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1. Introduction 5. Insertion of Donor Sequences into IPS Cells

2. Single Stranded DNA Synthesis Workflow

Gene-editing prOtemS_ can b_e used to create single- and dOUbIe'SFrand break_s at specific genomic sites for knocking out a E | Figure 7. Insertion efficiencies of sSDNA donors in iPSCs. iPSCs were co-electroporated with ssDNA donors and
gene or, when combined with an exogenous DNA donor, knock-in of a defined sequence. However, current methods of xonuclease(s) AAVS1-targeting UltraSlice gene editing mRNA. PCR was used to evaluate insertion efficiency, which was calculated using

synthesizing single-stranded donor DNA — which exhibits lower toxicity and is less prone to random genomic integration than the intensity ratios of inserted (upper) to uninserted (lower) bands. 1kb ladders (left lanes) and PCR products (right lanes)
double-stranded DNA (dsDNA) — for gene knock-in suffer from low yields, contamination with residual dsDNA, length are shown for each sample.
limitations, and high cost. Here, we present an enzymatic approach for producing long (>2.8kb) and concentrated (>1ug/uL)
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single-stranded DNA (ssDNA) suitable for generation of knock-in lines of human induced pluripotent stem (hiPS) cells. > |
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Figure 1. Overview of single-stranded DNA synthesis from plasmid DNA. Double-stranded DNA was PCR amplified from plasmid templates using a modified
forward primer that incorporated either one or five consecutive 5’ phosphorothioate (PS) linkages on one strand and a 5’ phosphate group on the other strand. Samole A B C D =
Resulting PCR products were treated with exonucleases to eliminate the phosphorylated strand, generating single-stranded DNA encoding the sequence of interest. P

ssDNA Size (kb) 1.6 1.8 2.0 2.8 2.9
Insertion Efficiency 13.9% 12.9% 11.0% 2.7% 1.6%

4. Assessing ssDNA Quality and Yield

Insertion Efficiencies for Donor

: : _ _ ] Table 2. Donor ssDNA sequences and yield. Five ssDNA samples (A, B, C, D, and E) were selected for analysis. Sequences consisted of the ssDNA of Varying Sizes
Treat ment o f 5 'Cd?)[b‘Ed CEIDNAO rot hi o ,@pb“@atlon to GC-rich substrates following: 90bp of 5" and 3' AAVS1 homology, promoter (SFC or EFla), coding sequence, and polyadenylation site. After purification, all I
with Lambda and T7 Exonucleases Yields ssDNA samples were >1ug/pL with no further concentration required. Yield reflects the mass of sSDNA obtained after a single elution. y , p=0-003 \
Table 1. DNA with regions containing GC-rich universal chromatin opening Sequence Elements Length Reaction Size SSDNA % Yield I5 — 12 (F;%ugﬁb% Idnsertion [e)fll‘li’gie?rc]:y |fs highngl"A(\)rdshorter (<|2k?)dthan for Iongedr
elements (UCOEs). Three DNA samples (1, 2, and 3), each containing a UCOE kb : Yield 5 : onor ss - 1Ne TIVe SS onors evaluated were groupe
. L . . . R > o ) ples ( ) ? (kb) ~ dsDNA Mass (ug) Reaction Volume (ui) (1) NG according to size (1.5 — 2kb, left, n=3; and >2.5kb, right, n=2). Bars
Figure 2. Digestion of dsDNA containing either one or five 506 sequence with 75% GC content, are described below. & AAVS1hOD-SFEC-GEP SOAAAVSLHA0 3 ° L6 92 460 16.7 36.3% o reoresent standard error. and p=0.003
phosphorothioate (PS) linkages with lambda or T7 exonuclease. 2.7kb GFP- A ] ] “Wpre-spA- ' ' 270 %-g 4 epresent standard error, and p=u.Lhs.
encoding dsDNA with either 1-PS (lane 1) or 5-PS (lane 2) were each treated with DNA Donor % GC Contentin UCOE  Length of UCOE Total DNA Length B 5° AAV SEGID@L-SpA-AAVS1h90 [B’'18 100 500 18.1 36.2% E uu:‘J 5 —
either T7 exonuclease (lanes 3 and 4) or lambda exonuclease (lanes 5 and 6). Gel , < 0
electrophoresis was performed using a 2% agarose gel. For a given dsDNA > 1 5% 456 bp 1790 bp C 0 AAYV SERRDRI-CAR-SpA-AAVSIhI9 0 2.0 4ot 4,570 24.8 10.9% 1.5 - 2kb > 2.5kb
~1Kkb, its corresponding ssDNA will run higher (on a 2% agarose gel). 2 75% 761 bp 3420 bp D 5 AAV SEGROR1-CAR-GFP-SpA-AAVS1hY9 28 357 3,570 33.2 18.6% ssDNA Length (kb)
- Lambda exo 3 75% 761 bp 2095 bp E 5° AAV EEl-BDILI5-hGHPA-AAVS1ho(d 239 100 500 13.9 27.8%
exo- -
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l | | l Figure 9. Gene expression in iPS cells

+ T7 exonuclease donor. iPS cells were imaged 6 days post

1 2 3 _ : :
. - - N ¢ ssDNA l | | [ | Figure  o. fSlde-by-S|de Ladder A 5 C D E electroporation with a GFP-encoding ssDNA donor
10KD e u Lambda Lambda Lambda SOQEZ”SO dn O_f_ %recglflzr ds ds SS ds SS ds SS ds SS ds SS and AAVS1-targeting UltraSlice gene editing mRNA.
K—m m — et = —— Residual Ladder {s digest (s digest ds digest 1 2 3 S and puritied ss ’ Insertion efficiency was 2.1%. Brightfield (left) and
1.5kb— dsDNA and  quantification  of : e GFP (right) images are shown.
(o — | " residual dsDNA - -——
- - : i . contamination. 2% agarose 19k 4— — — & -
0.5khm— 10Kb = ‘ . gels were loaded with double- I mi— pa— — —— — —
1 2 3 4 5 5 1§5EkbE= - ' an - stranded ( “ d sDNA (left 7 |
Y lanes) and the corresponding .
e enzymatically-synthesized 0.5k o C O n C I u S I O n S
T7 exonuclease ‘ ‘ 0.5kb—— W single-stranded ( “ s SDNA
(right lanes). Percent dsDNA _ _ _ _ _ _
Figure 3. Treatment with T7 contamination, by mass, was Percentage, by mass, of residual dsDNA in ssDNA sample « Sequential treatment of double-stranded DNA with lambda and T7 exonucleases yields highly
calculated using the method 0.3% 0.2% 0.3% 0.2% 0.3% concentrated single-stranded product with minimal residual double-stranded contamination.

exonuclease following lambda

exonuclease digestion | : _ outlined in Figure 6. * A single 5 phosphorothioate |inkage 1 s suff
removes  residual double- AR « Single-stranded DNA synthesized using this method can be inserted into iPS cells via mRNA
stranded product. Lambda . _ 1 2 3 4 5 6 diti di d k K-i
exonuclease-digested DNA  sio——55== | _ | | . gene e |t_|ng-_me late _noc -IN. | |
samples (Figure 2, lanes 5 and 1§kb— s | - | | | Flgurel 6. l\lﬁethod of ﬁalculgtﬂ% pe[r)tl:\le:tage, lby(lmasi), |0f crjezldual S;DNA In SsD:\'At W W ¢u SSDNA « Gene-edited IPS cells display expression of the donor single-stranded DNA.
6) were subsequently treated T B Figure 4. Lambda exonuclease digestion of dsDNA with GC-rich regions (left), samples. Here, we show a 3. SS sample (lane 1) loaded on a 2% agarose gel a 1 " _ : _adit
with T7 exonuclease. The e and subsequent T7 exonuclease treatment (right). Left: Untreated (lanes 1, 3, a high mass such that residual dsDNA (lower band) is detectable. The same ssDNA 1%“% — fiis = @ Residual dsDNA * Overall, the platform we present may prove useful in the development of gene-editing
resulting products were run ona 1 2 and 5) and lambda exonuclease-treated (lanes 2, 4, and 6) DNA on a 2% agarose sample was co-loaded with a double-stranded DNA standard of known mass (lane 2). ~ 156——=== therapeultics.
2% agarose gel. gel. Right: Lambda exonuclease-digested DNA samples were subsequently treated The intensity ratio of the residual dsDNA and the double-stranded standard enabled Double-stranded
with T7 exonuclease and run on a 2% agarose gel (lanes 7, 8, and 9). calculation of the former, which could then be expressed as a percentage of the total 0.5k = S - - standard This work is protected by one or more pending patent applications.
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