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Abstract A 2.4-kb phi29 polymerase amplification

product from serum of a diseased chicken was cloned and

sequenced. The 2383-nucleotide sequence showed about

40% identity to a representative genome of chicken anemia

virus (CAV), the only member of the genus Gyrovirus,

family Circoviridae. The new genome had an organization

similar to that of CAV: a putative 50 untranscribed region

of about 400 nt followed by three partially overlapping

open reading frames encoding VP1, VP2 and VP3 homo-

logs. The amino acid identities between these homologs

and those of CAV were 38.8%, 40.3%, and 32.2%,

respectively. Based on these limited similarities, it is pro-

posed that the newly identified virus is a member of a new

species in the genus Gyrovirus. For this new species, the

name Avian gyrovirus 2 (AGV2) is proposed.

Chicken anemia virus (CAV) is the sole described member

of the genus Gyrovirus of the family Circoviridae [18]. It

was discovered in Japan in 1979, and it causes anemia and

immunosuppression in newly hatched chickens [18, 21].

Based on results of genomic sequencing and expression of

open reading frames (ORFs) of CAV, a 50 untranscribed

region (50UTR) [16] and the coding regions for three viral

proteins, VP1, VP2 and VP3, were identified [6].

In the middle of 2008, a number of three-week-old

chickens in a poultry production unit in the south of Brazil

were noticed to display apathy and loss of weight. In an

attempt to identify circular DNA viruses that may have

contributed to this condition, DNAs from sera of these

chickens were subjected to multiply primed rolling-circle

amplification (MPRCA) [1]. Here, we report the complete

nucleotide sequence of one of the amplified products and

show that this sequence is about 40% identical to the

genome of CAV. It was inferred that it belongs to a new

species in the genus Gyrovirus, for which the name Avian

gyrovirus 2 (AGV2) is proposed.

On July 14, 2008, four sera were taken from diseased

chickens (‘‘Ave-1 to 4’’) of a poultry production unit in Rio

Grande do Sul, Brazil. Isolation of DNA from chicken sera

was performed by phenol extraction as described previously

[2]. The DNA samples (100 ng) were subjected to MPRCA

using Phi 29 DNA polymerase (New England Biolabs, Ips-

wich, MA, USA) [2]. The amplification products were

digested with restriction enzymes, separated on a 0.7%

agarose gel, and cloned in plasmid pUC18 (New England

Biolabs) using standard cloning methods [17]. AGV2 clones

were purified, and about 200 ng of each plasmid was used for

nucleotide sequence analysis on a multi-channel automatic

sequencing device (ACTGene256-Mega Bace, Uppsala,

Sweden) using M13 primers (New England Biolabs) or

specific AGV2 primers (primer- walking approach). Before

The reported sequence has been submitted to GenBank and has

accession number HM590588.
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sequencing, a GC-rich region was PCR amplified in the

presence of 50% 7-deaza-GTP and 50% dGTP (New Eng-

land Biolabs). The sequences that were obtained were

aligned using the sequence assembly program SeqMantmII

from DNASTAR Inc., Madison, WI, USA, and analyzed

using the Basic Local Alignment Search Tool (BLAST) of

the National Center for Biotechnology Information (NCBI).

Sequence comparisons and phylogenetic analysis were per-

formed using the MegAlign 500 program of DNASTAR Inc.

The four obtained Phi 29 amplification products had a

unit length of 2.4 kb and contained no EcoRI, one ApaI

site, one HindIII site and two Bam HI sites. One of the

amplification products, ‘‘Ave-3’’, was cloned, subcloned,

and sequenced. The nucleotide sequence obtained was

2383 nt long and has been submitted to GenBank with

accession number HM590588. Figure 1 shows the sche-

matic representation of the genomic organization of AGV2

and Fig. 2 shows the position of AGV2 in relation to other

members of the family Circoviridae, including a recently

proposed genus named Cyclovirus [7].

The 50 untranscribed region (50 UTR) of AGV2 is by

definition located between the polyadenylation site and the

start of transcription. Two canonical polyadenylation sig-

nals (AATAAA) were found next to each other between nt

27 and 32 and between nt 39 and 44, where in the

homologous position in CAV there is only one AATAAA

sequence. The actual polyadenylation takes place some 10

to 30 nt downstream of this signal [3]. Using promoter

prediction programs [10, 19], a putative TATA box

(GATATAAG) was identified between nt 415 and 422, and

a transcription start site was postulated at nt 440, which

was located 10 nt upstream of the start of ORF1 (nt 450).

The estimated size of the 50 UTR was thus about 400 nt and

was similar in size to the 50 UTR of CAV [16]. This region

contained six almost perfect direct repeat (DR) regions of

22 nt: 50GTACAGGGGGGTACGTCAt/cCAt/g30. Five or

four (depending on the CAV strain) highly similar versions

of these repeats are found in the 50 UTR of CAV strains [11].

These repeats are thought to act as enhancers of transcription

and may also play a role in viral replication [9].

Using the ORF Finder protocol of the NCBI [13], 14

open reading frames (ORFs) of more than 100 nt were

found in the 2383 nt sequence: eight on the sense strand

and six on the antisense strand. Only the three largest ORFs

showed homology with proteins found in the NCBI data-

base. All three were encoded on the sense strand, but in

different reading frames: ORF1 in frame 3 from nt 450 to

nt 1145, ORF2 in frame 1 from nt 577 to nt 951 and ORF3

in frame 2 from nt 953 to nt 2335 (Fig. 1). They encode

homologs of CAV VP2, VP3 and VP1, respectively.

ORF1 encodes an amino acid sequence of 231 residues,

which displayed 40.3% identity with VP2 of CAV. AGV2

VP2 contains a sequence (CX5R, residues [res.] 107-113—

the large capitals indicate conserved residues) that is highly

conserved in all protein phosphatases (PTPases), including

VP2 of CAV. VP2 of CAV is a dual-specificity PTPase that

plays a role in viral replication, cytopathology and viru-

lence [15]. Interestingly, the phosphatase motif is part of a

larger motif (WX7HX3CX CX5H) that is shared by CAV,

torque teno virus (TTV) and TTV-like mini virus (TLMV)

[20]. In AGV2, this motif is found in the sequence

WLRQCARSHDEICTCGRWRSH (res. 95-115). Only the gyro-

viruses have the PTPase arginine (R) within this motif.

ORF2 encodes an amino acid sequence of 124 residues,

which displayed 32.2% identity with VP3 of CAV. CAV

VP3, or apoptin, was shown to induce apoptosis of hema-

topoietic cells, causing the observed anemia in infected

chickens and to trigger apoptosis of tumor cells, but not of

non-tumor cells [8, 12]. In the N-terminal half of CAV

VP3, a short hydrophobic isoleucine-rich stretch is found
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Fig. 1 Schematic representation of the genomic organization of

AGV2. The horizontal bars in the upper part represent the sizes and

positions of VP3, VP2 and VP1. The numbers above the bars

designate their nucleotide positions. The hatched regions within the

bars indicate the positions of conserved motifs. Within VP3:

3I = isoleucine stretch, 3II = NLS1, 3III = NES and 3IV = NLS2.

Within VP2: 2I = phosphatase motif. Within VP1: R = arginine rich

region, 1I, 1II, 1III = rep motifs I, II and III, respectively. The

horizontal line in the lower part represents the 2383-nt AGV2

genome. The vertical arrows at the start and end of the genome

indicate the positions of the putative stem-loop structures. The open

triangles indicate two polyadenylation signals. The six horizontal

arrows show the positions of the direct repeats found in the 5’ UTR.

The open box indicates the position of a putative TATA box, and the

closed triangle, the putative transcription start site
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(CAV res. 33-46) that is required for self-association as

well as for binding cellular proteins [4]. This amino acid

sequence is well conserved in AGV2 VP3 at res. 38-51. In

the C-terminal half of CAV VP3, a bipartite nuclear

localization sequence (NLS) was identified. The first part

(NLS1) is located at res. 82-88, and the second part (NLS2)

at res. 111-121. Between these two domains, a putative

nuclear export sequence (NES) was found at res. 97-105.

At homologous positions in VP3 of AGV2, NLS-like

sequences were found: RRPRR (res. 84-88) and KKLRL

(res. 120-124). A NES domain, however, was clearly

conserved in AGV2 VP3.

ORF3 encodes an amino acid sequence of 460 residues,

which displayed an identity of 38.8% with VP1 of CAV.

Like other capsid proteins, it starts with a region that is rich

in arginine and lysine residues (27 of the first 60 amino

acids). Three conserved replication motifs have been

identified in VP1 of CAV: FATLT at res. 313-317,

QRWHTLV at res. 351-357, and YALK at res. 402 405 [14].

At the homologous positions, the following sequences were

found in VP1 of AGV2: FAALS (res. 325-329), RRWLTLV

(res. 363-369) and KAMA (res. 412-415). This comparison

suggests that the three motifs are not well conserved and

that the third motif is not conserved at all. Another can-

didate for the third replication motif is a YKFGT sequence

that is present in VP1 of both CAV and AGV2, located

only 7 residues before the YALK/KAMA sequences.

Immediately downstream of the stop codon of VP1 of

AGV2, a 73-nt-long GC-rich sequence (joining nt

2324-2383 to nt 1-23) is found that can form two stem-loop

structures: 5’-gggggggggggttttgccccccccacaaacccccccccc

ccgggggggatcctcccccccg gaccccccg-3’. This sequence

shows 60% identity to the corresponding GC-rich region of

CAV [11].

This is the first time since the discovery of CAV that a

genome of a member of a related species has been dis-

covered. Although there are no proposed rules to demarcate

species in the genus Gyrovirus, there are recognized cri-

teria used for the genus Circovirus: (i) complete nucleotide

sequence identity of less than 75% and (ii) capsid protein

amino acid sequence identity of less than 70% [5]. The

application of these criteria to the data described here

(identities of 40% with the CAV genomic sequence and

38.8% with the CAV capsid protein) justify the description

of this new virus as a member of a separate species in the

genus Gyrovirus.
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