
 

 

Supplementary Information 
 
Supplementary Table 1. List of integrases used for the development of PASTE.   
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EN
A 

SRS
120
529
8 

PRJ
EB2
6277 NA NA 

N18992
9_49_5

4 SsuINT NA 

human gut 
metagenom

e 

stool sample 
from male in 

USA 

MEKNRAVLYLRLSKEDVDKVNKGD
DSSSIKSQRLLLTDFALERGFKIVGV
YSDDDESGLYDDRPDFERMMTDAK
LDEFDIIIAKTQSRFSRNMEHIEKYLH
HDLPNLGIRFIGAVDGVDTESDENK
KSRQINGLVNEWYCEDLSKNIRSAF
KAKMKDGQFLGSSCPYGYKKDPQN
HNHLVVDDYAAKVVQKIFNLYLEG
YGKAKIGSILSSEGILIPTLYKKDILK
QNYHNSKALDTTQNWSYQTIHTILN
NEVYLGHLIQNKVNTMSYKDKNKRI
LPKEKWIIVRNTHEPIITEEMFQDVQ
KLQKNRTRSVENIEPNGLFSGLIFCA
DCKHAMSRKYARRGEKGFVGYVCK
TYKTQGKNFCESHSIDYDELEEAVLF
SIKNEARSILQQEEIDELRKVQAYDE
TKSYYEMQLENIKSRMEKIEKYKKK
TYDNYMDDLISRDDYKKYVTEYDK
EIGGLKQQQELINSKTDLEKEISTQY
DEWVEAFINYVDIDKLTREIVIELIEK

IEVNKDGSINIYYKFKNPYIS 527 INTc 

EN
A 

ERS
396
461 

PRJ
EB2
6280 NA NA 

N19015
6_234_

12 SssINT NA 

human gut 
metagenom

e 
stool sample 
from Spain 

MNTVIYARYSAGPRQTDQSIDGQLR
VCTEFCKQRGLTVVDTYCDRHISGR
TDERPEFQRLIADAKAHKFEAVVVY
KTDRFARNKYDSAIYKRELRRNGIQI
FYAAEAIPEGPEGIILESLMEGLAEYY
SAELAQKIKRGLNESALKCQSLGSG
RPLGYTVDEQKHFQIDPESSQAVKTI
FEMYIKGESNAAICDYLNARGLRTS
QGNLFNKNSINRIIKNRKYIGEYRYN
DIVVEGGMPAIISKETFCMAQAEME
RRRTHRAPVSPKAEYLLAGKLFCGH
CKGPMQGVSGTGKSGNKWYYYYC
ANTRGKERTCDKKQVSRDRLEKAV
VDFTVRYILQENVLEELSKKVYAAQ
ERQNNTASEIAFYEKKLAENKKAIA
NILRAIESGAMTQALPARLQELENEQ
TVIQGELSYLKGARLAFTEDQILFAL
LQHLDPRPGESERDYHRRIITDFVSE
VYLYDDRMLIYFNISSADGKLKHAD
LSAIESGVFDAGLISSSSRASSFSTRC

ALI 510 INTd 

EN
A 

ERS
101
583
7 

PRJ
EB2
6832 NA NA 

N19135
2_143_

72 SscINT NA 

human gut 
metagenom

e 
stool sample 
from China 

MNEKNLEIGAAYIRVSTDDQTELSPD
AQLRVILEAAKKDGIIIPQEFVFMED
RGRSGRRADNRPEFQRMISTARQNP
SPFRYLYLWKFSRFARNQEESAFYK
GILRKKCGVTIKSVSEPIMEGMFGRL
VEMIIEWSDEFYSVNLSGEVLRGMT
QKALEHGYQLTPCLGYDAVGHGRP
YVINEEQYQIVEFIHRSFFDGKDMTW
IAREANRRGYHTRRGNPFDTRAVRII
LTNSFYVGLVKWNDVTFQGTHECR
ESVTSVFSANQERLNRIHRPRGRRQA
SSCKHWLSGLLKCSICGASLGYNQT
KDLTKRGHAFQCWKYTKGIHPGSCS
VSSLKAEAAVLESLQMILETGEVEYT
YEQREKHLDDNKLTLIQKSLERLDT
KELRIREAYESGIDTLDEFKTNKARL
QRERDQLMEELEELHSQEEPEDVPG
KEILIERIQNVYDLLQSPDVDNDDKG

NAVRSIIKKIVYIKESKTFCFYYYV 482 INTd 

EN
A 

ERS
128
967
7 

PRJ
EB2
6924 NA NA 

N19153
3_224_

76 Ssc2INT NA 

human gut 
metagenom

e 
stool sample 
from China 

MERTIKVIQPGTVKIPTKKRVAAYAR
VSSGKDAMLHSLSAQVSYYSNMIQQ
KNEWSYVGIYADEAITGTKDRRVEF
NRLIQDCTDGKIDMIITKSISRFARNT
LTMLEVVRKLKNINVDVYFEKENIH
SISGDGELMLTILASFAQEESRSVSEN
CKWRIRKGFEQGELINLRFLYGYRIN
KGKIEIYEKEAEIVRMIFDDYLNGEG
CTRIGNKLRKMKVNKLRGGMWNSE
RVVDIIKNEKYTGNALLQKKYVKDH 406 INTc 



 

 

LSKKLVRNKGILTQYYAEGTHPAIID
IKTFEIAQKIMEANRTKFQGKCGSNR
YLFTSKIECGICGKNYRHKDREGKST
WVCANHLKYGNSRCIAKPLNEEKLK
KLINEALELKYFDEEIFIRNIKRIKVT

GNQTIEFILKDGKVIEEGMI 

EN
A 

ERS
265
582
7 

PRJ
EB2
8245 NA NA 

N20391
1_4518

6_6 SsdINT NA 

human gut 
metagenom

e 

stool sample 
from 

Denmark 

MKKIKIDRAIQERPATRKQTRNEKIR
QSLTEHVDVQVIPAITDREGYEKPKL
RVCAYCRVSTDMDTQALSYELQVQ
NYTDYIRGNDEWRFAGIYADRGISG
TSLKHRDEFNRMIEDCKAGKIDLIIT

KAVTRFARNVLDCISTIRMLKQLEHP
VAVYFETERINTLDTTSETYLGLISLF
AQGESESKSESLKWSYIRRWKRGTG
IYPAWSLLGYEMGEDGKWQIVEAE
AELVRIIYDMYLNGYSSPQIAEILTRS
GVPTATNQTVWSSGGVLGILRNEKY
CGNVLCQKTMTVDVFSHKAIKNTG
QKTQYFIEGHHDPIILRSDWDRVQQ
MIDEKYYRKRRGRRTKPRIVLKGCL
AGFTQIDLDWDEDDIARIFYSTTPAA

EVATPAMADHIEIIKVKGEN 401 INTc 

EN
A 

SRS
294
942 

PRJ
EB3
0046 NA NA 

N20862
1_9_15 SmcINT NA 

human gut 
metagenom

e 

sample from 
72-year-old 
male from 

China 

MKTAAAYIRVSTDDQVEYSPDSQIK
LIRDYAKRNDYILPDEFIFRDDGISGK
SAKHRPEFTKMIALAKSPEHPFDAIL
VWKFSRFARNQEESIVFKNILRKIGV
EVRSVSEPISEDPFGSLVERIIEWTDE
YYIINLSGEVKRGMLEKISRGQPVVP
PPVGYKMENGQYIPDENAHFIKEIFE
AYAAGEGARHIAQRLAAQGCLTKR
GNPIDNRFVDYVLHNPVYIGKLRWS
VNSHAASSRHYDSADIIVFDGTHEPL
ISSELWESVQKRLHEVKTLYPKYQR
REQPVSFMLKGLVRCSSCGSTLCYC
RTSEPSLQCHSYARGSCRQSHSINIAT
ANEAVIKGLQLAVDKLDFAIAPAKP
HYSADAPGTNKLLAAEYKKMERIK
AAYANGTDTLEEYAANKKKISAEIA
RLEAELQQESNVKPINKKAFAKRVS
EIIKYISDPHNSEAAKNQALRTVISYII

FDRAATTFNIIFHF 476 INTd 

Met
aSU

B NA NA NA NA 
N67501
5_95_5 UhmINT NA 

urban 
human 

microbiom
e NA 

MKIAIYARKSKYSPTGESVENQIQLC
KEYLQAKYKSETLEIDEYKDEGYSG
GNTNRPDFKKLIAQIEDYDMLICYRL
DRISRNVADFSSTLTLLQNNKCDFVS
IKEQFDTTSPMGRAMIYISSVFAQLE
RETIAERIRDNMMELAKMGRWLGG
TIPMGFDSEPITFIDENMKERSMTKLI
PNVEELKVIELIYEKYLQLGSMGKV
VTYLLQNNIKTKKGKDFTLGSIKVIL
TNPIYVKANQEVVNHLKTQGITICGD
VDGKKALLTYNKTTGISNDVGTKTI
VKDKSEWIAAVANHKGIIPADKWLQ
AQNIKDKNKDSFPALGRSNTTIASRV
LRCDKCESTMGVTHGHINPVTGKKH
YYYNCTLKKRSKGVRCDNKPAKAA
EVDEAILITLENMFKAKSSIIDNLKAK
NKARRIEMISSNRVDVINKIIEDKTK
QIDNLVNKLSLDDDLTDILFKKIKGL
KAEIKELEDELLTLTSDNIKLNEDEV
VLDFTEKLLEKCSIIRTLDILEQQQIV
DALIPLVTWNGDTEVLNIYPLGSPEL

ELKEAESKKK 550 INTd 

Sega
ta-

Paso
lli NA 

PRJ
NA4
2243

4 NA NA 

N68434
6_90_6

9 SacINT NA 

human gut 
metagenom

e 

stool sample 
from adult in 

China 

MKEKVSERKTGAIYIRVSTDKQEELS
PDAQLRLLLDYAKKDSIDVPKEYIFQ
DNGISGRKANKRPAFQNMIALAKSK
EHPIDTIIVWKFSRFARNQEESIVYKS
LLKKNNVDVVSVSEPLIDGPFGSLIE
RIIEWMDEYYSIRLSGEVMRGMTQN
AMRGHYQSDAPIGYTSPGDKKPPVI
NPDTVQIPLMIKDMFLSGSTQLQIAR
KLNDSGYRTKRGNLWDARGVRYVL
ENPFYIGKSRWNYTERGRRLKPADE
VIYADGNWEALWDEDTFKEIQKRLA
LNMRKSKSRDISAAKHWLSGLLICSS
CGGTLAFGGAHNMRGFQCWKYSKG
FCSESHYISTGPIEKMVLEYLEAVMH
SPALSYTVISSSSVDASSKLSDLERQL
QKIDAKEKRIKAAYLNEIDTLEEYKA
NKTALEEERRTVEKEIEELTLSDVKY
SKEDLDKKMKQNISDLLRVLRDESA
DYIQKGNMMRNVVDHIVFNRKNTS

LDVFLKLVV 493 INTd 

Sega
ta-

ERR
113

PRJ
EB1 NA NA 

N68761
1_90_6 RsaINT NA 

human gut 
metagenom

rectal swab 
from adult in 

MKITKKQPLRPRGRSEDKRQSTKNVI
RDAYINGPQKEVQIIPAKRDMEAETE
KKKLRVCAYCRVSTDEDTQASSYEL
QVQNYTRMIRENPEWEFAGIFADEGI 404 INTc 



 

 

Paso
lli 

686
4 

1532 8 e Isreal SGTSVLHREHFLEMIEKCKAGEIDLII
TKQVSRFARNVLDSLNYIFMLRKLD
PPVGVYFETEKLNTLDKSSDMVITVL
SLVAQSESEQKSNSLKWSFKRRRAQ
GLGIYPSWALLGYRLDDEKNWEIVE
DEADIVRTIYSLYLDGYSSTQIAELLT
KSGIPTVKGLSVWSSGSVLGILKNEK
FCGDALCQKTVTIDFFTHKSVKNNGI
EPQYFVEGHHIPIIEKNDWLLAQQIR
KERRYRKRRSTHRKPRIVVKGALSG
FMIVDTSWDEEYVDSLLISATQKPEP

APVIAEEDENFIVIEKE 

Sega
ta-

Paso
lli 

ERR
113
673
7 

PRJ
EB1
1532 NA NA 

N68766
3_53_2

9 Rsa2INT NA 

human gut 
metagenom

e 

rectal swab 
from adult in 

Isreal 

MADIQPVKNGALYIRVSTHLQEELSP
DAQKRLLMEYAEAHNIIVLKEHIYID
SGISGRSARQRPQFNNMIAEAKSKEH
PFDVILVWKYSRFARNQEESIVYKS

MLKRENVDVISVSEPISDDPFGSLIER
IIEWMDEYYSIRLSGEVSRGMAENA
MRGNYQARPPLGYRIPGYRQTPVIV
PEEAELIQLIFDLYTEKKMGIFEIVRY
LNEHGYQTGHKKPFQRRSVTYILKN
PTYIGKTIWNQHDQDHKLRDKSEWII
ADGKHEPIISKEQFDKAQKRIESTYK
PAYRKPTSVCHHWLSSLLKCSSCGR
TLVVKRTASKKKDRMYVNFQCYGY
QKGICNTNQSISAIKLEPVIMHALED
AMTSGKIHFDVLNPTTLDSSQKQQF
LTRLNEIEKKEERIKRAYRDGIDTLE
EYKENKSIIQTEKEMLLKKIEHIEEPA
LSPEEAKPIMMDRIKNVYEIITNPDIG
MEEKNKAARSIIEKIVFDRATGSVNI

FFYLAHCP 498 INTd 

NC
BI NA NA 

NC
_00
265
6.1 

NP_0
7530
2.1 NA BxbINT 

Bxb1 
integrase 

Mycobac
terium 
phage 
Bxb1 NA 

MRALVVIRLSRVTDATTSPERQLESC
QQLCAQRGWDVVGVAEDLDVSGA
VDPFDRKRRPNLARWLAFEEQPFDV
IVAYRVDRLTRSIRHLQQLVHWAED
HKKLVVSATEAHFDTTTPFAAVVIA
LMGTVAQMELEAIKERNRSAAHFNI
RAGKYRGSLPPWGYLPTRVDGEWR
LVPDPVQRERILEVYHRVVDNHEPL
HLVAHDLNRRGVLSPKDYFAQLQG
REPQGREWSATALKRSMISEAMLGY
ATLNGKTVRDDDGAPLVRAEPILTR
EQLEALRAELVKTSRAKPAVSTPSLL
LRVLFCAVCGEPAYKFAGGGRKHPR
YRCRSMGFPKHCGNGTVAMAEWD
AFCEEQVLDLLGDAERLEKVWVAG
SDSAVELAEVNAELVDLTSLIGSPAY
RAGSPQREALDARIAALAARQEELE
GLEARPSGWEWRETGQRFGDWWRE
QDTAAKNTWLRSMNVRLTFDVRGG
LTRTIDFGDLQEYEQHLRLGSVVERL

HTGMS* 501 INTa 

NC
BI NA NA 

NC_
0027
47.1 

NP_
1126
64.1 NA Tp9INT 

TP901-1 
integrase 

Lactococ
cus 

phage 
TP901-1 NA 

MTKKVAIYTRVSTTNQAEEGFSIDEQ
IDRLTKYAEAMGWQVSDTYTDAGF
SGAKLERPAMQRLINDIENKAFDTV
LVYKLDRLSRSVRDTLYLVKDVFTK
NKIDFISLNESIDTSSAMGSLFLTILSA
INEFERENIKERMTMGKLGRAKSGK
SMMWTKTAFGYYHNRKTGILEIVPL
QATIVEQIFTDYLSGISLTKLRDKLNE
SGHIGKDIPWSYRTLRQTLDNPVYC
GYIKFKDSLFEGMHKPIIPYETYLKV
QKELEERQQQTYERNNNPRPFQAKY
MLSGMARCGYCGAPLKIVLGHKRK
DGSRTMKYHCANRFPRKTKGITVYN
DNKKCDSGTYDLSNLENTVIDNLIGF
QENNDSLLKIINGNNQPILDTSSFKK
QISQIDKKIQKNSDLYLNDFITMDEL
KDRTDSLQAEKKLLKAKISENKFND
STDVFELVKTQLGSIPINELSYDNKK
KIVNNLVSKVDVTADNVDIIFKFQLA

* 486 INTd 

NC
BI NA NA 

NC
_00
466
4.2 

NP_8
1374
4.2 NA Bt1INT 

PhiBT 
integrase 

Streptom
yces 
virus 

phiBT1 NA 

MSPFIAPDVPEHLLDTVRVFLYARQS
KGRSDGSDVSTEAQLAAGRALVASR
NAQGGARWVVAGEFVDVGRSGWD
PNVTRADFERMMGEVRAGEGDVVV
VNELSRLTRKGAHDALEIDNELKKH
GVRFMSVLEPFLDTSTPIGVAIFALIA
ALAKQDSDLKAERLKGAKDEIAALG
GVHSSSAPFGMRAVRKKVDNLVISV
LEPDEDNPDHVELVERMAKMSFEG
VSDNAIATTFEKEKIPSPGMAERRAT
EKRLASIKARRLNGAEKPIMWRAQT
VRWILNHPAIGGFAFERVKHGKAHI
NVIRRDPGGKPLTPHTGILSGSKWLE
LQEKRSGKNLSDRKPGAEVEPTLLS
GWRFLGCRICGGSMGQSQGGRKRN
GDLAEGNYMCANPKGHGGLSVKRS 595 INTa 



 

 

ELDEFVASKVWARLRTADMEDEHD
QAWIAAAAERFALQHDLAGVADER
REQQAHLDNVRRSIKDLQADRKAGL
YVGREELETWRSTVLQYRSYEAECT
TRLAELDEKMNGSTRVPSEWFSGED
PTAEGGIWASWDVYERREFLSFFLD
SVMVDRGRHPETKKYIPLKDRVTLK

WAELLKEEDEASEATERELAAL* 

NC
BI NA NA 

NC_
0116
58.1 

WP_
0002
8620
6.1 NA BceINT NA 

Bacillus 
cereus 
AH187 NA 

MYPYDVPDYAGSYRPESLDVCIYLR
KSRKDVEEERRAIEEGSSYNALERHR
KRLFAIAKAENHNIIDIFEEVASGESI
QERPQMQQLLRKLEGNEIDGVLVID
LDRLGRGDMLDAGMIDRAFRYSSTK
IITPTDVYDPDDESWELVFGIKSLISR
QELKSITKRLQNGRIDSVKEGKHIGK
KPPYGYLKDENLRLYPDPEKAWIVK
KIFELMCDGKGRQMIAAELDRLGID
PPVTKRGAWDSSTITSIIKNEVYTGVI
VWGKFKHKKRNGKYTRHKNPQEK
WIMYENAHEPIISKELFDAANEAHSS
RHKPAVITSKKLTNPLAGILKCKLCG
YTMLIQTRKDRPHNYLRCNNPACKG
KQKQSVFNLVEEKLLYSLQQIVDEY
QAQKVEEVEIDDSKLISFKEKAIISKE
KELKELQAQKGNLHDLLEQGIYTVE
IFLERQKNLVERITSIENDIEVLQKEIE
TEQIKEHNKTEFIPALKTVIESYHKTT
NIELKNQLLKTILSTVTYYRHPDWKT

NEFEIQVYFKIS* 529 INTc 

NC
BI NA NA 

NC
_00
967
4.1 

WP_
0120
9542
9.1 NA BcyINT NA 

Bacill

us 

cytoto

xicus 

NVH 

391−98 NA 

MYPYDVPDYAGSAVGIYIRVSTQEQ
ASEGHSIESQKKKLASYCEIQGWDD
YRFYIEEGISGKNTNRPKLKLLMEHI
EKGKINILLVYRLDRLTRSVIDLHKL
LNFLQEHGCAFKSATETYDTTTANG
RMSMGIVSLLAQWETENMSERIKLN
LEHKVLVEGERVGAIPYGFDLSDDE
KLVKNEKSAILLDMVERVENGWSV
NRIVNYLNLTNNDRNWSPNGVLRLL
RNPALYGATRWNDKIAENTHEGIISK
ERFNRLQQILADRSIHHRRDVKGTYI
FQGVLRCPVCDQTLSVNRFIKKRKD
GTEYCGVLYRCQPCIKQNKYNLAIG
EARFLKALNEYMSTVEFQTVEDEVIP
KKSEREMLESQLQQIARKREKYQKA
WASDLMSDDEFEKLMVETRETYDE
CKQKLESCEDPIKIDETYLKEIVYMF
HQTFNDLESEKQKEFISKFIRTIRYTV
KEQQPIRPDKSKTGKGKQKVIITEVE

FYQS* 487 INTd 

NC
BI NA NA 

NC
_01
735
3.1 

WP_
0145
3323
8.1 NA SluINT NA 

Staphylo
coccus 

lugdunen
sis 

N920143 NA 

MYPYDVPDYAGSKVAIYTRVSSAEQ
ANEGYSIHEQKKKLISYCEIHDWNE
YKVFTDAGISGGSMKRPALQKLMK
HLSSFDLVLVYKLDRLTRNVRDLLD
MLEEFEQYNVSFKSATEVFDTTSAIG
KLFITMVGAMAEWERETIRERSLFGS
RAAVREGNYIREAPFCYDNIEGKLHP
NEYAKVIDLIVSMFKKGISANEIARR
LNSSKVHVPNKKSWNRNSLIRLMRS
PVLRGHTKYGDMLIENTHEPVLSEH
DYNAINNAISSKTHKSKVKHHAIFRG
ALVCPQCNRRLHLYAGTVKDRKGY
KYDVRRYKCETCSKNKDVKNVSFN
ESEVENKFVNLLKSYELNKFHIRKVE
PVKKIEYDIDKINKQKINYTRSWSLG
YIEDDEYFELMEEINATKKMIEEQTT
ENKQSVSKEQIQSINNFILKGWEELTI
KDKEELILSTVDKIEFNFIPKDKKHK

TNTLDINNIHFKFS* 473 INTd 

 
 
  



 

 

 
Supplementary Table 2. Linker sequences 
 

Description Sequence (5’-3’) Amino acid sequence 

A - P2A 

GGAAGCGGAGCTACTAACTTCAGCCT
GCTGAAGCAGGCTGGCGACGTGGAGG
AGAACCCTGGACCT 

GSGATNFSLLKQAGDVEENPGP 

B - (GGGS)3 
GGGGGAGGAGGTTCTGGAGGCGGAGG
CTCCGGAGGCGGAGGGTCA 

GGGGSGGGGSGGGGS 

C - GGGGS GGAGGTGGCGGGAGC GGGGS 

D - PAPAP CCCGCACCAGCGCCT PAPAP 

E - (EAAAK)3 
GAGGCAGCTGCCAAGGAAGCCGCT
GCCAAGGAGGCGGCCGCAAAG 

EAAAKEAAAKEAAAK 

F - XTEN 
AGTGGGAGCGAGACCCCTGGGACT
AGCGAGTCAGCTACACCCGAAAGC 

SGSETPGTSESATPES 

G - (GGS)6 

GGGGGGTCAGGTGGATCCGGCGG
AAGTGGCGGATCCGGTGGATCTGG
CGGCAGT 

GGSGGSGGSGGSGGSGGS 

H - EAAAK GAAGCTGCTGCTAAG EAAAK 

 
Supplementary Table 3. Sequences of RT mutants 
 

Description Forward Sequence (5’-3’) 

RT_mut_L139P ttgagcgggCCCccaccgt 

RT_mut_E562Q cagcgggctCAGctgatagca  

RT_mut_D653N cggatggctAACcaagcggcc  

RT(1-478)_Sto7d 
fusion [MMulv 
sequence, Sto7d 
sequence] 

atgactcactatcaggccttgcttttggacacggaccgggtccagttcggaccggtggtagccctgaacccggctacgctgctccc
actgcctgaggaagggctgcaacacaactgccttgatGGGACAGGTGGCGGTGGTGTCACCGTCAA
GTTCAAGTACAAGGGTGAGGAACTTGAAGTTGATATTAGCAAAATCAAGAAG
GTTTGGCGCGTTGGTAAAATGATATCTTTTACTTATGACGACAACGGCAAGAC
AGGTAGAGGGGCAGTGTCTGAGAAAGACGCCCCCAAGGAGCTGTTGCAAATG
TTGGAAAAGTCTGGGAAAAAGtctggcggctcaaaaagaaccgccgacggcagcgaattcgagcccaaga
agaagaggaaagtc 

 
Supplementary Table 4. Sequences of atgRNAs, sgRNAs and nicking guides. Spacers are 
labeled in blue, RT regions in green, AttB sites in red, and PBS in orange. Unless otherwise 
denoted, the AttB is for Bxb1.  
 



 

 

Description Sequence (5’-3’) 

ACTB N-term PBS 13 RT 
29 AttB 46 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 atgRNA with 
v2 scaffold 

GCTATTCTCGCAGCTCACCAgtttgagagctatgctggaaacagcatagcaagttcaaataaggc
tagtccgttatcaacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCA
TCCATGGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGA
GAA 

ACTB N-term 
PBS_13_RT_29_with 
TP901-1 minimal AttB f 
atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGAGTCGGTGCGACGAGCGCGGCGATATC
ATCATCCATGGcacaattaacatctcaatcaaggtaaaTGCTTGAGCTGCGAGAA 

ACTB N-term 
PBS_13_RT_29_with 
TP901-1 minimal AttB rc 
atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGAGTCGGTGCGACGAGCGCGGCGATATC
ATCATCCATGGagcatttaccttgattgagatgttaattgtgTGAGCTGCGAGAA 

ACTB N-term 
PBS_13_RT_29_with 
PhiBT1 minimal AttB f 
atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGAGTCGGTGCGACGAGCGCGGCGATATC
ATCATCCATGGcaggtttttgacgaaagtgatccagatgatccagTGAGCTGCGAGAA 

ACTB N-term 
PBS_13_RT_29_with 
PhiBT1 minimal AttB rc 
atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGAGTCGGTGCGACGAGCGCGGCGATATC
ATCATCCATGGctggatcatctggatcactttcgtcaaaaacctgTGAGCTGCGAGAA 

ACTB N-term Nicking 
guide 1 +48 guide 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term 
PBS_18_RT_16_with_Lo
x71_Cre atgRNA 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcATATCATCATCCATGGtaccgttcgtatagcatacatt
atacgaagttatTGAGCTGCGAGAATAGCC 

ACTB N-term 
PBS_13_RT_29_with_Lo
x71_Cre atgRNA 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATG
GtaccgttcgtatagcatacattatacgaagttatTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
34 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTCGACGACGAGCGCGGCGATATCATCATC
CATGGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGA
A 

ACTB N-term PBS 13 RT 
26 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGAGCGCGGCGATATCATCATCCATGGccgg
atgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 



 

 

ACTB N-term PBS 13 RT 
23 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcCGCGGCGATATCATCATCCATGGccggatgatc
ctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
20 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGATATCATCATCCATGGccggatgatcctgac
gacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
16 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcATATCATCATCCATGGccggatgatcctgacgacgga
gaccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 18 RT 
34 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTCGACGACGAGCGCGGCGATATCATCATC
CATGGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGA
ATAGCC 

ACTB N-term PBS 18 RT 
29  atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGAGCTGCGAGAATAGC
C 

ACTB N-term PBS 18 RT 
16  atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcATATCATCATCCATGGccggatgatcctgacgacgga
gaccgccgtcgtcgacaagccggccTGAGCTGCGAGAATAGCC 

LMNB1 N-term PBS 13 
RT 39 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcCTGCCCATCCGCGGCGGCACGGGGGTCG
CAGTCGCCATGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCG
GCGGAGA 

LMNB1 N-term PBS 13 
RT 34 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcCATCCGCGGCGGCACGGGGGTCGCAGTC
GCCATGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGA
GA 

LMNB1 N-term PBS 13 
RT 29 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 24 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGGCACGGGGGTCGCAGTCGCCATGccggat
gatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 19 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGGGGGTCGCAGTCGCCATGccggatgatcctgac
gacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGA 

LMNB1 N-term PBS 18 
RT 39 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcCTGCCCATCCGCGGCGGCACGGGGGTCG
CAGTCGCCATGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCG
GCGGAGACAGCG 

LMNB1 N-term PBS 18 
RT 34 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcCATCCGCGGCGGCACGGGGGTCGCAGTC



 

 

GCCATGccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGA
GACAGCG 

LMNB1 N-term PBS 18 
RT 29 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGACAG
CG 

LMNB1 N-term PBS 18 
RT 24 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGGCACGGGGGTCGCAGTCGCCATGccggat
gatcctgacgacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGACAGCG 

LMNB1 N-term PBS 18 
RT 19 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGGGGGTCGCAGTCGCCATGccggatgatcctgac
gacggagaccgccgtcgtcgacaagccggccCGGGCGGCGGAGACAGCG 

LMNB1 N-term Nicking 
guide 1 +46  

GCGTGGTGGGGCCGCCAGCGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term PBS 13 RT 
29 AttB 42 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ggatgatcctgacgacggagaccgccgtcgtcgacaagccggTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 40 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
gatgatcctgacgacggagaccgccgtcgtcgacaagccgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
atgatcctgacgacggagaccgccgtcgtcgacaagccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 36 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
tgatcctgacgacggagaccgccgtcgtcgacaagcTGAGCTGCGAGAA 

LMNB1 N-term PBS 13 
RT 29 AttB 44 atgRNA 
v2 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GcggatgatcctgacgacggagaccgccgtcgtcgacaagccggcCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 29 AttB 42 atgRNA 
v2 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GggatgatcctgacgacggagaccgccgtcgtcgacaagccggCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 29 AttB 40 atgRNA 
v2 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GgatgatcctgacgacggagaccgccgtcgtcgacaagccgCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 29 AttB 38 atgRNA 
v2 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GatgatcctgacgacggagaccgccgtcgtcgacaagccCGGGCGGCGGAGA 

NOLC1 N-term PBS 18 
RT 29 AttB 46 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTCCTCCAGGCAATACG
CG 

NOLC1 N-term PBS 13 GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat



 

 

RT 29 AttB 46 atgRNA caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTCCTCCAGGCAAT 

NOLC1 N-term PBS 13 
RT 29 AttB 44 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CcggatgatcctgacgacggagaccgccgtcgtcgacaagccggcTCCTCCAGGCAAT 

NOLC1 N-term PBS 13 
RT 29 AttB 42 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CggatgatcctgacgacggagaccgccgtcgtcgacaagccggTCCTCCAGGCAAT 

NOLC1 N-term PBS 13 
RT 29 AttB 40 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CgatgatcctgacgacggagaccgccgtcgtcgacaagccgTCCTCCAGGCAAT 

NOLC1 N-term PBS 13 
RT 29 AttB 38 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CatgatcctgacgacggagaccgccgtcgtcgacaagccTCCTCCAGGCAAT 

NOLC1 nicking guide -43  GAGCCGAGCACGAGGGGATACgttttagagctagaaatagcaagttaaaataaggctagtccgt
tatcaacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term PBS 13 RT 
20 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGATATCATCATCCATGGatgatcctgacgacg
gagaccgccgtcgtcgacaagccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
15 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTATCATCATCCATGGatgatcctgacgacggagaccg
ccgtcgtcgacaagccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
10 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTCATCCATGGatgatcctgacgacggagaccgccgtcgtc
gacaagccTGAGCTGCGAGAA 

ACTB N-term PBS 9 RT 
20 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGATATCATCATCCATGGatgatcctgacgacg
gagaccgccgtcgtcgacaagccTGAGCTGCG 

ACTB N-term PBS 9 RT 
15 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTATCATCATCCATGGatgatcctgacgacggagaccg
ccgtcgtcgacaagccTGAGCTGCG 

ACTB N-term PBS 9 RT 
10 AttB 38 atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcTCATCCATGGatgatcctgacgacggagaccgccgtcgtc
gacaagccTGAGCTGCG 

LMNB1 N-term PBS 13 
RT 20 AttB 38 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcCGGGGGTCGCAGTCGCCATGatgatcctgacga
cggagaccgccgtcgtcgacaagccCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 15 AttB 38 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGTCGCAGTCGCCATGatgatcctgacgacggagacc
gccgtcgtcgacaagccCGGGCGGCGGAGA 

LMNB1 N-term PBS 13 
RT 10 AttB 38 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcAGTCGCCATGatgatcctgacgacggagaccgccgtcgt
cgacaagccCGGGCGGCGGAGA 

LMNB1 N-term PBS 9 GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat



 

 

RT 20 AttB 38 atgRNA caacttgaaaaagtggcaccgagtcggtgcCGGGGGTCGCAGTCGCCATGatgatcctgacga
cggagaccgccgtcgtcgacaagccCGGGCGGCG 

LMNB1  N-term PBS 9 
RT 15 AttB 38 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGTCGCAGTCGCCATGatgatcctgacgacggagacc
gccgtcgtcgacaagccCGGGCGGCG 

LMNB1 N-term PBS 9 
RT 10 AttB 38 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcAGTCGCCATGatgatcctgacgacggagaccgccgtcgt
cgacaagccCGGGCGGCG 

SUPT16H N-term PBS 13 
RT 24 Bxb1-GT_Initial 
length 

GAGAAGCGGCGTCCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgtt
atcaacttgaaaaagtggcaccgagtcggtgcTCTTTGTCCAGAGTCACAGCCATAccggat
gatcctgacgacggagaccgccgtcgtcgacaagccggccCCCCGGACGCCGC 

SRRM2 N-term PBS 13 
RT 24 Bxb1 Initial length 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGGCGTCGGCAGCCCGATCCCGTTGccggatg
atcctgacgacggagaccgccgtcgtcgacaagccggccTACATGGCCCCGT 

DEPDC4 N-term PBS 18 
RT 24 Bxb1 Initial length 

GTGTCAGGTGGGGCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgtt
atcaacttgaaaaagtggcaccgagtcggtgcGCTGGCTCCTCCCCTGGCACCATA 
ccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccCCCCGCCCCACCTGACA
C 

NES N-term PBS 13 RT 
29 Bxb1 Initial length 

GAGTGGGTCAGACGAGCAGGAgttttagagctagaaatagcaagttaaaataaggctagtccgt
tatcaacttgaaaaagtggcaccgagtcggtgcCGACTCCTCCCCCATGCAGCCCTCCAT
CccggatgatcctgacgacggagaccgccgtcgtcgacaagccggccTGCTCGTCTGACC 

SUPT16H nicking guide -
53 

GCAGCCACCCGCTCTCGGCCCgttttagagctagaaatagcaagttaaaataaggctagtccgtt
atcaacttgaaaaagtggcaccgagtcggtgc 

SRRM2 N-term nicking 
guide 1 +87 

GTGTAGTCAGGCCGCTCACCCgttttagagctagaaatagcaagttaaaataaggctagtccgtt
atcaacttgaaaaagtggcaccgagtcggtgc 

DEPDC4 N-term Nicking 
guide 1 +59 

GCTGACAAGTCTACGGAACCTgttttagagctagaaatagcaagttaaaataaggctagtccgtt
atcaacttgaaaaagtggcaccgagtcggtgc 

NES N-term Nicking 
guide 2 +79 

GCTCCTCCAGCGCCTTGACCgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

HITI_ACTB_guide GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

HITI_SUPTH16_guide AGAAGCGGCGTCCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

HITI_SRRM2_guide GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

HITI_NOLC1_guide GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

HITI_DEPDC4_guide TGTCAGGTGGGGCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

HITI_NES_guide AGTGGGTCAGACGAGCAGGAgttttagagctagaaatagcaagttaaaataaggctagtccgtta



 

 

tcaacttgaaaaagtggcaccgagtcggtgc 

HITI_LMNB1_guide GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

HDR Cas9 ACTB guide  GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

HDR Cas9 LMNB1 guide  GGGGTCGCAGTCGCCATGGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term PBS 13 RT 
29 AttB original length 
atgRNAs for dinucleotides  

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ccggatgatcctgacgacggagXXcgccgtcgtcgacaagccggccTGAGCTGCGAGAA 
 
XX: CG, GC, AT, TA, GG, TT, GA, AG, CC, TC, CT, AA, TG, GT, CA, AC 

ACTB N-term PBS 13 RT 
29 atgRNA with AttB 46 
GT for fusion 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGc
cggatgatcctgacgacggagACcgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 atgRNA with AttB 46 
CT for multiplexing 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGc
cggatgatcctgacgacggagAGcgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

NOLC1 N-term PBS 18 
RT 29 atgRNA with AttB 
46 GA for multiplexing 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGC
CccggatgatcctgacgacggagTCcgccgtcgtcgacaagccggccTCCTCCAGGCAATACG
CG 

LMNB1  N-term PBS 18 
RT 29 atgRNA with AttB 
46 AG for multiplexing 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCAT
GccggatgatcctgacgacggagCTcgccgtcgtcgacaagccggccCGGGCGGCGGAGACA
GCG 

EMX1 Cas9 guide 1 GTCACCTCCAATGACTAGGGgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

EMX1 Cas9 guide 2 GGGCAACCACAAACCCACGAgttttagagctagaaatagcaagttaaaataaggctagtccgtta
tcaacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term PBS 13 RT 
29 AttB 56 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ctatgccggatgatcctgacgacggagtccgccgtcgtcgacaagccggccctagcTGAGCTGCGAG
AA 

ACTB N-term PBS 13 RT 
29 AttB 51 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
tgccggatgatcctgacgacggagtccgccgtcgtcgacaagccggccctaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ccggatgatcctgacgacggagtccgccgtcgtcgacaagccggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 41 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
ggatgatcctgacgacggagtccgccgtcgtcgacaagccgTGAGCTGCGAGAA 



 

 

ACTB N-term PBS 13 RT 
29 AttB 36 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
tgatcctgacgacggagtccgccgtcgtcgacaagcTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 31 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
atcctgacgacggagtccgccgtcgtcgacaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 26 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
cctgacgacggagtccgccgtcgtcgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 21 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
tgacgacggagtccgccgtcgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 16 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
acgacggagtccgccgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 11 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
gacggagtccgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 6 GA atgRNA 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGG
cggagtTGAGCTGCGAGAA 

ACTB N-term 
PBS_18_RT_34_with_Lo
x71_Cre atgRNA 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcTCGACGACGAGCGCGGCGATATCATCAT
CCATGGtaccgttcgtatagcatacattatacgaagttatTGAGCTGCGAGAATAGCC 

ACTB N-term 
PBS_18_RT_29_with_Lo
x71_Cre atgRNA 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATG
GtaccgttcgtatagcatacattatacgaagttatTGAGCTGCGAGAATAGCC 

ACTB N-term 
PBS_13_RT_34_with_Lo
x71_Cre atgRNA 
 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcTCGACGACGAGCGCGGCGATATCATCAT
CCATGGtaccgttcgtatagcatacattatacgaagttatTGAGCTGCGAGAA 

ACTB N-term 
PBS_13_RT_16_with_Lo
x71_Cre atgRNA 
 

GAAGCCGGCCTTGCACATGCgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcATATCATCATCCATGGtaccgttcgtatagcatacatt
atacgaagttatTGAGCTGCGAGAA 

ACTB N-term Nicking 
guide 2 +93 guide 

CCCCACGATGGAGGGGAAGAgttttagagctagaaatagcaagttaaaataaggctagtccgtta
tcaacttgaaaaagtggcaccgagtcggtgc 

 
LMNB1 N-term Nicking 
guide 2 +87 guide 

CCTTCTCCTGGAGCCGCGACgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

ACTB N-term PBS 13 RT 
29 AttB 46 
N191352_143_72 integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGcat
tatatgttcttacagtatggcggcccggattgtaaaaacatataatgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca



 

 

29 AttB 46 N684346_90_69 
integrase 

acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGcgt
tatagggtattacagtatggcggtcggtactgcaataccctataacgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 N675015_95_5 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtgt
atcattttcatatagttagcacctgcacactatatgaaaatgatacaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 N189929_49_54 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtgt
ctactatctgtatatgcgacacatgtggcataaagacatagtagacaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
N203911_45186_6 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGcat
cgaccctgacgcatgcggaggcggcgctccatgcgtctgacctcattTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 N687663_53_29 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgtt
agtacccaaatgacaaaaggtcatccttttatcatttgggtactaacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 N687611_90_68 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGctt
attaaaacccgttccgcttctgtcaaagcggcatcggttttataaacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
N190156_234_12 integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgg
cgtgatggtcgtgaacctcaacatgacgacgaacacgacctcgcggccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
N191533_224_76 integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtct
acatcttgaatatatcaagttataactttgaattatatcagtttataTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 N208621_9_15 
integrase 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGaat
tatatctaaaagcactaagctccgccatactgcttttagatataataTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_38
bp_Att 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgat
atggggaagtgaatcagtacaaccgccacagtaccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_38
bp_Att_rc 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGggt
actgtggcggttgtactgattcacttccccatatcTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_38bp_Att 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtgg
gtggtacaggtgccacattagttgtaccatttatgTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_38bp_Att_rc 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGcat
aaatggtacaactaatgtggcacctgtaccacccaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_38bp_Att 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgtt
gtttttccagatccagttggtcctgtaaatataagTGAGCTGCGAGAA 



 

 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_38bp_Att_rc 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGctt
atatttacaggaccaactggatctggaaaaacaacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att 
36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgta
ctgtggcggttgtactgattcacttccccatatTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att 
34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtac
tgtggcggttgtactgattcacttccccataTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att 
32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGact
gtggcggttgtactgattcacttccccatTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att
_rc 36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGata
tggggaagtgaatcagtacaaccgccacagtacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att
_rc 34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtat
ggggaagtgaatcagtacaaccgccacagtaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cereus_AH187_Att
_rc 32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGatg
gggaagtgaatcagtacaaccgccacagtTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att 36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGata
aatggtacaactaatgtggcacctgtaccacccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att 34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtaa
atggtacaactaatgtggcacctgtaccaccTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att 32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGaaa
tggtacaactaatgtggcacctgtaccacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att_rc 36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgg
gtggtacaggtgccacattagttgtaccatttatTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att_rc 34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGggt
ggtacaggtgccacattagttgtaccatttaTGAGCTGCGAGAA 



 

 

ACTB N-term PBS 13 RT 
29 AttB 46 
Staphylococcus_lugdunensis
_N920143_Att_rc 32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgtg
gtacaggtgccacattagttgtaccatttTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att 36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGttat
atttacaggaccaactggatctggaaaaacaaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att 34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtat
atttacaggaccaactggatctggaaaaacaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att 32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGata
tttacaggaccaactggatctggaaaaacTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att_rc 36bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGttgt
ttttccagatccagttggtcctgtaaatataaTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att_rc 34bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGtgtt
tttccagatccagttggtcctgtaaatataTGAGCTGCGAGAA 

ACTB N-term PBS 13 RT 
29 AttB 46 
Bacillus_cytotoxicus_NVH_
391-98_Att_rc 32bp 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGACGAGCGCGGCGATATCATCATCCATGGgttt
ttccagatccagttggtcctgtaaatatTGAGCTGCGAGAA 

Bacillus_cereus_AH187_Att
_rc_36 LMNB1  PBS 9 RT 
10 AttB 36 atgRNA 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcAGTCGCCATGatatggggaagtgaatcagtacaaccgccacag
tacCGGGCGGCG 

Bacillus_cereus_AH187_Att
_rc_36 NOLC1  PBS 18 RT 
29 AttB 36 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGCCata
tggggaagtgaatcagtacaaccgccacagtacTCCTCCAGGCAATACGCG 

Bacillus_cereus_AH187_Att
_rc_36 SUPT16H  PBS 13 
RT 24 AttB 36 atgRNA 

GAGAAGCGGCGTCCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcTCTTTGTCCAGAGTCACAGCCATAatatgggga
agtgaatcagtacaaccgccacagtacCCCCGGACGCCGC 

Bacillus_cereus_AH187_Att
_rc_36 SRRM2  PBS 13 RT 
24 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGTCGGCAGCCCGATCCCGTTGatatggggaa
gtgaatcagtacaaccgccacagtacTACATGGCCCCGT 

Bacillus_cereus_AH187_Att
_rc_36 DEPDC4  PBS 18 
RT 24 AttB 36 atgRNA 

GTGTCAGGTGGGGCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgcGCTGGCTCCTCCCCTGGCACCATAatatgggga
agtgaatcagtacaaccgccacagtacCCCCGCCCCACCTGACAC 

Bacillus_cereus_AH187_Att
_rc_36 NES  PBS 13 RT 28 
AttB 36 atgRNA 

GAGTGGGTCAGACGAGCAGGAgttttagagctagaaatagcaagttaaaataaggctagtccgtta
tcaacttgaaaaagtggcaccgagtcggtgcCGACTCCTCCCCCATGCAGCCCTCCATCata
tggggaagtgaatcagtacaaccgccacagtacTGCTCGTCTGACC 

B. cereus LMNB1_PBS 9 GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca



 

 

RT 20 AttB 36 atgRNA acttgaaaaagtggcaccgagtcggtgcCGGGGGTCGCAGTCGCCATGatatggggaagtgaatc
agtacaaccgccacagtacCGGGCGGCG 

B. cereus LMNB1_PBS 13 
RT 20 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcCGGGGGTCGCAGTCGCCATGatatggggaagtgaat
cagtacaaccgccacagtacCGGGCGGCGGAGA 

B. cereus LMNB1_PBS 13 
RT 29 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGCGGCGGCACGGGGGTCGCAGTCGCCATGat
atggggaagtgaatcagtacaaccgccacagtacCGGGCGGCGGAGA 

B. cereus NOLC1_PBS 13 
RT 29 AttB 36 atgRNA 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcGAACCACGCGGCGAATGCCGGCGTCCGCCata
tggggaagtgaatcagtacaaccgccacagtacTCCTCCAGGCAAT 

B. cereus NOLC1_PBS 13 
RT 20 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGAATGCCGGCGTCCGCCatatggggaagtgaat
cagtacaaccgccacagtacTCCTCCAGGCAAT 

B. cereus NOLC1_PBS 18 
RT 20 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGAATGCCGGCGTCCGCCatatggggaagtgaat
cagtacaaccgccacagtacTCCTCCAGGCAATACGCG 

B. cereus SRRM2_PBS 9 
RT 24 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGGCGTCGGCAGCCCGATCCCGTTGatatggggaa
gtgaatcagtacaaccgccacagtacTACATGGCC 

B. cereus SRRM2_PBS 9 
RT 10 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGATCCCGTTGatatggggaagtgaatcagtacaaccgccaca
gtacTACATGGCC 

B. cereus SRRM2_PBS 13 
RT 10 AttB 36 atgRNA 

GGGCACGGGGCCATGTACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgcGATCCCGTTGatatggggaagtgaatcagtacaaccgccaca
gtacTACATGGCCCCGT 

Screen validation guides 
ACTB_1_11_24_38 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcgcgcggcgatatcatcatccatggatgatcctgacgacggagaccgccg
tcgtcgacaagcctgagctgcgag 

Screen validation guides 
ACTB_1_16_18_43 

GCTATTCTCGCAGCTCACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgccgatatcatcatccatggcggatgatcctgacgacggagaccgccgtcg
tcgacaagccggctgagctgcgagaatag 

Screen validation guides 
LMNB1_1_8_26_38 

GCTGTCTCCGCCGCCCGCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcgcggcacgggggtcgcagtcgccatgatgatcctgacgacggagacc
gccgtcgtcgacaagcccgggcggc 

Screen validation guides 
NOLC1_1_15_16_43 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcaatgccggcgtccgcccggatgatcctgacgacggagaccgccgtcgt
cgacaagccggctcctccaggcaatac 

Screen validation guides 
NOLC1_1_14_10_38 

GCGTATTGCCTGGAGGATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcggcgtccgccatgatcctgacgacggagaccgccgtcgtcgacaagcc
tcctccaggcaata 

Screen validation guides 
SERPIN_13_32_38 

GGGAAATGCATCTTGCACAAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgcagcccctccatgctctctagctgttgccattgggcttgtcgacgacggcg
gtctccgtcgtcaggatcattgcaagatgcatt 

Screen validation guides 
DEPDC4_8_10_38 

GTGTCAGGTGGGGCGGGGCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgctggcaccataatgatcctgacgacggagaccgccgtcgtcgacaag



 

 

ccccccgccc 

SERPIN Nicking guide -107 
guide 

GTGGGGACAGCCCCGTCTCTgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -91 
guide 

GCTCTTGGGAAAAAAACCCTAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -90 
guide 

GTCTTGGGAAAAAAACCCTAAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -84 
guide 

GAAAAAAACCCTAAGGGCTGgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -67 
guide 

GCTGAGGATCCTTGTGAGTGTgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -66 
guide 

GTGAGGATCCTTGTGAGTGTTgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -63 
guide 

GGATCCTTGTGAGTGTTGGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -62 
guide 

GATCCTTGTGAGTGTTGGGTgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -49 
guide 

GTTGGGTGGGAACAGCTCCCgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide -46 
guide 

GGGTGGGAACAGCTCCCAGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide +34 
guide 

GCTTCTGTGCAGCAGTTTCCCgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide +48 
guide 

GTTTCCCTGGCCACTAAATAGgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide +49 
guide 

GTTCCCTGGCCACTAAATAGTgttttagagctagaaatagcaagttaaaataaggctagtccgttatc
aacttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide +71 
guide 

GATTAGATAGAAGCCCTCCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatca
acttgaaaaagtggcaccgagtcggtgc 

SERPIN Nicking guide +72 
guide 

GATTAGATAGAAGCCCTCCAAgttttagagctagaaatagcaagttaaaataaggctagtccgttat
caacttgaaaaagtggcaccgagtcggtgc 

 
  



 

 

Supplementary Table 5. Sequences of insertion sites 
 

Description Forward Sequence (5’-3’) Reverse Sequence (5’-3’) 

Bxb1_AttP_GT_original
_site 

GTGGTTTGTCTGGTCAACCACCGCGGTCTCA
GTGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGACCGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_CG_site GTGGTTTGTCTGGTCAACCACCGCGcgCTCAG
TGGTGTACGGTACAAACCCA 
 

TGGGTTTGTACCGTACACCACTGAGCGCGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_GC_site GTGGTTTGTCTGGTCAACCACCGCGgcCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGGCCGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_AT_site GTGGTTTGTCTGGTCAACCACCGCGatCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGATCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_TA_site GTGGTTTGTCTGGTCAACCACCGCGtaCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGTACGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_GG_site GTGGTTTGTCTGGTCAACCACCGCGggCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGCCCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_TT_site GTGGTTTGTCTGGTCAACCACCGCGttCTCAGT
GGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGAACGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_GA_site GTGGTTTGTCTGGTCAACCACCGCGgaCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGTCCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_AG_site GTGGTTTGTCTGGTCAACCACCGCGagCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGCTCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_CC_site GTGGTTTGTCTGGTCAACCACCGCGccCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGGGCGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_TC_site GTGGTTTGTCTGGTCAACCACCGCGtcCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGGACGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_CT_site GTGGTTTGTCTGGTCAACCACCGCGctCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGAGCGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttP_AA_site GTGGTTTGTCTGGTCAACCACCGCGaaCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGTTCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_CA_site GTGGTTTGTCTGGTCAACCACCGCGcaCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGTGCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_AC_site GTGGTTTGTCTGGTCAACCACCGCGacCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGGTCGCGGTG
GTTGACCAGACAAACCAC 

Bxb1_AttP_TG_site GTGGTTTGTCTGGTCAACCACCGCGtgCTCAG
TGGTGTACGGTACAAACCCA 

TGGGTTTGTACCGTACACCACTGAGCACGCGGT
GGTTGACCAGACAAACCAC 

Bxb1_AttB_46_GT_ 
original_site 

GGCCGGCTTGTCGACGACGGCGGTCTCCGTC
GTCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGACCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_AA_site GGCCGGCTTGTCGACGACGGCGaaCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGTTCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_GA_site GGCCGGCTTGTCGACGACGGCGgaCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGTCCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_CA_site GGCCGGCTTGTCGACGACGGCGcaCTCCGTCG CCGGATGATCCTGACGACGGAGTGCGCCGTCGT



 

 

TCAGGATCATCCGG CGACAAGCCGGCC 

Bxb1_AttB_46_TA_site GGCCGGCTTGTCGACGACGGCGtaCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGTACGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_AG_site GGCCGGCTTGTCGACGACGGCGagCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGCTCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_GG_site GGCCGGCTTGTCGACGACGGCGggCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGCCCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_CG_site GGCCGGCTTGTCGACGACGGCGcgCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGCGCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_TG_site GGCCGGCTTGTCGACGACGGCGtgCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGCACGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_AC_site GGCCGGCTTGTCGACGACGGCGacCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGGTCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_GC_site GGCCGGCTTGTCGACGACGGCGgcCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGGCCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_CC_site GGCCGGCTTGTCGACGACGGCGccCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGGGCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_TC_site GGCCGGCTTGTCGACGACGGCGtcCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGGACGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_AT_site GGCCGGCTTGTCGACGACGGCGatCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGATCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_CT_site GGCCGGCTTGTCGACGACGGCGctCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGAGCGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_46_TT_site GGCCGGCTTGTCGACGACGGCGttCTCCGTCG
TCAGGATCATCCGG 

CCGGATGATCCTGACGACGGAGAACGCCGTCGT
CGACAAGCCGGCC 

Bxb1_AttB_38_GT_site GGCTTGTCGACGACGGCGGTCTCCGTCGTCA
GGATCAT 

ATGATCCTGACGACGGAGACCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_AA_site GGCTTGTCGACGACGGCGaaCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGTTCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_GA_site GGCTTGTCGACGACGGCGgaCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGTCCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_CA_site GGCTTGTCGACGACGGCGcaCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGTGCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_TA_site GGCTTGTCGACGACGGCGtaCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGTACGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_AG_site GGCTTGTCGACGACGGCGagCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGCTCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_GG_site GGCTTGTCGACGACGGCGggCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGCCCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_CG_site GGCTTGTCGACGACGGCGcgCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGCGCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_TG_site GGCTTGTCGACGACGGCGtgCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGCACGCCGTCGTCGAC
AAGCC 



 

 

Bxb1_AttB_38_AC_site GGCTTGTCGACGACGGCGacCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGGTCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_GC_site GGCTTGTCGACGACGGCGgcCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGGCCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_CC_site GGCTTGTCGACGACGGCGccCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGGGCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_TC_site GGCTTGTCGACGACGGCGtcCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGGACGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_AT_site GGCTTGTCGACGACGGCGatCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGATCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_CT_site GGCTTGTCGACGACGGCGctCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGAGCGCCGTCGTCGAC
AAGCC 

Bxb1_AttB_38_TT_site GGCTTGTCGACGACGGCGttCTCCGTCGTCAG
GATCAT 

ATGATCCTGACGACGGAGAACGCCGTCGTCGAC
AAGCC 

Cre Lox 66 site TACCGTTCGTATAATGTATGCTATACGA
AGTTAT 

ATAACTTCGTATAGCATACATTATACGAAC
GGTA 

Cre Lox 71 site ATAACTTCGTATAATGTATGCTATACGA
ACGGTA 

TACCGTTCGTATAGCATACATTATACGAAG
TTAT 

TP901-1 minimal AttB 
site 

TTTACCTTGATTGAGATGTTAATTGTG CACAATTAACATCTCAATCAAGGTAAA 

TP901-1 minimal AttP 
site 

GCGAGTTTTTATTTCGTTTATTTCAATTAAGG
TAACTAAAAAACTCCTTT 

AAAGGAGTTTTTTAGTTACCTTAATTGAAATAAA
CGAAATAAAAACTCGC 

PhiBT1 minimal AttB 
site 

CTGGATCATCTGGATCACTTTCGTCAAAAAC
CTG 

CAGGTTTTTGACGAAAGTGATCCAGATGATCCA
G 

PhiBT1 minimal AttP 
site  

TTCGGGTGCTGGGTTGTTGTCTCTGGACAGTG
ATCCATGGGAAACTACTCAGCACCA 

TGGTGCTGAGTAGTTTCCCATGGATCACTGTCCA
GAGACAACAACCCAGCACCCGAA 

Bacillus_cereus_AH1
87_Int30_38bp_Att gatatggggaagtgaatcagtacaaccgccacagtacc ggtactgtggcggttgtactgattcacttccccatatc 

Staphylococcus_lugdu
nensis_N920143_Int1
2_38bp_Att tgggtggtacaggtgccacattagttgtaccatttatg cataaatggtacaactaatgtggcacctgtaccaccca 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_38bp_Att gttgtttttccagatccagttggtcctgtaaatataag cttatatttacaggaccaactggatctggaaaaacaac 

Bacillus_cereus_AH1
87_Int30_Att_30 tggggaagtgaatcagtacaaccgccacag ctgtggcggttgtactgattcacttcccca 

Bacillus_cereus_AH1
87_Int30_Att_28 ggggaagtgaatcagtacaaccgccaca tgtggcggttgtactgattcacttcccc 

Bacillus_cereus_AH1
87_Int30_Att_26 gggaagtgaatcagtacaaccgccac gtggcggttgtactgattcacttccc 

Bacillus_cereus_AH1
87_Int30_Att_rc_30 ctgtggcggttgtactgattcacttcccca tggggaagtgaatcagtacaaccgccacag 

Bacillus_cereus_AH1 tgtggcggttgtactgattcacttcccc ggggaagtgaatcagtacaaccgccaca 



 

 

87_Int30_Att_rc_28 

Bacillus_cereus_AH1
87_Int30_Att_rc_26 gtggcggttgtactgattcacttccc gggaagtgaatcagtacaaccgccac 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_30 tttttccagatccagttggtcctgtaaata tatttacaggaccaactggatctggaaaaa 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_28 ttttccagatccagttggtcctgtaaat atttacaggaccaactggatctggaaaa 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_26 tttccagatccagttggtcctgtaaa tttacaggaccaactggatctggaaa 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_rc_30 tatttacaggaccaactggatctggaaaaa tttttccagatccagttggtcctgtaaata 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_rc_28 atttacaggaccaactggatctggaaaa ttttccagatccagttggtcctgtaaat 

Bacillus_cytotoxicus_
NVH_391-
98_Int13_Att_rc_26 tttacaggaccaactggatctggaaa tttccagatccagttggtcctgtaaa 

N680429_560_31_50
bp 

CATTATATGTTTTTACAATCCGGGCC
GCCATACTGTAAGAACATATAATG 

cattatatgttcttacagtatggcggcccggattgtaaaaacatata
atg 

N191607_8_101_50b
p 

CGTTATAGGGTATTGCAGTACCGACC
GCCATACTGTAATACCCTATAACG 

cgttatagggtattacagtatggcggtcggtactgcaataccctata
acg 

N674992_1_1308_50
bp 

TGTATCATTTTCATATAGTGTGCAGGT
GCTAACTATATGAAAATGATACA 

tgtatcattttcatatagttagcacctgcacactatatgaaaatgatac
a 

N684613_54_96_50b
p 

TGTCTACTATGTCTTTATGCCACATGT
GTCGCATATACAGATAGTAGACA 

tgtctactatctgtatatgcgacacatgtggcataaagacatagtag
aca 

N252616_121_74_50
bp 

AATGAGGTCAGACGCATGGAGCGCC
GCCTCCGCATGCGTCAGGGTCGATG 

catcgaccctgacgcatgcggaggcggcgctccatgcgtctgac
ctcatt 

N683040_222_19_50
bp 

GTTAGTACCCAAATGATAAAAGGATG
ACCTTTTGTCATTTGGGTACTAAC 

gttagtacccaaatgacaaaaggtcatccttttatcatttgggtacta
ac 

N687537_173_59_50
bp 

GTTTATAAAACCGATGCCGCTTTGAC
AGAAGCGGAACGGGTTTTAATAAG 

cttattaaaacccgttccgcttctgtcaaagcggcatcggttttataa
ac 

N183629_47_40_50b
p 

GGCCGCGAGGTCGTGTTCGTCGTCAT
GTTGAGGTTCACGACCATCACGCC 

ggcgtgatggtcgtgaacctcaacatgacgacgaacacgacctc
gcggcc 

N191533_224_76_50
bp 

TATAAACTGATATAATTCAAAGTTAT
AACTTGATATATTCAAGATGTAGA tctacatcttgaatatatcaagttataactttgaattatatcagtttata 

N682356_188_20_50
bp 

TATTATATCTAAAAGCAGTATGGCGG
AGCTTAGTGCTTTTAGATATAATT 

aattatatctaaaagcactaagctccgccatactgcttttagatataa
ta 

   

 
 



 

 

  



 

 

Supplementary Table 6. Mammalian expression plasmids 
 

Name Full Description Benchling link 

PE2-Bxb1 
Single Vector 

pCMV-PE2-P2A-
Bxb1 

https://benchling.com/s/seq-NIW2rI9OUqYpAmedqicN 

PE2 prime 
editor 

pCMV-PE2 / 
Addgene #132775 

https://benchling.com/s/seq-C6YkN30h9vvBPv8XKj47 

PASTEv3 pCMV-SpCas9-
XTEN3-RT(L139P)-
(GGS)6-BxbINT 

https://benchling.com/s/seq-6PrptF4jyyE6fkDLKc88 

PASTEv4 pCMV-SpCas9-
XTEN-RT(L139P)-
(GGGS)3-BceINT 

https://benchling.com/s/seq-mGirm9x1J7IS0fKRHhXE 

ACTB atgRNA 
with v1 scaffold 

ACTB N-term PBS 
13 RT 29 AttB 46 
atgRNA 

https://benchling.com/s/seq-h2yh6lfsvGpgG7XRRLbT 

ACTB atgRNA 
with v2 scaffold 

ACTB N-term PBS 
13 RT 29 AttB 46 
atgRNA with v2 
scaffold 

https://benchling.com/s/seq-qsyXbHzeyxBMzPJEciMg 

ACTB Nicking 
+48 

ACTB N-term 
Nicking guide 1 +48 
guide  

https://benchling.com/s/seq-VWT8CHMkrIRRnsqoIRUS 

Bxb1 integrase pCAG-NLS-HA-
Bxb1integrase / 
Addgene #51271 

https://benchling.com/s/seq-bLuI9aGZCKRbquNPXpjy 

TP901-1 
Integrase 

TP901-1 Integrase https://benchling.com/s/seq-TV8nlYedd6KaXcyMYQ3O 

PhiBT 
Integrase 

PhiBT Integrase https://benchling.com/s/seq-aUFmVRg2Cg7kteXnIai2 

Cre 
recombinase 

pCAG-Cre 
recombinase 

https://benchling.com/s/seq-DOwArJA1JjD51YCsVUyd 

BceINT 
expression 
vector 

pCAG-NLS-BceINT https://benchling.com/s/seq-hoKLjTbug98wVgg9cpCM 

SscINT 
expression 
vector 

pCAG-NLS-SscINT https://benchling.com/s/seq-D37aMwZ0Gg5PlwLDtdCK 



 

 

SacINT 
expression 
vector 

pCAG-NLS-SacINT https://benchling.com/s/seq-dVDhPf8bez3pHz1WxLkI 

HDR sgRNA 
guide backbone 

Minicircle U6-
sgRNA EFS-SpCas9  

https://benchling.com/s/seq-2k8wqDuZZC8JY5wD1qGo 

HDR EGFP 
cargo 

Cas9 HDR template 
site with EGFP 

https://benchling.com/s/seq-K79T50GVDRzDWmZLzxry 

AAV helper 
plasmid 

PDF6 AAV helper 
plasmid  

https://benchling.com/s/seq-wGjfkT7PBA2YmmgrWuyn 

AAV EGFP 
donor 

GFP AAV donor 
plasmid 

https://benchling.com/s/seq-BNsdctCG40dNVgOEs4pA 

AAV2/8  AAV2/8 capsid 
protein 

https://benchling.com/s/seq-Pk1fGlxnNCAsriHCCBfo 

Adenovirus 
EGFP donor 

Adenovirus AdEasy-
1 backbone with 
EGFP gene 

https://benchling.com/s/seq-HOCw7Wq0ifHTMak47oIA 

Adenovirus for 
SpCas9-RT 
expression 

Adenovirus AdEasy-
1 backbone pCMV-
SpCas9-RT-P2A-
Blast 

https://benchling.com/s/seq-G9fBVk4IB310dSQ3yF2P 

Adenovirus for 
Bxb1 and guide 
expression 

Adenovirus AdEasy-
1 backbone pCMV-
NLS-Bxb1Blast; 
pCAG-EGFP; ACTB 
atgRNA and nicking 
guide 

https://benchling.com/s/seq-1rvrcTnyksAjHncDKCp2 

 
  



 

 

 
  



 

 

Supplementary Table 7. Minicircle cargo gene maps 
 

Name Full Description Benchling link 

Cargo EGFP Parent minicircle  
plasmid - Cargo 
EGFP with  AttP 
Bxb1 site 

https://benchling.com/s/seq-RksgOMHffn5auc9ZbcHA 

Cargo EGFP 
post cleavage 

Cargo EGFP with  
AttP Bxb1 site - 
post minicircle 
cleavage 

https://benchling.com/s/seq-Na8dODu7S991LQkifkPB 

Cargo EGFP 
for fusion 

Parent minicircle  
plasmid - Cargo 
EGFP with  AttP 
Bxb1 site for 
fusion 

https://benchling.com/s/seq-xdAIg3Ows9xH4RmIv6wP 

mCherry Cargo 
post cleavage 

Cargo mCherry 
with  AttP Bxb1 
site - post 
minicircle 
cleavage 

https://benchling.com/s/seq-j7JDfHwufSdGxkskf9q8 

YFP Cargo 
post cleavage 
 

Cargo YFP with  
AttP Bxb1 site - 
post minicircle 
cleavage 

https://benchling.com/s/seq-161oVqnrJvKvT5Gckzc1 

SERPINA1 
Cargo 
post cleavage 

Cargo SERPINA1  
with  AttP Bxb1 
site  - post 
minicircle 
cleavage 

https://benchling.com/s/seq-mJmyrX4bGCemUysu4obP 

CPS1 Cargo 
post cleavage 
 

Cargo CPS1 with  
AttP Bxb1 site - 
post minicircle 
cleavage 

https://benchling.com/s/seq-5VlYu3w2FQUWIfAETQvJ 

NYESO TCR 
Cargo post 
cleavage 

Cargo NYESO 
TCR with AttP 
Bxb1 site - post 
minicircle 
cleavage 

https://benchling.com/s/seq-ZgCsKas7TIkxis23XEDq 

HBB Cargo Parent minicircle  
plasmid - Cargo 
HBB with AttP 
Bxb1 site 

https://benchling.com/s/seq-SjQrU2dc7rCjZ5ktbTVE 



 

 

Hexa Cargo Parent minicircle  
plasmid - Cargo 
Hexa with  AttP 
Bxb1 site 

https://benchling.com/s/seq-JlrqcAgvuRBTvoBrocEM 

PAH Cargo Parent minicircle  
plasmid - Cargo 
PAH with AttP 
Bxb1 site 

https://benchling.com/s/seq-tmrugQOvFp1TyMDy95tE 

GBA Cargo Parent minicircle  
plasmid - Cargo 
GBA with  AttP 
Bxb1 site 

https://benchling.com/s/seq-sRE7PLmHEA269xToMHyI 

ADA Cargo Parent minicircle  
plasmid - Cargo 
ADA with  AttP 
Bxb1 site 

https://benchling.com/s/seq-1cxKDHbDJisWtqLzWOJW 

CEP290 Cargo Parent minicircle  
plasmid - Cargo 
CEP290 with  
AttP Bxb1 site 

https://benchling.com/s/seq-nkJagJzDXsN4kNJGYXYq 

SERPINA1- 
HIBIT Cargo 

Parent minicircle  
plasmid - Cargo 
SERPINA1- 
HIBIT with  AttP 
Bxb1 site 

https://benchling.com/s/seq-Gfx0YkqhDaJCr8RjYL1G 

CPS1-HIBIT 
Cargo 

Parent minicircle  
plasmid - Cargo 
CPS1- HIBIT 
with AttP Bxb1 
site 

https://benchling.com/s/seq-CnPeB8MAX1V943N47B3q 

ACTB HITI 
post cleavage 

HITI template for 
ACTB locus - 
post minicircle 
cleavage 

https://benchling.com/s/seq-q3ExdFaCoiExkr9cZAvx 

SUPTH16 HITI 
post cleavage 

HITI template for 
SUPTH16 locus - 
post minicircle 
cleavage 

https://benchling.com/s/seq-N3JNZ3DSi7h2YlOo2ELQ 

SRRM2 HITI 
post cleavage 

HITI template for 
SRRM2 locus - 
post minicircle 
cleavage 

https://benchling.com/s/seq-xORs0oLiIQI56GrZc0aJ 

NOLC1 HITI 
post cleavage 

HITI template for 
NOLC1 locus - 
post minicircle 

https://benchling.com/s/seq-uSGfnt2OkPS5UCtPJFMj 



 

 

cleavage 

LMNB1 HITI 
post cleavage 

HITI template for 
LMNB1 locus - 
post minicircle 
cleavage 

https://benchling.com/s/seq-jYHbVXXsBKxxcEytXC01 

DEPDC4 HITI 
post cleavage 

HITI template for 
DEPDC4 locus - 
post minicircle 
cleavage 

https://benchling.com/s/seq-fS7vKseJCDTjJJITfzzd 

NES HITI post 
cleavage 
 

HITI template for 
NES locus - post 
minicircle 
cleavage 

https://benchling.com/s/seq-Tx6nu4NiQkN7cYzjRujo 

 
  



 

 

Supplementary Table 8. Primers, probes and restriction enzymes used in ddPCR readout  
 

Locus  Cargo Forward Primer Reverse Primer Probe Restriction 
Enzymes 

ACTB GFP (pDY0186) 
CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

ACTB 
TP90-1 GFP 
(pDY0333) 

CCCGGCTTCCTTTG
TCC 

AACCACAACTAGA
ATGCAGTGA 

/56-FAM/TG CTA TTG C/ZEN/T 
TTA TTT GTG GGC CCG 
/3IABkFQ/ None 

ACTB 
TP90-1 rc GFP 
(pDY0334) 

CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ None 

ACTB 
Bt1INT GFP 
(pDY0367) 

CCCGGCTTCCTTTG
TCC 

AACCACAACTAGA
ATGCAGTGA 

/56-FAM/TG CTA TTG C/ZEN/T 
TTA TTT GTG GGC CCG 
/3IABkFQ/ None 

ACTB 
Bt1INT  rc GFP 
(pDY0368) 

CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ None 

LMNB1 GFP (pDY0186) 

TCCTTATCACGGT
CCCGCTCG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

NOLC1 GFP (pDY0186) 

CGTCGACAACGGT
AGTG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

SERPIN1 GFP (pDY0186) 

GGATCCTTGTGAG
TGTTGGG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

SUPT16H GFP (pDY0186) 

TCGCGTGATTCTC
GGAAC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

SRRM2 GFP (pDY0186) 

GGGCGGTAAGTGG
TTAGTTT 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

DEPDC4 GFP (pDY0186) 

AAGAGGCGGAGCC
AGTA 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

NES GFP (pDY0186) 
CTCCCTTCTCCCGG
TGCCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

ACTB 
ACTB HITI template 
GFP (pDY0219) 

CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

SRRM2 
SRRM2 HITI template 
GFP (aRY0182_A2) 

GGGCGGTAAGTGG
TTAGTTT 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 



 

 

NOLC1 
NOLC1 HITI template 
GFP (aRY0182_A3) 

CGTCGACAACGGT
AGTG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

DEPDC4 
DEPDC4 HITI template 
GFP (aRY0182_A5) 

AAGAGGCGGAGCC
AGTA 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

NES 
NES HITI template 
GFP (aRY0182_A7) 

CTCCCTTCTCCCGG
TGCCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

LMNB1 
LMNB1 HITI template 
GFP (aRY0182_A4) 

TCCTTATCACGGT
CCCGCTCG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

SUPT16H 

SUPT16H HITI 
template GFP 
(aRY0182_A1) 

TCGCGTGATTCTC
GGAAC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I 

ACTB SERPINA (pDY0298) 
CCCGGCTTCCTTTG
TCC 

GGCCTGCCAGCAG
GAGGA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ 

EcoRI, XhoI, 
HindIII 

ACTB CPS1 (pDY299) 

CCCGGCTTCCTTTG
TCC 

GGTGTGCAGTCAC
ATTGGTAAAGCC 

/56-FAM/AC AGC TTT C/ZEN/A 
AAG TGG TGA GGA CAC 
T/3IABkFQ/ XhoI, HindIII 

ACTB CFTR (pDY0373) 

CCCGGCTTCCTTTG
TCC 

GATGGGTCTAGTC
CAGCTAAAG 

/56-
FAM/TACGGTACA/ZEN/AACCC
ACCCGAGAGA/3IABkFQ/ Eco91I, HindIII 

ACTB 
NYESO TRAC 
(pDY0318) 

CCCGGCTTCCTTTG
TCC 

GAGAGACAAGGC
TGCACA 

/56-
FAM/TACGGTACA/ZEN/AACCC
ACCCGAGAGA/3IABkFQ/ 

Eco47III, 
HindIII 

LMNB1 
NYESO TRAC 
(pDY0318) 

TCCTTATCACGGT
CCCGCTCG 

GAGAGACAAGGC
TGCACA 

/56-
FAM/TACGGTACA/ZEN/AACCC
ACCCGAGAGA/3IABkFQ/ 

Eco47III, 
HindIII 

LMNB1 SERPINA (pDY0298) 
TCCTTATCACGGT
CCCGCTCG 

GGCCTGCCAGCAG
GAGGA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ 

EcoRI, XhoI, 
HindIII 

NC_000003 GFP (pDY0186) 
CCAGGTGAGAGTC
AGGGTAGTGTTCA 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

NC_000002 GFP (pDY0186) 
AGGGACCTTTGCC
TGTGTGAGTC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

NC_000009 GFP (pDY0186) 
TCAGCTCTGTGCT
GAGGCGAA 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

chr6:1490459
59 GFP (pDY0186) 

AAGCCATCTCCCA
GAATATCTGCTTA
GAAATG 

GAACTCCACGCCG
TTCA /56-FAM/CC GGC TTG T/ZEN/C 

GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

chr16:186077
30 GFP (pDY0186) 

GAGAGGAGCAAC
AGTGAGCATGATG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

chr6:1490459 ACTB HITI template AAGCCATCTCCCA GAACTCCACGCCG /56-FAM/CC GGC TTG T/ZEN/C Eco91I 



 

 

59 GFP (pDY0219) GAATATCTGCTTA
GAAATG 

TTCA GAC GAC GGC G/3IABkFQ/ 

chr16:186077
30 

ACTB HITI template 
GFP (pDY0219) 

GAGAGGAGCAAC
AGTGAGCATGATG 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco91I 

ACTB 

CAG_Kozak_bGH_ther
apeutic_genes generic 
minicircle 

CCCGGCTTCCTTTG
TCC 

GGCTATGAACTAA
TGACCCCGT /56-FAM/CC GGC TTG T/ZEN/C 

GAC GAC GGC G/3IABkFQ/ Eco91I, HindIII 

ACTB 
Hibit-SERPINA 
(pDY0405) 

CCCGGCTTCCTTTG
TCC 

GGCCTGCCAGCAG
GAGGA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ 

EcoRI, XhoI, 
HindIII 

ACTB Hibit-CPS1 (pDY406) 
CCCGGCTTCCTTTGT
CC 

GGTGTGCAGTCAC
ATTGGTAAAGCC 

/56-FAM/AC AGC TTT C/ZEN/A 
AAG TGG TGA GGA CAC 
T/3IABkFQ/ XhoI, HindIII 

LMNB1 mCherry (pDY0414) 
TCCTTATCACGGT
CCCGCTCG 

cgcatgaactccttgatgatg
gcc 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ EheI, HindIII 

NOLC1 (YBP pDY0415) 
CGTCGACAACGGT
AGTG 

GGCACCACTCCGG
TAAA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ Eco47I, HindIII 

ACTB 
AAV and Adenovirus 
Cargo (pDY0611) 

CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC GGC TTG T/ZEN/C 
GAC GAC GGC G/3IABkFQ/ PacI, HindIII 

ACTB 
GFP universal, (novel 
integrases) 

CCCGGCTTCCTTTG
TCC 

GAACTCCACGCCG
TTCA 

/56-FAM/CC ATG AAG A/ZEN/T 
CGA GTG CCG CAT 
CA/3IABkFQ/ Eco91I, HindIII 

 
 
  



 

 

Supplementary Table 9. Primers used for NGS readout 
 

Description ID Sequence (5’-3’) 

N-term ACTB Tn5 
readout F 1 

PD0966 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCGACCTCGGC
TCACAGCG 

N-term ACTB Tn5 
readout F 2 

PD0967 ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCGACCTCGG
CTCACAGCG 

N-term ACTB Tn5 
readout F 3 

PD0968 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCGACCTCG
GCTCACAGCG 

N-term ACTB Tn5 
readout F 4 

PD0969 ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACCGACCTC
GGCTCACAGCG 

N-term ACTB Tn5 
readout F 5 

PD0970 ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACCGACCT
CGGCTCACAGCG 

N-term ACTB Tn5 
readout F 6 

PD0971 ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGACCGACC
TCGGCTCACAGCG 

N-term ACTB Tn5 
readout F 7 

PD0972 ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACTGACCGAC
CTCGGCTCACAGCG 

N-term ACTB Tn5 
readout F 8 

PD0973 ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTACTGACCGA
CCTCGGCTCACAGCG 

ACTB N-term 
NGS R for Cas14 
indels 

FP0952 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCACCCAGCC
AGCTCCC 

LMNB1 locus NGS F 
1 PD3337 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCGCTTCGCCCCC
TGCC 

LMNB1 locus NGS F 
2 PD3338 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCGCTTCGCCCC
CTGCC 

LMNB1 locus NGS F 
3 PD3339 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCGCTTCGCCC
CCTGCC 

LMNB1 locus NGS F 
4 PD3340 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACCGCTTCGCC
CCCTGCC 

LMNB1 locus NGS F 
5 PD3341 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACCGCTTCGC
CCCCTGCC 

LMNB1 locus NGS F 
6 PD3342 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGACCGCTTCG
CCCCCTGCC 

LMNB1 locus NGS F 
7 PD3343 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACTGACCGCTTC
GCCCCCTGCC 

LMNB1 locus NGS F 
8 PD3344 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTACTGACCGCTT
CGCCCCCTGCC 

LMNB1 locus 
NGS R 

PD3336 GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTGGTCATTGAG
CTCGCGCAGC 

NOLC1 NGS F 1 A9 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCGAGTCGTGCTGC
GTCGACAA 

NOLC1 NGS F 2 A10 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTACGAGTCGTGCTG
CGTCGACAA 

NOLC1 NGS F 3 A11 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACGAGTCGTGCT
GCGTCGACAA 



 

 

NOLC1 NGS F 4 A12 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACGAGTCGTGC
TGCGTCGACAA 

NOLC1 NGS R C3 aD0046 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTTGGCGAACTTAT
TGGCCACCTCT 

SUPT16H NGS F 1 A1 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCGGGACCTCGCG
TGATTCTC 

SUPT16H NGS F 2 A2 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCGGGACCTCGC
GTGATTCTC 

SUPT16H NGS F 3 A3 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCGGGACCTCG
CGTGATTCTC 

SUPT16H NGS F 4 A4 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACCGGGACCTC
GCGTGATTCTC 

SUPT16H NGS R C1 aD0046 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTCACCCGCCAA
TTGCTGTACA 

DEPDC4 NGS F 1 B1 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAAGAGGCGGAG
CCAGTACTTCTC 

DEPDC4 NGS F 2 B2 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTACAAGAGGCGGA
GCCAGTACTTCTC 

DEPDC4 NGS F 3 B3 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACAAGAGGCGG
AGCCAGTACTTCTC 

DEPDC4 NGS F 4 B4 aD0046 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACAAGAGGCG
GAGCCAGTACTTCTC 

DEPDC4 NGS R C4 aD0046 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCCGGAAGCTC
GTTCTGACTGA 

NES NGS F1 PD5198 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAAGCTCTGCGAG
CCGCTC 

NES NGS F2 PD5199 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTACAAGCTCTGCGA
GCCGCTC 

NES NGS F3 PD5200 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACAAGCTCTGCG
AGCCGCTC 

NES NGS F4 PD5201 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACAAGCTCTGC
GAGCCGCTC 

NES NGS R PD5202 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCCGCGCTGAGC
AGCTCAT 

CFTR NGS F 1 PD3500 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGCGGCAGGCAC
CCAGA 

CFTR NGS F 2 PD3501 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTACAGCGGCAGGCA
CCCAGA 

CFTR NGS F 3 PD3502 
ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACAGCGGCAGGC
ACCCAGA 

CFTR NGS F 4 PD3503 ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACAGCGGCAGG



 

 

CACCCAGA 

CFTR NGS R PD3504 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCTTTTCCAGAGG
CGACCTCTGC 

SERPINA1 locus new 
NGS 1 F 1 PD3487 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGTGTCTGGGAC
CACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 2 PD3488 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGTGTCTGGGA
CCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 3 PD3489 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACTGTGTCTGGG
ACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 4 PD3490 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACTGTGTCTGG
GACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 5 PD3491 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACTGTGTCTG
GGACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 6 PD3492 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGACTGTGTCT
GGGACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 7 PD3493 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACTGACTGTGTC
TGGGACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 F 8 PD3494 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTACTGACTGTGT
CTGGGACCACAGAGCATTG 

SERPINA1 locus new 
NGS 1 R PD3581 

GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTccaggaatcgggccagat
cagaatc 

NGS EMX1 Forward 
1 PD0313 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCGGTGGCGCAT
TGCCAC 

NGS EMX1 Forward 
2 PD0314 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCGGTGGCGCA
TTGCCAC 

NGS EMX1 Forward 
3 PD0315 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCGGTGGCGC
ATTGCCAC 

NGS EMX1 Forward 
4 PD0316 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACCGGTGGCG
CATTGCCAC 

NGS EMX1 Forward 
5 PD0317 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACCGGTGGC
GCATTGCCAC 

NGS EMX1 Forward 
6 PD0318 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGACCGGTGG
CGCATTGCCAC 

NGS EMX1 Forward 
7 PD0319 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACTGACCGGTG
GCGCATTGCCAC 

NGS EMX1 Forward 
8 PD0320 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTACTGACCGGT
GGCGCATTGCCAC 

NGS EMX1 Reverse PD0321 
GTGACTGGAGTTCAGACGTGTGCTCTTCCGATCTCAGAGTCCAGC
TTGGGCCCA 

 
  



 

 

Supplementary Table 10. UMI TN5 primers for genome-wide off target integration detection 
 
Tn5 off-target EGFP pDY232 
minicircle Upstream Round 1 
Forward primer PD3327 AGGAGCTGCACAGCAACACC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 1 PD3328 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCCCTTCGCCAG
ATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 2 PD3329 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACCCTTCGCCA
GATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 3 PD3330 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACCCTTCGCC
AGATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 4 PD3331 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACCCTTCGCC
AGATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 5 PD3332 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCTGACCCTTCGC
CAGATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 6 PD3333 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACTGACCCTTC
GCCAGATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 7 PD3334 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTACTGACCCTTC
GCCAGATCTCGAGCTC 

Tn5 off-target EGFP 
minicircle pDY232 NGS F 8 PD3335 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGTACTGACCCTT
CGCCAGATCTCGAGCTC 

nested_outside_U6_F PD4229 TGGACTATCATATGCTTACCGTAACTTGAAAGTAT 

nested_inside_Sp_scaffold_N
GS_F1 PD4225 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTCGTCCGTTATCA
ACTTGAAAAAGTGGCACC 

nested_inside_Sp_scaffold_N
GS_F2 PD4226 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTACGTCCGTTATC
AACTTGAAAAAGTGGCACC 

nested_inside_Sp_scaffold_N
GS_F3 PD4227 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTGACGTCCGTTA
TCAACTTGAAAAAGTGGCACC 

nested_inside_Sp_scaffold_N
GS_F4 PD4228 

ACACTCTTTCCCTACACGACGCTCTTCCGATCTTGACGTCCGTT
ATCAACTTGAAAAAGTGGCACC 

Index primer rev FP0808 GTGACTGGAGTTCAGACGTGTGCTC 

 
 
 
 
Supplementary Table 11. Off-target sites 
 

Description Sequence (5’-3’) 

Cas9_chr6:149045959 GATATTTTCCCAGCTCACCA 



 

 

Cas9_chr16:18607730 TCTATTCTCCCAGCTCCCCA 

Bxb1_NC_000002 (chr 2) AGCGGCTTCTGTCTCTGTGAGTGAGCTGGCGGTCTCCGTC 

Bxb1_NC_000003 (chr 3) GACTAGCCCACGCTCCGGTTCTGAGCCGCGACGGCGGTCTCCG 

Bxb1_NC_000009 (chr 9) CCCAGGGTCCCATGCGCTCCCCGGCCCTGACGGCGGTCTCC 

 
 
 
  



 

 

 


