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Conclusion
The indel detection by amplicon analysis strategy (coined IDAA™) CHISPRICHS
presented here enables sensitive, precise and reliable identification TALEN Celuirdemenvar ey
of indels in a high throughput mode providing detailed information
of cutting efficiency, size and nature of allelic variants generated by a. Designerniciease
any of the available precise gene editing technologies (Fig.1). The .) gy
IDAA™ strategy is user friendly and easily implemented in any GG e ;r _w
standard laboratory, and we expect that this screening tool will . —: i
greatly advance implementation and use of precise gene targeting. = -
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Current approaches available for identification of indels include: i) e ¥
enzyme mismatch cleavage (EMC) assays?!, which do not provide b sra L Indel Detection by Amplicon Analysls (IDAA) W L
sensitive, reliable and accurate identification of the induced indel’s —- Trprimer PCR = ST S el
(Fig.2); and ii) Sanger or next generation DNA sequencing, which * ' v " Facs _slr.::-rt . JF IDAAT
IS costly, time and labor intensive, and poorly suited for high * - A ¥ > analyze
throughput screening of hundreds or thousands of clones often * o W Yy 1"
required to select for desirable multi-allelic editing events that dT' ¢ T Tt
often occur at low frequency (Fig. 4). T W e
C. . Figure 2. Outline of the combined FACS enrichment and IDAA™

: : v strategy*. Flourescently tagged nucleases, examplified by Cas9-2A-
Here, we report a novel strategy that combines use of a simple ‘ l ‘ GFP plasmid vector (Ran et al., Nat. Protoc., 2013) with target
amplicon labelling strategy (Fig.1b) with the high throughput Sizefbp Fragment Analysis specifc gRNA inserted at the gRAN scaffold site, is transfected into

cells. 2 days post transfection cells are FACS sorted and GFP
positive cells are collected for indel profiling by IDAA™,

capability of DNA fragment analysis by automated Capillary

P : . .
Electrophoresis® (Fig.1c) for simple detection and characterization Figure 1. Schematic depiction of the IDAA™ strategy™. Panel a: Precise gene

of Indels induced by precise gene targeting. The strategy Is targeting creates double-stranded breaks that through NHEJ introduce indels at the
coined IDAA™ for Indel Detection by Amplicon Analysis, and we target site. Panel b: Tri-primer PCR” of the target region accomplished by use of 4 Emc
demonstrate that IDAA is suitable for detecting indels in both cell target specific primers (F/R) flanking the target site and a universal 5-FAM labelled _ g
: . . . primer (FamF) specific for a 5’-overhang sequence attached to primer F. Tri-primer ER-
pools with low efficiency targeting and single sorted cells. PCR results in FAM amplicon labelling. Panel c: Fluorescently labelled amplicons s B IDAATM
Furthermore, we show that IDAA™ s ideally suited for high containing the indels are detected by fragment analysis?. Axis represent
throughput detection of indels down single base events (Fig.2-3) fluorescence intensity (FI) and amplicon size in base pairs. = e — smtws
and estimation of “cutting” efficiencies of targeting tools (Fig.3). o | |
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2000 1 ' al 27 T P - ¢ - _Hﬁ _— T4 endonuclease VII (T4E7), endonuclease V (EndoV), T7 endonuclease |
O .V N S g7 -, . g X A (T7El), CELI or Surveyor nuclease. Panel a: EMC (T7El) assay of
Figure 3. Combined FACS mediated CRISPR/Cas9 nuclease targeting enrichment and &+ ., 1 (T f N : I amlicons derived from a single LS174T clone (#10-8) targeted with Dual-
IDAA™. 1ug POMT1#2 pX458 (U6gRNA+Cas9-GFP, see Fig.2) Lipofectamine 3000 g - vl MDA B N ? | GALNT6E-ZFN. Cleaved products are indicated with asterix. Comparative
transfection of 105 24-well HEK293 cells analyzed by IDAA™ day 2 post transfection. A. &7 0 N ] IDAA of the same clone shown to the right. Panel b: EMC (T7EI) assay of
FACS gating strategy is, P3 non GFP positive cells, P6 medium GFP positive cells, P4 &7 l 58 . : N amplicons derived from a single Hela clone (DE4) targeted with COSMC-
Highest GFP positive cells. B. IDAA™ analysi of unsorted and FACS enriched cell - /\ : A ZFN. Comparative IDAA of the same clone demonstrating a monoallelic -
populations. Position of the LIZ500 standard is indicated by red line and position of wild | =/ - L 1bp deletion (indicated with and asterix) shown to the left, relative to the
type (WT) allele is indicated by black dotted line 35 1 F ) I intact HeLa WT peak(0). Unmarked minor light grey peaks represent the
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g v Flag | | derived single clones. Panel a: IDAA™ of a pool of CHO cells at day two after nucleofection R Gl o
" Abp (=1%) | | +1bp (<1%) with Cas9 and four different gRNA designs targeting Cosmc. Shown from top are IDAA™ of e - [
Ty . . b ECM S ——
7 _ N cell pools transfected with Cas9 alone, with gRNA1, gRNA2, gRNA3, and gRNA4 (bottom). o 9 E0 sz c el conr
5 _ Ampiicon sizelbp The position of the unmodified wild type amplicon peak is indicated (0) and amplicon sizes (in i Wl . M/
- WD - Myc bp) as determined by Peak Scanner software are indicated below peaks. Indel sizes '““H'H!ﬁ“r“‘n'r 70 CI,#-joéhslfo
u d MiSeq cell Pool determined (in bp) are shown above the most prominent peaks together with cutting BB E R ool |
2 - 20000 é) Number of reads efficiencies (calculated from peak area relative to total peak area) in percentage. Total cutting _B B b s b
% - _ 16000 wt (0): 990506 efficiency for gRNA1 and gRNA2 were estimated to 23% and 46%, respectively, while gRNA3 C'°”9#’8 |
o _ = e - ACHD § s 2 ool aas5. (5 v and gRNA4 were inactive. The relative frequency of indels produced by gRNA2 was confirmed c Sanger ) M_hsJéoleéU.LlS
u 2 10000 by MiSeq deep sequencing (panel e) which further revealed that the predominant +1 insertion i 7 Clone#o
2 o was an thymine insertion at a position three bases upstream of the PAM sequence (panel f). b , i J‘L | |
4000 v The GSLIZ500 standard peaks are shown in orange. Panel b: Comparative ICC analysis of 3 4 . T
o } I the corresponding cell pools shown in (a) seven days after nucleofection with a monoclonal N e gEsEEeNyT uTazag . i
R L antibody (5F4) detecting the de novo induction of truncated O-glycans as a result of complete Amplconsizsp 3 s Ta T T
: : . : inactivation of Cosmc? (arrow heads indicate single positive cells in pool). Panel c: _ _ _ _
Figure 6. Schematic depiction of the labelled ZFN targeting vector for GALNT6 Representative IDAA™ analysis of single cell clones showing the 1bp resolution power of Figure 7. Tri-allelic K562 KRAS CRISPR/Cas9 targeting evaluated by
(Dual-GALNT6-ZFN). Panel a: GFP, 2A peptides (2A1l and 2A2), 3xFLAG (3xF), IDAA™™. F. Panel d: Analysis of indels by Sanger sequencing showing distribution in the -5bp IDAA™: Tri-allelic K562 KRAS gene was targeted using a plamsid expressing
nuclear localization signal (NLS), ZFN1 and ZFN2 for GALNT6 (GALNT6ZFNI & 2), to +5bp range of individual single cell clones. Panel e: Number of indels detected by MiSeq Cas9-2A-GFP and KRAS gRNA as previously described* and indels were
anlcli 3;]<Myc (3>(<ngI are indicated. Panel t:j SDS-PA(?CE Westlernf blqt ana!yhs.lshof K56|2 deep NGS, indel sizes ranging from -10bp to +10bp are shown. Note the profile for the -4bp, 0, detected after 3 consecutlve_ _rounds KRAS CRISP_R/CasQ targeting f(_)llowed
CGeAENngvzelflt\le I ay (;L t(Dl)’t' 2 (D2)t anBI 5t (D5) after thJIC e.(t)hectlgnG\l/:vg tt'eF[ISX?S- +1 bp matches the IDAA™ and Sanger profiles shown in panels a and d. Y-axis is logarithmic. by FACS sorting of GFP positive cells, cell expansion and re-transfection (1¢,
M ) Ft) asrpl ai%e :jng vee (')r.d' Otsdwire reaﬁ € dWI' dz_:m L ’ ?n I-b o Panel f; Single cell clone Sanger identification of the predominant +1bp insertion identified by 2nd and 3" hit of cells) like previously described®. Panel a: IDAA™ result of
anti-viyc or anti-actin antibodies as indicated. Arrow heads indicate reactive bands IDAAT™. as a thymine insertion at a position three bases upstream of the PAM sequence. 1s5, 2 and 3™ rounds of transfected cells day 2 post transfection.
with eXpeCted mobilities. For control transfections (C) K562 cells were transfected with Untransfected cell control is shown in upper pane|_ The appearance of an
monomeric Flag-tagged original ZFNs (Sigma-Aldrich) and harvested day 1. Panel c: unspecific minor peak observed in this assay is indicated by an asterix. The
IDAA™ of a HepG2 cell pool at day 2 post nucleofection with Dual-GALNT6-ZFN. The position of the wt peak is indicated by filled arrow heads. Notably the wt peak
low efficiency and prevalence of +/-1bp indels were confirmed by MiSeq deep is significantly diminished after the 3" hit. Dominant peaks are marked by
sequencing (panel d). Indel percentages (shown in parenthesis) were calculated from open arrow heads. Amplicon peaks are shown in blue and the LIZ500
peak areas of the summed indel peaks relative to the total peak area. Panel d: standard in orange. Panel b: EMC/T7-assay results of representative 3" hit
Number of indels detected by MiSeq with indel sizes ranging from -5bp to +5bp single cell sorted clones and 1st and 2" hit cell pools. Phi-X marker is
shown. Note the profile and indel frequencies for the -1bp, O, +1 bp maiches the positioned in the flanking lanes. Arrow indicates the major uncleaved
IDAA™ profiles shown panel c. amplicon detected. Panel c: Sanger results from 96 single sorted clones
after 3" hit. All Sanger detected indels from 96 clones are summarized. Note
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N All IDAA™ primers are available from TAG Copenhagen A/S, Denmark (http://tagc.dk/) in a kit format (IDAATM-Kit).
* A provisional patent application covering parts of the technology has been filed.
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