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The nucleotide sequence of the canine parvovirus (CPV2) from map units 33 to 95 has been determined. This
includes the entire coat protein gene and noncoding sequences at the 3’ end of the gene, exclusive of the terminal
inverted repeat. The predicted capsid protein structures are discussed and compared with those of the rodent

parvoviruses H-1 and MVM.

Canine parvovirus (CPV2) is a member of the autono-
mously replicating parvoviruses, which is a group of animal
viruses with icosahedral protein capsids and a small, non-
segmented, linear, single-stranded DNA genome (1, 3).
CPV2 is a pathogen of dogs that is antigenically and biolog-
ically related to feline panleukopenia virus (FPV) (9, 15, 19).
CPV2 and FPV produce similar diseases in their respective
hosts. They are most pathogenic in young animals, in which
they produce an enteritis and leukopenia. We have made a
preliminary characterization of CPV2, in which we found
many similarities between CPV2 and the rodent parvo-
viruses represented by H-1 (13). H-1 DNA was found to
hybridize to CPV2 DNA. In this study, the nucleotide
sequence of CPV2 from map units (m.u.) 33 to 95 is
presented. This region of the viral genome completely en-
closes the coat protein gene for capsid proteins VP1 and
VP2, and the predicted structures of these genes will be
compared with those of two rodent parvoviruses, H-1 and
MVM.

The DNA sequence of CPV2 is presented in Fig. 1 and
extends from the Sau3A site at m.u. 33 to the Haelll site at
m.u. 95 (12). Figure 2 summarizes the sequencing strategy.
Like the rodent parvoviruses H-1 and MVM, there is an
open reading frame extending from m.u. 33 to 44, ending at
nucleotide 604 of Fig. 1 (2, 12, 18). This region is ca. 85%
homologous to H-1 or MVM in its predicted amino acid
sequence. It is assumed that these sequences code for the
same noncapsid protein, NCVP1, as in the two rodent
viruses (6, 18). Embedded within the NCVP1 gene and at the
same position as in H-1 and MVM is a TATAAA sequence at
nucleotide 318 which is suggestive of a promoter. There is
substantial evidence that the 5’ end of the most abundant
rodent parvovirus mRNA species that codes for the major
capsid protein VP2 maps to this site (7, 16). Unlike the
rodent parvoviruses, there is no CCAAT at —87 nucleotides
to the TATA in CPV2; instead, the sequence TGAAT is
found at this position (nucleotide 231). CPV2 and MVM, but
not H-1, contain methionine AUG codons (at 525 in CPV2)
in the area from 20 nucleotides 3’ to the TATA box to the
end of the NCVP1 reading frame. These are not consensus
initiation sequences, and all of them are followed closely by
termination codons (10). Thus, they should not be expected
to interfere with the initiation on the downstream AUG
codons (11). The first ATG in H-1 distal to the putative cap
site is at the position of the ATG (nucleotide 613) in CPV2
that is within a highly conserved section of sequence follow-
ing the NCVP1 gene terminator at 604. This ATG has the
most preferred flanking sequences for initiation of transla-
tion, AXXAUGG (10). The 10 codons immediately following
are highly conserved, with four of five nucleotide changes
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(compared with H-1) being in redundant positions and the
fifth resulting in a conservative switch from lysine to argin-
ine. The CPV2 sequence then diverges considerably from
that of H-1 and MVM at nucleotide 651. This region contains
terminators for all three reading frames in all of these
viruses. Therefore, if we contend that the AUG at 613 codes
for the amino terminus of the coat protein VP1, the region
immediately after 651 must be an intron. In support of this,
the sequence at 642 to 648, AGGTAAG, is a consensus
splice donor site, except it has AG dinucleotides preceding it
within 20 nucleotides (4). This is also in agreement with the
mapping of a splice site to this region in MVM by S1
nuclease analysis (16).

Direct analysis of the H-1 capsid protein VP2 by protein
sequencing and amino acid analysis of mapped peptide
fragments has placed the amino terminus for VP2 at the ATG
at m.u. 54 or nucleotide 1114 in Fig. 1 (14). This ATG is
conserved in CPV2, H-1, and MVM, and it is within the
large open reading frame which extends from nucleotide 689
to 2867 of Fig. 1. This region was shown to code for both
VP1 and VP2 in H-1 (8). Thus, VP2 is embedded completely
within the larger VP1, and its molecular weight is predicted
to be 65,000 (65K), close to the estimate of 67K by poly-
acrylamide gel electrophoresis (13). I suggest that VP1 is
translated by initiating translation with the AUG codon at
613, splicing the mRNA at 643, and rejoining the large open
reading frame at an undetermined point after nucleotide 689.
Two possible acceptor sites are found at 713 (AG/GACTT)
or 728 (AG/GTTAT). The former gives a protein of 80.7K,
close to the gel estimate of 82K.

The mRNA for VP2 has a very long leader sequence, since
it begins at ca. nucleotides 340 to 350 (7) and has a small
splice at m.u. 45. Either the translation apparatus passes
over the AUG at 613 (and those preceding it in CPV2 and
MVM) or, more likely, this AUG is removed by splicing with
a different splice donor site. The sequence AGGTACG
beginning at 606 is close to the consensus sequence for splice
donor sites and would very neatly remove the offending
AUG. It is also sufficiently close to the splice donor site at
643 that previous studies with the S1 nuclease mapping
technique may have missed resolving the different bounda-
ries (7, 16). This arrangement is highly conservative for
coding sequences, as the VP1 gene begins only 6 nucleotides
3’ to the end of the NCVP1 gene. In addition, within those 6
nucleotides is a putative splice donor site that may excise the
initiation codon for VP1 and so allow VP2 translation to
begin at the next available AUG at nucleotide 1114. The
predicted introns are then only 70 and 106 nucleotides in
length, assuming the acceptor site is at 713. We are conduct-
ing experiments to determine whether the divergent se-



GAT CAA AAA GGT AAA GGA AGT AAG CAA ATT GAA CCA ACT CCA GTA ATT ATG ACA ACG AAT MWET AKG SER GLU THk LEU GLY FME TYk FKO TKF LYS FKO THk ILE FKO THK PKO TKP ARG
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20 30 60 ATG AGA TCT GAG ACA TIG GGT TTT TAT CCA TGG AAA CCA ACC ATA CCA ACT CCA TGG AGA
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GAA AAT ATA ACA ATT GIG AGA ATT GGA TGT GAA GAA AGA CCT GAA CAT ACA CAA CCA ATA
70 80 90 100 110 120 TYR TYR PHE GLN TRP ASP ARG THk LEU ILE PRO SER HIS THR GLY THR SER GLY THR PRO
TAT TAT TIT CAA TGG GAT AGA ACA TTA ATA CCA TCT CAT ACT GGA ACT AGT GGC ACA CCA
1750 1760 1770 1780 1790 1800

AGA GAC AGA ATG TTIG AAC ATT AAG TTA GTA TGI AAG CTT CCA GGA GAC TTT GGT TIG GIT
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THR ASN ILE TYR WIS GLY THR ASP PRO ASP ASF VAL GLN PHE TYR THR ILE GLU ASN SER

ACA AAT ATA TAC CAT GGT ACA GAT CCA GAT GAT GTT CAA TTT TAT ACT ATT GAA AAT ICT

GAT AAA GAA GAA TGG CCT TTA ATA IGT GCA TGG ITA GTG AAA CAA GGT TAT GAA TCA ACC 1810 1820 1830 1840 1850 1860
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VAL PRO VAL HIS LEU LEU ARG THR GLY ASP GLU PHE ALA THR GLY THR PHE PHE PHE ASP
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AGC AAT CCT CAG AGT CAA GAC CAA GTT? CTA ACT CCT CT@ ACT CCG GAC GTA GTG GAC CIT
370 380 290 400 410 420 PHE LEBU ASN SER LEU PRO OLN SER GLU GLY ALA THR ASN PHE GLY ASP ILE GLY VAL PRO
TIT CTA AAT TCT TTG CCT CAA TCT GAA GGA GCT ACT AAC TTT GGT GAT ATA GGA GIT CCA
1990 2000 2010 2020 2030 2040

GCA CTG GAA CCG TGG AGT ACT CCA QAT ACG CCT ATT GCA GAA ACT GCA AAT CAA CAA TCA
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GLN ASP LYS LYS ARG GLY VAL TMR GLN MET GLY ASN THR ASN TYR ILE THR GLU ALA THR

CAA GAT AAA AAA COT GGT OTA ACT CAA ATG GGA AAT ACA AAC TAT ATT ACT GAA GCT ACT

AAC CAA CTT GGT GTT ACT CAC AAA GAG GTQ CAA GCG AGT CCO ACA TGO TCC GAA ATA GAG 2050 2060 2070 2080 2090 2100
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ILE NET ARG PRO ALA GLU VAL GLY TYR SER ALA PRO TYR TYR SER PHE GLU ALA SER THR

GCA GAC CT@ AGA GCC ATC TIT ACT TCT GAA CAA TTG GAA AGA AAT TTT CGA GCA GAC TG ATT ATG AGA CCA GCT GAG GTT GGT TAT AGT G6CA CCA TAT TAT ICT TIT GAG GCG TCT ACA
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GAT TAA GBT ACG ATG GCA CCT CCG GCA AAG AGA GCC AGG AGA GGT AAG GGT GTG TTA GTA CAA GGG CCA TTIT AAA ACA CTA CCT ATT GCA GCA GGA COG GGG GGA GCG CAA ACA GAT GAA
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AAG TGG GGG GAG GGG AAA GAT TTA ATA ACT TAA CTA AGT ATG TGT ITT TIT ATA GGA CTT AAT CAA GCA GCA GAT GGT AAT AGA TAT GCA TTT GGY AGA CAA CAT GGT AAA AAA ACT ACC
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TYR LYS TYR LEU GLY PRO GLY LYS SER LEU ASP GLN GLY GLU PRO THR THR TNR GLY GLU THR PRO GLU ARG PHE THR TYR ILE ALA MIS GLN ASP TWR GLY ARG TYR

GTG CCT CCA GGT TAT AAA TAT CTT GGG CCT GGG AAG AGT CIT GAC CAA GGA GAA CCA ACT ACA ACA GGA GAA ACA CCT GAG AGA TTT ACA TAT ATA GCA CAT CAA GAT ACA GGA AGA TAT
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ASN PRO SER ASP ALA ALA ALA LYS GLU HIS ASP GLU ALA TYR ALA ALA TYR LEU ARG SER PRO GLU GLY ASP TRP ILE GLN ASN ILE ASN PHE ASN LEU PRO VAL THR ASN ASP ASN VAL

AAC CCT TCT GAC GCC GCT GCA AAA GAA CAC GAC GAA GCT TAC GCT GCT TAT CTT CGC TCT CCA GAA GGA GAT TGG ATT CAA AAT ATT AAC TTT AAC CTT CCT GTA ACA AAT GAT AAT GTA
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GLY LYS ASN PRO TYR LEU TYR PHE SER PRO ALA ASP GLN ARG PHE ILE ASP GLN THR LYS LEU LEU PRO ILE ASP PRO ILE GLY GLY LYS THR GLY ILE ASN TYR THR ASN ILE PHE ASN

GGT AAA AAC CCA TAC TTA TAT TIC ICG CCA GCA GAT CAA CGC TTT ATA GAT CAA ACT AAG TTG CTA CCA ATA GAT CCA ATT GGA GGT AAA ACA GBA ATT AAC TAT ACT AAT ATA TTT AAT
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ASP ALA LYS ASP TRP GLY GLY LYS ILE GLY HIS TYR PHE PHE ARG ALA LYS LYS ALA ILE THR TYR GLY PRO LEU THR ALA LEU ASN ASN VAL PRO PRO VAL TYR PRO ASN GLY GLN ILB

GAC GCT AAA GAT TOG GGG GGG AAA ATA GGA CAT TAT ITT TTT AGA GCT AAA AAG GCA ATT ACT TAT GGT CCT TTA ACT GCA TTA AAT AAT GIA CCA CCA GTT TAT CCA AAT GOT CAA ATT

210 920 930 940 950 920 2470 2400 24% 2500 as10 2320

ALA PRO VAL LEU THR ASP THR PRO ASP HIS PRO SER THR SER AKG PRO THk LYS PRO THR TRP ASP LYS GLU PHE ASP THR ASP LEU LYS PRO ARG LEU WIS VAL ASN ALA PRO PNE VAL

GCT CCA GTA TTA ACT GAT ACA CCA GAT CAT CCA TCA ACA TCA AGA CCA ACA AAA CCA ACT TGG GAT AAA GAA TTT GAT ACT GAC TTA AAA CCA AGA CTT CAT GTA AAT GCA CCA TTT OIT

970 980 290 1000 1010 1020 as30 2340 2350 2560 as7o0 asso

LYS ARG SER LYS PRO PRO PRO WIS ILE PHE ILE ASN LEU ALA LYS LYS LYS LYS ALA GLY CYS GLN ASN ASN CYS PRO GLY GLM LEU PME VAL LYS LEU ALA PRO ASN LEU THR ASN GLU

AAA AGA AGT AAA CCA CCA CCT CAT ATT TIC ATC AAT CTT GCA AAA AAA AAA AAA GCC GGT TGT CAA AAT AAT TGT CCT GGT CAA TTA TIT GTA AAG TTG GCE CCT AAT TTA ACA AAT GAA

1030 1040 1050 1060 1070 1080 235% 2600 2610 2620 2630 2640

ALA GLY GLN VAL LYS ARG ASP ASN LEU ALA PRO MET SER ASP GLY ALA VAL GLN PRO ASP TYR ASP PRO ASP ALA SER ALA ASN MET SER ARG ILE VAL THR TYR SER ASP PHE IRP IRP

GCA GGA CAA GTA AAA AGA GAC AAT CTT GCA CCA ATG AGT GAT GGA GCA GIT CAA CCA GAC TAT GAT CCT GAT GCA TICT GCT AAT ATG TCA AGA ATT GIA ACT TAC ICA GAT TTT T6G T@6

1090 1100 1110 1120 1130 1140 2630 2660 2670 2600 2690 2700

GLY GLY GLN PRO ALA VAL ARG ASN GLU ARG ALA THR GLY SER GLY ASN GLY SER GLY GLY LYS GLY LYS LBU VAL PHE LYS ALA LYS LEU ARG ALA SER MIS THR TRP ASN PRO ILER GLN

BAT GGT CAA CCT GCT GIC AGA AAT GAA AGA GCT ACA GGA TCT GGG AAC GGG TCT GGA GGC AAA GGT AAA TTA GTA TIT AAA GCT AAA CTA AGA GCC ICT CAT ACT T88 AAT CCA ATT CAA

1150 1160 1170 1180 1190 1200 ano 2720 2730 2740 2730 2760

GLY GLY GLY GLY GLY SER GLY GLY VAL GLY ILE SER THR GLY THR PHE ASN ASN GLN THR GLN MET SER ILE ASN VAL ASP ASN GLN PHE ASN TYR VAL PRO SER ASN ILE GLY GLY MNERT

666 GGT GGT GGT GOT TCT GGG GOT GIG GGG ATT TCT ACG GGT ACT TTIC AAT AAT CAG ACG CAA ATG AGT ATT AAT GTA GAT AAC CAA TTT AAC TAT GIA CCA AGT AAT ATT GGA GGT ATG

1210 1220 1230 1240 1250 1260 ar70 2780 a790 2000 2e10 2830

GLU PME LYS PHE LEU GLU ASN GLY TRP VAL GLU ILE THR ALA ASN SER SER ARG LEU VAL LYS ILE VAL TYR GLU LYS SER GLN LBU ALA GLY ARG LYS LEU TYR Akd

GAA TIT AAA TTT TTG GAA AAC GGA TGG GTG GAA ATC ACA GCA AAC TCA AGC AGA CTT GTA AAA ATT GIA TAT GAA AAA TCT CAA CTA GCA GGT AGA AAA TTA TAT TAA CAT ACT TAC TAT

1270 1280 1290 1300 1310 1320 2830 2840 2830 2860 2870 2080

HIS LEU ASN MET PRO GLU SER GLU LYS ASP ARG ARG VAL VAL VAL ASN ASN MET ASP LYS GTT TIT ATG TTT ATT AGA TGT CAA CTA GCA CCT AGA AAA TTA TAT TAA TAT ACT TAC TAT

CAT TTA AAT ATG CCA GAA AGT GAA AAG GAT AGA AGA GTG GIT GTA AAT AAT ATG GAT AAA 2090 2900 2910 2920 2930 2940
1330 1340 1350 1360 1370 1380

GIT TIT ATG TTT ATT AGA TAT TAT TIT AAG ATT AAT TAA ATT ACA GCA TAG ATT TAG TAC

THR ALA VAL ASN GLY ASN MET ALA LEU ASP ASP ILE HIS ALA GLN ILE VAL THR PRO IRP 2950 2960 2970 2980 29%0 3000
ACT GCA GTT AAC GGA AAC ATG GCT TTA GAT GAT ATT CAT GCA CAA ATT GTA ACA CCT TGG

1390 1400 1410 1420 1430 1440

TIG TAT TTG ATA TAG GAT TTA GAA 66T TIG TTA TAT GGT ATA CAA TAA CTG TAA GAA ATA

3010 3020 3030 3040 3030 3060
SER LEU VAL ASP ALA ASN ALA TRP ASP VAL TRP PHE ASN PRO GLY ASP TRP GLN LEU ILE
TCA TTG GTT GAT GCA AAT GCT TGG GAT GIT TGG TIT AAT CCA GGA GAT TGG CAA CTA ATT

1450 1460 1470 1480 1490 1500 GAA GAA CAT TTA GAT CAT AGT TAG TAG TIT TGT ITT ATA AAA TGT ATT GTA AAA CTA TTA
3070 3080 3090 3100 3110 3120
VAL ASN THR MET SER GLU LEU HIS LEU VAL SER PHE GLU GLN GLU ILE PHE ASN VAL VAL
GIT AAT ACT ATG AGT GAG TIG CAT TTA GIT AGT TTT GAA CAA GAA ATT ITT AAT GTT GIT ATG TAT GTT 6TT ATG GIG TGG GGT GET TGG TTG GTT GCC CTT AGA ATA TIGT TAA @8A CCA
1510 1520 1530 1540 1550 1560 3130 3140 3150 3160 7o 3180
LEU LYS THR VAL SER GLU SER ALA THR GLN PRO PRO THR LYS VAL TYR ASN ASN ASP LEU AAA AAA ATC AAT AAA AGA CAT TTA AAA CTA AAT GGC C
TTA AAG ACT GTT TCA GAA TCT GCT ACT CAG CCA CCA ACT AAA GIT TAT AAT AAT GAT TTA 3190 3200 3210
1570 1580 1590 1600 1610 1620

THR ALA SER LEU MET VAL ALA LEU ASP SER ASN ASN THk MET PRO PHE THR PRO ALA ALA
ACT GCA TCA TIG ATG GTT GCA TTA GAT AGT AAT AAT ACT ATG CCA TTIT ACT CCA GCA GCT
1640 1650 1660 1670 1680
FIG. 1. The nucleotide sequence of CPV2 from the Sau3A site at m.u. 33 to the Haelll site at m.u. 95. The virus used was canine
parvovirus strain 780929 obtained from D. L. Carmichael (Cornell University, Ithaca, N.Y.). Virus was propagated, titers were determined,
and replicative form DNA was prepared as previously described (13). Fragments of CPV2 replicative form DNA were cloned into M13 vectors
and sequenced by the dideoxynucleotide method as previously described (18). The open reading frames for the VP1 and VP2 capsid proteins
as discussed in the text are presented in codon format with the assigned amino acid above. The closed arrowheads indicate proposed splice
donor sites, and the open arrowhead is a proposed splice acceptor site. The arrow indicates the start of VP2 translation.
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quences within this intron region play a regulatory role in the
transcription of the promoter at m.u. 38.

The primary amino acid structure of VP2 was predicted by
the nucleotide sequence, and the complete structure of VP1
will also be known once the exact splicing arrangements
have been determined (Fig. 1). We compared the structures
of VP1 (VP2) of H-1 and CPV and H-1 and MVM for the
predicted structures of VP1 by using the splice sites dis-
cussed above (Fig. 3). The upper two panels plot a function
that measures homology of amino acid sequence in a moving
window of seven residues, with a value of 1 for a complete
match and a value of 0 for no matches. Figure 3A compares
H-1 with MVM and Fig. 3B compares H-1 with CPV2. It is
readily apparent that the amino-terminal portions of the
reading frame are highly homologous. The VP2 protein
begins at residue 138 for H-1 in Fig. 3 (at the arrow), a region
that is homologous in both MVM and CPV2. H-1 is more
homologous to MVM than CPV2, as expected, and the
comparison of these two patterns shows that the areas of
high divergence tend to occur in the same positions. Figure
3C and D represents functions which describe the hydrophi-
licity of local areas of the H-1 or CPV2 capsid proteins, and
Fig. 3E is a graphic of the predicted sheet or alpha helix
structures. In general, the more highly conserved domains
are the hydrophobic ones, and the hydrophilic domains tend
to be poorly conserved. All three of these viruses have a
highly conserved glycine-rich region at residues 165 to 182 in
which 13 of 18 amino acids are glycine. Glycine is a strong
breaker of the alpha helix (5), so this region is expected to be
arandom coil. Following this section, the middle portions of
the polypeptide are rich in hydrophobic amino acids, and the
Hopp and Woods plot reflects this, with the function being
largely negative from ca. residue 180 to 400. It will be of
interest to determine which domains are on the external
surface of the virion and which define the major antigenic
epitopes of the parvovirus capsids. The trypsin-sensitive site
of H-1 full capsids has been mapped to the two arginine
residues corresponding to arginine residues 154 and 157 in
CPV2 (14). Since this region is conserved, it is likely that this
is a surface domain in CPV2 as well.

The sequences determined here do not include the in-
verted repeat at the viral 5’ terminus. They do include the
bulk of the 5’ noncoding region. A possible polyadenylate
signal, AATAAA, occurs at nucleotide 3193, and this is the
homologous position of a similar signal in H-1 and MVM. As
in the parvovirus H-1, there is a tandem repeat in the

FIG. 3. (A) A comparison of the coat protein primary structure
of H-1 with MVM via a function that we devised that generates a
value of 1 for complete homology in a window of seven residues and
0 for no matches in the same window. The function assigns a value
of 0.3 for the center position in the seven-residue window, and
values of 0.2, 0.1, and 0.05 for the flanking residues on both sides.
The structure for VP1 is the one assumed to be most likely as
discussed in the text. The arrow indicates the start point of VP2. (B)
The homology of H-1 VP1 to CPV2 VP1 as in (A). (C) The
hydrophilicity of the H-1 VP1 calculated by the method of Hopp and
Woods (8). Hydrophilic values are positive and above the zero line.
(D) The hydrophilicity of the CPV2 VP1. (E) The predicted confor-
mation of CPV2 VP1 calculated by the method of Chou and Fasman
(5), with the values averaged for a moving window of six residues.
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CPV: TAACATACTTACTATGTTTTTATGTTTA-TT-AGATG--TTTTAAGATTAATTAAA

khkkk kk KRRk AEkAh k kkhkkk kk *k Kk kkkk *kk kk *

TAACCAACCAACTATGTTTCTCTGTTTGCTTCACATAATACTTAAAC-TAACTAGA
TTACAGCATAGATTTAGT-ACTTGTATTTGATATAGGATTTAGAAGGTTTGTTATA

*hkkk hkkk * *hkk * kkk k kkk Kk k& * kkk

CTACAACATAAAAATATACAC TT---AATAATAGATTATTAAAAATAAC-ATAATA
TGGTATACAATAACTGTAAGAAATAGAAGAACATTTAGATCATAGTTAGT-AGTTT

*hkkkk *hkhkkRkhkk khkkk kkkkk kkk kkk K khkkk khkkk
TGGTAGGT--TAACTGTAAAAAATAATAGAACTTTTGGATAAATA-TAGTTAGTTG
TGTTTTATAAAATGTA-TTGTAAAACTATTAATGTATGTTGTTATGGTGTGGGTGG

khkkhkhkkkhkk * *hkkkk khkkk Ahkkkkkd

H-1:
CPV:
H-1:
CPV:
H-1:
CPV:

H-1: G--TTTATAAAAAGATTTTGTA ---TTTGCC TGGT-TGGGTGG
CPV: TTGGTTGGTTTGCCCTTAGAAT--ATGTTAAGGACCAAAAAAATCAATAAAAGACA
whkkkkkkhk khkkkhkhkkhk * AAAAAE KRAAAAARAAAAAAE Ahkhkkhik &
H-1: TTGGTTGGTACTCCCTTAGACTGAATGTTAGGGACCAAAAAAAT-AATAAAATAAT
CPV: TTTAAAACTAAATGGCC
* * & A%k &
H-1: TAAAAT-GAACAAGGAC

FIG. 4. A comparison of the noncoding sequences following the coat protein genes of CPV2 and H-1. The sequences are listed from the
TAA terminator codon to the GGCC Haelll site of CPV2, which is just inboard of the 5'-terminal inverted repeat. Each virus has had one
copy of its internal repeat removed for simplicity. *, Matching nucleotides.

noncoding 5’ end of CPV2 that is 60 base pairs long. Unlike
H-1, this repeat begins in the coat protein exon at nucleotide
2844. Since the parvoviruses H-3 (17) and MVM (2) do not
have such a tandem repeat, it is clearly not essential for
replication. They may serve a passive function of adjusting
the DNA length to an optimal size for packaging in their
respective capsids. If we compare the noncoding sequences
of H-1 and CPV2 with only one copy of the repeated
sequences of each, we find regions that are highly homolo-
gous, suggesting important regulatory functions for this area
(Fig. 4). The overall homology for this region is 62%. The
origin of replication maps to the right-end noncoding region,
but the mechanism of initiation is not known (17).
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