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DNAEE- &S
DNAEE-#Eks
DNAMEE
DNAfEE
DNAEE
DNA{&E#E
DNAEHE
DNA{ETE
DNA{EHE
DNAEHE
STAPH &
STAPE %
DNAf&E#E
DNAEE -Z{s
DNAEE- B
DNAEE
DNAfE®E
DNAEE
DNAf&EHE
DNAEE
DNA&E
DNAfEHE

68066
68067

%%fﬁ%ﬁé

68189

63602
68725 4
68900
68924
68993
69120
69570
69605
69907
73056
73306
74054
74154
74190
74578

74603 Btk

Jlxﬁfr“‘ﬂ%xw‘/ (hoEDZ
L [al L
AR
BREL
REL

75052 {55

75054 17

76014 %

76599 2

76681
77037
77089
77888
77899
77988
78100
7818

7890

7890

79054
79090
79111

«7"?% A2 (16kDa)
BRREHEOARK
in vitro COHEHT
NTFOES
LARTFA T T T —F
T T 7 AT o) LR L
TLSELASDRERE
TLSIZLSRY A (error—prone) 78 R 84
— 5 TRV AT T — B
REIEHERE
RAGEHE
Rad6-Radl8
4-—(DE{EPJ—dC3
A EE

(RAG proteins)

B PR
point mutation
hOGG1OFERAALHE
RV AFREEEE (NER) D
B ENICBTTERN

> (@ —MSH)

TC—NEREEIZHEB LRI LA F F e DOMEEER£

FUDIE{IRZEEREE
T LTIy —BIEOWRE
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BETF
BET
BEF
B=F
B-T
BEF
EET
BT
BET
BT
wi=T
BT
BET
BT
B=T
BETF
BT
BET
BEF
st
BT
BiETF
EET
BET
=T
BT
BT
BET
BT
BiET
BET
Bi=F
EfET
BT
B
E=T
BE=T
BET
BE=T
BT
BET
BET
EEF
BT
BET
BET
BiET
BT
BEETF

DNAEE
DNAEE
DNA&E
DNAf{EE
DNAfEH
DNA{E®E
DNAE#E
DNAEE
DNA®E
DNAEE
DNAEE
DNAEE
DNAf&E#E
DNA{EE
DNA{EE
DNAEE-Zs
DNA#E
DNAfE®E
iPSHER
DNA{EE
DNAEE-E{s
DNA{EHE
DNAEE
DNAEE
DNA{EE
DNAf&#E
DNA{&E
DNAfERE
DNAEE
DNAEHE
DNAEE
DNAf&EE
DNAf&ER
DNA{EE
DNA{EE
DNAEE
DNAfEHE
DNAEE
DNAETE
DNA(f&E
DNAfE#H
DNAESE
DNAETE
DNA{EE
DNAEE
DNAEE
DNAf{EE
DNAEE
DNAf&E#

84526
84808
84818
84879
84881
84888
84895
34898
84899
84900
85890
85990
85999
86093
86280
86398
86702
86750
86800
86819
86887
86899
87002
87075
87087
87089
87108
87303
87603
87603
87703
87882
87892
87904
87912
87929
87982
87984
87989
87994
88005
88005
88012
88021
88024
88027
88050
88059
88085

VT SRR E T F L

H'Ei?r\./{t

3&»%9‘—%@ %

HR?\/ﬂ:

DNA —ESvL ORFOL1REESH

B EO R AL

YR DB T~

IV A FRODE Xa
]'_I,exA@EEJF S — IR T %
?—#27‘4"— Fosf

Sy v B
%E%ﬂ%?f?5%§ﬁ§ (Rad51-dependent pathwa
CGHORE
R BB ORI
I —FEELTF R (AgRP)
]i%evB Reviy~F=_&Eik
you7 S BEYIUU T8k (CPD)
FEEHAE
%{IE{E’I%
b \—'E-g’é‘
NA@;@“
ﬂﬁifﬁ%ﬁ
Rad5{& 7569
D AUD—‘?&%JE
DNA®D _¥iEE
RUAZ—¥ 5 OC
FREEES \
Eif ks
Az (homoiogous recombination:HR)
_LT:_{I?*%E (proof—r ding repair)
f D FORECESEROTERALHE
ﬁwﬁ% #EomE
ad6 I ETE T BIRES
—ﬂﬁﬁgﬁﬁﬁbﬁﬂLﬁw%P@%ﬁ
%E’i”b‘ti’&& FREBRE
"\7/§{|¥§ (mismatch repair: MMR)
ExEEE
J‘!EEXT DIR=FEE
VAT — BRI O N R B D RE
OS{IZE
DNA@FFﬂﬁﬁ
TEEE EFEEDLIRIEE
%ﬁﬁa@@@z@g TLS)
R AR ERITA I
64% 5 DV ‘
WEOHEHEEE
E%ﬁ:ﬁﬁfﬁ— HiETErE
E YN &

& (Non-Homologous End—Joining:NHE])

il EREKE

—(J?—&{:—-Eﬂ"
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BT
ERT
B'EF
=T
BT
®ET
B=T
EEF
BETF
HEE
EETF
BETF
#ET
BT
BEET
EET
BET
BET
BT
BET
BET
BT
EET
BET
B/ET
BEF
BET
BET
/=T
BiET
BT
EET
BT
BEF
B+
BE2ET
BT
BEF
ERT
BE=T
EBEr
EET
BET
BET
BT
BET
BET
EEF
B'iEF

DNAEHE
DNAEHE
DNAEE
DNA{EE
STAPHEZ
DNAEE
DNAKE
DNA{EHE
iPSHIE
DNAEE-ES
DNAESE
DNAEE-E{br
DNAEE
DNAEE
STAPH &
DNAfEHE
DNAERE
DNAEE
DNAfES
STAPIRZ
DNAEE
DNAEHE
DNA{EE
DNAEE
DNAfES
DNAEE
DNA{ER
DNAEH
DNAfEHE
DNAfEHE
DNAf&EM®
DNAf&EE
DNAfEE
DNAf&E
DNAEE
DNAfETE
DNAEE
DNA{EE
STAPHS
DNAEE
DNA{&EE
DNAf&EE
DNAf&#E
DNAfETE
DNAEE
DNAEE
DNA{EE
iPSHAE
DNAEE

88095 —

88100
88106
88107

88502 EE

88506
88544
88555
88698
88744
88761
88785
88795
88809
88813
88819
88841
838372
88881
38889
88891
889209
88912
88913
88920
88922
88923
88926
88927

88995/

88999 £

89004
8900

-DNAflgﬁ@'TﬂiE

"1‘)%7—1‘zc :B772
89028 A
89054\
89083 )
§9099 'ZF

89129 FABFICH1T7
89154 jl:zlv@

HEIWHEE

TR R
ERIGETTR OFEE
>R DOPol 7

E%Hé?n'l‘ ‘ 7
EP S t ‘
ﬂﬁﬁ## {Circannual clock)
l:.‘]“ b, ERDNA |
) J\7‘ FH—¥ i
FRATOIEEE
TART F 5

AR—,3—-=B53 !
DNASFOHEE |
il (Feeling) ]
?‘E%‘z‘%ﬁlgﬁ {PRR) f
B SR DREER

BT ‘fﬁ(/’j A T IEE
&®iﬁ%i’f o 'ﬂ"%i?trh%’ﬁg@

DNAZ
FFEREET i
FER S 2 5
CPDIZRVEEZBNZVEDD
—AeH DG
—AREHOEE
fﬁlﬂﬂ@ - F Intelfcellular Signaling Peptides and Proteins
—HELRSH (SNP)
—+£%1{E%W§eﬂi

EM 7 DNABE DT
DNAEE DM
B EET

BE ODNAESE
DNADEEEE

SOS“J‘/?X

Pol n DT
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BT
BET
BET
BET
BmT
BmTF
BE=T
BT
BT
BET
Bi=F
BET
BET
BETF
BETF
BE&T
BET
BT
ST
BT
BET
BET
B/ET
BT
BET
BT
BT
BT
EETF
BT
BE=T
EiEF
BT
BT
BEF
BE=F
®w|ET
BT
®ETF
BisT
B
i%i{ﬁ%
EBEF
BsT
BET
BET
BT
EHET
BEET

DNA{EE
DNAEHE
DNAEH
DNA{EE
DNAEE
DNA{ER
iPSHERa
DNAESE
STAPE &
DNA{&EHE
DNA{EE
DNAf&#E
DNAf&EHE
DNAf&E
DNAf&EE
iPSHHRE
STAPIR &
DNAfEE
?.
DNA{EE
¥ o
:_F.
DNA{&EHE
?.

?.
DNAfE®E
DNA{EE
DNA{EE
DNAETE
DNAEE
DNA{ESE
DNA{EE
DNAfEHE

%

-+
DNAEE
DNAEE
DNAfEHE
DNA{ETE

E

%

%
DNAfEE
DNA(f&EE
DNAfEE
DNA{ETE
DNA{EE
DNA{EE

89288 DNAD _EFF:

89299 %Eﬁ%ﬂx@ (RER)

89300 182  (nucleotide excision repair: NER)
89308 i ithania sommnifera) ®F
89309 Y7 7IP—HYA7—¥

89309 Y73y —

80375 MHC T E#E R ETEA &

89396 TLSHRY AF—¥)

89895 %ﬁm\g

89904 $osx‘r;%t (SOS response)

89906 FRYUAT—EIEME

89907 EABEDIMLRE

89913 %’l’:lﬁhﬁﬁﬁ (T}*§7‘—’E photolyase)
89913 SOSIEEIZLbhEES

89948 RUAZ—F ¢ : Y7 AIU—

80976 EIREMREE

89994

90896 IDNAEHLTT—

93007 4y FER(F intramoletular rearrangement
93090 7S

93107 4y F[EiEs(r (intermolécular rearrangement)

93122 F<=RUEE(T

93192 TLSDAZL

93242 V- 7iEE

93252 T=FU{L&%

93322 AT KRG (FT<RURISOEFE)

93432
93804

= LgMIEE (&R (HIGM)

NASRA= T EBEBETOEE

93880 WM EREMEET (VD)
93982 \-‘/I\Jlmh-’l‘l"ll‘- Y QIS A ANLAD SR LD
93991“1?&5@%‘97%

94006 RZ/—=

94095 35 E DAL fE

94199 120aa®KIBEL

94202 S TFREEDERE/L

94222 Befiih: (rearrangement reaction)
94303 BEEOFREZRS

94393 DOEE

94555 Pul S LHREAZE

94655 #BREEA(L

94722 IV whot’—EEfl (7o —KE)
94742 = &%‘E{L(Kﬁﬁﬁ"_ )

94762 > B R t) rearrangement
94900

94903

94907
94910
94011
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BEF
BT
BT
BT+
EEF
RmF
BT
EBET
BiET
BETF
EBETF
‘=T
EETF
BET
Bz
EET
BET
BEET
BERT
BT
BET
BT
BET
BT
B=F
BET
BETF
BET
BET
E=TE
Bz
EET
BT
BET
EBEF
BT
E=F
BT
EBEE=T
EEF
BET
BEET
BEF
B/ETF
BEF
BRET
T
B’ET
EBE=T

DNA{ES
DNAf&EE
DNA{EE
DNAETE
STAPE %
STAPER %
STAPEHI %
DNAf{EE
STAPH &
iPSHEAD
iPSHHRA
DNAfEE
STAPH %
DNA{ES
DNA{ETE
STAPHZ
DNAEE
DNAZEE
DNA{ERE
DNAf&EE
DNAfETE
DNAfEE
STAPR &
DNAf&EE
DNAfE®E
DNAf&E#
STAPH £
DNAfEE
STAPER %
DNAEHE
DNAfETE
DNABE
iPSHIRE
DNAfEE
iPSHIA
iPSHERa
STAPEE S
STAPHR S
DNAE- 2k
DNAMER-Es
DNA{EE-#Ls
DNAfEE -EEs
DNAfEE-2kS
DNA{EE-&{ks
DNA{EE -2k
DNAfEE - -2Z{ks
DNAfEE- &5
DNA{EE-E{ks
DNAEHE-Z{bs

94991

94992 €
94993 |
95003 #

95051 43R

95059
95095
95156
95280
95408
95509
895583
95651
95891
95944
96016
96029 ¢
96091
96091
96091
96109
86160
96191
96194
96401
96699
96857
26905
96950
97001
97002
97056
97089
97103
97160

97395 £UE

97474
97601
97602
97603
97604
87605
97608
97607
97608
97609
87610
97611

FhATEF (Bacop
bt
DENBEEE
MR PR IR A A
HEREEHE  (base exdision repair:BER)

monnieri)

E@Zk#ﬁ (RHEZfm)
‘ﬂﬂﬂ@@ﬁﬂlﬁn

FLT L — AL T

fl%

AT =2 ATF LD
$EBHE (error—free) DR

AT NT T =2 ZF A BEER  (MGMT)

DNA%&‘%MLE‘@'T‘?E’J TERNISEED DR

ﬁﬁ_ﬁﬂ

ﬁ%/ PO ETERA

SN TS
BEFEVBRLIESR (TLS: Translesion Synthesis)
WTg—2

i[aﬁ}%i’é?ﬁ
ﬂi%ﬁ
EEvEE
VIV Bk

ES

FLNERMRORE
BETKIM
BLEFOct3/)

s
Cathepsin A EC3.4.16.1
Cathepsin B EC3.4.22.1
Cathepsin C EC3.4.14.1
HFTTwD EC3.4.23.5
HFFLE EC3.4.23.34
Cathepsin F EC3.4.22.41
Cathepsin G EC3.4.21.20
Cathepsin H EC3.4.22.16
Cathepsin K EC3.4.22.38
Cathépsin L1 EC3.4.22.15
Cathepsin O EC3.4.22.42
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BET
BT
BiET
BET
BEF
EET
BT
BET
Jﬁfﬁ—?
bt g
EBET
BET
BEnT
BT
B+
BB
BET
EimT
BET
BiE+
BT
Bi=F
BEF
B (rowe
EEF
BETF
BT
BET
BT
BT
BET
BT
BETF
EETF
BET
BETF
BEF
B=T
BE=T
B+
BT
BT
BET
BT
BT
BT
BT
BT
BT

DNAEIE &y
DNAEE-ELS
DNAEE- 24
DNAMER -5
DNAEE
iPSHIRE
DNAEE
DNA{EE - E{Ls
DNA{&ETE
DNAEE
DNAf&ERE
DNAEE 25
iPSHENS
DNA({&EHE
DNAf&ES
DNAEE
DNAERE
STAPIH &
STAPEH. &
STAPEL%
STAPH &
DNAEE
STAPERZ
STAPER &
DNAfEE
DNAf&EE
STAPHRZ
iPSHIRE
DNAES
DNAEE

%
DNAETE
DNA{ESE
DNA{EE
DNAEE
DNA{EHE
DNA{ESE
DNAEE
DNA{EE
DNAEE
STAPE &
DNAEE
DNA/EE
iPSHIRA
STAPHR&
STAPEH £
STAPELSZ
STAPER &
STAPH S

97618
97619
87623
897626
97665

Cathepsin
Cathepsin
Cathepsm
Ca h ¢

97700 = {5 FSo

97769
97853

Q7887 $

97889 {7)77‘9‘3 (Silybum |marianum)
97882 | DINAT ZF fS—333

97897 F )2

97904 TEfEFc—Myc

97988 g

97990 AIE"AtEH%

97990 DNAfETE

S EC3.4.22.27
L2(V) EC3.4.22.43

W EC3.4.22

X/Z EC3.4.18.1

) 7“7"/./7?\}— Cathepsm CTS

97992 DNA{P‘@EF‘

97994
98007
98008
98009
98080
98089
98098
98103
98110
98189 A
98500
98645
98669 3
98743
98806
98810
98812
98815
98821
98824
98851
98878
98886
98388
98892
98960
99082

£

7oA h=Fn7

Ak

A TN AR T AT L AT

7% Pﬂf»%?&
Tﬁ TTARERERT

NABEOREIZEh LB GRS

QC

DBSC (DeSanctis~Cacdhoine syndrome)®&-8f
R EGE
hErOEE)

%\ kR4

E?%ﬁ.ﬁfﬁgﬁ

%‘fﬁé{ VEESE

BEOENDNASZER LU THE

MBDNADESE
GGR(global genome repair: 7./ A& {F0OERE)
Pol n DE=TFEY
RURZ—F 4
DNAKRU AT —F

DNA®DEAE DS (Sliding Clamp)

SWNDNA
DNADEE

29084 1F

86094 H
99177
99180

09188 WEakZ
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EEF
EET
BT
BET
BT
BEF
EET
BE=F
BT
EBE=T
B=F
BET
Bi=T
EET
BET
BErF
BEF
BT
BETF
BET
EET
BT
BET
BEF
BT

DNAE®E
DNAf&EE
STAPHR &
STAPHR S
DNAfEE
STAPE &
STAPHS:
STAPH &
STAPH&
STAPHR S
STAPZL&
STAPHLS:
STAPEH &
STAPER £
STAPHE 2
STAPH &
STAPER £
STAP# £
STAPH £
STAPHL&:
STAPE®RS
STAPH &
STAPER %
STAPE £
STAPE S

99398
99471
98490
99699
99709
89796
59810
99811
99812
09814
99815
£0840
99850
99885
99901
99807
99914
89984
99984
90984
09985
99985
99985
99989
99999

A= R AR F A ADT—E
hEZ—¥

EE

=

HDNA nDNA

ROl 37T« — DR RIRETOEE
o

&3

£

Fnzh

Bzt (HEL)
SRR (k)
TR —

Ean il

UN—2ERAE
RRTF T —

papi

HOZRNF—
BEEEDE

A P

VaRrr77 R
KR R A —

REEE Ao

ElAEmiE 3
EEEREME W
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