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CLASSIFICATION OF TURNIP MOSAIC VIRUS ISOLATES ACCORDING
TO THE 3'-UNTRANSLATED REGION
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Summary. — The 3 -untranslated region (3’UTR) of

five isolates of turnip mosaic virus (TuMV) from

United Kingdom, Canada, Greece, the Czech Republic and from Uzbekistan were sequenced and compared
with another nine previously sequenced TuUMV isolates. All the isolates had 209 nucleotides tong 3'UTR, with
the exception of the Uzbekistan isolate, which had one-base deletion at nucleotide (nt) position 162. Phyloge-
netic analysis identified three clusters of related isolates. The clusters correlated with secondary folding of the

3'UTRs, partially with the source host plant of the isolates but not with their geogra
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Plant virus taxonomy is going from initial reliance on
morphological, biological and serological properties to as-
signment based on amino acid and nucleic acid sequences
that should represent the ultimate taxonomy criteria today.
Amino acid and/or nucleic acid sequences of replication-
associated proteins serve as a base for cms‘—;it"ication of high-
er taxa (for review see Ward, 1993). The coat protein se-
quences are widely accepted for dxmlmmmm)n between

virus species as well as for classification of isolates, espe-
cially in the family Potyviridae (Ward and Shukla, 1991).
Comparison of 3"UTR of Potyviridae revealed similar de-
grees of homology between distinet viruses and between
related strains to those obmincd by coat protein comparison
(Shukla and Ward, 1989). The 3"UTR is proposed to be an
accurate marker of genetic IC]c tedness and therefore could
serve in classification of potyviruses (Frenkel e al., 1989).

TuMV is the most important virus of cultivated crucifer-
and Brassica vegetables. This vi-
and isolates differing in vector
1995), host plant, patho-

ous crops as oilseed rape
rus is distributed world-wide
transmissibility (Kantrong et al., |1

Abbreviations: MMLV = m()l(‘mcy murine leukemia virus;
TuMV = turnip mosaic virus; 3'UTR = 3-untranslated region

phical orgin.

; 3-untranslated region; clustering

genic and serological properties are known (McDonald and

Hiebert, 1975; Provvidenti, 1982; Jenner and Walsh, 1996),
A collection of world isolates of TuMV was prepared and
techniques for their differentiation were intensively studied
(P. Lehmann, unpublished results),

With increasing economical importance of oilseed rape
especially for non-food production and increasing area of
cropping, the risk of the occurrence of more pathogenic iso-
lates and severe outbreaks of TuMV is rising. In this paper
we present classification of previously sequenced TuMV
isolates and five new isolates according to their 3'UTR, de-
scribe phylogenetic relatedness among them, and discuss
relations between this classification, geographical origin and
source host plant,

Five isolates of TuMV were obtained from naturally in-
fected plants: the Czech isolate (CZ 1) originated from cab-
bage (Brassica oleracea capitata), the Greek isolate (GK1)
11()111 sma/ (Matthiola incana) and the Uzbekistan isolate
(UZB1) from oilseed rape (Brassica napus oleifera). 1so-
]a‘n,crs from United Kingdom (UK 1) and Canada (CON1) were
found on swede (Brassica napus rapifera).

One pl of sap from mustard Brassica juncea cv. Tender-
green infected with the 1solates mentioned above was reacted
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with 50 U of MMV reverse transeriptase and 2.5 mmol/]
olipoldT ) i ‘“nw‘ T }m coat protein ;mxc" mnd the 3TUTR were
amphific s with 2.5 U of DNA polymerase (AmpliTag, Per-

kin Elmer lmc?w USAYin 35 cycles k W 947 T min

Cand 2 munsat 72°Cywith 0.5 mmnl l cach ol primers
ATCAAGCTTOAGOGUAATCTTTGAGGATTTATY and
SGGCCACGUGTCOACTAGTACTCGAGET) 3
independent pUCTES clones contaning the an Hmm prod-
uets were sequenced by Sequenase 2.0 kit (Unted States Bi-
ochemical)y as recommended by the manufacturer,
sequences of the 3TUTR of the Chimese solate CHIE (Kony
m‘ 1940, of Japanese tsolates JPN2 (Sano et al | 1997},
J‘]i and H’NH {(Nakashimaeral 1991} of Canadian 1so-
m s CAN (Nicolas and L mﬂm ., 192 DN (Trem
blay er af, 1990) wer
Seguences of the ﬂ‘M‘»X“(&&Hﬂ sotates KORT (G "(
and KOR2 (X 79366), and of the msolate of
(L12396) were obta the EMISLL
The alignments of sequences werg §am
TAL progromme (Hipgims and Sharp
v RNA foldin

Three

£

Jand (

e found in f,I‘M," r‘w‘[‘ww e Iiteraturs
WH%W@N}
‘I«ww ARSIRTIET

med from

Che

secandar ng structures of all avatlahle 37UTR

faa:nw"‘rmw were computed using the RNATFOLD programme
i the @t f&(f i mf':g*l* H‘)M} slgrorithn,

Al H‘m ;’wﬁvV\H hn psolates CART, UKD GRT and

CNT were of 209 HLWIUHH(‘} s length T Iw LZB 1 isolate

had one-base detetion at position 16

S and 1t so far the
f 'y The

cquenues are lw} Ix conservative. We ofr
del

.

only solate with 2081 Iw rdes long 3TUTR (Fig,
uMV 3TUTR s
served w;M‘ sEi

tutions and one deletion at 28 different post-

tions that represent ;Um 1 k 3% wﬁ rhu length of the J7UTR
The 3" l TR sequences of the tsolates CANT, CAN, CDN,
JPNTIPNG L KORT, CAET and L12396 differed from

Their mutual s

CIINT had two substitu-
m comparison with the provi-
TN (numbering begins
stide after the coat protem termination

zach (‘»t}mr“ at b 5 positions.
hww ‘) T%. The Canadian solat
O and G 0T

G W sequenced isolates CAN and (
with the first nucle

milarty was

codon).

Thesolates JEN2L KOR2 and CHIT difte
ersat 1O 14 positions. The isolat
tons: G- oA

ved from the oth-
tes had sdentical substitu-

‘ CCwith the exception of the molate KORD),
O S T ~(f‘ AT and T A

Wi Wi (R¥] \\( (H\ Miti }[(W’\{\ﬁ }H

maost ¢ Bm eteristic feature of them wis the presence mﬁ an
A TACTAT ottt The function of this motil s nof
known, but according to the sequence and focalization tt

resembles the second polyadenylation signal of the vuechi
i yellow mosaic potyvirus (Grumet and Fang, 19907 The
newly sequenced solates GICE and UZB T had
modificd, but nucleotides T and AT | remained conserved.
Both the isolates were more closely o m ed to the three Asian
isolates mentioned above Hm n (o the Furopean ones,

nalysis of the l 4 asolates done by the
CLUSTAL programme cstablishe

Phylogenetic a

[ three clusters of related

this motif

I contains isolates from three con-
CAN, CDN and CDNTYL Furope
(JPNT, JPN3 md KORT ) and the
2396). Cluster 2 contains the

FRORZ, and the European 1so-
late GICT. The isolate UZB1 1s the only member of cluster
3.0 A the clusters 1 oand 2 contaimn isolates from very dis

ates (Fro. 23 Cluster
tinents: North America (
(UK T and CZET), Asia
solate of unknown origin (L]
Asian isolates CHILTPND anc

tant areas. the correlation between the geographical or j‘,gm
and clustering of the 1solates car
We have che

1 be excluded,
cked the relatedness of the 1solates accord-
g to their natt LM] host, when known. The 1solates of clus-
and 3 orig Mwi from vartous Hrassica species only:
the 1solates .f% CCAN, CDN, CDNT and UZB1 from 8
JPNAT and “H’"“‘I from B rapa, and the isolate CZE ]
from B oleracea. The 1solates of clust ortginated from
non-rassica sources — G from Mavhiola incana, CHI
and JPWI frem Raphamues satives. I the case of the 1solate
KORZ we record Brassica campestris va

FHETHLLY

. pekimensis as
a suseeptible host, not as the original

We assu
natural host of
(49

will be necessary for

species.

mie that our classification correlates with the
TuMV (with the exception of the isolate
Finding and analysis of

e

other non-Brassicasolates
confirmation of these results.

A correlation has been found between
computed) seco
folded in tf NACTTke st
o 3a) Isolates of cluster
different secondary structure. Nucleoti
preferentially boun

clusters and their
medary structures. The isolates of
ture with stability of - 191
2 formed qui
des at positions |-
d o nucleotudes of the end of UTR and
cluster 1 (Fig. 3b). The stability
of this second type of structure was -182 to -201 kl/mole.

not 1o themselves as i the

We have found hyg nputer simulations that the motif TAT
of the solates CHIIPND and KOR2 or the mouf AAAT,

of the isolate GK together with the G and G| are essen-
tal for this type of folding. um isolate EFZ"EH m“mc clus-
ter 3 folded m third type of secondary structure (Fig, 3¢),
which s similar to the cluster | folding, but the stability of
the UZBT secondary structure was Ilg.thly lower (186 kJ

mole). s known that at feast in the case of a
rus Y, the 3TUTR could attenuate expression
of symptoms, probably by altering the sccondary structures
(Van der Viagt ef of, 1993) Sumilar effects of TuMV in
certain host ; lant were found, ttm (Jenner and Walsh, 1996).

It s very difficult to ascertain why similar mutations oc-
curin mul'rtwmw nating from very distant regions. TuMV s
spread mainly by aphids and the seed trans
confirme aI Fherefore 1t s not ]mwil toe \1}1 vn the simifar-
ity of the wsolates JPNTIPN3 T and KORT to the European
and North American isolates by wccﬁ exchange. The fong dis-
tance transmisston through TuM Veinfected aphids or infected
green material is of low probability, too. On the other hand,
the variability is nm! 50 high to exclude the occurrence of an
identical mun‘cn jon in different countries. We have found that

wther potyvi-
rus, potato v

HSSTON was not
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