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Question: How bad (or good)
of the low dose environmental genotoixic factors (mutagens)?

A . : : . .
Threshold hypothesis f Linear hypothesis t Hormesis hypothesis
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‘ Spontaneous|jmutation rate -4
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0 Dosage of mutagen 0 Dosage of mutagen O Dosage of mutagen
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EMSZ2a1—4AY TR R Drosophila melanogaster (unpublished)

I IDRpEEDRI 35 )LoYO—=2% (Brilliant, Gondo & Eicher Science 1991)
YORApERENSHEELZEAENT (Gondo et al. PNAS 1993)

Y ARp53/ VI T INIIRB LV ELEFERBEREFFE(Gondo et al. BBRC 1994)

) AR ZE AR HHITEC Tg< ™ ABAF(Gondo et al. Mutation Res 1996)

E Fmegasatellite DNA ‘RS447' D S 8 E ZE 2 A HT(Gondo et al. Genomics 1998)
HIFENUEE TV RSAT 51— EFI FH(Sakuraba et al. BBRC 2005)
ENUSEERIORZEDEEEARY )L (Takahasi, Sakuraba & Gondo BMC Mol Genet 2007)
EEY ORI —F3DT R RAEMEREST /SO X ($857 Gondo Nature Rev Genet 2008)
HIHENUR DRI a—42TzxXTAY Ik

(Gondo et al. BMB Rep 2009, Exp Anim 2010; Gondo JGG 2010, )
Crispr-Cas9% & Lillegitimate translation® F & (Makino, Fukumura & Gondo Sci Rep 2016)

U5 4R B E
AT HREFEFE < A8 R 372 D FEHT(Norimura et al. Nature Med 1996)
IS HRER T < 0 A AR 2 FE D AEHT (Shiraishi et al. Radiation Res 2002)

R
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Trends in large-scale mouse mutagenesis: from genetics to functional genomics.

Timeline | Key events in the history of mouse mutagenesis

lapanese fancy mice
were exported to
western countries,
where they became
mutant resources
for mouse genetics.

Discovery of
X-ray-induced
mutations in
mouse, before
the phenomenon
was confirmed in
fruitflies.

Specific-locus tests
were conducted
extensively in

the mouse with
various chemical
mutagens,
including MN-ethyl-
MN-nitrosourea
(ENUJ.

Transgenic
mouse
technology was
established
through the
generation of
the ‘giant
mouse’ mutant.

Positional
cloning of
human disease
genes was
expanded and
the Human
Cenome
Project started.

Knockout Mouse
Completion Project (KOMPF) and the
of the Human | | European Conditional
Cenome Mouse Mutagenesis
Project. (EuCOMM) project.

Phase Il began
(2003—present)
Banbury meeting was
held, which led to the
establishment of the

The KOMP,
EuCOMM and
MNorth American
Conditional Mouse
Mutagenesis
(NorCOMM)
projects began.

1923

1953

1980

1981

1982

1989

1990

1997

2001

2002

2003

2005

2006

2007

The first vertebrate
linkage (mapping) was
discovered between
albino (c) and pink-eyed
dilution (p) loci in the
mouse.

Discovery of
double-helical

structure of DNA.

The first
embryonic stem
(ES) cell was

identified in the
mouse.

First knockout
mouse was
made by
combining ES
celland
gene-targeting
technologies.

Phase | began
(1997—present)
Large-scale
phenotype-driven
ENU mouse
mutagenesis
projects started.

Completion of the Phase lll began
mouse genome (2005—present)
sequencing project. ENU-based

Mouse full-length
cDNA clones and
sequences also

became available.

gene-driven
mutagenesis
systems were
established.

International
Knockout Mouse
Consortium

was organized and
the Banbury
meeting was held in
Brussels, Belgium.

Mobel Prize for Physiology and Medicine was awarded for the
development of mouse knockout technologies.

Gondo, Nature Reviews Genetics 9: 803-810, 2008




Trends in large-scale mouse mutagenesis: from genetics to functional genomics.

Timeline | Key events in the history of mouse mutagenesis Phase Il
Phase Il began
Specific-locus tests (2003-present)
were conducted Transgenic Positional Banbury meeting was
Discovery of extensively in mouse cloning of held, which led to the The KOMP,

Japanese fancy mice | | X-ray-induced the mouse with technology was | | human disease establishment of the EuCOMM and
were exported to mutations in various chemical established genes was Knockout Mouse Morth American
western countries, mouse, before mutagens, through the expanded and Completion Project (KOMP)and the |{ Conditional Mouse
where they became | | the phenomenon [| including N-ethyl- generation of the Human ofthe Human ||| European Conditional Mutagenesis
mutant resources was confirmed in MN-nitrosourea the ‘giant Genome Genome Mouse Mutagenesis (NorCOMM)
for mouse genetics. | | fruitflies. (ENU). mouse’ mutant. | | Projectstarted. || Project. (EuCOMM) project. projects began.

SLT: Me

1953 1980 1981 1982 1989 1990 1997 2001

sgamouse Project

1923 2002 2003 2005 2006 2007

The first vertebrate Discovery of The first First knockout Phase | began Completion of the Phase lll began International
linkage (mapping) was double-helical embryonic stem | [ mouse was (1997—present) mouse genome (2005—present) Knockout Mouse
discovered between structure of DNA. | | (ES) cellwas made by Large-scale sequencing project. ENU-based Consortium
albino (c) and pink-eyed identified inthe | [ combining ES phenotype-driven || [ Mouse full-length gene-driven was organized and
dilution (p) loci in the mouse. celland ENU mouse cDNA clones and mutagenesis the Banbury
mouse. gene-targeting mutagenesis sequences also systems were meeting was held in

technologies. projects started. became available. established. Brussels, Belgium.

|
P h ase I Nobel Prize for Physiology and Medicine was awarded for the
development of mouse knockout technologies.

Gondo, Nature Reviews Genetics 9: 803-810, 2008



Specific Locus Test (SLT) by W. Russell
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Russell, Russell & Kelly, Scinece 128; 1546-1550, 1958

Radiation dose rate and m
16 . ..
Table 1. Mutations at sf o 7 1 s at specific loci induced
. . 1 . .
in spermatogonia of 2 . of mice by acute x-ir-
gamma irradiation. E A
- = [ I/ \\\
é 2 } /// 1 N .. Mean
§ /, | \\T No. of
3" Vi Muta- muta-
Inten- Off- z 1 - tions tions
Dose . . W 8 /
(r) sity  spring i | g at 7 per
(r/wk) (No.) 8 ) loci locus,
= 61
§ (No.) per
& 4l gamete
S (x 10°)
<
0 105,40 2% 33 1 033
86 10 48,501 08 25 8.85
0 100 300 600 1000
3(15(15 38 gg’;g DOSE (r) 08 6 0.81
’ Fig. 1. Mutation rates at seven specific loci 26 111 13.29
in the mouse, with 90-percent confidence
intervals. Solid circles represent results 72 2 0.84
with acute x-rays (80 to 90 r/min). Open
points represent chronic gamma-ray results 15 23 10.33
(triangles, 90 r/wk); (circle, 10 r/wk).
The point for zero dose represents the sum
of all controls.




Russell, Russell & Kelly, Scinece 128; 1546-1550, 1958

Radiation dose rate and mutation frequency.

Table 1. Mutations at specific loci induced
in spermatogonia of mice by chronic
gamma irradiation.

Table 2. Mutations at specific loci induced
in spermatogonia of mice by acute x-ir-
radiation.

Mean Mean
Mu. No. of No. of
muta- Muta- muta-
Inten- Off- ta-  ions Oft- tions tions
Dose sit sprin HoHs er Dose sprin at 7 er
( I') ( y p g at 7 p (r) p g . p
r/wk) (No.) loci locus, (No.) loci locus,
(No.) per (No.) per
gamete gamete
(x 10°) (x 10°)
0 105,403 8 1.08 0 42,833 1 0.33
86 10 48,500 6 1.77 300 40,408 25 8.85
516 90 20,752 4 2.75
’ 0 106,408 6 0.81
861 90 20,993 9 6.12 600 119,376 111 13759
0 33,972 2 0.84
1000 31,815 23 10.33




Mutation rate

SLTIEIC L BNy 295 Y R TOHRE

R(MBELOECETAERR)

BETIRH AIRE R EER

TABLE 1 O dose 105,403 8 1.08E-5
TABLE 2 O dose 42,833 1 0.33E-5
O dose 106,408 6 0.81E-5

O dose 33,972 2 0.84E-5

Combined 288,616 17 0.84E-5
Target: 7 loci /locus/gamete

2 HR /locus/gamete = 1 E-5
2B locus/F1 = 1E-5
BRI = TE-5
W ERERICET HF 15 =
17 H 1o ) OSEHJFEF#L = TIT

WL ZANTE = ~14,

th reshoqu%pp/c\;tﬁesis fNT hypothesis

Spontaneous

mutation rate 9

1/7E-5 = 14,285LF 1 = ™

000/7=

t Hormesis hypothesis

>
Dosage of mutagen 0 Dosage of mutagen

0 Dosage of mutagen



Specific Locus Test (SLT) by W. Russell

L A L A
ALl [
a-ra ++
T-stock Mouse | Experimental Mouse

LA 14

& ||

F1 Mouse

Spontaneous mutations rate was estimated as
~10° 5/Ioc:us./gamete (=F1)

g. nonagouti

b brown

c albino

d dilute

0. pink-eyed dilution
s. piebald spotting
se short ear

Drs. L. Russell & William Russell
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Species Mutation Rate Ref

Human parents-children 12 X 10'9/bp/generation Kong et al. 2012

Chimp parents-children 12 X 10'9/bp/generation Venn et al. 2014

Mouse (B6J) sib mating 5.4 x10Ybp/generation  Uchimura et al. 2015

Mouse (B6JJcl) complete outbreeding* 5.5 x 10'9/bp/generation Fukumura, Gondo et al. (RF%K)
Mouse (MSM/Ms) sib mating 4 4 x109bplgeneration  Fukumura, Gondo etal. (k%)
Drosophila (SNV) parents-children 2.8 x10/bp/generation  Keightley et al. 2014
Drosophila (indel) parents-children 1.2 x10/bp/generation  Kkeightley et al. 2014
Drosophila (pooled) parents-children 4.0 x 10'9/bp/qeneration Keightley et al. 2014

parent—children: F')A fZ 4T

2Ko 2K
G1

G2

Ke+tKatmo+m,



KR —H Y —(NGS)ZF AW -ERERHT
Species Mutation Rate Ref
Human parents-children 12 X 10'9/bp/generation Kong et al. 2012
Chimp parents-children 12 X 10'9/bp/generation Venn et al. 2014
Mouse (B6J) sib mating 5.4 x10Ybp/generation  Uchimura et al. 2015
Mouse (B6JJcl) complete outbreeding* 5.5 x10Y/bp/generation  Fukumura, Gondo etal. (:5%)
Mouse (MSM/Ms) sib mating 4 4 x109bplgeneration  Fukumura, Gondo etal. (k%)
Drosophila (SNV) parents-children 2.8 x10/bp/generation  Keightley et al. 2014
Drosophila (indel) parents-children 1.2 x10/bp/generation  Kkeightley et al. 2014
Drosophila (pooled) parents-children 4.0 x 10'9/bp/qeneration Keightley et al. 2014
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1. B RBEREEICEIIEREEDEE X
RE
MRTVRA(CL)IZ., FH2KER (=S REIHIEELGHEINELELERTT 5,
LEBFICIE, Fi5h m EDFIHRZE E (de novo mutations) NEL S
FTARTOERZEIIHIERELTHELS, O females [ males

Gl OO0 OO OO OO OO O] O O O] O O O
G2

G3
G4

G5
2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m

TOZAIVAZAYILIE 2TV . 1FETET.

128+64+32+16+8
29+64+32+16+8 = 149

Glid. L4640 LA F N HEALEDGC2H Fo N (XKLL !
LAML. {Ro=IGI1ERDOERAEEIT51=6.
BEMSIFLH29EMNSESRRIMET 140N FELNT=,

HoEBICIEK. FHHNTEOEFNEONADT
SHREMLFoNT=-TO A {EIL~1000ML

C57BL/6JJcliE3E %
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EHE7HR$I1000LE—-80°CIRT7F
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20 boxes = 200 mice

10 mice/box

SRRIFSHIZKEEERN.
REERELTEB NN )Y—R
‘t’.‘//)"—(:'f{%mo

40 boxes = 400 mice
WDTHESFT-YORELT
HEEEREMSETTH AR EE,



2. NGSZIZLAERBL-ZEDEEEEERY
MRTVRA(CL)IZ., FH2KER (=S REIHIEELGHEINELELERTT 5,
LEBFICIE, Fi5h m EDFIHRZE E (de novo mutations) NEL S
TARTDEARLZEIIMIERELTHEHLS,

(O females [ ]| males

Gl OO0 OO OO OO OO O] O O O] O O O

G2 OULOUOUOGH OUOGUOUOH OUOIOUOL GUOGUOUOL GUIOUOUOGH GUOUGUOL OUGUOUOL GUOLIOUOL

G3 O O O O O O O O O O O O O O O
G4 o711 O7i! Ol O7il O7il O7g1il O711il O

G5 ) @ @) @ ) &) @ &)

2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m

The eight G5 female genomic DNA were subjected to WGS/SNV analysis:

WGS Pipeline SNV Call Pipeline
HiSEQZSOOWM
Library of ~/ KEYFILTER1  de novo mutations|&i4d (GRCm38.4).
Pair End Re UNIQUEATOELT
151 cycle. — ] ads in any G1.
A 1EDGSIZDAHRHEIND ! d
(by Toyoda

/

\_
FEBEXRMEE > ERERIITORYT /LGB =1,302,148,477 bp
SE157.3XH/L YD IG5. #8458.5XH/ Ly I8RFR




File Genomes View Tracks Regions Tools GenomeSpaca Halp WG S
S;NV: | I Mause mmtd < |lehet = mwzss;mr@hr" -QQRQWQ o
AL I B | LR = A= 4 — 4 = 1 N - — 4 -
anl a3 W G5 atlLl q(l3  q(3 qtd 95 @0 GELLgEL aE3 atd ar qul o Gfl  aWi3  aid G L S
~Jn by HiSeq
— — . ézh;-’ e — m—
I I 1 I I I I I I I
| i
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. + —_
; e
i .
{
{
vm
a1 C031:3 st bam Coverage o
- E
100318 soed bam Covara -
c
v A
S1E0318 soted bam Coverage -
=
100021 soted bam Coverage -
o
1C002.10 s0te .53 Coveraa =
0=
alc00z 4serted bam Coverags =
o
100026 soted bam Coverage -
Sequence = TTCTGATTTAAAATTTATACTTTTITCTGTATTGCATCTGCTAACAGTTCCTTTGGACAGAGCAGA -
Ratiaq ganss
o R e T e




2. NGSEIZKAERLI-ZENDERERERY
MRTVRA(CL)IZ., FH2KER (=S REIHIEELGHEINELELERTT 5,
LZEABFIZIX. Fh m EDOFHRZE E (de novo mutations) MELS
FTARTDEARZEITIMITFERELTHEHLS, O females [ males

Gl OO0 OO OO OO OO O] O O O] O O O

PR

G5
2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m SUM
FILTER 1 276 227 221 297 263 267 200 234 1,985
FILTER 2 46 50 76 52 74 53 48 56 455

m = 455/8/8 = 7.11/gamete/ttX (RHTEELGIEREERIIEBICEC-ZERD)
L= 7.11/1,302,148,477bp = 5.46E-9/bp/tH %

SLTTIX. m = 7E-5/gamete/1# X 1=>7=-D T, 1L &H71-Y100,000{E N EEZ# KR L TES

'KEYFILTER1  de novo mutationslZ g N
UNIQUEATO&ELT
1IEDGSIZOHEHEINS !
KEY FILTER 2
EDFHGLIZHEFEELEL ! )

\_
FEBEXRMEE > ERERIITORYT /LGB =1,302,148,477 bp
SE157.3XH/L YD IG5. #8458.5XH/ Ly I8RFR




2. NGSEICKAERBLE-ZEDEEESRERTE
MRTVRA(CL)IZ., FH2KER (=S REIHIEELGHEINELELERTT 5,
LEREFIZIE. FHh m BOFHFEZEE (de novo mutations) MEL S

FTARTDEARZEITIMITFERELTHEHLS, (O females [ ] males
Gl OO OLKO OLIO OO OO O] O] O] O] O] O] O

TR

2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m SUM
FILTER 1 276 227 221 297 263 267 200 234 1,985
FILTER 2 46 50 76 52 74 53 48 56 455

m = 455/8/8 = 7.11/gamete/ttX (RHTEELGIEREERIIEBICEC-ZERD)
L= 7.11/1,302,148,477bp = 5.46E-9/bp/tH %

TIRYS ) LA X%E3E9p/haploidédhld

EBFREOFHERS = 5.46E-9 x 3E9 = 16.4{@
SHEMALDOFEYERY = 5.46E-9 x 3E9 =32.8{&

EEERXESRRNORHTE-RERR: By JF R B ECH RS

FEBREXRMEE > ERERIITORYS /LG =1,302,148,477 bp
SE157.3XH/L YD IG5. #8458.5XH/ Ly I8RFR




1. R ERREEIC LB RERDEH; L ERT
SEEEBREEICLIEREEDEEE O females [ males XEE/\T;(&

Gl OO OO OO OO OO OO O OO0 OO o o0 o %;
G2

G3 16
G4 8

G5
— o
2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m A =-|- 73/\7

FHZAIREYTLIZ 2595 1ETRT.
INE T RE = G1+G2+G3+G4+G5
=129+64+32+16+8 = 149

TEERBRESRRANSRHTE-RERY: QF&&EEHIEEE

PSRRI E T A A= 149/455 =0327

v BELRRIN TR = 73/455=0. 1
607 .
\ o \\ — >4
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=~ >1210004E
) ERRRICET AF 18 = 1/7E-5 = 14,2850EF 1 < 2
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3 Ll = 5.46E-9/bp/H ¢ (C57BL/6JICIERT)
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C57BL/6JJcl
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5@ MSM/Ms <« = 4.4E-9/bp/HH4L

G2

SEERBRZEL/HhRMN) A BT TE, GIRTIZREHERZRRZEAVTRINYI TSR TORMMNTES



ERXMBRRICHEITIHRERDL—RHI

#18 #19 #20 #22

#26 #28

chr5:74880556 A>G

Average 57.3X depth WGS per G5, Total 458.5X depth for the eight G5 genomes.
Validation by using Amplicon-seq,.
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AMED NBRP4~' / LIEHERFE ITOYS 5L 2015.10 - 2016.3 (X F+ #EREE—)
1D FEHEBHEGICEDUELETHRY /LRI LUEERTEEARM

PacBio RSIIZT~20H0/\Ly s GEGT S HEEAL) 5 -
females males

Gl OO0 OO OO OO OO O] O O O] O O O

R

2K+8m 2K+8m 2K+8m 2K+8m 2K+8m 2K+8m

1. YO R / LSEESIDO R ELGap filling
2. Short read Tl H T UL VE & L & Structural variationsD & H

~NEAY A k- http://ja.bre.riken.jp/lab/mutants/standardmousegenome/c57bl6jjcl_top.htm



REDS]RYT /LB

C57BL/6J inbred genome |

Mus musculus

Homo Sapiens

NCBI GRCm38.p4 GRCh38.p4

Number of regions with alternate loci or patches 94 257
Total sequence length 2,803,568,840 3,228,894,042
Total assembly gap length 79,356,756 161,368,151
Gaps between scaffolds - 191 349
Number of scaffolds 293 790
Scaffold N50 92,589,046 99,364,414
Number of contigs 796 1,449
Contig NS0 32,273,079 96,413,054
Total number of chromosomes and plasmids 22 25
http://www.ncbi.nlm.nih.gov/assembly/GCF_000001635.24 Dec. 2011 Dec. 2013



Y217 —;EAONGS short read CRERE ST HE ML & 5EIE

F=7pE &% B Structural Variation (SV)
100~200bpMD S 3—r)—FTlEHHE SN DL LVMEETE

New /\——New %—f New
: old . . Old —Jé%— Old

{

## Ainsertion KR sdeletion i"ﬁ{ﬁinrlertion
¢ ¥ New —l::>t::>-‘|::> New New
1>{ old 1':'\/ old ———l—[ :[-{ : Old
fHE #xEEreciprocal translocation FE#duplication Copy Number Variation (CNV)

TR ET T L= 2B 3 LISKHE [RI CAE 51 7% D T3 — ) — R TIFEZ 2171200,



® IGV_23.32 File

View Tracks Regions Tools Help s H 18:44
o [ ] GV
Mouse (mm10) O 4| |chri:4,784,980-4,893,798 Go| Bt « » @O =% 2 S
= Jump 10 gene or locus
I I I T T I 0000000 0 0 N I T T T I
a8 @Az (] aAa aas a8 actL ati2 acz acs aca acs an [EE aE2.1 a2 qE23 ae aEd ar qGL qG2 63 GAT  qAZ1 anz3 ans ana ans s
108 kb
4800k sk asi0ks 4850k 4880k
1 1 1 1 1
== IN
, . i | ' '
L i il I IR N ||
[
1
] I o 1 i I I |
1 I 1 1 1 I 1
1 I 1 1 I 1
1 I I I 1 i 1 I 1 I
| 1 1 Il I I I
1 (W] 1 (IR I I I I I
1 1 1 Lo L} T 1
1 | I 1 1 e I I I 1 1
1 1 I T i (| 1 1 I | 1 I (I} (] I 1 I
I 1 1 I 1 I 1 1 1 [ [T
1 T I I I 1 I 1 n
I e I 1 1
I 1 | 1 1 n
I 1 1 1 I 1 1 1 NI
1 I 1 1 i [} | 1 I 1
I I | I {1} I I
1 1 1 | 1
1 | 1 1 1 1 i Il 1 1 |
I 1 I I I I I 1 1 1
I I 1 | 1
1 I I I 1
I I ni I I D TN 1
I I 1 I I I (W} | 1 I 1
i I I I Ll 1 |
= H——————————————— s ————————+ t t t LI e pae |
s Lyplat Tesat
racks loaded | lehr 14,680,818 i | l2.839M of 4 540M




Mismatchffl  BreakPointf5ll

@ IGV_2332 File Genomes View Tracks Regions Tools GenomeSpace Help > B 19:05 Q
poO® GV
Mouse (mm10) o chri 2| |chr1:16,019,980-16,128,798 co Bt « » & MO ® 2 =g
| I T T I B O D 0 N R I T I I |
Al anz a3 [ ans o acLt aci2 acz acs e acs an qELT qE2T qET2 qE23 =3 =3 ar qul a2 qu3  qAT  qRal a3 a3 ans TS e
108 kb
" e 16060 k0 160808 16000k 0120k
Il Il Il Il 1 Il
v fi

Il P R [ R i [ Sl NN N

o
i ' 1 Ty ¥ J L LAl
I m m
| i ] ] I 1 I 1
1 I ] [T 1
I 1 I 1 ] 1 I
1l I 1 i 1 1
i I | I 1
] I | 1 I RIIAD 1 | 1 | 1
] T 1 1 | I
1 1 T I 1 1
1 I I m I 1
I Ty ] I 1 1 I 1
| I T ] T I

I I 1 1 I 1

1 1 1 1 I I 1 I
I ] 1 ]
1 1
1 1 ] I IR 1R 1
I L I ] I 1 iR
I | 1 1 | 1
T ] | I 1 1 ] I
] 1 1 | | 1 | i 1 1
] 1 1 I ARIERIRIE I
I 1 1 | | ] I 1
. it . : , ! . .
i T ; i
P, o nanto

ook ved [t o025 T [z 7o




AGENDAS

TR (or BMAEIET H2EMIE) CHIELRNICEREHARIERTESE
HEHRBECEERE TR
BILHERFFIME | — T2 ERXEE - YLsRMN) A%
BB RMBIIZE < 1 — B3 E
{KHAA (X ? ? (HITEC Mouse (#£#%) /gpt—delta Mouse (BER - 1E47)

19FAUJ1)—RENGS(NGM)ZEZFAWAS L THRELZ ELEERH T8
) LS BEHI O REL-Gap Filingt FEHEEER LIZDHEMNS)
NGS PacBio Squel/Oxford Nanopore MinlION
NGM BioNano Saphyr
#HE 1+ 10XGenomics TG ELGE

TERE (IS HT-UDNAEE HT-Y) —F TIEAL
2B EAE FE T~ 10ZIENVEER (EIEHIERHIERE)
FEFHEZEENNBERXREED2E(EM)
FNFNDIEEICHITEIEERSRL?

NGSEWY T—R3E /N1 TS1>DEREFEEL
MEBITEEC T —E3NA=V T /BETILRIBELREL
DHMEFEEFEMROBERA(AHF) —ZEEDIE DR
D/LEE: IEESEfT &/ B E=> SR TIX0.5. BARZETIE1.0
2% E (degree of dominance)=> A ZEE TI(L0.0, IEFIIELEFTIL04
= 2 2 (mutator) DF| A (KEF. AFT)
YRELIIOIINIMEN! | ! (FEE-IRE vs SEBIE)



Contributors (A FRE&)

HIFGSCEAERIFRART T —L
HEFHE R EEE-EX)
BE=E1T(3R EfE)
fEftEENER * (B KR
FMHEED* (R MEX)

WE X x (3] =)
hHhE *x 3 KR

INEEER A * (3R K
HFBRCEHLTE VYA ERHEF—L

B EANE 3R RME)
FHEH * (] #EX)
W X+ (3R =6
TG *x (B KRE)
INFEEERA * (3R RIE)
AiF#H— (B RILEEKX)

HIIBRCEREIMIFFRE
SKRE
BBz (] ELEX)
P5 BB £
RBRFEFHBHFEGEE
Rt ##=
REZR

EhvieEd5d NGk 3
RERKE
B —

HUIN R A AR T BE S B 2L AR
o Al FiF 4
ERAE

KN R REHRES
KEHTE

AR BRI K Z MR ES
NENECE

REEMHZRMKERAZ (L HATUR
BEARFA

2014, 201544/ LZHEMEXT 22150002

2016, 2018444/ LK 12 JSPS 16H06279
E B E R A S Rt 4 —
%%W&?& *x (IR FERS AT LI #4E)
L
AR B
HEN
ZF B AR ERPEREX)
£ 5T

JSPS 25241016, 17H00789
AMED NBRP%/ L1E8REBHIOT 5 L



