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METHODS

Selection of mutant clones: The conventional Ames test was carried
out using YG7108 for a tester strain and ENU for a test chemical,
using two different doses. Four revertant colonies were randomly
selected from the plates for each dose and subjected to DNA
preparation.

DNA preparation: The genomic DNA was prepared for overnight culture.

Cell pellet was lysed by SDS and proteinase K for one hour at 37 °C,
mixed thoroughly with 5M NaCl, added CTAB/NaCl solution, then
incubated the solution for 10 min at 65°C. Extraction with
CHCl;/isoamyl alcohol, and phenol/CHCl;/isoamyl alcohol was
carried out. The aqueous phase was mixed with 2-propanol to
precipitate the genomic DNA in it. The genomic DNA was treated
with RNase, then the RNase was removed by phenol extraction. The
average amount of the obtained genomic DNA was about 6.2 pg.

DNA sequencing: Whole-genome sequencing of each of the 12 clones
was carried out in a single run by using a high-throughput DNA
sequencer, MiSeq (Illumina, San Diego, CA). The sequencing data
compiled to fastaq files were analyzed using CLC Genomics
Workbench ver.5 software (CLC bio A/S, Aarhus, Denmark). First, the
multiplex raw data were divided by sample name, and low-quality
sequencing data were trimmed, depending on quality scores. The
cleaned-up sequencing data were then mapped to the following
reference sequences: NC_003197 (S. typhimurium str. LT2
chromosome, complete genome, 4,857,432bp), AY046276 (IncN
plasmid R46, complete sequence, 50,969bp) and CP003387 (S.
typhimurium str. 798 plasmid p798_93, complete sequence,
93,877bp).

BACKGROUND

4 Using a next-generation DNA sequencer, we analyzed whole genome
of His+ revertants of YG7108 which lacks two O¢-methylguanine
methyl transferases, and determined how much is the frequency,
which is typical spectra and in which locus the mutations are
accumulated.

@ The size of S. typhimurium genome is about 5 Mb, and the cells are
roughly divided every 30 minutes, that is, 50 generations a day.
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DISCUSSION

® Ninety five percent of the mutation was G:C to T:A, which reflected
the characteristics of mutations induced by ENU.
® The reversion occurs at GC pairs in principle of Ames test, but actual
mutation occurred at AT pairs, too, in this study. Whole genome
sequencing can detect any mutations in one strain.
® Only nine plates were used for the assay this time while a usual Ames
test requires nearly 100 plates for the equivalent assay using
standard five strains even without a dose-finding test.
® There might be a limit of the numbers of mutation that can be kept
in one genome for generating a colony. In this study, it was revealed
that one genome can keep at least 50 - 60 mutations.
® |t must be necessary to decide how many mutations against dose are
enough to judge whether the chemical is genotoxic.

FUTURE PERSPEC

® The whole genome sequencing can provide more comprehensive
information regarding the genotoxic effects of chemicals. So, this can
be a new tool for mutation assay in chemical hazard assessment.

® Our goal is a simple method, i.e., DNA sequencing analyses of whole
genome derived from colonies with no phenotypic selection after
treatment of test chemicals.

® Considering the remarkable progress in the performance of the DNA
sequencer, it would be possible to determine whole genome of
rodents or cultured human cells exposed to chemicals.

Cf. Matsuda et al., submitted to Genes and Environment.
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BACKGROUND

*  The conventional bacterial reverse mutation assay, Ames test, cannot specify mutation spectra even using five strains.
* Many days and plates are required to carry out Ames test for several chemicals.
» Making progress with its performance remarkably, the DNA sequencer may have a possibility to resolve such problems.

METHODS RESULTS

Chemical treatment of cells: As the conventional Ames test, overnight culture of A: The number of mutations occurring on the genome of colonies on LB plates
TA1535, 100 pl, was mixed with ENU (250 pg/ml), 100 pl, and buffer, 500 p 1, for 20, 40, 60 P
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and 48 hours, respectively. Three colonies for each condition were randomly selected 0 295 %7153 () 0 0 1 0 0 1 0
from the plates and subjected to DNA preparation. it 0 0 0 0 0 0 1 0
DNA Qregaration: The genomic DNA was prepared for overnight culture, 10 ml. Cell 4 28 % 9 Z 7 0 = )
pellet was lysed by SDS and proteinase K for one hour at 37 °C, mixed thoroughly with 20 | 47 43 40 37 0 0 6 0 0 0 0
5M NaCl, added CTAB/NaCl solution, then incubated the solution for 10 min at 65°C. 50 46 ik 0 it 2 0 0 0
Extraction with CHCl,/isoamyl alcohol, and phenol/CHCL/isoamyl alcohol were carried 7 D, 0 0 0 0 0 1 L
out. The aqueous phase was mixed with 2-propanol to precipitate the genomic DNA in it. 40 46 29 12 ¢ 27 0 0 2 0 0 0 0
The genomic DNA was treated with RNase, which was removed by phenol extraction it il 0 0 0 0 0 0 0
later. The average amount of the obtained genomic DNA was 101 pug. 26 23 0 0 il 0 0 2 0
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A — e the test chemical to cells.
. B: The number of mutations occurring on the genome of reversion
colonies on minimal plates
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Genomics Workbench ver.5 software (CLC bio A/S, Aarhus, Denmark). A6 |2860% - 3 22 Lo 0 0 6 0 0 0
Reference Sequences ] ) 18 15 0 0 2 0 0 1
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** The clone indicating 32 mutations is neglected.

DISCUSSION

» About ten plates were used for the assay this time while a usual Ames test requires nearly 100 plates for the equivalent assay using standard five strains
even without a dose-finding test.

» The reversion occurs at GC pairs in the case of TA100 according to the principle of Ames test, but mutations occurred at various sites. Even
insertions/deletions were detected in this study. Whole genome sequencing can detect any mutations in a single strain.

» The whole genome sequencing can provide more comprehensive information regarding the genotoxic effects of chemicals. So, this can be a new tool
for mutation assay in chemical hazard assessment.

» Thinking of this method as a genotoxic test for risk assessment, it must be necessary to find how many mutations against dose are enough to judge
whether the chemical is genotoxic.

» Considering the remarkable progress in the performance of DNA sequencers, it would be possible to determine whole genome of rodents or cultured

human cells exposed to chemicals.
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