Supplemental materials

Materials and Methods

Plasmids construction

All DNA sequences of plasmids used in this study were provided in Supplemental Sequences.
Human codon-optimized retron RTs were synthesized and inserted into EcoRI-digested pHG023
backbone or Smal-digested pHGO077 backbone by NEBuilder (New England Biolabs). The cloning
of plasmids for expressing 5 rgRNA and 3° rgRNA were based on pHG215 backbone. Donor
sequences were cloned and inserted into the replaceable region of retron ncRNA with EcoRl
digestion and Gibson assembly using NEBuilder. Primers for cloning were listed in Supplemental
Tablel.

Cell Culture, transfection and flow cytometry sorting

Cell Culture, transfection and flow cytometry were performed as previously described (Xu et al.,
2021). Briefly, HEK293T cells cultured in DMEM supplemented with 10% FBS and
penicillin/streptomycin were seeded on 24-well poly-D-lysine coated plates (Corning). Transfection
was conducted with 4 i of PEI (Polyscience) following the manufacturer’s manual and 1pg of CR
plasmids and 1pg of rgRNA plasmids. Unless otherwise stated, transfected cells were sorted by

MoFlo XDP 72 h after transfection. BFP and mCherry double-positive cells were collected.

msDNA purification and quantification

Four thousand sorted cells were centrifuged down at 7,000 rpm for 5 mins. Cells plate were
resuspended in Trizol for isolating rgRNA-msDNA hybrid as the the manufacturer’s manual for
RNA purification. For quantifying the abundance of HEK3 msDNA, the rgRNA-msDNA extract
was digested by Ddel to eliminate the contamination of plasmid DNA and genomic DNA. PCR was

conducted using the Ddel digested product as template.

Genomic DNA extraction
Four thousand sorted cells were harvested for genomic DNA extraction by addition of 10 pl of lysis

buffer (Vazyme) following the manufacturer’s manual.

Efficiency analysis of retron editing at human endogenous genomic loci
The genomic DNA extraction was performed as described above. FOR deep sequencing analysis,
the genomic region in the vicinity of Cas9 target site was amplified by Phanta Max Super-Fidelity
DNA Polymerase (Vazyme) using nested PCR: First round: 98 <C, 3 mins; (98 <C, 30 sec; 58 <C,
30 sec; 72 <C, 1 min) X 20 cycles; 72 <C, 5 min. Second round: 98 <C, 3 mins; (98 <C, 30 sec;



56 <C, 30 sec; 72 T, 30 sec) X 35 cycles; 72 <C, 5 min; primers with barcode were used. PCR
products were purified by Gel extraction kit (Vazyme) and sequenced on an Illumina HiSeq X
System (150-bp paired-end reads). Forward reads were aligned to the reference sequences using
BWA (v0.7.17-r1188) with parameter of “bwa mem -A2 -O3 -E1”. At each target, editing was
calculated as the percentage of total reads containing desired edits without indels within a 10-bp
window of the cut site.

Restriction-fragment length polymorphism (RFLP) was performed to determine the CR-mediated
precise editing. Purified PCR products were digested with Hindlll and Bcul (Thermo) for EMX1
and HEK3 amplicon respectively, and incubated for 90 mins at 37 <C. The digested products were
analyzed by agarose gel electrophoresis and imaged with gel imaging system (Tanon).

All primers used for genomic DNA amplification are listed in Supplemental Tablel.

Activity determination of retron editing at known Cas9 off-target sites

Determination was performed as previous (Anzalone et al., 2019). In brief, the genomic region of
interest was amplified using nested PCR: First round: 98 <C, 3 mins; (98 <C, 30 sec; 58 <C, 30 sec;
72 <C, 1 min) X 20 cycles; 72 <C, 5 min. Second round: 98 <C, 3 mins; (98 <C, 30 sec; 56 <C, 30
sec; 72 T, 30 sec) X 35 cycles; 72 T, 5 min. Purified PCR products were Sanger sequenced and

analyzed as previously described (Brinkman et al., 2018).
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Alignment results of retron RT protein sequences
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Supplemental Figure 1. Comparison of four retrons.

(A) Protein sequences alignment of Ec48-RT, Ec73-RT, Ec86-RT and Ec107-RT. Conserved double aspartic acid (DD) were
highlighted in red. (B) Alignment of Ec48-ncRNA, Ec73-ncRNA, Ec86-ncRNA and Ec107-ncRNA. Conserved priming G was
highlighted in red. (C) Predicted secondary structure of Ec48-ncRNA, Ec73-ncRNA, Ec86-ncRNA and Ec107-ncRNA using
RNAfold web server. The replaceable region of retron ncRNA was marked with red dotted line.
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Supplemental Figure 2. Retron editing system-stimulated precise editing and indels.
(A) Determination of retron editing system-mediated precise genome editing by restriction-
fragment length polymorphism (RFLP) analysis. Digested products were marked by
asterisks. (B) Efficiency determination of retron editing with 90nt donor by TIDER analysis.
Transfected cells were directly collected without FACS sorting for genomic DNA extraction
and TIDER analysis.
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Supplemental Figure 3. RFLP analysis of retron editing system mediated precise editing.
Digested products were marked by asterisks. d represents predicted catalytically dead Ec73 RT, wt indicates wild-type
Ec73 RT.
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Supplemental Figure 4. Deep sequencing analysis of retron editing system induced indels.

(A) Related to Fig. 2C and (B) related to Fig. 2D
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Supplemental Figure 5. Off target of retron editing at known Cas9 off target sites of EMX1 locus.
(A) Retron editing-mediated HDR at EMX7 locus. ***p < 0.001, determined by Student’s t-test, n=3. (B)
Retron editing-mediated indel at on-target site and four known Cas9 off target sites of EMX1 locus, n=3.

Transfected cells were directly collected after 3 days of transfection for genomic DNA extraction and TIDER
analysis, with no FACS sorting.



Supplemental Sequences
Cas9-RTs fusion plasmids:

pCAGNLS- -NLS-XTEN-

-polyA-pCMV-BFP-polyA

: CeancarcooT Goraco
TTCGAGC
oo TTOTAGTIGGOAGGOATCTATIGTT cortoerT ‘ GGATCGOATIGTG c
pe ACon CAGANTORGTG
TITTAGGATTGCTGG00 TTTETG00TTTG0 o s TICOATTG
AT CANTGOTGOAGTATTTAGGGTARAGTGGOCACTTGGCAGTAGATC oAcaTeA A Ao madaaCTeaTerT & : TTTTGRAGT peciieaid
GGGATITCOAAGTOTCCACCOOATTOAGTCATGGOAGTITGTTTTGGAGD) e s TTGACGOAMT CTGGTITAGTGARGG GAGOTGATIAAGGAGAA
GRAGOATCAGTT como o T6600TTC ToTGoTTOS AAGAGCTT oo GAGTGITCAAGOAGTCCTTCOCTOAGGACTTCAG
ToARG ToACATCG GCCTIACGOAGAGRCTGT GAAGGCAGANA COATCTGATCACAACATORA
COCACTAGAACOTS TAGAGAG CAACEACAC o ‘ Goomas TomarT ToTaTaTTTSceeoT TTooTIaAGCE
oA T TGCATCaCAT Aconc s
pCAG-NLS- -NLS-XTEN- -polyA-pCMV-BFP-polyA
Ci 'GGTATCC/ C
ToT660GGCTCAMA
rosAGc TOGAGTGTGCOTICTAGTTGOOAGOOATCTGITGTT rercom TGGATCGCATIGTG o a6
GoAGoATT acon GAAGCAGGTGCAGCCTACACAATCGOTCARGAC
GGOOTTTITAGGGTTOOTAGCTITTACTAGCOTITTA 600000 onc
Cf TTTCCAT ATTTAC TGAC! ’CTTATGGGACTTTCCTACTTGGCAGT) TCTACGTAT T
: : 60 TraT St o TTAGTOARGO CToATr hc
AoARGE TOOACAACOATGACTTCAAGTGOACATOAGGAOOAAGGOAGCOOTACOAGGGOACOOAGACCATGAGANTG TOSCOTTCGAGATCOTOGOTACTAGET GACOTIOATOANG CATOOCGACTTCTTCARGOAGTCOTTOOOTOAGGGOTTOA
c o : TAGAAGGTC TTOACATCOAACGGGOCTGTGATG ACTOGG0TERaAGCCTT AGAAG TcaT
Ao Sk onaramoon oA AGaACOToCO GG ToAATIaaCTOTGOOTTCTAGTIGOCAGCATETGTTATT
cortcor TCcoAGTaTCoTT TGOIGGOATIGTG o ; TooTa6s
pCAG-NLS- -NLS-XTEN- -polyA-pCMV-BFP-polyA
Ci T \GCAGCC
CG el TCGAGCCC!
Thaage T6TGGGTTOTAG TGOGAGOOATGTG TGTTTG00CTOGC00GTGOOTIGTIGAGOOTS CAGTCOOACTATOOTTTG T6ATCGOATIGTG ArrCTAT e RGooAT
\GACGAAG( \TCGCTCAAGACGTGTAATGC
TTAAGGC TITTAGGGTTGCTGG00TITTGTGA00TTTTE0TG oA oo G
o GOAGTAG oA AT GGOACTTTOGTACTTGGOAGTACATCTAGGTATT TAGOGGTTTOAGTOAGGGGGATTTCORAGTOTOOACS
CCATTGACK TTGTTT \CGGGACTTT( TTT/ TGAT \CAACCATCACTTCAAGTGCAC
ATCCGAGGRCOAAG coo TecooTToacCT TIOCTOTCG60 TIATS o T 7
COTORTOTACACGTCARGAT TIOAGATOG TTOAGOGAGAGRCTAT TOGTGAG0GGGAGOOATOTGATCGCAMOATCAGACCAGATATAGATOOAAGAA
O0GOTAAGAGOTOAAGATGOTOGCGTOTACTATGTSGACTAG ot TGCGACCTOOOTAGCARAGT OToANTCTGTCOTTOTAGTT roreTanT Gracor Toc0ACT
GT60TTISE TGOATCGCATIGNG Trom




Cas9-RTs fusion
pCAG-NLS-

plasmids:

-XTEN-

-NLS-polyA-pCMV-BFP-polyA

C el
gosaGoc T6GGTICTAGTTGOCAGCOATOTGITGTTT o CACTOCCACTGTCCTTTE TGOATCGGATTGT oA
o
TTAGGO TTTIAGGATICOTGGCOTTTTGTGGCoTTT
TrcoRreACaTS caaT COTORATOAC CATTATGGGOAGTAGATGAGOTTATGGOAGTTIGOTACTT co . TGOGGTTT
TTCC \CGTCAATGGGAGTTTGTTTTGGCACC/ \CTTTCCAAAATGTCGTAACAAC T TGATTAAGGAGAACAT TGAA(
COGTGGACACOATCAGTOAGTGCACATCCGAGGCOAAG Y (GACOATOAGAATOAAGGT TroacomT TecriccTon AGACOTTCATO TG TTCAAGGAGTOOTTGOOTOABGGCTT T
Aons Ton GACAGOAGOOTOORGG, TCTACAGGTOAGA TTOACATEG Ao CTCGGOTGG0AGGO0TTCACOAS AGAAAGGAC ToAToe0
ACATCAAGACCAC TAAGAACC iCAC TGCGACCT T \CTGGGGCAC/ TGTGCCTTCTAGTTGCC/ TCTGTTGTT TTCcC
o TECCACTGTOOTTTC TTGOATCGATT aAG
pCAG-NLS- -XTEN- -NLS-polyA-pCMV-BFP-polyA
C/ ‘Cecegag
cccspptocomegoaiciegos
GoaAgTOGAGCO Taseas TGTGOOTICTAGTTGOOAGCOATCTGTTTITGOG TIoGTToACKG o TGCATCGCATIGTG o o HG0GANGAD
T iCCTAC/ \TCGCTCAAGAC!
TTAAGGOACGOGGCTTTITAGGATTCCTGGCOTITTGCTGGO0TITT0TG TTGACGTOMTANTGACOTATGT
GAGTITGONTTGAGGTO : Ton O AT AT ITCOTACTTGGOAGTACATCTAGGTATT 7GC
cermra i CooATTGAG T T ToAGaG TTRGTGAACG
& AcROTTC ToaCoTIOn A TOOTOTACSBCAGCAGACTTCATCAACOACACOOAGGGOAT CCOOOAGTTCTTOAGOAGTCOTI GG CTOAGOGOTICACATGGAGAGAGTCA
COACATAG oo (G GAGGGOTOOTOATOTACAACGTOANGATO HTOAGATCG TTOAGOGAGAGH ‘ e GTon
'CGCAAACAT( TAAGAACC G/ \C SCTTCTAGTTGC! TGTTTGC!
CTICGTTOAGGE GoohCTaTGOTTTGS TGoATCaORTaT Homr s AGGOATGOTOGGOA
pCAG-NLS- -XTEN- -NLS-polyA-pCMV-BFP-polyA
qaater
GA TCTAGTTGCCAGCCATCTGTTGTTTG( ’CTCCCCCGTGCCTTCCTTG! ’ACTCCCACTGTCCTT TGCATCGCAT TTCTAT
ChGaACAGG Moo anca TOAOTOANGACGTATANT A
JTTAAGGCAACGCGGCCTTTTTACGGTTCCTGGCCTTTTGCTGGCCTTT GACC! \TTGACGTCAAT
el Kashs TTGAGGTOMTGGGAGTTTGTTTTGGOACCAMATCAACGGGACTITOCAMAATGTCGTARCA TTOACGCAW CTGGTITAGTON TGAGOGAGOTOATTA
A CCATGGACACOATCAGTTGAAGTGD oo o G COTTCGCOTTOGACATCCTGGOTACTAGCTTCOTCTAGGG: CooAsaG TIGRAGOAGTOOTT
T e CGCTAGCOAGGACAGAGGOTCG = o TAGGAGACCTGTAGCGCCTOACRECOACTTOBAGBCAGAAACGACATGG0S
o oo CATCAAGACCACTATAGATOCAMGAMAGEC GOACARGOAGACATACGTCOAGO) ACTa0S CTOGGG0ACAAGOTg AT aaCTGTGCOTTOTAGTTGCC
FerTacc Toom GTCooAGTaTCOTTTO {TTGOATCGOATT mo GaAGAG s




Cas9-RTs fusion plasmids:

pCAG-NLS- -XTEN- -NLS-polyA-pCMV-BFP-polyA

s &
)GAGTTCGAGCCCAAG
TCTAGTIGOCAGCCATCTGITGTT corrooT - ecacacATIGTe o ol o
mky
TTAAGGC/ TTTTACGGTTCCTGGCCTTTTGCTGGCCTTTTGCTC \CGTATGT TTCCATTGACGTC
TGO GOAGTATTTAGGSTAACTGGCOAGTIGRCAGTACATC TTOACGTCARTAG TATGGGACTITCOTAOTT i : TTTTGGCAGT GGTTTGACTOACRGGCAT
oo A TOAATGGOAGTTTOTT T GOACCAMATOAACBGOACTITCOAMATOTCGTAKG oGS0 craerman TGAGCOAGCTOATTAAGGACAACATCACATOANGS oo
Teacrn Acooaceac TooToTG6aG THontc TococaacToTT i
prasioania Acesoores ARCOTOANGAT oA TOACCGAGACACTOTACGCGGCT AT TOATCOAMCAOAACACOAC
A COAACAACOCBTAAANCCTOAS THOAGAC AGGOOMOAAGOAGAG o caon cocmes TotcoricmeTT ToTeTGTITGCs00T TOOTIGAGGOT
GTGCOACTOCOATTETOO TG TCATCooN Ao
pCAG-NLS- -XTEN- -NLS-polyA-pCMV-BFP-polyA
:
o
(CTCTG0GEOTOAAMGARG
oo TeTacoToTGT TeTrTc rcoreAces T6GATCGGATIG roma AcRoAG
aar AacaT AGOAGTOA SO GAGAR CaTOANGAD
e TTACRGTTCTaB0CTTTaOTGGCOTITIRGTC raAcaTC ToooAG
TTTCCAT \TTTAC TGAC ’CTTATGGGACTTTCCTACTTGGCH GTATTAGTCATCGCTAT T
GoSTEGATAGCRGTT TCTOOACGCCATIGAGBTC o AATCAGGOOACTITCOAATGTCGTAOA SooecTan Croon
c e u T COTTOAATCOTEGC T TAGCTTCOTOTACCGOAGAAGACCTTCATCARGOA TG TOARGOAGTOCTTOOCTOAGGGCTTACATS
pacer TTGAGATGO T TGATGOAGAAGAAAAGACTCGGOTGEGAGOCT A s
aroes TG e AACOACACATACETCOAGG s TTCOTICTAGTTGCOAGCCATCIGTIGITGGE
COTOOTIOAGTGS O OOACTATCCTTOOTAAAASAGOAATTGCATGECATTATC Homte acace AGGCATGCTA000A



-gRNA expression plasmids:

--111-Ec86 ncRNA- - -polyA-pCMV-mCherry-polyA

aatcigagttacigelticetGARTTOCGATAGATTTOBOAC TGATTG0CGACATTATOGOGGG0COATTTATACSATATAATCAGATOOATGT TG GARTTCAGGARACOCGTITTTTOTGAC o e . T
TG ToTaTTGTITGCCOCT TOOTIGAGCC cac o ATGCATOGOATT ATCTAT AGGAC o
oo S TAGTTG TTGOGOETTACATARGTT {TTGACGTOAAT TTTCoATIGAG TTTACGGTA a6
\GTAGATO) (CGCOCOOTAITGAGGTOARTAAC TTATGGGACTITOCTATT TAGTOATOGOTATTACG seTrTTc0 oA CocATIoAC *rr
S caeAcTT AACTCCGCCCOAT TeACG
cric o o
o CTACARGAGOCACAAC! o e CATOGAGGACGGD
o TaoAGTT TCAGCCTGE
tag
- -Ec86 ncRNA- -polyA-pCMV-mCherry-polyA
ccaeglanGTOTTCGRGAAGACE! s
COGACATTATGGOGGG0CAT TATACGGATATAATCAGOATCOATG TTGGAATTCAGGAMGCCOTTTTCTGAGGTAGGGTGOGGA ©
TcTar TCGTIGACGE ™ 1GOATGGOAT o Acco i e
S GGTOATAGTTOAT TTCOGOGTTAGATAAGTTAG rarrece GAATAGGGAGTTIGCATIGAGGTG rrTAGGGT TGACGTORATS
ACH TATGCCCH STTATGGGACTTTCCTACT TTACC TTTGGCAGTAC/ TTT \TTTCCH \TTGACK TTGTTTTGGCACC/ TTTC C
SCCCCATIGACGG o TGAAGTTCATOTG
g GAGGOTS COACATGAA oo o
c] :GGCATCGACT ATCCT SCACAAGCT TACAACTACAACAGCCAC \CTTC/
e oTaanoeToe
--1-Ec48 ncRNA- - -polyA-pCMV-mCherry-polyA
acgogt TTTTTGTTGOATTATTTAGOGOACCAGCGATTOGOTT
S TATGOG00AGTOAACAACATTAA AT TOAGTTTTTGOTTTTACAAAAMGOGTOOACTATGGACO TATCAGGAGGOCOCACCGTORTOAgaaicCAGTTCGCT GgaalicACTACGAT GG TG00 TAGOOGACGACATTACGTACG G TOGAMAGATAGOAGA COAAATTAAGARACTAAGGGTCTTCGaGARGAC
e GTGOGTTCTAG TGOCAGCOATCTGITGTTIGGCCCTOO0COATG00 T coAoTaTCOTT TGOATCGCAT o
sace0 r T TCGGCATTACATARCTT AT TGCATTGACGTATOBRTG
S AGTATITACGGTAMOTGOCACTTGACAGT) (CGCOCCCTATTACGTOARTOAG TTATGGGACTITOOTACTT rAco GGTITTGGCAGT TG rrTCoARGT
> ATTGACGTCAATGGGAGTTTGTTTTGGCACC/ \CTTTCCAAAATGTCGTAAC/ T
aconomaTe o g ot
SAAGGACG c ATt 660 TroANGA
CAGAAC/ C/ TGGAGT GAGC TACTAACTTCAGCCTGC e
3
o
Vel
- -Ec48 ncRNA- -polyA-pCMV-mCherry-polyA
scaeg1anGTOTTCGRGAAGACE! T
TG OATTATTOTTAGOG0ACCACGATTOG TTGGTAT GGG AGTOAA CAACATTAMATTGTCAG TTT TGO TTTACAMAAAGCGTCCACTATGGACCTATOAGOGAGGCOCOACCGTOGTCAgaacOAGTTOGC T gaalicACTACGATGGTGCOGTAG CCOACGACATTACG TACGGTOGAMGATACAGAGS
TTCTAGITGCOAGCOATCTATTGTT 61001t TGGATCGOATIGTC ToTATTC T6GaGATA
s G TTOOGOGTTAGATAAGTTAG CARTAGGOAGTITCOATIGAGGTO TTAG
5CCCCCTATTGACGTCAATGAC! TATGCCCH TTATGGGACTTTCCTACTTC TTACC! TTTGGCAGT) TC ATTTC JACCCCATTGAC TTGTTT \CGGGACTTTC
SAAMATGTCGTAGAAG
TGACCOTGARGTT caAoTIOT: COATOTGITOA TAOAAGA TooA
CTGGTGAACCH JATCGACTTC/ \CTACAACAGCCAC/ \GC/ \CTTCAAGAT iCAG/ iCTG(
RO GaACTAToA A
=
-11-Ec73 ncRNA- - -polyA-pCMV-mCherry-polyA
CGGGCOATGAGTOATGGTITOR00TAGTATITTAGCTATG00CGTCR TgaaticCAGTTCGCTGgaaticATCGACGTGOTCAAGTAGGTTTGGOTCTAMATAAGAARGTAAGGGTCTTCGaGAAGACe! i
TGCCTTCTAGTTC SCCATCTGTTGTTT TCCTTG TCCCACTGTCCTTT! T TCGCAT TCTATT TG TTATTAATAGTAAT
u TCOGCGTTACATACTT TeAGaTe TTCCATIGAC TTACGGTAN TATTGACG
TOAATOACGGTAMTGGCCOGOCTGAOATTATGOCOAGTACATGACCTTATGGGACTTTGOTATT TTTTGGCAGTACATG T e TGACGTCAATGGGAGTTT TTTTGGCACCAMATOACGGGACTITCOMANTTCGTAAS
TGAC \GAGCTGT \CCCTGAAGTT
C el JACGACTTCT TCT TCGAGGGC(
o AcTToN oo ctacer
aAC000 Toato e o
- -Ec73 ncRNA- -polyA-pCMV-mCherry-polyA
acoeglogGTOTTOGEGAAGACC! con
coaTGCCTICCTTG T TG TCOGCRTTACATAACTTAGG
o TTGAGGTOAATA rTTAGGATA oo CoTTATGGaACT
TTCCTACTTGGCAGTACATCTACGTAT T TIGTTT JAACGGGACTT TGAC
o CoACATOAA TroTTon o o voud
'GGAGTACAACTACAACAGCC/ \CTTC/ ’GATCACATGGTC




rgRNA expression plasmids:

--H-Ec73 ncRNA- -

-polyA-pCMV-mCherry-polyA

acgeat GGOAGAGTGROATAGOGTTTOCRECCTTTTGTEE
GG0AGGATCAG00AGTCACTOACTTAAGOOCAGTAGTATGT OATgaal ATAGGCAAAGgaatcATG T TTAATGGTATTGCGGOTGTTGCOAMTTAACARACTAR QGG TCTTCoRGARGACEL .
o TGO TTCTAGTTGOOAGCOATOTGTGT TGO 00TCO0C0ATGO0TICOTIGAGOS ToTeTTICE TOOATCGGATT rromT GeAcAGe AcaoAT TTATARTAGTAATO
AATT/ TAGTT( TCCGCGTTACATAACTTA TTCCATTGACGTC! TAC ’CCACT TGACGT
TATGGGAGTHTOOTACT T o Rloods e TTTCOAMATGTCGTAAGA
ronac TG TITAGTGAAGCGT coAsaAGOTaT o AAGTT TGACCCTGAGTT
STTCTTC TTCTTCAAGGAC! \CCCTGGT \CCGCAT
ot AGOCHCH o ACCACTAGGT
o oI s goacnog
G
- -Ec73 ncRNA- -polyA-pCMV-mCherry-polyA
acaeologGTOTTOgGARGAGe! oo
CAGGAGTOGOATAGCGTTTCGG00TITTGTG0GG0AGGGT GGOGAGTOGOTOACT ARCGOCAGTAGTAT TCCATgaaoATAGGCAM GoaatcATGGTITAATGGTATIGOGGCTGTTGRCG acgeglCAGGCTOGAGTTGOCTITAGTTGOCAGGGATOTG TGTTTGG000TOG00
TGCCTTCCTTGACCC TTCC CATCGCATTGTC’ TTCTAT \GGACAGC/ JAGGCATG( STTATT/ TAGTTCAT, TCCGCGTTACATAACTTACGGT
AA/ \TTGACGTCAAT CTTTCCATTGACGTC/ \CGGTAA ATTATGCCC/ TTATGGGACTTT
COTACTTGROAGTAGTGTACGTATTAGTCATCGOTAT carrr T GAGTOACOGGAT TCOAAGTOTCOACCOATTGACR TOAT GGOAGTITGTTTTGGCACCAMATCARCGGGACTTTGE e
iC/ T \GTT( TCATCTGC ’CCTGA
o b slesavsanasilipmaiil acTon
AGTAGAGTAGAACAGOCAGAAG CGACAAGG AAGGTGAAGTTC CAACATOOAGE TOGOCGACOACTACO) COCOACARCOAGTA GACOCOARCAG satcor
GCTGGAGTT < TACTAACT CCTGGACCTGC




Supplemental Table1. Primers and oligos used in this study

Primers/Oligos for cloning
Primer Name
Cas9-Ec86RT F
Cas9-Ec86RT R
Cas9-Ec48RT F
Cas9-Ec48RT R
Cas9-Ec73RT F
Cas9-Ec73RT R
Cas9-Ec107RT F
Cas9-Ec107RT R
Ec86RT-Cas9 F
Ec86RT-Cas9 R
Ec48RT-Cas9 F
Ec48RT-Cas9 R
Ec73RT-Cas9 F
Ec73RT-Cas9 R
Ec107RT-Cas9 F

Ec107RT-Cas9 R
oligo template for EMX1 donor

oligo template for HEK3 donor with
Bcul insertion

oligo template for HEK3 donor with
G to T transversion

Ec86-EMX1 donor F
Ec86-EMX1 donor R
Ec48-EMX1 donor F
Ec48-EMX1 donor R
Ec73-EMX1 donor F
Ec73-EMX1 donor R
Ec107-EMX1 donor F
Ec107-EMX1 donor R

Ec86-HEK3 donor F
Ec86-HEK3 donor R
Ec48-HEK3 donor F
Ec48-HEK3 donor R
Ec73-HEKS3 donor F
Ec73-HEK3 donor R
Ec107-HEK3 donor F

Ec107-HEK3 donor R

Primers Sequences
gcagcagcggggggtcaAGCAAAAGCGCCGAGTACCTGAATAC
GGTTCTTTTTGAGCCGCCAGAGGTCTTAGCTTTGTTCAGAGGATTC
ggcagcageggggggtcaAGCGGCAGACCTTACGTGACCCTG
GGTTCTTTTTGAGCCGCCAGACAGGGGCTTGAGGCTGGCCAG
ggcagcageggggggtcaAGCCGGATCTACAGCCTGATTGATAG
GGTTCTTTTTGAGCCGCCAGATTCCACTTTGTTGTGCAGGTTC
ggcagcagcggggggtcaAGCGACGCCACAAGAACCACCCTG
GGTTCTTTTTGAGCCGCCAGACCAGGCCACCAGCATCCGTTTC
ATCCACGGAGTCCCAGCAGCCcccgggAAAAGCGCCGAGTACCTGAATAC
cctecgcetagatcetccggacccgggGGTCTTAGCTTTGTTCAGAGGATTC
ATCCACGGAGTCCCAGCAGCCcccgggGGCAGACCTTACGTGACCCTGAAC
gagcctccgctagateetccggacccgggCAGGGGCTTGAGGCTGGCCAG
TATCCACGGAGTCCCAGCAGCCcccgggCGGATCTACAGCCTGATTGATAG
agcctccgetagatectcecggacccgggTTCCACTTTGTTGTGCAGGTTC
TATCCACGGAGTCCCAGCAGCCcccgggGACGCCACAAGAACCACCCTGCTG
agcctcegetagatectccggacccgggCCAGGCCACCAGCATCCGTTTC

AAACGGCAGAAGCTGGAGGAGGAAGGGCCTGAGTCCGAGCAGAAGAAGCTTAAGGGCTCCCAT
CACATCAACCGGTGGCGCATTGCCACGAAGCAG

cttctccagccctggectgggtcaatecttggggeccagactgagcactaGtgatggcagaggaaaggaagccctgcttcctccagagggegt
cgcag

cttctccageectggectgggteaatecttggggeccagactgageacttgatggcagaggaaaggaagcecctgcttectccagagggegteg
cag

atctgagttactgtctgtttccct ACTAGTACAAACGGCAGAAGCTGGAGGA

CGCACCCTTACGTCAGAAGAAACGGGTTcCCTectaggTGACATCGATGTCCTCCCCATTGGCCTGCT
TCGTGGCAATGC

CAGCGAGGCCCCACCGTCGTCAACTAGTACAAACGGCAGAAGCTGGAGGA

gGCTACGGCACCATCGTAGchtaggTGACATCGATGTCCTCCCCATTGGCCTGCTTCGTGGCAATG

TATTTTAGCTATGCCCGTCGTTACTAGTACAAACGGCAGAAGCTGGAGGA

AACCTACTTGAGCACGTCGATcctaggTGACATCGATGTCCTCCCCATTGGCCTGCTTCGTGGCAATG
Cc

TTAACGCCAGTAGTATGTCCATACTAGTACAAACGGCAGAAGCTGGAGGA

é%cGGCAATACCATTAAACCAchtaggTGACATCGATGTCCTCCCCATTGGCCTGCTTCGTGGCAAT

aatctgagttactgtctgtttccctACTAGTgcttctccagecctggectgggt
GCGCACCCTTACGTCAGAAgAAACGGGTTcCCTectagggecccetgtctaggaaaagcetgtcetgegacgcecctetggag
AGCGAGGCCCCACCGTCGTCAACTAGTgcttctccageectggectg
GTCGGCTACGGCACCATCGTAGTcctagggceccctgtctaggaaaagcetgtcctgecgacgecctctggag
TAGTATTTTAGCTATGCCCGTCGTTACTAGT(cttctccagecctggecty
AAACCTACTTGAGCACGTCGATcctagggcccctgtctaggaaaagctgtcectgcgacgecctetggag
ACTTAACGCCAGTAGTATGTCCATACTAGTgcttctccagecctggectg

CAGCGGCAATACCATTAAACCATcctagggeccctgtctaggaaaagcetgtcctgegacgecctetggag

Retron RTs fused to the
carboxy terminus of
Cas9

Retron RTs fused to the
amino terminus of Cas9

PCR template

Expressing 5 rgRNA
and 3’ rgRNA containing
EMX1 donor sequences

Expressing 5’ rgRNA
and 3’ rgRNA containing
HEK3 donor sequences



Supplemental Table1. Primers and oligos used in this study

Primers for genomic DNA amplification

EMX1 F1

EMX1R1

EMX1 F2

EMX1 R2

HEK3 F1

HEK3 R1

HEK3 F2

HEK3 R2

EMX1 DSeq F1
EMX1 DSeq R1
EMX1 DSeq F2
EMX1 DSeq R2
HEK3 DSeq F1
HEK3 DSeq R1
HEK3 DSeq F2
HEK3 DSeq R2
EMX1 OT1 TIDE F1
EMX1 OT1 TIDE R1
EMX1 OT1 TIDE F2
EMX1 OT1 TIDE R2
EMX1 OT2 TIDE F1
EMX1 OT2 TIDE R1
EMX1 OT2 TIDE F2
EMX1 OT2 TIDE R2
EMX1 OT3 TIDE F1
EMX1 OT3 TIDE R1
EMX1 OT3 TIDE F2
EMX1 OT3 TIDE R2
EMX1 OT4 TIDE F1
EMX1 OT4 TIDE R1
EMX1 OT4 TIDE F2

EMX1 OT4 TIDE R2

AAAACCACCCTTCTCTCTGGC
GGAGATTGGAGACACGGAGAG
CCATCCCCTTCTGTGAATGT
GGAGATTGGAGACACGGAGA

tggcaaatgaggctggagagg

cagagctgtcctctggttctg

ggcatgagaaaccttggaga

cagagctgtcctctggttct

CCATCCCCTTCTGTGAATGT
TaGCCTGTTTCTCCTGCTGT
gaattcNNNNNNNNggatccCAGGTGAAGGTGTGGTTCCAG
gaattcNNNNNNNNggatccCCCTCGTGGGTTTGTGGTTG
tggcaaatgaggctggagagg

cttagctggcatggcaatgtctc
gaattcNNNNNNNNggatccCTGCTGCAAGTAAGCATGCA
gaattcNNNNNNNNggatccGCCCAGCCAAACTTGTCAAC
GACAGCTTCTTATCCCTGTCTTCCAG
TTCCATTTCTCTGCATCACCATTCTG
ATTCCTGAAGACCTGTAATCTGACTC
TTCTCTGCATCACCATTCTGGTC
GATGAATCCTCCTCCTGTTCCTCAG
GTAAGAGATTACATACTCTTGCATGTTTG
CATCCTCCTCATCTGAGGACTCCA
TTGCATGTTTGATAACACATAAGGTAAAGG
CAAAGGAGACCTGGAGACGACTG
GACCCCAGCTCACCTCACTC
AGGCACTTGCGGTTTGCACTG
CCCTTCCGGTTGCCCTTCAC

aagaagccataccgagceggttg

tgtgtacagagtttctcatgtgaccttctg

gaagccataccgageggttgG

tacagagtttctcatgtgaccttctgatc

Primers for testing expression of msDNA

HEK3 FP

HEK3 RP

gcttctccagecctggectg

gcccctgtctaggaaaagcetgte

For RFLP

For deep sequencing

For off-target analysis
by TIDER assay



