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Summary

This document outlines recommendations for designing Cas9 guide-RNAs for HLS-CATCH
purification of gene targets. These are based on methods used by Sage Science to select
guides for internal testing. An example target gene (PMS2) will be used to illustrate the
selection of suitable guide-RNAs.

Example Target Gene: PMS2

PMS2 is a~38 kb gene located on chromosome 7 that is involved in DNA repair. Mutations in
the gene is associated with Lynch Syndrome and some cancers. The sequence of a large
portion of the PMS2 is duplicated about 800kb to the right (in the 5’ direction) of the gene on the
same chromosome. These duplications in the pseudogene (PMSCL2) creates difficulties in
accurate sequence analysis of the PMS2 gene using hybridization capture or short-read whole
genome sequence assembly.

HLS- CATCH can be used to isolate the PMS2 gene without contamination with PMS2CL2
sequence. In this example we’'ll design gRNAs to CATCH a human genomic fragment carrying
only PMS2. The UCSC Genome Browser image below shows the position of PMS2 and
PMSCL2, on chr. 7.

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
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Guide-RNA Design Approach

The general approach to guide-RNA (gRNA) design relies on reference sequences for human
and mouse genomes and the highly featured annotations available from University of California
Santa Cruz’'s UCSC Genome Browser.

The goal is to identify unique genomic regions free of common SNPs and/or repeated
sequences. Two strategies are used:

e Strategy 1 (page 5) Uses the sequence coordinates (or FASTA sequences) of the
repeat-free regions to search for gRNAs in databases, or in gRNA design packages.
These databases and gRNA design packages are free and publicly available on the
internet.

e Strategy 2 (page 11) Uses the built-in CRISPR-10K track of the UCSC genome
browser to find RNAs. This strategy is somewhat more limited in that the CRISPR-10k
track only annotates Cas9 gRNAs within 10kb of known genes or exons. However, it is
very convenient for gene-rich regions like the one used for our example, human PMS2.

Specificity is the prime consideration in designing gRNAs for HLS-CATCH, since very high
Cas9 enzyme concentrations are used, and digestion conditions which bear little resemblance
to the in vivo studies that most gRNA design sites use to determine gRNA cutting efficiency.

Based on internal Sage Science R&D, only 1 in 10 gRNAs designs showed a significant (=2-
fold) reduction in cutting efficiency (compared to neighboring alternative sites). And none of the
gRNAs designs were completely inactive at the intended target site.

UCSC Genome Browser Display Settings

1. Open the UCSC Genome Browser and click “Genome Browser”

A ucsc Genome Browser Home X - - . - i i

<)> C B ® & https;//genome.ucsc.edu

B SEARCH literature pat... Weather Forecast - Be... ﬂ Login | ProtonMail  E¥ GoToMyPC Login W Twitter (twitter) on Tw...

G0 SINTA CRlT[penemies 5505r R Genome Browser

Genomes Genome Browser Tools Mirrors Downloads My Data Projects Help About Us

Our tools
-
® Genome Browser o
interactively visualize genomic data
m BLAT
rapidly align sequences to the genome

® Table Browser
download data from the Genome Browser database

® Variant Annotation Integrator

get functional effect predictions for variant calls
m Data Integrator

combine data sources from the Genome Browser database
® Gene Sorter

find genes that are similar by expression and other metrics

® Genome Browser in a Box (GBiB)
run the Genome Browser on your laptop or server

m In-Silico PCR
rapidly align PCR primer pairs to the genome

® LiftOver
convert genome coordinates between assemblies

® Track Hubs
import and view external data tracks

More tools...

GuideRNA Design Tutorial for HLS-CATCH 4600055 30f14


https://genome.ucsc.edu/
https://genome.ucsc.edu/
https://genome.ucsc.edu/cgi-bin/hgGateway

978-922-1832 o www.sagescience.com e  support@sagescience.com

2. Check that you are using the right reference for your project (for some genomic regions, it
may be preferable to use hgl19 rather than hg38).

3. Type in the name of the gene or coordinates to be targeted

4. Press “GO”.

. UCSC Genome Browser Gatev:

< c @

SEARCH literature pat...

UNIVERSITY OF CALIFORNIA

NIH Ghll

Genomes

X

-
80%

e @ 3

@ Sage Science . UCSC Genome Bro

® @ https;//genome.ucsc.edu/cgi-bin/hgGateway

Weather Forecast - Be... @ Login | ProtonMail BE GoToMyPC Login W Twitter (twitter) on Tw...

Genomics
Institute

|
o

; q Genome Browser Gateway

My Data

ﬁ Genome Browser Tools Mirrors Downloads Projects Help About Us

Browse/Select Species Find Position

POPULAR SPECIES

< EII

Human Mouse Zebrafish  Fruitfly

Human Assembly
[ Dec. 2013 (GRCh38/hg38)

Position/Search Term

Current position: chr7 :5973239-!,009‘125 ]

IEnterspecwes or common name [PMSZ

REPRESENTED SPECIES

Chimp
Bonobo - || i
Garilla b = UCSC Genome Browser assembly ID: hg38
Sequencing/Assembly provider ID: Genome Reference Consortium Human GRCh38.p12 (GCA_000001405.27)
Orangutan — — Assembly date: Dec. 2013 initial release; Dec. 2017 patch release 12
Gibbon Assembly accession: GCA_000001405.27
NCBI Genome 1D: 51 (Homo sapiens (human))
Green monkey NCBI Assembly ID: 5800238 (GRCh38.p12, GCA_000001405.27)
Crah-eating macaque BioProject ID: PRINA31257

5. Ordinarily there will be many matches for a well-researched gene like PMS2. Usually, the
named gene will be one of the first few matches. Click on the link to the appropriate gene.

B +uman hg38 PMS2 UCSC Gene X -

< c @

[] SEARCH literature pat...

@® & https;//genome.ucsc.edu/cgi-bin/hgTracks?hgsid=75496

Weather Forecast - Be... @ Login | ProtonMail  Ff GoToMyPC Login W Twitter (

Genomes Genome Browser Tools Mirrors Downloads

Projects

Help

Your search resulted in multiple matches. Please select a position:

Known Genes

=)y FMS2 (ENSTOO0000265849.11) at chr7:5973235-6009125 - Homo sapiens PMS51 homolog 2, mismatch repair sy
BM52 (ENS5T00000644110.1) at chr7:5973399-6004006 - The sequence shown here is derived from an Enseml
PMS52 (ENS5TO0000643595.1) at chr7:5973361-6008041 - Component of the post-replicative DNA mismatch T
EM52 (ENSTO0000642456.1) at chr7:5973274-6009075 - Homo sapiens PMS51 homolog 2, mismatch repair sys
BM52 (ENSTO0000642252.1) at chr7:5973247-6008087 - Homo sapiens PMS5]1 homolog 2, mismatch repair sys
PMS52 (ENS5TO0000469652.1) at chr7:59B82875-6008019 - PMS1 homolog 2, mismatch repair system Component
EM52 (ENS5TO0000441476.6) at chr7:5973242-6009106 - Homo sapiens PMS51 homolog 2, mismatch repair sys
BM52 (ENSTO0000415839.2) at chr7:6003310-6006066 - PMS1 homolog 2, mismatch repair system colponent
PMS2 (ENSTOO00Q00406569.7) at chr7:5977674-6008019 - PMS1 homolog 2, mismatch repair system cohponent
EM52 (ENSTO0000382321.5) at chr7:5973399-6009019 - Component of the post-replicative DNA mismatch T
PMS52 (ENSTO0000380416.5) at chr7:6001966-6009098 - PM51 homolog 2, mismatch repair system component
MLH1 (ENSTO0000539477.5) at chr3:36993777-37050842 - Heterodimerizes with PM52 to form MutL alpha,
MLH1 (ENST00000458205.6) at chr3:36993776-37050846 — Heterodimerizes with PM52 to form MutL alpha,
MLH1 (ENS5T00000455445.6) at chr3:36993798-37050706 - Heterodimerizes with PM52 to form MutLl alpha,
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6. When the sequence assembly page loads, scroll down to the display settings. If necessary,
disable any open displays by pulling down the display menus and selecting “hide”. Display
settings are activated by pressing the “refresh” button in each category. Customize the
display settings as follows:

e Mapping and Sequencing
o Base Position (full)
o GC Percent (full)

e Genes and Gene Predictions
o All GENCODE (dense)
o NCBI RefSeq (dense)

e Variation
o Common SNPs 151 (dense)

e Repeats
o Repeat Masker (dense)
o Segmental Dups (dense)
o Simple Repeats (dense)

7. The Genome Browser display should be similar to the image shown.

UCSC Genome Browser on Human Dec. 2013 (GRCh38/hg38) Assembly
move zoom in [ 1.5x | 3x || 10x || base | zoom out [ 1.5x ][ 3x || 10x | 100x |

chr7:5,973,239-6,009,125 35,887 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
chr7 220 [T EE L W TN B >« B oW W B TN B B e ]
Scale i@ kb: : ha3s
|| chrT | 5, a50, oo0| 5,985, 096| 5,996, 008| 5,905, 696| &, 009, 008 &, 665, poal
Te _ GC FPercent in S-Base Windows

GC Fercent

Sa

DENCD.DE V29 Comprehens ive Tr‘ansc-m‘pt SEL’I (only Basic d.isp'la‘ael\] by ue:ault)
L} t

I GENCODE w29 s +— 1 1 J t ¥ H +
RefSeq gene predictions from NCBI
RefSeq Curated s —t i Ll t ] t ¥ =—H 1
Simple Nucleot ide Polumorphisms (dbSNP 1515 Found in >= 1R of Samples
| | common SNPs(151) ||| L I LT 01 L WO VAT T 1 U A
Repeat ing Elements by RepeatMasker
RepeatMasker iy N BIR R ENI Nl J1 B ] ISl SN SN NEEEE N /EE EIEED

Microsatellites - Di-nucleotide and Tri-hucleotide Repeats
Microsatellite
Duplications of >1000 Bases of Non-RepeatMasked Sequence
Seomental Dups €EELLLECLELLLLLL 3333303 HERRREL > 333
Simple Tandem Repeats by TRF

Simple Repeats

Displays
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Strategy 1 — Sequence Coordinates

1. When designing CATCH gRNAs, regions with skewed base composition and repeated
sequences should be avoided. This view will allows selection of gRNA sites that are likely to
be unique in the genome. Note that both ends of the gene show significant presence of
segmental duplications.

2. To design gRNAs that flank the entire PMS2 gene, single-copy genomic sequences must be
identified. To identify these regions, zoom out in the display. In the example below, the
display has been zoomed out to 339 kb in order to identify region candidates, indicated below
with red arrows.

chr7:5,733,152-6,072,568) 339,417 bp. | enter position, gene symbol, HGVS or search terms ‘

[chr? cpez. 1y [T NETWE | I 1+cH+.1 0 1 N [ BB [Z2 1] CEIEY B BN | ECEEoSAEEd | ]

Scale 188 Kbl { ha3s
J chr?: | 5,568, sasl 5,858, aa8| 5,968, 860l 5,350, aaal 6,008, 066| 6,858, ol
T8 _ GC Fercent in S-Base Windows
GC Percent
. 38 _
NCBI RefSeq genes, curated subset (NM_%, NR_#, NF_& or YP_%) - ANNOTAT 0N Release NCEL HOMO Sapiens ARNOTAT 0N Relsase 189 (2015-83-29)
RMF216 ZHFS1SF bt ocH RSPH10B AIMP2
RNF216& gt CCZ1 HiH-H—H-H FHz2 FANKROEL -
FMS2
FHS2 {4+
PMS2 HH
FHI2 Mttt edbtob b
Fris2 et
PHS2
Prisz 4
PMS2 4
PHs2 FH-F
FH32
FHS2
PMS2
250kb FHsz
FH32 ) }
FET—F
AIMPZ |
AIMP2
AIMF2 i
AIMPE bffeed
SNORAS QD |
ETF2AK1 w4
| EIF2AK1 mH-—H ]
Genome regions processed to find CRISPR/CasSS target sites (eXons +/- 19,868 bp)

| IRISPR Regions 1eK
CRISFR/Cas® —NGG Targets (exons +/- 1@,888 bp)

| |[RISFR Targets 1@k

| | common SNPsC1S1) R0 RN I

S‘MD'IE Nucleot ice Po‘!umor‘phsms CdRINF 151> Found in >= 17 of Samples

Repeatrasier || (I I..I IIIII l.ll-ll-llll\lllll-l\lIIIll-lIIIIIII-I]---\IlllllllIllllll-IIIIIII\ L Nl IR (T
Tri-nucleot ide
Microsatellite | | ]
Duph \ons or‘ >1888 Bases of Non-RepeatMasked Seguence
Segmental Dups X [ ] €eege R R \<<ﬂ <<¢f \‘CCC'“‘CC'“{GC-C'({{CC‘((¢¢¢(<<<<¢1<<<<(1<¢<<<<< 1 €y
ts
Sinple Repeats (WL W00 0 01 1 (0 RCIIm 1 BOER Woint 1 | III III IIIIIII I III I\I IHIII || N (N ] {1 B I A |

3. Once the region candidates are identified, they can be zoomed in on. To zoom, drag the
mouse pointer across a region above the “Base Position” region on the assembly (this setting
must be displayed). A dialogue box will appear. Press “Zoom In”.

1ww Ko} 1"
5,700, 0d8| X 5,750, 000] 5,800, doel 5,850, 000]

3 3 GC Fercent in S5-Base Windous
[ 10 UIRT L ] DO BT

‘H*_"I[ Drag-and-select x ] ‘

i

i « Hald Shift+drag to show this dialog

+ Hold Alt+drag to add a highlight

= Hold Ctrl+drag (Windows) or Cmd+drag (Mac) to zoom
+ To cancel, press esc anytime or drag mouse outside image
+ Highlight the current position with h then m

« Clear all highlights with View - Clear Highlights or h then ¢

I :'—-] Highlight color: #azedft ([ ] v| Reset

TINIE D10 .| Don't show this again and always zoom with shift, J

Re-enable via 'View - Configure Browser' (¢ then f)
tails. Cllck or drag in th
o new position. Press "
<search  default tracks

Selected chromosome position: chr7:5696875-5704999

[ Zoom In ][ Single Highlight ][ Add Highlight ][ Cancel ]
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4. Starting with the left boundary, zoom in for a closer evaluation.

FHSE ¥
250kb s "

PHSS 44+t
T =
ATHPZ pmefe
ATMPZ poede}
ATHER bt
ATHPE kgd=y

EIF2R]i m
EIF2AK1 my

CRISPR/CASO -NGG Targets (exons +/- 18,000 bp)

RISPR Targets 16K
common SHPsC1SE) I DN
Fepearmazker || ERNEH N

Microsatellite

Simple Nucleotide Fol WDHI!IS CAbSHF 1515 Found of Samples
l\l—l_ﬁ -l -I IIIIII IIIII III I mEnm | NN -
Fepeat i Ene-mt; [
v - LI 100 O O OO

1lives - Di-nucleot ide and Tri-nucleot ide Repeats
I 1 1 |
ionE Of 31000 BASES of HON-REpeatMasked Sequence
T IO OO OO, | ok

LA

[T

Segmental Dups BE

Sinple Repeats [N I Il l 1 O T )

Simple Tandew ReDeats by TRF
{1 N 1 e 1 o [ Y i 1

/

chr725,758,239-5,784,33(i 26,092 bp || enter position, gene symbol, HGVS or search terms ‘

l(hr? ¢p22.1) [ SEl BN 14.5Hi4.00 0| BN B 0 B
Scale 10 K} | hess
| chr7: 5,765, 688 5,778, a8a| 5,775, 86| 5,784, 8680]
0 _ GC Fercent in S-Base Windows
GC Fercent
L 30 _
NCBI RefSeq genes, curatéd subset (NM_M, NR_#, NP_W oF YP_M) - RNNOTATiON Re123sé NCBI HOWO SARiens ANAOTAT ion Release 169 (2015-63-29)
RHF216 4} F
L RNF215 §
1S +/- 10,808 bp)
| |RISPR Regions 16k
CRISPR/CAS9 -NGG Targets (exons +/- 18,808 hp)
| |RISFR Tarcets 1ok NN I I I I | 1L
Simple Hucl lumorphisms (dbSNF 1513 Found in >= 1% of Samples
|| common SMFsCiSLy L L0 WL R0 D HI 0 W n IIII \III \II HIIIH | II | I\ \I II L A 1 VAT L B 1| i
eme: ea r
Repeatvasker NS W N NDEN N NN HEE E N N N |
Microsatellites - Oi-nucleotide and Tri-nucleotide Repeats
Microsatellite
Duplications of »1900 Bases of Non-RepeatMasked Seduence
Segmental Dups CRLLLLLRLLLLRLL CEELLLLRLLLLLLLLLLERLLL
Simple Tandem Repeats by TRF
Simple Repeats [ | | 1 |

The right side of this 26kb region has several regions without repeats or common SNPs.
Zoom in further. Using criteria of balanced GC%, absence of SNPs and repeats, several
promising regions for gRNAs are identified (circled in red). As an example, the right-most

region will be zoomed in further.

chr7:5,758,239-5,784,330 26,092 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
|chr7 paz.1) ]
scale 16 Kb} | nass
chr7: 5,765, 000| s,779, 60| §,775, 008] 5,780,008
76 _ GC Percent in S-Base Windows
GC Percent
30 _
NCE1 RefSed genes, curated SUDSet (NM_, NR_, NF_% OF YP_) - HANOTAT 0N RE|ease NCBI HOMO Sapi12hs ANNOTAT 10N Re lease 189 (2016-03-29)
RNF216 4 4
RNF216 | ¢} H
‘ s pr o f C ta 4/= 18,889 bp)
RISPR Regions 16K
JRISFR Targets 1o | I I
‘ Simp e Nucle o lumorph isns (obSNP 151) SMind in >= 1% of Sanples
common SNFSCLSL (L L BEL R0 U W W e |||| ||| IHIIH | || | || || H | . I0E 0 TR v weeew i (LN
asker
‘ Repeattasker NS W I _II L 1] 1§ | 11—
‘ Microsatellites - Di-nucleotid nucleot ide Repeats
Microsatellite
‘ DUp 1 icat ions o 800 Bases of Non-PgeatMasked Sequence
Segmental Dups £ELLLLLELLLedd] B AR
Simple Tandem Repeats by TR
Simple Repeats [ I
¢hr7:5,772,328-5,780,757 8,430 bp. | enter position, gene symbol, HGVS or search terms ‘
[chr? ¢p2z.1) [}
scale 2/ ko | ho3s
L chr7:| 5,773, 608] 5,774, 098] 5,775, 098] 5,776, 898 5,777, 000 5,778, s8el 5,779, e86| 5,750, 008
70 _ GC Fercent in S-Base Windows
GC Percent
L 30 _
NCST RefSeq genes, curated Subset (NM_%, MR_x, NF_% OF ¥F_%) — ARNOtation Release HOBI Homo Sapiens ARnotation Release 103 (2015-63-29)
RNF216 4}
RNF216

| Sm\rﬂe Nuueonue ngmnrpmsms (dbSNP 151) Founu m >= 1% of Samples
|

| | Common SNFs(1S1) iy (NN [ | )] (L Y [N Y]

epeatm; Elemenrs bg Repeama
Repeattasker HEll B
Micro. ites - Di nu:\eot\ue anu Tri-nuc e Repeats

Microsatellite
Duplications of >1888 Bases of Non-RepeatMasked Sequence

| | segmental Dups
Simple Tandem R?peati by TRF

Simple Repeats
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6. The coordinates of this repeat-free, common-SNP-free region can now be used to select
gRNAs from a database of human gRNAs, such as:

http://www.guidescan.com (Sloan Kettering)

Or FASTA sequence from this region can be pasted into gRNA design modules such as
those found at:

https://www.benchling.com (Benchling)

https://portals.broadinstitute.org/gpp/public/analysis-tools/sgrna-design (The Broad Institute)

@5 779,166-5,779,561)396 bp. chr7:5,779,166-5,779,561 (o]

chr‘? wez. O [ HTERE] M NIEXE I BN b4 | | EETWT I | [22.1] CETWNY B BN T ECEE«S+FEE | l

Microsatellites - Di-nucleotide and Tri-nucleotide Repeats
Microsatellite
Duplications of »18688 Bases of Non-RepeatMasked Sequence
Segmental Dups
Simple Tandem Repeats by TRF

Fimple Repeats

Scale 188 bases| | hass
chr7: s,779,208| 5,779,250| 5,779,388| s,779,356| ~ 5,779,408| 5,779, 4586| 5,779,508| 5,779,558|
78 _ GC Percent in S-Base Windows
GC Percent
| 38 _
¢?CEI RefSeq genes, curated subset (NM_s, NR_s, NF_s or YF_s) - ANNotation Release NCBI Homo sSapiens ANNOTATion Release 109 (2015-03-29)

RNF216

| RMF216 ¢} 1
Zimple NHucleotide Folumorphisms (db3HF 151) Found ih >= 1% of Samples
| Common SNPSC151)
Repeating Elements by RepeatMasker
RepeatMasker || ]|

7. Using GuideScan as an example, open the site in a browser, then 1)ensure the correct
genome is selected, 2) select “spCas9“ as the enzyme, 3) paste the genomic coordinates [FASTA or
other files may also be uploaded] and 4) press “guide me!”.

@
C

i) wouw.guidescan.com & | | Q searct
B Weather Forecast - Be.. [E) Login | ProtonMail  H GoToMyPC Login W Twitter (twitter) on Tw... (%) Sage Science [l UCSC Genome Browse.. ™ Business News, Financ... & GenomeWeb

i idescan Home lelp Contact

tz GuideScan

‘# A generalized CRISPR guideRNA design tool.

Note: Please do not run large automated jobs (i.e. using curl) against this website. Please use the downloadable version found in the Help page.

Input genomic coordinates as chromosome:start-end or organism appropriate gene e
guide me!
symbol, one E m

chr7:5,779,166-5,779, 561
Parameters
Genome
o[re 7| ‘.
Enzyme
.| spcass -|

How to Search for Genomic Regions
+ @ Within

Flanking: 1 bp
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8. After several seconds, scroll down the page. GuideScan will report the number on
guideRNAs identified. Press “download results” to create a .csv file, and/or press “+” to

view the results.

OR

BED, GFF/GTF, Fasta, TXT file upload
TXT file contains single column of genomic coordinates in form chr#:start-end

Processing time scales with lines in file, 1000 queries takes ~5 minutes

Browse... | No file selected.

download results

1 within queries processed, found gRNAs for 1 queried coordinates

q +143 guideRNAs within chr7:5779166-5779561

9. The columns (.csv file, below) show sequence coordinates, the crRNA 20b recognition sequence

(in DNA bases), cutting efficiency and specificity scores, offtarget analyses, and a label. The
cutting efficiency scores are based on in vivo editing data, and may not be very important to our
(very different) in vitro CATCH conditions. However, the offtarget analyses are based on the
frequency of matches to the reference genome (outside of the desired target region). gRNA
positions with 0-1 mismatches to genomic sequences outside of the target region are not
reported by Guidescan as unique gRNAs. Therefore, offtarget sequences reported by
Guidescan have at least 2 mismatches to the gRNA. The left offtargets column shows total
sequences with 2-3 mismatches, and the right offtargets column shows the number of offtarget
sequences with 2 and 3 mismatches respectively.

For CATCH, we try to pick 2-3 non-overlapping gRNAs (based on the coordinates) with the best
cutting efficiency scores and fewest mismatches. For this region, these are shown shaded in
yellow. Overlapping gRNA positions are shaded gray.

chr7:5779166-5779561

chrom: target site start coordinate target site end coordinate gRNA

chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7
chr7

cutting efficiency cutting specificity score strand offtargets offtargets annotation gRNA label

5779531 5779553 CATTCTTTACGCGCTGAGAA 56 0.68955224 - 12:0]3:1 * BRNA 1 1
5779532 5779554 ACATTCTTTACGCGCTGAGA 52 0.96466431 - 1 2:0|3:1 * gRNA 1 2
5779537 5779559 TCAGCGCGTAAAGAATGTTC 45 0.87491065 + 1 2:0[3:1 * gRNA_1_ 3
5779328 5779350 AGCCTCGAATGAGGTTTGCC 45 0.65511265 + 2 2:0]3:2 * BRNA_1_ 4
5779330 5779352 CCTCGAATGAGGTTTGCCAG 71 0.64673913 + 2 2:.0]3:2 * BRNA 1 5
5779329 5779351 GCCTCGAATGAGGTTTGCCA 52 0.75186727 + 3 2:0|3:3 * BRNA_1_ 6
5779477 5779499 AATTTAGTCGGCTTGCTTTA 18 0.38267215 - 4 2:0|3:4 * BRNA_1_ 7
5779319 5779341 AAAATCTAAAGCCTCGAATG 56 0.77120096 + 5 2:0]3:5 * gRNA 1 8
5779330 5779352 CCCCTGGCAAACCTCATTCG 53 0.46532889 - 6 2:0[3:6 * gRNA_1_ 9
5779412 5779434 TTCATAATTTATTGCGCCTG 50 0.71858366 - 6 2:0|3:6 * gRNA_1_ 10
5779405 5779427 TITATTGCGCCTGGGGTGTG 54 0.4039859 - 7 2:0]3:7 * gRNA 111
5779406 5779428 ATTTATTGCGCCTGGGGTGT 40 0.3300318 - g 2:2|3:6 * gRNA 1 12
5779414 5779436 ATTTCATAATTTATTGCGCC 36 0.54663693 - 8 2:0|3:8 * gRNA_1_ 13
5779205 5779227 CAGATCGAAAGTTGATGAAT 39 0.20980347 - 9 2:0]3:9 * BRNA_1_ 14
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10. Most of the other gRNA selection tools will give output similar to this format, with cutting
efficiency and specificity scores. However, most of the others are not as restrictive with
respect to specificity as GuideScan, because they will show all gRNA sites, even those in
repeated sequences.

11. Typically, 2 or 3 gRNA in a clustered cut region and perform CATCH with an equimolar
mixture of the selected guides. We use a mixture to avoid the chance that a rare SNP will
inactivate any single gRNA, thereby eliminating Cas9 cutting on that side of the fragment.

Finally, the selected gRNAs can be pasted into a custom BLAT search and displayed in
our candidate cut region to confirm absence of overlaps, SNPs, and repeats.

chr7:5,779,166-5,779,561 396 bp. ‘ enter position, gene symbol, HGVS or search terms ‘ go
|=hf'7 2z 1 CHTETNE] T EEE FENT BN <« BN CEWEST BN BN== i1 CEFWT B B 7 ECECos+EEn | |
Scale 108 bases} | hass
J chr7: 5,779,208| 5,772, 254| 5,779, @8] 5,779,350 5,779, 400 5,779, 450| 5,779,500 5,779,554]
biat on 3 queries (gRHA_L__Ré, oRNA_1__2, ...)
o oRNA_1__o I 9 oRNA_L__io # oRNA_1__2 I
Ta _ GC Fercent in S-Gafe MWindows

GC Fercent

e

- ArCEI RefSeq genes, durated subset (NM_%, NR_¥, NF_% Or YP_¥) - ANNOtation Relsase NCBI Homo Sapisns ANNOTAL ion Release 189 (2815-83-29)
RNF216 | <}

RNF216 <}

Simple Mucleotide Polumorphisms (dbSMP 151) Found in >= 1% of Samples
| | common SMPsC151)

Repeating Elements by RepeatMasker
RepeatMasker |

Microsatellites - Di-nucleotide and Tri-nucleotide Repeats
Microsatellite

Duplications of »>1888 Bases of MNon-RepeatMasked Sequence

Segmental Dups

Simple Tandem Repeats by TRF
J g imp le Repeats

12. Repeat the process to select 2 or 3 gRNAs for the right side of the target region.
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Strategy 2 — Using the CRISPR-10K track

1. UCSC Browser also has a Cas9 gRNA track that shows gRNA positions within 10kb of
exons. This tool is very useful for designing gRNAs very close to particular genes or specific
exons within a gene. In the display setting for “Genes and Gene Predictions” select “pack”
(or “full”) from the “CRISPR Targets” drop down menu.

a Genes and Gene Predictions
P12 Updated GENCODE v32 NCBI RefSeq P12 Other RefSeq P72 All GENCODE... P2 AUGUSTUS CCDS
hide v dense ¥ hide v show v hide v hide v
P12
CRISPR Targets Geneid Genes Genscan ® IKMC Genes LRG Transcripts ~ MANE select v0.6
- Genes Mapped - -
pack v hide v - : hide v hide v
hide v hide v
P12 i
P12 MGC Genes Non-coding RNA... Old UCSC Genes P72 ORFeome Clones G Efam in UCSE RetroGenes V9
hide v hide v hide v hide v =ene hide v
hide v
N
SGP Genes SIB Genes ve LensheR ez yosc Alt Events  UniProt
hide v hide v E v hide v hide v

2. Returning to a 26kb view of the left-side candidate region, the gray CRISPR region indicates
that the Genome Browser has mapped gRNA sites thought this region.

chr7:5,973,239-6,009,125 35,887 bp. ‘ enter position, gene symbol, HGVS or search terms ‘
scale 18 kb} | hg3s
=] chr7: | 5,988, aaa| 5,935, 896| 5,998, 608| 5,995, 908/ 6,808, aaa| 6,805, aoa|
Ta _ GC Fercent in S-Base Windows
GC Fercent
L 38 _
= GENCODE w29 uf +— - — %+
RefSeq Curated s +— =—H +
ISFR Regions 16K = = = = =
CRISPR/Cas3d -NGG Targets (ex
|RISPR Tarzets 1ok I B R I I N N
Simple NUCIeotide FOIUMOrphishs (dbSNF 151 h >= 1% Of Samples
| common SNFsC1SL) ||| TP e e re e e 0 e rm w e e I WHE T T et e e e e e
Repeat ing Elements by Repea r
= Repeattasker || S B NN (N N NIEN IEN N =B - Il SEENEE NENIEE E EEE EIERD
Microsatellites — Di-nucleotide and Tri-nucleot ide Repeats
Microsatellite
Duplications of >1860 Bases of Mon-RepeatMasked Sequence
Segmental Dups €€Lddd e L T S 338 S LT LI LRI
Simple Tandem Repeats by TRF
Simple Repeats = | = I \ | I - Bl

3. Zooming in further to a 396 bp region within the previously identified region with no SNPs or
repeats (chr7:5,779,166-5,779,561), the CRISPR-10K track shows gRNA sites color-coded
for cutting efficiency and specificity.

chr7:5,779,166-5,779,561 396 bp. ‘ enter position, gene symbol, HGVS or search terms ‘

[chr? ez TTENE] W BICHE KN BN »pd | | EETUNST BN WEN---11 CETWNY B B 7 EFEEGSSEET & |

Scale 198 bases| | ha33
| chr7: 5,772,288] 5,772,258| 5,779,300| 5,773,358] 5,779, 488] 5,779, 458| 5,779,588| 5,779,554|
blat on 3 queries (gRNA_1__16, gRNA_1__2, ...
| le1at oRMA_1__10+2
kL]

GC Fercent in S-Base Windows

GC Fercent
| 30 _
NCET Refieq genes, curated subset (NM_s, NR_%, NF_® or YF_%) — Annotation Release NCEL HOmMO sapiens AnNotation Release 109 (2015-03-203
RNF216 4} 19

| RNF218 <} T
| [RISPR Reaions 16k

<«

ceecee

Cceccac

<
[333555>> 08 [55555 2]
S MIT Spec. Score: 96, Doench 2016: 59%,
S e

- Basiiie]
Simple Nucleotide Polumorphisms (dbSNP 1S1) Found in »>= 1R of Samples

| | common snPsc1s1)
Repeating Elements by RepeatMasker

RepeatMasker |
Microsatellites - Di-nucleotide and Tri-nucleotide Repeats

Microsatellite
Duplications of >1808 Bases of Non-RepeatMasked Sequence

Segmental Dups
Simple Tandem Repeats by TRF

3imple Repeats
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3. Hovering the mouse pointer over the color-coded site gives a more detailed rating of

specificity. You should give higher priority to the specificity scores close to 100. As
expected, the gRNAs selected from Guidescan db are also found in the UCSC track, and
the scores in the CRISPR track are some of the highest (based on the BLAT search of the
GuideScan-select guides, shown below).

chr7:5,779,166-5,779,561 396 bp. | enter position, gene symbol, HGVS or search terms

chr7 (p2z.1) (1IN W WNECSE FUNY BN BN <« BN CEIUEE BN |

[22. 1] CEIWET W W T EEEECS+EED | l

Scale
chr?:

| lb1at oRNA_1__16+2

78 _
GC Percent

30

5,779, 208|

180 bases| ]
5,779,388| 5,779,356| 5,779, 4088|
blat on 3 queries (gRNA_1__16, oRNA_L__2, ...

has

5
5,779, 258| . 779, 458| 5,779, 508|
)

C Fercent in S-Base Windows

5,779,558]

<)GNCBI RefSeq genes, curated subset CNM_s, NR_@, NF_® Orf YP_#) — ANNOtation Release NCBI Holo sapiens ANNOtation Release 109 (2015-03-2§)
RNF216
RNF216
Genome 1 §o_fihd CRISPR/Cas3 t +/- 18,888
_IRISPR Regions 10K

|| Common SNFs(1S1)

RepeatMasker ||
Microsatellite
Segmental Dups

Simple Repeats

CRISPR/CAE9 -NGG Targets (exons +/- 19,8080 b
33333333 >3

[55555555]

€42edeee
CHELLEie

e 53333355 ceteqene

3333353 €RLLeee

<<<<<<<<

<Eeeded

RS

<EELLLLC

€deedade
LY

€4deeddd

»323333%

[ MIT Spec. Score: 96, Doench 2016: 59%,

O

Simple NUCleot ide FOlumOrphisms (dbSNF 1S1) Found in »>= 1% of Samples
Repeating Elements by RepeatMasker

Microsatellites - Di-nucleotide and Tri-nucleotide Repeats

Duplications of »>1800 Bases of Non-RepeatMasked Sequence

Simple Tandem Repeats by TRF

Display shown
when mousing
over gRNA

Shades of gray stand for sites that are hard to target specifically, as the 20mer is not very unique in the genome:

impossible to target: target site has at least one identical copy in the genome and was not scored
hard to target: many similar sequences in the genome that alignment stopped, repeat?

hard to target: target site was aligned but results in a low specificity score <= 50 (see below)

Colors highlight targets that are specific in the genome (MIT specificity > 50) but have different predicted efficiencies:

10

unable to calculate Doench/Fusi 2016 efficiency score

low predicted cleavage: Doench/Fusi 2016 Efficiency percentile <= 30

medium predicted cleavage: Doench/Fusi 2016 Efficiency percentile > 30 and < 55
high predicted cleavage: Doench/Fusi 2016 Efficiency > 55

4. Repeat the process to select 2 or 3 gRNAs for the right side of the PMS2 target region.
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Summary

We have selected 2 sets of 3 gRNAs that will excise a unique ~250kb genomic fragment
containing the PMS2 gene with contamination from the PMS2CL pseudogene:

Left side: Right side:
ACATTCTTTACGCGCTGAGA chr7:5779532-5779554 GTACGCTTCACCCGAACAGT chr7:6028638-6028660

AAAATCTAAAGCCTCGAATG chr7:5779319-5779341 CCCACTCTGGACGTATGTGT chr7:6028670-6028692
TTCATAATTTATTGCGCCTG chr7:5779412-5779434 CTTCTGTAGGATGTCTGTGC chr7:6028949-6028971

chr7:5,777,831-6,029,738 251,908 bp. | enter position, gene symbol, HGVS or search terms ‘

chr7 ¢p22.1) [0 BN WECE TN BB < B CEWU N -0 ToW B B 0 i aiEd ] ]

Scale 188 kb| | hg3s
chr7: 5,868, 466 5,858, 8eal 5,968, saal 5,958, aaal &, 888, a60)
blat on & gueries (L1, L2, ...)»
L2 R1 |
L3 | rR2|
o Lt | R3 |
= GC Percent in S-Base Windows
GC Percent
| 30 _
NCEI Refseq genes, curated subset (NM_s&, NR_%, NF_% or YF_%) - Ahnnotation Release NCBI Homo Sapiens AnNNOTAation Release 189 (2015-83-29)
= ———— = il - =ty
= =
=
[
=
=
=
o Genome regions processed to find CRISPR/Cas3 target sites (exons +/— 18,888 bp)
_|RISFR Regions 1ok N

CRISFR/Cas@ -NGG Targets (exons +/- 18,008 bp)

PMS2 ==

__RISPR Targets 1ok [N
Simp le Nucleotide Poldmorphisms (GdbSNF 1S1) Fouhd in >
| Common SNPs(151) ll\l--l-l-ll--l-lllll.--_---l_|| II-I--I\IIIIII-IIII\ | III | | | I||||| |||| L 1)

Repeattasker |11 I IIIII--IIIIHI-IIIIHHI\I\IIIII\IIII\II IIIIIIIIIII.IIIIIHIIHII\IIIIIII T O O 1 I A 01—

Microsatellites — Di-nucleotide and Tri-nucleotide Relloeat

Microsatellite | | |
Duplications of >1886 Bases of Hon-RepeatMasked Sequence

Segmental Dups [(REEES CREEELRLLLCLERCedae  RRRRRRRRREE -~<<u €4 <L LR E L L LLLL L LLLLLLLLLLLLLLLLLLLELLLe e cegceesccccc< I ] LELE S
) le Tandem Repeats by TRF
Simple Repeats | | D (L0 LINC | mimw i o 1 Wil | I II I 0T O s 1 Iy o 11 ' I 1

UCSC overview of final design, showing PMS2 and PMS2CL.:

chr7:5,743,642-6,860,612 1,116,971 bp. ‘ enter position, gene symbol, HGVS or search terms ‘

[CN"? 22,0 CH[JEWE] N DNECRE FUOSY BB p<« D CEEWSV BN BONGS 1 CErwny B B 0 R oofEs | ]

scale 508 Ko} | ha3s
L chr7: | 5,900,000] 6,800,008 6,100,800 6,200,000 6,300,608| 6,400,008 6,560,0800| 6, 699 eae| 6,708,608 6,500,008]
klat on & cueries (L1, L2, ...)
=1 R1|
L3 r2 |
- =4 ~250kb L=
L GC Percent in S-Base Windows

GC Percent

3@ _
I NCEI RefSag genes ; - M_¢, NR_#, NF_w or YF_s) - ANNOTATion Release NCEI Homo sapwens ANROTAT 10N Release 189 (2815-93-29)
RNF216 Gt m 5P 42 T FAMZ26A fort | DAGLE HHI HHE4 W [ty |
RNF216 flpomst CCZI. SR e CYTHS il [ GRID2IF “ﬁ-H-H ZNF 316
ZNFS1SF b+ FHS ZDHHC4 W} =
REFH1 68 HiiH ZDHHC4 W REFH1 062 I

PHME2 S ZDHHC4 Wi

vz s PIVIS2 ez corzem  PMIS2CL
FMS2 dHHEH ZNF353 H

FHEZ bHfien ZNFE53 §

PME2 dHHH

P32 diiHe
AIMF2 HH
AINMF2 |-H
AThF2 HH
ATMPZ HH
AIMPZ HH
NORASAD |
ETF2AK1 W-HliH
EIF2AK1 W-HliH
L ANKRDGL
S imp le Nucleot ide Folumorphisms (dbSNP 151) Found in >= 1% of Samples

| | common sHFsC1S1 | N I S S | 1| | I

Repeat ing Elements by RepeatMasker
Repeatmasker I I S | S | N I O
Microsatellites - Di-nucleotide and Tri-nucleotide Repeats

Microsatellite | | | | 11 | | [ | | I I
Duplications of >1888 Bases of Hon-RepeatMasked Sequence

Segmental Dups | @ e EEIEEEETETETTIEERTET | & | [l ccccedadeccde K
. Simple Tandem Repeats by TRF
LR O TS ol [ WATNATIE (] (8 [ TTTNAWTTMOUAY WIS N O TNV TN T O AT T T AT AT CTCTRECT o T O VTRTT TORET WY AT YCMLTINN WCT I AT TR I W ]
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Other challenges with gRNA design

The UCSC Genome Browser is a valuable resource and it makes gRNA selection almost trivial
for human and mouse genomes. For other organisms that lack such rich genome annotation, it
should be possible to use a reference genome sequence with a oligonucleotide search tool like
BLAT to assess gRNA specificity.

Another difficult problem is devising CATCH gRNA designs for regions that are embedded
within segmental duplications. In such situations, it may be necessary to use non-unique gRNAs
to excise the CATCH target. It may be possible to find islands of single copy sequence within
the repeats surrounding region of interest that can be used. Another strategy is to look for gRNA
sites surrounding the region of interest that are repeated only a few times, and see if the Cas9
digestion product for the region of interest can be separated from offtarget CATCH products
during size-selection in the SageHLS workflow. When designing gRNAs for repeated genomic
sequences, flexible gRNA design sites such Benchling or the Broad Institute gRNA design site
must be used, since database sites like Guidescan.com only list unique gRNAs.

GuideRNA Design Tutorial for HLS-CATCH 4600055 14 of 14



