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ABSTRACT

Four kinds of plant viruses (Zantedeschia mosaic virus, Dasheen mosaic virus, Lily
symptomless virus, — cucumber mosalc virus) were isolated from Zantedeschia spp,
Colocasia esculenta, Pimpinella brachycarpa, Lilium lancifolium.. A novel virus,
Zantedeschia mosaic virus(ZaMV-Kr),causing mosaic and malformation symptoms was
isolated from calla lily (Zantedeschia spp) in Korea and its biological and molecula
properties were characterized. The virus was distinct from Dasheen mosaic virus, an
araceae-infecting potyvirus, by serological and seqguence analyses. Multiple alignments
of the CP amino acid sequence between the virus and other potyvirus showed 51.8
to 62.1% identity. Phylogenetic analyses of th CP revealed that the virus could be
clustered with Plum pox virus and Turnip mosaic virus. sequence comparison of the
CP gene between the virus and three other ZaMV isolates from Taiwan showed over
93.9% identity, and most of amino acids changes occurred in the N-terminal region.
sequence comparison of the 3' NTR revealed homology levels 27.0 to 47.9% between
the virus and other potyviruses. Our results support ZaMV as a distinct species of the
genus Fotyvirus.

Taro Colocasia esculenta Schott originated in India and adjacent areas of southeast
Asia and is now widely cultivated in Asia and Oceania. In some Pacific Coast
countries, this crop is one of the main sources of starchy food. In Korea, the crop
has been cultivated constantly over 4,000tons/year. In this study, Dasheen mosaic
virus(DsMV—-Kr), causing mosaic symptoms was isolated from taro, and its properties
were characterized.

The local lesion symptom was found in inoculated leaves of T7etragonia expansa
and systemic mosaic symptoms on Zantedeschia aethiopica, while 11 species of
indicator plants did not infect. In an electron microscope, DasMV particles were long
filamentous type, with about 850nm in length and 12 nm in width. Molecular weight
of the viral CP was about 34 kDa in SDS-PAGE. Gel double diffusion test revealed



that DsMV was not serologically related to Zantedeschia mosaic virus (ZaMV) which
has been reported an Araceae—infecting another potyviruses.

The coat protein(CP) gene of DsMV(-Kr) was cloned and their nucleotide
sequences was determined. The sequence of the 3'-terminal 1,199 nucleotides, which
consisted of the 3'-terminus of the partial nuclear inclusion body (Nlb), coat protein
(CP) genes and 3'-non coding region. Similarity at the nucleotide and amino acid
levels of CP and 3'-NCR were from 51.0 to 91.5% and from 49.1 to 93.9%,
respectively, when compared with those of other potyviruses. Phylogenetic analysis of
selected potyviral CP sequences indicates that the virus is an isolate of DsMV and
distinguishable from other potyviruses. These results indicate a new strain of DsMV,
and the name Kr strain of DsMV is hereby proposed. Lily symptomless virus(LSV)
causing mild mosaic symptoms was isolated from L/ium lancifolium and its biological
properties were characterized. Cucumber mosaic virus (CMV) causing yellow mosaic
virus and malformation symptom was isolated from its biological properties. Each of
virus, which was multiplied in in propagation host plants was purifed. Antiserum
against each virus produced by injecting rabbits with purified viruses. The titer of
each antiserum against ZaMV, DsMV, CMV, LSV was 1/1,024, 1/512, 1/2048, 1/1024
by micro precipitin test, respectively.
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Zettler S0l 2ol M 2 elliottinall A == BAZJUCH LSVeE CarlavirusOll £ots AFALE
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2t A=Y HoldA 0180l EMot= HIoIHAL X2 HEH2ES ol dUS0IE
ZES GIACE 08 ZTEEZ 0.01M QA (pH7.0)2& OIM&H s dip 828 E 0I256t:
olgsHE Olel easts IESE grid (300nm) Ol 122 9 2% phosphotungstic
acid (pH 7.2)2 SAZMGtD EZE HUXUHA griddll &2 622 SMHZS HI{otL
HAZAZ § dSE0IB2HEE AASHAL.
Ct. HIOIHA =22 L XEAE2 0|88 JIFEHA A

SEd ZIYo=Z HI0lHA ZZ0l EHoE 2o OIHAZE 0.01M QA=A
(pH 7.0)2 €10 €3 UXAIZ0A OISt CHS, carborundum (600mesh)S 0l 2610
SA ANEAZ0 SHE S oIl 2 ESYE =228 =H2=26t= 0l ADr &
gt Z2lPoz F2lItss dR= 332 HUYLIELIYHOZ Z2lotd 1, HAHBEL
T ZeIt Hede dee A 2= A0l LIEtY 2X0132 AXEAZ 23| AU
HESIH SHBI0IAE =22lotd XHEASUHAM JIFHR ZA S22 S22
MEOIULH SUFSE HHHEAZ2 25T 220 A 2002 E@5g L AHy &g
= 8HAZ ZAotACH

2t HiolA EA
HIOIZAAS HAMle 229 HIO|HAER J|E9 280 B0E E 19 =35t¥s &X5IH
2SS CH
T 1. 2 AIEN OI2E Hi0lHA =5t
HiolH A & SAD|F =5
ZaMV 2tet cv. Black magic Dijkstra S (1996)
DsMV &gt cv. Paldoo Dijkstra S (1996)
LSV Ltel cv. Casa blanca Van Lent £ (1980)
CMV &HH cv. Samsun Takanami (1981)
OF. HIOIHAS StE=x MA
HiOled Al S8 X MX= Koenig (1985)2 Xu £ (1988)2 &tHES AI26IQULCH =3}
HHOld A (Tmg/mhE SRS 2 Freund's complete adjuvant?t 22 1mIAS FAFD|

(BmIE) 2042t AR
White &7 RCt2l0l 1x¢

HAZEM (syringe adaptor)& 0l256t0 &gtst =,
ZEFAOIH2H, 102 2tA2Z incomplete adjuvantE A2



Ot 1Xte =gst HHOZ 2X2 33X 2FFAE oFRLE OHXI2 booster injectionZ2
=3t BtoI2dA (Img/ml)2 HETE 2 FAIGIRUCH SEHC MWE2 0tAY E2AFAL 2=
2 = IHEN 24A12 S HAANZI EJS HEUE A7s B2z FEIEHOIN
AZ2E FE0 20mi% &2 = 37CHA 1AIZ-HED (4C)HA 12A2E S XAl
21 & 2AARL|5I0 U2 ASWHE SIEHAFHOZ FoIYU. =22ist SEAH 0.02%NaNz=E
&Ilot 50% glycerol EJF & -20CH B2 £E2 SZAXAIH B20I}ACH HZE &
EEH2 =3 HioldA L 0|HEBUHS A=2ot 0l BFSHY (S. Wakimoto, 1993) ¥
st& 2 W 013 EA&HE (Ouchterlony ,1968)2 0|0t @It L HIS0|EIE HEE =
MO CH

Ht. R&EXESH(RT-PCR)E # & potyvirus HE primer JHE

RT-PCRE 82l potyviruse E&=UIES X6 CIXQI & UCH.
Poty-P(5'-ATGGT/G,T or C/TGGTG/C or T/AT/A, T or C/GA-3') and Poty-M
(5'CCATCCAG/G or C/CC/G or A/AA/C or T/A-3")2| pair2 LA A 340bp
SN SEHLEE EH UL

Al. cONAEY & =24
cONAEHA 2 plasmid choice cDNA Synthesis & Cloning kit (Gibco BRL, MD)S 0l&56t0

HH RNA 2 10uglz =35I CH ZaMVel double stranded cDNAE pSPORT 1 vector2)
Not I/Sa Il sitell AZYatHR D, £ coli IM 1092 S & M E5ISULC

OL. 8olHg 28 & 24

2t Bl0121A 2| cONA= HSt&EA Ji=ZoiE Sol E2&st AJI12 = = subcloningdtt
2+ clone=2 dideoxynucleotide chain termination method2 EJIAE2 Z & GHULY..
JIME OI0I=AtHHE 2 DNASTAR sofrware package(Madison, WHE Z&HoIY
Phylogenetic analysis= DNAMAN package®l neighbor—joining algorithm= O|&ot(
SHotA L.
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Aizoaceae
Tetragonia expansa -

Araceae
zantedeschia aethiopica
Colocasia esculenta

Chenopodiaceae
Chenopodium amaranticolor -
C. quinoa -
Leguminosae
Glycine max -
Paseolus vulgaris -
Vicia faba -
Vigna sinensis -

Solanaceae

N. glutinosa -
N. tabacum cv. Samsun -
N. tabacum cv. White Burley -
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02 2. DAS-ELISAMIASI ZaMV and DsMVel EEEE Q012 (
I OISHAUA ZaMV and DsMVSl B S0
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o QUICHAE SIS HIINE 24

61 ATGTTCTATT CTCTATTGCG ATCTGGTGTC TCGTTAAAGG AGCACAAGAA
AGTAATTCAT

121 TTCTTTATAA ATGGCGACGA TCTCATCATA GCAGTCAAAC CTGAGGTGCA
GCATCTTTTG

181 GATGTGATGG CAACACACTT CTCAGAATTG GGACTTAATT ATGATTTCAC
CTCGAGATCA

241 ACACAAAAGA AGGATCTTTG GTTTATGTCT CATAGAGGTG TTGAACGAGA
AGGAATCTAT

301 ATACCAAAAC TGGAGGAAGA ACGGATAGTT TCAATTTTGG AGTGGGATAG
ATCAACAGAA

361 CCATCACATA GGCTTGAAGC AATCTGTGCA GCTATGATTG AGGCATGGGG
TTATGATTGG



421 TTGGTGCACG AAATCCGACT TTTCTATAGT TGGGTACTCG AGCAATACCC

ATACAACCAG
481 TTGGCAGAGC AAGGTAAAGC ACCGTACATA GCAGAAACAG CACTGCGCAA
GCTCTATCTA
541 GACCGTGATG CCAATGAGGA GGAGCTACTA AAGTATGCCA TTGAACAGAA
CATTGAATGG
601 CCACAGGAGG AGCAAGTGTA TCATCAGAGT GGAGAGGAAG ATAAGGACGG
GGATAAAAAG
661 TTGGATGCTG GGAAGCAGCC ACCAACGAAA GACAAAGAAA AAGAATCTGA
CCCCTCCAAC
721 ACAGAAAAGG ATGGGAACAA ACAAGTGCAA ACACACAAGG ACAGGGATAT
TGACATGGGC
781 ACCAGTGGTA CAATTGCTGT ACCAAAGTAT AAGATCTTTA AATCTAGACT
TAGGTTTCCA
841 ATGGTGCGAG GGAGGAAAAT CATGAACATG AGCCATCTCG CCCAGTACAA
TCCAGAGCAA
901 ACGGATTTAG CAAACACGAG AGCAACACAG AATCAGTTTG CCCGTTGGTT
TGATGGTGTT
961 AAAGGGGACT ATGGATTGAA TGATGCAGAG ATGGACGTTA TGTTAAATGG
TCTTGTCGTC
1021 TGGTGCATCG AGAATGGGAC CTCTCCAAAC ATAAACGGAT TGTGGACTAT
GATGGATGGT
1081 GAGGAGCAAA TTGAGTATCC AATCAAACCA TTAATAGATC ATGCGTCACC
CACATTCCGT
1141 CAAATTATGG CGCATTTCAG TGACATTGCC GAGGCGTATA TAGAGAAGCG
CAATTTTGAT
1201 GGTAAATATA TGCCACGGTA CGGTCTACTC AGAAACTTGA ACGACTTCAG
TCTTGCGAGA
1261 TATGCATTTG ATTTCTATGA AATGACATCC AAGACACCCA ACAGGGCAAG
AGAGGCTCAC
1321 TTGCAGATGA AAGCAGCCGC CCTGCGAAGC GCGAACACGC GCATGTTTGG
TTTAGACGGG
1381 AAAGTTACAA CAAAGGAAGA GGACACAGAG AGACATACAG CTGAAGATGT
GACGCGCAAT
1441 TTGCACACTC TAATGGGTGT GCGCGCTATT TAATCAAAGT TTCTCTGGAC
GAGCCTGCCT
1501 TCGTATTATA GCATCGTATA ATAGTCGTGT TTATCTGCCA TGCCTTGTCT
TTAAGTGAGT

1561 GCTTCACTCG TGACGAGTCA TGTCTTTTAA ATAGGAG

8 3. ZaMV-Kr S8 Xtol 3 Lo Z22H 1,597 nucleotides 2 EIIML

H 5. ZaMV-Kr1l 852 potyviruses| 2IU|SHHA SAXF S| L OOl ELl ASH Hld



CP

Viruses Acession No. Position
NT AA
ZaMV-BG 93.5 94.3 AY026463 628-1473
ZaMV-Zan 93.0 94.0 AF332872 628-1473
DsMV-ND 51.5 52.7 AJ298034 631-1572
DsMV-TW 50.8 52.3 AJ298036 30-968
ZYMV-Cal 49.3 53.0 L31350 8543-9379
SMV-G2 52.6 53.6 S42280 8535-9329
PStv 52.0 52.0 U34972 8939-9799
PepMoV 47.9 53.5 M96425 8553-9371
TuMV 53.6 58.4 D10927 8755-9618
—OaWHND
| — aWATW
W2
PV
M-
RepVbV
TuwW
' By
ZAW-Zan
— AWK
B.7
| | | | | | | |
b 0 25 20 15 10 5 0

8 4. 92| potyviruses2| Phylogenetic tree 241 21} 212 Data : ZaMV-BG (GenBank
AY026463), Zan—Zan (AF332872), DsMV-ND (AJ298034), DsMV-TW(AJ298036),
ZYMV-Cal(L31350), SMV-G2(342280), PStV(U34972), PepMoV(MI6425), TuMV(D10927).

2) E&Colocasia esculenta Schott) 0l &246l= Dasheen mosaic virus&e2l
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H 6. ZcUM 2c2I8t DsMV-Kre| J|FAlZ Bt
NEAMS g &
Aizoaceae
Tetragonia expansa LL
Araceae
Zantedeschia aethiopica M
Colocasia esculenta M

Chenopodiaceae
Chenopodium amaranticolor
C. quinoa

Leguminosae
Glycine max
Paseolus vulgaris
Vicia taba
Vigna sinensis

Solanaceae
Nicotiana benthamiana
N. clevelandii
N. glutinosa
N. rustica
N. tabacum cv. Samsun
N. tabacum cv. White Burley
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g 6. DsMV-Kr & X2 EMAFR & 3% and 12.5% SDS-PAGEE 0|E8H DsMV-Kre|
QI EHH A subunitel A HlW. Lane 10 DsMV-Kr; lane 2: TuMV; lane 3:
LMV; lane M : SDS-PAGE marker (molecular weight 14-66KDa, Sigma)

I 7. DsSMV-Krat 21E9| potyviruses®| QJISHHAIS] OID| =AM E & 3'UTRS SE XA &D]9
AlEA Hlw

Percent similarity to DasMV-Kr (%)

Virus Acesstion No. CP 3'-NTR
nt aa nt
DsMV-Cal AF048981 88.3 92.1 86.5
DsMV-Col uoot122 83.5 93.0 90.2
DsMV-M13 AJ298033 89.9 93.3 89.3
DsMV-8 AF511485 91.5 93.6 89.3
DsMV-DK AJ298035 80.1 85.4 90.8
DsMV-ND AJ298034 89.4 93.9 91.8
DsMV-TW AJ298036 90.0 92.4 93.1
BCMNV us37o76 56.9 61.1 52.8
BCMYV L153832 61.6 60.8 82.7
SMV-G2 $43380 58.7 62.3 53.8
ZYMV-Cal L31350 57 .1 62.0 41.8
TEV M15239 53.0 56.7 52.0
PVY AF345650 52.6 55.1 29.5
LMYV X65652 55.8 52.0 26.0
ZAMV-BG AY026463 51.0 49.9 24 .1
ZAMV-DB AY026464 51.4 49.9 24 .1
ZAMV-ZAN AF332872 51.4 49.9 24 .1
ZAMV-Kr AB081519 51.5 49.0 24.5
PPV M21847 55.6 49.6 23.2
TuMV D10927 55.3 51.6 54.3
CLYVV D86044 51.0 49 .1 28.5
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KNEAS

Chenopodium amaranticolor -
C. quinoa -
Vicia faba -
Vigna sinensis -
Lilium sp cv. Casablanca mM
Nicotiana benthamiana -
clevelandii -
aglutinosa -
rustica -
tabacum cv. Samsun -
tabacum cv. White Burley -

ITIII

mM: mild Mosaic, - : No symptom

4) U= (Pimpinella brachycarpa)Ol &M38t= cucumber mosaic virus 22l

HrOlSt A &IXFALE

9. ZU=0IAM 22l CMVe JIFAlZE Bt S

KNEAS

0%
oA

Chenopodium amaranticolor -
C. quinoa

Vicia faba
Vigna sinensis

—rrZ

clevelandif
glutinosa L
rustica -
tabacum cv. Samsun -
tabacum cv. White Burley -

ITIII

M: Mosaic, L: local leision, — : No symptom
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Hrolei A g 2eIIF(ES) o1} b A4 AF2E(m) Hl 2
ZaMV—Kr SAZCHS ) 1,024 - 40
DsMV—Kr ERH(IHHS) 512 - 40
LSV ZLiel(Hd3) 1,024 - 40
CMV FlL=(HeH3) 2,048 - 40
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4. 8 &

4 EO| AMZ Bl0lAA(Zantedeschia mosaic virus, Dasheen mosaic virus, Lily symptomiess
virus,  cucumber mosaic virus)It Zantedeschia spp, Colocasia esculenta, Pimpinella
brachycarpa, Lilium lancifoliumilN 22T AL 2RO JIESAS LiEtUHE MZ22
HiOl2d A Q1 Zantedeschia mosaic virus(ZaMV-Kr)E& 8t=2| calla lily (Zantedeschia spp)
OIM Z2ciottd M2y, 2XNE SEH2 X AGIICH O BIOlddA= ASdH N0 2E0l &

= potyvirus@! Dasheen mosaic virusete SFESE AN SIIME 240 REERAUCEH CP
OOl =&F 240M= 0l HIOIAARE CHE potyvirus2toll 51.8%0 M 62.1%2 S24

CP2 HE+ 240 A= Plum pox virus, Turnip mosaic viruset 8t J&2 0IFUC
HolgiA S THE2 Al E2 U2HoA =2e2lg ZaMvEelE=2H0l CP genell &I

= 93.9% 0|49 S2HE B0 N-ZHXYGAM Lo OI0l=4e Bl HEE0I
AUCH 3'NTRO H€IIMZo 2A0AM= 0l dloledAt CHE "ol A 20l 27.00A 47.9%
o sgAdgs BFL 0 Z2ies st=0AM =22l ZaMVIl potyvirus Mzg2 =& Fet

ZH=C Taro (Colocasia esculenta Schott)= ESOFAIOIN @I&E & X o1&

0
el

O 0OFAIOI2E QAMIOILIOHOIAl 21 THEHEI D QUCH L2 BT CI™Z2II0AE 0] &20|
=UAMEO FRA=9| SlUOICH &=0A= 0] 20| W2t 400004 HSoHA AHEIE D
QUL &2 9¢xx= EHA =2l 2X0/32 YEHE UEHH= Dasheen mosaic

virus(DsMV-Kr 2l £S48 240olRULCH. Tetragonia expansall BEZUH A= =29E0| L
EtUD Zantedeschia aethiopicalll = TAMR2X03 HAO| LIEFHCH BHHH 1152 X
EAZS0AME 220 DX LUCH HASE0IZHAM= 20 AHAE SEf2 201 & 850nm, =
12nm@l DasMV 2 XJt LAZUCEH Ol A CP 22 SDS-PAGEAUWAM < 34kDa0l
ULCH 2 OI=SEAMYNME DsMVIL Zantedeschia mosaic virus (ZaMV)2t B10E A4
Hol 290l &= Ch2 potyviruset E&sNM o2 A20| AR/UCH DsMV(-Kn2l I &
(CP) REXE Z2=2Y5tA D FIIMES Z2EGIACH 3 Lol 11,1999 HI|l=
nuclear inclusion body (Nlb), 2 IS & (CP), 3 L2 non coding region@ =
Ct. QUIcteRE ) 3 ZHO| non coding region= aatdt OOl d&t =F0lA BIXSHH
51%-91.5%0IA%2 0, OI0l=4h Higel ASHE 49.1-93.9%==ZF0IALt. Phylogenetic
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analysisflM & UBl0ldA= DsMVel 8t HS2Z E2FIt IIsSSHUL

ES0lA Z2clist DsMVeE MzZ2 HSO0IH, DsMV-Krg YHa6IIE Mttt &Liel

(Lilium lancifolium)OlA 22I8t SEHEMH0Id A(LSV)E 2AstR2 X013

0l HioleiACe E4d2 AYGIUCH. EHUS(Pimpinella brachycarpa KOM

2XH0I A0l H A (CMV A0 L o JIEBAS R
b

2
x
il
I
o
o
e

= | &3t & sas =1
OlHASY &3S HARYMSZOIH A212 SHEHES MAGIAL Z1 ZaMV, DsMv,
CMv, LSV &€& D13 ez =ZE A= 22t 1/1,024, 1/512, 1/2048, 1/1024
OIRACH
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