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P isss

1B wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGECCETCG s TTACAACGTCGTGAC
28 b ‘LGTCGACCYGCAGGCATGCAAGCTYGGCACTGGCCGTCG T TTACAACGTCGTGAC
1W  ==p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY r TACAACGTCGTGACT
JW b NGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETCG r TACAACGTCGTGACT
3W  wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTEGCCETCY r TACAACGTCGTGACT
AW w==p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETCG) r TACAACGTCGTGACT
SW wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTEGCCETCY r TACAACGTCGTGACT
6W wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETCG r TACAACGTCGTGACT
JW  wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGEEEBEEOEN T TTACAACGTCGTGACT
W w=b AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETCG TACAACGTCGTGACT
OW wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY TACAACGTCGTGACT
10W w=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCEEERBEEBENT TTACAACGTCGTGACT
11W  =—p A6TCOACCTGCAGECATGCAAGCTTEECACTEECCETC TGTARAAGCGGCCOCCOACGGCCRCT T TACAACGTCGTGACT
12W w=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC] TETAARAGCGGCCGCCEACGGCCELT I TACAACGTCGTGACT
13W s=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH] TGTARAAGCGGCCOTCEGECEGCCELTTT TACAACGTCGTGACT
14W w=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH] TETARAAGCGGECCGTCEECEGCCELTIT TACAACGTCGTGACT
16W e AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY [ETARAAGCGGLCEY.

1w — ;\GTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCBTC .} TTACAACGTCGTGACT
2W wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGECEECEREN T TTACAACGTCGTGACT
3W == AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCHE T TTACAACGTCGTGACT
4W wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTEGCCOTC T TTACAACGTCGTGACT
SW == A\GTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCHEEGEOCEEN T TTACAACGTCGTGACT
6W wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGEEEBEEOCN T TTACAACGTCGTGACT
JW  wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGE ¥ TTACAACGTCGTGACT
OW wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCGECEBEEOEN T TTACAACGTCGTGACT
10W w=p AGTCGACCTGCAGGCATGCAAGCTTGECACTGGCCGTCHECOBEEEEF T TTACAACGTCGTGACT
11W == AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCOTCHEERBEEEENT TTACAACGTCGTGACT
12W wep AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC % TTACAACGTCGTGACT
13W ==p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGECCETC T TTACAACGTCGTGACT
14W wep AGTCGACCTGCAGGCATGCAAGCTTGECACTGGCCGTC T TTACAACGTCGTGACT
2W - lGTCGACCT6CAGGCATGCAAGCTYGGCACTGGCCGTCG TGTAAAAGCGGCCECCOACEGCCOCTTT TACAACGTCGTGACT
7W — :\GTCGACCTGCAG6CATGCAAGCYTGGCACTGGCCGTC T TTACAACGTCGTGACT
OW wmp AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETC 1 TTACAACGTCGTGACT
10W w=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGBCCGTC T TTACAACGTCGTGACT
11W ==p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGOCCOTC T TTACAACGTCGTGACT
12W = isrceAccrsuseurccuscnscucreoccmc T TTACAACGTCGTGACT
13W w=p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC T TTACAACGTCGTGACT
14W  w=p :XGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC :‘ T TTACAACGTCGTGACT
15W = 'AsrceAccrecmccnacuscrreﬁc;xcresccs'rc i TTACAACGTCGTGACT
16W = 'AarccAccrcueccnscuecﬂssucresccsfc T TTACAACGTCGTGACT
17W = 'AGYCGACcTGCAGGcAYGuAGcrmouchsccwce TETAAAAGCGGCCECCGACEECCOCTI|T TACAACGTCGTGACT
18W w=p iGTcGACCTGCAGGcnGCAAGCHGGCACYGGCCGTC T TTACAACGTCGTGACT

10W smp AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH [ETAAAAGCGGCCOCCGACGOCCOCTINI TACAACGTCETGACT
20W b AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCHEEBBEEEENT
==

CGGECCEC) T

22W  w—p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCHECBBEEEE) T
e

TTACAACGTCGTGACT

21W  w—p AGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETCY TTACAACGTCGTGACT

TTACAACGTCGTGACT
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5 TGCAAGCT ". TTTTACAACGTCGTGACT T66C6T ACTTAA TTCGCCAGCT6CE!
3 ATEGGCCCCTAGGAGA\'C'CAGCTGGACG\’CCGVACGY\’CEAACCGTGACCGGCAGCAA*TG'TGCAGEACTGACCCYTYT TGGGTTGAATT, TCGTGT.
0 15 0 25 30 35 40 45 S0 S5
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PAM 1364

GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT

-
- GGGATCCT T
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCOT
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGGCCET
2W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTOGCCET
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCOT
= (GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGEACTGGCCGT
=+ GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGEACTGGECET
= GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
10W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCET
TTGGCACTGOCCGT

11W = GGGATECTC
12W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGECGT
13W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
14W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
15W =+ GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
16W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTOGCCET
17W = GGGATCCTCT TTGGCACTGOCCGT
18W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGECGT
20W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
21W =» GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCC ORI

ACGGECEE

CTT)

CCGACGGE

CCaCTT

TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC

-

TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
fITACAACGTCGTGACTGGGARAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC

TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
GETTAIN ACAACGTCGTGACTGGGARAACCCTGGCGTTACCCAAC
T TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
T TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
T TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
T TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
T TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
T
T
T
T

TGACTGGGAARACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGECGTTACCCAAC
TACAACGTCGTGACTGEGAAAACCCTGECGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGOGAAAACCCTGGCGTTACCCAAC
SGCTTIIT ACAACGTCGTGACTGGGAARACCCTGGCGTTACCCAAC
SGCTTAIN ACAACETCOTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGOCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGOCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGECGTTACCCAAC
TATRACGTCETGACTGGGAAAACCCTGOCGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC

22W = [306ATCCTC TGGCACTGGLCGT
AW, = TTGGCACTGGCCET
2W - TTGGCACTGECCOT
W - TTGGCACTGGCCOT
4W - TTGECACTGGCCET
SW = TTGGCACTGGCCET
W = T

W - TTGGCACTGGCCET
W = TTGECACTGECCET
OW =+ GGGATCCT TTGGCACTGECCET
W = TTGGCACTG6CCET
12W = TTGGCACTGECCET
13W = TTGGCACTG6CCET iag
14W - TT6GCACTG6CCET
15W = TTGGCACTGGCCET
16W = TTGGCACTG6CCET
17W = GGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT
18W = TTGGCACTG6CCET
19W = TTGGCACTG6CCET
20W = TTGGCACTGGCCET
W - TTGGCACTGECCET

TTG6CACTG6CCG TTGBE0GO!

TGACTGGGAAAACCCTGGCOTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGECGTTACCCAAC
TACAACGTCGTGACTGGGAAAACCCTGGCGTTACCCAAC

5
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TAATCGCCT T ,
TOAAT TATCGCTTCTECRAGEGT 57

1B - ToCAGCA(

B - TACCCAACTTARTCGCCTTGCAGC)

B - TGCAGCAC

W -

W o- TocAsc:

W TacA

W

oW o TocAGc:

™ - TGeAGCAC

LT AACTTAATCGCCTT

W - ToeAGCA(

12W - o o

13W = TACCCAACTTARTEGEETTGCAGC)

15W = AACTTAATCGCCTTGEAGEAL

16W = T6CAGCA(

W - T TCGCCTTGCAGCA

18W = T

19W = TGeAGEAC

20W = Tac

W - Tochacy

W - TACCCARCTTARTE 6

W TGEAGCAC

W= 1

oW - TGEAGCAL

™ -

W o

W = it

10W = Tocacc:

1W =

13W - TGCAGCA(

14W - TGEAGCAC

15W - TACCCAACTTARTEGECTTGEA

16W =

W - it A

18W = TGeAGCA(

19W = T TAATCGECTTGEAGC)

20W = T

AW - 1

20 - T




Figure S1A-C: Additional data for Figure 3A-C - Symmetrical Homology Arm Lengths using CRISPR/Cas12a.
Each image illustrates Cas12a in blue with the PAM site in red and a staggered red arrow indicating the 5 base, 5’
overhang created after cleavage occurs. (A-C) Additional data for Symmetrical Homology Arm Length of 20, 50,
and 75 base pairs (48, 108, and 158 bases total). The nonsense symmetrical oligonucleotide with lengths of 20, 50, or
75 base pairs on either side of the cut site is located above the lacZ gene, contains an eight base NOTI site in the
center, and is positioned in a 3’ to 5 orientation. The purple box highlights the correct integration of a NOTI site
while bases highlighted in red outside of the purple box, indicate unintended integration or deletion events. The total
number of colonies and the category for each event can be found in the tables located in Figure 3A-C. All blue
colonies were found to harbor wild-type sequences and are represented by several blue colonies (labeled 1B and 2B)
in all images.
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35

20 25 30 40
iﬁm snsumrcEﬁnsm&ermemwwwshﬁﬁﬁHmmmﬂvu

Cas9 PAM

Cas9-1364

ICCGGBGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCH
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC
ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC

TTTACAACGTCGTGACTGGGAAAACCCTGGC!
[T T TTACAACGTCOTGACTGGGARAACCETGGE!
[T TTACAACGTCOTGACTGGGAAAACCETGGE!
[T TTTACAACGTCOTGACTGGGAAAACCETGGE!
[T TTTACAACGTCOTGACTGGGAAAACCETGGE!
[E==EmraaceTcoTeACTGGGAAAACCETGGE!
—

- TCETGACT Tece!

ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCGT

TTTACAACGTCGTGACTGGGAAAACCCTGGC!

ICCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGEACTGGECETC
HCCGGGEATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGEECGTE
HCCGGGOATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGEECETE
HCCGGGEATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGEECETE
HCCGGGEATCCTCTAGAGTCOACCTGCAGGCATGCAAGCTTGGCACTGEECETE
HCCGGGOATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGECGTE
LCCGGGGATCCTCTABAGTCGACCTGCAGGCATGCAAGETTGGCACTGGECGTC
HCCGGGEATCETCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGEEGTE
HCCGGGEATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGEEGTE
HCCGGGEATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGEEGTE
LCCGGGEATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGEEEGTE
CCGGGEATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGGCCGTCY
LCCGGGEATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGGCCGTE
LCCGGGEATCCTCTAGAGTCGACCTGCAGGCATGCAAGETTGGCACTGECCETE
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGECGTE
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGECGTE
CCGGGGRN CCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGECGTE
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGECGTC
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCGTCY
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGECCGTCY
CCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETC
CCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGECCETC
CCGGGGATCCTCTAGAGTCGACCTGCAGGCATGCAAGCTTGGCACTGGCCETC
CCOGGGNT CCTCTAGAGTCOACCTGCAGGCATGCAAGCTTGGCACTGGECETC
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGCTTGECACTGGCCETC
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCGTCY
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCGTCY
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGCTTGGCACTGGCCOTC
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCETCY
CCOGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCETCY
CCOGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCETCY
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCETCY
CCGGGGATCCTCTAGAGTCOACCTGCAGGCATGCAAGETTGGCACTGGCCETCY

TTTACAACGTCGTGACTGGGAAAACCETGGE!
[E==EhcaaceTcoTeACTGGGAAAACCCTGGE!
[EEEEICAACGTCGTGACTGGGARAACCETGGE!
[EEEEEr AACGTCGTGACTGGGAAAACCETGGE!
[EE=EEErAACGTCGTGACTGGGAAAACCCTGGE!
[EEEEEI AACGTCGTGACTGGGAAAACCCTGGE!
TTTACAACGTCGTGACTGGGAARACCETGGE!

[FEESScAACGTCGTGACTGGGAAAACCETGGE!
[FEESCAACGTCGTGACTGGGAAAACCETGGE!

[FEE=EcAACGTCGTGACTGGGAAAACCCTGGE!
SACAACGTCGTGACTGGGAAAACCCTGGE!

AACGTCGTGACTGGGAAAACCCTGGE

TceTeACT Te6C
AACGTCGTGACTGGGAAAACCCTGGE
AACGTCGTGACTGGGAAAACCCTGGE
AACGTCGTGACTGGGAAAACCCTGGE
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40 A 50
Val The Gin Leu Asn Arg Leu Ala_Ala_His_Pro_Pro_ph

Giu_Asn pro

R R R R R R R R R R R R R R R R R R R

BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGETTGGCACTGGCCGTCE|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGETTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGECGTCY]
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY]
BACCTGCAGGCATGCAAGCTTGGCACTGGECGTCY]
BACCTGCAGGCATGCAAGCTTGGCACTGGECGTCY]
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY]
BACCTGCAGGCATGCAAGCTTGGCACTGGCEGTCY]
GACCTGCAGGCATGCAAGETTGGCACTGGCCGTEG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGETTGGCACTGGCCGTCG|
GACCTGCAGGCATGCAAGETTGGCACTGGCCGTCG|
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC
BACCTBCAGGCATGCAAGCTTGGCACTGGCCGTCY
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]

sACce TTGGCA
BACCTGCAGGCATGCAAGCTTGGCACTEGCCGTC]
BACCTGCAGGCATGCAAGCTTGGCACTEGCCGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY
GACCTGCAGGCATGCAAGCTTGGCACTGGCCETC]
GACCTGCAGGCATGCAAGCTTGECACTGECCETC!
BACCTGCAGGCATGCAAGCTTGGCACTEGCCGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGECGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY
BACCTGCAGGCATGCAAGCTTGGCACTGECCETC!
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]
BACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY
GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTC]

TTTTACAACGTCGTGACTGGGAAAACCCTGGCGTT
TTTTACAACGTCGTGACTGGGARAACCCTGGEGTT
TTTTACAACGTCGTGACTGGGAAAACCETGOCGTT
TTTTACAACGTCGTGACTGGGARAACCCTGGEGTT
TTTTACAACGTCGTGACTGGGAARACCCTGGEGTT
[EEEERCAACGTCOTGACTGGGARAACCETGGCATT
[EEEERCAACGTCOTGACTGGGARAACCCTGREGTT
[EEEERCAACGTCGTGACTGGGARAACCCTGGCGTT
[EEEERCAACGTCGTGACTGGGAAAACECTGOCGTT
[EEEERCAACGTCGTGACTGGGAAAACCCTGGEGTT
[EEEEECAACGTCOTGACTGGGAAAACCCTGGEGTT
[EEEEECAACGTCOTGACTGGGAAAACCETGRERTT
[EEEEECAACGTCGTGACTGGGAAAACCCTGGEGTT
RS AACGTCGTGACTGGGAARACCCTGGCGTT

TeoTeACT 1
[EEEEEC AACGTCGTGACTGGGARAACCCTGGCGTT
[EEEEECAACGTCGTGACTOGGARAACCETGGEGTT
[EEEEECAACGTCOTGACTOGOARAACCETGGEGTT
[EEEACAACGTCGTGACTGGGARAACCCTGGEGTT
[EEEEACAACGTCGTGACTOGGARAACCETGGEGTT
[EEEACAACGTCGTGACTCGGARAACCCTOGCGTT
[EEEIACAACGTCGTGACTGGGARAACCCTOGCGTT
TEEEEEEEEEEEEEGACTGOGAARACCCTGOCGTT

I T TACAACG TCGTGACTGGGAAAACCCTGGCGTT

TTTACAACGTCGTGACTGGGAARACCCTGGCGT
EEEACAACGTCOTGACTGGGAARACCCTGGCGT
EEEEEEAACGTCOTGACTGGGAAAACCCTGGCET
[EEEEEIAACGTCOTGACTGGGAARACCETGECGT
EEEERCAACGTCGTGACTGGGARAACCCTGGCGT
EEEERCAACGTCGTGACTGGGARAACCCTGREGT

T TTTACAACGTCGTGACTGGGAAAACCCTGECGT

GACCTGCAGGCATGCAAGCTTGGCACTGGCCGTCY

sAce GCAAGCTTGGCACT 6T
BACCTGCAGGCATGCAAGCTTGGCACTEGCCETC]

EEEEECAACGTCGTGACTGGGAARACCCTGGEGT
EEEEECAACGTCGTGACTGGGAAAACCCTGGCGT
[EEEERCAACGTCOTGACTGGOARAACECTGOCGT
[EEEERCAACGTCOTGACTGGGAARACCCTGGEGT
TTEERCAACGTCGTGACTGGGAARACCETGGEGT
EEEACAACGTCGTGACTGGGAARACCCTGGEGT
EEESRCAACGTCOTGACTGGGAARACCCTGGCGT
EEEEECAACGTCOTGACTGGGAARACCCTGGCGT
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Figure S2A-C: Additional data for Figure 4. A-C - Symmetrical Homology Arm Lengths using CRISPR/Cas9.
Symmetrical Homology Arm Lengths using CRISPR/Cas9.Each image illustrates the location of Cas9 in green and
the PAM site in red. A solid red line indicates the blunt ended cleavage site. (A-C) Symmetrical Homology Arm
Lengths of 20, 50, and 75 base pairs (48, 108, and 158 bases total). The nonsense symmetrical oligonucleotide with
lengths of 20, 50, or 75 base pairs on either side of the cut site is located above the lacZ gene, contains an eight base
NOTT site in the center, and is positioned in a 3’ to 5" orientation. The purple box highlights the correct integration of
a NOTTI site and bases highlighted in red outside of the purple box indicate unintended integration or deletion events
for each image. The total number of colonies and the category for each event can be found in the tables located in
Figure 4A-C. All blue colonies were found to harbor wild-type sequences and are represented by the four blue
colonies (labeled 1B and 2B) in all images.
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Figure S3A-B: CRISPR/Cas control reactions with and without cell-free extract. A) Cas12a 1364 reaction
with 50 base homology arm lengths. B) Cas9 1364 reaction with 20 base homology arm lengths. The left
image contains two Cas12a plates and the right image contains two Cas9 plates. The top plates for each
encompass reactions with cell-free extract while the bottom plate reactions do not contain cell-free extract.
The top plates for both Cas12a and Cas9 display blue and white colonies; (all white colonies are circled in
black) and only blue colonies are present on the bottom plates.
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Figure S4A-B: Comparison of Direct In Vitro Product Sequencing via Sanger and Next-Generation Sequencing,.
For both figures, DNA was isolated and PCR-amplified directly after recircularization, with no bacterial
transformation. A) Amplicons were sequenced via Sanger sequencing, and resultant indels were deconvoluted using
TIDE. The grey bar at 0 represents wild-type, perfectly repaired sequences. Orange bars represent statistically
significant indels, as determined by pearson’s r via TIDE. Black bars represent non-significant background. B)
Amplicons were sequenced via Illumina TruSeq next-generation sequencing, and resultant indels were determined
using CRIS.py. Each bar consists of stacked sequences containing all sequence variations of the appropriate indel
length in blue, orange, and cyan (in order of contribution percentage). The grey bar at 0 represents wild-type
sequences. The horizontal orange bar represents an axis break from 14,000 to 60,405 reads.



Table S1: Fisher’s exact test comparing 20, 50, and 75 base homology arms within CRISPR/Cas12a and within

CRISPR/Cas?9.

Cas12a 20HDR-NS vs. Cas12a 50HDR-NS

*Cas9 20HDR-NS vs. Cas9 50HDR-NS

HDR | Indel | Total HDR | Indel | Total
Casl2a 1364 42 22 64 Cas9 1364 20 41 61
20HDR-NS 20HDR-NS
Casl12a 1364 34 28 62 Cas9 1364 3 58 61
50HDR-NS 50HDR-NS
Column Totals | 76 50 126 Column Totals 23 99 122

P-Value <0.05

0.2748

P-Value <0.05

*Casl2a 20HDR-NS vs. Cas12a 75HDR-NS

*Cas9 20HDR-NS v

s. Cas9 75HDR-NS

HDR | Indel | Total HDR | Indel | Total
Casl2a 1364 42 22 64 Cas9 1364 20 41 61
20HDR-NS 20HDR-NS
Casl2a 1364 26 30 56 Cas9 1364 2 61 63
75HDR-NS 75HDR-NS
Column Totals | 68 52 120 Column Total 22 102 124
P-Value <0.05 0.0428 P-Value <0.05 0
Casl2a 50HDR-NS vs. Cas12a 75HDR-NS Cas9 50HDR-NS vs. Cas9 75HDR-NS
HDR | Indel | Total HDR | Indel | Total
Casl2a 1364 34 28 62 Cas9 1364 3 58 61
50HDR-NS 50HDR-NS
Casl2a 1364 26 30 56 Cas9 1364 2 61 63
75HDR-NS 75HDR-NS
Column Totals | 60 58 118 Column Totals 5 119 124

P-Value <0.05

0.461

P-Value <0.05

Table S1: Fisher’s exact test comparing 20, 50, and 75 base homology arms within CRISPR/Cas12a and within
CRISPR/Cas9. Fisher’s exact test was used to compare the three lengths of homology arms within each nuclease.
Statistically significant conditions within the comparisons are highlighted in red along with the associated P-value.
The total number of precise HDR events and Indels are indicated along with the column totals. The P-value was set
to < 0.05 for all comparisons.

0.0001

0.6772



Table S2: CRISPR/Cas12a and CRISPR/Cas9 20, 50, and 75 homology arm length triplicate comparison within each

nuclease.

Cas12a 1364 20HDR-NS

Cas9 1364 20HDR-NS

Trial Colony 1l HDR Indel wT Trial Colony  rotal HDR Indel WT
Color Color
1 White 20 4 16 0 1 White 18 11 7 0
Blue 19 0 0 19 Blue 20 0 0 20
2 White 22 20 2 0 2 White 21 3 18 0
Blue 2 0 0 2 Blue 2 0 0 2
3 White 22 18 4 0 3 White 22 6 16 0
Blue 2 0 0 2 Blue 2 0 0 2
Cas12a 1364 50HDR-NS Cas9 1364 50HDR-NS
Trial Colony 1l HDR Indel wT Trial Colony  rotal HDR Indel WT
Color Color
1 White 20 11 9 0 1 White 20 0 20 0
Blue 16 0 0 16 Blue 21 0 0 21
2 White 21 12 9 0 2 White 19 1 18 0
Blue 2 0 0 2 Blue 2 0 0 2
3 White 21 11 10 0 3 White 22 2 20 0
Blue 2 0 0 2 Blue 2 0 0 2
Cas12a 1364 75HDR-NS Cas9 1364 75HDR-NS
Trial Cé"°"y Total HDR Indel wT Trial Colony  rotal HDR Indel WT
olor Color
1 White 20 10 10 0 1 White 19 1 18 0
Blue 20 0 0 20 Blue 20 0 0 20
2 White 16 10 6 0 2 White 12 0 12 0
Blue 2 0 0 2 Blue 2 0 0 2
3 White 20 6 14 0 3 White 32 1 31 0
Blue 2 0 0 2 Blue 2 0 0 2

Table S2: CRISPR/Cas12a and CRISPR/Cas9 20, 50, and 75 homology arm length triplicate comparison within each
nuclease. The table illustrates the total number of blue and white colonies sequenced for each homology arm length
experiment (20, 50, or 75) and the triplicates performed within each experiment conducted for Cas12a (left) and Cas9

(right). The table displays which colonies were found to harbor homology-directed repair, insertions or deletions
(Indels), or wild-type events. All blue colonies were found to harbor wild-type sequences. Each homology arm length
shows comparable numbers of both blue and white colonies for all experiments within each nuclease.
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