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ÕlT
KMH#R�O�ÖMÖØ×ÙW]LEDIR+L�T_CwGIT�Ú(Û�Ü'D4Ý�O�`:GITVKMDcLEH
Þ GIL�Þ GI^ZHVO+HVKMßEO�O:à|O�Þ�T_H�KML�G+R+G�áST_CwGIT
T_CEO+`VO�H_^EÖMTVH
DIâ�GIÖMãcD4`VKMT_CEF!H�ßED�LEDcT�ä�T�TVD�T_CEO�O$ågÝ�O�Þ�T:GIT_K[DcL�æcÜ�L]á&F*D4ÖMO�Þ�^ZÖ¤GU`�çEKMDcÖ[Dcã4KMÞ GUÖ4D4Ý�O�`:GITVKMDcL�^EHVO�ß
âtDc`�Ú(Û�ÜèÞ�DcF!ÝE^ZTVKMLEã�HVO�O$F!H�T_D�çwO(Þ�ÖMD4H_O�ÖMá�Þ�D4LELZO�Þ�TVO$ßéR+KMT_C�Þ�O�`VT:GIKML!^ZLgR+GIL]T_O�ß�O:à|O�Þ�TVH+DcL
TVCZO�F!DcÖ[O$Þ�^EÖÉGI`�ÖMO�êcO�Ölæ]B�á]ÝEKMÞ GUÖ|HVKMßEO�O�àëO�Þ$TVH�GI`_O�âqD4`+KMLEHVT:GILEÞ$O�^EL]R¨GUL]TVO�ßAGIßZßEKMTVKMD4LwGUÖëÚ(Û(Ü
HVT_`vGULEßEH ì�ÖMD4H_H�DUâíR+GIL]T_O�ßÇÚ(Û�ÜîHVTV`:GILEßZH ì|GI`_TVKØâÙGIÞ$TVH ìZF�^ETvGUTVKMD4LZH ì]FéGUÖØâtD4`_F�O�ß!Ú(Û�ÜÊH_TV`_^EÞ:×
TV^Z`VO�H�Dc`�H_O�ï]^EO�LEÞ�O$H ì
KMF!ÝE^Z`VKMTVKMO�H�ì]K[LZÞ�D4F*ÝEÖMO�TVO�D4`�^ELZHVÝ�O�Þ�KØäwÞ�`VO�GIÞ�T_K[DcLEH ì�GILEßA^ZLgç�GIÖÉGILEÞ$O�ß
Ú(Û�ÜîÞ�D4LEÞ$O�L]TV`vGUTVKMD4LZH æ|Q(L]âtD4`_TV^EL�GITVO$Ö[á]ì�HVKMßEO�O�àëO�Þ$TVH�Þ GIL=HV^EF;^ZÝAKMLAHVO�ï]^EO$LEÞ�O�H�DIâ¨Ú(Û(Ü
D4Ý�O�`:GITVKMDcLEH�ÖMO GIßZK[LZãéT_D1^ELEÝE`_O�Þ�KMHVO4ì
^ZLE`VO�ÝZ`VD]ßE^EÞ�KMçEÖMO*D4`�O�êcO�LÅ^EL]^EH:GIçEÖMO�äwLwGUÖ�`VO$HV^EÖMTVH1ðeñ$òVæ
ó D4ÝZK[LZãéR+KMT_C)HVKMßEO�O�àëO�Þ$TVH!KMH�T_DAç�O!HVO$O�LèGIH�T_CEO!F1GIKMLÇÞ:CwGUÖMÖ[O$LEã4O�KMLÅTVCZO!`VO$HVO GU`VÞ:CôäwO�ÖMß
DIâ�O�å]ÝwO�`_KMF!O�L]TvGUÖ�Ú�Û(ÜõÞ�D4F*ÝE^ETVKMLEã�æEöÅO�CwG�ê4O�GIL�GIÖMá]N�O�ßAÝE`_D]Þ�O�HVH_O�H�^EH_O�ßÅKMLÇÚ(Û�ÜõÞ�D4F/×
ÝE^ET_KMLEãÇGIT�TVCEO*F!D4ÖMO�Þ$^EÖÉGI`�ÖMO�ê4O�Ö�KMLÅÖÉGIç�D4`vGUTVDc`VáAH_TV^EßEKMO�H�R+KMTVCÅT_CEOéGUK[F÷TVD=HVÝ�O�Þ�KØâtáÅT_CEO�HVO
ÝE`_DgÞ$O�HVH_O�HSGUH�ßEO$TvGIKMÖMO�ß!GUH�Ý�D4H_HVKMçEÖMO4æcB+CEOSGULwGIÖMá]HVKMH�ÖMO�ß�T_D,G�Þ$Ö¤GUHVH_K{ä�Þ GIT_K[DcL!GILEß�T_D,GøHVTvGUTVKMHl×
TVKMÞ GUÖEÝwGU`vGIF*O�TV`_KMÞ+Ö[Dcã4ãcK[LZã�DIâ|HVKMßEO(O:à|O�Þ�TVH�æEù+GIH_O�ß!DcL�TVCEKMH�W]LEDIR+ÖMO�ßEãcO4ìIR�O+CwG�ê4O+ßZO�ê4O�ÖMDcÝwO�ß
G*HVKMF�^EÖÉGIT_KMD4L1TVD]D4ÖzDIâ+`VO GUÖ�D]Þ�Þ�^Z`V`VKMLEã9F!D4ÖMO�Þ$^EÖÉGI`�çZK[DcÖMD4ã4KMÞ GUÖ�ÝE`_D]Þ�O�HVH_O�H!Þ$D4LEH_K[ßZO�`VKMLEãAH_KMßEO
O:à|O�Þ�T_H æ�B+CEO&Þ$D4F!Ý�GI`VKMH_D4L1DIâ�HVKMF�^EÖÉGUTVKMD4L*`VO�H_^EÖMTVH�R+KMTVCA`_O GIÖ�DcçEHVO$`Vê4GIT_KMD4LEH(K[L9TVCEO�ÖÉGIç�D4`vG�×
TVDc`Vá=HVCEDIR+H�G!CZK[ãcCÇßZO�ã4`_O�O!DUâ»GUÞ�Þ�D4`_ßwGILZÞ�O4æ�ú(^E`�F1GIKML1D4ç4û:O�Þ$TVKMê4O*K[H�T_DAÞ�D4LZHVTV`_^EÞ�T�O�`V`_D4`
`VO$ßE^EÞ�O�ß¿GILZß)HVKMßEO1O:à|O�Þ�T1Þ�DcF!Ý�O�LEH:GITVKMLEãÅGIÖMãcD4`VKMT_CEF!H�æ�üE^Z`VTVCZO�`VF*D4`VOcì
TVCEO1ãgGUÝ'çwO�TlR�O�O�L
âtDc`VFéGUÖ
F!D]ßEO�ÖMH�DIâSÚ(Û�Ü3Þ�D4F*ÝE^ETVKMLEãAGULEßÅKMF!ÝEÖMO�F*O�L]TvGIT_KMD4LEH(K[L=TVCZO!ÖÉGIç�D4`:GITVDc`Vá=HVCEDc^EÖMß
ç�OAçE`VKMßEãcO�ß�æzÜ0Þ�ÖM^EOAT_DÅCwGILZßEÖMOéH_KMßEOAO:à|O�Þ�T_HéKMLèÚ(Û�Ü÷Þ�D4F*ÝE^ETVKMLEã=Þ GULýÞ$D4LEH_K[H_T!KML'TVCEO
KMßEO G�TVD�KMLEÞ�ÖM^EßEO(TVCEO�F3K[L]T_D�TVCEO�ßEO�äwLEKMTVKMD4L*DIâ#Ú(Û�ÜþD4Ý�O�`:GITVKMDcLEH¨GUH�âlGI`+GIH�ÝwDcHVHVKMçEÖMO4æEÚ(Û(Ü
Þ�DcF!ÝE^ET_KMLEã!GIH�C�GI`VßZR¨GU`VO�GI`VÞ:CEKMT_O�Þ�TV^Z`VO!Ý�GI`VT_KMÞ�^EÖÉGI`_Ö[á9Þ�D4L]ê]KMLEÞ�O�H�ç]áAKMTVH�ÝZ`vGIÞ$TVKMÞ GIçZK[ÖMKMTlá1DIâ
ÖÉGIç�D4`:GITVDc`Vá�KMF!ÝZÖ[O$F!O�L]TvGUTVKMD4LZH#ç�GIHVO$ßéDcLAG�âtD4`_FéGIÖZF!D]ßEO�Ö�DIâ�Þ�DcF!ÝE^ET:GIT_K[DcL�æ
B+CEO1HVKMF�^EÖÉGIT_KMD4LAT_DgDcÖ¨GULEß)Þ$D4L]TVKML]^EO�ß'ÖÉGIç�D4`:GITVDc`Vá=HVT_^EßEKMO�H�O�å]TVO$LEß'D4^E`�`VO�H_^EÖMTVH�ÝE`_O:×

HVO$LgT_O�ßýGUT&Ú(Û�Ü�ñÅð ÿ�ò�æ�ú�^Z`�R�Dc`VW9âtD]Þ�^EH_O�H,GÀ`VO�ÖMKÉGIçEÖMO�KMF!ÝEÖMO�F*O�L]TvGIT_KMD4L!DUâSGIL=D4ÝET_KMF!KMN�O�ß
ßEKMHVT_`VKMçE^ET_O�ß)H_ÝEÖMKMÞ�KMLEãAHVá]H_TVO�F8B+B�ñ9KMLÅTVCEO*ÖÉGIç�D4`vGUTVDc`Vá'ð �$òVæ�Q�H_K[LZãATVCEO*HVKMF�^EÖÉGIT_KMD4LAT_DgDcÖlì
ÝE`_D4ã4LZD4HVO$H�GIç�D4^ET�`VO�H_^EÖMTVKMLEã�Ú(Û�ÜþHVTV`:GILEßZH�GILEß*K[L��w^EO�LEÞ$O�H+DIâ
HVKMßEO�O�àëO�Þ$TVH�T_D&H_^EçEH_O�ï]^EO�L]T
Ú(Û�ÜþD4Ý�O�`vGUTVKMD4LZH�Þ GUL1çwO�D4çZTvGIKMLEO$ß�æ4B+CZOSL]^EF�ç�O�`�DUâ#H_TV`vGULEß!ßZ^EÝEÖMKMÞ GIT_O�H+`VO���O�Þ�TVKMLEã!Ú(Û(Ü
Þ�DcLEÞ�O�L]TV`:GIT_K[DcLEH+KMH�Þ�DcLEHVKMßEO�`_O�ßAGIH�GUL!KMF!Ý�D4`_TvGULgT âÙGIÞ$TVD4`zâtDc`�G�ßEO�T:GIKMÖMO�ß�ßEO�H_Þ�`VKMÝET_KMD4L!DUâ�TVCEO
Ú(Û�ÜþÞ�D4F*ÝE^ET_K[LZãSDcÝwO$`vGIT_KMD4LEH�D4L�T_CEO�F!D4ÖMO�Þ$^EÖÉGI`
ÖMO�ê4O�Ö�KML!T_CEO�H_K[F�^ZÖ¤GUTVKMD4L�æ�B+CEKMH�ÝE`VDcÝwO�`_Tlá
GIÖMÖMDIR+H+TVD1O�ê4GUÖM^wGIT_O�TVCEO�ï]^wGIL]T_K[T:GIT_K[êcO�çwGUÖ¤GULEÞ�O�DUâ¨Ú(Û�ÜõÞ�DcLEÞ�O�L]TV`:GIT_K[DcLEH�KMLÇG/TVO�H_T�TV^Eç�O4æ
J�O$`VO4ìzR�O*HVCEDIR TVCEO1GIçEKMÖMKMTVKMO�H�DIâ�T_CEO1HVKMF�^EÖÉGIT_K[DcLA^EH_K[LZãÇT_CEO1D4Ý�O�`vGUTVKMD4LEH�H_á]LgT_CEO�H_K[H�ì�GIL]×
LEO GUÖMK[LZãwì]F!O$Ö[T_KMLEãwìc^ELEKMD4L�ìEÖMKMãgGIT_KMD4L�ìcßEKMã4O�H_TVKMD4L�ìEÖÉGIç�O�ÖMKMLEãwì]Ý�D4ÖMá]F!O�`_KMHvGIT_KMD4L�ì�� ó�� ì�G�âÉä�LEKMTlá
ÝE^E`_KØäwÞ GIT_KMD4L�ì4GULEß�ã4O�ÖEO$Ö[O$Þ�TV`_D4ÝECEDc`VO�H_KMH�ç]á�F!O GULEH�DUâëH_O�ÖMO�Þ�TVO$ßéO$å�GUF!ÝEÖMO�H�R+KMTVC�Þ�D4F*ÝwGI`_K[H_D4L
TVD�ÖÉGUçwDc`vGIT_D4`_á�`VO�H_^EÖMTVH æ
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B+CEO(WgLZDIR+Ö[O$ßEã4O�GIç�D4^ET�^ZLEßEO�`_Ö[á]KMLEã�F*D4ÖMO�Þ�^ZÖ¤GU`
çEKMD4ÖMD4ãcK[Þ�GIÖEÝE`_D]Þ�O�HVH_O�H�ãc`VDIR+H�^EÝ�F!Dc`VO�GULEß
F!Dc`VO�`:GIÝEKMßEÖMá]æ�ÕlLÇT_CEO�F!O GUL]TVKMF!O4ì]T_CEO�ÝE`_K[LZÞ�KMÝEÖMO�H�DIâ+çEKMDgÞ:CEO$F!KMÞ GIÖ
`_O GIÞ�T_KMD4LEH&GU`VO�^ELEßEO$`l×
HVT_D]Dgß=ê4O$`Vá=R�O�ÖMÖlæ �í`VO�Þ�KMH_O!ßEO�H_Þ�`VKMÝET_KMD4LEH�Þ�GIL=çwO�âtDc^ELEß=KMLA`VO�Þ$O�L]T&CwGULEßEç�D]D4W]H�DIâ�ãcO�LEO�T_K[Þ
TVO$ÞvCZLEKMïg^ZO�H+ÖMK[WcO�ð��$ò�æUB+CEKMH�Ý�D]D4Ö�DIâ�W]LEDIR+ÖMO�ßEãcO+F!D4H_TVÖMá&GUK[F*H#GUT¨GUÝEÝEÖMKMÞ GIT_K[DcLEH
KML�F!O�ßEKMÞ�KMLEOcì
GIãc`VKMÞ�^EÖMT_^E`VO4ì�GILEß1ãcO�LEO�T_K[Þ�O�LEã4KMLEO$O�`VKMLEã�æEú�^Z`�KML]TVO�L]TVKMDcLéKMH�TVD�^EH_O�TVCZK[H+W]LEDIR+ÖMO�ßZã4O�GILEß1T_D
GIÝZÝEÖMá�K[T�âqD4`+GIÝEÝE`_DgGUÞvCZO�H�KMLéÚ(Û(Ü¿Þ�D4F*ÝE^ETVKMLEã�æ
ù�KMD]Þ:CEO�F*K[Þ�GIÖ�`VO GUÞ�TVKMD4LZH&DcLýÚ(Û�Ü;GI`_O!ã4O$LEO�`vGUÖMÖ[áÅÞ�GI^EH_O�ß'çgáÅÞ$D4ÖMÖMK[H_KMD4LEH�DIâ�TVCEO*`VO GUÞ:×

TvGUL]TVH+R+KMTVC1O�LEDc^Eã4C9O�LEO�`_ã4á1TVD�T_`vGILZHlâtDc`VF Þ�DIê4GIÖMO�L]T�D4`�C]á]ßE`_D4ã4O$Léç�D4LZßEH æZB+CEKMH+O�LEO�`_ã4á1KMH
^EH_^wGIÖMÖMá�HV^ZÝEÝEÖMKMO�ß!ç]á�CEO GIT_KMLEã�D4`�çgá�GIßZßEKMTVKMD4L�DIâ|KMLEHVT:GIçEÖMO+F!DcÖMO�Þ�^EÖMO�H�R+KMT_C,G�ÖÉGU`Vã4O+O$LEO�`Vãcá
Ý�D4TVO$LgT_KÉGIÖlæ�B+Cg^ZH�TVCEO+ê]KMH
ê]K[ê4G»DIâwT_CEO+F!DcÖMO�Þ�^EÖMO�H
KMLEHVKMßEO�TVCZO+TVO�H_T�TV^Eç�O�H�KMLEÞ$`VO GUHVO�H+GILEß�TVCZO�á
ç�O�Þ�D4F*O�F!Dc`VO�F!DIêcO GIçZÖ[OcæEú�LZO�TVO�H_T�TV^Eç�O&Þ�GIL=Þ�D4L]TvGUKMLé^ZÝATVD���� X�� F*D4ÖMO�Þ�^ZÖ[O$H+K[LZÞ�ÖM^EßEKMLEã
R+GITVO$`SßZK[Ý�D4ÖMO�H�æEöèCZK[Þ:CA`_O GIÞ$TVKMê4O�F!DcÖ[O$Þ�^EÖMO�H�DUâ�TVCZO�F;R+KMÖ[Ö�KMLgT_O�`vGUÞ�T�KMLEßEO�O�ß���B+CEO,GULEHVR�O�`
TVD9TVCEKMH�ï]^EO�HVT_KMD4LÅ`VO$ïg^ZK[`_O�H�TVDÇGUçEHVT_`vGIÞ$T�ât`_D4F�G!F1GIÞ�`_D4H_Þ�D4ÝEKMÞ�ê]K[O$R�æ�ÜõF!KMÞ�`_D4H_Þ�D4ÝEKMÞ�GIÝ]×
ÝE`_DgGIÞ:C=CwGIH�T_DéO$HVTVKMF1GITVO�TVCEO�ÝE`VDcçwGIçZK[ÖMKMTlá1DIâ¨GULÇKML]TVO$`l×�D4`(KMLgT_`vG�×ÙF*D4ÖMO�Þ�^EÖÉGU`+`VO GUÞ�TVKMD4L9âtDc`
GIÖMÖ]Þ�DcF�çEKMLwGIT_K[DcLEH�DUâëF*D4ÖMO�Þ�^ZÖ[O$H#KMLEH_KMßEO+TVCEO+T_O�HVT�TV^ZçwO4æcB+CEKMH�Þ GUL�çwO+ßZD4LEO+ç]á�ãcO�LEO�`:GITVKMLEã�G
ÝE`_D4çwGUçEKMÖ[KMTlá�FéGUTV`_K[å�R+CED4H_O+O�ÖMO�F!O�L]T_H�KMßEO�L]TVKØâtá&GUÖMÖEÝwDcHVH_K[çZÖ[O+Þ$D4F�çEKMLwGUTVKMD4LEH�CEDIR'F!DcÖ[O$Þ�^EÖMO�H
Þ GUL)CEKMT�T_DA`VO GUÞ�T�TVDcã4O�T_CEO�`�æ
B+CEO!ÝE`_D4çwGUçEKMÖMK[T_KMO�H(âtD4`�G1`VO�GIÞ�T_K[DcL)ç�O�TlR�O�O�L'TVCEO*F!DcÖ[O$Þ�^EÖMO�H
âtDc`VF!KMLEã�G�Þ�DcF�çEKMLwGIT_KMD4L�ßEO�Ý�O�LEß=D4L!F1GIL]á�ÝwGI`:GIF!O$TVO�`_H+O4æ ãwæ]Þ:CEO�F*K[Þ�GIÖ|ÝE`_D4Ý�O�`VT_K[O$H�DIâ
TVCEO
F!DcÖMO�Þ�^EÖMO�H�ìwT_CEO�KM`�Þ�ÖMDcHVO�LEO$HVH!GILZßÇDc`VKMO�L]TvGUTVKMD4L=TVDAO�GIÞ:CÅD4T_CEO�`&GULEßÅTVCEO�LZO�KMã4C]çwDc^E`VH_CEKMÝÅDIâ
D4T_CEO�`(`VO GUÞ�TVKMê4O�F!D4ÖMO�Þ$^EÖMO�H æ]Ü»âtTVO�`(Þ�`VO�GITVKMLEã*TVCEO�FéGIT_`VKMå�DIâ�F!DcÖ[O$Þ�^EÖÉGI`�`_O GIÞ$TVKMD4LAÝZ`VD4ç�GIçEKMÖØ×
KMTVKMO�H�ì�G1Þ�O�`_TvGUK[LÅÞ$D4F�çEKMLwGUTVKMD4LAR+KMT_C GUÞ�Þ�O�ÝET:GIçEÖMO*ÝE`VDcçwGIçEKMÖMKMTlá� !�1KMH�HVO$Ö[O$Þ�TVO�ß'`:GILEßEDcF!ÖMá
GIÞ$Þ�D4`_ßEKMLEã�TVD�TVCEO+ãcKMê4O�L�ÝZ`VD4ç�GIçEKMÖMKMTláSßZK[H_TV`_K[çZ^ETVKMD4L�æ B+CZO�F*D4ÖMO�Þ�^EÖÉGU`�`VO�GIÞ�T_K[DcL&KMH
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possible complete molecular reactions:

probability for occurence:
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possible complete molecular reactions:
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test tube

A A G C T C C G A T G G A G C T

T G A A G C T C C A T C G G A

G A G C T T A T A

A T A

A

T

A

T

G

C

C

G

T

A

C G A T G G A G C TC

G

possible complete molecular reactions:

probability for collision:

0.085

possible complete molecular reactions:

probability for collision:

0.085

* 10
* + n2p

6
2n

2n=

* 6
* + n2p

10
2n

2n=

no new product

possible complete molecular reactions:

probability for collision:

0.051 * 6
* + n2p

6
2n

2n=

possible complete molecular reactions:

probability for collision:

0.099 * 10
* + n2p

7
2n
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possible complete molecular reactions:

probability for collision:

0.099 * 7
* + n2p

10
2n
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possible complete molecular reactions:

probability for collision:
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* + n2p

6
2n
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possible complete molecular reactions:

probability for collision:

0.060 * 6
* + n2p

7
2n

2n=

possible complete molecular reactions:

probability for collision:

0.069 * 7
* + n2p

7
2n

2n=

no new product

no new productno new product
annealing

intramolecular

maximum number of molecules affected by one molecular reaction: k = 2
number of DNA sequences: n = 3
number of DNA strands: p = 10 + 6 + 7 = 23

9 x

6 x

6 x

test tube

1 x

1. Create matrix of the probabilities for molecular reactions (intermolecular collision and intramolecular activity)

2. Select one combination

distribution

randomly with respect
to the probability

3. Determine all possible
complete molecular
reaction products and
select one of them

Perform molecular
reaction and modify
tube contents

4.
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: significant side effect caused by the operation: considered in simulation tool
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in brackets: statistical parameters
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incorrect synthesized strands carrying

correct synthesized strands
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lane 1: PCR negative control
lanes 2, 3, 4: PCR product (simulation screenshot)

lane 5: 50bp marker
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correct amplified double stranded
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min. bonding rate: 50%

Annealing

Polymerisation

Melting

max. length: 100bp
min. bonding rate: 50%

Polymerisation

Annealing

Melting

max. length: 100bp
min. bonding rate: 50%

Synthesis

1000 copies template1

max. length: 100bp

Melting

Union
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Union

8000 copies primer28000 copies primer11000 copies template2

SynthesisSynthesisSynthesis

Annealing

Polymerisation
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Synthesis

1000 copies oligo1

Synthesis

1000 copies oligo2

Union

max. length: 100bp
min. bonding rate: 50%

Annealing

Digestion

recognition sequence
for star activity:

Synthesis, union, and annealing are assumed
to run perfectly. Digestion has side effects: 10%
of all cleavages with correct matching recognition
sequence are left out, additional 10% of all
cleavages are unspecific simulating star activity
using the generalized recognition sequence above.
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