Constant Size -25412.128 | 5.67E+39 2649 (216 - 6083) 5.37 x 10 1.24 x 107 1.14 x 10 1.26 x 10* 9.14 x 102, 2.91 x 10 N/A N/A
Relaxed Expansion Growth -25411.496 | 1.07E+40 904 (245 - 1920) 7.45 x 10° 1.56 x 10°® 1.38 x 10* 1.96 x 10* | 4.04 x 10° 4.43 x 10* 1.04 x 102 1.72 x 103, 2.08 x 102
Lognormal Exponential Growth -25411.528 | 1.03E+40 848 (274 - 740) 7.21x10% 1.59 x 10°® 1.31x10* 1.77 x10* | 4.31x10° 3.85 x 10* 8.33 x 10 1.22 x 1078, 1.55 x 102
Bayesian Skyline -25413.313 | 1.73E+39 3565 (217 - 9665) 5.62 x 10° 3.38 x 108 1.28 x 10* 2.38 x 10* 1.48 x 102 6.60 x 10* N/A N/A
ORF VI
Constant Size -7092.584 1.20E+00 1687 (784 - 2875) 1.20 x 10 5.35 x 10° 1.94 x 10 1.08 x 10° | 4.52 x 10?% 1.94 x 103 N/A N/A
Strict clock Expansion Growth -7090.175 1.35E+01 2179 (886 - 4086) 9.51 x 10° 3.31x10° 1.59 x 10* 4.10 x 10° 8.73 x 102, 4.09 x 10° 3.15 x 102 7.97 x 103, 5.89 x 10
Exponential Growth -7092.774 - 1489 (738 - 2447) 1.28 x 10 6.27 x 10° 2.00 x 10 1.04 x10° | 4.61x 107 1.80 x 10° 1.01 x 10 4.00 x 104, 2.52 x 103
Bayesian Skyline -7090.555 9.20E+00 1911 (781 - 3698) 1.08 x 10* 3.44 x 10° 1.79 x 10 1.50 x 10% 7.50 x 10, 3.98 x 10° N/A N/A
Constant Size -6992.577 3.28E+43 431 (113 - 886) 5.81 x 104 2.47 x 10 9.47 x 10* 2.16 x 10? 8.70 x 10, 3.94 x 10? N/A N/A
Relaxed Expansion Growth -6992.859 2.4TE+43 404 (101 - 823) 4.91 x 10 1.96 x 10 8.41 x 10* 4.14 x 102 9.20 x 10%, 1.03 x 10° 3.06 x 102 9.14 x 108, 8.16 x 102
Exponential Exponential Growth -6992.439 3.76E+43 292 (113 - 565) 5.81 x 10* 2.32 x 10 9.47 x 10 251 x 102 8.80 x 10*, 4.78 x 10? 5.66 x 10°° 3.20 x 103, 1.59 x 1072
Bayesian Skyline -6993.657 1.11E+43 447 (106 - 931) 4.93 x 10* 1.87 x 10 8.64 x 10* 3.20 x 102 1.30 x 10%, 8.47x 102 N/A N/A
Constant Size -7000.845 8.40E+39 533 (96 - 1134) 5.03 x 10 1.66 x 10" 9.37 x 10 2.85 x 102 8.60 x 10, 5.25 x 102 N/A N/A
Relaxed Expansion Growth -7002.750 1.25E+39 645 (111 - 1370) 3.49 x 10 8.72 x 10° 7.09 x 10 1.00 x 103 9.30 x 10%, 2.45 x 10° 3.75x 102 6.73 x 106, 8.32 x 102
Lognormal Exponential Growth -7000.228 1.56E+40 306 (89 - 672) 4.71 x 10* 1.77 x 10* 8.37 x 10* 3.71 x 102 1.15 x 10 6.88 x 10? 8.14 x 10°® 1.90 x 104, 2.06 x 10
Bayesian Skyline -7006.522 2.88E+37 527 (98 - 1128) 3.86 x 104 1.51 x 10 6.68 x 10 4,10 x 10? 1.70 x 10%,1.06 x 10° N/A N/A

a Not applicable

Grey colunm show the best fit BEAST models.




Table 8. Details of the data sets used for estimation of nucleotide substitution rate and time to the most
recent common ancestor for Cauliflower mosaic virus.

Parameter

Open reading frame

-V

VI

Best-fit substitution model
Best-fit molecular clock model
Best-fit population growth
model

Sequence length (nt)

No. of sequences

Sampling date range

Chain length (in millions)
TMRCA? (years)

Substitution rate (nt/site/year)
dN/dsP

No. of variable sites

GTR+1+Ty
Relaxed Uncorrelated Exponential

Exponential growth

5106
66

1960 - 2010

100

491 (86 - 1270)

1.71 x 10 (1.45 x 10 - 3.87 x 104
0.069

1074

GTR+1+T,
Relaxed Uncorrelated Exponential

Constant size

1269

97

1960 - 2012

100

431 (113 - 886)

5.81 x 10 (2.47 x 10* - 9.47 x 10%)
0.201

448

& Time to the most recent common ancestor
b Nonsynomymous (dN) and synonymous (dS) substitution (dN/dS) ratios were calculated for
seven ORFs using the Pamilo-Bianchi-Li (PBL) method in MEGA v6 (Tamura et al., 2013).
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Fig. 24. Bayesian phylogenetic estimates from ORFs I-V of Cauliflower mosaic virus.
Maximum-clade—credibility trees from BEAST analyses of 66 isolates of ORFs I-V.
Branch colours correspond to the most probable geographic location of their descendent
nodes.
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Fig. 25. Bayesian phylogenetic estimates from ORF VI of Cauliflower mosaic virus.
Maximum-clade-credibility trees from BEAST analyses of 97 isolates of ORF VI. Branch
colours correspond to the most probable geographic location of their descendent nodes.
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Table 9. Genetic differentiation and gene flow of Cauliflower mosaic virus population.

Parameter®
ORF? Country (the number of sequences®)
Ks* (P-value) Z (P-value) Snn (P-value) Fst Nm

ORFsl-V Greece (n=10) vs. Iran (n=21) 108.72294 (0.000077") 150.82049 (0.000077) 1.00000 (0.00007T) 0.34935 0.47
Greece (n=10) vs. Japan (n=9) 91.34795 (0.00007T) 40.09444 (0.000071%) 1.00000 (0.0000) 0.61151 0.16
Greece (n=10) vs. Turkey (n=24) 121.73345 (0.000077%) 216.45522 (0.000077) 0.96324 (0.000071") 0.28154 0.64
Iran (n=21) vs. Japan (n=9) 121.06000 (0.000077%) 122.68394 (0.000077") 1.00000 (0.0000) 0.53250 0.22
Iran (n=21) vs. Turkey (n=24) 134.11391 (0.00007T) 306.04036 (0.000077") 1.00000 (0.00007T) 0.24050 0.79
Japan (n=9) vs. Turkey (n=24) 133.34321 (0.000077%) 153.08465 (0.000077) 1.00000 (0.0000) 0.48760 0.26

ORFVI Iran | (n=42) vs. Japan I/USA/Europe (n=16) 22.94629 (0.00007T) 533.54888 (0.000077") 1.00000 (0.00007T) 0.64361 0.14
Iran I (n=42) vs. Japan | (n=6) 16.81565 (0.00007T) 416.76782 (0.00007'") 1.00000 (0.0000) 0.82735 0.05
Iran | (n=42) vs. Japan Il (n=4) 17.69459 (0.00007T) 430.65718 (0.000077") 1.00000 (0.00007T) 0.75865 0.08
Iran I (n=42) vs. All Japan (n=10) 23.9369 (0.00007"%) 504.38951 (0.00007"") 1.00000 (0.0000t) 0.54238 0.21
Iran I (n=42) vs. USA (n=7) 20.18948 (0.00007T) 470.00155 (0.000077") 1.00000 (0.00007T) 0.67852 0.12
Iran I (n=42) vs. Greece (n=10) 18.84094 (0.00007T) 461.24647 (0.00007'") 1.00000 (0.0000t) 0.90972 0.02
Iran | (n=42) vs. Turkey (n=24) 17.86356 (0.00007T) 571.23837 (0.000077") 1.00000 (0.00007T) 0.92351 0.02
Iran I (n=42) vs. Iran 11 (n=10) 16.36658 (0.00007T) 422.36339 (0.00007"") 1.00000 (0.0000t) 0.94267 0.02
Japan I/USA/Europe (n=16) vs. Japan Il (n=4) 31.64667 (0.00107") 59.56510 (0.00107) 1.00000 (0.00007T) 0.69388 0.11
Japan I/USA/Europe (n=16) vs. Greece (n=10) 30.71966 (0.00007T) 78.89583 (0.000071T) 1.00000 (0.0000t) 0.86885 0.04
Japan I/USA/Europe (n=16) vs. Turkey (n=24) 24.94942 (0.00007T) 209.08176 (0.000077) 1.00000 (0.00007T) 0.88319 0.03
Japan I/USA/Europe (n=16) vs. Iran Il (n=10) 25.77094 (0.00007T) 75.55278 (0.000071T) 1.00000 (0.0000t) 0.90362 0.03
Japan I/USA/Europe (n=16) vs. All Iran (n=52) 75.74787 (0.00007T) 930.31255 (0.000077") 1.00000 (0.00007T) 0.41789 0.35
Japan | (n=6) vs. Japan Il (n=4) 10.92000 (0.00107) 10.06667 (0.00107) 1.00000 (0.0000t) 0.86062 0.04
Japan | (n=6) vs. USA (n=7) 21.88718 (0.0010) 32.33069 (0.00307) 0.79487 (0.0040'") 0.25174 0.74
Japan | (n=6) vs. Greece (n=10) 17.18611 (0.00007T) 27.91852 (0.00007) 1.00000 (0.00007") 0.93067 0.02
Japan | (n=6) vs. Turkey (n=24) 15.80812 (0.00007T) 131.59306 (0.000077) 1.00000 (0.00007T) 0.95022 0.01
Japan | (n=6) vs. Iran 11 (n=10) 9.14444 (0.000071%) 29.20741 (0.000071T) 1.00000 (0.00007") 0.96187 0.01
Japan | (n=6) vs. All Iran (n=52) 79.77796 (0.00107) 725.46485 (0.00107%) 1.00000 (0.00007T) 0.55127 0.20
Japan Il (n=4) vs. USA (n=7) 26.48485 (0.00201) 12.43537 (0.00201) 1.00000 (0.00207T) 0.71636 0.10
Japan Il (n=4) vs. Greece (n=10) 20.12698 (0.00007T) 24.28444 (0.000071T) 1.00000 (0.00007T) 0.91967 0.02
Japan Il (n=4) vs. Turkey (n=24) 17.18012 (0.00007T) 140.36262 (0.000071") 1.00000 (0.00007") 0.93193 0.02
Japan Il (n=4) vs. Iran 11 (n=10) 10.93651 (0.00007T) 25.16333 (0.000071T) 1.00000 (0.00007T) 0.95100 0.01
Japan Il (n=4) vs. All Iran (n=52) 82.74860 (0.0140%) 709.84085 (0.000077") 1.00000 (0.00007") 0.49508 0.25
All Japan (n=10) vs. USA (n=7) 42.45752 (0.02907) 60.37875 (0.01307) 0.84314 (0.00007") 0.18659 1.09
All Japan (n=10) vs. Greece (n=10) 35.61111 (0.0000%1T) 44.5000 (0.00007) 1.00000 (0.00007") 0.84213 0.05
All Japan (n=10) vs. Turkey (n=24) 26.80847 (0.00007T) 164.68927 (0.000077) 1.00000 (0.00007T) 0.85745 0.04
All Japan (n=10) vs. Iran 11 (n=10) 29.17778 (0.00007) 44.50000 (0.000077%) 1.00000 (0.00007") 0.87841 0.03
All Japan (n=10) vs. All Iran (n=52) 81.68332 (0.00007T) 835.69147 (0.000077") 1.00000 (0.00007T) 0.34921 0.47
USA (n=7) vs. Greece (n=10) 26.88889 (0.000077") 33.51148 (0.000077) 1.00000 (0.00007") 0.87606 0.04
USA (n=7) vs. Turkey (n=24) 21.17345 (0.00007T) 163.48361 (0.000077) 1.00000 (0.00007T) 0.88935 0.03
USA (n=7) vs. Iran Il (n=10) 19.32026 (0.00007T) 34.69231 (0.00007%) 1.00000 (0.00007") 0.90949 0.02
USA (n=7) vs. All Iran (n=52) 81.51279 (0.00007T) 782.31284 (0.000077) 1.00000 (0.00007T) 0.44009 0.32
Greece (n=10) vs. Turkey (n=24) 19.02415 (0.00007) 166.53871 (0.00007") 1.00000 (0.00007") 0.58285 0.18
Greece (n=10) vs. Iran 11 (n=10) 15.94444 (0.00007T) 45.42222 (0.000077%) 1.00000 (0.00007T) 0.71157 0.10
Greece (n=10) vs. All Iran (n=52) 77.41451 (0.00007) 810.12283 (0.00007'") 1.00000 (0.0000t) 0.71144 0.10
Turkey (n=24) vs. Iran Il (n-10) 15.23984 (0.00007T) 152.02963 (0.000077) 1.00000 (0.00007T) 0.50985 0.24
Turkey (n=24) vs. All Iran (n=52) 65.77586 (0.00001") 1034.41657 (0.000071) 1.00000 (0.00007%) 0.72696 0.09

@ Open reading frame

b For the numbers of sequences, refer Table 1.

¢ Ks*and Z are the sequence-based statistics considered by Hudson (2000). Snn is the nearest-neighbor statistic. Fst is the interpopulation
component of genetic variation of the standardized variance in allele frequencies across populations. N is the population size of each
subpopulation. m is the migration fraction per generation.

70.01<P<0.05, 77 0.001<P<0.01, 7" P<0.001, determined using 1000 permutation
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Fig. 26. Patterns of Cauliflower mosaic virus migration estimated across the two ORF regions.
ORFs I-V and ORF VI migrations are shown by solid and dashed lines. Lines connecting discrete
regions indicate statistically supported ancestral state changes and their thicknesses denote
statistical support. There are five categories of support. In increasing order, line thicknesses
indicate 6<BF<10 (positive support); 10<BF<30 (strong support); 30<BF<100 (very strong
support); and BF>100 (decisive support). Migration line was not shown when they were
represented by only a single sample.
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Table 10. Bayes factors for geographical analysis.

From To Bayes Factor (BF)  Support

ORFs |-V

Turkey Greece 205 100<BF Decisive

Turkey Iran 61 30<BF<100 Very strong support
Turkey Japan 14 10<BF<30  Strong support
ORF VI

Greece Turkey 230 100<BF Decisive

Japan Greece 23 10<BF<30  Strong support
Japan USA 112 100<BF Decisive

Turkey Iran 128 100<BF Decisive
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Fig. 27. Symptoms caused by Turnip mosaic virus. Mosaic on Brassica rapa cv.
Hakatasuwari and Raphanus sativus cv. Taibyo-sobutori.
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Table 11. Host reaction of Turnip mosaic virus.

B. oleracea cv.

B. pekinensis cv.

Raphanus sativus cv.

. f : B. napas cv. Brassica rapa cv. Chenopodium
Ioolte originalhos - Juncea cv Helaresina Norinl?azgo Ryozan-2go Shinsei Nozaki-1go Kekkyu Kyoto-3go Hakatasuwapri qumoap Akimasari Taibyosobutori Everest
ﬁuusiralia Hirschfeldia incana LI/M (2/6), -I- (416) LI/M (5/6), -/- (1/6)  LI/LI (2/6), -I- (4/6) LI/M (5/6), -/- (1/6) LI/M (3/3)
AUST1 Cicer arietinum aLI/M, St (1/6), LIM (5/6) LI/M (6/6) cs/  cs -I- (6/6) LI/M (6/6)
AUST2 Rapistrum rugosum LI/M, St (3/6), LIIM (3/6) LI/M (6/6) LI/mM (5/6), -I- (1/6)  LI/mM (6/6) LI/M (6/6) LI/M (6/6) LI/M (6/6) (clé}) cs -I- (6/6) LI/M (5/6), -I- (1/6)
AUST3 B. juncea LI/M, St (1/6), LIM (5/6) LI/M (5/6), -I- (1/6) (clé}) cs -I- (6/6) LI/M (5/6), -I- (1/6)
AUST4 B. juncea LI/M, St (2/6), LIIM (4/6) LI/M (5/6), -I- (1/6) (clé}) cs -I- (6/6) LI/M (6/6)
AUST6 R. rugosum LI/M, St (2/6), LM (4/6), -I- LI/M (5/6), -I- (1/6) (clg) cs -I- (6/6) LI/M (5/6), -I- (1/6)
AUST10  B. pekinensis Lll//?\ll (6/6) LI/M (6/6) LI/Mo (5/6), -I- (1/6)  LI/Mo (6/6) LI/mM (5/6), -I- (1/6)  LI/mM (5/6), -I- (1/6)  LIM (5/6), -/- (1/6) (clg) cs -I- (6/6) LI/M (6/6)
AUST13  B. pekinensis LI/M (5/6), -I- (1/6) LI/M (6/6) LI/Mo (6/6) LI/Mo(6/6) LI/mM (6/6) LI/mM (6/6) LI/M (6/6) (clg) cs -I- (6/6) LI/M (6/6)
AUST19  Raphanus raphanistrum  LI/M (4/6), -/- (2/6) LI/M (6/6) LI/mM (6/6) LI/mM (6/6) LI/M (6/6) LI/M (6/6) LI/M (4/6), -I- (2/6) (clg) cs -I- (6/6) -I- (6/6)
AUST21  H. incana LI/M, St (2/6), -I- (4/6) LI/Mo (6/6) (clg) cs -I- (6/6) LI/Mo (6/6)
AUST22  R. rugosum LI/M, St (3/5), LUM (1/5), -I- LI/M (6/6) (clg) cs -I- (6/6) -I- (6/6)
AUST23 R raphanistrum Lll//?\ll St (3/6), LI/Mo (3/6) LI/M (5/6), -I- (1/6) (clg) cs -I- (6/6) LI/Mo (5/6), -I- (1/6)
AUST26  B.rapa LI/M, St (3/6), LIIM (3/6) LI/M (4/6), -I- (2/6) (clé}) cs -I- (6/6) LI/M (416), -I- (2/6)
AUST27  B.rapa LI/M, St (2/6), LUM (2/6), -I- LI/M (4/6), -I- (2/6) (clé}) cs -I- (6/6) LI/Mo (4/6), -I- (2/6)
AUST28  H. incana (LZII/?\BI St (2/6), LIIM (4/6) LI/M (6/6) (clé}) cs -I- (6/6) LI/M (6/6)
AUST29  R. rugosum LI/M, St (2/6), LUM (1/6), -I- LI/M (6/6) (clé}) cs -I- (6/6) LI/M (3/6), -I- (3/6)

(3/6) (111)

New Zealand
NZ246 B. napus cv. York Globe LI/M (6/6) LI/mM (6/6) LI/M (6/6) LI/M (6/6) LI/M (3/3)
NZ290 B. pekinensis LI/M (6/6) LI/mM (6/6) LI/mM (6/6) LI/M (6/6) LI/M, NL (6/6) LI/M (3/3) LIM LI/M (6/6)
NZ402 Lepidium oleraceum LI/M (6/6) cs/  cs ©® -I- (6/6) LI/Mo (4/6), -I- (2/6)
NZ403 L. oleraceum LI/M (6/6) g:lé}) cs -I- (6/6) LI/Mo (6/6),
NZ403B L. oleraceum LI/M (6/6) g:lé}) cs -I- (6/6) LI/Mo (6/6),
NZz412 Pachycladon fastigiatum LI/M (6/6) g:lé}) cs -I- (6/6) LI/Mo (4/6), -I- (2/6)
NZz412B P fastigiatum LI/M (6/6) g:lé}) cs -I- (6/6) LI/Mo (4/6), -I- (2/6)
NZz415 L. oleraceum LI/M (5/6), -I- (1/6) g:lé}) cs -I- (6/6) LI/Mo (6/6)
NZz419 B. rapa cv. Marco LI/M (6/6) g:lé}) cs -I- (6/6) LI/M (3/6), -I- (3/6)
NZ419B B. rapa cv. Marco LI/M (6/6) E:lé}) cs -I- (6/6) LI/M (5/6), -I- (1/6)
NZ419C B. rapa cv. Marco LI/M (6/6) E:lé}) cs -I- (6/6) LI/M (3/6), -I- (3/6)
NZL5 Brassica spp. LI/M (6/6) LI/Mo (5/6), -I- (1/6)  Ll/Mo (5/6),  LI/mM (6/6) LI/M (6/6) LI/M (3/3) am
NZWS3 B. rapa LI/M (6/6) LI/LI (5/6), -/- (1/6) Hfm(léfg) LI/M (5/6), -I- (1/6) LI/M, St (6/6) LI/M (3/3)
NZW4 B. rapa LI/M (6/6) LI/LI (2/6), -I- (4/6) LI/M (6/6) LI/M (6/6 LI/M, St (6/6) LI/M (3/3)
NZW6 B. rapa LI/M (6/6) LI/Mo (2/6), -I- (46)  LULI (3/6), -I- (3/6)  LIM (5/6), -I- (1/6) LI/M (416), -I- (2/6) LI/M (3/3)

aReaction of inoculated leaves/uninoculated upper leaves. At least three plants were inoculated.
CS; Chlorotic spot, D; Dead, LI; Latent infection, M; Mosaic, mM; mild Mosaic, Mo; Mottle, NL; Necrosis lesion, St; Stunt, -; Not infected
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Fig. 28. Recombination maps of Turnip mosaic virus genomes of the Australian and
New Zealand isolates. The estimated nucleotide positions of the recombination sites
and those in parentheses are shown relative to the 5’ end of the genome using the
numbering of the aligned sequences used in the present study and the UK 1 isolate
(Jenner et al., 2000), respectively. Vertical arrows and lines show estimated
recombination sites (listed in Table 12). The grey and chequered boxes denote basal-B
and world-B parents, respectively. The horizontal arrows show the regions (A, B and
C) used to infer trees from non- and intralineage recombinant sequences (shown in Fig.
30). The recombination sites newly identified in the present study (non-bold font) or

those identified in earlier studies (bold font) are listed separately.

81



Table 12. Recombination sites in the genomes of Turnip mosaic virus of Australia and New Zealand.

Nucleotide position and Parental isolate and subgroup® Recombination d e
Isolate protein-encoding region® Major Minor detection program® P-value Z-value
Australia
AUL 2742 (P3) - 3475 (P3) Lu2 (wB3) AUST27 (bB2) RGBMCSgSoP 2.04 x 104 6.86
AUST1 1080 (P1) - 3475 (P3) GBR27 (WB3)  AUST13 (bB2) RGBMCSgSoP 1.96 x 105 552
AUST2 1341 (HC-Pro) - 2530 (HC-Pro) ~ AUST6 (bB2) TIGD (bB2) RGBMCSr 1.29x 10 <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3)  AUST13 (bB2) RGBMCSRrSoP 9.77x10%  4.94
AUST3 1341 (HC-Pro) - 2530 (HC-Pro)  AUSTS6 (bB2) TIGD (bB2) RGMCSr 408x10%  <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3) AUST13 (bB2) RGBMCSRSoP 4.82x107° 4.95
AUST4 1341 (HC-Pro) - 2530 (HC-Pro) ~ AUSTS6 (bB2) TIGD (bB2) RGBMCSr 1.68 x 104 <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3)  AUST13 (bB2) RGBMCSRrSoP 3.80x107  5.61
AUST6 1080 (P1) - 3475 (P3) GBR 27 (WB3)  AUST13 (bB2) RGBMCSrSoP 9.97 x 1016 4.78
AUST10 217 (P1)- 818 (P1) BRS1 (WB3) GBR 91 (WB3) RGBMCSgSoP 1.29x 10 570
6019 (VPg) - 8318 (NIb) (UD) AllA (bB2) TIGA (bB2) RBMCSrSo 1.47 x 10 3.83
AUST13 217 (P1)- 818 (P1) GBR 27 (WB3)  AUST13 (bB2) RGBMCSRrSoP 597 x10% 573
6019 (VPg) - 8318 (Nlb) (UD) AllA (bB2) TIGA (bB2) RBMCSrSo 1.47 x 10 3.72
AUST19 1 (5°NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 8.88x10%  4.66
3094 (P3) (UD) - 5139 (CI) NZ246 (wB2) USA 4 (WB2) RBMCSrSo 2.19x10% 4.44
6132 (VPg) - 9834 (3’ NCR) USA 4 (wB2) GBR 91 (WB3) RBMCSrSo 8.82 x 10 5.52
AUST22 237 (P1) - 1080 (P1) NLD 2 (wB3) DNK 3 (wB2) RGBMCSRSoP 1.32 x 10 3.18
1080 (P1) - 1851 (HC-Pro) AUST29 (bB2) PV134 (bB2) RGBSrSoP 3.06 x 1012 4.31
1080 (P1) - 3475 (P3) GBR 27 (WB3) AUST13 (bB2) RGBMCSgSoP 2.03x10% 3.97
AUST23 1 (5°NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.14x10%2 466
3094 (P3) (UD) - 5139 (CI) NZ246 (wB2) USA 4 (WB2) RBMCSrSo 3.05 x 10% 3.15
6132 (VPg) - 9834 (3’ NCR) USA 4 (wB2) GBR 91 (WB3) RBMCSrSo 143x102 552
AUST26 1341 (HC-Pro) - 2530 (HC-Pro) ~ AUSTS6 (bB2) TIGD (bB2) RGBMCSr 9.29 x 10 <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3)  AUST13 (bB2) RGBMCSrSoP 470x10% 519
AUST27 237 (P1) - 1080 (P1) NLD 2 (wB3) DNK 3 (wB2) RGBMCSrSoP 245x10% 4,03
1080 (P1) - 3475 (P3) GBR27 (WB3)  AUST13 (bB2) RGBMCSgSoP 574x10%®  4.06
AUST28 1341 (HC-Pro) - 2530 (HC-Pro)  AUST6 (bB2) TIGD (bB2) RGBMCSr 8.42x10%  <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3) AUST13 (bB2) RGBMCSRrSoP 3.35 x 10 5.60
AUST29 1341 (HC-Pro) - 2530 (HC-Pro) ~ AUST6 (bB2) TIGD (bB2) RGBMCSr 1.80x 10 <3.00
1341 (HC-Pro) - 3475 (P3) GBR 27 (WB3)  AUST13 (bB2) RGBMCSrSoP 8.10x10% 519
BRS1 6019 (VPg) - 7279 (NIb) (UD) AlIA (bB2) TIGA (bB2) RBMCSr 1.75x10%°  <3.00
New Zealand
NZ11 5602 (CI) - 9834 (3°'NCR) GBR 51 (WB3) VIET153 (WB3) RGBMSgrSo 7.03 x 1037 3.73
NZ12 1 (5’NCR) - 1174 (P1) CZE 1 (WwB2) PV134 (wB2) RGBMCSrSo 476x10%2  7.95
3063 (P3) - 5665 (CI) NZ246 (WB2) USA 4 (WB2) RBMCSr 7.19 x 1032 <3.00
NZ246 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.24x108 785
1174 (P1) (UD) - 3063 (P3) CDN1 (WB2) DEU 2 (wB2) RGBMCSrSo 466 x10%  4.49
6132 (VPg) - 9834 (3°NCR) USA 4 (WB2) GBR 91 (WB3) RBMSrSo 213x10 332
NZ290 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (wB2) RGBMCSrSo 1.50 x 10 7.31
8071 (NIb) - 9834 (3’'NCR) POL 2 (wB2) NZ246 (wB3) RGBMCSrSo 3.61 x 104 4.61
NZ402 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (wB2) RGBMCSrSo 450x10% 8.4
1174 (P1) (UD) - 5219 (CI) CDN1 (WB2) DEU 2 (wB2) RBMCSrSo 3.87x10% 327
6132 (VPg) - 9834 (3°NCR) USA 4 (WB2) GBR 91 (WB3) RBMSrSo 519x10%°  3.23
NZ403 402 (P1) - 2530 (HC-Pro) BRS1 (bB2) DEU 7 (bB2) RGBMCSrSoP 236 %103 462
6019 (VPg) - 8993 (CP) DEU 7 (bB2) AUST10 (bB2) RBMCSrSo 1.10 x 103 3.26
NZ403B 402 (P1) - 2530 (HC-Pro) BRS1 (bB2) DEU 7 (bB2) RGBMCSgrSoP 2.36 x 1032 4.62
6019 (VPg) - 8993 (CP) DEU 7 (bB2) AUST10 (bB2) RBMCSrSo 1.10x10% 3.6
NZz412 1 (5°NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.03x10% 731
8071 (NIb) - 9834 (3°'NCR) POL 2 (wB2) NZ246 (wB3) RGBMCSrSo 154x10% 4,69
NZ412B 1 (5°NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.03x10% 448
8071 (NIb) - 9834 (3°'NCR) POL 2 (wB2) NZ246 (WB3) RGBMCSrSo 1.40 x 104 4.53
NZ415 402 (P1) - 2530 (HC-Pro) BRS1 (bB2) DEU 7 (bB2) RGBMCSRSoP 858 x10%2  4.48
6019 (VPg) - 8993 (CP) DEU 7 (bB2) AUST10 (bB2) RBMCSr 1.10x 108  <3.00
NZ419 1 (5°NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.88x 103  7.48
8071 (NIb) - 9834 (3’NCR) POL 2 (WB2) NZ246 (wB3) RGBMCSrSo 1.80 x 10 4.25
NZ419B 1 (5°NCR)- 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 2.39x10% 7,69
8071 (NIb) - 9834 (3°NCR) POL 2 (WB2) NZ246 (wB3) RGBMCSrSo 216 x10% 458
NZz419C 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (wB2) RGBMCSrSo 216 x 103 7.69
8071 (NIb) - 9834 (3’'NCR) POL 2 (WB2) NZ246 (WB3) RGBMCSrSo 1.97 x 104 417
NZL5 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 9.75x10%®  7.31
8071 (NIb) - 9834 (3°'NCR) POL 2 (wB2) NZ246 (WB3) RGBMCSrSo 1.92x10% 456
NZW3 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (wB2) RGBMCSrSo 4.03 x 10°% 7.44
8071 (NIb) -9834 (3°NCR) POL 2 (WB2) NZ246 (wB3) RGBMCSrSo 2.96 x 104 4.02
NZW4 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (wB2) RGBMCSrSo 7.15x10% 6.9
1174 (P1) (UD) - 3063 (P3) CDN1 (WB2) NZ402 (wB2) RGBMCSrSo 1.14x103 471
6132 (VPg) - 9834 (3°NCR) USA 4 (WB2) GBR 91 (WB3) RBMSrSo 1.32x10% 349
NZW6 1 (5’NCR) - 1174 (P1) CZE 1 (wB2) PV134 (WB2) RGBMCSrSo 1.03x10% 7,02
8071 (NIb) - 9834 (3°’'NCR) POL 2 (wB2) NZ246 (wB3) RGBMCSrSo 8.47 x 10°% 4.84

8Recombination sites detected in the Turnip mosaic virus genomes by the recombination detection programs, from
the aligned sequences of the likely recombinant and its ‘parental isolates’. Nucleotide positions show locations of
individual genes numbered as in the UK 1 genome (Jenner et al., 2000).

P1; Protein 1, HC-Pro; Helper-component proteinase protein, P3; Protein 3, Cl; cylindrical inclusion protein, VPg;
genome linked viral protein, NIb; Nuclear inclusion b protein and CP; coat protein, NCR; non-coding region, UD;
Undetermined.

bhB2; basal-B2 subgroup, wB2; world-B2 subgroup, wB3; world-B3 subgroup.

°Recombinant isolates identified by the recombination detection programs: R (RDP), G (GENECONV), B
(BOOTSCAN), M (MAXCHI), C (CHIMAERA) and Sr (SISCAN) programs in RDP4 package (Martin et al., 2015),
and So (SISCAN total nucleotide site analysis) in original SISCAN version 2 (Gibbs et al., 2000) and P (PHYLPRO)
(Weiller, 1998) programs. The analyses were done using default settings and a Bonferroni-corrected P-value cut-off
of 0.01 in RDP4.

4The reported P-value is for the program in bold type and underlined in RDP4 package and is the smallest P-value
among the isolates calculated for the region in question.

¢Both of the parental isolates of the recombination sites had Z-values greater than 3 in total nucleotide site analysis in
So of the SISCAN version 2 program; thus lower Z-value of one of the parents identified are shown.
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Fig. 29. Phylogenetic evidence for recombination among Turnip mosaic virus from the
Awustralia, New Zealand and worldwide full genomic sequences. Neighbor-Net network
analysis was done using SPLITSTREE v4.11.3 (Huson et al., 2006). The homologous
two sequences of Japanese yam mosaic virus (JYMV) (Fuji & Nakamae, 1999, 2000),
one of Scallion mosaic virus (ScaMV) (Chen et al., 2002), one of Narcissus yellow
stripe virus (NYSV) (Chen et al., 2006) and two of Narcissus late season yellows virus
(NLSYV) (Lin et al., 2012; Wylie et al., 2014) were used as the outgroup. Formation of
a reticular network rather than a single bifurcated tree is suggestive of recombination.

The isolates obtained in this study are listed in Table 2.
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Fig. 30. Maximum likelihood (ML) trees calculated from the Regions A (nt 1460-3472,
correspond to the positions in original UK 1 genome) (A), Region B (nt 3812-6016) (B),
and Region C (nt 6479-8068) (C) using 225, 214 and 226 isolates of Turnip mosaic virus,
respectively. See Fig. 28 and Methods for details. Interlineage recombinants had been
discarded. Numbers at each node indicate bootstrap percentages based on 1000
psuedoreplicates in ML tree. Horizontal branch length is drawn to scale with the bar
indicating 0.1 nt replacements per site. The homologous two sequences of Japanese yam
mosaic virus (JYMV) (Fuji & Nakamae, 1999, 2000), one of Scallion mosaic virus
(ScaMV) (Chen et al., 2002), one of Narcissus yellow stripe virus (NYSV) (Chen et al.,
2006) and two of Narcissus late season yellows virus (NLSYV) (Lin et al., 2012; Wylie
et al., 2014) were used as the outgroup. Note that isolate BRS1 was discarded from the
Region C tree because the isolate seemed to have tentative recombination site in the
region. The isolates collected in Australia (acronyms in red) and New Zealand (acronyms
in orange), Asia (acronyms in green), Europe (acronyms in blue) and other countries
(acronyms in black) are separately listed. For the details of isolates, refer Table 2.
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TSN WD 5 FH S )L—7 (Orchis, basal-B, basal-BR, Asian-BR 35 X
world-B) (2438 S 7=, basal-B 8 X O world-B 75 R 7 L — 71T & 5
basal-B1 35 & O" basal-B2 & world-B1, world-B2 5 X UOf world-B3 #~7 7 /L —7|C
ST,

FAHA 2 FRALAN D 72 3\ F-5EI (A, B, C) (MEH & EBR T LA B IR) 2 HWT
53 TSR A HE N T IBUR T-HEI A D0 TR LB Tl 13 A — A& b 7 U 7 Sy BfEkk
£ 3=a—Y—F ROBEED basal-B2 7 7 v—12@ L, 45 1 BEET
W[ 4y BERE 7S world-B3 7 7 /L— 12 J& L 7= (Fig. 30A), 1&f= T-5ik B 0%y
TR TIEA 3 S BER T S M[E O Sy EERR S basal-B2 Y7 /L —T1Z, 2 A — A
NI VT BERE 13 =2 — 32— T RAEERD world-B2 7 7 v —12, &6
1212 F—% b T U 7AiM world-B3 3~ 7 L — )& L 7= (Fig. 30B), i&fz
TR C O TR TIE 2 A=A NT VT 5HEkE 3 =2 ——F » Ry
FEAS basal-B2 7 7 v—F12, 144 —A TV T HHkE 5 =2 —2—F 0 K
S BERRAS world-B3 V7 7 L— 2@ L 7= (Fig. 30C), [fi[E D 4yEErkiE Orchis,
basal-BR, Asian-BR 73 -5&#t 7 /L —71ZI3E S 72 o 7,

c. LB R HIMET

DNASP V5 70 /I AW TA—A T U T BER=a—U—F o NEM
DI FERFI L ONT 1 # A T DRk Z M Lz (Table 13), ZDfEH, %<
DT —=Z &y MTEBWT, HERIOSHEMEIT NS, ~"Ta XA T oMMt
IR E A RIS 8 - 72, HC-Pro*3s X OY P3*E (s 1 & W 7= fEdT T,
FEAEDF—ANT VT OHRFRMITN—TE=2——F » FOLHG1RH
TN—FZHR, EREFHIOZERMEII R E W E b, F7RWEER S D
SRRV LT 0 A T OSEMIL, DI OEM D HEL L Th S EER
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Table 13. Haplotype and nucleotide diversities of Australia and New Zealand populations in Turnip mosaic virus.

Group and country Protein encoding region®
Helper-component proteinase Protein 3 Nuclear inclusion b
n? HC 0 n H T n H T
All groups
Oceania 33 0.991+0.011 0.1439+0.0074 30 0.993+0.011 0.1490+0.0084 33  0.988+0.012 0.0905+0.0108
Australia 16  1.000+0.022 0.1365+0.0161 16 1.000+0.022 0.1004+0.0238 16 1.000+0.022 0.0749+0.0176
New Zealand 17  0.963+0.033 0.0933+0.0227 14 0.962+0.041 0.1115+0.0290 17  0.950+0.036 0.0863+0.0167
basal-B (B2)
Oceania 15 0.990+0.028 0.0902+0.0084 16 0.992+0.025 0.0821+0.0156 5  0.900+0.016 0.0640+0.0129
Australia 12 1.000+0.034 0.0866+0.0100 13 1.000+0.030 0.0420+0.0053 2 1.000+0.500 0.0434+0.0219
New Zealand 3 0.667+0.314 0.0209+0.0098 3 0.667+0.314 0.0193+0.0091 3  0.667+0.314 0.0277+0.0131
world-B
Oceania 18  0.974+0.029 0.0607+0.0137 14 0.974+0.039 0.0716+0.0243 28  0.986+0.015 0.0581+0.0025
Australia 4 1.000£0.177 0.1009+0.0273 3 1.000+0.272 0.1182+0.0547 14  1.000+0.027 0.0429+0.0042
New Zealand 14 0.956+0.045 0.0410+0.0145 11 0.956+0.059 0.0388+0.0273 14  0.936+0.051 0.0455+0.0090
world-B2
Oceania 15 0.962+0.040 0.0287+0.0047 12 0.964+0.051 0.0271+0.0111 9  0.821+0.101 0.0014+0.0003
Australia 2 1.000+0.500 0.0032+0.0016 2 1.000£0.500 0.0033+0.0017 O ND*® ND
New Zealand 13 0.949+0.051 0.0248+0.0060 10 0.944+0.070 0.0033+0.0004 9  0.821+0.101 0.0014+0.0003
world-B3
Oceania 3 1.000+0.272 0.0478+0.0135 2 1.000£0.500 0.0970+0.0485 19 1.000+0.017 0.0483+0.0034
Australia 2 1.000+0.500 0.0388+0.0194 1 ND ND 14  1.000+0.027 0.0429+0.0042
New Zealand 1 ND ND 1 ND ND 5 1.000+0.126  0.0406+0.0084

aPartial helper-component (HC-Pro*), Protein 3 (P3*) and nuclear inclusion b (N1b*) regions (see Material and Methods).
bNumber of sequences.

°Haplotype diversity.

9Nucleotide diversity was estimated by the average pairwise difference between sequences in a sample, based on all sites.
®Not determined.
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BHES RS, RESMEAIERLIZZ L 2R LT D &b,

D. (b I K O] REEHEE

HC-Pro*, P3*35 X OF NIb*i& (= FfElk 2 FIv T, BEAST v1.7.5 (Drummond et al.,
2012) (T80T B A RYEIT &0 (s B 36 L ONRE RS & AT L 72, W)@ (AT
DRMFTHIR B Z R T DI OICE B FEkI T A~ EBE—Ta U
EEATHOTERER, TNHT =2y MIA VP TIALDOT —H & v MO REFE
EHIEESIN T o~ A RSnTT — Xy b (10 BIxE) &g L, 95%(F4E
XIS, AEICRE RMELEHE Th > 22O A BN R Sz (Fig.
31), A AR FDEEZET D & (T — 2 RKH), KRS FREHET VI 3
#EE 4= T relaxed uncorrelated exponential <€ /L, #t&tE7 /LI constant size 73 %
WTHDH LB (Table 14), YR E#HOHE O L E 2 FH U725 5, HC-Pro*,

P3* L O NIb* {1 fEIk TZ 424 1.47x1073, 1.35x1073 33 1 OY 1.30x10°2 ¥ K&/
LA & Te o7z, & DICATEIR TR 7 o BERR o Hm i e £ CORER &2 F
% &, HC-Pro*, P3*¥ X UF NIb*&{x 7l TZ €4 610, 806 F5 LT 679 4
7o 7z (Table 14), Z4 6 Ol %2 VW T BT FEIKIZ SV T MCC SRt
ZVER L7 (Figs. 32-34), Zi1H MCC Rt OA—A R Z VT b=a—T—7

RoTBERRSS L OV — R O AL ML SRGERE (Fig. 30) & bhiiz L, #E

TEEDEWDABICEE L TN & 2R LT,

E. JEHGRRIEHEE
HC-Pro*, P3*33 L ON NIb*iE{s F-iEik 2 FHV T, XA U7 U RHEHEE (Lemey et
al., 2009) I2&Y, TUMV DA —RA N Z U 7 BIN=a—TU—T » RO

BAEHETE Lz, WEESCHEINE REZBET L L, S0 /770 —7Z2
N2 TUMV DIEEGR IS IR /2D Z E N TFRINTZTZD, £ T 70— T L1
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Fig. 31. Estimates of nucleotide substitution rates. Mean estimates and
95% confidence interval (CI) are shown. These were estimated from
the partial sequences of 180 helper-component proteinase (HC-Pro*),
186 protein 3 (P3*) and 182 nuclear inclusion b (NIb*) regions (For
region, see Material and Methods). The first is based on the original
data, whereas the remaining ten values are from date-randomized
replicates, in each set of estimates. The 95% CI of the estimates from
the date-randomized replicates did not overlap with the mean posterior
estimate from the original data set. Moreover, the lower tails of the
credibility intervals were long and tend towards zero. These features
suggested that there was sufficient temporal structure in the original
data sets for rate estimation.
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Table 14. Details of the data sets used for estimation of nucleotide substitution rate and time to the most
recent common ancestor for Turnip mosaic virus.

Parameter

Protein encoding region?

Helper-component proteinase

Protein 3

Nuclear inclusion b

Best-fit substitution model
Best-fit molecular clock model
Best-fit population growth model
Sequence length (nt)
No. of sequences
Sampling date range
Chain length (in millions)
TMRCA? (years)
All isolates
Australia
basal-B2 subgroup
world-B2 subgroup
world-B3 subgroup
New Zealand
basal-B2 subgroup
world-B2 subgroup
world-B3 subgroup
Substitution rate (nt/site/year)
dN/ds'
No. of variable sites®

GTR +1+T4

Relaxed uncorrelated exponential
Constant size

927

180

1968-2012

100

610 (233-1156)°

80 (52-119) [n=12]
14 (9-20) [n=2)
27 (16-36) [n=2]

14 (4-29) [n=3]
56 (30-83) [n=13]

NA [n=1]

1.47 x 10 (1.08 x 10°-1.89 x 10
0.025

511

GTR+1+T4

Relaxed uncorrelated exponential
Constant size

897

186

1970-2012

100

806 (274-1630)

44 (25-65) [n=13]
9 (5-29) [n=2]
NA[n=1]

16 (4-28) [n=3]
16 (9-23) [n=10]

NA [n=1]

1.35 x 103(9.50 x 10-1.77 x 103)
0.120

536

GTR+1+T4

Relaxed uncorrelated exponential
Constant Size

891

182

1968-2012

100

679 (205-1502)

36 (19-51) [n=2]
NA [n=0]
46 (28-67) [n=14]

22 (12-31) [n=3]
17 (11-24) [n=9]

68 (36-100) [n=5]

1.30 x 103 (9.07 x 10177 x 10°9)
0.030

493

apartial helper-component (HC-Pro*), Protein 3 (P3*) and nuclear inclusion b (N1b*) regions (see Methods).
5Time to the most recent common ancestor (years).

€95% highest posterior density interval in parentheses.

4The number of isolates in square brackets.

®Not available.

Non-synonymous (dN) and synonymous (dS) substitution (dN/dS) ratios were calculated for three
protein-encoding regions using the Pamilo-Bianchi-Li method.
gThe number of variable sites.
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protein-encoding region of Turnip mosaic virus. The trees were calculated from the 180
helper-component proteinase (HC-Pro*) (nt
1460-2494, corresponding to the positions in original UK 1 genome) sequences. The
non-Australian and non-New Zealand (sub)groups of basal-B1, basal-BR, Asian-BR and
world-B1 are collapsed. Horizontal blue bars represent the 95% confidence interval (CI)
intervals of estimates of node ages. The bar graph shows the root state posterior
probabilities for each location (colored bars). Gray bars show probabilities obtained with
10 randomizations of the tip locations.
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protein-encoding region of Turnip mosaic virus. The trees were calculated from the 182
non-recombinant isolates of partial nuclear inclusion b (NIb*) (nt 7208-8068) sequences.
The non-Australian and non-New Zealand (sub)groups of basal-B1, basal-BR, Asian-BR
and world-B1 are collapsed. Horizontal blue bars represent the 95% confidence interval
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10 randomizations of the tip locations.
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PEEORE IS DHEE 21T > 7= (Fig. 35), € Dt R, basal-B2 7 7 /L— 7 D45 Hfikk %
FAWT HC-Pro*B L O P3* &I it T2 &, RAYMNOLA—A T U T L
W= —U—F v RO Hiv (HC-Pro*; BF=54, BF=22, P3*; BF=129,
BF=63), NIb*&fs & HWTMHr CIL KA Y b A —A T U 7 ~OPLHE R
b BT (BF=55) (Fig. 35A), JEEIFHAIZ A — A FZ U 7 ~134) 83-70 £} (95%
(EHEXE; 159-23 4ERl) THY, =a—T—F 2 R3] 45-32 R (95%(EHE
X[H; 72-16 4FRT) &HEE 7, NIbSEE T2 Wi Tix, A—A 7Y
TN =a—U—T7 2 R~OEE (BF=68) 73#133 4R (95%fF #H X [H]; 54-20 4
AN IZH o= Z EauRENT, XHAYIZ, world-B2 5 LT world-B3 7 7' /L—
7 O E~OIEHITK 42-20 F/T (95%(5EX [, 63-12 45/1) TH Y, HEgHIRK
YT 7= (Figs. 35B, C, D), = 5T —nr v "NB LT U7 N TOHERK
T LT & 2 A, IEBRERM ToILE (BF>100) 23#8 8 bt/ (Fig. 36).

F AH¥ 2 BERE O HEE

Visser et al. (2012) O HIEICHE, M X R OHEE 41T > 72 (Table 15, Fig.
37), 7 — 7 Z ARV CIE, basal-B2 & world-B3 4y Rk 7 L — 7 D
BUZFFOA—A 8T U 7Bk D 2 fBH 2 5847 [818 35 L TN 3475 ML (UK 1
S BERE DL 5 A B R)] ORI X 13 F 1 E 41 50-10 35 L OVBL-22 RIS X 7=
CHEE ST, VIV — NI 2 RIS BV T, basal-B2 4Rkt — T D=
2 — =T Ry BERR ORI Z FAL (6019 HEEE) R % 1% 75-19 AERiT, world-B
DRI N—T D= 2— =T Ro3BERRD 2 /1 2 5B (5602 F6 & Tf 5665
L) ORI ZIZZNEN 49-20 B L O 22-11 FERC & 7= L HEE S vz, 772
bH, world-B 53R 7 —71 0 basal-B 53 %kt 7 /L — 712 BE 3 5 HL A
A DIFHE U & b7z,

v
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A.basal-B2

i o
New Zealand

AN

D. Protein encoding region
Subgroup _ HC-Pro* P3* NIb*
From To YBP BF From To YBP BF From To YBP BF
basal-B2 Germany Australia 70 (136-38) 54  Germany Australia 83 (159-23) 129 Australia New Zealand 33 (54-20) 68
Germany New Zealand 32(52-16) 22 Germany New Zealand 45 (72-30) 63  Germany  Australia 71(140-32) 55
world-B2  Australia  New Zealand 33(55-23) 43 UK Australia 42 (63-24) 68 UK New Zealand 36 (47-27) 43
UK New Zealand 20(40-13) 40 Germany  New Zealand 29 (38-13) 63
world-B3 UK Australia 34 (48-24) 39 UK Australia 24 (41-12) a4

UK New Zealand 26 (40-15) 38

Fig. 35. Plausible historical migration pathways of Turnip mosaic virus inferred using partial
helper-component proteinase (HC-Pro*), protein 3 (P3*) and nuclear inclusion b (NIb*)
regions. Details of the regions are given in Methods. (A-C) Migration routes for Australia and
New Zealand only are shown, and only when supported by a Bayes factor (BF) > 10. Only the
migration pathways for basal-B2 (A), world-B2 (B) and world-B3 (C) isolates are shown. (D)
For each subgroup migration, the BF and estimated age in years before present (YBP) are
shown. The 95% confidence interval for each age estimate is given in parentheses. We
analysed basal-B group isolates instead of basal-B2 subgroup isolates because too few isolates
belong to the basal-B2 subgroup, and only the BFs from the basal-B2 subgroup are listed. BF
values can be interpreted as follows: 10 <BF <30, strong support; 30<BF<100, very strong
support; and BF>100, decisive support.
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A. basal-B2

(years before present)

-+

B. world-B2

D. Protein encoding region
Subgroup  HC-Pro* P3* Nib*
From To YBP 8F From To YBP BF From To YBP BF
basal-B2 Germany Denmark 23 (40-10) 97 ltaly Spain 30(45-15) 202 Germany Denmark 23 (50-12) 26
Italy Greece 22(48-11) 103
Germany Denmark 21 (48-10) 89
world-B2 UK Germany 33(53-19) 25 Germany UK 24(38-13) 402 UK UsA 52 (84-29) 103
8
Germany  Denmark  26(35-22) 79  Germany Denmark 21(31-15) 128 Caech Denmark 24(32-12) 56
Germany Czech 35(52-25) 14 Germany uUsa 96 (163-38) 85 Czech Poland 27 (50-16) 21
Germany Czech 34 (54-20) 21
world-83 China Taiwan 28 (36-20) 25 UK Germany 55 (76-41) 171 cChina Taiwan 21(29-13) 190
4
UK Germany  36(49-21) 21 Vietnam China 39(54-25) 50 Vietnam China 28 (40-15) 68
3
UK USA 38(50-23) 69 China lapan 50(70-31) 43 UK Greece 27 (45-16) 12
Czech Greece 22(32-14) 58 UK UsA 46 (69-34) 42
UK Czech 23(31-13) 15 UK Poland 22(30-14) 22

Fig. 36. Plausible historical migration pathways of Turnip mosaic virus inferred using
partial helper-component proteinase (HC-Pro*), protein 3 (P3*) and nuclear inclusion b
(NIb*) regions. Details of the regions are given in the Methods. Migration lines between
European, Asian and American countries are shown, and only when supported by a
Bayes factor (BF) greater than 10. The migration pathways in basal-B2 (A), world-B2
(B) and world-wB3 (C) subgroups are shown because Australia and New Zealand
isolates analysed in this study only fell into these subgroups. For each subgroup
migration, the BF and estimated age in years before present (YBP) are shown (D). The
95% confidence interval for each age estimate is given in parentheses. We analysed
basal-B group isolates instead of basal-B2 subgroup isolates because too few isolates
belong to basal-B2 subgroup, and only the BFs from the basal-B2 subgroup are listed.
BF values can be interpreted as follows: 10<BF<30, strong support; 30<BF<100, very
strong support; and BF>100, decisive support.
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Table 15. The estimate of the time of recombination events of Turnip mosaic virus in Australia and New

Zealand.
Recombinationage  Stem age Crown age
Recombination site? Parent (5’ x 3°) Recombinant type® (YBP)
Australia
nt 818 world-B3 x basal-B2 Inter 50-10 50-18 23-10
nt 1080 world-B2 x basal-B2 Inter 54-13 54-21 50-13
nt 1341 world-B3 x basal-B2 Inter 48-21 48-25 40-21
nt 1851 basal-B2 x basal-B2 Intra 35-9 35-14 22-9
nt 2530 basal-B2 x basal-B2 Intra 48-23 48-25 37-23
nt 2742 world-B3 x basal-B2 Inter 38-14 38-14 N/AC
nt 3475 basal-B2 x world-B3 Inter 51-22 51-26 49-22
New Zealand
nt 5602 world-B3 x world-B3 Intra 49-20 49-37 46-20
nt 5665 world-B2 x world-B3 Intra 22-11 22-11 N/A
nt 6019 basal-B2 x basal-B2 Intra 75-19 75-28 70-19
nt 8071 world-B2 x world-B3 Intra 20-10 20-14 19-10
Both countries
nt 1174 world-B2 x world-B2 Intra 27-14 27-18 24-14
nt 5219 world-B2 x world-B2 Intra 24-13 24-17 21-13
nt 6132 world-B2 x world-B3 Intra 28-16 28-20 25-16

aThe ages of major recombination sites in Australia and New Zealand were estimated with reference to the results
of Bayesian phylogenetic analyses shown in Fig 37, respectively. The common recombination sites in both
countries were estimated from the tree including all isolates (data not shown). Nucleotide positions show locations

of individual genes numbered as in the original UK 1 genome (Jenner et al., 2000).

bInter; interlineage recombination site, Intra; intralineage recombination site.

“The oldest and youngest ages are shown. The oldest and the youngest ages were estimated from the stem and
crown ages, respectively. Estimates are given in years before present (YBP).

dNot available
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Fig. 37. The recombinant origins of Turnip mosaic virus in Australia
(A) and New Zealand (B). Maximum-clade-credibility trees from the
BEAST analyses are shown with error bars representing the 95%
confidence interval (CI) of node ages (blue) according to relaxed
uncorrelated exponential models. Recombinant isolates are
represented as multiple taxa, each representing a subset of the
alignment (as indicated) with distinct phylogenetic signal. The
nucleotide positions of the recombination sites and those in
parenthesis are shown relative to the 5' end of the genome using
numbering of the sequences of the aligned sequences used in present
study and the UK 1 isolate (Jenner et al., 2000), respectively.
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VIl Z%2

1. V77T —FFA T T AR

2 50 4 LL EIZIESD T — % Z VT CaMV DZE [ « FEM B 22 iz o0
TOREZEAT -T2, ABRILT 77 TR 3 9D THEHAL S 7o sz 5 e
HIBRICRK T DA TH Y, AFEIITEZOL 2 ENRTERDPSTERBEROIET
7 7 FRAEAEG CaMV 43 BERR 23 4 (51 D 43 F- AL ROfRAT DFE R B A 52 %
2 LAVZRWAY, ABFETIE, HiIEKHELTO CaMV DBIRHIZARNIEIZ DV T D
HREED ZENTET,

NIV RAT 4y 7 HEEET vy O TIX, ORFs -V T34 ORF 82 11Eh
kDL Z L CT& 722 &, —J ORFs IV 5 X (NORF VI 372 5 #(b % LT
X AR LT, BLBRENZ L2, ORFs I-V 22513 35SRNA, ORF VI 751
19SRNA DERH X415, AL CaMV O REEHE & (LoD A 1 = X ADBEFR L
TWAHZEZRLTWDE LiLZen,

ORF VI ZIIFERIEMEILIK 723 2 — R &4, ORFs IV [ZIZARY v A hr=v
7 72358 X RN a— RE T 5 (Haas et al., 2002; Hohn, 2013), %< @
fDFEY 7 A LA L [RERIZ CaMV (2B W T H R 2 B2 KT 5 B
THEHELREE %27 L TU\% (Chenault & Melcher, 1994; Froissart et al., 2005), A&
METITZ DA T, LT AV, BARBIOI —1 v/ FESHERR D 2
KTHY, TOMIZINALILORFVI O 5B LI RIICRD b, Zhb 2
HALIE CaMV ORI Z 12T DBy h ARy b Ebivs, Z s 2 AL
1L CaMV @ Vi/Av 1k (Kobayashi & Hohn, 2004) 5 X OYRJEM: K A A > (Hapiak
etal., 2008; Hohn, 2013) |Zf7&E T 5, AWFFE TR L 72/ 2 F30671% CaMV DY
JFMEICB B LT D S b, D OB RNEEIC oA LT DZ E
I3EEHE7: CaMV OHIERHIBL CORBAT NI EIZH T Z L 2R LT D &b
ns,

K HI D CaMV OE RS X ORFs I-V 35 X OV ORF VI % W 725y 7R/ Hk
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FRHT OFE RIS, D &b 4 TA—TFNEETLZERNHLNERY, Th
57 N— T IIHBEAIC L LTV D Ko Iz, T o Mg A 7
SRR Ik IC CaMV SRV EA SN DR, #Hts STV A1EM® 5\
HAEL TV HEOHIEMOBEWICE DR Mvr v VR OFEEZ T T-1-0
B D VITALEE IR B N Ted EEZ HND,

SEHEAR R O IR, A MU CHRBICBIR ARV E T TV D 2 &R
%éﬂkwmzLTwmwo%K,ﬁ¢ﬁ@%%iw¢$ﬁ@,Hﬁ%i@?
AU I FICB W T IR FIREINRD HiL, 4D Ok H] il 12 W
TEMOBENN B > 1O TIERW M EHER S L,

AR HBRZLAOMRNT OFERL, ORFs I-V 35 X OV ORF VI (X572 2 BATHEEE 250 -
TWDLZEBRA LMLz, HlxiE, ORFs I'V Tl hbanrbX U vx &L
TATv~, = ORFVI TIEFY ¥ 0D bz, blanbA 7 ~EEL
Too TNHORIRIL, WEIZ CaMV LRI EHER MBI OBIT AR L2 2 &
AR L TERY, LB ORR & I1ZE—E L7z, F£7 Neighbour-Net
% FH 2 ORF VI O R TldA # U 7 FE Bari L 0BfR NS E DV 7 28 —|2 %
BLTELT, REODOY T AZ—NIFET 5 AIREMED R 7z (Fig. 19).
512 Bari 1 Z7BERRIE 5 1R 60M 5 K OV STRUCTURE (2 & % 4 FEARARAT 20 © B
HEPFICITWDBEECTH D EE 2 b=, 41 Bari 1 DBkko 27 ) 14
EWERRETHZ EIFT L D ARSEEE B ERE SN T A 2 U TN BEBICTEL
DIYBERAZRE L, T 21T O LERH D000 L, CaMV 2 0 Mtk ]
DRAT/NZ — 1% CaMV DAGHl T TET K OHIBEAYRERED & 521 2 B8 2 [ L
TWDHREMER & D, CaMV X7 7 7 AU K YokfEmicaifi s s, £7-
AR, WEH 2 WL O HHIFE R IAEM OFAER EH RERHIK & 2o T
CaMV DILBUZEEFR L T D 20h LRV, U A L ZADILHBUZ I T W 72
FEEEZ DU TIX RYMV (Traore et al., 2005) 3 & UF Tobacco vein banding mosaic
virus (Zhang et al., 2011) THEIN TV D

CaMV [FFEIZFx ¥ XY, Juval) —BIOW IV 77 9—%2588T7 7778
FPNZIEGET D, F v XY & — LIkd ool 1000 4E0 HAEH L E > TR Y
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(Katz and Weaver, 2003), ZZi1 17 BLI O 19 AT/ > THHIET AU BB
JRICHEARICEbAENT, 7uyal)—BXOH Y 77U — 37— L&k
& LTRSS A BEOM THL EEZ N TS, ZLTA XY
Tnb I —a RO E~16-19 I ISE o7 & S, LT AV BB X HEA
1Z0% 19-20 A2 A & du7= (Buck, 1956; Gray, 1982), 45 FKiat % V7= fgdTIc
£V, ORFVIDT =Xty FTHT R 2 < &, RBRITITAET D FE
7243 I 135K 450 AERTICE & 72 L b D 2%, 7 71— T 13% D#) 200-350 F-14%
ICHBL L7z & b b, ARIOTHRERICE T 28MRR 1L T 7 7 TR
WZXET DO ZIRIF & A E R o720y, B2 6 < PRl L7z Hudky
AORMBICEEFEICHAEE TWD EEbhdizd, Zov7 7 1r—70 Bl
HiE CaMV DT T 7R JF M E 2 S84 L7 & — 3L TV a0 Liv7ewy,
HEE LB O S EREEND, CaMV IZBWTEBZE L T 7 7 AT X Bk
BIEEB 22\, Thbb, 777 LAVNUANVAEREL, BENEEE LE
FEFAHMOMICILRCHEZ B 20T LW EEbn sl Thsd, Ll
NG, BIRFIUZERITH CaMV Dittfkix, BE L oM OEER, £L T
BENTERIS LB ONDEFMOR MLy 73R % & e Rimi/2imizic
WRLEZITHEEZHNTEY (Monsionetal., 2008), 77 7 A2 X Ha#kiX
HHRBE TOILRUTIIEE G L TV 2RV LT, REI gz i o166k
WIEBFR L TV D0 L7\, ARWFSE THEE L 72 CaMV DR DOIES & Zh
& OVE O A R IEHIXIZIE B L T,

CLEORBREIZ, WHORT L hao A LA, 2 K8 DNA 7 A )L AIZDOWTH)
D TP REE & YRR R DfFAT 24T > ToWF9E CTd % (Yasaka et al., 2014),

2. W TEV AT TA A

INETOA—A T Y TETUMV 1B LTI 5 2Bk D CP & {xFfElk, 1
Sy BIERR O 2 FEEO A S EBRE FERC S T — X R— R TR SN TR, 2 b
FEeA 2 N THNT L7265, A— A M7 U 723 &Y 2 UR—U0F
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T 52 ENRENTVW (Gibbs et al,, 2008b), —F CT==2—Y—F o K&
TuMV (2B LTl 1 43 BERR O g HRd A1 28 E R RO S 7 — 2 = ARGk &
NTWLDHTH-Tz, T7b5H, WMED TuMV EHIZET 2 EHERRY - R
HHBZ R RITIEE A CER LTV AR -T2, £ 2 TAETIE, F—X
FZUVT7BLP=a—U—F 2 K5 32 BED TUMV ZEER, &7 ) b
WEPRE L, O FELIMT 21T\, S DICZ SRR OREH R R K OEH
PR 2 B BN Lz,
ABFIETAT - 7o fd EROSTHEDOFRER, ==2——F » N NZ290 SrBfrk Lo
OYBERRIZ S A 2 VR (W YRR D) IR E R S o T, £ D
728, NZ290 Stk % bk < thoo Btk IL B i ERCh o 7o, MEO Y HER D%
IEHEDOT 77 FFHEH I LIRE L TEB Y, /HEEOfE 28 & BRERY O
ZITHERRO ST, T h, WEO TuMV £ ORFIFHEILT 27 O TuMV
LHOREMEE B2, AT R W E 2 F> L b, £7mED
B TOLBERIEF ) TIOHREERE 21T 5 &, BIE2T T2 < BALEEIC & iRk
RBENFRD BT, BELL T H VA VA TIWBUR IS K D ARN~D
HUIABNBEN TS B, 2F0, EBRIZTIERWD, EHEEL —5H
L2 BYE2 B L 020 TRy EEbhi, Z0x% /7 Toe
HIERIIZ < OT VT BL T —n vy "GERTITRE O b TRy, o7
D, WESHRICKBT 28 HMTHY, BELL TUMV BIEIZEA L%
TR 2 RS LT hy, 2 WIZMEICRA L7z TuUMV £ HIEF 2 7028 Y
THILBRHRDLE—-HLWVIEDEDERTHY, T EMMPALGE D RIC
LB ST IR D L WMENZIED > T DO T & b7,
F—A RV TBLPR=2—Y—F 2 K TuMV B DOZ% I3 2 R TH
ST, L LARND, ZH O 2 KT 2 E TO TuUMV B4 %422 (Ohshima
et al., 2002; Ohshima et al., 2007; Nguyen et al., 2013b) T} S #L7-fth o Hilsk -
DRI Z AR & TR X ARBLS B o TN, T h, il [E O X AR ITHET L
SHAODo T BRI Th -7, 20728, TUMV EFNEEIRA L%
IS N E T EEZ DO R bEY b, ZhETOETY AV
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A BV THEARAIFAEL 2 1TE(LOHEE D 1 SIZHZ 6 THEY, UALAD
RIFPEZBIRNIZ LS5 Z E N BTV S (Revers et al., 1996; Moury et al.,
2002; Ohshima et al., 2002; Moreno et al., 2004, Tomimura et al., 2004; Chare &
Holmes, 2006), F7=Ei#)3 L UOWEY) 7 A L AIZEBWT, ZILH O1E EITEGT
5 7o OISR 2 DM S T2 B A S 4TV % (Brennan et al., 2014; Feng, et
al., 2014; Lefeuvre & Moriones, 2015), AWFZE TR bV 2 b HISLTlT7e <,
B O MEORE, FHCEFMYIC TUMV 2 E0RICEG T2 72 DI 2 A3
HETZENBRAONT, £, MEBXFFHOWEZITo7L A, TOIFH
Il EAS~ORAR LY $ 572 -7- 2 E VR &1 (Table 15), DL EOKH#E % i
Hr R ROMR % 3CFF LT b O &bz,

AWML Tl Neighbor-Net 7%, ik L OWA Xk & W01 R fiddT &
1T > 72, Neighbor-Net {£(Z X %73 1 R#eH TlX, £ OEDHEROHEEIZ 72 > TV
L8%6, TAUORICEE S T 2 0 BERH CHEAZ NE X TVWD Z ENREBIND,
ARMFFETHERL L 7253 TR I W T H MR OREE 23 Z8 0 b, FEHR 2 AT o
R LI LTI &L ZAFER RV E B b, FRLEL LUA XEIL L
250 FRABIIAAAITIE B L Tz, AWFIETIIITIC Wz & OB s T
FEIIZ BV T HE 200 Bk & KEDOSEEEE W 2728, 1R O/E
MWEELIZEBbitiz, 2TOFA—ANT7 IV T7TBLR=a—T—F » Rtk
I basal-B 3 X UM world-B 53 727 A—TI12E LizT=, Znba1rRmfiksn
— 7 O BERRDHE TIZESIC R > Tn D Elbiz, L Lans, KiF%k

TIXA—A b7 U 7 OVEHHIE S TUMV S BEE 2 BERDR 2o 7o e, &
O HIED O D BER AR, BEMRIT 21T 5 BN H 5, LV E< DT
77T RHEM AT D Z LI K o TMD 73 F R 7V — IR T D S BERRS
ROMBZEbB2oN5720, ZRHIESKOMELE Bbhi,

BEAST V7 b U = 7 & W= ffht Clamy FIEtOBMSEFIH L, VAL 2D
EALEE R KL ODIAFEREHEE LIz, IO 3HatET7 vBLT 4 T VOE
FH123@ Y ONRZ = BT L, £ DO Tl b A AR OER K E 2R i 72 E
TNERE LI, ZOFERTIL, 4 FRFEHE 7 /L% exponential clock €7 /L, #E
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FHE 7 /LI constant size &7 /LA S hTz, strict clock T VNSRS 5 Y
FAIFX—EOHE CTHL L TV D ERE L, HIEREREHEZ FE L CHEEIT
, AWETIEZOFT VIR SR oTz, T70bb, TuMV EHIE
DT IEE W Cld 72 <, exponential clock €7 /L CIRE STV 5 K 9 725
(2 K o THE SR E M B 2N FR BB E0) 7 el A e 0 IR I~ HE 2R b 2 L T D &
a7z, Nguyen et al. (2013a) (23T H TUMV OREEFENT 23 72 X 41, HC-Pro,
P3 35 L OF NIb & {n 3 & FI W 7o it TITARIIE C 30k S iz 0 FIFat - et
ET VRIS, T D TMRCA 13 819-1330 4F L HEE Siz, & DIz O AR
DR & REZ 2T /TR E B,

o3 F Rk BICRWT, WE OSBRI R A Y B LA U R 55 BlERR o hifi ik
BETHY, MEOSBERDO T BH LWLEIZKRD, T72bb, 2O
DALFHE TUMV 28 FA Y B LTS F Y RO MEICIAHR L TE 22 & 2R L
TWD LB, Eio_A REE AW o7 R TIEER O 53 I R 2 #E
ETHZ ENHKED (Figs. 32-34), £ DOfERN D, basal-B 73 1%#k 7 /V—7"D
7773 world-B 73 F-R#E 7 /—7" L0 b lrnWZ L3FE 2 b, basal-B2 7 7 L—

IZJBT 5 TUMV 23569 70 BRI RA Y b A —A 87 U TIZ, 45 FRIIC
AP B=a—Y—TF 2 RIZBALEZOBPRYOHEE~OIE# E Bbh b, &

IZHETHIO T TUMV OFRAENH|E S70id 1930 FRTH S (Samuel,
1931; Chamberlain, 1936), AHFZED AT TR ST ILHRH & 2 & OREIZE
T HIPEARNZIZIE B L TV e, L LR G, RIFETHEE S L7z TuUMV
D=a—V—=F 0 FORARIIZIZNAOHRE LV bRETHD, ZNITBEH
SRR DA DOFE L 72 2 3 BEK &2 AWFIE TIIEREHDR o Te7e)d, 5
WITBEIC 20 5 O3 BER 3R L TV D ATREMEZ R L T D L b b,

U EEHIOTA=A R Z I TEBEOP=2——F 2 RO TUMV (DWW THREH
RS & PRI DT 21T > 7oA T 5 (Yasaka et al., 2015),
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VI, BB &%

AWFFETIET 77 TRAEI ST 5 2 KB DNA % 5/ LIZEFD CaMV & 1
AEH RNA %7 B2 TUMV DORFEREE 36 X OMEBERRBEIZ DWW TR L, &
217,

CaMV R TuMV D X 9 7218 EREFAN EAR D RIFE D A /L ZZONT, ZHLE TH
M)« ZERINT 70 —F b U A VA Z g L7eflITIE & A SRy, RIF5ED
fEHT 7> & CaMV 35 X N TUMV [ L 72 HEAL R L % 85 > TUh 7z, CaMV 13 2 448H DNA
Z7 ) DO, CaMV 25 ie/XT L b e U A L A1X DNA OBEROEA T %
TT—ERETDHIN—T 1V —T 4 7 REREZ FF= 72\ (Haas et al., 2002), % @
7o, FRRIZ =7 —Z2KIET 2 Z LN TERWVRNA VA /L AD TUMV & [FIFEEE
OMECTHIRERNEE TWD EEbe, V=710 —F ¢ v iRea o
mA AL LTIE, 2 A8 DNA %24 7 MZHE B BF4 7 A LA (Hepatitis B
virus; HBV) 23%1F 541, HBV OHE(LIEEE 134 2.29%x107°-1.57x 10 H L/ i AL
EHEE SN TV D (Zhou & Holmes, 2007; Wang et al., 2010), — 5 T/87 L by
ANVATANVAERBEIZDNA LY ) AL LTROR T V—7 U —F ¢ T H&HE
WIRNT AN AE L TRENRTA VAL b TALAD HIV RZETF LD,
HIV OHE(LHE 13K 7-8 x 10° HEEEHAL TH Y, A CTHEE L2l o A
JL A DHEAEE L RIFRE L HEE ST 5 (Duffy et al., 2008; Tee et al., 2009;
Ward et al., 2014), DF D 7V—T7 U —F ¢ U THEREZFO U A LV RIX, O

BEZ R0V T A LR L ik d 5 & (LR EE 13589 10-100 {538 (Zhou & Holmes,
2007; Aiewsakun & Katzourakis, 2016), 2 < D ¥ A /L A FE CTHEAVIEE T H I —E T
372 <, RIS ERER U 7o 0 BiERR D 7 & - OIRAT 24T o 72356 5 70 2 b B2
DHEE SN55E601H Y (Posada & Crandall, 2001; Ho et al., 2011), ASAFZE CTHEE
L7z CaMV & TuMV IZB W T H A0 TIERnad LIveuy,

U A VA DHBUCHEEAR I A HEE T DRI, Bol DS ) hv— v A
D] IR 2 VTN 5, DENV (3 1899 4EEHIZ A B v 58
WTC, BIEIRA IS4 LT D DENV O3t@EHe 7 A VARHEL, £ 2
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NHEHFEERTHRAL IR L & B2 5 TW\wb (Villabona-Arenas &
Zanotto, 2013), F7-HIERKIEB(L R & DRBEAE) ) DENV OBTE B TH 5K >
A~ OERIEZILR L, DENV OUiAT « ILBIZ K E B L TW D AlHE
PRI ST D (Jetten & Focks, 1997), — 5 THE#M 7 A /L A TiX TYLCV IX
1940 FEICHEHIE CHELL, ZThh b HREHIIEN s EHEES N TN D
(Lefeuvre et al., 2010), TYLCV [ZX " =) F T L - TKERNZB T S D
DT, TYLCV OILEUTES T B OYERIC K & < {&kfF L T\ 5 (Mabvakure et al.,
2016), AHFFECTHEE L7= CaMV B L O TuMV DL EIZ Zh b A LA
FVHLEWEITHoD, SHBZOHBEZHALIZTH-DI2E, YA LA
HOBEZ X T, J& - B L~V TOTUFER RN 21T 5 BN b 5 & b,
filfe A L ZADOHEAL - BT RELBE X 5L, CaMV BLT TuMV DiEfl
OFFFIRE LIEBICE L TH, WAL RAEID %< SR RE N EMECR 5
LTCWD AR EV, CaMV OERIEFETHLF v XY, Yryal—B kL
CA V7T U—= 80T 77 BHEMIRE L 7—/LibAdIeH] 1000 4 IC
SLFEI E S 472 (Katz & Weaver, 2003), L L72id 6, HARSLT A U B AEREIC
X 17-09 i E CTRLIAEN o T, 7y 2V —E 0 ) 75 U — | THIHER
PR CHEAE L, 16-19 il A 2 U 7 b 3 —m o B EICEE LI L ST
W% (Buck et al., 1956; Gray, 1982), AMFJE THEE L 7c CaMV DILEROES & =
O TE FRY OYEROE LI TIZIE—E L T\, Fo—mIchY v A v 21X
ZOENRBICL VBRI N D720, HBERIZIE W B2 LR35 T
CElbind, TOEDA—A TV TEBIN=2—Y—F 2 RO TuUMV O
&, W7 Y7 (5000-9000 km) 73 & HUEEFGICIZITV V20 20 6 Hisl s S 58
LCEIELEEZDONZETHD, LLRRE, AHFZETIIEED TuMV %
THRHR 2, Sy TR L OSBRI D BAR, FEB IO A
DEDRH - /T 27 D TuUMV £ & ITERAIZR RV, T L AHBEAYITE
VhE— 2N (16000-18000 km) 72 5% 80 AERIICHLH L T & 72flil A 7= LT,
L RSB A sk C H v, OFE T A HET L < RO TE 200
FIZBI 22V, LTI =y, AT ZANLOBRNBUEDNA D
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Kbz boTERY, B RMERKREZ I OBROE LM, BEICEL
THa—a v " bEEL ORBELEZ T TV D (Wace, 1985), i [EIfxiT £ TA %
VAR =y "AENL L OBREZTIANTEY, £ OMEEIZINAL
Ml 7> S g A S 30 C & 7= (Wace, 1985; Zubareva et al., 2013), ASAFZECTIL, WiE
TuMV M2 2 b AR OIFENC B S Tl EICR A Lo vl RetE 2y S 7,
F I TR D BERORLAR S, W [E D5 BER O _EALOEIIALIE T S B A
VBRI F Y ZADOGEERITERIR D 72 & ORI Z/EMORESNATEY, M
E~D TUMV DRAIZT —1 v " bl A SIVCREREZEIC L b0 & A
b, YLEE, MY ANV ZAOME~DRADNNEHOBE) & Zh b DE L T
DREEDOFEBORFFIRNEIZENT L TWVWAZ EEZ/RLTEY, RUFEIIHE
WA NAL LTEEN D OBMRZERANTH &Iz Lz,

VAR TR RNASRAEM ORADPRER SN TE Y, MU AV A b0
BISRTIZZ2, ENIR AP AR ATRERERESR G TH - T, RELHICEL-T
ZOROBANAHFNREREICEI L TOLSEERH Y, THLRWDT A L AR
MBS S AL S S D, SEEBNREEPEAMICR>TETEY
(Barraclough & Ghimire, 2013), S&mHEY) 05k 2 72 ENZ R HIA £ 3L D23 LLRTIS
HATHATE TS, BAEIZEN TS, 1980 47525 2010 £DORNZ EZEY O
KA 6 fFICHIINL TV D (A, 2014), Zo L) 2EtERbLH Y, {E
WG 2 0 A NV ADMFRAHEEIZIZ L Y —FoEEsnE s Bbhd, =
NWETCAMITEREST 20 DB T A VA TIE, NEOBE) & OB EMEIZS
WTHIL 53TV % (Sugimoto et al., 1997; Yogo et al., 2007), — 4, fi#w A /v
A TIELARI N D REDIERL B OBE L BEL TWDH 2 ERE S TR
» (Gibbs et al., 2008; Sacristan & Garcia-Arenal, 2008), A& 23l 7 A v A

(CE R B 52 T D et n d %, NRDSHT LWERC il 2 B L,
HEELTWDZEEBRD L, RIS 204 NV ADGEE, ANH
DITENN 7 A NV ADEALCIE 22 b —L LTS D0 E LAVARV (K5,
2015), BEZH LW T A /L AIZHOWNT HEBFTIER LS, BIE TAMOITENITK
ELEELZIT NG, - KAk CE s Bbhi,
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AIFIETIX, 777 T RHEMICEEGL T S CaMV & TuMV D IRFfE R & JEHGRE

EAHALNIL, HOoNEARTIIAMOFIC L - T Y A L 2 5E TN,
HRAHUHR L TV T EARR L2 Lnh, [ERR a2 J Bk
TOEMERMIETE D RELDH L, RIETEA TNV P A L ATIEE
DREDT ) LT =2 EHNTHRKROENDERZ TRIL, U7 F o omkEiE
DBAFENARSL T B 72O DD E AIZATHIL TS (Chao et al., 2010; Ahn et al.,
2014; Guo et al., 2015), i)™ A N RAIZE N T HRBEOEMITICH TE 5 & Eb
WD, AR ZOIEHFROFEIC 20, S HIITED T A VAR 728
(W) TEDXIIZLTY #AELTZONE WD D TR RV ICRT 5 &
Y FOHIRTE 2000 LRy,
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