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Abstract

SHFV is a member of a new virus family which includes the genus arterivirus. We have cloned and sequenced 6,314 nt from
the 3’ end of the SHFV genome. This sequence encompasses nine complete ORFs which is three additional ORFs as compared
to the other arteriviruses. We have numbered these ORFs 2a, 2b, 3, 4, 5, 6, 7, 8 and 9. At the 5’ end of this sequence is a partial
ORF (ORF 1b) of 1590 nt and at the 3’ end is a poly(A) tract preceded by a 76 nt noncoding region. The coding capacity for
each of the SHFV ORFs as well as the potential mass, p/ and number of N-linked glycosylation sites for each of the encoded

peptides was determined. © 1997 Elsevier Science B.V.
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1. Introduction

SHFV was first isolated in 1964 from macaque mon-
keys in a quarantine facility at the National Institute of
Health after an epizootic of hemorrhagic fever within
the colony (Palmer et al., 1968). This virus was recently
reclassified into a new virus family, the Arteriviridae,
consisting of the genus arterivirus and, along with
SHFYV, includes EAV, LDV and PRRSV.

Morphologically, the arteriviruses resemble the togav-
iruses. Arteriviral particles are between 55 and 60 nm in
diameter and contain an isometric nucleocapsid sur-
rounded by a viral envelope (Cavanagh et al., 1994).
The coronaviruses, on the other hand, are pleomorphic
viruses between 60 and 200 nm in diameter; their viral
envelopes surround helical nucleocapsid structures
(Siddell, 1995). Although morphologically distinct, the
gene order and replication strategy of the arteriviruses
are similar to those of the coronaviruses (Snijder and
Spaan, 1995). The single-stranded RNA genomes of
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EAV, LDV and PRRSV are polycistronic containing
eight ORFs. The ultimate (ORF la) and penultimate
(ORF 1b) 5" ORFs, which make up approximately two-
thirds of the viral genomes, encode the proteins neces-
sary for viral replication. The ORF 1b genes of the
corona- and arteriviruses contain four conserved
domains (Godeny et al., 1993). Beginning at the
N-terminal portion of the ORF 1b peptide, the domains
were identified as a putative RNA-dependent RNA
polymerase domain, a putative Zn-finger domain, a
putative helicase domain and a carboxy-terminal ORF
1b domain; this last domain, whose function is unknown,
1S unique to coronaviruses and arteriviruses (Godeny
et al., 1993; Snijder and Spaan, 1995). The remaining 3’
one-third of the viral genomes contain six overlapping
ORFs, some of which encode the viral structural proteins
(Snijder and Spaan, 1995).

The first 954 nt at the 3’ terminus of the SHFV
genome were reported previously (Godeny et al., 1995).
That sequence included the 76 nt 3’ noncoding region
and two complete and one partial ORFs. Both of the
complete ORFs overlapped their adjacent 5 ORFs
(Godeny et al., 1995). The purpose of this study was to
clone and sequence the remaining ORFs at the 3’ end
of the SHF viral genome and to determine their coding
capacities.

SHFV has been shown to contain at least four struc-
tural proteins on the virus particle: p15, p20, p42 and
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p54 (Godeny et al., 1995). These peptides were named
for their electrophoretic mobility by SDS-PAGE analy-
sis. Both p42 and p54 are glycoproteins which appear
as broad bands by SDS-PAGE analysis and may each
represent more than one peptide. Conversely, pl15 and
p20 are not glycosylated and have been identified as the
SHFV capsid and membrane proteins, respectively
(Godeny et al., 1995). Further, the ultimate ORF at the
3’ end of the SHFV genome has been identified as the
pl5 gene and the penultimate ORF encodes p20
(Godeny et al., 1995).

The nucleotide sequence of the entire 3’ end of the
SHFV genome is reported here. This sequence includes
all of the SHFV 3’ overlapping ORFs and demonstrates
that SHFV has the potential to encode three additional
peptides as compared to the other arteriviruses.

2. Experimental and discussion

2.1. Cloning and sequencing the 3' end of the SHFV
genome

To obtain viral RNA template for DNA synthesis,
MA-104 cells were infected with SHFV, strain LVR
42-0/M6941, at a multiplicity of infection of 0.2. The
viral genome was purified from the supernatant fluid
24 h postinfection as previously described (Godeny et al.,
1995). cDNA transcripts of the SHFV genome were
made using a genome walking strategy. Briefly, cDNA
was made by reverse transcription of the viral RNA
using synthetic DNA primers complementary to iden-
tified SHFV genome sequences downstream of the
sequence to be determined. The cDNA was made
double-stranded as previously described (Godeny et al.,
1995) and inserted into the pGEM7ZF* plasmid vector
(Promega Corp.) using standard methods (Maniatis
et al., 1989). The resulting clones were amplified in
Escherichia coli, strain JM107, and screened as described
previously (Godeny et al., 1995). Clones were sequenced
by the dideoxy-chain termination method (Sanger et al.,
1977) using the Sequenase DNA sequencing kit (U.S.
Biochemical Corp.). In order to procure the majority
sequence of the viral genome, multiple clones for each
nucleotide were sequenced. If more than one clone was
not available for a particular nucleotide, than the
sequence was determined directly from the SHFV RNA
genome using the RT RNA sequencing kit (U.S.
Biochemical Corp.). Gaps between clones were also
sequenced directly from the SHFV RNA genome.

Using these methods we obtained a 6314 nt sequence
representing the 3’ end of the SHFV genome (Fig. 1).
The deduced amino acid sequences from the encoded
ORFs were generated using the Translation program
from the University of Wisconsin Genetics Computer
Group (GCG) software. At the 5" end of the sequence,

nt 1 through 153 encode the C-terminal portion of the
conserved helicase domain and the entire carboxy-termi-
nal ORF 1b domain is encoded by nt 778 through 1053.
This data suggest that the partial ORF at the 5’ end of
this sequence, beginning at nt 1 and ending at nt 1590,
is the 3’ end of the SHFV ORF 1b gene. Between the
SHFV ORF 1b gene and the 76 nt 3’ noncoding region
are nine complete ORFs (Fig. 1). This is notable because
the other arteriviruses have only six ORFs in this region.
Therefore, the SHFV genome encodes three additional
ORFs as compared to EAV, LDV and PRRSV.

Using conventional nomenclature (Cavanagh et al.,
1990), we numbered the SHFV 3’ ORFs 2a, 2b, 3, 4, 5,
6, 7, 8 and 9 (Fig. 1). With the exceptions of ORFs 4
and 7, each of the SHFV 3’ ORFs overlap their adjacent
5"ORFs (Fig. 1). A unique feature of the SHFV genome
is that ORF 2a overlaps ORF 1b by 41 nt. Interestingly,
none of the 3" ORFs of the arterivirus genomes overlap
their respective ORF 1b genes.

The arterivirus 3" ORFs are translated from sets of
nested, 3’ coterminal, sgRNAs. Each of these sgRNAs
contain an identical 5’ leader sequence which is joined
to the mRNA at a conserved intergenic sequence. The
intergenic sequences of the two smallest SHFV sgRNAs
were previously reported (Zeng et al., 1995) and are
shown in Fig. 1. Expectedly, each of the remaining 3’
ORFs contain at least one similar putative intergenic
sequence within 200 nt upstream of the respective start
codon (Fig. 1). Preliminary sgRNA sequence analyses
suggest that the putative intergenic sequence upstream
of ORF 2b may not be utilized, implying that ORFs 2a
and 2b may be encoded on the same viral sgRNA
(Godeny, unpublished data).

2.2. Coding capacities of the SHFV 3" ORFs

The potential coding capacities of the SHFV 3’ ORFs
are listed in Table 1. The smallest ORF is ORF 9 which
encodes a peptide of approximately 12.3 kDa and the
largest ORF is ORF 2a which encodes a peptide of
31.8 kDa. ORF 7 encodes the second largest peptide
with a mass of 31.3 kDa. The remaining ORFs encode
peptides between 17.8 and 24.1 kDa. All of the ORFs
encode neutral to basic peptides with p/ values between
6.2 and 11.7, as determined by the PeptideSort computer
program within the GCG software. Also, each of the
nine SHFV ORFs encode peptides containing at least
one N-linked glycosylation site (Fig.1 and Table I).
The ORF 2b and 7 peptides contain the most N-linked
glycosylation sites with 10 and 8§, respectively. Four of
the 3’ ORFs encode peptides containing only one or
two potential N-linked glycosylation sites (Table 1). It
has previously been reported that although the SHFV
capsid and membrane proteins, which are encoded by
ORFs 8 and 9, contain potential N-linked glycosylation
sites, they are not glycosylated proteins (Godeny et al.,
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AGTACTACCCCATATCACAGGGACAGAGTTGGTGCAGCGGTCACAATTGACTCCTCTCAAGGGTCGACCTACGACGTGGTCACTCTGTACCTGCCTACCAAAGGCAGTCTGACACTGGCTCGTGGTTTAGTAGGAATCACTAGAGCCCGA
s T T P Y HRD RV GAAVTTIDS S QG S TyYDVVTTILYULU?PTI KSGSTULTTULAIRTGTLUVGI
GAGAGGTTGTATGTTTATGACCCGCATCATCAGCTCGCAAAGTACTTTAATCTTCAGCCGTCCAGCACCACAATTCGGCCTCATGCTGTAGTCATCGATGGCAAGGCGCGAGTCATGCTGTCTGACAAGTGCTACGCTGCCCCAGAGGAC
E R L Y V Y D P H H QL A K YFNTL QP S s TTTIIRUPHA AV YV IDSGI KA ARVMILSUDI KTCYAA AUZPTED
TTCCCGGGCATGCTCTGCACTGCGAGGAACGCTACCGCGGCTGACAGGAAGATTTTGGAAGAGACT TGCCTCAAATTAGATTTTCTTGAATCTGGCTCACTGTCCCCTCTTCCCCGTGTGTGCTATAATCTAGGGTTCTATTACTCACCA
F P G M L C T AR RN AT AADT RIKTIULEETTCULI KU LUDTFTULESGS L S PLPURVCYNUILTGT FYY
GACATTACCAAATTGCTCCCCATTCCATCTGAATTGGCAAAACACTGGCCCGTCGCGACTAACCGGAATAATCCAGAGTGGCCCAATCGTCTAGTGGTTTCAGCCACCCGGCTGTCACCTCTATCACATCCGGCCGTGTGCGCAGGTTAC
D I T K L L P I P S E L A KHWUPV ATNI RNNUPEWZ PN RILU VUV S AT RILSPUL S HUZPA AVCAG Y
TACGT ACTCACTCTTTGTTGGTACTCCAAACGTGACCTCGTACTGGTTGACGAAGTTTCTAGATGGTCGGGCTGTTCCTATGGAAGATTCTGTTTACTCCACTGGCCGGTTTGAAATGGATATCAGGGATTATTTGGATTCAGCT
Y vDSLFV GGTUPNV VTS Y WU LTI KT FULDGIRA AV PMETDSUVY s TSGR FEMMTDTIIRUIDYTLDSs A
GAAAGGGATTTCGCTGCTAAGCACCCACATGCTTTCATCGGCGATACGAAGGGCACGACTGTTGGTGGTTGCCATCATATCACCTCACAGTACTTGCCCCATGTGCTACCTGCCGACAGTGTTGTCAAGGTTGGTGTCAGCAAGCCTGGG
E RDF A A KHUPHA AV F I GDTIKGTT TV G G CHHTITSQYULPHV L PAUD SV V KV GV S K P G
GTCGCTCACAAAGCACTCTGTACGGTAACTGATATCTACCTCCCGATGCTGGGCTCGTACACATCACCTCCCACTCAGTCTAAAGTCTACAAAGTARATGTTGACCACAAGGCGTGCAAACTCATGGTCTGGCGTGACCAGACAATGTAC
V A HKAULCTVTDTI YL PMILSGS YT S P PTO QS KV Y K VNV DHI KA AT CI KT LMMVWIRUDOQTMY
TTCCAAGAGGGTTTTGATTATCACACGCTCGTGGATGCACTCCGGTTCGTCCGCTTGAGCAGTGATGGGGTCTATCGCGTCGCCCCTGACGTGACGCCCATGATTGGCAATAGGAGGTTGGACCTGGGCGCTAAACCTCTGAGACCCGTT
F Q EGF D Y HTL VDA AULU RT FUVRILS s DGV YRV APDVTUPMTISGNIT RI RTILDILSGA AI KPL R
GATTTGGCTATCACCCCTTGGGATGACCCCAAATGTGAGTTTCTGGTGACACACGCCTCCCCATTTGACATGTCTGATGAGTTTCTTCTAGTCAATGCTTTTGATTTCATCAAGGAGGATCTGCTAGGCAAATCTGTCACACCTGTGTAT
D L A I TP WDDUPKCEVFULVTHASUPFDMSUDETFTULIULVNATFU DT FTIIKEU DT LULGI K S VTPV Y
TTCTATAAGAGGCTTTCTGAACCCTTGCATTTTGACCAARATCTGCCGCCTCATGTTGGAGCTATCCTGTCCAAAGCACCCCGCTTTATATCTCTAGCCAAGGTCTTTAACTTCTGTTTCACACCTACAGCCTGTCACTGTAAGGTGTCA
F Y XK R L S E P L HF D QNL P P H UV GATIUL S KA AUPU RT FTISILAIKU VT FNT FTCT FTUPTATCHTCIKV s
ORF 2a
GTTAAGACCGCCACAGGTGACCACATGTGTAAATGCTCCCTCTCCTCTGATGAGTTTCTGTCCAGGTTTAATCCTACTGTTGGTACTCCTTAAACCAGTCGACTCTTTTGATTTCTTTCACTTCTCCTCCTCCTTCAAGTACTATGATCA
V K T A T G D HMCKC s L s s DEF L S RFNUPTV G T P
M s F CP G L I L L L VL L K PV DS F DV FFHTF S S S F K Y Y D H
CACCCACATTCATACTGTTTTCAGAGATCTTATTTCCCATTGCGARACAAAAATTGCGCCGTGGGCTAAACATCCTCTTGGAATCATTGGGCACAATCAATTTGTATCTGCCTACAACAATTGGGTTCGGCGCGTTTACTCCGTCAACCC
T H I H T V F R D L I S H CET K I AUPWA AI KU HUPULGTIIGHNOGQT FV S A Y NNWV RI RV Y S V NP
CATTTATATTGAGGCAGAGAAGGGTTTCAAACATTACTACAGTTACAAGCCCGAGTGCAGAAGTCAAATTGGCTATCCCGCCACAGTACACGCAGGTACTCGAGAAATCGACTTGCCTAGACTGCTGACTGCACTTAAAACCTATTCAGT
I Y I E A E K G F KH Y Y sS Y K P ECI RS QI GY PATVHAGTH RETIUDTILU®P RILILTATLI KTY S V
ORF 2b
GAAGGAACACTCCTTGTGCGTTCGGGCTGCCGGATTGCTCGCCCGTCTGCATGAGTTGAGGAAACAAGAGGATTTCAACATCACTGATGATACCTTCACCATCAATTATCACTTGAAGGAGAGTTCTGTACCATGGTTTCAATCTGGTTT
v s I W F

K EH S L C V RAAGTULLARTULUHETLRIEKZ QET DT FNTITUDUDTT FTTINZYUHTULIKES SV P WV F QS G F
CTACTTGCAGGTCTATCATGCTTCCAGTTTTGCCACGTTTATTGCACCCTTAACTTTACTAATAGTTCTTCTGATTCGCAAACCCCGGTTGCTTGCTTTCATCTGCCCAGCGGTAACGTGTCGTTTTCAATCAACCTCACAGCCGTTGTA
L L A G L S C F Q F CH VY CTILNTFTNSS S DS QT PV ACTFHILU®PSGNUVSsS F s INUILTAUVYV

Y L Q VY HA S S FaTV FIAPILTTULULI VL L I RIKU PR RILILATFTITCZ®PAVTTCRT FUOQST S QP L Y
TGTACCCCTAGTTGGAATAAGACCGGGCCCATCATTCTCACCTACGGGCGTCTCAGCGCCTCAACGCATGAGTGCACCTCGATTCGTGCGTCTTCCGGTGGGCTCTGGGCAGATCTTAGCATCTGGGAAAGGCCAAGGTCTGTAACTGGC
cC T P S WNI KT G P I I L T Y GRUIL S A STHET CTS I RAS S G GL WAUDTULSsS I WERPR S V T G

vV PLV GGI RPGUP S F S PTGV S A P QRMSAZPIRTFUVURILUZPUVGS G QI LA SGZ KG QG L *

ORF 3
ATCTTTAATTTCACTGATCAGCTCGCTGAATCTCATCAGCACGTCTATGCCCTCTTCATAGCTGCCTTAACCTTTCACCCTGAACTCTTTGGTCTCAGCCGCAACTACACTCGTTCCCTAACAATCAAGCAATCATGGAACGAGACAATG
I F N F T D QL A E S HQ HV Y ALV F I A A LTV FHUPEILT FGIL S RDNYT RS LTI KOQS WNIETM

M E R D N D
ATGTGTGTAAACGGCACTGTAGTGTTGACAAACGCTACTGCGGCCGAGTACTACATCCGCACGGGGGTAGATTCGCCTATGTACTTTGTGGAATTGTTGCGGCCCTTTCTTCTGTGCCTGCTAATTCTAATGCTGAGCGATGTATGATTT
M C VN GTV VL TNA AT AARATEYYTIRTSGV DS PMYTFVETZLTZLIRZ®PTFILILTZ CILILTIILMTILSDV *

VvV ¢ K R HC S VDI K R YT CGRUVLHZPUHGS G R FAYU VL CGTIVAAILS SV PANSNA AEIRTCMMTISGC
GCACCACAAACAACTTCTCTACATTGTTCACTGAATCATCATACCAACATTACCCCCGCTGGCCTGTCTTTCAAGACGGACTCGACTATGTCTATCGTCCACCACTTGTCGCCCAAGTTCTGGGTTATGGCGAAACGTGTGATGATACAC
T T NN F S T L F T E S S Y Q HY P RWPV F QD GULUD YV Y R?PPILVAQV LG Y GETTCTDTDT Q
AAATCATTGGCACCATAATTGAGACCTATGAGACAATTACAGGCAACATGACTGGTATCAAAGAAGCTTTCATTGCTCTTGACTTTGCTGACTGTTTACTCACTGGCATTCTTTACCGGGAACACAACGTGACAGCAGTTTTCCAGCAAC
I 1 66T I I ET Y ETTITGNMTGTI K EA AT FTIAILUDTFADT CTILTU LTS GTIULYREUHNUVTAUVFQQQ
AGGATGGCCATATCGTCCTCTGCTGGAACGGGACTGATCCTAGGATTTCTATTAACCAAATACCTACTCCTTGGTTCATCTCGCCAGGAGCGCTCAGGTGGGCAACCATCATTTGCGCATGCTTGGCGATCTTTAGAGCATTCTATTCTT
D GH I VL CWNGTDU®PRTIJSTINSO QTIU®PTU®PWTFTIS?PGATLU RWATTITITCA ATCILA ATITFIRATFY s *
ORF 4
AATGGGTTCTATACTCACCCACATCACTACAGCCTTCCACCATGCTGTCCACGAGCTCCTCGTCTCGTTCTTTGACCTGCTCATCTATATGGCTGTTATCATTCTTGCTCTGCTGGTTGGTAAAATGCTCTCACTCACAATTAAATCTAT
M L S T S S s S R S L T C s s I W UILL S F L L ¢C WLV K C S H S QL NIL F
TTTCCGCTGTGCCTCAACAGTTGCGCCTACGTCCCGAGGCGCTTACAAAAATGCTTTTGCGCCGGTGTCATCAAAGTATCATACCTTACCCTAACCATCCTCTGGGTATCACCACGCATGCGATGGTGAATGCACTGGCGGCCTTTAGTC
S AV P Q Q L RL RUPEA ATILTI KMTILTIULIRI®RTECHO QS I I P Y PN HZPILSGTITTHA AMV VNA ATLAATF S L
TTCAGAAGGCAGAAGACCAGGCCCATGCCACCCTTCATGTCAAAGGCATCACTTCAGCTGAGTACACCTACAACGTTTCGTGCGAACCCAGTTCTTTCACCCTCGACGTGACTGGACTTTCTAAATACCTCACCTCGAAGAATCGAGCGT
Q K A E D Q A HATULHV K G I TS AEYTYNV s CZEU®PSSFTULDUVTSGUL S K YULT S KUNIRATL
ORF 5
TGGAGAGACTTCGCCACTGCGAAGACATCGCACCAATTGTGGGTTACTTGCTCTCAAACAGGACGCACAGT TATCTCACTAACCCATGGATGTCCGTGGTCCTCAAGTCACACAGGCCTGCGGTCGTCTTCTGCTACTATGTTTGCTGTT
M DV RGP QVTQACGRILILUILILCTULTULF
E R L RHCED I AP IV G Y L L S NI RTH S Y LTNUZPWMSUVVLKSHI®RUPAVVFCYYVCTCTF
TCTTACTTGTTCTGCAAATCAAACACATATTTGCTTTCGTAACATACAAACTCAGGTCAAGTTGCACTTCAACACCTCAGTCCTAGCTTGCCTGTACCGTGGCAACGTTGTCATTGACCAAAACATAGAACCGGCCTGCTCAGGCCCCAC
L T C S ANQTHTICTFRUWNIOGQTAGQV KLU HTFNTSUVILACTILY®RGNUVV IDOQNTIETZPA-ATCSGTZPT
L L VL Q I K H I F A F VT Y XKULRS S CT S TP Q s *

ORF
GGGTATCCAAACCCGTCAATCTGACAGCGAGGACACAGTGCTACCAACAGCAATTGATTTGGATTTCCTGGCTCTTCTTCTGCACTCACTGAAGTACTTCCCAGTTCTTTTCAACGCCACTTCTGTCCAGTTTGATAACGAGACATTATG
M
G I Q TR Q S DS EDTV VL PTATIUDTLUDT FULATZLTULTULIUHSTLIK YT FU®PVILFNA AT SV QFDNETTILC
CTACATTGCAAACCTTACTTACTCCTCCAACTCTACATCGTTGCTTGGCACTACTGTGGCTTACTGGGAGACACAGCCGCTGCCAGTTCTACTCCTCATACTGTGTCTTCAAATTTGCCTACTACTACCAGCAATCCCCCCCGTGCCGAA
L HC K P Y L L L Q L ¥ IV AWUHYOCSGULULSGDTA AAA ASST®PHTV VS S NULZPTTTSNUP P R AE
Yy I A NL T Y S S NS TS L L GTTVAYWETO GQU?PTULU®PVLILILIULCULJGQTITCULULILU®PATIU®PZPV P K
GAATTCGGGGATCAAACTTGCTTGATTTGCCTTCCCCATCCAAATCGCACTTCTTTGACTTTTGACCTTGCGGAACAAAGTTCGAACACGAGACTATGGTCATCGGGTTGCCTCACAAATCTCAAAGGCGGCGTGACAACAACCAGCATC
E F G D QT C L I ¢CL P HPNWI RTSLTT FUDTILAEH QS SNTA RILWSSGCULTNTUILIZ KTGT GV TTT s I
N s G I K L A *
AACGTCACAGTTTCTTCACCTGTCGACCACGTCCTAGCATTGGGACATTGCCTAGCTTTGGCAATCCGATTAGCCGCCCATAACCATAGTGTGTTCTTCGCCAATCACAGT GATAATCTGTATCTTTGTTATCATGACTCAGGTATATTT
N VT V S S PV DH VL ALGHTECULATLA ATIRILAAMHNUBHSV F F ANUBHSDWNTULYULC Y HD S G I F
ORF 7
CAGCCTATCACCGCGATCCATCCAGGTGCGTTGCGGTGGGCTTCCATCATAACCTTGTTCATTGTGATTGCGCGACTCCGCTCCTTAACTACCTAATTATGTACTTATGTTTAGGGAGATCGGAGACTCCGTTGATAGGTTTGTTCCGCA
Q P I T A I HP GA UL RWASTIITTULTFTIUVIARTILIR RSTILT *
L ¢ L GR S ETU®PULTIGILFRT
CCTCATCTACATCTATCTCATGGTTCTATGTGCTTTTCTTTGTCTCTATTACATTCAGCAGCACCGGCGCATCCGAGAACAACACCGGTACGACCTGGATCAGCATATCAAAGTTTCCGTCATTGCTGCTGAGTCAGATCATAAGCCCTA
s s T s I S W F Y VL F F Vs I TV F S STGASENNTSGTTUWTI S I S KF P S LILUL s Q I I s P S
GTTACATTGTAAATATCTCTGTCTGTGGTGCATTTGACATTCAAAATAACACTCACTGGTTCACTCCTTGTAATTTGTCTGTCTTGAATCACTCTGACTGTCACACGTGTAAGTCAGAGCAGTCAAACCAATCTTTATTATCAAATTGTT
Yy I V N I S V ¢C G A F D I Q NN THWT FTUPCNILSV L NUHSUDTCHTTCI K SE QSN QS L L S NC s
CAACGTGTTTCACACACCTTAGTTCTTGTTTTCTTCACACTTACACTGGACACCACATCAATAACACTAGGCTTCTTTTAGAGACATATTTAGCAGTCCCCTTACTAACCCATTTATTGAGTTATAAGTTTGCTACAACTGCCTCCTTTC
T ¢ F T H L S S ¢C F L HT Y T G HUHTINNTI RILTULULETYL AUV P L L THILUL S Y K FATTA S F L
TTGACTTTGCCTTTTTTGCAGGACTTTCTATTACGGCCTATCGCTATGTTTCACCGGCGATATTATTCTTCTTGCCACTCGCTCTCATCTTCTCGGCTATCTTCATCAAGAAGTTAGTGGTAAATTGTATGGCCCTCCGCTTCGCGTGGA
D F A FFA G UL S I TAJYURYUVs PATITULTFTFTUL®PILATLTITFSAITFTIIKI KT LVVDNCMATLRTFAWT
CTAGGCACACCAATTTCATCATTGACGACCGAGGTAGATTATTTGTICAACCACGACGACGTGCTGATTTCCGACCCACAGGGACTGCGGGTTGGACCTCATAAGGTCAGAGCCGCTAAGGTAATACTTGGT GGACGGGAGGCAAATTTAC
R H TNV F I I DD RG RTLTFVNHARDTUDV VLIS DZPOQGULI RV GPHI KV RAATI KT GYVTIIULSGSGH RTEANTILTL

ORF 8
TCAGACAAGCACACGTCGAAGAGTGGTCATGGTAGTATCCCTTTGCAGTGACCCGGGGTACACTACCTTGGCTTTTACTATTGCTCCTGCATTAATAGCCTTTTTAAGATATTTCCGCCCATCCGTGCGCGGTTTCATATGCTTGGTATG
v s L c¢c s DbpD&PGYTTULATFTTIAPA ALTIATFILRYFHRU®PSVRGTFICTULVC
R Q A HV E E W s W *
CATTGCTACACTTGCTTATGCTGCAACTGCTTTCAATGAACATTCCCTTGCAACATTACTAACAATTGGGTTCAGTCTGGTATACTTGACCTATAAATTCATCACGTGGACCATTCTACGTGTGCGGATGTGTTGGCTCGGCCGGCAATA
I AT L A Y A AT ATV FNUEUHSTLATULULTTIGF S LV YLTYIZKT FTITWTTITU LI RUVYVIRMTC CUWILGUR QY
CATAACCGCCCCTTCCAGTATGGTTGAGTCATCCCTTGGCCGTTTAGCGATTAACGCGACTGGTTCTACCGCAGTCGTAACTCGCCGATCTGGCATGACAGCAGTCAATGGTAGTCTCATGCCGGATGTGAAAAGGATCATACTCAATGG
I T A P S S MV E S S L GRULATINA ATGSTA AUV VT RI RSGMTA AVNGSLMZPDV VI KU RTITITILNG
ORF 9
AAGGGTTGCCGCCAAAAGGGGTCTTGTTAACCTGAGGAAGTATGGCTGGCAAACCAAAAACAAATAACAAGGGAAAATCCCAGTCCAGAGGAGGGAATAGGCTTCCCCAACGACCTCGCCGCAGCACTCAACAACGTAGAGCTGCTCCTG
R V A A KR G L VNTURIEKYGWOQT K N K *
G K P K T N N K G K S Q S R G G NIRTUILUZPOQRU®PIRI RSTOQOQRIRAATUPYV
TCCACAAGCCTCTAAATGAGACACATTATGTTTTCGCCGAACCCGGCGACCTCCGAGTTGTTCTACCTGGTCCCACCTCAGCACACATCAAACAGCTGCTGATCAGGTACTACGACAACGGAGGCGGAAATCTTTCATATGACGGACAGA
H K P L N ETH Y V F A EU&PGDUL RV VL PGP T S AHTIIKZ QI LTILTIURYYDUNSGSGGNTULSYDG QR
GAATCAATTTTGCTGCTATCATCACACCACCACACAACATGCTGAAGCAGCTGGCGAAGGTCACCTCCTCCACCTAGGCCAGACACTGATTATATGGTTCATATGGGTAATTACCTTCCCTAGGCTAAGGACTAACTGGTATATACCATA
I N F A A I I TPUPHNMMTLIEKZ QLA AZ KUVT S S T *
ATTAAAAAAAAAAA

Fig. 1. The 3’ nt sequence of the SHFV genome clones (Genbank accession No. U63121) and the deduced amino acid sequence. Position 1 is
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5"end of the nt sequence and position 6314 is the 3’ terminus. The ORFs are numbered and the potential N-linked glycosylation sites are indicated
in bold type. Stop codons are indicated by an asterisk (*). Nucleotides encoding the ORF 1b conserved domains are underlined. Putative intergenic

sequences are in bold type and underlined; whereas, known intergenic sequences are in bold type and double underlined.
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Table 1

Characteristics of the deduced peptides encoded by the SHFV 3’ ORFs
ORF  Amino  Peptide pl Glycosylation  Identity

acids mass(kDa) sites

2a 281 31.8 10.2 1 ?

2b 204 22.7 6.7 10 ?

3 205 23.1 6.2 4 ?

4 214 24.1 9.5 2 ?

5 179 19.1 6.2 6 ?

6 182 19.6 7.5 4 ?

7 278 31.3 8.2 8 ?

8 162 17.8 11.3 2 p20

9 111 12.3 11.7 2 pl5

1995). Therefore, it remains to be determined which of
the remaining potential SHFV peptides encoded by the
3’ ORFs are glycosylated.

2.3. Comparison of the SHFV, arterivirus and
coronavirus genomes

Members of the family Arteriviridae share genome
organizations and replication strategies with members
of the family Coronaviridae. The EAV, LDV and
PRRSV genomes are approximately 12 700 (Den Boon
et al.,, 1991), 14 200 (Godeny et al., 1993) and 15 100
nt in length (Meulenberg et al., 1993), respectively. On
the other hand, the genomes of the coronaviruses are
approximately 30 000 nt in length (Siddell, 1995), twice
as long as the genomes of the arteriviruses. ORFs la
and 1b are located at the 5’ end of the coronavirus and
arterivirus genomes and encompass approximately two-
thirds of the genomes. The gene products of these two
ORFs are non-structural proteins which are necessary
for viral replication. The remaining one-third of the
genomes contain the 3' ORFs, some of which encode
structural proteins found on the viral particle. The 3’
SHFV ORFs, ORFs 2a through 9, and the 3’ noncoding
region are encoded on a total of 4754 nt. Assuming that
these ORFs make up one-third of the viral genome, it
can be deduced that the SHFV genome is approximately
14300 nt in length. Indeed, biochemical analysis of
purified SHFV RNA suggested that the genome is
15000 nt in length (Sagripanti, 1984)

The genome organization of the 3 ORFs of MHYV,
the prototype coronavirus, EAV, the prototype arteri-
virus, and SHFV are shown in Fig. 2. The 3’ end of the
SHFV genome contains nine ORFs. Therefore, based
on genome organization, SHFV appears more similar
to MHYV, which also has nine 3" ORFs, than to EAV,
which has only six 3" ORFs (Fig. 2).

Some of the proteins encoded by the 3’ ORFs on the
MHV genome have been identified [reviewed in Lai
(1990) and Luytjes (1995)]. ORF 3 encodes the large-
surface protein or spike protein, S. ORFs 5b and 6
encode the small-membrane, sM, and membrane, M,

1b 2b 4 5b 7

/ 10
MHV L1 IS ) N -
2a 3 5a 6 |

EAV B s g i

2 4 6
2a 3 5 7 9
1 11 1

1b 2b 4 6 8

Fig. 2. Schematic representations of the genome organizations of the
3" ORFs of MHV, the prototype coronavirus, EAV, the prototype
arterivirus, and SHFV. The sizes of the genes and genomes are drawn
approximately to scale.

proteins, respectively. The nucleocapsid protein (N)
gene is ORF 7 and ORF 2b is the hemagglutinin-esterase
(HE) gene. Among the coronaviruses, the HE protein
is unique to MHV and BCV (Lai, 1990). ORF 2a
encodes a 30 kDa peptide which is believed to be a
nonstructural protein. The functions of the gene pro-
ducts produced by ORFs 4, 5a and 1 have not been
identified but may also be nonstructural in nature
(Luytjes, 1995). Interestingly, it has been shown that
the ORF 2a and 4 gene products of MHYV are nonessen-
tial for virus replication [reviewed in Luytjes (1995)].
The peptides encoded by the arterivirus ORFs have
not yet been fully identified; however, they show little
sequence homology to those of the coronaviruses. ORF
7 of EAV, LDV and PRRSYV has been shown to encode
the viral capsid, C, protein and ORF 6 encodes the
membrane, M, protein (Godeny et al., 1990; De Vries
et al., 1992; Muelenberg et al., 1995). ORFs 2 and 5 of
EAV and LDV were reported to encode the small (Gyg)
and large (Gy) envelope glycoproteins (De Vries et al.,
1992; Faaberg and Plagemann, 1995). ORF 5 of PRRSV
was also shown to encode a viral envelope glycoprotein.
However, the PRRSV ORF 2 gene product could not
be detected in purified virus particles (Muelenberg et al.,
1995). It has been reported that the gene products of
ORFs 3 and 4 of PRRSYV are also envelope glycoproteins
but, because high concentrations of virus were needed
for detection, they are probably present on the virion in
low copy number (Van Nieuwstadt et al., 1996). These
gene products in EAV and LDV have not been identified.
Few of the gene products of SHFV have been iden-
tified. We previously showed that the ultimate, ORF 9,
and penultimate, ORF 8§, 3" ORFs encode the SHFV
capsid, pl5, and membrane, p20, proteins, respectively
(Godeny et al., 1995). The ORF 7 gene likely encodes
one of the envelope glycoproteins based on hydrophobi-
city analysis (Wang et al., 1995) and the number of
potential N-linked glycosylation sites (Table 1) on the
encoded peptide. Computer analysis of the SHFV ORF
7 peptide using the GAP program within the GCG
software package shows a 53% and 57% amino acid
sequence similarity between this peptide and the ORF
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5 products of LDV and LV, respectively, further suggest-
ing that the SHFV ORF 7 encodes the SHFV large
envelope glycoprotein, p54. The gene products of the
SHFV ORFs 2a through 6 remain to be identified.
Computer analyses of the potential products from these
ORFs reveal a low amino acid sequence similarity (39%
to 49%) with the ORFs 2 through 4 products of EAV,
LDV and LV (data not shown). Presently, there is no
evidence that any of the arterivirus 3 ORFs encode
nonstructural proteins. However, since there are three
additional ORFs on the SHFV genome as compared to
the genomes of the other arteriviruses, it is possible that
some, or all, of these additional SHFV ORFs may
encode nonstructural peptides. Due to packaging con-
straints on isometric viruses, it is unlikely, however, that
any of the SHFV 3’ ORFs encode nonessential peptides
as do the coronaviruses.

Peptides encoded by the 3" ORFs of the arteriviruses
and coronaviruses are translated from nested sgRNAs
which are 3’ coterminal. Since only one ORF is
translated from each of the arterivirus sgRNAs and
SHFYV contains nine ORFs at the 3’ end of the genome,
it is expected that SHFV produces nine sgRNAs during
replication. However, Northern blot analyses show that
SHFV produces a set of six sgRNAs during replication
(Godeny et al., 1995; Zeng et al., 1995). Therefore,
further studies are underway to determine whether (1)
more than one ORF is translated from some of the
SHFV sgRNA, (2) some of the SHFV ORFs are silent,
or (3) some of the SHFV sgRNAs are produced at
levels below the detection limits of Northern analyses.

3. Conclusion

We have cloned and sequence 6314 nt from the 3’ end
of the SHF viral genome. This sequence, beginning in
ORF 1b and ending with the 3’ poly(A) tract, includes
all of the SHFV 3’ ORFs and the 3’ noncoding region.
Based on morphology, gene order, genome characteris-
tics and replication strategy, SHFV should be included
in the genus arterivirus. However, the SHFV ORF 2a
overlaps ORF 1b which is a unique feature of this virus
as compared to the other arteriviruses. Also, the SHFV
genome contains three additional ORFs as compared to
EAV, LDV and PRRSV and therefore appears to be
more complex than these other arteriviruses. The identity
of the gene products encoded by all of the 3’ SHFV
ORFs is currently in progress.
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