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Abstract

Human norovirus (HUNoV) is a leading cause of viral gastroenteritis worldwide, of which Gll.4 is the most predominant genotype. Unlike other
genotypes, Gll.4 has created various variants that escaped from previously acquired immunity of the host and caused repeated epidemics.
However, the molecular evolutionary differences among all Gll.4 variants, including recently discovered straing, have not been elucidated.
Thus, we conducted a series of bicinformatic analyses using numerous, globally collected, full-length Gll.4 major capsid (VP1) gene
sequences (466 strains) to compare the evolutionary patterns among Gll.4 variants. The time-scaled phylogenetic tree constructed using the
Bayesian Markov chain Monte Carlo (MCMC) method showed that the common ancestor of the Gll.4 VP1 gene diverged from GII.20 in 1840.
The Gl 4 genotype emerged in 1932, and then formed seven clusters including 14 known variants after 1980. The evolutionary rate of Gll 4
strains was estimated to be 7 68 x 10 substitutions/site/year. The evolutionary rates probably differed among variants as well as domains
[protruding 1 (P1}), shell, and P2 domains]. The Osaka 2007 variant strains probably contained more nuclectide substitutions than any other
variant. Few conformational epitopes were located in the shell and P1 domains, although most were contained in the P2 domain, which, as
previously established, is associated with attachment to host factors and antigenicity. We found that positive selection sites for the whaole
Gll.4 genotype existed in the shell and P1 domains, while Den Haag 2006b, New Crleans 2009, and Sydney 2012 variants were under
positive selection in the P2 domain. Amino acid substitutions overlapped with putative epitopes or were located around the epitopes in the P2
domain. The effective population sizes of the present strains increased stepwise for Den Haag 2006b, New Orleans 2009, and Sydney 2012
variants. These results suggest that HuMoV Gl1.4 rapidly evolved in a few decades, created various variants, and altered its evolutionary rate
and antigenicity.

KEYWORDS: Gll_4; Morovirus; VIP1; bioinformatics, molecular evolution
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The GenBank/EMBL/DDBJ accession

numbers for the dnal sequences of the M.
avium Complex strains are AB097876—

B097880, AB097882— AB097903 and
AB109222.
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Genetic diversity of the dnaJ gene in the
Mycobacterium avium complex
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Yasuji Katsube? and Hirokazu Kimura'

! Gamma Predechurad Institule of Public Flealth and Frdeonmental aciencnes, Machashi, Gurmu...l.upun

*Laboratory of Violornary Public Health, Department of Yietorinarny Modicing, Colloge of Blorosourca
Sclonce, Nihon Univorsity, Fugisawa, Kanapgawa, Japan

IDapartment of Podalrics, Gunma Univorsity, School of Maodicing, Masbashi, Gunma, Japan

HLaborstory of Food Microbiology and Hygeone, Takasaki Uniersily of Hoalh aod Wellano, Takasaki,
Ginima, Japan

Thie Mycobaclsniim aviwn comple (MAC) s associaled wilh wious dissases in humans as a
roonogis, The dnal gene was partially sequenced n Schaafer's 28 mlerence strains of MAG, 14
husran MAC molales and 22 velormnarny isolales, From submstitulions allecting 21 —332 aucleotides, all
straing coukd be classifod nto 14 groups. Moat nucleotide substitutions did not alter amindg ackd
sufuences, Approdmately B % gene b diversily was soen 5 these sirins, which divided inlo beo
chminm: chistor | (0-8% genatic diversiby), comprising the referonon strain serobypas 1-8, B-11
anetd 21 and all jsolatoe; and clustor Il (7% genetic divereity), compriging the remaining reference

Aconpied 12 March 2004

strann. Analyss of the dnad goene n BMAC may bo usehd m apidemsoslogical studies.

Introduction

The Mycobacterivem avium complex (MAC) can infect
various animal hoste, including humans, swine and il
(Ashford et al, 2000; Pawlik et al, 2000; Thorel ef al, 2000 ),
MAC infections are especially likely to be bethal in fowl [ Mijs
etal, 2002}, M. avium consists of three subspecies: M. avinm
subsp. awium, M. avium subsp.  paratubercalosis  and
M. aviumn subsp, slvaticum (Ang ef ol, 1970; Thorel of ol,
1990). In humang, MAC can infect various tissees including
lung, bone marrow and lymph node (Jagadha et al, 1985).
Masst MAL strains reportedly show multiple drug resistance,
iimvpeding ireaiment of MAC nfections (Reddy ef al, 1999),
Importantly, MAC can couse systemic infectiong in imimu-
nocampromised hosts, mcluding patients with ALDS (Adly et
al, 1999; Jagadha et al, 1985; Poeniak, 2002}, Recent reports
have demonstrated a relatively increased prevalence of MAC
infections in AIDS patients ( Poeniak, 2002).

MAC is compaosed of 28 Schaefer's serotypes, with serotypes
1-3 representing classical M. aviisn and serotypes 4-28

1Prosont address: Depardment ol Allergy, Gunma Childeen's Modical
Cenbor; Holdsibsu, Gunma, Japan.

Abbweviation: MAC, Mycolacionun awum complox

The GenBarkEMBL/DD R accossion numbors for the dead sequonces
of thay M. s complhios sirsine see ABCEFTET G- BOTT BRO, A BOGTBED
AHCRITR0E and AB1OEE2

representing classical Mycobacterium imtracefiulare {Wayne
& Kubica, 1986). An intermational working group concerned
with mycobacterial taxonomy has classified these into four
MAC groups, with serotypes 16 and B—11 belonging to
M. awium, serotypes 7, 12-20, 23 and 25 belonging 1o
M. imiracellulare, serolype 27 resembling Mycobacterium

, o serotypes 21, 24, 26 and 28 remaining
unclassified (Wayne ef al, 193), Serobogic determination in
MAL s of practical value in epidemiological studies of
infections in humans and animals (Schacfer, 1965, 1968
Wayne & Kubica, 1986). Genetic determinations in MAC
abso may be performed, using species-specific PCH analysis
(Comincin ef al, 199; Sola et al, 199%6; Thierry ef al, 1993;
Valente et al, 1997). However, relationships hetween MAC
serolypes and genotypes are poarly understood.

The druaf gene, which encodes a siress protein, is highly
comserved among, bacterial genera (Bardwell e ol, 1986

Ohki et al., 1986). Members of the Mysobacterinceas possess
the deaf gene, and its sequence in these organisms has proved

useful in identilication of species (Lathigra e al, 1988
Takewski et al, 1993, 1994), Accumulating evidence suggests
that phylogenctic analyses including the neighlssur-joining
methad orfand the uiwweighted pair group method are useful
for malecular epidemiclogical analysis in various micro-
organisma. However, such methods have seen little applica-

tion in homobogue and phylogenetic analyses of the dnof
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Genetic diversity of the dnaJ gene in the Mycobacterium avium complex.
Marita ¥, Maruyama 5, Kabeya H, Magai A, Kozawa K, Kato M, Makajlima T, Mikami T, Katsube %, Kimura H.

i# Author information

Abstract

The Mycobacterium avium complex (MAC) is associated with various diseases in humans as a zoonosis. The dnaJ gene was partially
sequenced in Schaefer's 28 reference strains of MAC, 14 human MAC isolates and 22 veterinary isolates. From substitutions affecting 21-32
nucleotides, all strains could be classified into 14 groups. Most nucleotide substitutions did not alter amino acid sequences. Approximately 8
% genetic diversity was seen in these strains, which divided into two clusters: cluster | (0.8 % genetic diversity), comprising the reference
strain serotypes 1-6, 8-11 and 21 and all isolates; and cluster Il (7 % genetic diversity), comprising the remaining reference strains. Analysis
of the dnaJ gene in MAC may be useful in epidemiological studies.

PMID: 15272071 DOL: 10.1099/mm.0.45601-0
[Indexed for MEDLINE]
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Sequences producing significant alignments:

Select: All Mong Selected:0

1 Alignments O
Description ;:2:; :—f:fel f:f‘g vallzue Ident  Accession
[] Mycobacterium marseillense sirain FLAC0026. complete genome 111 111 100% 1e-21 100% CP023147.1
[] Mycobacterium avium complex dnaJ gene, partial cds, serovar 18 111 111 100% 1e-21 100% ABOS7893.1
[ ] Mycobacterium chimaera strain FLAC0070, complete genome 100 100 100% 2e-18 97% CPI23151.1
[] Mycobacterium intracellulare strain FLAC0181, complete genome 100 100 100% 2e-18 97% CP0231491
[] Mycobacterium infraceliulare strain FLAC0133, complete genome 100 100 100% 2e-18 97% CP0231461
[] Mycobacterium chimasra strain SJ42, complete genome 100 100 100% 2e-18 97% CP022223.1
[] Mycobacterium chimaera sirain ZUERICH-1 chromosome. complete genome 100 100 100% 2e-18 97% CPD15272.1
[l Mycobacterium chimaera strain ZUERICH-2 chromosome. complete genome 100 100 100% 2e-18 97% CP015287.1
[] Mycobacterium chimaera strain DSM 44623 chromosome, complete genome 100 100 100% 2e-18 97% CP015273.1
[l Mycobacterium chimaera strain CDC 2015-22-71. complete genome 100 100 100% 2e-18 97% CP019221.1
[] Mycobacterium yongonense sirain Asan 36527, complete genome 100 100 100% 2Z2e-18 97% CP0159651
[] Mycobacterium yongonense sirain Asan 36912, complete genome 100 100 100% 2e-18 97% CP015964.1
[] Mycobacterium colombiense CECT 3035, complete genome 100 100 100% 2e-18 97% CP020821.1
[] Mycobacterium chimaera strain Mycobacterium chimaera MC045 genome assembly. chromosom 100 100 100% 2e-18 97% LT703505.1
[] Mycobacterium chimasra strain AH16 chromosome. compleie genome 100 100 100% 2Z2e-18 97% CP0122352
[] Mycobacterium intracellulare subsp. yongonense 05-1390 chromosome. complete genome 100 100 100% 2e-18 97% (CP003347.1
[] Mycobacterium indicus pranii MTCC 9506 complete genome 100 100 100% 2Z2e-18 97% CP002275.1
[l Mycobacterium sp. MOTT36Y. complete genome 100 100 100% 2e-18 97% CP003491.1
[] Mycobacterium intracellulare MOTT-64. complete genome 100 100 100% 2Z2e-18 97% CP0033241
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Imported dengue fever cases in Cunma prefecture, Japan

Figure 2: Phylogenetic tree based on the E sequences of DEMNV-2

[Phylogenetic distance was calculated using Kimura's two-parameter method, and the tree was
plotted using the neighbor-joining method. Numbers at each branch indicate the bootstrap
values of the clusters supported by that branch. Inscriptions indicate the country where the

dengue virus gene was detected, GenBank accession numbers, and collection year.]
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Molecular Evolution of the VP17 Gene in Human Norovirus Gll.4 Variants in 1974-2015.
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