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Supplementary Figures

A Inversion in mouse blastocysts by CRISPR with a pair of sgRNAs
WT 5 CTGTGCGCTGCAATCCTGCACTACAACTTCTAGE]. . . 1,241 bp. . . GTCATCAATAGTCGGTCI'TTTGGAGATCTCC
RN RNy (NN NNAANLANRN NN AN RARARAARAANY
3’ GACACGCGACGTTAGGACGHIGATGTTGAAGATCC. . . 1,241 bp. . .RAATCAGTAGTTATCAGCCAGRAAACCTCTAGAGG

Expected CTGTGCGCTGCAATCCTGCCGACCGACTATTGATGACTAAA

Upstream junction

Inversion 1 CTGTGCGCTGCAATCCTGCC—~~~GAC

Inversion 2 CTGTGCGC

Deletion in mouse blastocysts by CRISPR with a pair of sgRNAs

WT 5’ CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGG. .. 1,241 bp ..
del1 5’ CTGTGCGCTGCAATCCT
del2 5 CTGTGCGCTG
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Deletion in mice by CRISPR with a pair of sgRNAs
WT 5’ CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGG. .. 1,241 bp ... TTTAGTCATCAATAGTCGGTCTTTTGGAGATCTCC 3’

#11

5 CTGTGCGCTGCAATCCTGCCA

..1241bp. .AATAGTCGGTCTTTTGGA

..1241bp. . TTATCAGCCAGAAAACCT
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#12 5 CTGTGCGCTGCAATCCT
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Supplementary Figure S1. Inversion and deletion of a 1,241-bp DNA fragment by CRISPR

with a pair of sgRNAs in mice. Shown are sequences of the upstream and downstream

inversion junctions as well as deletion junctions in mouse blastocysts (4). Sequences of the

upstream and downstream inversion junctions (B) and deletion junction (C) in the FO founder

mice are also shown. The nucleotides highlighted in purple in (B) indicate the inverted repeats
used by MMEJ. Repair by the MMEJ pathway results in the inversion of the DNA fragment
and simultaneous deletions of the sequences between the repeat and the DSB near both the

upstream and downstream breaks.



F1+R2
Founder No. 1 6 7 8 9 10 1 12 13 14 15
500 bp _I - '
' —257bp_ 509 by
200 bp—- v =010
R 178 bp P
B
WT 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. ... .. AATAGTCGGTCTTTTGGAGATCTCCTACTTTTT 3’
#1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . . . . AATAGTCGGTGITTTGGAGATCTCCTACTTTTT &
#2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . . . . AATAGTCGGTCTTTTGGAGATCTCCTACTTTTT 3’
#3-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... .———=—= 33 bp del----ATCTCCTACTTTTT 3’
#3-2 5 GTGC-----——--————- ACTACAACTTCTAGGCTTGCT. . . ...—-————— 33 bp del----ATCTCCTACTTTTT 3’
#3-3 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. ... .. AATAGT------- 62 bp del----------—- 3
#4-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... AATAGTCGGTC--—-——==—==—— CTACTTTTT 3
#4-2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. ... .. AATAGTCGGT%TTTGGAGATCTCCTACTTTTT 3
#4-3 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... AATAGTCGGT%TTTGGAGATCTCCTACTTTTT 3
#5 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . . . . AATAGTCGGTCTTTTGGAGATCTCCTACTTTTT 3
#6-1 5 GTGCGCTGCAATCCTGC------— AACTTCTAGGCTTGCT. . . ... AATAGTCGGTCITTTGGAGATCTCCTACTTTTT &
#6-2 5 GTGCGCTGCAATCCTGC------— AACTTCTAGGCTTGCT. . . ... AATAGTCGGT--TTTGGAGATCTCCTACTTTTT 3
#6-3 5 GTGCGCTGCAATCCTGCC&CTACAACTTCTAGGCTTGCT ...... AATAGTCGGT--TTTGGAGATCTCCTACTTTTT 3’
#7-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . .. .. AATAGTCGGTCITTTGGAGATCTCCTACTTTTT 3
T
#7-2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... AATAGTCGGTCTTT zGGAGATCTCCTACTTTTT 3
AAGTCTTAAAGTCAAAAGTC
#8-1 5 GTGCGCTGCAATCCTG----—-- 226 bp del-—-—-——...... AATAGTCGGTCTTTTGGAGATCTCCTACTTTTT 3’
#8-2 5 GTGCGCTGCAATCCTG-------— 226 bp del-----...... AATAGTCGGTC&FTTGGAGATCTCCTACTTTTT 3
#8-3 5 GTGCGCTGCAATCCTG-------— 226 bp del-----...... AATAGTCGGTCT----—-——-—~- CCTACTTTTT 3
#9 5 GTGCGCTGCAATCCTGCCA--—-— ACTTCTAGGCTTGCT. .. ... AAT--———————- TTTGGAGATCTCCTACTTTTT 3’
#10-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... AATAGTCGGT--TTTGGAGATCTCCTACTTTTT 3’
#10-2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. ... .. AATAGTCGG---—-—-—-— AGATCTCCTACTTTTT 3’
#11 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. ... .——=——=—=———— 473 bp del-—--—-——-—- 3
#12 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. .. .. . AATAGTCGGTCTTTGGAGATCTCCTACTTTTT 3'
T
#13-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . .. . AATAGTCGG--—-—-—- AGATCTCCTACTTTTT 3’
#13-2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . .. . AATAGTCGGT---TTGGAGATCTCCTACTTTTT 3’
#14 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . ... . AATAGTCGGTCTTTTGRAGATCTCCTACTTTTT 3
#15-1 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . . . . AATAGTCGG—e—TTTGGAGATCTCCTACTTTTT 3
#15-2 5 GTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. . . .. . AATAGTCGG--TTTTGGAGATCTCCTACTTTTT 3’

Supplementary Figure S2. Sequences of indels at the two targeted sites by CRISPR with a
pair of sgRNAs in the FO founder mice. (4) Genotyping of the 15 FO founder mice. (B)
Sequences of alleles of indels at the two targeted sites of the 15 FO founder mice.



A Inversion in mice by CRISPR with a pair of sgRNAs
5’ GGGBEGTGETGGTG . TCTCGCCCTCTGCTGGTTARAGATGTGA . . 960 bp. . ECCACCCAAG 3'
WT IIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIIIIIIIIIIIIIIIIIIIIIIIIII THELEEEEEERRL L
3’ CCCECCACCACCAC . CAGAGCGGGAGACGACCAATTTCTACACT . . 960 bp . TTTTTCACCAAGGTA! TGGTGGETTC 5
Upstream junctlon by NHEJ
Expected GGGGGGTGGTGGTG.47 bp. TGTCTCGCCCTCEA 5GAACCACTTTTT

#39 GGGGGGTGGTGGTG.47 bp. TGTCTCGCCCTCAGA

#43 GGGGGGTGGTGGTG.47 bp. TGTCTCGCCCTCAGATGGAACCACTTTTT
#44 GGGGGGTGGTGGTGGTGG-—-GGTGGGGTGGTGAGTGTGTTCTAGCACTGARAACTGCAGCTGTCTCGCCCTCAGATGGAACCACTTTTT
Upstream junction by MMEJ
#40 GGGEEGETGGET -~ -63 bp deletion ———
------- ATGGAACCACTTTTT [-70 bp, +204 bp]
#41 GGGEGETGGT---63 bp deletion ———
——————— GAACCACTTTTT [-70 bp, +207 bp]
#42-1 GGGGGGTGGT - --63 bp deletion ———
—-AGATGGAACCACTTTTT [-64 bp, +208 bp]
#42-2 GGGGGGTGGT -—-63 bp deletion ———
AAGATGGAACCACTTTTT [-63 bp, +209 bp, m1 bp]
#45-1 GGGGGGTGGET -~ ~-63 bp deletion ———
AGGATGGAACCACTTTTT [-63 bp, +209 bp, m2 bp]
#45-2 GGGGGGTGGET ---63 bp deletion ———
AGATGGAACCACTTTTT [-63 bp, +209 bp]
#46 GGGGEGTGGT ---63 bp deletion —-—
AGATGGAACCACTTTTT [-63 bp, +209 bp]
Downstream junction
Expected TCACATCTTTAACCAGCA ACCACCCAAG
#39-1 ACCACCCARAG
#39-2 ACCACCCAAG
#40-1 ACCACCCRAG
#40-2 ACCACCCAAG
#41 TCACATCTTTAACCAGCA--A-— ACCACCCAAG
CAGGGCGAGACZ—\G
#42 TCACATCTTTAACCAGC--- ACCACCCAAG
ACCACCCAAG
ACCACCCAAG
#45 TCACATCTTTAAC CA ACCACCCAAG
TGTCTCGCCCTCG
#46-1 TCACATCTTTAACCAGCA-AN-—— ACCACCCAAG
GCGAGACAG
#46-2 TC ACCACCCRAG

TCTTTAACC A
GACAGGGCGAGACAG
#46-3 TCACATCTTTAAC

CA 23 bp deletion—— ACCACCCAAG
GAGGGCGAGACAGCTGCAGTTTTC

B Deletion in mice by CRISPR with a pair of sgRNAs
WT 5 GCTGTCTCGCCCTCTGCTGGTTARAGATGTGA. . . 960 bp. . . ARAAAGTGGTTCCATCTGCCACCTGGTGTTCGATG 3

#39-1 5’ GCTGTCTCGCCCTC === === == === = == === = GCCACCTGGTGTTCGATG 3’ [-960 bp]
#39-2 5’ GCTGTCTCGCCCTCm === === === === m e mm oo e CTGGTGTTCGATG 3’ [-965 bp]
#40-1 5’ GCTGTCTCGCCCTC === === === === == === === oo GCCACCTGGTGTTCGATG 3’ [-960 bp]
#40-2 5’ GCTGTCTCGCCCTCT==================——— e GCCACCTGGTGTTCGATG 3’ [-959 bp, +1 bp]

#41 5 GCTGTCTCGC-============ === ———— oo 2 GGTGTTCGATG 3’ [-971 bp, +2 bp]

#43 5 GCTGTCTCGCCCTC === === === === == == oo GCCACCTGGTGTTCGATG 3 [-960 bp]

#44 5 GCTGTCTCGCCCT === = === = = = e oo GCCACCTGGTGTTCGATG 3’ [-960 bp]
#45-1 5" GCTGTCTCGCCCT Cmmm == —— e — oo GCCACCTGGTGTTCGATG 3’ [-960 bp]
#45-2 5 GCTGTCTCG === == m == CTGGTGTTCGATG 3" [-969 bp]

Supplementary Figure S3. Inversion and deletion of a 960-bp DNA fragment by CRISPR
with a pair of sgRNAs in the FO founder mice. (4) Sequences of the upstream and
downstream inversion junctions in FO founder mice. The nucleotides highlighted in purple
indicate the inverted repeats used by MMEJ. Repair by the MMEJ pathway results in the
inversion of the DNA fragment between the upstream breakpoint and downstream
microhomologous repeat as well as the simultaneous deletion of the sequences between the
upstream microhomologous repeat and upstream breakpoint. (B) Sequences of the deletion
junctions in FO founder mice.



A |nversion in mice by CRISPR with a pair of sgRNAs

...29,401 bp. ..
CAT|. ..29,401 bp. ..
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Downstream junction

Upstream junction
CT Expected TACAGACATAGTCGCTTTTACAGGGGACTACAAT

Expected GGCAGCTATGCCAGGCTCC

#217 GGCAGCTATGCCAGGGICGGCCTCTCTTAGCCCT #217  TACAGACATAGTCGCTTTTACAGGGGACTACAAT
A

#232 GGCAGCTATGCCAGGCTCC #232 TACAGACATAGTCGCTTTTACAGGGGACTACAAT

B Deletion in mice by CRISPR with a pair of sgRNAs

WT 5 AAACAARAGGCAGCTATGCCAGGCAAAGCGACTA. . .29,401 bp .. .GAGGCCGATACAGGGGACTACAATCAAAGCACAC 3’
——————————————————————————————— ACAC 3'[-29,428 bp]

——————————————————— GGGGACTACAATCAARAGCACAC 3’ [-29,413 bp, +3 bp]

#215 5 AAACARAAGGCAGCTATGC- -~
#219 5 ARACAAAAGGCAGCTA-==========—=-———————— o

#222 5 AAACAAAAGGCAGCTATGCCAGGCA-——=-—————=———— A ————————— ATACAGGGGACTACAATCAAAGCACAC 3'[-29,401 bp, +4 bp]

#228 5 AAA———————mm CAGGGGACTACAATCAAAGCACAC 3’ [-29,424 bp]

#229 5 AAACAAAAGGCAGCTATGC———==———— === m e CAGGGGACTACAATCAAAGCACAC 3’ [-29,408 bp]

Supplementary Figure S4. Inversion and deletion of a 29,401-bp DNA fragment by
CRISPR with a pair of sgRNAs in FO founder mice. (4) Sequences of the upstream and
downstream inversion junctions in FO founder mice. (B) Sequences of the deletion junctions

in FO founder mice.



Sequencing confirmation of FO mice

Inversion in FO mice (#84)
Upstream junction
Expected CTGTGCGCTGCAATCCTGCCC

#84 CTGTGCGCTGCAATCCTGC

Downstream junction
Expected CCTAGAAGTTGTAGTTTTTGGAGATCTCC

CCTAG TTTTGGAGATCTCC

Deletion in FO mice (#90)

WT 5 CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGG. . .1,241bp. .. TTTAGTCATCAATAGTCGGTCTTTTGGAGATCTCC 3’
#90 5’ CTGTGCGCTGCAATCCT

GGAGATCTCC 3’ [-1,248 bp]
Germline transmission of DNA fragment deletion in mice

F1+R2 (Deletion)
FINo. M 1 2 3 4 5 6 7

L. € 1,449 bp

w.  <€209bp

FONo.  Jd#84 X 9#90

Inversion in F1 mice (#3 and #5)
Upstream junction
Expected CTGTGCGCTGCAATCCTGCCGACCGAC
F1#3 CTGTGCGCTGCAATCCTGCC
F1#5 CTGTGCGCTGCAATCCTGCC

Downstream junction
Expected CCTAGAAGTTGTAGTTTTTGGAGATCTCC

F1#3 CCTAGAAGTT----- TTTTGGAGATCTCC
F1#5 CCTAGAAGTT----- TTTTGGAGATCTCC

Deletion in F1 mice (#6)
WT 5’ CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGG. . .1,241bp .. .TTTAGTCATCAATAGTCGGTCTTTTGGAGATCTCC 3’
F1#6 5 CTGTGCGCTGCAATCCT

GGAGATCTCC 3'[-1,248 bp]

Fragment deletion in FO mice Germline transmission of DNA fragment deletion in mice

F1+R2 a#11 X 9#12 (F1+R2) #11 X 9#14 (F1+R2)
FONo. M #11 #12 #14 FIN. M 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
' —1,449 bp v v . —1,449 bp
i3 —976 bp o - o - W m  |—o750p
e
—257bp
—257bp g9 bp - - - - - - !=209 bp
- =< 201b — 178 bp ~ 201 bp
178 bp P
3 9 Q female allele 201 1449 201 201 14491449 201 14491449 178 1449 1449 14491449 257
976 1449 1449 male allele 976 976 209 976 976 209 976 976 209 976 209 209 976 976 209
209 201 257
178

Supplementary Figure S5. Germline transmission in mice of the DNA-fragment inversion
and deletion induced by CRISPR with a pair of sgRNAs. (4) Sequencing of alleles of
inversion and deletion junctions in FO mice. (B) Genotyping of DNA fragment deletion in F1
mice from crossing of two FO founder mice. (C) Sequencing of alleles of inversion and
deletion junctions in F1 mice. (D) Genotyping of DNA fragment deletion in FO founder mice.
(£) F1 genotyping demonstrates the germline transmission of the deletion alleles.
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Supplementary Figure S6. Inversions of a set of DNA fragments of different sizes in
human cell. (4) Inversion of a 35-bp DNA fragment of the Pcdh regulatory element 2 (RE2)
by CRISPR with a pair of sgRNAs. Shown are diagram of CRISPR with a pair of sgRNAs.
The sgRNAs targeting sequences are underlined. The PAM sequences are highlighted in red.
The ChIP-seq signals of CTCF, H3K4mel, and p300 are obtained from the Human ENCODE
Project. The sequences of the upstream and downstream inversion junctions are also shown.
The nucleotides highlighted in purple indicate the inverted repeats used by the
microhomology-mediated end joining (MMEJ) repair pathway. Repair by the MMEJ pathway
results in the inversion of the DNA fragment between the upstream breakpoint and
downstream microhomologous repeat. Shown are also sequences of the upstream and
downstream inversion junction of 709-bp (B) and 6,277-bp (C) DNA fragments at the
S-globin locus, of an 18,142-bp DNA fragment at the HoxD locus (D), of an 80,732-bp DNA
fragment at the S-globinlocus (E), of a 256,744-bp DNA fragment covering the Pcdhq gene
cluster (£), and of an 807,480-bp DNA fragment covering the Pcdh «, f3, and y gene clusters
(G).



A Duplication in mice by CRISPR with a pair of sgRNAs
l Duplication junction
AGGGGTTTTAGTCATCAATAGTCGGTCACTACAACTTCTAGGCTTGCTCTATATT Expected
AGGGGTTTTAGTCATCAATAGTCGGTCACTACAACTTCTAGGCTTGCTCTATATT #166

B p_globin RE2
l Duplication junction (F2 + R1)

AGTCTACTTTCACTTGTTAGCGGCATTGTAGGCAGTGGGAAATCTGGCAAGAGGC Expected
AGTCTACTTTCACTTGTTAGCGGCATTGTAGGCAGTGGGAAATCTGGCAAGAGGC duplication 1
AGTCTACTTTCACTTGTTAGCGG—ﬁ— GTAGGCAGTGGGAAATCTGGCAAGAGGC duplication 2

Cc B-globin locus
Duplication junction (F2 + R1)

TCCTTTAATGGTCTTTTCTGGACACCACTAGATGGCAGTGTTGAAGCATCTTCTG Expected

TCCTTTAATGGTCTTTTCTGGACACCACTAGATGGCAGTGTTGAAGCATCTTCTG duplication 1

TCCTTTAATGGTCTTTTCTG-——————————————————— TTGAAGCATCTTCTG duplication 2

TCCTTTAATGGTCTTTTCTGGACACCACTAGATGGCAGTGTTGAAGCATCTTCTG duplication 3

TCCTTTAATGGTCTTTTCTGGACACCACT%ATGGCAGTGTTGAAGCATCTTCTG duplication 4
G

D pcdha cluster
Duplication junction (F2 + R1)

GACACAAATTGAAGATTTGGGGCGTCAGGGTCTGGAATAGATAAGGCAAAAACCC Expected

GACACAAATTGAAGATTTGGGGCGTCAGGGTCTGGAATAGATAAGGCAAAAACCC duplication 1
GACACAAATTGAAGATTTGGGGCGTC---——— TGGAATAGATAAGGCAAAAACCC duplication 2
GACACAAATTGAAGATTTGGGGCGTC-————— TGGAATAGATAAGGCAAAAACCC duplication 3
GACACAAATTGAAGATTTG-—————————————~— GAATAGATAAGGCAAAAACCC duplication 4
GACACAAATTGAAGATTTGGGGCGTCAGgAQTcTGGAATAGATAAGGCAAAAACCC duplication 5

E pcdh a, B, and y clusters
Duplication junction (F2 + R1)

GCTGCATTTCCTGAGCTAGTCCAACAGTCTGGAATAGATAAGGCAAAAACCCAGA Expected

GCTGCATTTCCTGAGCTAGTCCAACAGTCTGGAATAGATAAGGCAAAAACCCAGA duplication 1

GCTGCATTTCCTGAGCTAGTCCAAC-GTCTGGAATAGATAAGGCAAAAACCCAGA duplication 2

GCTGCATTTCCTGAGCTAGT-——————— CTGGAATAGATAAGGCAAAAACCCAGA duplication 3

GCTGCATTTCCTGAGCTAGTCCAA-~~#A-~~GAATAGATAAGGCAAAAACCCAGA duplication 4

GCTGCATTTCCTGAGCTAGTCCAACARTCTGGAATAGATAAGGCAAAAACCCAGA duplication 5
ACTTCTA

Supplementary Figure S7. Sequences of duplication junctions by CRISPR through
trans-allelic recombination in mice and human cells. Shown are sequences of duplication
junctions of 1,241-bp DNA fragment (4) in mouse, of 6,277-bp (B) and 80,732-bp (C) DNA
fragments at the S-globin locus, of a 256,744-bp DNA fragment covering the Pcdha gene
cluster (D), and of an 807,480-bp DNA fragment covering the Pcdh a, f, and y gene clusters
(£) in human cells.
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C p-globin RE2 SgRNA1 SgRNA2
¢— 6,277 bp —¢

FI> <Rl  F2><R2
M F1+R2 F1, R2
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1 . |
1500 bp~

GACCTCAGGCCTGTGGAAGT

Transfection + -

E B-globin locus SgRNA1 sgRNA2
¢— 80,732 bp —¢

F1><«R1  F2»><R2

M F1+R2 F_1’4BZ
1500 bp-n Deletion
500 bp- ¥ el 426 bp /W\
ATGGCCAGGAGAGGTCAGAA

Transfection + -

G Pcdh o, B, and vy clusters
sgRNA1 sgRNA2
¢— 807,480 bp —¢

Fi> <Rl  F2><R2

M F1+R2 F1, R2
1500 bp-" Deletion
500 bp .-

-  -326bp

TCTGGTCCAAGAGGGCAGCA

Transfection + -

D

B-globin RE1

M

r |
1500 bp -

500 bp =+

Transfection

HoxD locus

M

sgRNA1 sgRNA2
|—709bp—]
F1> +R1  F2><4R2
F1+R2 F1, R2
Deletion
. -1,091 bp
- -382 bp
TTGCCTTGGATGGTGGTTTT
+ -
sgRNA1 sgRNA2
L—18,142 bp -i
F1><+R1  F2><R2
F1+R2 F1, R2
Deletion

1500 bp-F
500 bp= “= === 500 bp

Transfection +

Pcdha cluster

M

1500 bp-"
500 bp=

AGGGGTTGGTACCCGGGGGA

sgRNA1 sgRNA2
i— 256,744 bp -¢

F1—» +<R1 F2—» +R2
F1+R2 F1, R2
Deletion
—_— =375 bp
TCTGGTCCAAAAGTGGTTTT

Transfection +

Supplementary Figure S8. Targeted deletions of seven additional DNA fragments of
different sizes. (4) Deletion of the Pcdh RE2. The deletion junctions are identified by PCR
with specific primer pairs. The PCR product is cloned and sequenced. An example of the
sequence chromatograms at the deletion junctions is shown. Deletion of 709-bp (B) and
6,277-bp (C) DNA fragments at the S-globin locus. (D) Deletion of an 18,142-bp DNA
fragment at the HoxD locus. (E) Deletion of an 80,732-bp DNA fragment at the f-globin
locus. (F) Deletion of a 256,744-bp DNA fragment covering the Pcdha gene cluster. (G)
Deletion of an 807,480-bp DNA fragment covering the Pcdh o, 3, and y gene clusters.



A Pcdh RE2
5 TCTGCAGCGAGTCATGGGACCGAACTGGGCGGTGTCGCTGTCCGTGGCCATGGTGCTGAACTCTGGGCGTGGCCAGAGAGAT 3 WT

5’ TCTGCAGCGAGTCATGGGACCGAACTGGGCGGTG-——=—===—=—=—=———————————— CTCTGGGCGTGGCCAGAGAGAT 3 [-26 bp]

5 TCTGCAGCGAGTCATGGGACCGAACTGGGCGGTG-—————————=————————————————— TCTGGGCGTGGCCAGAGAGAT 3'  [-27 bp]

5’ TCTGCAGCGAGTCATGGGACCGAACT — === === == === — = ————— oo CTCTGGGCGTGGCCAGAGAGAT 3 [-34 bp]

5’ TCTGCAGCGAGTCATGGGACCGAAC === === === == ———m e CTCTGGGCGTGGCCAGAGAGAT 3’ [-35 bp]

5 TCTGCAGCGAGTC-—============—=—————— L CTCTGGGCGTGGCCAGAGAGAT 3" [-47 bp, +1 bp]
B B-globin RE1

5 GTTGTTGCCTTGGAGTGGGGCAGTGCTTAATTGTATAC. . .668 bp. . .CTGGTCCCCTGGTAACCTGGTGGTTTTTACT 3 WT

5’ GTTGTTGCCT TGGA= — == == = = = = = — = o TGGTGGTTTTTACT 3 [-709 bp]

5 GTTGTTGCCTTGG = == == === == = o o GGTGGTTTTTACT 3 [-711 bp]
C B-globin RE2

5’ GCAGACCCAATGACCTCAGGCTGTAGGCAGTGG. . .6,242 bp . . .CTACTTTCACTTGTTAGCGGCATCTGTGGAAGTAG 3' WT

5’ GCAGACCCAATGACCTCAGGC - === === == == = m o o o CTGTGGAAGTAG 3 [-6,277 bp]

B 0= == o oo TAG 3’ [-6,305 bp]

5’ GCAGACCCAATGACCTCAGGC T - == === == == = = m o o o CTGTGGARGTAG 3’ [-6,276 bp]

5 GO AG— === m oo oo TAG 3’ [-6,303 bp]

D HoxD locus
5’ GAGGGGTTGGTCTTTGGGAA. . .18,121 bp . . . GAAAGTCATARACCCGGGGGATGAAGTGGGAAGACTGTCCAAGGAG 3 WT

5’ GAGGGGTTGGT—============= == === === —————— o ACCCGGGGGATGAAGTGGGARGACTGTCCARGGAG 3 [-18,142 bp]
B G mm GGGGGATGAAGTGGGAAGACTGTCCAAGGAG 3 [-18,155 bp]
B GAGG—— === —— rc3  [-18,182 bp]
5’ GAGGGGT TGGT == == === == == = = e ATGAAGTGGGAAGACTGTCCAAGGAG 3" [-18,151 bp]

E B-globin locus
5 TAGTATGGCCAGGAGATGGCAGTGTTGA. . .80,695 bp . ..TCTGGACACCACTAGGGGTCAGAAGTAGTTCATCAAAC 3 WT

5 TAGTATGGCCAGGA= === === === m e e GAGGTCAGAAGTAGTTCATCAAAC 3’ [-80,723 bp]

B TG AT GG === === === e e e e TCAGAAGTAGTTCATCAAAC 3 [-80,733 bp]

5’ TAGTATGGCC-—————=————=——=——————— —é} ———————————————————————— GTCAGAAGTAGTTCATCARAC 3 [-80,730 bp, +2 bp]

5 TAGTATGGCCAGGA= === == == = == AGTAGTTCATCAAAC 3’ [-80,732 bp]

5 TAGTATGGCCA-—==—==—==—==—=——=———— A = e e e e e e e e TAGTTCATCARAC 3’ [-80,737 bp, +18 bp]
TCATACTAGTTCATCAAC

F Pcdha cluster
5 TCTGGTCCAAGTCTGGAATAGATAAGGCAAAAACCC. . . 256,702 bp . . . AGATTTGGGGCGTCAGGAAGTGGTTTTTT 3 WT

B T T GG T A A= = = = = = = = AAGTGGTTTTTT 3' [-256,744 bp]
5 TCTGGTCCAA~=—========—=———————————— D ittt AAGTGGTTTITTT 3 [-256,744 bp, +2 bp]
B T GG T O == = = === = = = AGTGGTTTTTT 3’  [-256,747 bp]
o o e T3 [-256,759 bp]

G Pcdh a, B, and y clusters
5 TCTGGTCCAAGTCTGGAATAGATAAGGCAAAAACCC. . .807,429 bp . . .TGAGCTAGTCCAACAGAGGGCAGCAACAA S WT

5! T GG CC A A — === = == = — —— — o GAGGGCAGCAACAA 3 [-807,480 bp]
5 T GG T CC A A= = == == == = = = o AA 3 [-807,492 bp]
5 TCTGGTCCAA GGCAGCRACRAA 3’ [-807,483 bp, +5 bp]
5’ TCTGGTCCA-—====—====—=——=——————————————— A —Z{T@;—A—A—c ————————————————————————— CAGCAACAA 3’ [-807,486 bp, +8 bp]

Supplementary Figure S9. Sequences of deletion junctions of the seven additional DNA
fragments. Shown are sequences of deletion junction of a 35-bp DNA fragment of the Pcdh
RE2 (4), of 709-bp (B) and 6,277-bp (C) DNA fragments at the f- globin locus, of an
18,142-bp DNA fragment at the HoxD locus (D), of an 80,732-bp DNA fragment at the
F-globin locus (E), of a 256,744-bp DNA fragment covering the Pcdha gene cluster (F), and
of an 807,480-bp DNA fragment covering the Pcdh o, 5, and y gene clusters (G).
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A Inversion of the Pcdha cluster

5 CTTCTGGTCCAAGTCTGGAATAGATAAGGCARAN.
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII

3’ GAAGACCAGGTTICAGACCTTATCTATTCCGTTTT.

WT

Upstream junction
Expected CTTCTGGTCCAACCTG!
junction 1 CTTCTGGTCCAA
junction 2 CTTCTGGTCCA-CC
junction 3 CTTCTGGTCCAA-
junction 4 CTTCTGGCCCAACCTGACGCCCCARATCTTC!

AA

B Inversion of the Pcdhf cluster

5 GATTTGGGGCGTCA! GTGGTTTTTTT

IIIIIIIIIIIIIIIIIIIIIIIIIIIII

TARACCCCGCAGTCITCACCAAAAAAA
Upstream junction

Expected GATTTGGGGCGTCAGGTC

junction 1GATTTGGGGCGTCAGGTCTGCCCACTG

GAGAGA
LT
CTCTCT

>——H

C Inversion of the Pcdhy cluster

5 GGACAGTGGGCAGA

3’ CCTGTCACCCGTCT]

Upstream junction

Expected GGACAGTGGGCAGATGTTGGACTAGC

junction 1 GGACAGTGGGCAGA-GTTGGACTAGC
junction 2 GGACAGTGG A

junction 3 GGACAGTGGGCAGA

junction 4 GGACAGTGGGCA-~~~ATGGGCTAGC

wT LERLLLLEETEILLnn

D Inversion of the Pcdh o and B clusters

..256,744 bp. .
..256,744 bp.. .

[GGCTGGAAGAACTTTGACAY. .

CCGACCTTCTTGAAACTGT(. .

GTTTTTTTGAGA 3

AAACCCCGCAGTCUTTCACCAAAAARACTCT §

Downstream junction
Expected TTTTGCCTTATCTATTCCAGACAAGTGGTTTTTTTGAGA

junction 1 TTTTGCCTTATCTATTCCAGACAAGTGGTTTTTTTGAGA
junction 2 TTTTGCCTTATCTATTCCAGA--AGTGGTTTTTTTGAGA
junction 3 TTTTGCCTTATCTZ—\TTCCAGA%AGTGGTTTTTTTGAGA

T

o junction 4 TTTTGCCTTATCTATTCCAGAGAAGTGGTTTTTTTGAGA
TG

e LT

..207,992 bp. . CCCGTC TCTTGAAACTGTCC

Downstream junction
Expected ATCTCTCAAAAARACCACTTGGCTGGAAGAACTTTGACAGG

AAACCACTTGGCTGGAAGAACTTTGACAGG

junction 1 ATCTCTCARAR?
junction 2 ATCTCTCARAARAACCACT GGCTGGAAGAACTTTGACAGG
@

junction 3 ATCTCTCAAA]—\AAACCACTTgGCTGGAAGAACTTTGACAGG

CTGAGCTAGTCCAACAGAGGGCAGCA 3’

ACTCGATCAGGTTGTICTCCCGTC

Downstream junction
Expected CTGTCAAAGTTCTTCCAGCCGAGGGCAGCA

junction 1 CTGTCARAGTTCTTCCAGCCGAGGGCAGCA

.342,744 bp.. .
.342,744 bp.. .

junction 2 CTGTCAAAGTTCTTCCAGCCGAGGGCGGCA

junction 3CTG

5 CTTCTGGTCCANGTCTGGAATAGATAAGG ..464,736 bp. . JTGGACAGTGGGCAGAEGCTGGAAGAACTTTGACAGG 3’
wT IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII TULEEETEEEELLL IIIIIIIIIIIIIIIIIIII
3’ GAAGACCAGGTTICAGACCTTATCTATTCCGTTTT|. . . 464,736 bp. . JACCTGTCACCCGTCTFCGACCTTCTTGAAACTGTCC 5
Upstream ]unct|on Downstream junction
Expected CTTCTGGTCCAATCTGCC Expected TTTTGCCTTATCTATTCCAGACGGCTGGAAGAACTTTGACAGG

junction 1 CTTCTGGTCCAATCTGC
junction 2 CTTCT C
junction 3 CTTCTGGTCCA----
junction 4 CTTCTG

E Inversion of the Pcdh § and vy clusters
5 GATTTGGGGCGTCAG GTGGTTTTTTTGAGAGAT]. .
WT ,IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
3’ CTAAACCCCGCA CACCAAAAAAACTCTCTA.

Upstream junction
Expected GATTTGGGGCGTCAGGTGTTGGACT

TAGCTCAGGAAA

junction 1 GATTTGGGGCGTCAGGTGTTG

junction 1 TTTTGCCTTATC
junction 2 TTTTGCCTTATCTATTCCAG----CTGGAAGAACTTTGACAGG

'ATTCCAGACGGCTGGAAGAACTTTGACAGG

550,735 bp. . .

AIC GG?
..550,735bp. . .

Al
il
TG

i
TCCCGTCGT &
Downstream junction
Expected ATCTCTCAARAAAACCACTTGAGGGCAGCA

junction 1 ATCTCTCAAAAARACCACTTGAGGGCAGCA

TGC

junction 2 GATTTGGGGCGTCAGGTGTTGGACTAGCTCAGGARATGL junction 2 ATCTCTCAAAARA=============——~— -21bp
junction 3 G SAAATGCAGC
F Inversion of the Pcdh «, B, and y clusters
5 CTTCTGG GAATAGATAAGG! ..807,480 bp. . .[F;CTGCATTTCCTGAGCTAGTCCAACAGAGGGCAGCA 3
wT, IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII LT EREEEE LR
GACCAGGT CTTATCTATTCCGTTTT. . .807,480 bp. . .CGACGTAAAGGACTCGATCAGGTTGTL TCCCGTCGT 5

Upstream junction
Expected CTTCTGGTCCAATGTTGGAC

junction 1 CTTCTGGTCCAATGTTGG
junction 2 CTTCTGGTCCAATGTTGGAC
junction 3 CTTCTG
junction 4

junction 5

junction 6

A AC
CGGAATCTTACAAT

Downstream junction
Expected TTTTGCCTTATCTATTCCAGACGAGGGCAGCA
junction 1 TTTTGCCTTATCTATTCCAGACGAGGGCAGCA
junction 2 TTTTGCCITATCTATICCAGAC;{AGGGCAGCA

junction 3 TTTTGCCTTATCTATTCCAG

AGC (-21 bp)
C (-24 bp)

(-42 bp, +14 bp)

Supplementary Figure S10. Sequences of the upstream and downstream junctions of
combinatorial inversions of the Pcdh o, 5, and y gene clusters induced by CRISPR with four
sgRNAs. Shown are the sequences of the upstream and downstream inversion junctions of the

Pcdh a(A), B(B), y(O), d (D), fly(E), and /By (F) gene clusters.
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Duplication of the Pcdhp cluster

Duplication of the Pcdha cluster

l Duplication junction
CACAAATTGAAGATTTGGGGCGTCAGGGTCTGGAATAGATAAGGCARAAACCCAGAGATTTCACC

CACAAATTGAAGATTTGGGGCGTCAGGGTCTGGAATAGATAAGGCAAAAACCCAGAGATTTCACC
CACAAATTGAAGAT---—-—-=-=—=——————— CTGGAATAGATAAGGCAAAAACCCAGAGATTTCACC
CACAAATTGAAGATTTGGGGCGTCAG————==——————————————————————— AGATTTCACC

CACAAATTGAAGATTTGGGGCGTCAG;QTCTGGAATAGATAAGGCAAAAACCCAGAGATTTCACC
A

l Duplication junction
TGTGCAGATGGCTTCTGAATTGGACAGTGGGCAGAAAGTGGTTTTTTTGAGAGATCTGCCTATTT

TGTGCAGATGGCTTCTGAATTGGACAGTGGGCAGAAAGTGGTTTTTTTGAGAGATCTGCCTATTT
TGTGCAGATGGCTTCTGAATTGGACAGTGGGCA-AAAGTGGTTTTTTTGAGAGATCTGCCTATTT
TGTGCAGATGGCTTCTGAATTGGACAGTGGGCAG%AGTGGTTTTTTTGAGAGATCTGCCTATTT

AG
TGTGCAGATGGCTTCTGAATTGGACAGTGGGCAG%AGTGGTTTTTTTGAGAGATCTGCCTATTT
ATTGGAC

Duplication of the Pcdhy cluster

l Duplication junction
TTTCCTGAGCTAGTCCAACAGGCTGGAAGAACTTTGACAGGCATGACAGAAAAAGCCTCGCTTGC
TTTCCTGAGCTAGTCCAACAGGCTGGAAGAACTTTGACAGGCATGACAGAAAAAGCCTCGCTTGC
TTTCCTGAGCTAGTCCAACAGGC-——=====——=—=—=———— ATGACAGAAARAGCCTCGCTTGC
TTTCCTGAGCTAGTCCAACA-————————————————— o AGCCTCGCTTGC

Duplication of the Pcdh o and B clusters

l Duplication junction
GCAGATGGCTTCTGAATTGGACAGTGGGCAGAGTCTGGAATAGATAAGGCAAAAACCCAGAGATT
GCAGATGGCTTCTGAATTGGACAGTGGGCAGAGTCTGGAATAGATAAGGCAARAACCCAGAGATT
GCAGATGGCTTCTGAATTGGACAGTGG-————— TCTGGAATAGATAAGGCAAAAACCCAGAGATT
GCAGATGGCTTCTGAATTGGACAGTGGGCAG%STCTGGAATAGATAAGGCAAAAACCCAGAGATT

Duplication of the Pcdh 8 and vy clusters

Duplication junction
ARAAGCTGCATTTCCTGAGCTAGTCCAACAAAGTGGTTTTTTTGAGAGATCTGCCTATTTTTAAA

AAAAGCTGCATTTCCTGAGCTAGTCCAACAAAGTGGTTTTTTTGAGAGATCTGCCTATTTTTAAA
AAAAGCTGCATTTCCTGAGCTAGTCCAACA-—————~, /C\ ————— GAGAGATCTGCCTATTTTTAAA
AAAAGCTGCATTTCCTGAGCTAGTCCAAC%AGTGGTTTTTTTGAGAGATCTGCCTATTTTTAAA

Duplication of the Pcdh «, B, and y clusters

Duplication junction
AAAAGCTGCATTTCCTGAGCTAGTCCAACAGTCTGGAATAGATAAGGCARARACCCAGAGATTTC
AAAAGCTGCATTTCCTGAGCTAGTCCAACA-TCTGGAATAGATAAGGCARARACCCAGAGATTTC
ARAAGCTGCATTTCCTGAGCTAGTCCA---GTCTGGAATAGATAAGGCARARACCCAGAGATTTC
AAAAGCTGCATTTCCTGAGCTAGT-—-——-—————-——— AGATAAGGCAAAAACCCAGAGATTTC
AAAAGCTGCATTTCCTGAGCTAGTCCAACAGTCTGGAATAGATAAGGCAAAAACCCAGAGATTTC

AAAAGCTGCATTTCCTGAGCTAGTCCAACAGTCTGGAATAGATAAGGCAAAAACCCAGAGATTTC
AA
AAAAGCTGCATTTCCTGAGCTAGTCCA RAGTCTGGAATAGATAAGGCAAAAACCCAGAGATTTC
GCTAAGC
AAAAGCTGCATTTCCTGAGCTAGTCCAACAATCTGGAATAGATAAGGCAAAAACCCAGAGATTTC
AAGTGCTATCTTTGTGATGCTTA

Expected duplication

junction 1
junction 2
junction 3
junction 4

Expected duplication

junction 1
junction 2
junction 3

junction 4

Expected duplication

junction 1
junction 2
junction 3

Expected duplication

junction 1
junction 2
junction 3

Expected duplication
junction 1
junction 2
junction 3

Expected duplication

junction 1
junction 2
junction 3
junction 4

junction 5

junction 6

junction 7

Supplementary Figure S11. Sequences of duplication junctions of combinatorial
duplications of the Pcdh a, 3, and y gene clusters induced by CRISPR with four sgRNAs.
Shown are the sequences of the duplication junctions of the Pcdh a (A4), B (B), y(C), o/ (D),

Py (E), and o/ f/y (F)gene clusters .
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Deletion of the Pcdh gene clusters by CRISPR with four sgRNAs

sgRNA1 sgRNA2 sgRNA3 sgRNA4
256,744 bp v 207,992 bp v 342,744 bp
-M|2<- a ->3|4<— B ->5|6<— % »7 | 8=

Deletion of the Pcdha. cluster

e [+ B »5|6= v »>7 | s
Primer pair M 1+4
-
- — Deletion junction
ggg Es _— =375 bp (Primers™1 + 4) /\
AAAACCACT TTTGGACCAGA

Transfection +

c Deletion of the Pcdhf cluster ~___le-=Tmeal
> | 2= o 3 b= y »>7 | 5=
Primer pair M 3+6
~~
500 bp === =429 bp Deletion junction
300 bp- (Primersl3 +6)
[cececcTCAGGGGCTGGAAGA

Transfection + -

Deletion of the Pcdhy cluster et Tl
> | 2= o 3 | 4= B 5 | 8=
Primer pair M 5+8
=
i
AGTGGGCAGAGAGGGCAGCA

Transfection + -

E

Deletion of the Pcdh oo and f clusters __ _..-=======eo
1 [ y »7 | =
Primer pair M 1+6
]
= Deletion junction
500 bp - B Primers 1 + 6
300 bp - _— 371 bp ( )
- TCTGGTCCAAGGCTGGAAGA
Transfection + -
Deletion of the Pcdh B and y clusters e

> | 2= o >3 s

Primer pair M 3+8

Deletion junction
(Primers 3 + 8)

G GGCGTCAGGGAGGGCAGCA

Primer pair M 1+8

]

B
500 bp -
300 bp - — =326 bp Deletion junction
— (Primers 1 + 8)

TCTGGTCCAAIGAGGGCAGCA

Transfection + -

Supplementary Figure S12. Combinatorial genomic deletions by CRISPR targeted with
four sgRNAs. (4) Diagram of CRISPR with four sgRNAs targeted at the Pcdh o, 5, and ¥
gene clusters. The examples of PCR gels and sequence chromatograms of the deletion

junctions of the Pcdh a(B), f(C), y(D), d/f(E), fly(F), and o/f/y(G) gene clusters are
shown. Deletion junctions are amplified by PCR with specific primer pairs and confirmed by

Sanger sequencing.

13



B

Deletion of the Pcdha cluster

5 CAAAAAAACCACTTCCTGACGCCCCAARATCTTCAATT. . .256,744 bp .. . TTTTGCCTTATCTATTCCAGACTTGGACCAGAAG 3’
5 CARAAARAACCACT T————— === == ————

5’ CAAAAAAA-———————
5’ CAAAARAACCACTTC-
5’ CAAAAAAACCACT-———————————————————————————————

Deletion of the Pcdhf cluster

5’ ATTTGGGGCGTCAGGAAGTGGTTTTTTTGAGAGAT. .

.207,992 bp . . . TGGACAGTGGGCAGAGGCTGGAAGAACTTTGACAGG 3’

5 ATTTGGGGCGT CAGG= === === === == == GGCTGGAAGAACTTTGACAGG 3’

Deletion of the Pcdhy cluster

5’ GGACAGTGGGCAGAGGCTGGAAGAACTTTGACAG. . .342,744 bp . . .GCTGCATTTCCTGAGCTAGTCCAACAGAGGGCAGCA 3

5 GGACAGT GGG A G A == == = = = = GAGGGCAGCA 3

5 GGACAGT GGG A G A = == = == AGGGCAGCA 3’

5 GGACAGT GGG A G == == == = = = cad

B GGCAGCA 3

5 GGACAGTGGGCAGA= == ======—=—=— === ————————— A 3
AGATGGCTGGAAT

Deletion of the Pcdh o and B clusters

5’ CTTCTGGTCCAAGTCTGGAATAGATAAGGCARAA. . .464,736 bp . . . TGGACAGTGGGCAGAGGCTGGAAGAACTTTGACAGG 3’
5 T T T GG T CC A A == = = = e GGCTGGAAGAACTTTGACAGG 3’
5 CTTCTGGTCCA-— = === === === ——m—— e — A — e GGCTGGAAGAACTTTGACAGG 3’

5 CTTCTGGTCC AR~~~ == === == ——— — AGGCTGGAAGAACTTTGACAGG 3’

Deletion of the Pcdh f and y clusters

5 ATTTGGGGCGTCAGGAAGTGGTTTTTTTGAGAGAT. . 550,735 bp . . .GCTGCATTTCCTGAGCTAGTCCAACAGAGGGCAGCA 3’

5 AT TTGGGGCGT CAGG= === == == == = = = = = = = e e GAGGGCAGCA 3’

5 ATTTGGGGCGTCAGG

F Deletion of the Pcdh a, B, and vy clusters

5’ CTTCTGGTCCAAGTCTGGAATAGATAAGGCAAAA. . .807,480 bp

.. .GCTGCATTTCCTGAGCTAGTCCAACAGAGGGCAGCA 3’

5’ CTTCTGGTCCAA--

B ---GAGGGCAGCA 3’
B T T GG OO A A — = = — == = = =~ — — 3
5 CTTCTGGTCCA— === == == o o GCA 3

5 CTTCTGGTCCAR-—= == === == ————— o

wT

[-256,744 bp]
[-256,761 bp]
[-256,745 bp]
[-256,812 bp, +4 bp]

wT
[-207,992 bp]

wT

[-342,744 bp]
[-342,745 bp]
[-342,753 bp]
[-342,809 bp]
[-342,755 bp, +13 bp]

wT

[-464,736 bp]
[-464,737 bp, +9 bp]
[-464,735 bp]

wT
[-550,735 bp]
[-550,747 bp]

WT

[-807,480 bp]
[-807,490 bp]
[-807,488 bp]
[-807,486 bp, +5 bp]

Supplementary Figure S13. Sequences of deletion junctions of combinatorial genomic
deletions of the Pcdh «, 5, and ygene clusters induced by CRISPR with four sgRNAs. Shown
are the sequences of the deletion junctions of the Pcdh o (A), B(B), y(C), o/ (D), fly(E),
and o/ f/y (F) gene clusters. Both precise and indel junctions are detected.

14



Clone H14
AGTCGACTCGCCCTCTGCTGGTTAAAGATCCGAAT. . .970bp. . . AGTGGATCCACCTGCCACCTGGTGGCAGATGAGG
WT LR e e e e el FERELEREL L EL LRt
TCAGCTGAGCGGGAGACGACCAATTTCTAGGCTTA. . .970bp. . . TCACCTAGGTGGACGGTGGACCACCGTCTACTCC
allele 1 AGTCGACTCGCCCT_@EE‘E_ T—AAA—GATCCACT ...970 bp_ .. ATTCGGA__AAA(E{ AAAA__GTGGCAGATGAGG
allele 2 AGTCGACTCGCCCTC————=—————————————— Deletion (1,009 bp) ———==—======—===—= TGGTGGCAGATGAGG
allele 3 AGT-——==——=————————— GGTTAAAGATCCGAAT. . .970bp. . .AGTGGATCCACCTGCCAC——;ﬁ;——GCAGATGAGG
B
mice F23
WT CTIGTGCGCTIGCﬁ?CCTGCCACTACAACTTCTAGG bp .. .TTTAGTCATCAATAGTCGGTC??T?GG?G?TC?CC
LIALEA LS LR EEELILRAL 4 24 o . ALLBASHASHELA LS UL LA LA L LLALY
allele 1 CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT . oo v s m—————————————— Deletion (473 bp)————-——-
allele 2 | CTGTGCGCTGCAATCCTGCCACTACAACTTCTAGGCTTGCT. ... .. TTTAGTCATCAATAGTCGGTCITTTGGAGATCTCC
mice F24
WT CTGTGCGCTGCﬁT???GCCZ?CWi?CﬁCWiTI‘CTZi\GG. ..1,241bp .. .'II"}‘?Z?GTI‘CZI-\?C?IA'ITZI-\GITCGG?C?’iPTI‘TI‘(iCI%Zi\GZi\'II‘C'IECC
(!Aéééé é(gTTAGGA(IZ(ISéTJ;ATJ;TTJ;AA AT&. ..1,241bp .. .AAAT!IAJ;TAJ;TTAT&A&&(ISA!;AAAACCTéTAéAéé
allele 1 CTGTGCGCTGCAATCCTGCCA=-———————————————————— AT TTTTTTTTmmTommoommeooee TTTTGGAGATCTCC
allele 2 | CTGTGCGCTGCAATCC T ———— === === = —mm— — — GGAGATCTCC

Supplementary Figure S14. Cell clone and F1 mice by CRISPR. (4) Hec-1-B single-cell
subclone of H14 screened by CRISPR with a pair of sgRNAs. Shown are sequences of the
three alleles of the H14 CRISPR cell line. (B) F1 mice with deletion. Shown are sequences of
the two alleles of F23 and F24 mice.
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Supplementary Tables
Supplementary Table S1. Sequences of oligos used.
Oligos used for constructing SgRNASs

DNA fragment SgRNAs Direction Sequence
F ACCGCCACACATCCAAGGCTGAC
SgRNA1L
R AAACGTCAGCCTTGGATGTGTGG
Pcdh RE1
F ACCGAGATTTGGGGCGTCAGGAAG
SgRNA2
R AAACCTTCCTGACGCCCCAAATCT
F ACCGGACAGCGACACCGCCCAGTT
SgRNAL
R AAACAACTGGGCGGTGTCGCTGTC
Pcdh RE2
F ACCGGTGGCCATGGTGCTGAACTC
SgRNA2
R AAACGAGTTCAGCACCATGGCCAC
F ACCGATTGTTGTTGCCTTGGAGTG
SgRNAL
R AAACCACTCCAAGGCAACAACAAT
S-globin RE1
F ACCGCTGGTCCCCTGGTAACCTGG
SgRNA2
R AAACCCAGGTTACCAGGGGACCAG
F ACCGACCCAATGACCTCAGGCTGT
SgRNAL
R AAACACAGCCTGAGGTCATTGGGT
S-globin RE2
F ACCGTCACTTGTTAGCGGCATCTG
SgRNA2
R AAACCAGATGCCGCTAACAAGTGA
F ACCGGGGGCGAGGGGTTGGTCTT
sgRNA1L
R AAACAAGACCAACCCCTCGCCCC
HoxD locus
F ACCGACCTCGAAAGTCATAAACC
SgRNA2
R AAACGGTTTATGACTTTCGAGGT
F GCTTCAACACTGCCATCTCCGTTTTAGAGCTAGAAATAG
SgRNAL
R GGAGATGGCAGTGTTGAAGCGGTGTTTCGTCCTTTCCAC
S-globin locus
F GAACTACTTCTGACCCCTAGGTTTTAGAGCTAGAAATAG
SgRNA2
R CTAGGGGTCAGAAGTAGTTCGGTGTTTCGTCCTTTCCAC
F ACCGGCTTCTTCTGGTCCAAGTC
SgRNAL
R AAACGACTTGGACCAGAAGAAGC
Pcdhe cluster
F ACCGAGATTTGGGGCGTCAGGAAG
sgRNA2
R AAACCTTCCTGACGCCCCAAATCT
F ACCGGCTTCTTCTGGTCCAAGTC
Pcdhe, g, and y sgRNA1
R AAACGACTTGGACCAGAAGAAGC
clusters
F GTGGTTGTTGCTGCCCTCTGTGTTTTAGAGCTAGAAATAG
sgRNA2
R ACAGAGGGCAGCAACAACCACGGTGTTTCGTCCTTTCCAC
F ACCGGCTTCTTCTGGTCCAAGTC
SgRNAL
R AAACGACTTGGACCAGAAGAAGC
F ACCGAGATTTGGGGCGTCAGGAAG
Pcdh clusters with SgRNA2
R AAACCTTCCTGACGCCCCAAATCT
four sgRNAs
F ACCGATTGGACAGTGGGCAGAGGC
SgRNA3
R AAACGCCTCTGCCCACTGTCCAAT
sgRNA4 F GTGGTTGTTGCTGCCCTCTGTGTTTTAGAGCTAGARATAG
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ACAGAGGGCAGCAACAACCACGGTGTTTCGTCCTTTCCAC

TAATACGACTCACTATAGGGCAGCTGTCTCGCCCTCTGCGTT

F
sgRNA1 TTAGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
mPcdh locus 1
TAATACGACTCACTATAGGATCGAACACCAGGTGGCAGAGTT
F
SgRNA2 TTAGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
TAATACGACTCACTATAGGAGCCTAGAAGTTGTAGTGGCGTT
F
sgRNA1 TTAGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
mPcdh locus 2
TAATACGACTCACTATAGGGTCATCAATAGTCGGTCTTTGTT
F
SgRNA2 TTAGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
TAATACGACTCACTATAGGGACAGACATAGTCGCTTTGCCGT
F
sgRNA1L TTTAGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
mPcdh locus 3
TAATACGACTCACTATAGGGCTAAGAGAGGCCGATACGTTTT
F
sgRNA2 AGAGCTAGAAATAG
R AAAAGCACCGACTCGGTGCC
F GCAGTCGACTCGCCCTCTGCGTTTTAGAGCTAGAAATAG
SgRNAL
R GCAGAGGGCGAGTCGACTGCGGTGTTTCGTCCTTTCCAC
Pcdh enhancer
F GTGGATCCACCTGCCACCTGGGTTTTAGAGCTAGAAATAG
sgRNA2
R CCAGGTGGCAGGTGGATCCACGGTGTTTCGTCCTTTCCAC

Primers used for identifying inversions, duplications, and deletions

DNA fragment Direction Sequence
F1 TTCATCCCCGCTTCCTACTG
Del
R2 CACTCTGATAGTTTATGTATTAGGCTTG
F1 TTCATCCCCGCTTCCTACTG
InvF
F2 CTTGGAACCAGTTGGGATTG
Pcdh RE1
R1 TTCCGTACCATATGGATTGCTT
InvR
R2 CACTCTGATAGTTTATGTATTAGGCTTG
F2 CGAGTCATGGGACCGAACTG
Dup
R1 TAACCAGCAGAGGGCGAGTC
F1 CTTGGAACCAGTTGGGATTG
Del
R2 TTATCAATAGCATTTTCCTCATCTG
F1 CAAATGTAGTCCGTCCCAGTG
Pcdh RE2 InvF
F2 GTCGCTGTCCGTGGCCAT
R1 CATGGCCACGGACAGCGAC
InvR
R2 TTATCAATAGCATTTTCCTCATCTG
F1 GTTCCTCCTTGTATTAACAGACCTG
Del
S-globin RE1 R2 CAGCTCTGCCTGAAAGGAGTC
InvF F1 GTTCCTCCTTGTATTAACAGACCTG
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F2

AGATTGAGTTCTGTTTGTTTCATCTAC

R1 TTTTATGAAAGCAGCCTCTTGAG
InvR
R2 CAGCTCTGCCTGAAAGGAGTC
F1 AGGTTGAATGAATGCGTGACTG
Del
R2 GCACAGCCCTGCTCTATTACG
F1 CTGCCTCTTTATGGGTCTAATGTAC
InvF
F2 CTGGTCCTGATTCTTCCTCACTC
S-globin RE2
R1 AGAGCCACCAGTCCACAGATC
InvR
R2 GCACAGCCCTGCTCTATTACG
F2 ATAGCAATGAAATCTTGAAGGAGTG
Dup
R1 ACGCAGGAGCCGTATCATG
F1 GTTGTGGTTCTCCGTTGCTTC
Del
R2 CCCAGGCATAGAGACTCACTCG
F1 GTTGTGGTTCTCCGTTGCTTC
HoxD locus InvF
F2 ACCGCCCTTCACTGTTGATC
R1 TCCGCTCACCAGATAACTACG
InvR
R2 CATCCTATTTTCGAGGAGCTGC
F1 GATGTACTGTT TCACCTCCACTTG
Del
R2 TGTTCTTACCTCTTCAGCCATC
F1 TAAAGCCAGCCATTTCTAAGG
InvF
F2 ATTCCCTGTGTGATTACTTGCTTAC
S-globin locus
R1 CAAATAAGTGAGAACGAGATAAACC
InvR
R2 TGTTCTTACCTCTTCAGCCATC
F2 CAGTGGAGTTTTTGCTGTTCTTAG
Dup
R1 CAAATAAGTGAGAACGAGATAAACC
F1 TGCTAGGCTGCCTATTTCCTG
Del
R2 TTTTTGGCTAACAACATAGTGCTTC
F1 TGCTAGGCTGCCTATTTCCTG
InvF
F2 CTTGGAACCAGTTGGGATTG
Pcdhea cluster
R1 GAGAACATTGTCAACATTTGGAAGT
InvR
R2 TTTTTGGCTAACAACATAGTGCTTC
F2 CTTGGAACCAGTTGGGATTG
Dup
R1 GAGAACATTGTCAACATTTGGAAGT
F1 GGATTCCTCATTAACAGCTTTGC
Del
R2 CTGTTTGAGTGTTGTATTGGATTC
F1 GGATTCCTCATTAACAGCTTTGC
InvF
Pcdh o, B, and F2 CCCATGTTTTAGTGTTCAATTTGG
clusters R1 GAAAGCCTAAATCCTTGTTTACTTG
InvR
R2 CTGTTTGAGTGTTGTATTGGATTC
F2 CCCATGTTTTAGTGTTCAATTTGG
Dup
R1 GAAAGCCTAAATCCTTGTTTACTTG
F1 CAATGGAGGCAATCCCTTCTG
mPcdh locus 1 Del
R2 GGGTGGTAGTGAGGGATTATTCTAG
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InvF (blastocysts)

F1

AGGTACTGAGCAGCCCTGTATCC

F2 GTTCCTTTGTCAGGTGAAAATCTC
R1 AAACGAATTGCCTCCTCTGC
InvR (blastocysts)
R2 GGGTGGTAGTGAGGGATTATTCTAG
F1 CAATGGAGGCAATCCCTTCTG
InvF (mice)
F2 GTTCCTTTGTCAGGTGAAAATCTC
R1 AGGTAGAGCTAAAGACTCGTGGTG
InvR (mice)
R2 GGGTGGTAGTGAGGGATTATTCTAG
F2 GTTCCTTTGTCAGGTGAAAATCTC
R1 AGGTAGAGCTAAAGACTCGTGGTG
Dup (mice)
F1 AGGTACTGAGCAGCCCTGTATCC
R2 TGACCATCAAGATTGCTTTCACA
F1 CAATGGAGGCAATCCCTTCTG
Del
R2 GGGTGGTAGTGAGGGATTATTCTAG
F1 AGGTACTGAGCAGCCCTGTATCC
mPcdh locus 2 InvF
F2 GTTCCTTTGTCAGGTGAAAATCTC
R1 AGGTAGAGCTAAAGACTCGTGGTG
InvR
R2 GGGTGGTAGTGAGGGATTATTCTAG
F1 TATTCTTCAGCCCTGCAACC
Del
R2 ACAGGACACTACTCCGTGGT
F1 AGCCAGACCAGCATAGCAAAT
mPcdh locus 3 InvF
F2 ACAGGATAATGGGTTCTGGAGC
R1 CCAAGCCCACAGTCGTTGAT
InvR
R2 TCCAGATTACGAGCTGAGCG

Primers used for identifying inversions, duplications, and deletions with four sgRNAs

Pcdh clusters

with four

SgRNAs

1 TGCTAGGCTGCCTATTTCCTG
Del
4 TTTTTGGCTAACAACATAGTGCTTC
1 TGCTAGGCTGCCTATTTCCTG
InvF
3 CTTGGAACCAGTTGGGATTG
Pcdhe cluster
2 GAGAACATTGTCAACATTTGGAAGT
InvR
4 TTTTTGGCTAACAACATAGTGCTTC
3 CTTGGAACCAGTTGGGATTG
Dup
2 GAGAACATTGTCAACATTTGGAAGT
3 CTTGGAACCAGTTGGGATTG
Del
6 GTTTCTCCAACATGCTCCTCAC
3 CTTGGAACCAGTTGGGATTG
InvF
5 GACTTGTCCAGCCACGTTTCA
Pcdhg cluster
4 TTTTTGGCTAACAACATAGTGCTTC
InvR
6 GTTTCTCCAACATGCTCCTCAC
5 GACTTGTCCAGCCACGTTTCA
Dup
4 TTTTTGGCTAACAACATAGTGCTTC
Pcdhy cluster Del 5 AAGCAGAGTTGAGTCTTCCGTG
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8 CTGTTTGAGTGTTGTATTGGATTC
5 AAGCAGAGTTGAGTCTTCCGTG
InvF
7 CCCATGTTTTAGTGTTCAATTTGG
6 TCCTCATTTCTGCACCCTCAC
InvR
8 CTGTTTGAGTIGTTGTATTGGATTC
7 CCCATGTTTTAGTGTTCAATTTGG
Dup
6 GTTTCTCCAACATGCTCCTCAC
1 GGATTCCTCATTAACAGCTTTGC
Del
6 GTTTCTCCAACATGCTCCTCAC
1 TGCTAGGCTGCCTATTTCCTG
InvF
5 GACTTGTCCAGCCACGTTTCA
Pcdh « and S clusters
2 GAGAACATTGTCAACATTTGGAAGT
InvR
6 GTTTCTCCAACATGCTCCTCAC
5 GACTTGTCCAGCCACGTTTCA
Dup
2 GAAAGCCTAAATCCTTGTTTACTTG
3 CTTGGAACCAGTTGGGATTG
Del
8 CTGTTTGAGTGTTGTATTGGATTC
3 CTTGGAACCAGTTGGGATTG
Invk
7 CCCATGTTTTAGTGTTCAATTTGG
Pcdh pand yclusters
4 TTTTTGGCTAACAACATAGTGCTTC
InvR
8 CTGTTTGAGTGTTGTATTGGATTC
7 CCCATGTTTTAGTGTTCAATTTGG
Dup
4 TTTTTGGCTAACAACATAGTGCTTC
1 GGATTCCTCATTAACAGCTTTGC
Del
CTGTTTGAGTGTTGTATTGGATTC
1 GGATTCCTCATTAACAGCTTTGC
InvF
Pcdh o, B, and y 7 CCCATGTTTTAGTGTTCAATTTGG
clusters 2 GAAAGCCTAAATCCTTGTTTACTTG
InvR
8 CTGTTTGAGTGTTGTATTGGATTC
7 CCCATGTITTTAGTGTTCAATTTGG
Dup
2 GAAAGCCTAAATCCTTGTTTACTTG

Primers used for quantitative PCR for measuring efficiency

Targeted locus Direction Sequence
F1 GTTCCTCCTTGTATTAACAGACCTG
el R2 CAGCTCTGCCTGAAAGGAGTC
F1 GTTCCTCCTTGTATTAACAGACCTG
S-globin RE1 Inv
F2 AGATTGAGTTCTGTTTGTTTCATCTAC
F2 AGATTGAGTTCTGTTTGTITTCATCTAC
T R2 CAGCTCTGCCTGAAAGGAGTC
F1 TTCATCCCCGCTTCCTACTG
Pcdh RE1 el R2 TTTTTGGCTAACAACATAGTGCTTC
Inv R1 TTCCGTACCATATGGATTGCTT
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R2

TTTTTGGCTAACAACATAGTGCTTC

F2 CGAGTCATGGGACCGAACTG
Dup
R1 TAACCAGCAGAGGGCGAGTC
F1 TTCATCCCCGCTTCCTACTG
WT
R1 TTCCGTACCATATGGATTGCTT
F1 AGGTTGAATGAATGCGTGACTG
Del
R2 GCACAGCCCTGCTCTATTACG
F1 CTGCCTCTTTATGGGTCTAATGTAC
Inv
F2 CTGGTCCTGATTCTTCCTCACTC
S-globin RE2
F2 ATAGCAATGAAATCTTGAAGGAGTG
Dup
R1 ACGCAGGAGCCGTATCATG
F2 CTGGTCCTGATTCTTCCTCACTC
WT
R2 GCACAGCCCTGCTCTATTACG
F1 GTTGTGGTTCTCCGTTGCTTC
Del
R2 CCCAGGCATAGAGACTCACTCG
F1 GTTGTGGTTCTCCGTTGCTTC
HoxD locus Inv
F2 ACCGCCCTTCACTGTTGATC
F1 TGAAAGAACGTTTGCCACCTC
WT
R1 GAAGGGAACCTGCTCCGAA
F1 GATGTACTGTTTCACCTCCACTTG
Del
R2 TGTTCTTACCTCTTCAGCCATC
F1 TAAAGCCAGCCATTTCTAAGG
Inv
F2 CAGTGGAGTTTTTGCTGTTCTTAG
S-globin locus
F2 CAGTGGAGTTTTTGCTGTTCTTAG
Dup
R1 CAAATAAGTGAGAACGAGATAAACC
F1 GATGTACTGTTTCACCTCCACTTG
WT
R1 CAAATAAGTGAGAACGAGATAAACC
F1 GGATTCCTCATTAACAGCTTTGC
Del
R2 TTTTTGGCTAACAACATAGTGCTTC
R1 GAGAACATTGTCAACATTTGGAAGT
Inv
R2 TTTTTGGCTAACAACATAGTGCTTC
Pcdhea cluster
F2 CTTGGAACCAGTTGGGATTG
Dup
R1 GAGAACATTGTCAACATTTGGAAGT
F1 GGATTCCTCATTAACAGCTTTGC
WT
R1 GAGAACATTGTCAACATTTGGAAGT
F1 GGATTCCTCATTAACAGCTTTGC
Del
R2 CTGTTTGAGTGTTGTATTGGATTC
F1 GGATTCCTCATTAACAGCTTTGC
Inv
Pcdh o, g, and y F2 CCCATGTTTTAGTGTTCAATTTGG
clusters F2 CCCATGTTTTAGTGTTCAATTTGG
Dup
R1 GAAAGCCTAAATCCTTGTTTACTTG
F2 CCCATGTTTTAGTGTTCAATTTGG
WT
R2 CTTGTCATGATCTAGGAACTTATTC
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Primers used for quantitative PCR for measuring efficiency with four sRNAs

Pcdh clusters

with four

SgRNAs

F1 GGATTCCTCATTAACAGCTTTGC
Del
R2 TTTTTGGCTAACAACATAGTGCTTC
R1 GAGAACATTGTCAACATTTGGAAGT
Inv
R2 TTTTTGGCTAACAACATAGTGCTTC
Pcdha cluster
F2 CTTGGAACCAGTTGGGATTG
Dup
R1 GAGAACATTGTCAACATTTGGAAGT
F1 GGATTCCTCATTAACAGCTTTGC
WT
R1 GAGAACATTGTCAACATTTGGAAGT
F1 CGAGTCATGGGACCGAACTG
Del
R2 GTTTCTCCAACATGCTCCTCAC
F1 CTTGGAACCAGTTGGGATTG
Inv
F2 GACTTGTCCAGCCACGTTTCA
Pcdhg cluster
F2 GACTTGTCCAGCCACGTTTCA
Dup
R1 TTTTTGGCTAACAACATAGTGCTTC
F2 GACTTGTCCAGCCACGTTTCA
WT
R2 GTTTCTCCAACATGCTCCTCAC
F1 GACTTGTCCAGCCACGTTTCA
Del
R2 CTTGTCATGATCTAGGAACTTATTC
R1 TCCTCATTTCTGCACCCTCAC
Inv
R2 CTGTTTGAGTGTTGTATTGGATTC
Pcdhy cluster
F2 CCCATGTTTTAGTGTTCAATTTGG
Dup
R1 GTTTCTCCAACATGCTCCTCAC
F1 GACTTGTCCAGCCACGTTTCA
WT
R1 GTTTCTCCAACATGCTCCTCAC
F1 AAGTATTGGGATTCCTCATTAACAG
Del
R2 TCCTCATTTCTGCACCCTCAC
F1 TGCTAGGCTGCCTATTTCCTG
Inv
F2 GACTTGTCCAGCCACGTTTCA
Pcdh «and g clusters
F2 GACTTGTCCAGCCACGTTTCA
Dup
R1 GAGAACATTGTCAACATTTGGAAGT
F2 GACTTGTCCAGCCACGTTTCA
WT
R2 GTTTCTCCAACATGCTCCTCAC
F1 CGAGTCATGGGACCGAACTG
Del
R2 CTGTTTGAGTGTTGTATTGGATTC
F1 CTTGGAACCAGTTGGGATTG
Inv
F2 CCCATGTTTTAGTGTTCAATTTGG
Pcdh gand yclusters
F2 CCCATGTTTTAGTGTTCAATTTGG
Dup
R1 TTTTTGGCTAACAACATAGTGCTTC
F2 CCCATGTTTTAGTGTTCAATTTGG
WT
R2 CAAACAAGGAGAATGATGAAAGTGG
Pcdh ¢, g, and y Del F1 GGATTCCTCATTAACAGCTTTGC
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clusters R2 CTGTTTGAGTGTTGTATTGGATTC
R1 GGATTCCTCATTAACAGCTTTGC
Inv
R2 CCCATGTTTTAGTGTTCAATTTGG
F2 CCCATGTTTTAGTGTTCAATTTGG
Dup
R1 GAAAGCCTAAATCCTTGTTTACTTG
F2 CCCATGTTTTAGTGTTCAATTTGG
WT
R2 CTTGTCATGATCTAGGAACTTATTC
Primers used for off-target analyses
DNA fragment sgRNAs Direction Sequence
OTF TCCTGGAACACGGATTTATGC
Pcdh RE1 sgRNA1
OTR TGTTCCTCCTTTCCTTTGTGAG
OTF CTCAACCTCCCAAGTTTGGATC
SgRNAL
OTR GAGAGGTGATGTGGAGGTGAGTG
S-globin RE1
OTF GCCTACTGTGACTGTGGCAATG
SgRNA2
OTR CCACGCTACATTCACCCATC
OTF GGAGGGCTGGGAAGTGCA
sgRNA1
OTR GGGCATCCATTGGTTGTICTG
S-globin RE2
OTF CATTCAAGGGTAATAACTCACTGG
sgRNA2
OTR CACCCTCAAACATTTCCACAAG
OTF CAGAGCCTCCAGCAGTCCTAC
sgRNA1
OTR GAGGCACCCATACCAGAAGC
HoxD locus
OTF AGAAGCGCCCATTGAAAGAG
SgRNA2
OTR TTTCAGTTCCAGAATCCCGTC
OTF CCATCTGGGGATAGGTTGTTC
SgRNAL
OTR GCTTACGGTGTTTCCTCCATC
S-globin locus
OTF CATCCCATTCCTATCAACCAGG
SgRNA2
OTR AAAATAGGCTGGAGCAAGTCC

Primers used for quantitative RT-PCR of gene expression of the Pcdh gene clusters

Gene name Direction Sequence

F GATGGGTAAGGCGGAGAATC
hPcdha6

R AGGTCCAGCTGTTGCTGTTGAC

F CAAGCCTTCAGCTGTICTCGA
hPcdhal2

R AGGTCCAGCTGTTGCTGTTGAC

F CTTGCCACTGGGGTAGGACTG
hPcdhacl

R AGGTCCAGCTGTTGCTGTTGAC

F AGGCCAAAGTGGTCAGAATG
hPcdhac2

R AGGTCCAGCTGTTGCTGTTGAC

F TGTCTTCAGTAAACAGCCCTATTC
hPcdhp3

R TCACTCTTCCGTTGTCTCCAG

F ATTCCAATGACAATCCTCCTG
hPcdhp9

R TAAAAACAGCCAATACTATCCCAG
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F GCTCTGTCTCTGTTAAGGTGCTG
hPcdhp15

R GAGTCTCGGTCTCTAATCCTAAAC

F CGACTTCCCATCCTGAGTTG
hPcdhjb5

R CGACTTCTTCTTGTTGCCATTG

F CCTTTGTCTTTGTTAGATGATTCG
hPcdhyal0

R CGACTTCTTCTTGTTGCCATTG

F GGAGTCCACTGGCGTCTTCAC
hGAPDH

R GCAGGAGGCATTGCTGATGAT

Supplementary Table S2. List of SgRNA targeting sequences

DNA ) Genomic coordinates
SgRNA Species Chr Sequence
fragment (hg19 or mm9)
sgRNA1 Human 5 140419774-140419793 GCCACACATCCAAGGCTGAC
Pcdh RE1
SgRNA2 Human 5 140421046-140421065 AGATTTGGGGCGTCAGGAAG
sgRNA1 Human 5 140420832-140420851 GACAGCGACACCGCCCAGTT
Pcdh RE2
SgRNA2 Human 5 140420853-140420872 GTGGCCATGGTGCTGAACTC
SgRNAL Human 11 4093748-4093767 ATTGTTGTTGCCTTGGAGTG
S-globin RE1
SgRNA2 Human 11 4094457-4094476 CTGGTCCCCTGGTAACCTGG
SgRNAL Human 11 4203109-4203128 ACCCAATGACCTCAGGCTGT
S-globin RE2
SgRNA2 Human 11 4209386-4209405 TCACTTGTTAGCGGCATCTG
SgRNAL Human 2 176944510-176944529 GGGGGCGAGGGGTTGGTCTT
HoxD locus
SgRNA2 Human 2 176962653-176962672 GACCTCGAAAGTCATAAACC
S-globin SgRNA1 Human 11 5145473-5145492 GCTTCAACACTGCCATCTCC
locus SgRNA2 Human 11 5226196-5226215 GAACTACTTCTGACCCCTAG
sgRNA1 Human 5 140164302-140164321 GGCTTCTTCTGGTCCAAGTC
Pcdh sgRNA2 Human 5 140421046-140421065 AGATTTGGGGCGTCAGGAAG
cluster SgRNA3 Human 5 140629038 140629057 ATTGGACAGTGGGCAGAGGC
sgRNA4 Human 5 140971774-140971793 TGGTTGTTGCTGCCCTCTGT
mPcdh SgRNAL Mouse 18 37217457-37217476 GCAGCTGTCTCGCCCTCTGC
locus 1 SgRNA2 Mouse 18 37218428-37218447 TCTGCCACCTGGTGTTCGAT
mPcdh SgRNAL Mouse 18 37217321-37217340 GCCACTACAACTTCTAGGCT
locus 2 SgRNA2 Mouse 18 37218551-37218570 GTCATCAATAGTCGGTCTTT
mPcdh SgRNAL Mouse 18 38011468-38011487 GGCAAAGCGACTATGTCTGT
locus 3 SgRNA2 Mouse 18 38040855-38040874 GGGCTAAGAGAGGCCGATAC
Pcdh SgRNAL Human 5 140419937-140419956 GCAGTCGACTCGCCCTCTGC
enhancer SgRNA2 Human 5 140420945-140420965 GTGGATCCACCTGCCACCTGG
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Supplementary Table S3. Potential off-target sites for SgRNAs.

DNA fragment sgRNAs Sequence Coordinate
sgRNA1L GCCACACATCCAAGGCTGACAGG chr5:140419774-140419796
GTAGGCCATCCAAGGCTGACAGG chr5:73541775-73541797
AGGAGAAATCCAAGGCTGACAGG chr16:29283392-29283414
Pedn REL AGGAGAAATCCAAGGCTGACAGG chr16:88279138-88279160
SgRNA2 AGATTTGGGGCGTCAGGAAGTGG chr5:140421046-140421068
not found
SgRNA1L ATTGTTGTTGCCTTGGAGTGGGG chr11:4093748-4093770
TTTTACGTTGCCTTGGAGTGAGG chr3:194529587-194529609
AGCCCATTTGCCTTGGAGTGTGG chr10:61769557-61769579
A-globin REL CACAGCCTTGCCTTGGAGTGAGG chr12:105794596-105794618
SgRNA2 CTGGTCCCCTGGTAACCTGGTGG chr11:4094457-4094479
AGACATTCCTGGTAACCTGGCGG chr4:10135619-10135641
SgRNAL ACCCAATGACCTCAGGCTGTAGG chr11:4203109-4203131
TCCAAGGGACCTCAGGCTGTGGG chrl:35225451-35225473
AGGCCGGGACCTCAGGCTGTGGG chr7:155175311-155175333
TCTTGGTGACCTCAGGCTGTGGG chr11:72538049-72538071
S-globin RE2 TGTCTCTGACCTCAGGCTGTAGG chr22:29823268-29823290
SgRNA2 TCACTTGTTAGCGGCATCTGTGG chr11:4209386-4209408
TAGGATTTTAGCGGCATCTGTGG chr1:200714321-200714343
AGGATGGTTAGCGGCATCTGTGG chr16:5293528-5293550
CAAAAAGTTAGCGGCATCTGTGG chrl7:47146780-47146802
sgRNA1L GGGGGCGAGGGGTTGGTCTTTGG chr2:176944510-176944532
ATCTGGAAGGGGTTGGTCTTAGG chrl:227824834-227824856
GCCCACAAGGGGTTGGTCTTGGG chr3:119470371-119470393
CAAGTGGAGGGGTTGGTCTTGGG chr15:90131233-90131255
HoxD locus AGACCCCAGGGGTTGGTCTTGGG chr16:5612529-5612551
SgRNA2 GACCTCGAAAGTCATAAACCCGG chr2:176962653-176962675
CAGAGTCAAAGTCATAAACCTGG chr4:165699237-165699259
AAAGCCGAAAGTCATAAACCAGG chr18:103855897-103855919
AACATCAAAAGTCATAAACCAGG chrX:89642974-89642996
SgRNAL CCAGGAGATGGCAGTGTTGAAGC chr11:5145473-5145495
CCGGGAGATGGCAGTGGCTGGGA chr1:15136268-15136290
CCAGGAGATGGCAGTGTTGTGCA chr1:64140255-64140277
CCAGGAGATGGCAGTGTTGTCCT chr1:175121340-175121362
CCCGGAGATGGCAGTGAGCCCTG chrl:227603760-227603782
S-globin locus

CCTGGAGATGGCAGTGGACTTAT

chr4:123855569-123855591

CCTGGAGATGGCAGTGTGTGTGT

chr4:183176777-183176799

CCAGGAGATGGCAGTGGGAAAGT

chr5:73832096-73832118

CCAGGAGATGGCAGTGGGGAAAA

chr7:6546692-6546714

CCAGGAGATGGCAGTGTTTCTGA

chr7:12428914-12428936

25




CCTGGAGATGGCAGTGGATCCCA

chr10:20603816-20603838

CCAGGAGATGGCAGTGTTGAGAC

chr12:70273334-70273356

CCAGGAGATGGCAGTGGCAGCCA

chr16:88882589-88882611

CCTGGAGATGGCAGTGTTCGAGA

chrl7:71503217-71503239

SgRNA2 CCACTAGGGGTCAGAAGTAGTTC chrl11:5226196-5226218
CCTCTAGGGGTCAGAAAGCCTTT chr3:73189890-73189912
CCACTAGGGGTCAGAATTACACA chr18:41710505-41710527
SgRNA1 GGCTTCTTCTGGTCCAAGTCTGG chr5:140164302-140164324
ATGGAGTTCTGGTCCAAGTCTGG chr1:84516811-84516833
GGTAATATCTGGTCCAAGTCTGG chr3:197017861-197017883
Pcdhe cluster
CCATTAATCTGGTCCAAGTCAGG chr15:78053927-78053949
SgRNA2 AGATTTGGGGCGTCAGGAAGTGG chr5:140421046-140421068

not found

Supplementary Table S4. Off-target analyses by PCR and sequencing.

DNA fragment SgRNAs Sequence Coordinate Inde-I
mutation
Pcdh RE1 SgRNA1 GTAGGCCATCCAAGGCTGACAGG chr5:73541775-73541797 Not found
. SgRNAL TTTTACGTTGCCTTGGAGTGAGG chr3:194529587-194529609 Not found
frolobin REL SgRNA2 AGACATTCCTGGTAACCTGGCGG chr4:10135619-10135641 Not found
. SgRNA1 TGTCTCTGACCTCAGGCTGTAGG chr22:29823268-29823290 Not found
frolobin RE2 SgRNA2 AGGATGGTTAGCGGCATCTGTGG chr16:5293528-5293550 Not found
SgRNAL AGACCCCAGGGGTTGGTCTTGGG chr16:5612529-5612551 Not found
FioxD foous SgRNA2 | AACATCAAAAGTCATAAACCAGG | chrX:89642974-89642996 Not found
. SgRNAL CCAGGAGATGGCAGTGTTGAGAC chr12:70273334-70273356 Not found
fratobin locus SgRNA2 CCACTAGGGGTCAGAATTACACA chr18:41710505-41710527 Not found

Supplementary Table S5. The efficiency of inversions, duplications, and deletions by
CRISPR with four sgRNAs

Efficiency Pcdha Pcdhp Pcdhy Pcdh aand g Pcdh gand » Pcdh ¢, g, and y
(%) cluster cluster cluster clusters clusters clusters
Inversion 3.474 8.178 5.488 8.574 4597 0.550
Duplication 2.381 4.180 2.250 0.834 6.347 0.228
Deletion 4.048 11.904 6.154 20.989 5.871 0.318
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Supplementary Table S6. The efficiency of inversions, duplications, and deletions by
CRISPR for screening single-cell clones

Total

Inversion Inversion Duplication Duplication Deletion Deletion
DNA fragment Length
clones clones efficiency (%) clones efficiency (%) clones efficiency (%)
S-globin RE1 709 bp 78 38 48.72 0 0 46 58.97
Pcdh enhancer 1,272 bp 32 4 12.50 ND / 12 37.50
S-globin RE2 6,277 bp 62 31 50.00 1 1.61 45 72.58
HoxD locus 18,142 bp 112 1 0.89 ND / 4 3.57

ND: not determined.
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