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Arenavirus Phylogeny: A New Insight
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Abstract. Arenaviridae is a worldwide distributed family, of enveloped, single stranded, RNA viruses. The

arenaviruses were divided in two major groups (Old World and New World), based on serological properties and

genetic data, as well as the geographic distribution. In this study the phylogenetic relationship among the members

of the Arenaviridae was examined, using the reported genomic sequences. The comparison of the aligned

nucleotide sequences of the S RNA and the predicted amino acid sequences of the GPC and N proteins, together

with the phylogenetic analysis, strongly suggest a possible kinship of PichindeÂ and Oliveros viruses, with the Old

World arenavirus group. This analysis points at the evolutive relationships between the arenaviruses of the

Americas and can be used to evaluate the different hypotheses about their origin.
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Introduction

The Arenaviridae family is composed of a growing

number of viruses with, at least, 18 recognized

members around the world. According to the

geographical site of isolation, the serological cross-

reactivity and the molecular genetic data, arenaviruses

are classi®ed into two different groups. These clades

( probably genera), are called the Old World and New

World arenavirus groups (1,2).

The prototype of the family, Lymphocytic

Choriomeningitis virus (LCM), is the only member

with a worldwide distribution, whilst all other

described arenaviruses are geographically restricted.

LCM is a member of the Old World arenavirus group,

which also includes Ippy, Lassa, Mobala and Mopeia

viruses. The New World arenavirus group comprises

Amapari, Flexal, Guanarito, JunõÂn, Latino, Machupo,

Oliveros, ParanaÂ, PichindeÂ, SabiaÂ, Tacaribe, Tamiami

and Withewater Arroyo viruses (3±6).

All arenaviruses, except Tacaribe, are known to

have a rodent host, and some of them (Lassa, JunõÂn,

Machupo, SabiaÂ and Guanarito) are known to be

highly pathogenic for humans. In particular, the South

American viruses produce hemorrhagic fevers in

Argentina, Bolivia, Brazil and Venezuela, respec-

tively.

These diseases have endemo-epidemic character-

istics with cardiovascular, renal, immunological and

neurological alterations; albeit the low number of

documented SabiaÂ infections in humans does not

allow its inclusion in this category.

Arenavirus genome is composed of two single

stranded RNA molecules designated L (for large, ca. 7

kb) and S (for small, ca. 3,5 kb). Both genomic RNAs

have two, non overlapping, open reading frames

(ORFs), arranged in opposite orientations (7). In

addition to the Arenaviridae, this ambisense coding

strategy was found, only in some genera of

Bunyaviridae. Arenavirus ORFs are separated by

non coding intergenic regions that fold into stable

secondary structures, in the form of hairpin-loops

(8,9). The L RNA, codes for the RNA polymerase (L)

and a zinc-®nger-like protein (Z) and the S RNA

codes for the viral nucleocapsid protein (N) and the

precursor of the envelope glycoproteins (GPC). The N

and L proteins are translated from antigenomic (or

viral complementary) sense mRNA species that are

encoded by the 30 half of the viral S or L RNA,
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respectively. GPC and Z proteins are translated from a

genomic (or viral) sense mRNA corresponding to the

50 half of the S or L RNA, respectively (9).

The sequence information reported on the L RNA

is limited to LCM (10,11), Tacaribe (12,13), PichindeÂ

(D. Harnish, personal communication) and Lassa

viruses (14). Conversely, the information about the S

RNA is more abundant: the complete nucleotide

sequence of this RNA species has been reported for

PichindeÂ (15), LCM (16), Tacaribe (17), Lassa

(18,19), JunõÂn (20±22), Mopeia (23), Oliveros (24)

and SabiaÂ (25). In addition, partial sequence data have

been reported for some strains of JunõÂn virus, and for

Machupo, Amapari, Flexal, Guanarito, Latino,

ParanaÂ, Tamiami, Whitewater Arroyo and Pampa

viruses (6,26±29).

In the present study, we used the available S RNA

sequences and the encoded gene products to examine

the phylogenetic relationship in the arenavirus family.

The results suggest a possible evolutionary related-

ness between Oliveros and PichindeÂ virusesÐisolated

in the American continentÐwith the arenaviruses of

Europe and Africa. Alternative hypotheses can be

proposed to explain these results, and this could be

regarded as a ®rst step in the attempt to elucidate the

pathway for the worldwide distribution of the

arenaviruses.

Materials and Methods

Sequence Information

The nucleotide sequences data from JunõÂn virus MC2

(Jun-mc2), XJ (Jun-xj), XJ#44 (Jun-xj44) and Candid

#1 (Jun-can) strains were obtained in our laboratory.

Brie¯y, these viruses were propagated in cell culture.

The viral RNA was puri®ed from virions, isolated

from supernatant media and from infected cells.

Subsequently, the cDNAs corresponding to different

regions of the S RNA were cloned and sequenced

(20±22).

The nucleotide sequences of the S RNAs from the

following arenaviruses were obtained from the

GenBank (National Institutes of Health, Bethesda,

Maryland, USA): Machupo (MAC), Tacaribe (TAC),

SabiaÂ (SAB), PichindeÂ (PIC), Oliveros (OLV), LCM

WE and Armstrong strains (LCM-we and LCM-ar);

Lassa Nigeria and Josiah strains (LAS-ni y LAS-jo),

Mopeia (MOP). The sequence data corresponding to

the tospovirus INSV were obtained from the same

databank.

The access numbers of the sequences used are:

JUN-mc2, D10072; PIC, K02734; TAC, M20304,

M65834; MAC, X62616; SAB, U41071; OLV,

U34248; LCM-we, M22138; LCM-ar, M20869;

LAS-ni, X52400; LAS-jo, J04324; MOP, M33879;

INSV, M74904, L20886.

The sequence analyses were done in a MicroVax

3100 computer (Digital, Maynard, USA) using

different routines from the program package by

GCG (Genetics Computer Group, Sequence Analysis

Package, Version 7.1, University of Wisconsin,

Madison, USA). The ORFs (open reading frames)

were located with the MAP program and the sequence

translation was obtained with the TRANSLATE

program. The pairwise sequence comparisons were

done with the GAP program, which generates an

alignment and presents the similarity and identity

values for the pair of nucleotide or amino acid

sequences. The PILEUP program was used for the

multiple sequence comparisons.

Initially, a multiple alignment was performed on

the complete nucleotide sequences of the S RNA from

JUN-xj, JUN-xj 44, JUN-mc2, TAC, SAB, OLV, PIC,

LCM-ar, LCM-we, LAS-ni, LAS-jo and MOP. In

parallel, deduced amino acid sequences for the N and

GPC proteins, and the proteolytic products, G1 and

G2, were aligned. The PILEUP program, also,

generates a graphic representation (dendrogram),

based on the overall similarity, that shows the

relationship among the analyzed sequences.

Phylogenetic Analysis

The phylogenetic analysis based on the cladistic

approach, was done using different routines from the

PHYLIP program package (30) on the sequence

alignments. The complete nucleotide sequences of

Impatiens Necrotic Spot virus (INSV), a tospovirus of

the Bunyaviridae family was chosen as an outgroup.

The bootstrapping method was used to sample the

alignments with the SEQBOOT program for 100

consecutive cycles.

The parsimony analysis of the amino acid sequence

alignments was done with the PROTPARS program.

Alternatively, these alignments were analyzed with

the distance matrix program PROTDIST, according to

the similarity table of Dayhoff-PAM. From the

nucleotide sequence of the S RNA, a distance
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matrix was constructed using the DNADIST program,

calculated according to the substitution model of

Kimura. The parsimony analysis of the distance

matrices and the generation of the cladograms, were

done with the programs FITCH y NEIGHBOR. In all

cases, the consensus trees were obtained by the

majority rule with the CONSENSE program.

Results

Similarity Relationship between Arenavirus

The study of the relations among the arenaviruses

began with the analysis of the dendrograms generated

by the PILEUP program. At this point, it should be

reminded that dendrograms are graphic representa-

tions of relations based on the general similarity, but

they do not constitute a phylogenetic analysis. This

program calculates the identity values of nucleotide

and the identity and similarity values of amino acids

from the pairwise comparisons and then, generates a

grouping order based upon the ®gures.

A dendrogram corresponding to the nucleotide

sequence analysis of the S RNAs is shown in Fig. 1A.

It can be noted that this virus family is divided in two

large groups; one of them includes the New World

arenaviruses (JUN-xj, JUN-xj 44, JUN-mc2, TAC,

SAB, OLV y PIC) and the other encompasses the Old

World ones (LCM-ar, LCM-we, LAS-ni, LAS-jo y

MOP). The same relations can be appreciated in Table

1, which presents the identity values of the viral

sequences.

The dendrogram corresponding to the amino acid

sequences of the N proteins, also shows the same

distribution in two large groups (Fig. 1B). The

sequences of Machupo and JunõÂn Candid #1 viruses

were included in this alignment. In contrast with the

above mentioned analyses, OLV and PIC viruses

appear related with the Old World arenaviruses in the

dendrogram derived from the amino acid sequences of

the GPC protein (Fig. 1C).

The discrepancy about OLV and PIC location in

dendrograms, is coincident with the similarity values

obtained in the pairwise comparisons (Table 2).

Examining the average similarity of PIC with the

rest of the arenaviruses it is possible to simplify the

table observation. Considering the N protein, PIC

presents a 72% of similarity with the New World

arenaviruses, and a lower similarity value (68%) with

those of the Old World. Regarding to the GPC protein,

the average similarity values of PIC with the New and

Old World viruses (64% and 66%, respectively)

explain its inclusion in the last group. A very similar

situation is observed in OLV virus grouping.

Interestingly, another discrepancy is observed

when the similarity values of G1 and G2 polypeptides

are examined. Analyzing the G1 region, PIC presents

a 55% of similarity with the New World arenavirus

and a larger value (60%) with those of the Old World.

Fig. 1. The overall sequence similarity of arenavirus. The complete nucleotide sequence of the S RNA was considered in A, while the

predicted amino acid sequences of N and GPC proteins were considered in B and C, respectively. In dendrograms generated with

PILEUP program, the branch length is proportional to the similarity between the analyzed sequences.
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Although, examining the G2 region, the average

similarity of PIC indicates a different relation with the

arenavirus of the New and Old World (74% and 72%,

respectively).

Phylogenetic Reconstruction

In order to further evaluate the possible relation of

OLV and PIC with the Old World arenaviruses, a

phylogenetic analysis was done, using the approach of

JUN JUN JUN JUN TAC SAB OLV PIC LCM LCM LAS LAS

xj xj44 can mc2 ar we ni jo

JUN-xj44 99

JUN-can 99 99

JUN-mc2 97 98 98

TAC 69 69 69 68

SAB 64 64 63 63 62

OLV 58 58 58 58 57 58

PIC 54 54 54 53 56 56 58

LCM-ar 52 52 52 52 53 54 55 54
LCM-we 53 52 52 52 52 53 55 54 84

LAS-ni 54 54 54 54 55 54 55 55 61 61

LAS-jo 54 55 54 54 54 54 55 55 63 62 78

MOP 52 52 52 52 53 52 55 56 62 62 68 69

Table 1. Identity values of the complete S RNA nucleotide sequences, obtained in pairwise comparisons. Data indicated in bold fonts were

used to obtain average similarities. OLV was excluded from these average calculation due to the close relationship with PIC. It can be

observed that PIC and New World arenaviruses presents an average similarity of 54.5% (bold row); while PIC and Old World arenaviruses

presents an average similarity value of 54.8% (bold column)

JUN JUN JUN JUN MAC TAC SAB OLV PIC LCM LCM LAS LAS MOP

xj xj44 can mc2 ar we ni jo

JUN-xj 99 99 98 94 90 85 77 73 68 68 68 68 68

JUN-xj44 100 99 99 94 90 84 77 72 68 68 68 68 68

JUN-can 99 99 99 94 89 84 77 72 68 67 68 68 68

JUN-mc2 97 97 97 93 88 84 77 72 67 67 68 67 67

MAC * * * * 89 85 77 73 69 68 68 68 68

TAC 83 83 82 81 * 82 76 73 68 68 69 68 67

SAB 73 73 73 72 * 73 74 72 69 68 69 68 71 N

OLV 65 65 65 65 * 66 69 75 67 67 69 69 67

PIC 64 64 64 64 * 64 65 71 68 67 69 69 69
LCM-ar 60 60 59 58 * 58 63 68 66 97 77 76 79

LCM-we 59 59 59 58 * 60 64 67 64 97 78 77 79

LAS-ni 63 63 63 62 * 62 64 66 67 77 77 94 85

LAS-jo 62 62 62 62 * 59 63 67 66 76 77 96 85

MOP 64 64 64 63 * 61 62 67 67 77 77 89 88

GPC

Table 2. Similarity values obtained in the pairwise comparisons of the N and GPC amino acid sequences. Data indicated in bold fonts were

used to obtain averages similarities. OLV was excluded in these average calculation due to the close relationship with PIC. Considering the

N protein (right triangle), a 72% average similarity is obtained for PIC and New World arenaviruses (bold column); while a 68% value is

obtained for PIC-Old World arenaviruses (bold row). In the GPC protein analysis (left triangle), a 64% average similarity is obtained for

PIC and New World arenaviruses (bold row); while a 66% value is obtained for PIC and Old World arenaviruses (bold column).

*The corresponding GPC sequences of Machupo virus have not been reported yet
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cladism or systematic phylogenetics. The results of

this procedure should yield a classi®cation re¯ecting

the genealogic relationships and to establish an

hypothetical phylogenetic reconstruction. To this

end, different computational routines from the

PHYLIP program package were used; in particular,

algoritms that operate over the sequence alignments to

construct the phylogeny and others that produces a

distance matrix as a previous step.

In this approach, an outgroup is included and re-

sampling procedures are done to statistically evaluate

the tree topology and the consistency of the branching

points. The sequence of the tospovirus INSV

(Bunyaviridae) was selected as the outgroup based

on the relative similarity with arenaviruses regarding

its genomic structure and coding strategy. The

genome of the Bunyaviridae family is composed by

three single-stranded RNA molecules: S, M and L

(small, medium and large). INSV genes are coded in

an ambisense way in the S and M RNAs, and in

negative sense in the L RNA (31, 32). The re-

sampling method of bootstrapping generates a set of

alignments with random column replacements to be

subsequently analyzed by the parsimony criterion.

Then, the consensus cladogram is obtained by the

majority rule, and the frequency of each monophyletic

group (consensus value) is indicated in the ®gure.

The ®rst cladistic analysis was done with the

application of the PROTPARS program (Protein
Sequence Parsimony Method), which calculates the

nucleotide changes associated for each amino acid

change. Examining the N protein cladogram (Fig.

2A), it is observed that arenavirus from the New and

Old World are clearly separated, as they were in the

corresponding dendrogram. However, in the GPC

protein cladogram (Fig. 2B), similarly to the

previously shown dendrogram (Fig. 1C), OLV and

PIC viruses were grouped with the Old World

arenaviruses (consensus value ˆ 67%). In further

analyses, the sequences of polypeptides G1 and G2

were de®ned according to the proteolytic signals

reported for the GPC precursor protein of LCM virus

(33). The cladogram for G1 (without the signal

peptide sequence), presents a more signi®cant

consensus (82%) for the clustering of OLV and PIC

with the Old World arenaviruses (Fig. 2C). When the

G2 amino acid sequences were analyzed by the

phylogenetic approach, we obtained a similar clus-

tering for OLV and PIC viruses, but with a lower

consensus value (61%, Fig. 2D).

In addition, we used distance matrix programs to

generate the phylogeny of this group, in order to

con®rm the previous results. The PROTDIST algo-

rithm makes pairwise comparisons and calculates

distance values according to the Dayhoff-PAM amino

acid homologies table. These matrices were further

analyzed with the FITCH program (Fitch and

Margoliash algorithm). The resulting cladograms

(not shown) corresponding to the proteins N and

GPC, and the polypeptides G1 and G2, present a

topology similar to those constructed with the

PROTPARS. OLV and PIC relationship with Old

World arenavirus was observed in cladograms

corresponding to GPC and G1 (without the signal

peptide), with a consensus of 76 and 98%, respec-

tively. The G2 cladogram, also, presents the same

distribution but with much lower consensus (45%) for

the mentioned group. In G1 cladogram, also, it is

observed the inclusion of SAB in the mentioned

group, albeit with a low consensus (60%). Moreover,

we applied the NEIGHBOR program (Neighbor-
Joining algoritm) on the distance matrices. Again,

the resulting consensus cladograms present the

general topology like those obtained before.

The analysis of G1 polypeptide, including the

signal peptide sequence (data not shown), results in

cladograms with a similar clustering for OLV and PIC

with the Old World arenaviruses. In fact, this

clustering was observed in cladograms generated

with PROTPARS and PROTDIST, with a consensus

value of 79 and 86%, respectively. These values are

lower due to the addition of a more conserved

sequence stretch to the G1 sequence, which is the

most variable structural polypeptide in the

Arenaviridae family.

Discussion

This phylogenetic study was done using different

approaches and methodologies in order to obtain

signi®cant results. Initially, a classical approach was

applied, considering only de overall similarity. This

simple and widely used analysis was followed by the

cladistic method. The latter emphazises the clustering

of monophyletic groups, by including a reference

outgroup and employing random re-sampling techni-

ques. To this end, programs were employed that deal

directly with the sequence alignments and others that

generate a distance matrix prior to producing the
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Fig. 2. Arenavirus relationships highlighted in consensus cladogram. The amino acid sequence of the N and GPC proteins were considered

in A and B, respectively. Meanwhile, the corresponding sequences of G1 and G2 polypeptides were considered in C and D, respectively.

The consensus value over the branches, represents the frequency of each monophyletic group and indicates the nodes consistence; while the

branch length lack signi®cance. Cladograms were generated with PROTPARS and CONSENSE of the PHYLIP programs package.
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cladograms. Also, different regions and products

encoded in the S RNA were examined: the complete

nucleotide sequence of the S RNA, the amino acid

sequence of the N and GPC proteins, and the

proteolytic products, G1 and G2.

This study showed an evident separation between

the New and Old World arenaviruses, as was

previously reported in the literature (34 and references

therein). Nevertheless, the S RNA dendrogram (Fig.

1A) indicates that OLV and PIC are slightly different

from the rest of the America's arenaviruses. This

separation is also observed examining the identity

values generated in the pairwise comparisons (Table

1), i.e., considering the average similarity: PIC-New

World ˆ 54.5%; PIC-Old World ˆ 54.8%. These

results might suggest that these viruses are more

related with the ancestral arenaviruses than others. At

this point, it must be mentioned that PIC was

considered by Bowen et al. (6) an ancestral virus

with respect to the New World arenaviruses. Anyway,

the support for this proposal has not been reported.

In this study, we decided to examine the complete

sequences of the S RNA and its coded products, GPC

and N, in order to reduce the putative artifactual

results arising from the analysis of partial data. The N

protein amino acid sequence analysis yielded similar

results to those previously reported by Clegg (34) and

Bowen (6). In contrast, the analysis of GPC and its

productsÐG1 and G2Ðproduced different results.

Considering GPC and G1, OLV and PIC are clearly

related with the Old World arenaviruses, while,

examining the G2 region, this relation appears less

convincing.

At least, four hypotheses could be proposed to

explain these apparent discrepancies (Fig. 3). Firstly,

the possibility might be considered that OLV and PIC

have a close relation with the ancestral group of the

New World arenaviruses (Fig. 3A). This ancester,

coming from the Old World, would have originated

the lineages in the Americas; and, their closer

descendants could retain characteristics re¯ecting

their origin.

A second hypothesis is that these viruses would

have a relatively modern common ancestor with

genomic characteristics, corresponding to the two

large arenaviruses groups. The mixed characteristics

could have been originated by a recombination event

in the S RNA, during a co-infection by arenavirus of

the New and Old World in a wild host (Fig. 3B).

Although, presently it is not possible to identify the

recombination region, it can be speculated that the

event could have taken place in the intergenic region

or indeed, within the GPC gene (V. Blinov, personal

comunication). In the ®rst case, the GPC gene would

have its origin in an Old World arenavirus, while in

the second case, only the G1 region would have that

origin.

On the other hand, a third possibility could be that

OLV and PIC would have a super®cial similarity with

the Old World arenaviruses. That kind of situation,

would have been originated by an accumulation of

random mutations in the GPC gene, generating a

genic drift in the New World viruses group (Fig. 3C).

At this point, it must be remembered that the

extensive variability of the GPC gene is a re¯ection

of the mild selective pressure operating in this region

and favouring the evolutive phenomena of this kind.

Subsequently, the similarity of OLV and PIC with the

Old World arenaviruses would have emerged, as a

result of an evolutive convergence.

Fig. 3. Graphic representation of four hypotheses that could

explain the relationships between OLV and PIC with the rest of

the arenaviruses. A close relation to an ancestral virus was

considered in A; and a recent S RNA recombination between

New a Old World arenaviruses was considered in B. An evolutive

convergence was considered in C; while migration of two

independent lineages was considered in D. Detailed explanations

for each hypothesis are presented in the text.
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Another hypothesis could be proposed to explain

the existence of two arenavirus lineages in the New

World. It is known that different subfamilies of the

Muridae familyÐthe rodent hosts for arenavirusesÐ

migrated to the Americas millions of years ago.

Therefore, the ancestors for the OLV-PIC group and

the rest of the New World arenaviruses, could have

been introduced in the Americas by rodents of

different subfamilies, infected with viruses for each

of the two lineages (Fig. 3D).

Finally, more complex schemes could be consid-

ered superimposing the elements of the hypotheses

described before.
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