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Our research topics in 2018 were

1) The development of evaluation approaches for the effect of climate change and land utilization change on natural environments

2) Mechanisms of flood wood generation caused by global warming and forest industry declination

3) The optimization of wastewater treatment and greenhouse gas emission

4) Bacterial community structure in wastewater treatment and anaerobic digestion reactors

5) Water infrastructure and enteric virus evolution
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EED E RS AR BI R EIZED 6 FH (Sustainable Development
Goal 6: SDG6) &ULT. 2030 EXTICHRFDALICTZEBREE
KEREBRIMLEZERTZDIENEDLNTWND, 2D SDG6 ZERK
FRHIciE. BA-BEIZXNEL, HBFEENBRBIHRKIVT
ZEFEICAIETZCENDRERTRTH DN, BRIC. FLLKT
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AV T ZEATIKET2HENREICEATZIERISESNTVNDDT,
KREREESI SR IITRBEENED K SITHL WK Y 7S ITEIS
FEINZETFRTZIEIEBREZTIERWN, FFiC, HBED RNAV1ILA
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Fig.1 Logio reduction of chlorine-treated population (white
bar) and control population (black bar) during the 1st trial (A)
and 2nd trial (B) of cycle experiments. *, statistically different
at a0 < 0.05 (Wilcoxon signed-rank test); **, statistically
different at o < 0.01 (Wilcoxon signed-rank test)

Fig.2 Changes in nucleotides in the 1st, 5th,
and 10th cycles in the chlorine-treated and
control populations in the first (upper) and
second trials (lower).

Water Infrastructure and
Enteric Virus Evolution

The United Nations’ Sustainable Development Goal 6 (SDG6) is to supply
all people on the globe with improved drinking water and sanitation
systems by 2030. The development of sustainable water infrastructures
that are easily installable and maneuverable is essential to achieve the
SDG6, but at the same time, it must be carefully determined whether the
newly installed water infrastructure’s users are really protected from
microbial risks. However, it is not a simple task to determine how to adapt
water pathogens to the human community using a brand-new water
infrastructure because there must be no accumulated datasets about water
pathogens’ genetic responses to the water infrastructure in the early years
of its installation. The precise understanding of water-related pathogens’
adaptation mechanisms is very important to protect the health of the newly
developed water infrastructures’ users. Particularly, some types of RNA
viruses require special attention because they have a relatively higher
adaptation capability among water-related pathogens due to their higher
mutation rate.
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ML Fig.3 Principal-coordinate analysis used to

illustrate similarities and difference in the
substitution rate using single-nucleotide
polymorphism composition as distance matrices
of two populations in the Ist, Sth, and 10th
cycles of chlorine-treated (TP) and control
populations (NP) in the 1st and 2nd trials
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NTWSIERIERNDRRVIREICLDMMMEZEZ ZEZRUIED
DTHB. BHEHIBERNDOBRUVEEICLD., BRHERMIERRAIC
EML. FROFZEMULTREREHBRUTREEERZL 10 £H5
100 EoMmEZER U (Fig.1). EIERADRIRUERIMIZICZ
ElfTofcht. ZEEHICHERIERMIEERNE SN,

MNV [CEBHERM U E S U RRERDH. T1ILAKTF
DN VI EBIETFOENE R — 7 Y ZEAMIC K DEFTL
foco ZTOMHER. 2 DDOFABRBRE LV 1 DORKREBRN ERIER
BEEBRTEONE 2 DOEMICEVWTHELTEESN(Fig.2),
2 DDIRFEBLRDSED 1 DiF 7280 FEEDEGLFEEICELS 7
ZIWFIZUMSEIIANDERTHD, COTFI/BEEDHFEREE
BIIEHERBREEFICEVWTHIDO 1% NS 10 BIEDRERI(IC
Q9% E THEEMUTzo

RIT, MNV & HE O & 15 89 BE B = 57 4fi I % 7= 6 I Principal-
Coordinate Analysis Z1To>7z (Fig.3), ZDfER. EHHIERRE
10 HREFTEFR—IEEYC7/L 1 EE) BIGEHIERBE
DOEFISGAWVIBETY ZRAY—ZFRULEDICH L. HERIEREE S
EIRG 10 Bl#OERIF, EHERBREMERRONBEACEE
BBIMETI ZRY—EFE Uiz TNSDOBERIS, BEHIERREE
M MNV EFICHUTCGRIROMRZEHZE5LTWSEE XD,

Fig2 ICRU7 I/ BEENEHIERTMEZELSLTVWIHLE
NERRITDeHIc, BHERBEERRVUTRETHLS 6 %92
D MNV ZEEL. ZhoDOBEFIEREZEZTMU. EHIER
BEEIHISELNC 6 RETHUZZEZFLTHD., WREFIC
HETDHRIFBELTWEWZ EZER U, BRIERBZHHBROE
R, EEERBEENH SBOSNIKIEHRBEAI SBSNKLD
HERICERERMEN TSV LR Nz (Fig.d),

ARAROHMRICED, EICEDBBRIAMIANRLSZHRRD
WERHERMMEEMDZENTRETH DI LS, KOBHOILIHENS
EZNE, ReBkEAHTZ5A TREREBREOESHRAEEE
HIBZENTREE BB, DI &lF. NINOXY Y REDMEERIE
BYIDFEEBNRICIZ LBIBICP S ULWEESROEILICDORMNS
HDEEZEND,
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Control clone vs chlorine-treated clone

Fig.4 Logio reduction ratio of clones from the control
population to those from the chlorine-treated population

In this study, we proved that a population of murine norovirus (MNV), a
surrogate of human noroviruses, can be resistant to free chlorine after
repeated exposure to a disinfectant. Free chlorine is the most widely used
disinfectant around the world. Populations’ susceptibility to free chlorine
gradually decreased compared to the control populations after repeated
exposure (Fig.1). A next-generation sequencing (NGS) technique was used
to investigate the genomic basis for MNV’s lower chlorine susceptibility.
PCR products of capsid genes were obtained from the MNV populations
(chlorine-treated and control populations from the first and second trials)
in the first, fifth, and tenth cycles and analyzed by NGS. Both trials
resulted in two nonsynonymous and one synonymous mutations. One of
the two shared nonsynonymous mutations was located at nt7280, in which
phenylalanine was substituted for serine, and appeared only in the
chlorine-treated populations from both trials. The relative quantity of this
mutation gradually increased from 1%, 90%, and 99% through cycles 1, 5,
and 10, respectively (Fig.2). The principal-coordinate analysis was
employed to examine the differences in the substitution rates among the
populations using single nucleotide polymorphisms as distance matrices
from the original population (before free-chlorine exposure) and the
chlorine-treated and control populations in the first, fifth, and tenth cycles
(Fig.3). After the first exposure, the chlorine-treated (TP) and control
populations (NP) were clustered together close to the original populations.
Meanwhile, the chlorine-treated populations in the fifth (TP5) and tenth
cycles (TP10) were clustered separately from the original (ORI) and
control populations (NP). These results indicate the presence of a selection
pressure on MNV populations after free-chlorine exposure. To determine
whether the mutations found in the capsid region are associated with the
lower susceptibility to free chlorine, a chlorine sensitivity test was carried
out. Six plaque-purified clones were acquired from each population in the
tenth trial. All clones from the chlorine-treated population had the
nonsynonymous mutation at nt7280. The plaque-purified clones’ free-
chlorine sensitivity was evaluated to determine whether the nonsynonymous
mutation (T7280C[VP2:F200S]) would affect MNV’s susceptibility to
free chlorine. As a result, the plaque-purified clones from the chlorine-
treated population had significantly lower susceptibility to free chlorine
than those from control populations (Fig.4).

In conclusion, we proved that the free-chlorine treatment can work as a
selection pressure on MN'V’s evolution, and a single mutation in the capsid
protein may change its susceptibility to free chlorine. Based on this
knowledge, it is possible to expect the highest resistance of viral mutants
to the disinfection processes. In the other words, we can identify the
minimum disinfectant doses to reduce pathogenic viruses significantly,
leading to the establishment of environmentally friendly water disinfection
practices because the excess usage of disinfectants can be prevented and
the formation of toxic disinfection byproducts, such as trihalomethane, is
minimized.
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