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Abstract Results and Discussion

Genome editing technology has revolutionized the ability to make Characterization of Swine CRISPR/Cas9 Genome Editing in Swine and Bovine Cells Comparison between Off-target Site Nomination Approaches
targeted changes to an animal’'s genome (intentional genomic and Bovine Cell Lines and . . . . L . . .

1 S : S ffar : % h d( 1 ? ‘hal their DNA Guide RNA (gRNA) sequences targeting swine and bovine genomic loci were Replicated off-target sites nominated by _ Human gRNA 2
aoteratlons [IGAs]), offering promise or the aeve opment O animna obtained from published studies (previously shown to edit relevant targets i Vitro Claavage CHANGE-seq and SITE-Seq for cross- 5 T . 2.
biotechnology products that address animal and public health needs. NIST selected animal cell lines: in swine, gRNA 3 and gRNA 4, or bovine cells, gRNA 5 and gRNA 6) or . ™ o species gRNA 2, swine gRNA 4 and O > :

. . . . . . . . . . . RNA 1 . . . "
Characterization of these IGAs 1S an important part of the regulatory (i) derived from a single animal newly designed to target regions with 100% sequence identity across swine, E 80 - — gEH A2 bovine gRNA 6 were compared. Similar S .
process to ensure that the edit to the animal is as intended and to donor- bovine and human (gRNA 1 and gRNA 2). This cross-species gRNA design E 1 gRNA3 results were found with human and < ‘ N )
dent; . ded ch h 1 (if) with ,no restrictions for purchase enabled their use in control human assays. 80 ] gRNA4 animal DNA. Concordant off-target sites N " .
identify any unintended changes. However, there are currently no or research: Each gRNA was complexed with Casg at 1:2 Cas9:gRNA (40 nM:80 nM) E‘ 40 E *‘g:: between assays had normalized read S o der, o

: . . : : : S R TN
validated measurements and standards for characterlzlng unintended (iii) used in multiple publications by ratio and used to cleave relevant DNA substrate (4 nM) generated by PCR 2 9 counts closer to the on-target read count S 0 S
edits in animals. the scientific community: amplification of the on-target DNA region in in vitro cleavage (IVC) assays -2 while discordant off-target sites between S | . I
(iv) easily grown in culture., or complexed with Casg at 1:2, 1:1.2 and 1:3 Cas9:gRNA (3 uM:6 uM, 3 D-H P assays had lower normalized read counts. SITE-seq . Assay
: : : uM:3.6 uM and 3 uM:9 uM, respectively) ratios and introduced into | |
FDA-CVM has eStabh.S}:led a co}laboratlon Wlth. NIST to gene.rate The cell lines were evaluated for 350,000 cells by nucleofection. Editing efficiencies of Casg:gRNA complexes _ . Sw'ne?ﬁRNAQ o . 5 SW'nGS%RNAA' .
resources for characterizing both intended and unintended alterations baseline whole genome sequence and were measured by sequencing human, swine and bovine target regions. Figure 1. Guide RNAs cleave on-target DNA > : > ) :
in animal biotechnology products resulting from genome editing. genome stability. S rreces ut efficiently. Cleavage efficiency for each gRNA was > 2 = j
. . . . . 860 ne calculated as the fraction of DNA substrate that was 3 S 3-
These resources Wlll .pr0V1de developers and FDA regulators Wlth No Yarlants were observed at swine or 100 - i i p B GRNAZ 48 e 100 = =1 gRNA cleaved by each CRISPR/Casg ribonucleoprotein (RNP) % %
examp]e characterization approaches that they could use as part of the bovine on-target DNA sequences. an- é g g g 7 . gRNA 272 hr E-E- 80 [ gRNA2 complex after a 60-minute incubation period with relevant g 1- 5 2-
development and regulatory process for IGAs in animals as well as for Genomic DNAs from the swine and s <A HAND WAL 2 oRNAS 4o E S = s DNA substrates. g g
. . . : : £ A1 | AL AL = o o o
validating methods, materials, and data. bovine cell lines as well as a human cell = o lMANH HAHH HANHT 33 w- 2 0 Taws0r sewso1 | 79%>0) 2 o
line used as control showed similar AU BALH HALH T 55 s | . ' s .
stability over time. aal'l E / E AN e 2 Figure 2. Guide RNAs successfully edit on-targets. R . ] R - {
NIST lified : d bovi 11 1 ial ] oL ZRRiE AL 1 0- Genomic DNA was extracted from nucleofected swine and Assa Assa
quallllied porcine an ovine ce mes as potentla contro . oqe o oF o 1:2 Cas3:gRNA bovine cell lines at the indicated time points and on-target : y . y
. . . . Table 1. Genomic DNA stability. & & & : : Bovine gRNA 2 Bovine gRNA 6
materials by characterizing their DNA sequences at on-target and 5 8 S regions were sequenced by Sanger sequencing or targeted O — - - - - . -
tential off-t t loci bef d aft diti ith 1tipl Genomic| Numberof | Avarage | GQN (Genomic & Y &Y next-generation sequencing (NGS). The ICE (Inference of 5 | : 5 ’
potential olr-target 10C1 beiore and aiter genome editing wi multple pDna | Days Stored | Smear | Quality Number) CRISPR Edits) tool (1) was used to compare Sanger 8 . .0 8 1.0-
guides. The off-target analyses performed include comparisons — A Seelpd SelatDHD ICE Tool Bovine CRISPResso2 Bovine sequence traces of on-target amplicons generated from o - e
.. . . .y . . oL : ' 100 ~ . B aRNA2 48 h 100 BB oRNA 2 control cells, those nucleofected without RNP, and cells e _ " L
between off-target loci identified by in silico methods and biochemical s 39 39,685 9.5 AnlNG ARG <ARA S ooz 3 . = oAz nucleofected with gRNAs. CRISPResso2 (2) was used to = 1o | =S
o o . . 7 % / 4 =4 g r =B T 9 .. . ] ) ) ) '
assays (CHANGE-seq and SITE-Seq), and assessment of editing at Bovine 265 28,103 9.1 _ § 7 § 1 HUNY = ornae s 3E analyze NGS data. Editing efficiency of each RNP is Nl : &
nated loci ; dited . 1cells. R Iti t 1 d dat ¢ Bovine 61 29,446 9.3 g 7 / g Al AN gRNA6 72 hr =0 expressed as indel percentage in the ICE tool analysis or as = o =
nominated 10C1 111 edited animal Cells. nesulting protocols an AlaScts Bovine 37 48,152 9.1 = 40 é Z g g g é B3 401 adjusted percent modified corresponding to the proportion g 0.0- 5002 6’,‘;;/ 0‘1.:‘ g 0.0- ooy oy
will be published and made accessible to developers and the general Done 8| 325 o {HANE HANA HANT 38 2- of modified reads minus the proportion of unmodified or e . - . 2
public. Future work involves generating prototype DNA spike-in Human | 89 31,038 9.4 AN HANY HANY < control reads in the CRISPResso2 analysis. o ! . !
. — . - 0- " " o ] P i 0= SITE-seq SITE-seq
. ep o . 1:2 Cas9:gRNA Assa Assa
control materials used for qualifying DNA sequencing methods that s & & ) , , Y o o
b d for ch . . :mal bi hnol d & & & Figure 5. Comparison of off-target nominations. Off-target nominations for gRNAs 2, 4 and
may be used 10r € aracterlzlng animal biotechno OgYy pro ucts. N7 Y N 6 from biochemical assays were compared. Violin plots were constructed as indicated for each assay.

OV erv | ew Of R esources G ener at e d CHANGE-seq Nomination of Off-target Sites SITE-seq Nomination of Off-target Sites C oNnc I us | ONns & F L t Lure DI re Ct | 0oNns

CHANGE-seq (3) was successful on swine and bovine DNAs. Cross-species gRNA 2 SITE-Seq (4) was on-boarded using human genomic DNA and cross-species gRNA 2

l%id (?mlla(li reprogumbll(llt}l; within anllrpal rephcatesdand fvf\rlthln hqmanhrep}lllccellte}els. ang then carr1e.d ou;c{ 1\(Ivll;ih ar%l}lineil DNA to éden’gfy. p(?l’[entlal (iff-targi;lets for gR(ll\IAs.4, (i 1. The commercially available animal cell lines characterized in this study
= =2 = = = = s i e discordance observed between replicates occurred at ofi-target sites that had the and Cross-specles 2. 1'he latter produced similar results on human and anima . .
i O © © (' o . °P . 5 ; p 5 . b . . . were successfully edited with CRISPR/Casg RNP.
R o ~ | w ﬁ lowest normalized read counts while a greater proportion of off-target sites that DNA. Reported off-targets sites were present in all 3 replicates except for one bovine The CHANGE d SITE-S Fft . b d :
| - W | Identify Identify, designand  Assess baseline cell line | /H\ [ replicated had normalized read counts closer to the on-target read count, gRNA 2 off-target site which was present in 2 replicates. The proportion of sites with 2. € . ~5€q fm bl €( OfI-target assays can be used on SWIpe
, - ® | Sommercaly  festhyiiodoyineatd  igenomic seqdence and m | H reproducing what NIST has previously observed with human CHANGE-seq assays. normalized read counts close to the on-target read count varied across gRNAs. and bovine DNA with similar assay performance to human DNA, while
v ~ bovine and editing reagents | m : n CHANGE-seq Swine SITE-seq Bovine off-targets nominated by these biochemical assays did not completely
s SWlne ° ° . [} o o
| celllines | \ H H 1200 = replicato s bk " I i overlap and will be evaluated further. Preliminary comparisons indicate
| — ‘ , - 0 M a te e . . oy . e
'S s (T LS ,,,,, | Control assays | £ 1000 B replicate2 gorees o . that a subset of these off-targets overlap with in silico tool predictions.
— - | using human | 5 B800- IS 5 1.5 —— . . . .
Jowes | - celline(s)and : B — ::::::: s 8" - . 3. Protocols and datasets will be made public at the completion of this
ﬁﬂ % . E ° S ‘ . replicate
@ Homogeneity | parallel ” .:E 400 - %1'0_ . %10 ;glr% Stlldy. . . . . .
CRISPR/Caso LUV andstability = — = — = g 200- H 8 ‘ S i 4. Future work will focus on generating spike-in control materials that may
as , 8 € o5 . . . .
genome editing with Target loci ol onfin on U3 03 Sos o S : . be used to qualify DNA sequencing methods relevant to characterizing
Lonza nucleofector 1= == =mmmmm s s e e e s & @ %?"1-' -a?b o -@-"i"% _ i , s : el ke s ok A%, o . .
; @ AT o HESY olleh TN i o, RN & 007 T v animal biotechnology products.
: & & & ' ' - ' ~ ' 1
: Off-target loci nomination 2 & T 9 & - - = 1 ° a . 1 & - I - I
E Biochemical assays: in silico prediction: CHANGAI;SS&y B SITE Assa;l _ R ef e r e n C e S
. . . -seq Bovine . . -seq Swine
@ : CHANGE-seq SITE-Seq CRISPOR Figure 3. CHANGE-seq z}nalys1s. CHANQE— — — Figure 4. SITE-Seq gnalysm. SITE—Seq — a —_y
f : - Cas-OFFinder seq (3) performed on swine gRNA4, bovine 75 76 3 310 201 274 (4) performed on swine gRNA4, bovine > e 108
Ext ti DNA L oo HMW genomic DNA CHOPCHOP . . . - . . . . .
X Jﬁﬁ ;gpgcéted : = ey G Ton gRNA§ and cross-species gRNA 2 1dent1f1.ed gRNAQ and cross-species gRNA 2 1d(?nt1f1ed s 1. Conant D. et al., CRISPR J. 2022, 5(1): 123-1301
sequence analysis P e iy COSMID potential off-targets. Human genomic DNA with gro potential off-targets. Human genomic DNA £ 2. Clement K. et al., Nat Biotechnol. 2019, 37(3): 224-226
10 e N S —— AN a previously characterized human gRNA and 8§ with cross-species gRNA2 served as assay S, | ' Lazzarotto. C. et Zﬂ Nat Biotechn.ol 20’20 8(.11)° 1217-129
: © —on = .;jx?l%f‘k‘ﬁl%ﬂcmg&\ cross-species gRNA2 served as positive assay — § _ control. Violin plots show off-target read ¢ e 3 C P ot al. Nat. Meth 1 ' ’g’ 6 ' 2 771327
] : = — - e ATRIRATSE R controls. Violin plots show off-target read counts =, | rh counts normalized first to total reads per 3= s 4. Cameron F. et al., Nat. Methods. 2017, 14(6): 600-607
@ - fpe— GTCAANTATC MS}%\%%QG normalized first to total reads per sample and § R S sample and then to on-target read count for E" 5. Labun K. et al., Nucleic Ac1.ds R.eS. 2019, 47(W1): W171-W174
- ; i a7 . ==, KATATCATGCG ﬂ“ then to on-target read count for each replicate. 3 -l i each replicate. Total number of sites is 2" 6. Concordet JP. et al., Nucleic Acids Res. 2018, 46(W1): W242-W245
Syrfihego Targeted NGS S R 5 e A pE— ANy Total number of sites is indicated at the top pone Eidh ,A‘", L el i indicated at the top while percent of off- RIS S5l N T ot e s 7. Bae S. et al., Bioinformatics. 2014, 30(10): 1473-1475
ICE tool CRISPRess02 K A\ while percent of off-targets with normalized read Y o o a0 Moo ows0w  wes00 targets with normalized read counts more e i 8. Stemmer M. et al., PLOS ONE 2015, 10(4): €0124633
: q | counts more than 10% of the on-target read S . . 1 than 10% of the on-target read count is - I - I 9. Cradick T. et al., Mol. Ther. Nucleic Acids 2014, 3(12): e214

count is indicated at the bottom. Assay indicated at the bottom. Assay



	Slide 1



