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Summary

Genome segment 2 (L2) from six field isolates of bluetongue virus (BTV)
serotype 17 was sequenced by cycling sequencing after the amplification of the
viral cDNA by the polymerase chain reaction. The viruses were isolated from
sheep, cattle and a goat in the San Joaquin Valley of California during the years
1981 and 1990. These viruses exhibit divergent patterns of neutralization with BTV
17-specific monoclonal antibodies. The six L2 genes of the BTV 17 field isolates all
encode a protein of 955 amino acids. Similarity of the nucleotide sequences of the
L2 genes with respect to the prototype strain ranges between 93.8% and 95.1%,
whereas the similarity between the field isolates ranges from 96.8% to 99.1%.
Although very closely related, the L2 gene of each virus is distinct. Furthermore,
mutations in the L2 gene of field isolates of BTV do not consistently follow a
linear pattern of accumulation over time. Some amino acid changes in the VP2
protein of field strains were conserved over time, whereas others were not
correlated with the year of isolation and some substitutions were unique to
individual viruses. The predicted VP2s constitute a group of non-identical, but
closely related proteins. Phylogenetic analyses suggest that the viral variants which
co-circulate in the San Joaquin Valley could evolve by different evolutionary
pathways.

Bluetongue virus; Sequencing; Evolution
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Introduction

A variety of RNA viruses such as influenza virus, foot and mouth disease virus,
rhabdoviruses and some alphaviruses are characterized by extensive genetic poly-
morphism (Domingo et al., 1980; Nichol, 1988; Rico-Hesse et al., 1988; Webster et
al., 1992). This genetic diversity is responsible for differences in antigenic proper-
ties, tissue tropism and virulence exhibited by individual members of the same
virus group or serotype (Wege et al., 1981; Faragher et al., 1988). Even viruses
isolated at the same time and from a common geographical region may be
genetically heterogenous, as may RNA viruses isolated from a single outbreak of
disease or even from a single infected host (Sobrino et al., 1986; Domingo, 1989;
Kinnunen et al., 1990).

Bluetongue virus (BTV), the prototype member of the genus Orbivirus in the
Reoviridae family, is also genetically heterogenous (Roy, 1989; Heidner et al.,
1991). Infection of wild and domestic ruminants occurs throughout much of the
tropical and temperate areas of the world, likely wherever competent vector gnats
occur. Of the 24 known serotypes of BTV only five, serotypes 2, 10, 11, 13 and 17,
have been isolated in the US since 1953. BTV has 10 viral dsSRNA genome
segments which encode at least 10 viral polypeptides, seven of which are structural
and three nonstructural. The structural proteins form a two-layered particle which
consists of a core constituted by VP1, VP3, VP4, VP6 and VP7, and an outer
capsid formed by VP2 and VP5 which are encoded by genome segments 2 (1.2) and
5 (M2) respectively (Roy, 1989). VP2 is responsible for neutralization and serotype
specificity of BTV (Roy, 1989), although VP5 might affect neutralization by its
conformational influence on VP2 (Cowley and Gorman, 1989; Mertens et al.,
1989). The genetic diversity of the BTV serogroup is clearly established (Roy, 1989;
Heidner et al., 1991; de Mattos et al., 1992) with gene segments L2 and M2 being
the most divergent amongst the prototype viruses of different BTV serotypes (Roy,
1989; Heidner et al., 1991). The genetic diversity that characterizes this serogroup
is the result of both genetic drift from individual point mutations, and reassort-
ment of individual viral gene segments (Roy, 1989; de Mattos et al., 1991). The
genetic variability of the BTV serogroup is reflected in its antigenic diversity. The
antigenic diversity of US BTV prototype and field isolates has previously been
characterized with neutralizing monoclonal antibodies (Appleton and Letchworth,
1983; Greider and Schultz, 1990; MacLachlan et al., 1992; Rossitto and MacLach-
lan, 1992). Phenotypic variation is specially pronounced amongst isolates of serotype
17 (Appleton and Letchworth, 1983; MacLachlan et al., 1992; Rossitto and
MacLachlan, 1992).

Phylogenetic studies have helped to clarify the evolution and epidemiology of
viral infections such as influenza and Venezuelan equine encephalitis (Yamashita
et al., 1988; Weaver et al., 1992). There is less information available regarding the
evolution of the BTV serogroup. Evolutionary relationships among prototype and
some field strains of different BTV serotypes have been characterized using the
complete or partial nucleotide sequences of conserved or variable genes (Gould
and Pritchard, 1990, 1991; Kowalik and Li, 1991; Hwang et al., 1992a,b; Yang et
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al., 1992). Field isolates of the same BTV serotype obtained from different host
species in the same or different years and from the same geographical region have
yet to be adequately compared by sequence analysis. The purpose of this study was
to further characterize the L2 gene of phenotypically distinct field isolates of BTV
serotype 17 isolated in the San Joaquin Valley of California in 1981 and 1990, and
to evaluate the evolutionary relationship of these field isolates to each other and
with the five US prototype strains of BTV serotypes 2, 10, 11, 13 and 17.

Materials and Methods

Viruses and RNA purification

The L2 genes of six independently isolated strains of BTV 17 obtained from
ruminants in the San Joaquin Valley of California during the years 1981 and 1990
were characterized. The origin of each isolate is listed in Table 1. The isolates
were processed as described (Heidner et al., 1991; MacLachlan et al., 1992). The
viruses were propagated in BHK 21 cells (Heidner et al.,, 1991) and the viral
dsRNA was phenol extracted, ethanol precipitated and lithium chloride purified
(de Mattos et al., 1989).

PCR amplification and cycling sequencing

Fifteen synthetic 22-mer and one 19-mer oligonucleotide primers were con-
structed from the published sequence of the L2 gene of BTV 17 (Ghiashi et al.,
1987). These correspond to nucleotide positions (Fig. 1): 1-19, 230-251, 338-359,
661-682, 921-942, 1000-1021, 1262-1283, 1519-1540, 1631-1652, 1922-1943,
1949-1970, 2148-2169, 2316-2337, 2494-2515, 2731-2752, 2902-2923. Different
combinations of these primers were used to reverse transcribe the positive and
negative strand of viral nucleic acid using mouse Moloney leukemia virus reverse
transcriptase (M-MuLV) (Akita et al., 1992). ¢cDNAs were amplified using the
polymerase chain reaction as described by Akita et al. (1992). The annealing
temperature for the PCR amplification was adapted according to the characteris-
tics of each primer pair used, ranging from 55°C to 59°C. The PCR products were

TABLE 1

Bluetongue virus serotype 17 field isolates studied

Field Species Year of County of State
isolate of origin isolation isolation

17B81 Bovine 1981 Fresno CA
17C81 Caprine 1981 Kern ? CA
17081 Ovine 1981 Kern @ CA
17B90Z Bovine 1990 Fresno CA
17090X Ovine 1990 Kern CA
17090Y Ovine 1990 San Joaquin CA

2 Field isolates obtained from the same farm.
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purified using a commercial kit (Gene-Clean, BIO 101). Both strands of the
cDNAs were sequenced by cycle sequencing using a commercial kit (f-mol Kit,
Promega). The sequencing reaction was done with 500 ng of cDNA, 20 pM of
primer, an initial 2 min incubation at 95°C, followed by 30 cycles of 95°C for 1 min,
57°C for 1 min and 70°C for 1 min. A final extension step, using terminal
deoxynucleotidyl transferase, was done at 37°C for 60 min. Each sequencing

1 70
BTV17 GTTAAAAGAGTGATCCACCATGGAGGAGTTCGTCATTCCAGTCTATTCAGAAGATGAGATTCCATATGCG
17BBl . cevcererescccsrsssssorssssensarrenns ciessessescetatastas et ens C...
i o - B O S R S SR I
17081l i iiesiesseseanacsossscssnsseasosasnsosssonannessnssesanosossssonsaass C...
17BO0Z . vievteeseseneseasacsasosssessasosssossassorancatesasannosossanea G..C...
17090X veevererncnccancnsns ceeeeectrestetresresrsaene veersstsseressesadGi.Cut
17090Y Lt eeeeronsessssransasssssstsessssrsarsronnnrssenacascanacssnsos G..C...
71 v v 140
BTV17 TTACTAAGCAGATACCCTCTGGCGATACAGACAAATGTTAAAATAGAGGATGTTGAAGGAAAACATAATG
17B81 ..... Givreneronnns Teoeersnans R T G. .
17C81l  ceiveeennevenosenanse - veeGavianaan
17081 ..... Gienennnasons P eseeeeneeocecaanassonsassssscssssscsnesssne Gevvosena
17B90Z ..G.eGevreeenn o vressretr e aceanens Covvn Gevvw ceeen
17090X «.G.eGevvnrnnnnns N C..... Geeveneonnn
17090Y ..G.eGevevvrannnnn O Covene [
141 v v 210
BTV17 TTGTAAAGATTCCTGAATCCGATATGATAGATATACCAAAATTAACGATTGTAGAGGCGATGAATTATAA
17B81 e eGevvnnaccanersrssssonssscnsssssons Gieven L
17C81 ittt erencaccacrnnrnosaan Gevernernnnnnn Gieroon 4
17081 ...... cesesrererevancarans Geoserovannse Gevvonn - N ceas
17B90Z . evveevnetessossssossononsssaossossnsnse [c -
17090X ¢ ievrenrencsoosacnornssssncnsosconsosnsnae Gevawno -
17090Y v ivieereencccssanossssssnnrsssnnessssnnss Gevvons -
211 280
BTV17 ACCAGCGAGAAACGATGGGATCGTTGTACCTAGATTACTTGATATAACATTACGCGCTTATGATGATAGA
17BBl s icecverocrncnenes - P cees
17CBl  ceeeecevnnononsans - S Terrevaananns G..
17081 C...c-cienennensens - Peeeeecevasonnne
17B90Z ... ciennanannsens - Cevvensonannn b
17090X cecennccccvananans - N Ceveovoonnanne N
17090Y C.ovvenenvnoensosns Al ireaccttsossssnenens Crcvvinnnnns P ceen
281 v 350
BTV17 AAATCGACGAAAAGCGCTCGAGGGATAGAGTTCATGACGAACGCTAGATGGATGAAATGGGCCATAGATG
17B8l v eeveecnenacn T
17C81 ...A....A..... o et iecetasosensoasoennenssosanssassnsencsncsnsssnsssososs
17081 ...A....A..... et teoneaanonecsesesssnsnnsenatosassnssnossassnssnsssscne
17B902 ........ A, it eeietecrtetersrsortanasarnes T
17090X ...eennn - S T T S TeeCoreencncsononnsssaoansnans
17090Y ........ - R
351 v 420
BTV17 ATAGAATGGATATCCAACCTCTTAAAGTGACTTTAGATCATTATTGTTCCGTCAACCATCAACTCTTTAA
17B81l e ieveeccotannsnann Geteietrsenannencncnnss Coerrnennanccnanns Geesennnn
17C81 . .ieverrcncrcnsanas ¢ veeseCoveernsennenannas Gioeosnn .
17081 . .iceeneccneraraocnas [ Coerenenanensasans Givoonnnn
17B902 ..eeveercnvsonssans [ R Civvennns Teveeenns Geevonenn
17090X . .neevenrssnecnsons Gevenncennoneecnasnonnnse [ ) Gievenans
17090Y .ieeeeccanannsnnnse Geieteernnanrsnncnnnsnnns Civeennnn Teovensnen Giveveonnn

Fig. 1. Nucleotide sequences of the plus-strand of the L2 gene of the US prototype and field isolates of
BTV 17. The start and stop codons are underlined and bases identical to the prototype are represented
by dots. The arrows indicate the examples described in the text.
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reaction was repeated with PCR products from several different amplifications to
control for artifacts.

Computer analyses

The nucleotide sequence of the L2 gene as well as the predicted amino acid
sequences of VP2 of each of the six field isolates and the five US BTV prototype
strains were analyzed using the Wisconsin Package (Genetic Computer Group Inc.,
1991). Phylogenetic analyses were done with the PHYLIP package version 3.41

421 490
BTV17 CTGCGTTGTTAAAGCGAATGCTGCCAACGCTGATACGATCTATTATGATTATTTCCCGCTTGAGGACTAT
17B81 ...... C.eCivevnnnnnnns o A.....A...C..
17€81 ......C..C.eceCiinnnnnnns cesresassrssnessansressscsrsrcsBAiiei AL .Co
17081 ...... C..Cecvv [ Ceseteciiresesetsesessenrsansnnn A..... A...C..
17B90Z ......C..Cucuns teersrteesestscncssensanns cessecareseannns A.....A...C..
17090X ......C..Coincnens crreerescsaesrsanas teseesssnsetraennennn «+.A. .Co
17090Y ......C..C.onutnnns ceerssestsanarenen ceresrsresrsvercsesssAiaon. A...C..
491 560
BTV17 AAAAAGAGATGTAACCATACAAATCTTGATTTATTGAGAAGTTTAACGAATATGGAGTTGTTCCACGCGT
17B81 ..... cereresanaas Cevevvosonsosnsnsnscnsnnes P T
17C81 ....GA..evetncans Cuoevrnveeneosossnscnocnaans T I
17081 ....GA.ceiveneeaeChininrveccncncsoncssreceseeBGeiTecnenenernsnennonannns
17B90Z T c
17090X .cvveeevesescseeeCucenen cesseressernsrvsnseeGeePeireeieneeenens cerees
17090Y .. ivveieveneseeeceliiiencecnencnnns sesessnseeG T teersetenserans
561 630
BTV17 TGCAAGGTGCTGCGTACAGTATCAAATCAAGCTACGAATTAGTGGCATACTCCGAAAGAGGAAGCCTGGA
17B81 ...... T A....... eevesAie Tenen
17¢81  ....... T A....... seveevseesTern
17081 ...... [ T R R T S I . S vesneesTen
17B90Z .cvvvvecosereBicrcnsnaranosnasansns ) A..oieireresdA...TT....
17090X ccceveenencns . Tevieeennanns A..... cernens A...TT....
170907 ceivviresesescBAiieiicnronncsnnnnnns Teveeennnaans A...... evsessAL L TT. ...
631 v 700
BTV17 GGAGACTTATGTGGTAGGACAGCCAAAATGGATACACTTGACTAGAGGAACGCGAATAGGCAATAGTGGA
17B81 ..evctseeeeCiaaGaonns
17C81l  .c.cvevcnnns C.A..... PRRIPERIPI ¢
17081 teeeacnaas [0
17B90Z ....ccc0ee CA.veieeersosessnsnsnrsnsenscsosensnse
17090X ...cevvaann CA.evviveevonnes
17090Y ....cvveeeeCALeiieenenenn
701 770
BTV17 TTATCCTATGAACGGTTCATTTCGAGCATGGTCCAGGTAAGCGTAAATGGAAAGATTCCAGACGAGATAG
17B8l s .ceBAcieereresescronrsonssncsnsscsscnnnsse L JAG..T.....
17C81 C..C.Tv.vevnreeseTeCitAieerncenennnns GiTiervevenenneonans esAGicoias
17081 C..C.T.cevececann T..C..A..... creeveeseGTeveieneannns PR TRY . |- P
17B%0Z ...C.Tiveveevese e PTieCilAieenneeneennss GeTleeieencaneennn eeesAGeceerann
17090X . ..CeTevevcecoens T..C..A...civinnn ee eGPl it eeeennens veev AGL oLl .
17090Y ...C.Teeervencenns TeeCotBineernrneresesGTPeren..n teeeeranne AG.vereesn
771 840
BTV17 CGAACGAGATCGCGCAACTGAATAGAATAAGGGCAGAGTGGATAACAGCCACATACGATAGAGGCAGGAT
17B81 .....e.n [
17C81 ..cvweeeGacann TR
17081 ........ Giovernoonens
17B90Z ........ G....n seesesasestsessesene
17090X ....T..A...... REEEE
17090Y ... .t iiGivienneenenan

Fig. 1 (continued).
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(Felsenstein, 1991). The first 19 nucleotides of the 5’ end and the last 22 of the 3’
end were not included in the phylogenetic studies because primers were used to
amplify the gene. The genetic distance between any two nucleotide sequences was
calculated using the DNADIST program based in the Kimura two parameter

model

(Kimura, 1980). The phylogenetic analyses were carried out utilizing a

distance matrix method, based on the least-square method (Fitch and Margoliash,

1967),

and implemented in the FITCH program of the PHYLIP package. This

procedure makes no assumptions about the relative rates of evolution in all

BTV17
17881
17C81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17C81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17¢C81
17081
17B902
17090X
17090Y

BTV17
17B81
17C81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17cC81
17081
17B902
17090X
17090Y

BTV17
17B81
17¢81
17081
17B90Z
17090X
17090Y

841 910
TAGAGCGCTAGAGCTATGCAGTATCCTTTCCACGATTGGGCGTAAGATGCTAAATACGCATGAGGAGCCG
tesseneses erensnn eeeBiceieatenne cresessseraanas A..G..CovvvevsdAinnn
.................... AG..voeiereronennocsecsoseessBeiGeveerncerencrnnnns
cheteterteesnassrann AG..ceeeotrsennnsnnns Y WY < PI o Acoeven
.................... AG...cvieierennennsrosnacsasseasesGeoCitueALALL,
ceserensarnes cresene AG.verennsvones cesserecastren G..CeveveevesAlAL.,
.................... AG. v iiveeennensnanncacasassassG.uCiuao AAL.,
911 v 980
AAAGATGAAATGGACCTATCGACGAGATTTCAGTTTAAACTTGATGAGAAATTTAACAGAGCGGATTCAG
.............. TevesesseBAiseeienereeCivenenesCilAlaieeeaAlLLCLe
ceessecsaraens Teoooo A..Aceeerennne Covennnnn AccA.cviervonansnn A...C...
.............. Teooo.AvAiieiieereaCivenene.ColAliiiiiiiiese AL LCote
cseseeessarann b O T - S R I S CoeAivienrnrnennns A...C...
.............. T.oo..A..A..iiteveeeeCiveneneColAliooovesALLLCLL
chevetesenanan Teesne . P . S Ciceannns CoeArveininennanns A...C..
981 1050
AACATGTTAATATTTTTGGTGTAAGAGGTCCAGCAACAGATGAAGGAAGATTCTACGCTCTGATCGCAAT
.................................................. eoTeeTevaseeseTennen
.................................................... TeveerveoaereTouns
........................... o o e T
........................... CCuveeeGivnerneneaneosessTaeienaee . Taunsn
........................... [ o ! L LR
.................................................... ToeeeevosoooesTannns
1051 1120
CGCAGCGACAGATACACAAAAGGGCAGAGTGTGGAGAACGAATCCGTATCCATGCTTGCGGGGTGCTTTA
......... o T S
......... T L S
........................ e R . QP
......... GieseeaoosnowsesTaeeneensenansaBiiieiinnnenesersentacsenenncnns
......... e S S
......... T L Y I
1121 1190
GTTGCAGCTGAGTGTGAATTAGGTGATGTTTACAGTACACTTCGACGTGTGTATACATGGAGTCTAAGGC
.......................... o I« TN
.......................... o ¢ o o N & A R R
.......................... CuiveennnneseGeiCivonneeneaeCotrinnensnnnnnnns
.......................... o o ¢ P
.......................... o o S ¢ Y
.......................... CoveerenneceveeCinninnneenereGuoreennonsanns
1191 1260
CAGAATATGGACAGCACGAGCGACAGTTAGAGAACAATAAATACGTCTTTAATCGTATAAATTTATTTGA
GeeGevvennnn Arierererntansossarsasncassonse Teveon Cerievecranosnssnsnne
G.eGevevnnnnn Geveneveesonsnacnneanssssesassasanansasosssnssnsannonenes
GeeGeoravnnnsns Gicterenssaansorsosssessonssasssssansssnssacassacnssnsonns
[ 2 < I R IR Toeeennecnescooasonanosnnse
TR T
PR o R b seseecseenes

Fig. 1 (continued).
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branches. The L2 gene from epizootic hemorrhagic disease virus (EHDV) serotype
1 was used as an outgroup for the phylogenetic analyses because it is distantly
related to the homologous genome segment from the BTV serogroup and it is

clearly

recognized as a distinct orbivirus serogroup (Gould and Pritchard, 1991;

Iwata et al., 1992). Previous studies on orbivirus phylogeny have placed EHDV-1
outside the BTV serogroup (Gould and Pritchard, 1991; Iwata et al., 1992; Roy,

BTV17
17B81
17C81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17C81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17cCs81l
17081
17B90Z
17090X
17090Y

BTV17
17B81
17¢81
17081
17B902
17090X
17090Y

BTV17
17B81
17c81
17081
17B90Z
17090X
17090Y

BTV17
17B81
17¢C81
17081
17B902
17090X
17090Y

1261 1330
TTCAAACTTAGCAGTTGGTGACCAGATTATTCATTGGCGTTATGAGGTTAAAGCATCGGCGGAGACGACC
sessenns reesGeCoeCivnennnn A..iiiinierinnennans B T
cecveveeeeesGeaCieCicriieceertttscecossscosrsscrancnsssscnssnnasn seeee AT
A ¢ & & T Y +eae AT
T A € B 0 & S sesessessT
........ R € N o o S PP
[ S ¢ I o I ¢ I R R R R T esvesessessT
1331 1400
TATGACAGCGGATATATGTGTCGGCATGAAGCTGAGGAGGATGAACTATTATGTAAAATTAATGAGGACA
.............. CovieeenncsnsosensosesnersvscsecssesConiennceesCotincnnnnns
[ P S [ ¢ [T Y o ceens
[ A o A..... GeoeeGrovennnoooeseCovennnnnnn Covvevennnn
veeseTeeieeeeeCinennencnennns Geveunn L Covevenenes
A RPN Goovaann seessvecseeCeacincnnns teessrerenans
..... A A - o
1401 1470
AATATAAAGAAATGCTGGACAGAATGATTCAGGGTGGGTGGGATCAGGAAAGATTTAAACTTCATAACAT
.......... et ittt iteaettossssostasvocenasosscscssssccaseassonssnasesses

T A S - tessereseccstsensans teescesnserens
....... L
.......... (€ R T T
.......... Gttt itintnnenesessosssassoesssssnoseanesososcassonssnssessss
.......... Gt iennonesosnasosoessssooncoenoonencsnosssosesnsnassesses
1471 v 1540
ACTGACGGACCCAAACTTATTGACGATTGATTTTGAAAAAGACGCGTATCTGAATTCACGGTCCGAGTTA
ceerecranens B tessererensnne PRI SR eeTeeieenenens .
T PN teeseseresenanans seeTeveanens seeseTeveeenenans .o
.......... L |

teevenesens B cessene Teveenn seeseseTaceen seescees
tesecescrses TeeTerveveseooaonnne sesserecsene Teeeorensaennn Teerveoenseasans
tevscsscsens TeoTeterveeeenannn eeessCenenne sTeveeeenennns eTeseeennnas cae
1541 v 1610
GTTTTGCCGGATTATTTCGACAAATGGATCAGTTCACCAATGTTTAACGCGCGCTTAAGAATTACTAAAG
..... L T T T T T S
...... L T T S
1611 1680
GGGAGATCGGAACATCAAAAAAGGATGACCCATGGAACAACCGCGCGGTACGTGGATACATTAAGCCCCT
teerenane seensesGaiienian eTeveeennn srsecennne . S sresaes T....
................ [ A L I o | S
teeserenenaes P ¢ P Teeveveoans teeeens . S sessC...Te.uC
tevecenans Gl e eGuvveeennn, Teoeonns cessenans Al tesesesC.G.T.T.C
..... B D € VPP o SR Y o
.......... B Y € DR A PR « T, Y o]

Fig. 1 (continued).
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1992). Although EHDYV was first isolated in 1955, historical data indicate that the
virus has been present in the US at least since 1890 (Shope et al., 1960). A
bootstrap analysis with 100 replicates was done to assess confidence limits of the
branch pattern. The results are presented as a majority rule consensus tree which
shows the most frequent branching order (Felsenstein, 1985). A value > 95% is
considered significant.

1681 1750
BTV1i7 TGCGGAATCGTTAGATTTTGTTCTCGGGCCCTACTACGATCTGCGGCTTCTATTTTTTGACGAGACGTTG
17BB1 ..t eGeeeoeGoonnnns versreanaas Teevsnnsannse veessBAiiiiieaen Gevannnennn
17C81  ......G.onn [ veessans Y Accieieanns G....G...us
17081 ....0.Goven [ creesease P BEEY TP Gireeenaann
17B90Z ..... GerveeoGovoonn frereeene eeTeeeeenen Peceenann 7 G....G.....
17090X .v.eeeGeeeesGonvnann tvesennee T teecnens . PP ¢ F I « P
17090Y ..t eGeeeeeGoniannnns vesseane Tecevennnns teesans . S P GeeoeGenews
1751 1820
BTV17 AGCTTAAAACAGGAACAGTCCGCGGTTTTTCAATATTTGAGTCAGCTCGATGATTTTCCCGCGCTTACGC
17B81 ..:eienanans vesesAliiiiiiiinns tesseasnanen cereesetraeeene teeseeananns
17C81 ...... ceeeen veersBAiiiciiniiiiinens Bttt ceitcietersnnnn ceenases
17081 .ieieeenn R I T ceetsaens Ceevvscoannnnns teetenasenaans ceeae
17B90Z ...... caceas L ceertensaans testcesennne ceeescassenenn creeanas
17090X ceevevvannns veesdAiiael, R veesseneasen N
17090Y ..ceene veseseee Pl it erenrsennn Cesteeteeasaastsetetnsnnn tecesssane
1821 1890
BTV17 AGCTAAGAGGAGATGCCGTATGCCCACATTCAGGCGGAGCGTTATATACGTTTAGGAAAGTCGCGCTATT
17B81 teiierevosenrsescscsssnsecccrssnoseascnsnrons Ceiceevernnnasocerannns veesens
17C81 ......C.uuuens st esesercest et asssserane Civtreeernsaceasensscnsnns cenes
17081 . iiieaCiiiieicictiotorcnsetsnnsoracsannns Covverennenennn cretanane ceaen
17B90Z . .veeeCutenenecensenssaneosoosanssssncnns Gttt iatatorsnsennsanae
17090X toieeeCitinenenansnncsosonssnsssnassansoes CoveeCerennnncectananans ceane
17090Y toieeeChtenennneansncsnsonscrsoncnsanssns Gttt ernsnenesesscssnononcne
1891 1960
BTV17 TTTGATCGGGAATTATGAAAAGTTAAGTCCGGATCTACATGAAGGTATGGAACACCAGAGATATGTGCAT
17BBl s oo . et vesnsancasssnsssccssssasacensatsasasccsososannas T..AGC. ... c0avn
17CB1l .. A..ierciercnnnoans Ao SPIN teessctssranans T..A.Covvvennnne
17081 ...A..... Creeeserenna . I veesansseas T..A.C...vv. e
17B90Z .o ceeeennaeutosonansassonssansosconncsaasssansonsansons TeerseCovvnnnnnnn
17090X .. A.ciivsannann Y ToeeseCovonrnnens
17090Y v vevevoseseccsossssnsncsnossanoscssnsosatossnsanencas ToeeoeCuoveveonnne
1961 2030
BTV17 CCGTCGACTGGCGGGACGTATCAGAAACGCGTGCTAGAGATGAAGGATTCCTGCCAGCTTACGTGTTTTG
17B8l .eceevecnns Teveeononane S I R cc.T..T..A..C.T...C....
17¢81 ..i.eeeee Tonl cesentens [ SRR eeesCC.Te . TeAievnnnnn Cc..C.
17081 ....ciennnns Toveneoosososans Teeroneencossoroncasn CcC.T..T..A........C..C.
17B90Z ....iveeenn [ S R RN I cC.T..T..A....T...C.
17090X ceeivnnennn Toerverevesaoens [ R T T I IO CC. T..T..A....T ..C....
17090Y «.venaes [ Teveeneroenocnsaanns cC.T..T..A....T...C....
2031 2100
BTV17 TGATTGATTACATCTTTGAAAAACGTGAACAGCTACGTGATACCAAAGAGGCGAGGTACATTGTGTATCT
I - - B Coveecnnse
17CBL s teeecceoesneatososanssonssaatsssssnsstasacnssnsssssoncansocnss Covvennns
17081 ...cieennn Ctetsseretstracties oot et ettt e et et o aanans Covernnnnn
17B902 .. .ivieinnenaacnnsnocs [ e Acveeavenn G.C...... T.
17090X A..eiccens teacens eretareen Gievonn chsesseeteranane Aceiniians Covvven T.
17090Y teviiveenonncanns Civeennnns Ghivirrnenenecnrtsenennna Aciiieneen G.C..oons T.

Fig. 1 (continued).
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Results

L2 nucleotide sequence comparison of BTV 17 field isolates

The six L2 genes of the BTV 17 field isolates all are 2923 nucleotides in length,
and each encodes a protein of 955 amino acids. The initiation codons are located
at position 20-22 and the termination codons at position 2885-2887 (Fig. 1).
Nucleotide sequences of the BTV 17 genomes were compared using the sequence
of the prototype strain of BTV 17 as reference (Ghiasi et al., 1987). There are no

2101 v 2170
BTV17 AATTCAAAGTCTTACTGGGACACAACGGCTGAGTGTTTTAAGGTCGACGTTTCCGAATTTCTTCCAACGA
17B8l c.evvereseseCrcavenercnnns essesGAL .. .C.G.AA........Chunnns P
17CBl  ceeseereveseCrcuncccsccans vese.GAL...C.G.AA........C....tes Teeieeaenn
17081 ..cevevenens Covvennnn ceesaesresGAL . CiG.AA . ittt rcrterertataenres
17B90Z veevsseGAL...C.G.AA .. i sereceaes sesens
17090X tevvevceoeeeConuccrvsosoceesTeeGA. ... C.G.AA st eeeCotnvnneeTonnnnnnss
17090Y ....ccvcnenn CiveceenaanooosvssesGA....C.G.AA........Cviev e Tansh. . Ges

2171 2240
BTV17 TTGTTGATGCTAAAAGAGATCAAATTTGTGCGCGATCTGAATGTGATTAACTTCCTCCCTCTGATGTTCC
17B81 ..A..A.....G.eceervsvescenvaserseTeccnnraannns eesCeeleeranerncnnanonans
17€C81 .. A..A...eGivirernstervsnnsnese TeeeTovenaennn 2Cacsennnann teseacstasans
17081 ..A..A.....G..... teseerssvesnans F T Covnevenneann cserenans .o
17B90Z ..A..A.CiTiueeeeeeBGunrrnnerenselinnecenrnnceteCovcnvnnncnvesnncnnnnns
17090X
17090Y

2241 2310
BTV17 TTGTTCATGATAACATCTCGTATTGGCATAGACAGTGGTCGATTCCAATGGTACTGTTTGACGATACGAT
17B81 ...... ceastersrenn J R A ¢
17¢81 ...C
17081 ..... seesesesC
17B90Z .....ccc000nn Teveesosnas C
17090X ..eceeveresssTeresneseeCh
17090Y ..ocvevereaeTennn I o4

P o

2311 2380
BTV17 CAAGTTAATACCTGTAGAGGTTGGTGCATATGCGAATAGATTTGGGTTCAAAAGTTTTATGAACTTTACA
17BBl  ....cenerseeCiiinvnnnnnnns [N e serrsrataee
17CB1l  civeeoeccesccsonsosoronscsasascscncnnncan B S T P
17081 seeseressCeeGarerenenennas P - N PP
17B902 I T T T X TSP
17090X . .G.ecvvnseaCovinvnanresCiuBGoecdAiennnnn PRIY T I I eeoTecanns
17090Y ..G.cceveseeCinuerecnseseCicGeene i Ry R eeeeTouanss

2381 2450
BTV17 CGGTTTCACCCTGGTGAGTTGAAGAAAAAACAGATTGCCGAAGATATACATAAAGAGTTTGGTGTGGTCG
17B81 ..cicvecnann 0 S e
17C81 ... ccneeaan eevesesCALL s PPN [ P ¢ Y ¢
17081 ..iieveceaen sesesesCAL s FIRIRI Y c PRPIPE © FIRIRIRIRS ¢ PRV RS ¢ J
17B90Z ....cvvevvnnnan eeesCAL i teenenn [P PR ¢ P SR . PN .o
17090X ...... teevensesesssCALL..0 ceseeaen [ « N TR L IR Y . YN
17090Y ..nvevsnennnn o & Cearens GiveedBiaveeGueveveseeConnnnnn

2451 2520
BTV17 CTTTCGAATATTACACCAATACAAAAATTTCCCAGGGGAATGTGCATACACCAGTAATGACTACGAAAAT
17B81
17¢81
- 0 P € B
17B90Z ..... cerasans Tevosane tesreresriassenns GGt b Gavnn et cee
17090X ...... creaaes Teveannn tereenans teesens PN € Y o Y ¢ P .o
17090Y ....ccevieee.Pivennenneen cesenae P € B & ¢ P

ceenan GeeoCovvvenennne ceeaees teeeeens

evereeGieiCiiesiitretnenrtcnesennnnns

Fig. 1 (continued).
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deletions or insertions in any of the field isolates with respect to the prototype
strain. Many of the mutations of the L2 gene of BTV 17 field isolates are silent.
Sequence differences amongst the L2 genes most often are due to transitional
mutations. Similarity of the nucleotide sequences of the L2 gene of BTV 17 viruses
ranges between 93.8% and 95.1% (Table 2). The L2 genes of the 1981 viruses
differ from one another in 25-71 nucleotides and thus are more closely related to
each other than they are to the prototype from which they differ in 140-164

2521 2590
BTV17 GGATGTATTGAGAGTACATTTATCTTCTTTATGTGCAGGTCTGGCGGACTCAGTCGTATATACATTACCA
17B81 ...cccevse AAcioaen T © B ¢ B T..TA..c.vceeennnn ceen
17C81 ....vnen «..AGA...... P & P T..TA....c.o0nvne cesen
17081 ..cveeeevseAGA . et eaGarenevrsnnnnnen tesseenan T . TA...civenenes e
17B90Z ........ [ S € cresrercsaaes T..TA..iovvennn cecaes
17090X ..cveennnen A.A...... Gevenonns creesaene vessensaes TeoTA. e iiiiiennanann
17090Y ......... AWML Gevrrnronnnrnsesannanan esesTe.TA i eeenns sesees
2591 2660
BTV17 GTTGCGCATCCTAAAAAATGCATCGTTCTAATAATTGTGGGAGACGACAAATTGGAACCGCATACGCGTT
17BB1l .. cievenacnaas Gevrverannnne veseteteanaseacna I
o 3 N R T creeneans ceesrereans sTeveens eresesens tessseennse
17081 ...ieenevennan Girteenerenorteeooncsannasneansnn N
17B90Z ....vcvennnnns Geeveonnn seeeaans ISR S L P .
17090X cieverecncnann Gioerrnenssecanaarssesensanansa Y cene
17090Y ....Teeeonn GiiGotienansnnn cetseans vessenan T caes
2661 2730
BTV17 CAGAACAGATAGTTAGTCGGTATAATTACTCACGTAAGCACATTTGTGGAATTGTATCCGTCACTATCGG
17B81 ..... IR S ceeesaans ceesenas ve s TaCovnnnnnnnnnnn veeaseen CG....
17C81 .. iAl ittt c i tetseesenaenons Ceecsctetencnactenans CG....
17081 ...... WAoo, seeeen tesrcnane R Leseresseratsenennn creaee CG..v
17B90Z ....... - S Leeresectesenseansane CG....
17090X ..cievedAiiiiiinanns vessanne veetsancen veeeaee Veresesesaseannn A....CG....
17090Y ....... - Ve sstesteseresesttrans CG....
2731 2800
BTV17 GCAGAACAGTCAGTTGAGAGTTCATACATCTGGAATTGTAAAACACCGTGTATGCGACAAGTTCATTCTA
17B81 ...... T Covevnvaneans Y
17C81 . ..veeTerenenenonenananss L & teceseenen [
17081 ...... I Covrvennnnns P e
17B90Z ....ceTeiieeenncecenannnnns Covvrvnnnnnns Tevesnencsoosorencsansonns ceans
17090X ... el ieieiireenannnnnn Coviernnnnnns Pevrnceetocnsensetsocnsssncnsans .
17090Y ...... Teerenen tetecsesertstsereanne veeseTen e eieiiiieiiieianienenn ceeae
2801 2870
BTV17 AAACACAAGTGCAAGGTGATATTAGTGAGGATGCCGGGGTACGTTTTCGGAAATGATGAATTAATGACGA
17BBl .. iiierecnnonnan reseenns Ceesenane caesenne veseeaen teeectasecsatenanosann
17CBl i iiiciettencacterscorsaassonssosannese TS caessann
17081 ..... ceeaeenas A..... Cetrcesaeaanns Nescetsectenatetatsen e e resesacanerons
17B90Z ... ciiteencnosscnensasssnsnnanancs Cee e e tsetecevetataccntonsstaeasnrons
17090X c.ierencceeenoronnns ceeaaees ceseen Ceessenas sectetesscisseseransacsnsnn
17090Y . .ivereteencnoaronscoctoassonannosas Seesetessesecsteseacate st saensarans
2871 2923

BTV17 AACTATTGAATGTCTAGGTCCTATGACACGGACCGATGGCCTCTTACACTTAC
B - - 3 Y

17C81 .iviinennnns Cheeeas ceieeens e e
BT 5
17BY0Z «vvvrvneinrnnnnnennnnnens e it
17090X tevennnenninnnnnnnes e ettt et
17090Y .evvnniannnn e ettt

Fig. 1 (continued).
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TABLE 2
Bluetongue virus 17 field isolates: nucleotide and amino acid sequence comparison

BTV 172 17B81° 17C81° 17081  17B90Z° 17090X° 17090Y °

BTV17 - 140°(95.1)9 159(94.5) 164(943) 178(93.8) 181(93.8) 179 (93.9)
17B81 33¢°(96.44) - 69(97.6) 71(97.6) 91(969) 90(96.8) 89(96.9)
17C81 45 (95.3) 25 (974 - 25(99.1) 88(97) 89(96.9) 85(97.1)
17081 42 (95.6) 25 (97.4) 9(99.6) - 74(97.5) 78(973) 76(97.3)
17B9OZ 43 (95.5) 26 (97.3) 28(97.1) 25(974) - 28 (99} 26 (99.1)
17090X 42 (95.6) 24 (97.5) 27(97.1)  24(97.5) 8(99.2) - 34 (98.8)
17090Y 47 (95.1) 28 (97.1) 30(96.9) 27(972) 12(987) 14(98.5) -

2 BTV 17 prototype virus.
® BTV 17 field isolates.

Upper section: © number of nucleotide changes; ¢ percentage of nucleotide sequence homology.
Lower section: ® number of amino acid changes: | percentage of amino acid sequence identity.

nucleotides. Similarly, the L2 genes of 1990 viruses differ from one another in only
26-34 nucleotides whereas they differ from the prototype in 178—181 nucleotides
(Table 2). The viruses isolated in 1981 and 1990 also are more closely related to
each other than they are to the prototype, however they differ from one another in
74-91 nucleotides despite the fact they were isolated from the same geographical
area at an interval of only 9 years (Table 2). Some mutations were unique to a
single virus (e.g., nucleotide 91 in 17C81 and 325 in 17090X), whereas others were
common to all field isolates (e.g., positions 180, 958 and 2142). Mutations some-
times were common to all 1981 (e.g., positions 132 and 658) or all 1990 isolates
(e.g., positions 403 and 1486), but were unique to the isolates of that year. Some
mutations were present in two of the 1981 (e.g., position 167 in 17C81 and 17081)
or 1990 (e.g., position 1599 in 17B90Z and 17090X) viruses, while the other field
strains had the same nucleotide as the prototype. Mutations which are common to
all the field isolates suggest an ancestor-descendant relationship but other muta-
tions clearly are not consistent with this hypothesis. Specifically, mutations in the
1981 viruses were not consistently present in the 1990 isolates and some mutations
were unique to individual viruses regardless of year of isolation, which indicates
that these mutations are not cumulative. Comparison of the nucleotide sequences
of the BTV 17 prototype and field isolates indicates that although very closely
related, the L2 gene of each virus is distinct. Furthermore, mutations in the 12
gene of field isolates of BTV do not necessarily follow a linear pattern of
accumulation over time.

Predicted VP2 amino acid sequence comparison

The deduced amino acid sequence of VP2 of the six field isolates and the BTV
17 prototype strain are shown in Fig. 2. The number of amino acid substitutions in
the VP2 of the six field isolates ranges from 33 in 17B81 to 47 for 17090Y (Table
2). Mutations were randomly distributed throughout VP2, although extensive
regions of homology occur at amino acid 1-37, 90-156, 397-436, 604—-643 and
positions 903-955 where only VP2 from 17C81 has a tryptophan at position 940
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instead of the glycine present in all other proteins (Fig. 2). These regions might be
conserved because they are critical to maintain the function of VP2.

Some amino acids are unique to the prototype strain (e.g., position 54), or to a
particular field isolate (e.g., 17B81: position 895; 17C81: 742; 17B90Z: 552;
17090X: 351 and 17090Y: 677). In contrast, specific amino acids were shared by
the prototype and all the 1981 field isolates (e.g., positions 535 and 765), or by the

1 v v v 70
BTV17 MEEFVIPVYSEDEIPYALLSRYPLAIQTNVKIEDVEGKHNVVKIPESDMIDIPKLTIVEAMNYKPARNDG
17B81 e s esesecessseracassessressar s nne R....E...ovne eesRReceeeeerenennn
17C81l s eveeececsocesannoscancssocccnns ceosee Receeeennann B
17081l . iinieeceeesectnoannnans heessessenreane Riceviaannnn Ve..RevevoseoNovunss
17B90Z .. ceceercosconcscneanseessosesssnsnssnsssssnsssscssnsses P .
17090X .cccevenn Ceresesesesssessrcssaasacsnanas eracscesnasas R..... cetescenna
17090Y .. vveevecransannaes cseecesctsesenennn seeesenerssevns Reveoeeenn N......
71 140
BTV17 IVVPRLLDITLRAYDDRKSTKSARGIEFMTNARWMKWAIDDRMDIQPLKVTLDHYCSVNHQLFNCVVKAN
17BBl .. veteccctscncroncsasssansonnonaons seesscessrsseenan eseesesseesssransen
17CBl  cievreecenocncns G.T. crsecsssccnannns ceessssesesesnrnan R T
17081l .ccccvccccansanaasn Peenereeetiesoceccoosososassosasssseasasnsnnses ceesennan
17B90Z .. ceevesoncnsassacsssannnnns vesessessecanus cseectserteesssascsrenennns
17090X ... eveececccsnnnasnan T R
17090Y ... eitettctscssncaansssssssassens srecsesetscrevanns creececcseccronnns
141 v 210
BTV17 AANADTIYYDYFPLEDYKKRCNHTNLDLLRSLTNMELFHAIQGAAYSIKSSYELVAYSERGSLEETYVVG
17B81 ......0n csereree 2 Ceesessscnsenean N...E...... A..
17C81  ....... sesenaaas HiR.e.oioerneeeieeonnoosoonoacsosssassassacs ) AI.
17081 ...... sessesesas 5 R Csesesectsssrensens Neveoesaoo AL
17B90Z ....-ccteevoronen Hevoereeitioreneononeacnnesssennssnnssansas N...E...... A..
17090X .. cciecccnccnnns S N...E...... A..
17090Y . iccecvnnnancans Hiiveeeeaanoeaeetooonosnsnsacancassssssnns N...E. ...A..
211 280
BTV17 QPKWIHLTRGTRIGNSGLSYERFISSMVQVSVNGKIPDEIANEIAQLNRIRAEWITATYDRGRIRALELC
17B81 ...c.... ceteteesnnen B T.ereee8Vei eV oiienoaasnonsnsannsons
17C81 ...cceen vessesenas Poveseaaeann I..... eSeeee Ve veeedAiiinens ceerena
17081 cecececansnaascons Povesvoonane I...... Seeenn Veeereneaann - N
17B90Z ..cccecenccnrnan eePiciieee [R5 P Seeene Veeseeoosans Aieieriennnns
17090X ccvvenecconnononee ) TP p Sicieennaas ceeseen -
17090Y ... ceiieeectccnnnan Povoivaeonann D S.... Veeiieeeannn Aceeennen creeen
281 v 350
BTV17 SILSTIGRKMLNTHEEPKDEMDLSTRFQFKLDEKFNRADSEHVNIFGVRGPATDEGRFYALIAIAATDTQ
17B81 N........ Tieneeonnosannones ehressascens ) seencsassenas
17C81 K.iovesooeIlieienennnn ceateeennns EivereeoPiiennereeeietienrscnnnnsnnaas
17081 K.......-. T Piveeosoos A.iiriieesennsssssssns
17B90Z K....... s e st eesescssensseccarsacnrre s Peceveaonn -
17090X K.ov et eteeooesssasnsaasassnsesnsncansns Pooeeraan Al eerecatiancans
17090Y K. oveiioveeeessosancsasasssssasenncnssns Poveriaeieeooosennnsosscaosannnns
v
351 420
BTV17 KGRVWRTNPYPCLRGALVAAECELGDVYSTLRRVYTWSLRPEYGQHERQLENNKYVFNRINLFDSNLAVG
17BBl .t cciosscnorencncsccssessenssncccsssReceesceceastocscosrcescecsocasannase
17C81 v i et eeccnrecncctssssrranannsscnan R........R .................... csae
17081l v ieccecccccanncassssssvansensnssaressraase s Recevens vesceesssssevan .-
17B90Z .. ..t eetetcncrsanncsasssosnsonacncses Recevosans ceseosasnsann oo sesseee
17090X M. ...ttt ieeeseesencaassossnsnnnnns A, ittt saossanaccccsssnsesanasnaas
17090Y ..t iiieteentcttsessssernasssasaas Reteseiereonenencnns cesessaectssans

Fig. 2. Alignment of the deduced amino acid sequences of the VP2 proteins of the US prototype and
field isolates of BTV 17. Amino acids identical to those of the prototype are denoted by a dot.

Examples described in the text are indicated by arrows.
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prototype and all the 1990 viruses (e.g., positions 38 and 290). Furthermore amino
acid substitutions occur which were common to only two of the 1981 isolates (e.g.,
position 159 in 17C81 and 17081) or the 1990 isolates (e.g., position 527 in 17B90Z
and 17090X). The same amino acid change was shared by some viruses isolated in
different years, while the other isolates had the same amino acid as the prototype
(e.g., position 64). The data indicate that some amino acid changes in VP2 of field
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Fig. 2 (continued).
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predicted VP2s constitute therefore a group of non-identical, but closely related
proteins. The similar amino acid constitution of these proteins is reflected in the
similarity of their predicted hydropathic profiles and secondary structure as
predicted by the methods of Kyte and Doolittle (1982) and Chou and Fasman
(1974) respectively. Some cysteine (position 657), proline (positions 320 and 664)
and glycine (position 574) residues were conserved amongst all field isolates, but
absent in the prototype strain. Conversely, a proline was present in the prototype
(position 553) and absent in all field isolates. These amino acids can significantly
influence secondary structure of the proteins, so their presence or absence could
alter the local or overall conformation of VP2 and so induce important phenotypic
changes. Even minor conformational changes can have significant effects on virus
neutralization or virulence, as has been demonstrated for other RNA viruses
(Tuffereau et al., 1989; Aldovini and Young, 1990; Wakefield et al., 1992; De-
Maula et al., 1993).

Phylogenetic analyses of field and prototype strains of BTV 17

Phylogenetic relationships between the L2 genes of the five US prototype
strains of BTV and the six BTV 17 field isolates were determined using a distance
matrix method (Fig. 3) and bootstrap analysis (Fig. 4). Two distinct monophyletic
groups are evident, one which includes BTV 2 and BTV 13, and the other which
includes the prototype strains of BTV 10, BTV 11 and BTV 17 as well as all six
field isolates of BTV 17. This topology is supported by the high confidence values
(100%) obtained by bootstrap analyses (Fig. 4).

The monophyletic grouping of BTV 10, 11 and 17 is supported by the common
deletions present in the nucleotide sequences of their L2 genes. These deletions
are evident by alignment with the L2 gene of EHDV 1. The deletions occur in
groups each of three nucleotides between nucleotides 301-302, 384-385, 499-500,
1327-1328, 1374-1375 and 1478-1479 of the prototype strains as compared to
EHDV 1. The prototype and field isolates of BTV 17 also share a common
deletion between position 1827-1828 which is not present in the other four US
serotypes of BTV. Additional deletions are present between positions 1919-1920

841 v 910
BTV17 LSSLCAGLADSVVYTLPVAHPKKCIVLIIVGDDKLEPHTRSEQIVSRYNYSRKHICGIVSVTIGQNSQLR
17B81 T
17¢81
17081
17B902

HHMHMHHH

911 955
BTV17 VHTSGIVKHRVCDKFILKHKCKVILVRMPGYVFGNDELMTKLLNV
- - P
17CBLl  teeescvsercetensonsonsansnnas Weereveenenenann
- e
17BO0Z .. iniiinererenscsaossasassasanesvocnsnsnonens
17090X o icneeeeeronoeoseossessasscancasnasanonnosons
17090Y .t eceienenacnnuensnassosessoscssossscsasscannsen

Fig. 2 (continued).
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EHDV1

Fig. 3. Phylogenetic tree of the six BTV 17 isolates studied and the five US BTV prototype strains.
EHDYV 1 was used as an outgroup.

of the prototype strains of BTV 10 and BTV 11, and positions 1916—-1917 of the
prototype and field isolates of BTV 17. The common deletions in the L2 genes of
BTV 10, 11 and 17 suggest that these deletions occurred in a common ancestor
prior to the divergence of each serotype. BTV 10 and BTV 11 do cluster as a single
group with a common origin, however this topology is not statistically significant
(61%) by bootstrap analysis. This lack of defined relationship within the second
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Fig. 4. Tree diagram showing the majority rule consensus tree resulting from 100 bootstrap replicates of

the six L2 genes of the BTV 17 field isolates and the five US prototype strains. The number at each
node indicates the number of times that the group above and to the right is found.
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monophyletic group is further evidenced by comparison of the genetic distances of
the BTV 17 field isolates to the prototype strains of BTV 10 and 11. The L2 genes
of the prototype BTV 17 and field isolates 17C81 and 17B90Z are slightly more
closely related to BTV 10 than they are to BTV 11, as determined by genetic
distance matrices (Table 3). In contrast, the genetic distance values of 17090X,
17B81 and 17081 are slightly closer to BTV 11 than they are to BTV 10, whereas
the field isolate 17090Y is almost equidistant between the L2 genes of BTV 10
and BTV 11 (Table 3). The evolutionary relationships amongst viruses within the
monophyletic group of BTV 10, 11 and 17, therefore, are undefined.

The phylogenetic analyses indicate that the prototype and field isolates of BTV
17 have descended from a common ancestor, as would be expected. Bootstrap
analyses placed a confidence value of 100% on this monophyletic group. Isolate
17B81 is placed as a sister in an independent branch of the tree (confidence value
of 100%). Although the tree topology indicates that all the other viruses (17081,
17C81, 17090X, 17B90Z and 17090Y) could be descendants from a common
immediate ancestor, the low bootstrap value of 93% does not support this concept.
This suggests that these viruses could derive through different evolutionary path-
ways within the lineage. The two field viruses 17081 and 17C81, although isolated
from the same farm and sharing the same ancestor (100% confidence value), have
diverged from one another perhaps to successfully replicate in the different host
species from which they were isolated. The topology of the tree indicates that the
three 1990 field isolates also were derived from a common origin (100% confi-
dence value), however the branching pattern which has two viruses (17090X and
17B90Z) emerging from the same node is not statistically significant (54% confi-
dence value), indicating that these three viruses too might have arisen via different
evolutionary pathways. The phylogenetic analysis of the 1.2 genes of prototype and
field strains of BTV 17 suggests that the unique viral variants of a single BTV
serotype, which co-circulate in the same geographical region, could evolve from
different evolutionary pathways.

Discussion

The objective of this study was to further characterize the evolution and genetic
variation of BTV 17 in a localized region of California by sequencing the L2 gene
of field strains of BTV 17. The L2 gene was selected as it encodes outer capsid
protein VP2 which expresses the neutralizing determinants of BTV, thus the L2
gene is the only serotype specific genome segment of BTV. The viruses compared
in the study were selected from a panel of field isolates with different neutraliza-
tion profiles (MacLachlan et al., 1992). In spite of their restricted origin, both
geographically and spatially, the L2 genes of these viruses were heterogenous
which is consistent with the phenotypic variability of these viruses.

The data indicate that the five US BTV serotypes segregate into two mono-
phyletic groups with BTV 2 and 13 forming one group and BTV 10, 11 and 17 the
other. This is in agreement with previous phylogenetic analyses based on the
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sequence of the L2 and VP2 of prototype strains of BTV (Gould and Pritchard,
1990; Roy, 1992). Whereas it previously was concluded using L2 gene sequences
that prototype strains of BTV 10 and BTV 17 are more closely related to one
another than they are to BTV 11 (Gould and Pritchard, 1990; Kowalik and Li,
1991), our analyses with field isolates of BTV 17 demonstrate that the relationship
between the viruses of this group is less certain. Sequencing of the L2 gene of field
strains of BTV 10 and BTV 11 likely will be necessary to more accurately define
the evolutionary relationships between BTV 10, 11 and 17. Earlier phylogenetic
studies of the BTV serogroup used the nucleotide sequences from conserved BTV
genes (Gould and Pritchard, 1991; Hwang et al., 1992a), and these analyses
produced trees which suggest different evolutionary relationships between the
BTV serotypes than those we obtained. These divergent results likely can be
attributed to the evolutionarily conserved nature of the genes characterized
(Hwang et al., 1992b), and to the likelihood of reassortment of viral genes amongst
viruses which co-circulate. Reassortment of gene segments clearly occurs amongst
strains of the four serotypes of BTV present in the western US (Heidner et al,,
1991), thus the serotype-specific L2 gene must be used to characterize the
evolutionary relationships amongst viruses isolated from a single region.

Analyses of genomes from field strains of other RNA viruses indicate that
multiple variant genomes may occur which differ from the average consensus
sequence that represents the prototype virus sequence. Different prototype con-
sensus sequences exist for viruses corresponding to particular geographical regions
(Domingo and Holland, 1988). Our data indicate that the L2 gene sequences of
BTV 17 isolates made in California differed from each other at the nucleotide
level by an average of 2.3%, whereas they differed from the prototype BTV 17
virus isolated in Wyoming in 1962 by an average of 5.8%. Our results also
identified mutations common to all the California field isolates with respect to the
prototype virus. These genetic differences might reflect the comparison of two
different prototype consensus sequences of viruses which have evolved in different
geographical areas. Hence, it would be interesting to evaluate the concept of
geographical prototype by comparing the US BTV 17 prototype virus with field
isolates obtained in Wyoming as well as those obtained in California.

Results of this study clearly demonstrate genetic heterogeneity amongst field
isolates of the same BTV serotype which were obtained from the same geographi-
cal region at an interval of nine years. Heterogeneity was even demonstrated in the
L2 genes of two isolates obtained from the same farm in the same year (17081 and
17C81). The accumulation of mutations in the field isolates is not proportional to
the interval between their years of isolation (Table 2), and some nucleotide
changes present in the 1981 isolates were absent in those from 1990. The data are
not, therefore, consistent in all instances with a direct ancestor-descendant rela-
tionship between the field isolates, rather individual viruses might evolve via
different evolutionary pathways. This conclusion is further supported by the
phylogenetic analyses which indicate that although all field isolates are included in
the same monophyletic group, they do not share an immediate common ancestor.

The natural replication cycle of BTV, which includes an insect vector and
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various ruminant hosts, offers significant opportunity for the generation of geneti-
cally novel viruses. First, reassortment of individual viral genome segments can
occur in both the vector and the ruminant host (Roy, 1989; Heidner et al., 1991).
Second, it is likely that only viruses best adapted to replication in either the vector
or the ruminant host will be amplified. The lack of proof-reading capability of the
BTV RNA polymerase also might contribute to genetic diversity during replication
in the vector or ruminant host (Kowalik and Li, 1991). Finally, immune selection of
variant viruses likely occurs in infected ruminants. All these phenomena might
account for the different evolutionary pathways apparently followed by various

teuntmo ~AFf DTV 17 ond tha gonaratinn Af tha walatad het nat idantian

fielu blelllb Ul D1V i/, alu |.U LllC sl aliuvll Ul UIC 1viailcu Uul 11UL 1us:uu\.al
viruses which co-circulate in the San Joaquin Valley.
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