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Myxoma virus, a Leporipoxvirus and agent of myxomatosis, was shown to possess a gene with the potential
to encode an epidermal growth factorlike factor. Its relationship to other members of this family, including the
poxvirus growth factors from Shope fibroma virus and vaccinia virus, was analyzed. Alignment of DNA
sequences and related open reading frames of myxoma virus and Shope fibroma virus indicated colinearity of

genes between these poxviruses.

Although poxvirus replication and assembly occur outside
the host cell nucleus within virosomes found in the cyto-
plasm of infected cells (6, 15), a number of poxviruses are
known to be responsible for proliferative diseases. Examples

epidermal lesions in humans (4). It has recently been shown
that vaccinia virus, a cytolytic Orthopoxvirus (6), and SFV,
a tumorigenic Leporipoxvirus (7, 19, 28), encode gene prod-
ucts designated vaccinia growth factor (VGF) (2, 3, 12, 16,
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FIG. 1. (A) Alignment of the right termini of SFV and myxoma virus. BamHI fragments 1T, O, and C are shown for SFV (7), and the
positions of the SFGF gene, the T9-R ORF, and the 12.4-kb TIR are indicated by arrows. For myxoma virus, BamHI fragments K and E (1)
and the 1.7-kb HincllI fragment which hybridized to the SFGF probe are indicated. Other HinclI sites in the BamHI E fragment of myxoma
virus are not shown. The approximate location of the unique sequence-TIR junction for myxoma virus is indicated by vertical bars. Both the
SFV and myxoma virus genomes are similarly oriented such that the right-hand hairpin termini (indicated by the closed loop) are at the right.
B = BamHI; H, Hincll. (B) Sequencing strategy for the 1.7-kb myxoma virus Hincll fragment containing the MGF gene. The locations for
the complete MGF (single-headed arrow) and the start of ORF M9-R (double-headed arrow) are shown with approximate distances from the
right-hand viral hairpin. A, Aval; D, Ddel.

of such tumorigenic poxviruses are Shope fibroma virus
(SFV), which induces benign fibromas in rabbits (19), and
Molluscum contagiosum, which causes benign tumorlike
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22, 24, 28) and Shope fibroma growth factor (SFGF) (5),
respectively, which share significant amino acid (aa) homol-
ogy with epidermal growth factor (EGF) and transforming
growth factor a. The role(s) of such growth factors in
poxviral replication and virus-specific cytopathology is still
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10 0 0 70
TTRARCAAGA TACRACATAC GGACGCGGCT ATGTTCTCGG ARGTCATAGA CGGTATTGTC GCGGARGAAC

80 90 100 110 120 130 140
AGCRGGTGAT TGGATTTATT CAGARAAAAT GTARATATAR CACGACATAC TACARTGTAC GTAGCGGCGG

150 160 170 180 190 200
GTGTRRAATA TCCGTCTATC TARCCGCGGC AGTTGTTGGC TTTGTCGCAT ACGGRATACT AAR

218 233 248
ATG GTA CCG AGG GAC CTA GTC GCA ACT CTC TTA TGT GCG ATG TGT ATT GTA CRG
MET Val Pro Arg Asp Leu Ual Ala Thr Leu Leu Cys Ala NET Cys Ile Val Gin

263 278 293 308
GCA RCG ATG CCT TCG TTG GAT AAT TAT CTG TAT ATT ATT ARA CGT ATT ARA CTA
Ala Thr RET Pro Ser Leu Asp Asn Tyr Leu Tyr lle Ile Lys Arg Ile Lys Leu

323 338 353
TGT ARC GRC GAC TAT AAR ARC TAT TGT CTA AAT AAC GGR ACC TGT TTC ACC GTA
Cys Asn Asp Asp Tyr Lys Asn Tyr Cys Leu Asn Asn Gly Thr Cys Phe Thr Ual

368 383 398 413
GCA TTA ARC ART GTT TCA CTT ARC CCG TTT TGT GCG TGT CAT ATT ARC TAC GTG
Ala Leu Asn Asn Ual Ser Leu Asn Pro Phe Cys Ala Cys His lle Asn Tyr Ual

428 443 458 4 4681
GGR AGC CGA TGT CAG TTT ATT AAT CTR ATT ACC ATT ARG TRA CCCGTTTTAC ATGTATARTA
Gly Ser Arg Cys Gin Phe lle Asn Leu lle Thr fle Lys

501 S11 S21 S31 S41 S51
ATACATACGT ATTTTTAGAT AACTTTAATA AATRACATTG TATARACTTA CTTATCATAT ACGGTACACA

s $681 591 601 611 621
TAACGARTAR CACTACATGT TTTTATATAT ACATAGGTTT GGAARARACT TRATCACGAA CGTATCATTA

631 641 651 661 671 681 691
GACARTGACT CCATCTRGGA GGGGTTTTGG GARCTACGTA CACGATATAT TCACATCGCG ARAACATAAR

701 m 3 746
TARTARTTTT TTACARCGAT TCACG ATG TCG CGC ACT TTA TTG AGA TTT CTG GAR GAT
NET Ser Arg Thr Leu Leu Arg Phe Leu Glu Asp

761 76 791
66T GCA ATG AGC GAC GTA ACA GTC GTC GCC GGG GAC TCG ACG TTT CTC GGG CAT
Gly Ala NET Ser Asp Ual Thr Ual Ual Rla Gly Asp Ser Thr Phe Leu Gly His

806 821 836 851
RAR GTT ATT TTA TCT CTT CAC TCG GAT TAC TTC TAT CGT CTG TTT AAT GGA GRC
Lys Ual lle Leu Ser Leu His Ser Asp Tyr Phe Tyr Arg Leu Phe Asn Gly Rsp

866 881 896 911
TTT ACC TCG CCC GAT ACG GTT ACG CTG GAC GCG ACG GAC GAT GCC GTT CGT ACG
Phe Thr Ser Pro Asp Thr Ual Thr Leu ARsp Rlia Thr Asp Asp Ala Val Arg Thr

926 941 956
GTG TTT ACG TAT ATG TAC GCG GGA TGT GAC GGG TTA ARC GAT CGT ACG ATA GAC
Ual Phe Thr Tyr HMET Tyr Rla Gly Cys Asp Gly Leu Asn Rsp Arg Thr |le Rsp

971 986 1001 1016
GAT TTA CAR TCC ATT ATC GTR TTG GCG GAC TAC CTG GGT ATA ACG RRA CTG GTG
Asp Leu GIn Ser Ile Ile Ual Leu Ala Asp Tyr Leu Gly lle Thr Lys Leu Val

1031 1046 1061
GAC GAR TGC GTA CGT CGT ATC GTA TCT ARR GTG GAC GTA TTA AAC TGC GTA GGG
Asp Glu Cys Val Rrg Arg Ile Val Ser Lys Ual Asp Ual Leu Asn Cys Ual Gly

1076 1091 1106 121
GTR TAT ACG TTT GCG GAG ACG TAT CAT ATA ACG GAC TTG CAG CGG GCG GCC RRA
Ual Tyr Thr Phe Ala Glu Thr Tyr His Ile The Asp Leu Gin Arg Rla Ala Lys

1136 151 1166 1181
ACG TTT TTA ACR GAA CTA CTG GGG TCT ARA GAR GCG TTC GAA GAR CTA TCC CAA
Thr Phe Leu Thr Glu Leu Leu Gly Ser Lys Glu Ala Phe Glu Glu Leu Ser Gin

1196 1211 1226
GAC GAT GCG GTT ATC GCG TTR AGG GAR ACG CGT RAC ATT GTC GAT RGA CGA TCC
fisp Asp Ala Val lle Ala Leu Arg Glu Thr Arg Rsn Ile Ual Asp Arg Arg Ser

1241 1256 n’n 1206
ATT CTT RGA GCG ATC CTG TTA TGG GTT CGA ARA TGT CCR GAT CGT ATC GAR CAR
Ile Leu Arg Ala Ile Leu Leu Trp Ual Arg Lys Cys Pro Asp Arg Ile Glu Gin

1301 1316 1331
CTA ARG GTG TTR GTC GCC GCC GTA GAC GAC GTA GAC GAC GAT GAC AAC GTA TAT
Leu Lys Val Leu Ual Ala Ala Ual Asp Asp Ual Asp Asp Rsp Asp Asn Val Tyr

1346 1361 1376 1391
ACG ATC TRC GAG AGA TAC GCT GAR GAR CTA RAG GAT ATG ATC GCG TGT CCA TTA
The Ile Tyr Glu Arg Tyr Ala Glu Glu Leu Lys Asp NET Ile Ala Cys Pro Leu

1406 1421
TCC TAT RAT TGC GTC GTT GTG GTC
Ser Tyr Asn Cys Ual Ual Val Vol

FIG. 2. Partial DNA sequence of the myxoma virus 1.7-kb
Hincll fragment which hybridized to the SFGF probe. Translated
regions are MGF (nucleotides 204 to 458) and a partial sequence of
ORF M9-R (nucleotides 717 to 1421), which encodes the N-terminal
235 aa of the putative M9-R polypeptide.

J. VIROL.

undefined, but two possibilities are that such gene products
could (i) facilitate S-phase independence of viral replication
by stimulating increases in cellular functions such as nucle-
otide pool levels and ribosome availability, and (ii) mediate
the cellular proliferation often observed concomitantly with
poxviral infections, albeit to markedly different extents with
different poxviruses. The notion that poxviral growth factors
may play a central role in virus-cell interactions is supported
by recent studies on malignant rabbit virus (MRV) (1, 20, 21,
25). The genome of MRV, a natural recombinant between
SFV and myxoma virus, induces SFV-like fibromas during
the initial stages of infection of domestic rabbits (20, 21).
Mapping and sequencing studies indicate that MRV contains
only a few kilobases (kb) of SFV DNA sequences (1, 25)
transferred from the junction region between the internal
unique sequences and the terminal inverted repeat (TIR)
sequences at the right terminus of SFV and results in the
replacement of a comparable extent of myxoma virus se-
quences. This region of the SFV genome has been shown to
include four intact major open reading frames (ORFs T6 to
T9) plus the intact SFGF gene (5, 25). Because of the
unusual pathology of MRV infections and the fact that
myxoma virus itself induces fibromatous dermal lesions in its
natural host (rabbits of the genus Sylvilagus) and a marked
degree of proliferation of endothelial cells in the myxoma
lesions in Oryctolagus cuniculus (8-10, 13, 23), it was of
interest to determine whether myxoma virus also possesses
an EGF-like growth factor gene and, if so, to examine its
relationship to SFGF and VGF.

Mapping and sequencing of the MGF gene. A 594-base-pair
Sau3A fragment encompassing the complete 240-bp SFGF
coding sequence plus 213-base-pair 5’ noncoding sequences
upstream and 141 base pairs downstream (5) was labeled
with [*2P]JdATP by nick translation and used to probe a
Southern blot of myxoma virus DNA digested with BamHI
under conditions of moderate stringency such that the
genomes of SFV and myxoma virus cross-hybridized (1).
The BamHI E fragment of myxoma virus was identified as
being homologous to the SFGF probe, and further mapping
analysis localized the region of homology to a 1.7-kb Hincll
fragment within the myxoma BamHI E fragment (data not
shown). Figure 1A indicates the position of the SFGF gene
and the related Hincll fragment of myxoma virus with
respect to theTIRs at the right end of the two viral genomes.
This 1.7-kb Hincll fragment was blunt ended with T4 DNA
polymerase and cloned into the Smal site of M13mp18 (27) in
both orientations; nested deletions created for each orienta-
tion of the fragment (Fig. 1B) with exonuclease III (11) were
sequenced with the dideoxy chain termination method (18),
and the DNA sequence was analyzed with the Core Library
programs of the BIONET computer facility (IntelliGenetics
Inc., Palo Alto, Calif.) as previously described (25). Trans-
lation of 1.4 kb of the DNA sequence closest to the viral TIR
(Fig. 2) revealed two ORFs (Fig. 1B), one closely related to
and in the same orientation as that of SFGF (designated here
as myxoma virus growth factor [MGF]) and another partial
ORF (M9-R) that is homologous to T9-R of SFV (25).

Analysis of the MGF gene. The MGF gene encodes a
polypeptide of 85 aa, S more than SFGF. Therefore both
SFGF and MGF are similar in size to the 77-aa cleaved
product of the VGF gene (Fig. 3). Both MGF and SFGF
contain 12 of the 13 aa residues that are conserved among
VGF, EGF, and transforming growth factor o, whereas the
single variant residue (Asn-70) is the same in MGF and
SFGF (Fig. 3). The MGF and SFGF polypeptides each have
a signallike stretch of hydrophobic residues at their N

VIMOLDIA 40 AINN A9 STOZ ‘0T AInc uo /610 wise’IAlj/:dny woly papeojumoq


http://jvi.asm.org/

VoL. 61, 1987

NOTES 1273

1 10 20 30 40
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VGF MSMKYLMLLFAAMIIRSFADSGNAIETTSPE-I---TNATTDIPAIRL|CIGPEGD
o-TGF VVSHFNKCPDSHT
mEGF NSYPG|CIPSSYD
hEGF NSDSE|CJPLSHD
50 60 80
MGF NIYCILNN|G|TICIFTV~-ALNNVSLNPF \4 QFIN|LIITIK
* k kdk Kk k| kx| ok [k x * * * * * * % * k k k|*k *
SFGF N|YC|LNNGITICFTI-ALDNVSITPF E QFIN|LIVTY
VGF GIYCILH-|GID|CIIHARDID----GMY, T QHVV|ILIVDYQRSENPNTTTS
a-TGF Q|YC|F H -|GIT[CRFLVQEE---~-KP A V| EHAD|LILA
mEGF G|YCILNGG|VICMHIESLD-~---SYT S QTRD|LIRWWE LR
hEGF G|IYCILHD|GIVICMYIEALD----KYA I QYRD|ILIKWWELR

VGF YIPSPGIMLVLVGIIIITCCLLSVYRFTRRTKLPIQDMVVP

FIG. 3. Alignment of aa sequences of the family of EGF-like growth factors with emphasis on minimization of gaps. The 85-aa sequence
of MGF is compared with SFGF, the VGF precursor, and the secreted peptides for rat transforming growth factor a, mEGF, and hEGF (2,
3, 5, 16). Numbering is defined by the MGF sequence. The most highly conserved residues, characteristic of this growth factor family, are
boxed. Asterisks indicate identity between MGF and SFGF (56 residues). The proposed N-terminal signal sequence and the hydrophobic
C-terminal membrane-spanning site of the VGF precursor are underlined (3, 14), and the deduced cleavage sites for the generation of the
secreted polypeptide derived from the VGF precursor (22) are indicated by arrows. The alignment of aa residues between cysteine residues
3 and 4 (51 to 65 of the MGF sequence) was performed to maximize homology between SFGF and MGF in this region and highlight the
conservation of ALD between SFGF and hEGF and the related ALN and SLD sequences of MGF and mEGF, respectively.

termini, but both lack hydrophobic C termini and it is not
known whether they are secreted from infected cells in a
manner analogous to VGF (22, 24). MGF and SFGF share 56
identical residues, and of these, 36 are within the 45-aa
stretch between Cys-37 and Leu-81 of MGF, the most distal
two aa that are conserved among all the EGF-like growth
factors. This 45-aa region was also used in the calculation of
homology in pairwise comparisons of the growth factors to
avoid the complication of different polypeptide lengths (Ta-
ble 1). The two most closely related pairs are MGF-SFGF
(80% homologous) and human EGF (hEGF)-mouse EGF
(mEGF) (71.4% homologous), indicating that MGF and
SFGF probably evolved from a single ancestral gene. Other
alignments produced similar homologies ranging between
34.1 and 48.8%. It is noteworthy that MGF and SFGF only
have 34.1 and 36.6% homology with VGF, respectively,
which are among the lowest scores of any of the EGF-like
growth factor combinations and considerably lower than the
aa homology between the thymidine kinase genes of SFV

TABLE 1. Percent aa homology among EGF-like growth factors
as measured in the region Cys-37 to Leu-81 of MGF (Fig. 3)

% aa homology*®
MGF SFGF VGF mEGF hEGF

Growth factor

SFGF 80.0

VGF 34.1 36.6

mEGF 423 47.6 45.2

hEGF 38.1 4.3 45.2 71.4

TGF-a 41.5 36.6 36.6 39.0 48.8

2 The numbers of homologous aa were as follows: MGF, 45; SFGF, 45;
VGF, 41; mEGF, 42; hEGF, 42.
b TGF-a, Transforming growth factor a.

and vaccinia virus (65.5%) (26). This does not necessarily
detract from the possibility of an ancestral poxvirus EGF-
like gene, but it may reflect different selection pressures
imposed upon the growth factor and thymidine kinase poly-
peptide sequences.

Alignment of myxoma virus and SFV DNA sequences. The
DNA sequences of myxoma virus and SFV share 76%
homology within the MGF-SFGF and M9-R-T9-R coding
sequences. A number of small gaps and one large gap of 116
nucleotides are required to align the DNAs throughout this
1.4-kb region, and the latter is inserted into the SFV DNA
sequence between the two ORFs (Fig. 4). Long stretches of
identity exist between the two sequences, as might be
expected since the myxoma virus and SFV genomes cross
hybridize at moderate stringencies (1). The longest perfect
match was found to be 20 nucleotides, but this increases to
29 with a single mismatch and 41 with two mismatches.

SFGF is an early gene and is transcribed as early as 2 h
postinfection (5). Although temporal transcription studies
have not yet been done, it is probable that MGF is also an
early gene since there is a characteristic TTTTTNT tran-
scriptional termination signal which was originally found
downstream of the VGF gene (17, 29) and which is also
present on the 3’ side of many SFV early genes (25). In the
case of MGF, the sequence TTTTTAT beginning at nucleo-
tide no. 571 (Fig. 2) is 109 nucleotides downstream of the
translational stop codon. Interestingly, a corresponding ter-
mination signal cannot be found downstream of the SFGF
gene (5) since in the myxoma genome it is present in a region
(within the 116-nucleotide gap necessary to align the DN As)
for which no counterpart exists in SFV. This is consistent
with the observation of unexpectedly large (2.3 to 3.1-kb)
SFGF mRNAs seen during SFV infection of cultured rabbit
cells (Wen Chang, personal communication) because tran-

VIMOLDIA 40 AINN A9 STOZ ‘0T AInc uo /610 wise’IAlj/:dny woly papeojumoq


http://jvi.asm.org/

1274 NOTES

J. VIROL.

TTTAGTTCTTCA

GMCGMGCGRWCM"MIGGMMTBGGTTTB“BHCMMCC"COGTTC"L‘C
11850 11860 11870 11080

60 70 80 90 100 10
GBWMNCTCGHGMCBYRTMR---L‘GTTGTC“TCGTCBTN!CGTCGTCMCGOCG

NCGYMCTCTCGTRGMWIMﬁCﬁCMCGIC"CMCG"GTC---GTCM‘GIM&BCT
11910 11920 11930 "

12 160 170
DCG&UMCRCCH“GTTGTTCGM’CGMCIBﬁlcﬂﬂltBMCtCMMCRBGMC

660 670 680 690 700 1300 1310 1320 1330 1340
ACTGT TCAT T (] TACGTACAY AC!
LR R R R R R A R R R R R R R R R AR R E R R R R R EEEER R E] :H::Zi: LR iméi"ﬁii.ﬁéiﬁiéiééi" 1
ulLbancuTCGcltM CACCATCTTCCARARATCT 1676 Tape0 Ta5e0

12500 12510 12520 12530 12540 12550

ﬁ 'CG"GEMMM!CG"GHIM annmnncmmcman ............
125 12570 12500 12590

780 790 800 810

70 820
CGTAGT TeC ATTGTC TCGTGATTAAG

umulmm.uu eI
11960 11970 11980 11990 12000 12010

220 230
tC”ﬁRCGcGMMCt

GC!CYMGMTBGMCMCTR ---MBRNTB"NCGCB

RCRC'MTMIMITCGCCW TD\CGRCMIGTM---G crrcamncﬁamncr
12020 12030 12040 12050 12060 12070

250 260 270 280
ncmcsnnnsoammtc!tcmmr:ccncnmcncc:cncmm Iﬂ --GTTARA

GCGYCMCUMEM“GG”T TCGHMBCB!CTGYHGGRC"RGMGGMCICGGHRHN
12080 12090 12100 12110 12120 12130

310 320 330 340
MCBTT”GGCCGCCCGHGCMGII:CWTﬁTﬁTGﬁTRCGTCTtCBCMﬁCETMM&CC

M\t(‘ﬂITTGG"BUTGTCTIMG"CTCYMGTEMQGGTMECBCGMCHMRMCC
12140 12150 12160 12170 12180 12190

9 400
CtTﬂCGCGGTT mamcmc:acr1mamcsnmcsucmcccancsrccaccanr

CCTACACAGTT VGMGMTH&CI HGGRTﬁTGMGCMIGYMGCMTCGTCMCCRGT

850 860 870 880
1TTITICCRMCCTMMMRTRT&MMCMGTﬁGTGH’MICGT"\IGTGTﬁCtGTM

"GGR"GGGHGRBTM
12600 12610

890 900 910 920 930
ATGATARGTARGTTTATACAATGTTATTTATTARRGTTATCTA----ARARTACGTATGT

TGTATARRAGCATTTAGTGT-TGTARRCGAGARGAGTTATTATGCGGARTATACGTAT--
12620 12630 12640 12650 12660 12670

96 990
ﬁ"ﬁ"MHCMGIMMCGGG"N---C"RMG GTQMNGMIMTMRCYGRCM

----- ‘MCMTSGCMT- -GGTTATCACTTAATARGTAACTAARTTARTGARCTGACAT
12680 12690 12700 127110 12720

1000 040
CGECI Icccncnmcnaarnmncncncncaamccnm 'IMMEMRCMIGT HRM

cmcrrcccrccran1taamcoacamcncunmrcccmmrccamcanclcmm
12730 12740 12750 12760 12770 12780

100 10
BCTHCGGTGM%RGGT'ICCGTIMTTHGHCMMGHTHMQMEGTCG‘MCMMT

GCTRTRGTMMCM\GT‘IECETIMTCﬁGﬁtMTﬁMITICMRGICGIGMMCMRCY

AT TcC
13010 13020 13030 13040

1360 1370 1380 1390 1400
GCTG"CT'N‘ TATGACTT GTATGTT

IGIHII,I.IL ACCGTC TTCCGTATGTC
13070 13000 13090 13100 13110 13120

1420
GTRTCTTGTTTAR

GTATCTTGTTTAA
13130

12200 12210 12220 12230 12240 12250
420 430 140 450 160
TTCGTIA T TCTATCGTACGA
TTATCTATACCCARGTAGTCCOCTAGARTGATARCGGAT TGTATATCOTETATAGTACGR
12260 12270 12280 12290 12300 12310 12790 12000 12810
180 490 500 510 520 1120 1130 1140
'cﬁl'""“.l-l.‘ll' cGrcc

IC" MMCGUMMCCCGYGI IGHCMMMNCCGNTTMGMCMCG"\C TTRACATGTTTGACARTA
12320 12330 12340 12350 12360 12370 12050 12860 12870
540 550 560 580 1180 1190 1200 1210
GTCGCGTCCAGCGT G CRCMCGC&CMMWMGHGCGQCTQGMCCNCGGN\CC

Tﬁﬂlﬁltlttﬂ TRGARG

TCCGRGTCC

GTCAGGT
12380 12390 12400 12410 12420 12430 12900 12910 12920

600 610 620 630 640 1240 1250
TCCCCGGCGRCG CGNCMHGC ------ CMCMC

12820 12830 12040

1150 1160 170

HRMRCGIITMIMTMﬁtﬁﬁﬁmﬁlTﬁIcCﬁﬁEGMGGCﬁTCGTTGCCIGINCMT&

6
12000

1220 1230
AGTATTCCGTATG

-ATTACGCCAT
12930 . 12940

1 260 1270 |200
m T

TAGT AATTAGTTTATGTGCARARRRCGTTARGT TTCCTACGACH
12440 12450 12460 12470 12480 12490 12960 12970

ﬁMCMYMGGGICGCMCtMIGCRBTTGRCQGMMRCTGGB&MITM-

12990 13000

FIG. 4. Alignment of 1,421 nucleotides from the 1.7-kb Hincll fragment of myxoma virus (top line) with the homologous SFV DNA
sequence. The SFV sequence (bottom line) is numbered such that nucleotide no. 1 is at the mung bean nuclease cut site near the viral terminus
used to clone the terminal IT fragment (7, 28) and extends to the unique sequence-TIR junction (nucleotide no. 12,397) at the right end of the
virus. Since the complete myxoma TIR sequence is not available, nucleotide no. 1 of the myxoma virus sequence is defined within the Hincll
site closest to the terminus (Fig. 1). The myxoma DNA sequences corresponding to MGF and the incomplete ORF M9-R are nucleotides 1218
to 964 and 705 to 1, respectively, and are numbered in the opposite direction to Fig. 2. The SFV sequences for SFGF and the incomplete ORF
T9-R are nucleotides, 12,936 to 12,697 and nucleotides 12,548 to 11,841, respectively.

scription may proceed through one or more downstream
SFV genes before terminating.

Since SFV contains two other TIR ORFs, T6 and T8, with
extensive sequence homology to T9-R (25), it was necessary
to measure the relationships among these three SFV ORFs
and M9-R to determine the extent of colinearity between the
myxoma virus and SFV genomes within this region that was
suggested by alignment of the DNA sequences and ORFs.
From the homology scores, it was evident that the myxoma
M9-R OREF is more closely related to the SFV T9-R ORF
(68.9%) than to the other two SFV ORFs, T8 (53.2%) and T6
(29.8%) (T8 and T9-R showed 31.5% homology). The DNA
sequence alignments of all four ORFs (data not shown) and
the fact that scores between myxoma M9-R and SFV T8/T6
were only slightly less than the scores for alignment of SFV
T9-R with SFV T8-T6 suggested that there has been conser-
vation of specific sequences within these polypeptides.

We showed that myxoma virus possesses a gene capable
of encoding a polypeptide related to the EGF-like family of
growth factors. This MGF gene shares extensive homology
with SFGF, but neither is more closely related to VGF than
to the other members of the group. Analysis of the myxoma-
SFV recombinant MRV indicates that, although myxoma

sequences which include the MGF gene have been deleted,
a small region of the SFV genome which contains the SFGF
gene in addition to several other ORFs has been inserted (5,
25). However, both SFGF and MGF must be examined by
site-specific mutagenesis before definitive conclusions can
be made about the interplay between these viral growth
factors and their respective target cells.
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