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Table 1. The list of viral polymerase and GenBank accession number used in the phylogenetic analysis

Baltimore Class Family or Genus* GenBank accession number
Class I Poxviridae AAB19092, NP_039057, NP_659611, NP_570196, NP_064832
(dsDNA) Iridoviridae NP_078724, NP_149500
Phycodnaviridae NP_048532, AAB66713, AAB49740, NP_077578
Baculoviridae ~ NP_054095, NP_663268
Herpesviridae = NP_044632, NP_040151, NP_066862, 2115435A, NP_039988, NP_042931, NP_047983
Adenoviridae ~ NP_108658, NP_050281
Class IIT Reoviridae AAL36027, AAABT364, P22678, NP_690891, AAM92745, AAK40249, NP_620544, NP_620541
(dsRNA) Birnaviridae =~ NP_047197, NP_690839, NP_690806
Totiviridae NP_620495, NP_659390, NP_041191
Partitiviridae =~ NP_624349, AAM95601, AAB27624
Hypoviridae = NP_051710
Varicosavirus ~ BAC16226
Class IV Namaviridae =~ NP_660178, NP_660174
(+RNA) Leviviridae NP_040650
Picornaviridae =~ NP_740478, NP_740525, NP_740411, NP_740514, NP_740737
Dicistroviridae ~ NP_733845
Sequiviridae =~ NP_734447, NP_734463
Comoviridae =~ NP_734057, NP_733962, NP_734007
Potyviridae NP_734199, NP_734327, AAB02823, NP_734292, NP_697039, NP_734273
Caliciviridae =~ NP_786896, NP_740332, AAP83352, BAB03262
Hepatitis E-like virus NP_056786
Astroviridae ~ NP_751905
Nodaviridae =~ NP_(077730, NP_689433
Sobemovirus  NP_736584
Luteoviridae =~ NP_840014, NP_056748, NP_620026
Umbravirus NP_054006
Tombusviridae =~ NP_835253, NP_051882, NP_619751, CAA60596, NP_056825, NP_619711, NP_619718, NP_068342
Coronaviridae ~ NP_740629, NP_835352, NP_742138, AAD32995, NP_828869, P18458
Arteriviridae ~ NP_705590
Flaviviridae NP_776009, NP_777493, NP_751928
Togaviridae NP_818936, NP_803428
Tobamovirus ~ NP_597747
Tobravirus AAC02066
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Table 1. Continued
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Baltimore Class Family or Genus*

GenBank accession number

Class IV Hordeivirus NP_604481
(+RNA) Furovirus BAA94797
Pomovirus NP_612628
Pecluvirus NP_620047
Bromoviridae =~ NP_620768, P03594, NP_(049324, NP_620043
Idaeovirus NP_620465
Closteroviridae ~ NP_733949, NP_733943
Vitivirus NP_619662
Tymovirus NP_733819
Barnaviridae =~ NP_042510
Marafivirus NP_734076
Class V Bomaviridae =~ NP_042024
(-RNA) Filoviridae NP_690587
Paramyxoviridae NP_604442, NP_056924, NP_054714, NP_056866, YP_012613
Rhabdoviridae ~ NP_041716, NP_056797, NP_065409, NP_042681, NP_597914, NP_042286
Orthomyxoviridae NP_056657, AAF89738, 041353
Bunyaviridae =~ NP_047211, AAG28740, NP_690576, NP_049341, NP_049362
Arenaviridae ~ NP_694845
Class VI Caulimoviridae ~ NP_127504, NP_056728, NP_068729, NP_056848, NP_056762, NP_039820
(Retroid) Retroviridae ~ NP_040550, NP_056790, NP_045937, NP_044450
Hepadnaviridae ~AA012692, NP_039821

*Some viruses are classified into genus level only.
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Fig. 1. Multiple sequence alignment of the four conserved motifs of viral polymerases. (A) Schematic representation. (B) Amino acid sequences of
the motif A-D. Identical and similar residues are highlighted with bold letters in gray shade. The GenBank accession numbers for the sequences used in
this figure are: 'NP_149500, 2NP_054095, *NP_044632, “NP_108658, >AAL36027, NP_047197, 'NP_620495, $NP_624349, "AAMY95601, '*AAB27624,
"'NP_040650, '>NP_740478, "NP_734199, "NP_786896, 1*NP_835253, '*NP_740629, ""NP_776009, *NP_818936, °P03594, *’NP_733949,
*INP_042024, NP_690587, NP_056924, *NP_041716, NP_047211, *NP_694845, 7 AAO12692, NP_056728, NP_040550
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Fig. 2. Phylogenetic trees derived from amino acid sequence of viral polymerases with neighbor-joining (A), maximum-likelihood (B) and
Bayesian (C) methods. Amino acid sequences of viral polymerases were multiple-aligned by CLUSTAL X and phylogenic trees were constructed

using JTT (Jones-Taylor-Thornton) model of sequence evolution. The viruses used in this study and their NCBI GenBank accession numbers are
listed in Table 1.

l Rhabdoviridas 1 S T

Rabies virus (NP056797) i...raramyxoviridae  :

Yesnsnsszssn Eenzsssanenmny
Northem cereal mosaic virus Bovine ephemeral virus (NP065409)
(NP597914)

Vesicular stomatitis Indiana (NP(041716)
Sonchus yeliow net Meastes virus (NP056924)
(NP042286)

.Human metapneumo (YP012613)

Hematopoietic virus (NP042681)
Varicosavirus (BAC16226)
Mumps virus *,
(NP054714) ™
Borna disease virus
(NP042024)

:'. .« Human respiratory syncytical virus (NP056866)

Hu Atainfluenza (NP604442
.._r_r]_é:a-p ( Inﬂ&enza B virus (NP056657)

Q

~ Reston Ebola

A~ (NP690587)

Orthomyxoviridae

Thogofp virus (041353)

Filoviridae 1

Inflyenza C virus (AAFB9738)

Hantavirus Bunyamwera virus (NP047211)
(AAG28740

Tomato spotted wilt virus (NP049362)

Rift Valley fever virus (NP049341)

Vb

.82
/ ’
Va

(Non-segmented genome)

(Segmented genome)

.......................

Lymphoeytic choriomeningitis virus
(NP694845)
Arenaviridae :

ecesssnesocsacss

Dugbe virus (NP_690576)

Fig. 3. Bayesian tree of the RdRp of Class V. The Class V was divided into two sub-clusters. The viruses of Class Va (Orthomyxoviridae,
Bunyaviridae, Arenaviridae) have segmented genomes and those of Class Vb (Bornaviridae, Rhabdoviridae, Paramyxoviridae, Filoviridae) have
non-segmented genomes. The names and GenBank accession numbers of the representing viruses for each family are included.
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ABSTRACT : Classification of Viruses Based on the Amino Acid Sequences of Viral Polymerases
Ji-Hyun Nam', Dong-Hun Lee!, Keon Myung Lee?, and Chan-Hee Lee™ (*School of Life
Sciences and “School of Electrical and Computer Engineering, Chungbuk National University,

Cheongju 361-763, Korea)

According to the Baltimore Scheme, viruses are classified into 6 main classes based on their replication and cod-
ing strategies. Except for some small DNA viruses, most viruses code for their own polymerases: DNA-depen-
dent DNA, RNA-dependent RNA and RNA-dependent DNA polymerases, all of which contain 4 common
motifs. We undertook a phylogenetic study to establish the relationship between the Baltimore Scheme and viral
polymerases. Amino acid sequence data sets of viral polymerases were taken from NCBI GenBank, and a mul-
tiple alignment was performed with CLUSTAL X program. Phylogenetic trees of viral polymerases constructed
from the distance matrices were generally consistent with Baltimore Scheme with some minor exceptions. Inter-
estingly, negative RNA viruses (Class V) could be further divided into 2 subgroups with segmented and non-
segmented genomes. Thus, Baltimore Scheme for viral taxonomy could be supported by phylogenetic analysis
based on the amino acid sequences of viral polymerases.



