Supplementary Materials, including 6 Figures and one Table as well as
Materials and methods
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Fig. S1. Genomic structure and distribution of CTCF sites within the

mouse Pcdh «, B, and ygene clusters. (A) Genomic structure of the mouse

Pcdh «, g, and ygene clusters. The CTCF binding sites (CBSs) and the DNase

| hypersensitive sites (HS) are indicated as horizontal arrowheads below and

vertical arrows above, respectively. SE: super-enhancer. (B-D) The conserved
1



sequence element (CSE) upstream of each variable-exon-coding region of
members of the Pcdh « (B), f (C), and y (D) cluster (except ac2, f1, yc4, and
)c5) contains a “CGCT” box. These sequence elements are CBSs in the
forward (FW) orientation corresponding to the direction of the CBS modules 1-
4. The CGCT box is highlighted on a red background. (E) An exonic CTCF
binding site (eCBS) within the variable-exon coding region of each Pcdha gene
is located at about 1 kb downstream of the respective CSE. (F) The sequences
of CBS modules 4-1 (reverse orientation) within the DNasel hypersensitive sites
in the Pcdh « and Sy super-enhancers.
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Fig. S2. Molecular marks in the Pcdh a and Sy super-enhancers. (A,B) The
signal profiles of ChlP-seq in the regulatory region downstream of the Pcdha in
the human SK-N-SH (A) and mouse ES cells (B) (ENCODE Project Consortium,
2012; Guo et al., 2012). (C,D) The signal profiles of ChiP-seq in the regulatory
region downstream of the Pcdhpy clusters in the SK-N-SH (C) and mouse ES
cells (D) (ENCODE Project Consortium, 2012; Shen et al., 2012). The locations
of DNase | hypersensitive sites are indicated by vertical arrows.
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Fig. S3. Genotyping of CRISPR inversion cell clones of the Pcdh gene
clusters. Sanger sequencing of the three alleles of the junctions of inversion
or deletion. Clone A15 (A) and Clone A23 (B) for Inv I. Clone C17 (C) and Clone
C20 (D) for Inv II. Clone E85 (E) for Inv 1ll. Clone D8 (F) and Clone D67 (G) for
Inv IV. Inv, inversion; Del, deletion.
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Fig. S4. DNA-fragment inversion of progressive numbers of tandem CBS
sites at the boundary of the g-globin chromatin domain. Shown are the
schematics of predicted long-distance chromatin interactions by inverting the
relative orientation of CBSs in the f-globin locus. The chromatin-interaction
profiles in control and various CBSs inversion clones using CBSs13-15 as a
viewpoint (VP) are shown in the right panel. The CBSs13-15 cell clone (E79) is
a positive control. Note that the inversion of the two internal CTCF sites of
CBSs13-14 does not switch the chromatin-looping direction. Only inversions
covering the boundary CBS15 switch the chromatin-looping direction. The
significance of interactions (P value) is shown under the read’s density. The
log2 ratios between inversion and control clones are also indicated. *P <0.05,
**P<0.01, ***P < 0.001.
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Fig. S5. Genotyping of CRISPR inversion cell clones of the g-globin locus.
(A) Schematic of the oriented CBS clusters and the various DNA-fragment
inversions of CBS15, CBSs14-15, or CBSs13-14 induced by Cas9 with dual
SgRNAs in the f-globin locus. (B-G) DNA sequencing results of the two alleles
show the junctions of inversion or deletion. Clone A29 (B), Clone A49 (C), and
clone A3 (D) for CBS15 Inversion. Clone B36 (E) for CBSs14-15 Inversion.
Clone E19 (F) and Clone E37 (G) for CBSs13-14 Inversion.
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Fig. S6. Genetic dissection of the Pcdh promoter regions. (A) Diagram
showing the strategy for generating Pcdhaf double knockout mice by trans-
allelic recombination in compound heterozygous mice obtained by crossing the
a cluster-deletion of 24 CBSs with the 22-deletion of 21 CBSs as well as Hprt-
Cre mice. (B, C) Diagram and genotyping of the 24-CBSs-Pcdha or 45-CBSs-
Pcdhap deletion mice. (D-F) 4C interaction profiles with HS5-1 (D), ya3 (E),
HS5-1bL (F) as a viewpoint of mouse brain tissues with targeted deletion of the
Pcdha or Pecdhag clusters of 24 or 45 forward-oriented CBSs, respectively. (G,
H) Enhancer-blocking activity measured by luciferase (Luc) reporter assays.
Pairs of tandem CBSs located between enhancer (Enh) and promoter (P) as
well as upstream of promoter in three different configurations of CBS
orientations. The basic vectors were used as controls. Data are means + SEM
(n=4). *P <0.05.



Materials and methods

Animals. The generation of the Pcdha cluster deletion mice were previously
described (Lu et al., 2018; Suo et al., 2012; Wu et al., 2007, 2008). The Pcdhap
double knockout mice were generated from Cre/loxP-mediated trans-allelic
recombination in compound heterozygous mice obtained by crossing the o-
cluster-deletion with 22-deletion as well as Hprt-Cre mice (Wu et al., 2007,
2008) (Fig. S6A). The CBSs b-e inversion mice were generated by
microinjection of zygotes with Cas9 mRNA and a pair of sgRNAs. Primers for
genotyping were listed in Supplementary Table S1. Animal experiments were
approved by the Institutional Animal Care and Use Committee (IACUC) of

Shanghai Jiao Tong University.

Cell culture. Human HEK293T cells were cultured in DMEM (HyClone)
supplemented with 10% FBS (Gibco) and 1% penicillin—streptomycin (Gibco).
Human HEC-1-B cells and mouse Neuro2A cells were cultured in MEM (Gibco)
supplemented with 10% FBS, 1% penicillin—streptomycin, 2 mM glutamine
(Gibco), and 1 mM sodium pyruvate (Sigma). Cells were cultured at 37°C in a
humidified incubator containing 5% CO:2 and passaged every two or three days.
Cells were plated at a density of approximately 4 x 10° cells in each well of 12-

well plates and transfected 24 hours later.



Single-cell screening of DNA-fragment inversions by CRISPR. CRISPR
single-cell inversion clones were screened as previously described (Guo et al.,
2015; Lietal., 2015). For the Pcdh locus, we obtained 2 (A15 and A23), 1 (E85),
2 (C17 and C20), and 2 (D8 and D67) inversion HEC-1-B clones of CBS HS5-
1b and HS5-7a as well as their combination with the middle enhancer regions
from 44, 85, 67, and 77 single-cell clones, respectively. For the S-globin locus,
we obtained 3 (A3, A29, and A49), 1 (B36), 2 (E19 and E37) inversion HEK293T
clones of CBS15, CBS14-15, and CBS13-14 from 49, 40, and 40 single-cell

clones, respectively.

Comparative Sequence Analysis. DNA sequences were aligned with
ClustalW (Larkin et al., 2007) by default parameters and were visualized by
JalView (Waterhouse et al., 2009). Weblogo was used to make sequence motifs

(Crooks et al., 2004).

Circularized chromosome conformation capture (4C). 4C experiments were
performed as previously described (Guo et al., 2015; Jia et al., 2014; Simonis
et al., 2006; Zhao et al., 2006) with some modifications. Briefly, PO mouse brain
tissue was digested with 0.625 ug/ml collagenase in the DMEM supplemented
with 10% FBS for 45 min at 37°C. After gently pipetting, dispersed cells were

filtered through a 40 um cell strainer (BD Biosciences) to make single-cell
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suspension. Human cell lines were digested with trypsin to make single-cell
suspension. A total of 107 cells were used for each experiment. After
crosslinking, cells were permeabilized and digested with Hindlll overnight at
37°C. The digested nuclei were then ligated with T4 DNA ligase. Ligated DNA
was then extracted and digested with a second enzyme (Dpnll or Nlalll) and
ligated again. Finally, 4C-seq library was generated by PCR (Primers are listed
in Supplementary Table S1). High-throughput sequencing was performed on
lllumina HiSeq X Ten platform. Reads were mapped to human or mouse
reference genomes using the Bowtie program (version 1.0.0) (Langmead and
Salzberg, 2012).The r3Cseq program in the R/Bioconductor package
(Thongjuea et al., 2013) was used to detect statistically significant long-range

chromatin-looping interactions.

CRISPR/Cas9 system. The templates for producing targeting sgRNAs were
constructed by PCR using the pGL3-U6-sgRNA-PGK-Puro plasmid (Li et al.,
2015; Shou et al., 2018) with appropriate primers (Supplementary Table S1).

All plasmids were confirmed by sequencing.

Luciferase reporter assay. Luciferase reporter constructs were modified from
the pGL3 vector from Promega. A multiple cloning site containing EcoRI and

Sacl sites was inserted downstream of the firefly luciferase reporter gene using

10



PCR (Primers are listed in Supplementary Table S1). The SV40 enhancer was
cloned downstream of the two restriction enzyme sites. CTCF-binding
sequences were inserted upstream of the SV40 promoter, and between the
firefly luciferase reporter gene and the SV40 enhancer to generate a series of
luciferase reporter constructs. All of the constructed plasmids were confirmed
by sequencing. The constructs were linearized by Notl digestion before
transfection. HEK293T cells at about 40% confluence were transfected with 200
ng of plasmid DNA using the Lipofectamine 2000 reagents (Invitrogen) in a 96-
well plate. Firefly and Renilla luciferase activities were assayed 48 hours after
transfection using the Dual Glo reagent (Promega) and a Synergy 2 Microplate
Reader (BioTek). The experiments were performed four times using

independent DNA preparations.

In vitro transcription of Cas9 mRNA and sgRNA. To obtained Cas9 mRNA,
Cas9 vector (Chang et al.,, 2013) was first linearized with Xbal and then
transcribed with T7 polymerase by an mRNA in-vitro transcription Kit according
to the manufacturer’s guide (Life Technologies). SQRNAs were obtained by
PCR amplifications (Primers are listed in Supplementary Table S1) and then in-
vitro transcribed with MEGAshortscript Kit (Life technologies). Cas9 mRNA and
sgRNAs were purified with MEGACclear Kit (Life technologies) and dissolved in

TE buffer for microinjections.
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One-cell embryo injection. All animal procedures were performed according
to Institutional Animal Care and Use Committee of Shanghai Jiao Tong
University. C57BL/6 and ICR female mice were used as embryo donors and
foster mothers, respectively. Super ovulated female C57BL/6 mice (about 7
weeks old) were mated to stud males, and fertilized embryos were collected
from oviducts 20 hours later. Cas9 mRNA (100 ng/ul) and sgRNA (50 ng/ul)
were injected into the cytoplasm of fertilized eggs with well recognized pronuclei
in M2 medium (Sigma). The injected embryos were cultured in KSOM medium
(Millipore) for 4 days at 37°C in a 5% COz2 incubator. The survivors of the
injected embryos were implanted into the oviducts of pseudo-pregnant ICR

females.

Chromosome conformation capture-carbon copy (5C) primer design. 80
forward and 80 reverse primers covering the Pcdh gene clusters were designed
by My5C tools (http://my5c.umassmed.edu). Primers were designed to
recognize 3’-end of Hindlll restriction fragments of either the Watson or Crick
strand. All forward primers contain CGG at 5-end and a modified T7 universal
primer sequence (TAATA CGACT CACTA TAGCC) followed by a unique
sequence and a half of the Hindlll restriction site (AAG). All reverse primers

contain a half of the Hindlll restriction site (CTT) at 5’-end followed by a unique

12



sequence and a modified complementary T3 universal sequence (TCCCT
TTAGT GAGGG TTAAT A) and 5-3 TGC. All 5C primers are shown in

Supplementary Table S1.

5C library preparation. Six bacterial artificial chromosomes (BACs) covering
the Pcdh gene clusters were mixed, digested with Hindlll and randomly ligated
as the 5C control library for normalization. Chromosome conformation captured
(3C) library was generated as described before (Guo et al., 2012). The
concentration of the prepared 3C library was determined using the Picogreen
dsDNA quantitation assay. The prepared 3C library (about 500 ng) and control
BAC library (5 ng) was mixed with 1 ug and 1.5 ug Salmon Testis DNA (Sigma,
cat no. D7656-1ML), respectively. Each sample was then mixed with 1.7 fmol
of each 5C primer and 1 ul 10 x 5C annealing buffer (20 mM Tris-acetate pH7.9,
50 mM potassium acetate, 10 mM magnesium acetate, 1 mM DTT) and water
to a final volume of 10 ul. The samples were denatured for 5 min at 95°C
followed by an annealing process of 16 h at 48°C. The sample was mixed with
3 ul 10 x 5C ligation buffer (25 mM Tris-HCL pH7.6, 31.25 mM potassium
acetate, 12.5 mM magnesium acetate, 1.25 mM NAD, 12.5 mM DTT and 0.125%
(vol/vol) Triton X-100) and 10U Taq DNA ligase (NEB) and water to a total
volume of 30ul. The ligation experiment was performed for 1h at 48°C and
terminated by incubation for 10 min at 65°C. The ligated products were

amplified by PCR to generate 5C libraries. The generated 5C libraries were
13



purified with MiniElute PCR Purification Kit (QIAGEN). The 5C PCR primers are

listed in Supplementary Table S1.

5C sequencing data analysis. The 5C libraries were sequenced at the 90 bp
pair-end mode with a Hiseq 2500 platform. The total numbers of reads which
matches each forward and reverse primer pair (80 x 80) were counted. Different
samples were normalized with the BAC control. The final heatmap was

generated by two biological replicates.

RNA-seq. RNA-seq experiments were performed as previously described (Guo
et al., 2015). Briefly, total RNA was extracted by Trizol reagents (Life
Technologies) following the manufacturer’s instructions. Library construction
was started from 1 ug total RNA then selected by the oligo dT beads (NEB).
RNA-seq libraries were generated using NEB Next Ultra™ RNA Library Prep
Kit for lllumina (NEB #7530) following manufacturer’s instructions. All RNA-seq
experiments were performed with at least two biological replicates. RNA-seq
libraries were sequenced on a HiSeq X Ten Platform. Sequenced reads were
aligned to the reference genome using the TopHat software (v2.0.14) with
default parameters. The expression levels of genes were measured using the

Cufflinks software (v2.2.1) with default parameters.

14



References

Chang, N., Sun, C., Gao, L., Zhu, D., Xu, X., Zhu, X., Xiong, J.W., and Xi, J.J. (2013). Genome
editing with RNA-guided Cas9 nuclease in zebrafish embryos. Cell Res. 23, 465-472.

ENCODE Project Consortium (2012). An integrated encyclopedia of DNA elements in the
human genome. Nature 489, 57-74.

Crooks, G.E., Hon, G., Chandonia, J.M., and Brenner, S.E. (2004). WebLogo: a sequence logo
generator. Genome Res. 14, 1188-1190.

Guo, Y., Monahan, K., Wu, H., Gertz, J., Varley, K.E., Li, W., Myers, R.M., Maniatis, T., and Wu,
Q. (2012). CTCF/cohesin-mediated DNA looping is required for protocadherin alpha promoter
choice. Proc. Natl. Acad. Sci. USA 109, 21081-21086.

Guo, Y., Xu, Q., Canzio, D., Shou, J., Li, J., Gorkin, D.U., Jung, I., Wu, H., Zhai, Y., Tang, Y., et
al. (2015). CRISPR Inversion of CTCF Sites Alters Genome Topology and Enhancer/Promoter
Function. Cell 162, 900-910.

Jia, Z., Guo, Y., Tang, Y., Xu, Q.,, Li, B., and Wu, Q. (2014). Regulation of the protocadherin
Celsr3 gene and its role in globus pallidus development and connectivity. Mol. Cell Biol. 34,
3895-3910.

Langmead, B., and Salzberg, S.L. (2012). Fast gapped-read alignment with Bowtie 2. Nat.
Methods 9, 357-359.

Larkin, M.A., Blackshields, G., Brown, N.P., Chenna, R., McGettigan, P.A., McWilliam, H.,
Valentin, F., Wallace, I.M., Wilm, A., Lopez, R., et al. (2007). Clustal W and Clustal X version
2.0. Bioinformatics 23, 2947-2948.

Li, J., Shou, J., Guo, Y., Tang, Y., Wu, Y., Jia, Z., Zhai, Y., Chen, Z., Xu, Q., and Wu, Q. (2015).
Efficient inversions and duplications of mammalian regulatory DNA elements and gene clusters
by CRISPR/Cas9. J. Mol. Cell Biol. 7, 284-298.

Lu, W.C., Zhou, Y.X., Qiao, P., Zheng, J., Wu, Q., and Shen, Q. (2018). The protocadherin alpha
cluster is required for axon extension and myelination in the developing central nervous system.
Neural Regen. Res. 13, 427-433.

Shen, Y., Yue, F., McCleary, D.F., Ye, Z., Edsall, L., Kuan, S., Wagner, U., Dixon, J., Lee, L.,
Lobanenkov, V.V, et al. (2012). A map of the cis-regulatory sequences in the mouse genome.
Nature 488, 116-120.

Shou, J., Li, J., Liu, Y., and Wu, Q. (2018). Precise and predictable CRISPR chromosomal
rearrangements reveal principles of Cas9-mediated nucleotide insertion. Mol. Cell 71, 498-509.

Simonis, M., Klous, P., Splinter, E., Moshkin, Y., Willemsen, R., de Wit, E., van Steensel, B.,
and de Laat, W. (2006). Nuclear organization of active and inactive chromatin domains
uncovered by chromosome conformation capture-on-chip (4C). Nat. Genet. 38, 1348-1354.

Suo, L., Lu, H., Ying, G., Capecchi, M.R., and Wu, Q. (2012). Protocadherin clusters and cell

15



adhesion kinase regulate dendrite complexity through Rho GTPase. J. Mol. Cell Biol. 4, 362-
376.

Thongjuea, S., Stadhouders, R., Grosveld, F.G., Soler, E., and Lenhard, B. (2013). r3Cseq: an
R/Bioconductor package for the discovery of long-range genomic interactions from
chromosome conformation capture and next-generation sequencing data. Nucleic Acids Res.
41, e132.

Waterhouse, A.M., Procter, J.B., Martin, D.M., Clamp, M., and Barton, G.J. (2009). Jalview
Version 2--a multiple sequence alignment editor and analysis workbench. Bioinformatics 25,
1189-1191.

Wu, S, Ying, G., Wu, Q., and Capecchi, M.R. (2007). Toward simpler and faster genome-wide
mutagenesis in mice. Nat. Genet. 39, 922-930.

Wu, S, Ying, G., Wu, Q., and Capecchi, M.R. (2008). A protocol for constructing gene targeting
vectors: generating knockout mice for the cadherin family and beyond. Nat. Protocol 3, 1056-
1076.

Zhao, Z., Tavoosidana, G., Sjolinder, M., Gondor, A., Mariano, P., Wang, S., Kanduri, C.,
Lezcano, M., Sandhu, K.S., Singh, U., et al. (2006). Circular chromosome conformation capture
(4C) uncovers extensive networks of epigenetically regulated intra- and interchromosomal
interactions. Nat. Genet. 38, 1341-1347.

16



Supplementary Table

Supplementary Table S1: Oligonucleotides Used.

Primer Name

5'-3' sequence

Primers used for genotyping (Pcdha and Pcdhef deletion mice)

ConF1 AGGCTGAATAACGTGCACAGCTAAG
ConR1 TGCAGATTGGTTCAATGGAGTCTTT
Beta22wtF AGCTGAGCTACGAGTAGGAGACAT
GFPmutF CCCCCTGAACCTGAAACATAAAATG
Beta22R TGAACGCTGTTATTTCCCACATCC

Primers used for genotyping (CRISPR Pcdhy CBSs b-e inversion mice)

CTCF25-

i AGCCAGACCAGCATAGCAAAT
genotyping-F5
CTCF25-

. ACAGGATAATGGGTTCTGGAGC
genotyping-F7
CTCF25-

genotyping-R3

TCCAGATTACGAGCTGAGCG

Primers used for luciferase reporter assays

pGL3-re-R3 CGGGATCCGAGCTCGAATTCTTATCGATTTTACCACATTTGTAG
(MCS)

SV40enh F CGGGATCCGAACGATGGAGCG

SV40enh R | GTAGCCGTCGACGCTGTGGAATGTGTGTCAGTT

(Sall)

Forward- GGGGTACCCGGAAGTAATTCATGTAATCATT

hPcdha8 F

(Kpnl)

Forward- CTATTGATAAAGTGTAAAGAACATTGACCAACCAGAAC

hPcdha8-HS5-
1bR

Forward-
hPcdha8-HS5-
1bF

GTTCTGGTTGGTCAATGTTCTTTACACTTTATCAATAG

Forward-HS5-
1b R (Xhol)

GCCTCTCGAGGGTCGGGGTCGCGTTCC

Forward-
hPcdha8 F
(EcoRlI)

GGAATTCCGGAAGTAATTCATGTAATC

Forward-HS5-
1b R (Sacl)

TGATCGAGCTCGGTCGGGGTCGCGTTCC
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Reverse-
hPcdha8 F

(Kpnl)

GGGGTACCAACATTGACCAACCAGAAC

Reverse-
hPcdha8-HS5-
1bR

GGAACGCGACCCCGACCCGGAAGTAATTCATGTAATC

Reverse-
hPcdha8-HS5-
1bF

GATTACATGAATTACTTCCGGGTCGGGGTCGCGTTCCGAAAAG

Reverse-HS5-
1b R (Xhol)

GCCTCTCGAGCTTTACACTTTATCAATAGC

Reverse-
hPcdha8 F
(EcoRl)

GGAATTCAACATTGACCAACCAGAAC

Reverse-HS5-
1b R (Sacl)

TGATCGAGCTCCTTTACACTTTATCAATAGC

Primers used for 5C-seq

5C_mPcdh_R | CTTGCTGAACATGAGCTATCACCTGACTCTTCCCTTTAGTGAGGGTT
EV_1 AATATGC

5C_mPcdh_R | CTTTTGGCCTTATGTCTAAGCATTTTCCACTCCCTTTAGTGAGGGTT
EV_2 AATATGC

5C_mPcdh_R | CTTGAGAACCTCACTTCAGATCCCCAGTATTCCCTTTAGTGAGGGTT
EV_3 AATATGC

5C_mPcdh_R | CTTCTTGCAGACTAGGCAAGCACTGTAGCTTCCCTTTAGTGAGGGTT
EV_4 AATATGC

5C_mPcdh_R | CTTTGCCATTACTTCATTTTTAATGTCATCTCCCTTTAGTGAGGGTTA
EV_5 ATATGC

5C_mPcdh_R | CTTTTCTATTGCTAAAGTCTTCAACATTGATCCCTTTAGTGAGGGTTA
EV_6 ATATGC

5C_mPcdh_R | CTTCTGTACCAGTAAAATAAATAAATAAATTCCCTTTAGTGAGGGTTA
EV_7 ATATGC

5C_mPcdh_R | CTTTTGTTGAGTCGCTAAATATACTCAGGGTCCCTTTAGTGAGGGTT
EV_8 AATATGC

5C_mPcdh_R | CTTGAAGGGGACATGAGGAGACAGGGACGTTCCCTTTAGTGAGGG
EV_9 TTAATATGC

5C_mPcdh_R | CTTAAAGTTCTCACTAGTAAGCTGAATCATTCCCTTTAGTGAGGGTT
EV_10 AATATGC

5C_mPcdh_R | CTTACTTCACAAAACTGGAAAATTTAAATGTCCCTTTAGTGAGGGTTA
EV_11 ATATGC

5C_mPcdh_R | CTTTGGCCGGGCACAACTGCTCCGCCAGGCTCCCTTTAGTGAGGGT

EV_12

TAATATGC
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5C_mPcdh_R
EV_13

CTTTGTTTTACTTCCTTGATTTCTGTGTTCTCCCTTTAGTGAGGGTTA
ATATGC

5C_mPcdh_R | CTTTCTAAGTGACAGCAATCTAAAACGTTTTCCCTTTAGTGAGGGTT

EV_14 AATATGC

5C_mPcdh_R | CTTCGATGAAAATATAGAATACACCTATTTTCCCTTTAGTGAGGGTTA
EV_15 ATATGC

5C_mPcdh_R | CTTCCAAAAAACATTTTGACATCTTATGGTTCCCTTTAGTGAGGGTTA
EV_16 ATATGC

5C_mPcdh R | CTTGGTGGATTGTCATTTATGTCAGAGATCTCCCTTTAGTGAGGGTT
EV_17 AATATGC

5C_mPcdh_ R | CTTAAATGTCTCTGCTGCTCCTTTATGACTTCCCTTTAGTGAGGGTT

EV_18 AATATGC

5C_mPcdh_ R | CTTCTCAATTTAAACAGCTGCTTCTGGGCTTCCCTTTAGTGAGGGTT
EV_19 AATATGC

5C_mPcdh R | CTTTGTGAACTTGGATTCAGAACTGAACGGTCCCTTTAGTGAGGGTT
EV_20 AATATGC

5C_mPcdh_R | CTTACTCTGGGTCTGCAGCTCCAGTGGAACTCCCTTTAGTGAGGGT

EV_21 TAATATGC

5C_mPcdh_ R | CTTTAGCATGGTAATGTGGTGGGAACTGGTTCCCTTTAGTGAGGGT

EV_22 TAATATGC

5C_mPcdh R | CTTGTTAGCTGAGGCTAGTGCTCGCACTGGTCCCTTTAGTGAGGGT
EV_23 TAATATGC

5C_mPcdh_R | CTTCACAGGCAGCCCGCACTCGTCCTCGATTCCCTTTAGTGAGGGT
EV_24 TAATATGC

5C_mPcdh_R | CTTCTCCTTTGCGGCGGGGGTCTTTCCTTTTCCCTTTAGTGAGGGTT
EV_25 AATATGC

5C_mPcdh_R | CTTAAAGTTCACTCTAGGTAATAGTTGCATTCCCTTTAGTGAGGGTT

EV_26 AATATGC

5C_mPcdh_R | CTTCCCCACTCTTGTTACTATTAACAGTTTTCCCTTTAGTGAGGGTTA
EV_27 ATATGC

5C_mPcdh R | CTTGGAAATTTCTTCTCTTAACAGGTGCTTTCCCTTTAGTGAGGGTT

EV_28 AATATGC

5C_mPcdh_ R | CTTGTGCTTAAGGGATATTTAATTAATAAATCCCTTTAGTGAGGGTTA
EV_29 ATATGC

5C_mPcdh_R | CTTGAAGAGACTGGAAAGAAAGAACTTGGGTCCCTTTAGTGAGGGT
EV_30 TAATATGC

5C_mPcdh_R | CTTCAAGGTGAGTGCCATTTTGATTTCTCCTCCCTTTAGTGAGGGTT
EV_31 AATATGC

5C_mPcdh_ R | CTTCTGTCAGTGACCAGCGAGTAAGAATTCTCCCTTTAGTGAGGGTT
EV_32 AATATGC

5C_mPcdh_R | CTTTGCACTTTAGTGAACAAGAATGTATCATCCCTTTAGTGAGGGTT

EV_33

AATATGC
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5C_mPcdh_R
EV_34

CTTTTACGTACAGTTTAGGAGAGAGGTGTGTCCCTTTAGTGAGGGTT
AATATGC

5C_mPcdh_R | CTTTGATTGAACAAAGTGCCTTGTTACCAATCCCTTTAGTGAGGGTT
EV_35 AATATGC

5C_mPcdh_R | CTTTCCACCGTGAAAAGAATCTATGAGAAGTCCCTTTAGTGAGGGTT
EV_36 AATATGC

5C_mPcdh_R | CTTCCTTCTTCGTTGTCTGTATAAATCAATTCCCTTTAGTGAGGGTTA
EV_37 ATATGC

5C_mPcdh_R | CTTTGAAATGCTGAACTCTGATTTCTTCTTTCCCTTTAGTGAGGGTTA
EV_38 ATATGC

5C_mPcdh_R | CTTCCGAAATTCTGCTTTTCAGGTTAATGATCCCTTTAGTGAGGGTT
EV_39 AATATGC

5C_mPcdh_R | CTTAAACAGAATTTACTAGCTTACTAAAGTTCCCTTTAGTGAGGGTTA
EV_40 ATATGC

5C_mPcdh_R | CTTACTTAACCTGTATAACACATATATAGGTCCCTTTAGTGAGGGTTA
EV_41 ATATGC

5C_mPcdh_R | CTTAGCAAGCATGGCTCTGTATGCCCAGTGTCCCTTTAGTGAGGGT
EV_42 TAATATGC

5C_mPcdh_R | CTTTCTGTTAATGATGAAATCCAAAACTATTCCCTTTAGTGAGGGTTA
EV_43 ATATGC

5C_mPcdh_R | CTTACAAGTCAAGATTGAATGATTAAATGATCCCTTTAGTGAGGGTT
EV_44 AATATGC

5C_mPcdh_R | CTTTGTCCAGAACCAGCTCCGGGTATATCTTCCCTTTAGTGAGGGTT
EV_45 AATATGC

5C_mPcdh_R | CTTAAGGCTGGAAAGCAAGTTCAAGGCTGATCCCTTTAGTGAGGGT
EV_46 TAATATGC

5C_mPcdh_R | CTTCACACGTCCGTTCTATGCTACTGTAATTCCCTTTAGTGAGGGTT
EV_47 AATATGC

5C_mPcdh_R | CTTTTAAATTATGGTGGGGATGATGACCCATCCCTTTAGTGAGGGTT
EV_48 AATATGC

5C_mPcdh_R | CTTCTATGTATTTACTGTAGGGGCCTTGTTTCCCTTTAGTGAGGGTT
EV_49 AATATGC

5C_mPcdh_R | CTTTTCTGGAAACAGCCTATACAGGGCAAGTCCCTTTAGTGAGGGTT
EV_50 AATATGC

5C_mPcdh_R | CTTCCATATTACACTTCAGCTGTAACAGGTTCCCTTTAGTGAGGGTT
EV_51 AATATGC

5C_mPcdh_R | CTTGGGTTTGGGCTCTCCTCCAACGGTTAGTCCCTTTAGTGAGGGT
EV_52 TAATATGC

5C_mPcdh_R | CTTCATTTCATCCTCCATAAGGATGTTAAATCCCTTTAGTGAGGGTTA
EV_53 ATATGC

5C_mPcdh_R | CTTTTGCTTTATGCCCAGAACCCCTTCTTCTCCCTTTAGTGAGGGTT

EV_54

AATATGC
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5C_mPcdh_R
EV_55

CTTGCACCCCATCTAGACCCACAAAGTGTCTCCCTTTAGTGAGGGTT
AATATGC

5C_mPcdh_R | CTTAAATGTTTTTCACTACATATAAATTGTTCCCTTTAGTGAGGGTTA
EV_56 ATATGC

5C_mPcdh_ R | CTTGTAACCCTGGAGGGAATTCACACCCTGTCCCTTTAGTGAGGGT
EV_57 TAATATGC

5C_mPcdh_R | CTTTCCTTTGATCACCTCCCCCACCCGGGTTCCCTTTAGTGAGGGTT
EV_58 AATATGC

5C_mPcdh R | CTTTGCTGGGGTTTGGAAATGATAGCTGAATCCCTTTAGTGAGGGTT
EV_59 AATATGC

5C_mPcdh_ R | CTTCCTTTAATTTGATTGTTGTTTCGTTTATCCCTTTAGTGAGGGTTA
EV_60 ATATGC

5C_mPcdh_R | CTTTTCCCGATCCGCCAGGCGGGGTCACACTCCCTTTAGTGAGGGT
EV_61 TAATATGC

5C_mPcdh_ R | CTTGAGAGCCAGCAGTACCATGACAAAGATTCCCTTTAGTGAGGGT
EV_62 TAATATGC

5C_mPcdh_R | CTTCCGTACAAAGGTCTCGCGGAGGCTGGTTCCCTTTAGTGAGGGT
EV_63 TAATATGC

5C_mPcdh R | CTTGGATCTCAGCTGCCTTGAAACTGGTCTTCCCTTTAGTGAGGGTT
EV_64 AATATGC

5C_mPcdh_ R | CTTTCCAGTAGTGGGATGAAGGCTAAAGAGTCCCTTTAGTGAGGGT
EV_65 TAATATGC

5C_mPcdh_R | CTTTTTTGCTTGAACCAACAAAAATGTGTCTCCCTTTAGTGAGGGTT
EV_66 AATATGC

5C_mPcdh_R | CTTATGCATGCTGTTTGACTATAGAAATAATCCCTTTAGTGAGGGTT
EV_67 AATATGC

5C_mPcdh_R | CTTAGTGGGGAAACTGCACTGGTCCTGCCCTCCCTTTAGTGAGGGT
EV_68 TAATATGC

5C_mPcdh_R | CTTAAAAACTTTGTGAGAACAAGGGGTATTTCCCTTTAGTGAGGGTT
EV_69 AATATGC

5C_mPcdh_R | CTTATTAACAAGAACACTTCCTCTTTAGTGTCCCTTTAGTGAGGGTTA
EV_70 ATATGC

5C_mPcdh_ R | CTTGCAAGTTCAGTTAGCAAGTACCCATGCTCCCTTTAGTGAGGGTT
EV_71 AATATGC

5C_mPcdh_R | CTTAGCTGCCAGTGTAGTTGGAAATCTGGGTCCCTTTAGTGAGGGT
EV_72 TAATATGC

5C_mPcdh_ R | CTTTATTTCATGGTTATAGCTCAATTCTAATCCCTTTAGTGAGGGTTA
EV_73 ATATGC

5C_mPcdh_ R | CTTTGGTGTGCATAAGGTTTGGTAAGGGGATCCCTTTAGTGAGGGT
EV_74 TAATATGC

5C_mPcdh_ R | CTTTTCTTCGTCAGTAGATATTAAACTGCTTCCCTTTAGTGAGGGTTA

EV_75

ATATGC
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5C_mPcdh_R
EV_76

CTTCTTAAATGATAATAACTGATGTGACTATCCCTTTAGTGAGGGTTA
ATATGC

5C_mPcdh_R | CTTGAACACATTTTTACACTTTAAGTAAATTCCCTTTAGTGAGGGTTA
EV_77 ATATGC

5C_mPcdh_ R | CTTAGAGCTGTTTTGTTGTCCTTAATTAGATCCCTTTAGTGAGGGTTA
EV_78 ATATGC

5C_mPcdh_R | CTTTGAAAGATACCAAGGGGGGGGGACACCTCCCTTTAGTGAGGGT
EV_79 TAATATGC

5C_mPcdh_ R | CTTAGAACAGACATTCTGGTGGCGACACCCTCCCTTTAGTGAGGGT

EV_80 TAATATGC

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATGCTTCCTTCATTATGATGGTGA
OR 1 TGAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCAGTGATAATTAAAAAGGAAGGG

OR 2 AAGGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTCCACGGCTCCCAGGTTTGCAAA

OR_3 GGGAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAAATTTCTGCCGAGAAATCTGCT
OR_4 GATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCATTTAATGGGCCTCCTTATGGAG
OR 5 TACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTCCCTCCCCAGATAATAGAGCAC
OR_6 CCTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGGGACCAGGAGAACGGCCAGGT

OR_7 GCCAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTAGCTATTGAAATATGAACTAGT
OR_8 TAGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAGCAGGTTATTGCTATTTTTGACT

OR_9 GAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGTCCATCCAATTCATTTGGTGTCC
OR_10 TGTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAGAACTCACACAGACTAGAAATGT
OR_11 TTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAGAGACTTTCTCAGACATATCTCT
OR_12 ATCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCAAATACAAGGAAATGGTTGGAC

OR_13 AGAGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTGGCCATGAATGTGATGACAATTA
OR_14 GTGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATTTTCCTGCCATATGTATAACAT

OR_15 ACAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGTCTGATAATCTTTGCCTTTTGGA

OR_16

ATTAAG
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5C_mPcdh_F

CGGTAATACGACTCACTATAGCCAGTCGAAACCCCCCAGCTGAGTG

OR_17 CTGGAAG
5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATGAGTGTTACTCAATCATAGAAA
OR_18 GATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTCAAACCTAGGTCAATGTCTAAAG
OR_19 AAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCTTGAAGAAAAGGAAAATGCTTC
OR_20 TCCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCAGTTTTATTTATCGACAAGCAA
OR 21 ATAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAATGTCTGACTCTGTTGTACTCAG
OR 22 GTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAGCTAGGTATCTTGGTAACAAAGT
OR_23 TTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATATCTCTGTGGCCACTCTGGGG
OR_24 AAGGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATTGTGACAAAACCATCCCCACC
OR 25 GGCAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTAACAAGTAGATAGATTATCCTT
OR_26 TTGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCTTAGAACCCAAGTTCAGACTCC
OR_27 CACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAATGTAATCCCACAGATGGCGT
OR_28 GACGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTAAACTGAGAAGTTTCCAAACACA
OR_29 TTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAAGAGTGCCCCAATCCCTCCTG
OR_30 GAGAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAATTGCCTTTCTCATAAGGTTGC
OR_31 TGCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAGCAAAATTAAATCCTAAAGCCG
OR_32 GTAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATCAATGACAATGCCCCGGTGTTT
OR_33 TCAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTGGTAAAAATTCCTGCACCATTC
OR_34 TAGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTTTGATAAATCCATTGGATTACT
OR_35 TTTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAACAACACTCGTAAACATAGTAAG
OR_36 CACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTGGATGGATGTCATGATAAATTAA

OR_37

TCCAAG
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5C_mPcdh_F

CGGTAATACGACTCACTATAGCCCGTTATTCAAAGACAAATGGAATC

OR_38 TTAAAG
5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTTTGAGATGCAGTCTTTATTTAG
OR_39 CCTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTGCTGGAATTCCATACTTGTGTCA
OR_40 TAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGATGCATTATTTGGTACCTTTTGG
OR_41 ACTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCACCTACTGTCAAATGGAGGCA
OR_42 CATAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGGTTTTATTTCTCATTATAGAAAAC
OR_43 TGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAGGTCCAGGTAACTGTCTTGTTG
OR_44 CTTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGGATGACCTTCCATTTATTCTGAA
OR_45 ACCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCAAGACATATTAGATACGGACAAA
OR_46 ATTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAATATGGGGTAAGAGGTGCTTTC
OR_47 ATATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGTTGGCCTTGTAGCCACACAAAA
OR_48 GATGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTAAAAGGTTTTCTTATCGATGGTT
OR_49 TTCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAGGTGTATACTACCTTGCATGGA
OR_50 CCTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTCTGAGGCCAGAAAGCAATTTCTA
OR_51 TACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTCTCCCTTCAGCCCAGATCCTGTA
OR_52 GTGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTGGAAGTCTCATTCCTTAATTTC
OR_53 AAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCAAAGTAATATGTCAGGCTACCAAA
OR_54 GACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCACACCTCTCTCACCAGCTCTATCC
OR_55 AGGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCACTGAGTGAAAGAAGGGAGGT
OR_56 GCAGAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTATTTGTAAATTGCTTTATTGTGT
OR_57 GAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGTCATTTTGTGGGCATTGACGGG

OR_58

GTACAAG
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5C_mPcdh_F

CGGTAATACGACTCACTATAGCCTAGGCAAAGACCTGCCTTTCAAG

OR_59 ATCCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTGCACAGTTGGGATTCTCAGGGT
OR_60 CCAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTTCAGTTCTGTTATTTGTAAAAGT
OR_61 GCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCATTGAATCTTCTGCCAGCAATTAC
OR_62 TATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGAGTGTTTGTGGGCGTAGACGGA
OR_63 GTGCAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGATTACCACTAGTACTTCTTTGTC
OR_64 CAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTGGGCAGGGCTTTAGAAGGTTCT
OR_65 GACAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGGGGAGGCACAAACTCCACAAAC
OR_66 TCTTAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTGTCCATCACAGTGCCCATCCTT
OR_67 ATAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCCCTCCCTGTACTGACTTCTCTAT
OR_68 AAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCAGAGAGGATTGCTTTGGGCTAG
OR_69 CAAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCTTATCTGTAAGGTTTACTTCTGT
OR_70 AATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGTTAGTTACCCTTTCGTGCCCACT
OR_71 AAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCCATCACCAACATCTAAGCTCAGTG
OR_72 GCAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTAACAGTGGGTACATCCACAGTC
OR_73 CCAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTAACATAAAATGGGGACATGGTG
OR_74 GTATAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTTCATTCTTCCTACTTCAGATACT
OR_75 CAAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTAAAGCAAACATCCCTAAACAACT
OR_76 AACAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCACTCTGTCACTTCCAGACAGCTAT
OR_77 ATAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCGACTGGGGCTGCAACCACTCAAA
OR_78 GACAAAG

5C_mPcdh_F | CGGTAATACGACTCACTATAGCCTAGACTAGATTTCCATACAATCTC

OR_79

TCAAAG
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5C_mPcdh_F

CGGTAATACGACTCACTATAGCCCAAAGGTTTTAGACCAAATCTTGT

OR_80 ACCAAG
CT7.FL AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
CTCTTCCGATCTCGGTAATACGACTCACTATAGCC
cc17.ron | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
CTCTTCCGATCTACGGTAATACGACTCACTATAGCC
cc17raTe | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG

CTCTTCCGATCTTGCGGTAATACGACTCACTATAGCC
cc17.raTan | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
CTCTTCCGATCTTAACGGTAATACGACTCACTATAGCC
5C-T7-F5- AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
CTAG CTCTTCCGATCTCTAGCGGTAATACGACTCACTATAGCC
CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACTGGAGTTCAGA
TR CGTGTGCTCTTCCGATCTGCATATTAACCCTCACTAAAGGGA
5C-T3-R2- CAAGCAGAAGACGGCATACGAGATAAGCTAGTGACTGGAGTTCAGA
AAGCTA CGTGTGCTCTTCCGATCTGCATATTAACCCTCACTAAAGGGA

Oligonucleotides used in constructing sgRNAs for Pcdhy CBSs b-e inversion mice

CR-T7-ginvb- TAATACGACTCACTATAGGGACAGACATAGTCGCTTTGCCGTTTTAG
e-gRNA1-F AGCTAGAAATAG

CR-T7-ginvb- TAATACGACTCACTATAGGGCTAAGAGAGGCCGATACGTTTTAGAG
e-gRNA2-F CTAGAAATAG

Oligonucleotides used in constructing sgRNAs for screening single-cell CRISPR

inversion clone

S

OutsideCBS15

sgRNA1F accgACCCAATGACCTCAGGCTGT
OutsideCBS15
SgRNAIR aaacACAGCCTGAGGTCATTGGGT
betweenCBS1
4-15sgRNA2F | accgGCCTTTCCTAAGGGTCTGTG
betweenCBS1
4-15sgRNA2R | aaacCACAGACCCTTAGGAAAGGC
betweenCBS1
3-14sgRNA3F | accgGCACTGCCGAGCCTACACTG
betweenCBS1

3-14sgRNA3R

aaacCAGTGTAGGCTCGGCAGTGC

OutsideCBS13

SgRNA4F accgTCACTTGTTAGCGGCATCTG
OutsideCBS13

sgRNA4R aaacCAGATGCCGCTAACAAGTGA
outsideHS5-

lasgRNA1F

accgCCACACATCCAAGGCTGAC
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outsideHS5-

aaacGTCAGCCTTGGATGTGTGG

lasgRNA1R
betweenHS5-

accgAGAAAGCAATCCATATGGTA
labsgRNA2F
betweenHS5-

aaacTACCATATGGATTGCTTTCT
labsgRNA2R
betweenHS5-

accgGCTTCCGGTAGGGCGGGGTC
labsgRNA3F
betweenHS5-

aaacGACCCCGCCCTACCGGAAGC
labsgRNA3R
outsideHS5-

accgAGATTTGGGGCGTCAGGAAG
1bsgRNA4F
outsideHS5-

aaacCTTCCTGACGCCCCAAATCT
1bsgRNA4R

Primers for screening single-cell CRISPR inversion clones of different combinations

of CBS sites

outCBS15-1F

AGGTTGAATGAATGCGTGACTG

outCBS15-1F2

CTGCCTCTTTATGGGTCTAATGTAC

outCBS15-1R

AGAGCCACCAGTCCACAGATC

outCBS15-1R2

ACGCAGGAGCCGTATCATG

outCBS13-3F2

ATAGCAATGAAATCTTGAAGGAGTG

outCBS13-3R2

GCACAGCCCTGCTCTATTACG

CBS15F1 TGAGACCCGCTAGGAAATGG
CBS15R1 CCCACAACTCCCTTTCAATCAG
CBS14F1 AGTGGAGCACCCTCACATCC
CBS14F2 GCGCTCAGTGTAGAGCTCGTG
CBS14R1 GGATCGGCTGTTTGCTAGGTC
HS51-IF1 CCCTCCACCTCTGGCATTG
HS51-1F2 CGAGTCATGGGACCGAACTG
HS51-1R1 TTTTTGGCTAACAACATAGTGCTTC
HS51-1R2 TTATCAATAGCATTTTCCTCATCTG
HS51-1IF1 GCAAGGAGATCCGTGTCGTC
HS51-11F2 CGAGTCATGGGACCGAACTG
HS51-1IR1 CGGACTACATTTGCTTTTTCTCG
HS51-1IR2 TGAGTAGAAGCGAGAGATCACTCTG
HS51-1lIF1 CTGCAACAACCCCTGCAATC
HS51-11IF2 TCGCCCTCTGCTGGTTAAAG
HS51-11IR1 AGCTGAGGAAGGTGTTGTGG
HS51-11IR2 GCAGAAACCAGGGGCAAATG
HS51-IVF1 TTCATCCCCGCTTCCTACTG
HS51-IVF2 CCCTCCACCTCTGGCATTG
HS51-IVR1 TGCTTTCTCATTCCCCGTTG
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HS51-IVR2

GTGTTGGAAAAAATGCTTGGAG

Primers for 4C at the HS5-1 enhancer

4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 F a CTCTTCCGATCTTAGCCAAAAATATTCCAGGAAG

4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 Fb CTCTTCCGATCTTGCATAGCCAAAAATATTCCAGGAAG
4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 Fc CTCTTCCGATCTGCTATAGCCAAAAATATTCCAGGAAG
4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 Fd CTCTTCCGATCTACGCTAGCCAAAAATATTCCAGGAAG
4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 Fe CTCTTCCGATCTCGATTAGCCAAAAATATTCCAGGAAG
4C_hHD_HS5- | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
1 Ff CTCTTCCGATCTGATCTAGCCAAAAATATTCCAGGAAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATTGACATGTGACTGGAGTTCAGA
1 R-a CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATCGTACGGTGACTGGAGTTCAGA
1 R-b CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATACATCGGTGACTGGAGTTCAGA
1_R-c CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATGATCTGGTGACTGGAGTTCAGA
1 Rd CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACTGGAGTTCAGA
1 _R-e CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG
4C_hHD_HS5- | CAAGCAGAAGACGGCATACGAGATCTGATCGTGACTGGAGTTCAGA
1 R CGTGTGCTCTTCCGATCTGTGTTGGAAAAAATGCTTGGAG

Primers for 4C at the S-globin gene locus

4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15 F Al CTCTTCCGATCTTCACGCCCTGAAGCTTGTCTGGAG

4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15 F_A2 CTCTTCCGATCTATGCTCACGCCCTGAAGCTTGTCTGGAG
4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15_ F_A3 CTCTTCCGATCTATGCGCCCTGAAGCTTGTCTGGAG

4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15 F_A4 CTCTTCCGATCTTGCAGCCCTGAAGCTTGTCTGGAG

4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15_F_A5 CTCTTCCGATCTGCTAGCCCTGAAGCTTGTCTGGAG

4C_hEN_CBS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
13-15_F_A6 CTCTTCCGATCTCAGTGCCCTGAAGCTTGTCTGGAG

4C_hEN_CBS | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA

13-15_R-B1

CGTGTGCTCTTCCGATCTCTCATTTGGGGTGTTATATGC
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4C_hEN_CBS

CAAGCAGAAGACGGCATACGAGATATCACGGTGACTGGAGTTCAGA

13-15_R-B2 CGTGTGCTCTTCCGATCTCTCATTTGGGGTGTTATATGC
4C_hEN_CBS | CAAGCAGAAGACGGCATACGAGATCGATGTGTGACTGGAGTTCAGA
13-15_R-B3 CGTGTGCTCTTCCGATCTCTCATTTGGGGTGTTATATGC

Primers used for 4C for Pcdha and Pcdhaf deletion mice

4C_mHiDp_ga | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA
3F CGTGTGCTCTTCCGATCCATCGTGGGAATCAGAGG

4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R1 CTCTTCCGATCTTTATGGATTATAATTCTTGAAGC

4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R2-GAT CTCTTCCGATCTGATTTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R3-GCG CTCTTCCGATCTGCGTTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R4-CTA CTCTTCCGATCTCTATTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R5-CGC CTCTTCCGATCTCGCTTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R6-TCACA | CTCTTCCGATCTTCACATTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R7-TGCAT | CTCTTCCGATCTTGCATTTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R8-ATGTG | CTCTTCCGATCTATGTGTTATGGATTATAATTCTTGAAGC
4C_mHiDp_ga | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
3R9-AATGC | CTCTTCCGATCTAATGCTTATGGATTATAATTCTTGAAGC
4C_mHiDp_H | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA
S7LF CGTGTGCTCTTCCGATCGCTGTCTGGGAACCCACTC

4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S7LR1 CTCTTCCGATCTGCTGTGACAGAGGTTCTTTCTAAG

4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S7LR2-AGA | CTCTTCCGATCTAGAGCTGTGACAGAGGTTCTTTCTAAG
4C_mHiNI_HS | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA
18-20F CGTGTGCTCTTCCGATCAATCCCAACCTAAGACAGC

4C_mHiNI_HS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
18-20R1 CTCTTCCGATCTATTCAATCAGGCCTTTTAAGCT

4C_mHiNI_HS | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
18-20R2-CTG | CTCTTCCGATCTCTGATTCAATCAGGCCTTTTAAGCT

4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F CTCTTCCGATCTGTAAGGTTTACTTCTGTAATAAGC

4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG

S17F2-TCT

CTCTTCCGATCTTCTGTAAGGTTTACTTCTGTAATAAGC
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4C_mHiDp_H

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG

S17F3-TAG CTCTTCCGATCTTAGGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F4-ATC CTCTTCCGATCTATCGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F5-AGA CTCTTCCGATCTAGAGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F6-GCA CTCTTCCGATCTGCAGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F7-GAC CTCTTCCGATCTGACGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S17F8-CGT CTCTTCCGATCTCGTGTAAGGTTTACTTCTGTAATAAGC
4C_mHiDp_H | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA
S17R CGTGTGCTCTTCCGATCGCCCTGAGCATTCAGAGATC
4C_mHiDp_H | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
S5-1F CTCTTCCGATCTCCCTCAATCATTAAATTTCTATTAAAGC
4C_mHiDp_H | CAAGCAGAAGACGGCATACGAGATCGTGATGTGACTGGAGTTCAGA
S5-1R CGTGTGCTCTTCCGATCGACTTCCTTTCATTGTCCCATTC
4C_mHD_HS5 | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
-1F3-AGA CTCTTCCGATCTAGACCCTCAATCATTAAATTTCTATTAAAGC
4C_mHD_HS5 | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
-1F4-TAG CTCTTCCGATCTTAGCCCTCAATCATTAAATTTCTATTAAAGC
4C_mHD_HS5 | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
-1F5-GAT CTCTTCCGATCTGATCCCTCAATCATTAAATTTCTATTAAAGC
4C_mHD_HS5 | AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
-1F6-CTA CTCTTCCGATCTCTACCCTCAATCATTAAATTTCTATTAAAGC

Primers for RNA-seq

RNAseq-index-
universal

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACG
CTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATCGAGTAGTGACTGGAGTTCAGA
Index-P3 CGTGTGCTCTTCCGATCT
RNAseq- CAAGCAGAAGACGGCATACGAGATTCTCCGGTGACTGGAGTTCAGA
Index-P4 CGTGTGCTCTTCCGATCT
RNAseq- CAAGCAGAAGACGGCATACGAGATAATGAGGTGACTGGAGTTCAGA
Index-P5 CGTGTGCTCTTCCGATCT
RNAseq- CAAGCAGAAGACGGCATACGAGATGGAATCGTGACTGGAGTTCAGA
Index-P6 CGTGTGCTCTTCCGATCT
RNAseq- CAAGCAGAAGACGGCATACGAGATTTCTGAGTGACTGGAGTTCAGA
Index-P7 CGTGTGCTCTTCCGATCT
RNAseq- CAAGCAGAAGACGGCATACGAGATACGAATGTGACTGGAGTTCAGA
Index-P8 CGTGTGCTCTTCCGATCT
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RNAseq-

CAAGCAGAAGACGGCATACGAGATAGCTTCGTGACTGGAGTTCAGA

Index-P9 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATGCGCATGTGACTGGAGTTCAGA
Index-P10 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATCATAGCGTGACTGGAGTTCAGA
Index-P11 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATTTCGCGGTGACTGGAGTTCAGA
Index-P12 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATTCAAGTGTGACTGGAGTTCAGA

Index-P13 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATCTATCGGTGACTGGAGTTCAGA
Index-P14 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATACATCTGTGACTGGAGTTCAGA

Index-P15 CGTGTGCTCTTCCGATCT

RNAseq- CAAGCAGAAGACGGCATACGAGATGTTGACGTGACTGGAGTTCAGA

Index-P16

CGTGTGCTCTTCCGATCT
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