


260 GAO, G.F

cetal MOLECULAR T

PIDEMIOLOGY OF LI VIRUS

ing and immunological comparisons have shown that vi-
ruses which are antigenically very similar to LI virus and
were isolated from sheep or goats in Norway, Turkey, Greece
and Spain are genetically different, though closely related,
from LI virus, and two new virus names have been pro-
posed to recognise | ]w‘w ‘li!"f“(“r‘cncwv ie., Turkish sheep en-
cephalomyelitis (TSE) virus i Turkey and Greece (Gao ef
al., 1993a; M(.mm./u/,, 19954y and Spanish sheep enceph-
alomyelitis (SSE) virus in Spain (Marin ¢¢ al., 1998a). It
has also been proposed that the Norwegian 1solate (Gao er
al,, 1993b) and NEG virus (Venugopal ef al., 1992}, a
m,l»\ ransmitied virus isolated from Japan, are L] viruses,

These unexpected results have raised questions concerning
the wlentity, geographical distribution and evolution of 1]
virus which have heen addressed i this communication by
carrying out an extensive molecuwlar analysis of LT and close-
Iy related viruses, 4

In general, a ¢lear understanding of the genetic related-
ness wmong different strains (M(}me varieties) of a virus
and of their evolution can provide int (‘n'm:in ion on the ori-
gins, dispersal patterns and geogray
particular genotypes (sometimes p}mwmtymr:@ as well), on
their routes of transmission and for the ¢ hwwh)[‘m‘mw of vac-
cines. Therefore such an analysis of L l virus would enor-
sly help solve the LEand Li-like virus puzzle as sue-
ully used in influenza vivus, i‘num:m immunodd
oy virus (HI1V) md more recently in hepatitis C virus (for
Leigh Brown, 1994),

In common with all «)Elwr flaviviruses, I,I VIrus con-
tains a single-stranded RNA genome of positive polarity
which encodes three structural proteins viz. m;w(i (C),
membrane (M) and envelope (E) (Shiu et al., 1991) and
seven non-structural (NST, NS2A, NS2B3, NS3, NS4A,
NS4B and NS5) proteins (K. Venugopal, personal com-
munication). Among the structural proteins, the E glyco-
protein 1s responsib sle for the following biological func-
tions: haem: utination (HA), NT. mw; or binding, neu-
ropathogenicity, membrane fusion and induction of pro-
tective antibody responses (for reviews, sce Heinz, 1986,
Gould e af., 19907, Since the ”&1\"1\’17“11%?(3% have been
grouped mamly on the basis of HA and NT tests, their
classification largely reflects properties of the I proteins
(Calisher ef al., 1989). Moreover, the T8 gene of {Tavivi-
rases was also shown to be a rehable phylogenctic mark-
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er for all flaviviruses since its phylogeny s congruent to
thit of the RNA-dependent RINA polymerase (NSS) which
was suceesstully used for phylogenctic analysis (Koonin,
F991, Marin ef al., 1995h). We have cloned and sequenced
the I genes of six additional LI viruses including an
isalate from Wales and one from Treland that cause sheep
or cattle encephalomyelitis, r‘w;w* iw]ﬁym and although the
sequence data have been used in our previous report
(Zanotto of ul., 1995), the «:Iot;nlarc‘i methods of sequenc-

ihution of

ing and phylogenetic analysis of LI viruses were not
admhmm:dpmvﬁoub‘;lyﬂ'I‘I‘u;tra.:f‘cﬁar“u” in this report, we describe

the methods of sequencing for the six known LI viruses
and dcmilci phylogenetic analysis by addressing L1
viruses (totally 12 LI virus E genes are inciuded) in Britain
and Ireland which are the known LI virus epidemic
regions. Our results show that wm* tic variation occurs in
LEwviruses and the stramn of LI virus W)Mtc { from Irefand

is genencally distinet from British maintand LI viruses.
In evolutionary terms, the Irish virus | pw oned between
western (Buropeany TBE (WTBE) Md British LT viruses,
We mwwwu that there are four gmmrypm of LI virus in
the British Isles and Irefand, each of which occupies a
cinmnm ecological niche.
Materials and Methods
Firuses, The ortginal wsolates were wdentified as LI virus at LT‘ :

Moredun Research Instit
logical and immunologic

tute, Edinburgh, using convemional v

al mue Iﬁmch The detatls of the six L I Vi-
ruses sequenced i this and Zanotto’s (Zanotto ef af , 1995) stud-
ies and another six sequenced LT viruses are listed in Table 1. All
the virus 1solates have r‘a'wm:d bess than
(SMB) since their isolation from field samples.
Al other viruses and their sequence aceession numbers used for
comparison were described by Marin er af. < 16G3h), Other viruses
compared in this study are as follows: SSE virus:, TSE virus: NEG
virus; WTBE virus, strain Neudorfl ta‘qr«csmtcm subtvpe of TBLE
(FETBE) virus, strain Sofjin; Omsk I‘z;ﬁmrsmu’r"]mm‘ “mvr‘ {OH -*)
virus; Langat (LGT) virus; K D virus
(POW)Y virus.

REPCR, cloning and nucleotide sequencing. Ten percent SMB
suspensions of plague-purified viruses were used directly for the
ral RNA followed by reverse transeription and
poltymerase cham reaction (RT-PCR) as previously de «mﬂmf {(um
et al., 1993b; Gao, 1995}, Briefly, a SMB suspension was treated

ath proteinase K oand extracted with phenol and ¢ Lhc First-strand

IWA was synthesised using the conserved downstream priv
5-COQGUTAG I/\I“ . M/\(rl [-3', compler nmmm 0 l [ virus ge-
nome nt 2447-2449 (Shiu er al., 1991) and the E gene was subsg-
epuently zm‘»;ﬂéﬂmd by stindard PCR (Tag polyimerase and annecaling
temperature of 50°C for 30 cyeles) using the upstre
GGAGAGTOTGOTGAC-3') (nt RO5-821 of the LT virus genome)
and the same downstream primer as was used in the synthesis uf the
first-strand ¢ M\, The PCR product was directly eloned into the
pGEM-T veetor by i‘\llwwirw the product speeilications (Prox ’mmm)
vhoth directions by double-stranded dideoxynucle-

otide sequencing (Sanger ef u/ 1977 using USE Scque xmw’\ Ver-
mm 2 Kit. Two batches of PCR product for cach virus were cloned
and at least
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and sequenced i

three transformed subclones from each virus were so
quenced to overcome any problems arising from PCR crrors. All
othermolecular manipulations followed the standard methods (Sam-
brook of af., 1989).
Sequence data analysis. the nt

and amino actd (aa) sequence analyses were performed using

Unless otherwise stated below,
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Pairwise comparisons of value differences of the transitions versus transversions
They indicate that both types of substitutions accumulate gradually and show that NEG virus () and the Norwegian LI isolate (+) cluster within the

English and Scottish L1 virus isolates.
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Determination of the transition to transversion ratios for LI viruses
Maximum likelihood curve determined by analysis of scquences of LI viruses and other TBE subgroup viruses with the DNAML programme (Felsen-
stein, 1993}, indicating that the maximum values of ts:tv are between 4 and 3.

were available, SSE, TSE, WTBE, FETBE, OHF, KFD, LGT
and POW viruses, were included. For these viruses the se-
quence data were obtained from GenBank. The POW virus
E gene was chosen as the outgroup for the phylogenetic
analysis based on previous determinations of the TBE virus
complex root in relation to its sister group including the
TYU and SRE tick-borne viruses (Marin et al., 1995b). The
ts:tv values (GorAtoCorT,and CorT to G or A) (Fig. 4)
indicated the lack of significant nt saturation when only LI

viruses or when LI, SSE, TSE and WTBE viruses were com-
pared as was also shown by the linear relationship between
the percentage of transition over transversion (Fig. 5). The
values for synonymous (without aa changes) to non-synon-
ymous (with aa changes) differences between the viruses
showed a linearly increasing number of synonymous differ-
ences (Fig. 6). This indicates the absence of the saturation
in the TBE virug population in Europe. Nevertheless, the
saturation was detectable when comparing L1 virus with
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overlap between T IBE viruses, e, TSE virus
is not justified as a topotype of LI virus because it 1s closer
to WIBE and FETBE viruses than to LI virus (Gao ef al.,
1993a; Whitby ef /., 1993). Moreover,
TSE wvirus (GGE virus or Vergina strain, see Marin et af.,
1995a) was once defined as type H'TBE virus (WTBE and
FETBE as type Tand 11) by using the traditional serologi
cal/pathogenetic methods (Rulnn et al., 19785; Mpminm
oulos, 1980) and confirmed later by DNA hybridisation by
Popodina ef al. (1993), which indicates the distinet identity
of TSE virus but has not yet been formally accepted by all
flavivirologists. The data at this stage seem to sup p(‘m the
first of the two options, Le. LI virus primartly causes LI in
Cireat Britain, and other viruses (Irish, SS5E and TSE virus-
esy cause animal encephatomyelitis in Ireland, Spain, Tur-
key and Greece. More sequence data will be quud hw

fore a final decision can be taken, especially the Bulgar
sheep LI-hke IM)M (Paviov, |1 C}(v%) which is the on §j/l 180
guence i / rw; of I';‘mwn‘n Li-like viruses i this ume

The principles of compartson by aa Aﬂnmnwr‘; tand also by

molecular systematic analysis have also been apphied to dem
onstrate the ongins of two Li-related viruses, which were re-
pwu“uwﬂ 0 lww beerisolated outside the British Isles and Tre-
land, F L the Norwegian wuxm( fLEvirus almost certainly
TEPrEsents a Mn ish straim of LT virus (Gao ef af,, 1993b) that
was transported presumably vi wlwu; ), birds or neks § “m*m“imtw
land to Norway since it is clearly very closely related to viruses
of genotype b and Norway is geographically close to Scotland
for such an exchange to occur. On the other hand, 1t would be
extraordinary if NEG virus really did represent a strain of L1
virus that ocours in Japan as transport of infection from Britain
to Japan by natural means would appear to be inprobable, 1tis
also important to note that there has never been anather report
of NEG virus in any region of the world. A plausible explana-
tion for this apparent anomaly 1s that NEG virus represents a
laboratory contaminant which arose during the identification
procedure that took place when NEG virus was first isolated
and charactenised (Ando ef al., 1952).

From the data presented in this study LI virus appears to
have evolved in disting

et localities within the British Isles.
There s very little evidence of significant interaction/inter-
change P‘Mwu
the British Isles and Treland despite very significant inter-
nal tn";xdc‘: of livestock 1 the country, This s perhaps not
surprising since ticks are relatively tmmobile arthropods,
i.e., they do not move horizontally and when they attach to
an amimal such as a sheep, deer or hare, their movement is
restricted to the arca in which the animal moved. Therefore,
the tick ecology and physiology explain the correlation be-
tween the ge 11(>1y;wu of LI viruses and therr geographical
distribution. As a general rule, the rates of evolution (muta-
tion fixation) for all the arboviruses are relatively lower by
an order of magnitude or more than are the rates for

the Greek strain of

en strains of LI virus from different arcas of

non-arthropod-borne viruses (Strauss and Strauss, 1994,
Weaver er al., 1994). The evolutionary rates of
masquito-borne flaviviruses are higher than those of their
tick-borne counterparts (Zanotto e af., 1995, 1996). The
asymmetrical phylogenetic tree for the whole TBE subgroup
suggests a peographically consistent dispersal pattern and
ne radiation dispersal. The tick factor alone cannot b
pletely responsible for that; m]imr factors, e.g., the patho
gen wsis of these viruses in humans/animals might be an
important factor too,

We have had a cut-off point of aa identity in
for LI virus genotypes of 98.0% tn this study. Heinz (1990)
observed a similar percentage for WTBE virus isolates from
central Burope. We propose that such a cut-off point cuuld be
appropriate for other tick-borne flavivirus genotypes.

The molecular wm:t'a; structure of LT virus has been in-
vestigated using viruses from most regions in which LT vi-

rus is conside wi to be present in the Brivish Isles and Ire-
land, Our results m% :ate the extent to which these viruses

and their closest relatives have diversified m the recent past.
These types of analysis should contribute to our understand-
ing of the a:‘fﬁmgmmi of such viruses and may enable predic-
tion to be made of thewr future behaviour in the environ-
ment. Further study in the future for the ci spersal Wmu nof
other viruses in the TBE subgroup, e.g., WTBE or FETBE
viruses, are needed to unravel hmtﬂw m terminants of the
stasis of the TBE cline. Itis clear that it would not be appro-
priate to use other methods (‘* u monoclonal antibodies as
did Stephenson e al. (1984) anc ﬂ;ﬂck etal { ‘W»)) than
nt and/or aa sequencing to draw any picture on the relation-
ships among the viruses in such a genetic continuum or cline
as TBE serocomplex.
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