                                                                                      APE

APE

                                                 APE

APE

APE

APE

                                                                                        APE

APE

APE

APE

APE
APE

DNA_1nt_APE_polDELTA_PCNA DNA_1nt_APE_polEPSILON_PCNA

DNA_APsite_with_APE

DNA_APsite_with_APE

                                                                                                                 DNA_APsite_with_APE

DNA_APsite_with_APE
DNA_APsite_with_APE
complex_DNA_break_APE_BETA

DNA_flap_APE_poEPSILON_PCNA

DNA_flap_APE_polDELTA_PCNA
complex_DNA_3dRP_NEIL3

complex_DNA_3dRP_hNTH1

DNA_ligated_APE_polDELTA_PCNA_LIG1 DNA_ligated_APE_polEPSILON_PCNA_LIG1

DNA_unligpatch_APE_pEPSILON_PCNA

DNA_unligpatch_APE_polDELTA_PCNA

                                        complex_DNA_3dRP_OGG1

FEN1

FEN1

FEN1

                                                                                                LIG1

LIG1

LIG1

LIG1

                                                                                                        LIG3_XRCC1

                                     LIG3_XRCC1

LIG3_XRCC1

                      MBD4

MBD4

MBD4

MBD4

      MPG

MPG

MPG

MPG

             NEIL1

NEIL1

NEIL1

NEIL1

             NEIL1

NEIL1

NEIL1

                             NEIL3
NEIL3

NEIL3

NEIL3

NEIL3

      OGG1

                                                        OGG1

                                                                OGG1

OGG1

PCNA

PCNA

PCNA_high_level

PCNA_high_level

PCNA_low_level

PNKP

                                   PNKP

PNKP

PPi

PPi

                                                 PPi

              PPi

                                                                                           PPi

                              TDG

TDG

TDG

TDG

TDG

              UNG2

UNG2

UNG2

UNG2
group14_waste

         group14_waste

                         _8oxoAC

            _8oxoAC

_8oxoAC

_8oxoAC

compleDNA_UNG2_5hydroUra

complexDNA_APs_MBD4

complexDNA_APs_UNG2
complexDNA_APs_hNTH1

complexDNA_APs_hSMUG1
complexDNA_MBD4_5hmU_ssDNA
complexDNA_MYH_gr13

complexDNA_TDG_5OHC_dsDNA
complexDNA_TDG_8oxoAC
complexDNA_TDG_uracil

complexDNA_UNG2_uracil
complexDNA_hNTH1_FapyG
complexDNA_hNTH1_Cg_dsDNA
complexDNA_hNTH1_5OHC_dsDNA
complexDNA_hNTH1_thymGlycol

complexDNA_hSMUG1_uracil
complex_DNA_APs_MYH
complex_DNA_1nt_5dRP_APE_polBETA
complex_DNA_APs_NEIL2
complex_DNA_APs_NEIL1
complex_DNA_APs_NEIL3

complex_DNA_MPG_gr14

complex_DNA_APs_TDG

                                                                   complex_DNA_APs_OGG1

complex_DNA_MPGbound_AP_site
complex_DNA_NEIL1_5hydroxyU
complex_DNA_NEIL1_8oxyG complex_DNA_NEIL1_FaPyGC

                                                                                                                   complex_DNA_NEIL1_thymineGlicol

complex_DNA_NEIL2_5hydroxyU
complex_DNA_NEIL3_5hydroxyU
complex_DNA_NEIL3_FaPyA_FaPyG_other

complex_DNA_NEIL3_Tg_in_dsDNA

                        complex_DNA_OGG1_8oxoG
                                               complex_DNA_OGG1_FaPyGC

                                                                                               complex_DNA_with_1nt_gap_APE

                                                                                                              complex_DNA_with_1nt_gap_APE_polBETA

                                               complex_DNA_not_ligated_APE_polBeta

                                              complex_DNA_ligated_polBETA_LIG3_XRCC1

                                           complex_DNA_unligatedres_polBETA_LIG3_XRCC1
dNTP

                                                             dNTP

dNTP

                                           dNTP

                                                                                             dNTP

                                                                             _5dRP

_5dRP

             _5dRP

_5dRP

                                      MYH

MYH

MYH

MYH

FaPyGC

             FaPyGC

                                          FaPyGC

FaPyGC

                                     NTH1

NTH1

NTH1

NTH1

NTH1

                                             SMUG

SMUG

SMUG

SMUG

SMUG
repaired_DNA

                                          repaired_DNA polDELTA

polDELTA

polDELTA

polDELTA

                                                                        polEPSILON

polEPSILON

polEPSILON

                                                       polBETA

polBETA

                                         polBETA
polBETA

                                 polBETA

                                                                                                                    polBETA

polBETA

          _5OHC_ssDNA

_5OHC_ssDNA

_5OHC_ssDNA

_5OHC_ssDNA

uracil

uracil

uracil

             uracil

uracil
uracil
uracil uracil

uracil

uracil

                                                   complex_DNA_3dRP_APE
complex_DNA_3dRP_APE

complex_DNA_3dRP_APE
complex_DNA_3P_NEIL2

complex_DNA_3P_NEIL1

APE_high_level

APE_high_level

APE_high_level
complex_DNA_3P_PKNP

    complex_DNA_3P_PKNP
complex_DNA_3P_PKNP

flap
complex_DNA_break_APE

            complex_DNA_1nt_gap_PNKP

        complex_DNA_unligated_polBETA_PNKP

   complex_DNA_ligated_polBETA_LIG3_XRCC1_PNKP

                                 _3P

      complex_DNA_with_1nt_gap_polBETA_PKNP

                                                                                                            APE_low_level APE_low_level

APE_low_level

g1_U_UG
g1_U_UG
g1_U_UG
g1_U_UG

                                                                                                           complex_DNA_1nt_5dRP_APE_polBETA_PCNA

                                                                                         complex_DNA_flapStructure_APE_polBETA
complex_DNA_1ntgap_FEN1_polBETA

                                                                                        complex_DNA_unligated_APE_polBETA_FEN1

                                                                                                                   complex_DNAligated_polBETA_FEN1_LIG1

                                                                                                                complex_DNAunligated_polBETA_FEN1

g2_UA_UssDNA
g2_UA_UssDNA
g2_UA_UssDNA

g3_5hmU_G
g3_5hmU_G
g3_5hmU_G

g3_5hmU_G

g5_5OHU_ssDNA
g5_5OHU_ssDNA

g5_5OHU_ssDNA
g5_5OHU_ssDNA
g5_5OHU_ssDNA

g6_other5OHU
g6_other5OHU
complex_DNA_NEIL2_8oxoA_TG

gr7_TU_CpG
gr7_TU_CpG

g10_8oxoA_TG
g10_8oxoA_TG
g10_8oxoA_TG

g11_T_TCG_O6_5fC_5caC
g11_T_TCG_O6_5fC_5caC

g8_8oxoA_C
g8_8oxoA_C

                             g8_8oxoA_C
g8_8oxoA_C

g12_FaPyG_C

                                          g12_FaPyG_C
g12_FaPyG_C

g12_FaPyG_C

                                                                        g18_8oxoG_with_C_T_G

                                                                      g18_8oxoG_with_C_T_G
g18_8oxoG_with_C_T_G

g13_A_8_8oxoG_C_hydroxA
g13_A_8_8oxoG_C_hydroxA

                                                                  g14_137_MeAGC_ethenoA_m6A_hypoxanth
g14_137_MeAGC_ethenoA_m6A_hypoxanth

gr9_5OHC_dsDNA
gr9_5OHC_dsDNA
gr9_5OHC_dsDNA

gr9_5OHC_dsDNA

gr9_5OHC_dsDNA

                                                                       g16_thymineGlycol_ex_TgG
g16_thymineGlycol_ex_TgG

                                                                                                                 g16_thymineGlycol_ex_TgG

g16_thymineGlycol_ex_TgG

g16_thymineGlycol_ex_TgG

                                                               gr23_cytosineGlycol_dsDNA_5hydroxy6hydroT
gr23_cytosineGlycol_dsDNA_5hydroxy6hydroT

                                                                           g19_5OHC_ssDNA
g19_5OHC_ssDNA

g19_5OHC_ssDNA
g19_5OHC_ssDNA

                                                                          gr20_Tg_in_ssDNA
gr20_Tg_in_ssDNA
gr20_Tg_in_ssDNA

                                                                          gr21_Tg_in_dsDNA
gr21_Tg_in_dsDNA

gr21_Tg_in_dsDNA
gr21_Tg_in_dsDNA

                                                                        gr22_FaPyA_FaPyG_other
gr22_FaPyA_FaPyG_other

complexDNA_hSMUG1_g3_5hmU_G
complexDNA_TDG_5methUrac

complexDNA_hSMUG1_5hydroxyU

complexDNA_hSMUG1_otherUrac
complexDNA_TDG_8oxoA_TG

_8oxoA_TG

           _8oxoA_TG

_8oxoA_TG
complex_DNA_NEIL3_5OHC_ssDNA

                                                                     complex_DNA_8oxoG_CTG

complex_DNA_NEIL2_5OHC_dsDNA
complex_DNA_NEIL2_5OHC_ssDNA
complex_DNA_NEIL1_thymGlyc_dsDNA
complex_DNA_NEIL1_5OHC_ssDNA

complex_DNA_NEIL1_5OHC_dsDNA
complex_DNA_NEIL1_thymGlyc_ssDNA

complex_DNA_OGG1_T_TCG_O6_5fC_5caC

_8oxoG

             _8oxoG

                                                                       _8oxoG

_FaPyA_FaPyG_other

       _FaPyA_FaPyG_other

intact_DNA_low_level
repaired_DNA_after_damage

DNA_high_level
gr4_5hmU_ssDNA_5fU
gr4_5hmU_ssDNA_5fU
gr4_5hmU_ssDNA_5fU
complexDNA_NEIL3_Tg_in_ssDNA

                     NEIL2

NEIL2

NEIL2

NEIL2
complexDNA_3dRP_NEIL1

                   complexDNA_3dRP_NEIL1
complex_DNA_NEIL1_8oxoAC

complexDNA_hNTH1_FapyGC

             FaPyG

FaPyG

             FaPyG

complexDNA_TDG_thymineGlycol

thymineGlycol

thymineGlycol
thymineGlycol

thymineGlycol

         thymineGlycol
thymineGlycol
thymineGlycol

complexDNA_MBD4_thymineGlycol
complexDNA_hNTH1_thymGlyc_dsDNA

   g17_FapyG_with_A_G_T

                                                                        g17_FapyG_with_A_G_T
g17_FapyG_with_A_G_T
complex_DNA_OGG1_FapyG

_5_OHC_dsDNA

          _5_OHC_dsDNA

_5_OHC_dsDNA

_5_OHC_dsDNA

_5_OHC_dsDNA

Cg_dsDNA_waste

         Cg_dsDNA_waste
gr13_waste

           gr13_waste
complexDNA_MBD4_gr7
gr7_waste

           gr7_waste
complexDNA_MBD4_5hmU_G
coplex_DNA_NEIL2_8oxoAC

_T_TCG_O6_5fC_5caC

       _T_TCG_O6_5fC_5caC

                                                                   gr15_5OHU_dsDNA_56diHT_56_diOHU
gr15_5OHU_dsDNA_56diHT_56_diOHU
gr15_5OHU_dsDNA_56diHT_56_diOHU

complexDNA_hNTH1_5OHU_dsDNA_56diHT_56_diOHU

_5OHU_dsDNA_56diHT_56_diOHU

   _5OHU_dsDNA_56diHT_56_diOHU

_5OHU_dsDNA_56diHT_56_diOHU
complex_DNA_NEIL1_5OHU_dsDNA_56diHT_56_diOHU
complex_DNA_NEIL2_5OHU_dsDNA_56diHT_56_diOHU

                                                                             gr24_FaPyA
gr24_FaPyA

                                                                          gr25_DNApsoralen

                                                                                                     gr25_DNApsoralen

                                                                       gr26_55diHU_8oxoG_ssDNA
gr26_55diHU_8oxoG_ssDNA

             FaPyA

FaPyA

          DNApsoralen

                                                                                                                     DNApsoralen

       _55diHU_8oxoG_ssDNA

_55diHU_8oxoG_ssDNA
complex_DNA_NEIL1_FaPyA

complex_DNA_NEIL2_FaPyA

                                                                                               complex_DNA_NEIL1_DNApsoralen complex_DNA_NEIL2_55diHU_8oxoG_ssDNA

DNA_synthesis_LP_delta DNA_synthesis_LP_epsilon

MBD4_displacement_by_APE

MPG_displacement_by_APE
MYH_displacement_by_APE

NEIL1_liase_activity NEIL2_liase_activity

NEIL3_displacement_byAPE

NEIL3_displacement

NEIL3_liase_activity

                                         OGG1_liase_activity

                                                                                       OGG1_displacement_by_APE

PCNA_freed

PCNA_decreasing

PCNA_increasing

TDG_displacement_by_APE

UNG2_displacement_by_APE
cleavage_gr14_by_MPG
cleavage_5hydroxyU_by_NEIL1

cleavage_5hydroxyU_by_NEIL2
cleavage_5hydroxyU_by_NEIL3

cleavage_5hydrouracil_by_UNG2
cleavage_gr13_by_MYH
cleavage_8oxyG_by_NEIL1

cleavage_FapyG_by_hNTH1
cleavage_FapyGC_by_NEIL1
cleavage_FaPyA_FaPyG_other_by_NEIL3

                                                cleavage_FoPy_by_OGG1
                        cleavage_8oxoG_by_OGG1

cleavage_Cg_dsDNA_by_hNTH1
cleavage_5OHC_dsDNA_by_hNTH1

cleavage_5OHC_dsDNA_by_TDG
cleavage_of_APs_by_APE

                                                                                                                     cleavage_thymGlic_by_NEIL1

cleavage_thymGlyc_by_hNTH1

cleavage_8oxoAC_by_TDG

cleavage_5hmU_ssDNA_by_MBD4
cleavage_uracil_by_TDG

cleavage_uracil_by_UNG2
cleavage_uracil_by_hSMUG1

                              disposal_of_PPi
incorporation_1nt

                                                    polBeta_incorporates_1nt

                              disposal_of_dRP

                                        disposal_of_dNTP

hNTH1_displacement_by_APE

                                                     dissociation_SP_complex

dissociation_LPDelta_complex dissociation_LPEpsilon_complex
flap_cleavage_LP_delta flap_cleavage_LP_epsilon

                                         generate_dNTP

hNTH1_displacement
hNTH1_liase_activity

hSMUG1_displacement_by_APE
recognMBD4_gr7

                                                       ligase_recruitment

                                                         ligation_LIG3

ligation_in_LP_delta ligation_in_LP_epsilon
pBETA_displacement_by_pDELTA
pBETA_displacement_polEPISOLON

                                                                                                                      polBETA_recruitment

recognMPG_of_gr14

recognMYH_of_gr13
recognNEIL1_FaPyGC
recognNEIL1_of_5hydroxyU_ssDNA
recognNEIL3_of_5hydroxyU_ssDNA
recognNEIL1_of_8oxyG

recognNEIL2_of_5hydroxyU_ssDNA
recognNEIL3_FaPyA_FaPyG_other

recognNTH1_of_Cg_dsDNA
recognNTH1_5OHC_dsDNA recognNTH1_of_FapyG
recognNTH1_of_thymineGlycol

recognTDG_5OHC_dsDNA
recognTDG_of_8oxoAC

                       recognOGG1_of_8oxoG_dmg
                                               recognOGG1_of_FaPyGC_dmg

recognTDG_uracilGroup1

recognUNG2_of_5hydroUra
recognUNG2_of_OtherUracilGroup2
recogn_hSMUG1_uracilGroup1

                                                                                                                  recognitionNEIL1_of_thymineGlicol

                                                  OGG1_displacement

                                                                      removal_3dRP_by_APE

NEIL1_displacement

NEIL2_displacement

                                                                                                                   APE_decreasing

APE_increasing

               removal_3P_by_PNKP

flap_out
polBeta_recruitment

   polBETA_recruitment_and_1nt_incorp_with_PNKP

                ligation_forPNKP

        dissociation_SP_complex_PKNP_path
polBETA_removes_5dRP

                                         disposal_of_3P

        polBeta_incorporates_1nt_PKNP_path

            NEIL1_stimulated_displacement_of_OGG1

FEN1_dRP_cleavage

UA_UssDNA_dmgCreation

                                                                                                                 PCNA_added_to_the_complex

                                                                                                    DNA_synthesis

U_UG_dmgCreation

                                                                                                    flap_excision

polBETA_gap_filling

                                                                                                     APE_removal ligation_LIG1

dissociation_otherLP

_5hmU_G_dmgCreation

_5OHU_ssDNA_dmgCreation

other_5OHU_dmgCreation
recognNEIL2_of_8oxoA_TG

TU_CpG_dmgCreation

_8oxoA_TG_dmgCreation

_8oxoA_C_dmgCreation

FaPyGC_dmgCreation

                                                                                                  _8oxoG_with_CGT_dmgCreation

T_TCG_O6_5fC_5caC

A_8_8oxoC_C_hydroxA_dmgCreation

                                                                                           _137_MeAGC_ethenoA_m6A_hypoxanth_dmgCreation

_5OHC_dsDNA

                                                                                                thymineGlycol_ex_TgG_dmgCreation

                                                                                                  FapyG_with_A_G_T_dmgCreation

                                                                                        cytosineGlycol_dsDNA__5hydroxy6hydroT_dmgCreation

                                                                                                    _5OHC_ssDNA_dmgCreation

                                                                                                    Tg_in_ssDNA_dmgCreation

                                                                                                    Tg_in_dsDNA_dmgCreation

                                                                                                NEIL3_others_damages_dmgCreation
recogn_hSMUG1_uracilGroup2

recogn_hSMUG1_g3_5hmUG_gr3

cleavege_g3_5hmUG_by_hSMUG1
recognTDG_of_5methUrac_gr3

cleavage_5methUrac_by_TDG

                            disposal_of_uracil

                         disposal_of_thymineGlycol

                           disposal_of_5hydroxyC

                            disposal_of_FaPyGC
recognNEIL3_Tg_in_dsDNA

                            disposal_of_8oxoAC

                          disposal_of_grp14waste
recogn_SMUG1_of_5hydroxyU_ssDNA

cleavage_5hydroxyU_by_hSMUG1
recogn_hSMUG1_otherUracil_gr6

cleavage_otherUrac_by_hSMUG1
recognTDG_8oxoA_TG

cleavage_8oxoA_TG_by_TDG

                           disposal_of_8oxoA_TG
recognNEIL3_5OHC_ssDNA

cleavage_5OHC_ssDNA_by_NEIL3

                                                                    recognOGG1_of_8oxoG_CTG

                                                                   cleavage_8oxoG_CTG_by_OGG1
recognNEIL2_of_5OHC_ssDNA
recognNEIL2_5OHC_dsDNA

cleavage_5OHC_dsDNA_by_NEIL2
cleavage_5OHC_ssDNA_by_NEIL2
recognNEIL1_thymGlyc_dsDNA
recognNEIL1_5OHC_ssDNA

cleavage_thymGlyc_dsDNA_by_NEIL1
cleavage_5OHC_ssDNA_by_NEIL1
recognNEIL1_of_5OHC_dsDNA
recognNEIL1_thymGlyc_ssDNA

cleavage_5OHC_dsDNA_by_NEIL1
cleavage_thymGlyc_ssDNA_by_NEIL1

                             disposal_of_8oxoG
recognTDG_T_TCG_O6_5fC_5caC

cleavage_T_TCG_O6_5fC_5caC_by_OGG1

                       disposal_of_FaPyA_FaPyG_other

DNA_back_to_pool

intact_DNA_increasing
intact_DNA_decreasing

_5hmu_ssDNA_5fU_dmgCreation
recogn_hSMUG1_5hmU_ssDNA
recogn_MBD4_5hmU_ssDNA_gr4
recognNEIL3_Tg_in_ssDNA

cleavage_Tg_in_ssDNA_by_NEIL3

NEIL1_liase_activity_in_3dRP

APE_in APE_out

polBETA_in polBETA_out

polDELTA_in polDELTA_out

polEPSILON_in polEPSILON_out

LIG1_in LIG1_out

LIG3_XRCC1_in LIG3_XRCC1_out

OGG1_in

OGG1_out

NEIL1_in

NEIL1_out

NEIL2_in

NEIL2_out

NEIL3_in

NEIL3_out
hNTH1_in

hNTH1_out

MPG_in

MPG_out

UNG2_in

UNG2_out

MBD4_in

MBD4_out

TDG_in

TDG_out

MYH_in

MYH_out
hSMUG1_in

hSMUG1_out
recognNEIL1_of_8oxoAC

cleavage_8oxoAC_by_NEIL1

                             disposal_of_FapyG
recognNTH1_of_FaPyGC

cleavage_FapyGC_by_hNTH1
recognTDG_thymineGlycol

cleavage_thymineGlycol_by_TDG

cleavage_thymineGlycol_by_MBD4
recognMBD4_thymineGlycol
recognNTH1_thymGlyc_dsDNA

cleavage_thymGlyc_dsDNA

   recognOGG1_FapyG

     cleavage_FapyG_by_OGG1

                          disposal_of_5OHC_dsDNA

                           disposal_of_gr23waste

                           disposal_of_gr13waste
cleavage_gr7_by_MBD4

                           disposal_of_gr7waste
recogn_MDB4_g3_5hmUG_gr3
recognNEIL2_8oxoAC

cleavage_8oxoAC_by_NEIL2
cleavage_8oxoA_TG_by_NEIL2

                       disposal_of_T_TCG_O6_5fC_5caC

                                                                                             _5OHU_dsDNA_56diHT_56_diOHU_dmgCreation
recognNTH1_5OHU_dsDNA_56diHT_56_diOHU

cleavage_5OHU_dsDNA_56diHT_56_diOHU_by_hNTH1

                   disposal_of_5OHU_dsDNA_56diHT_56_diOHU
recognNEIL1_of_5OHU_dsDNA_56diHT_56_diOHU

cleavage_5OHU_dsDNA_56diHT_56_diOHU_by_NEIL1
recognNEIL2_of_5OHU_dsDNA_56diHT_56_diOHU

cleavage_5OHU_dsDNA_56diHT_56_diOHU_by_NEIL2

cleavage_Tg_in_dsDNA_by_NEIL3

                                                                                                       FaPyA_dmgCreation

                                                                                                    DNApsoralen_dmgCreation

                                                                                                 _55diHU_8oxoG_ssDNA_dmgCreation

                             disposal_of_FaPyA

                          disposal_of_DNApsoralen

                       disposal_of_55diHU_8oxoG_ssDNA
recognNEIL1_FaPyA

cleavage_of_FaPyA_by_NEIL1
recognNEIL2_FaPyA

cleavage_of_FaPyA_by_NEIL2

                                                                                                recognNEIL1_of_DNApsoralen

                                                                                               cleavage_DNApsoralen_by_NEIL1
recognNEIL2_of_55diHU_8oxoG_ssDNA

cleavage_55diHU_8oxoG_ssDNA_by_NEIL2

cleavage_5hmU_G_by_MBD4