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DNA-binding | Human | Monomeric | Functional : ~Target |aa’s per
) 1 : Total size (aa)
domain TFs size (aa) state length (bp)| base
Monomer or
Forkhead 49 102 dimer 204 12 17
Basic Leucine | 2, 61 Dimer 122 10 12.2
Zipper
Basic helix- 111 54 Dimer 108 8 13.5
loop-helix
: Monomer or
Homeodomain 222 60 dimer 120 12 10
Monor_ner 252 (The average
(Requires
C2H2 zinc finger 760 28 arrays of human ZF-TF has | 3-4bp per 9.3
: 9 ZFs) monomer ’
multiple
domains)
SpCas9 - 1368 Monomer 1368 23 59.4

Fig. S1. Comparison of DNA-binding domain size and relation to DNA. Left, X-ray
crystal structure of spCas9 bound to DNA?. Right, Structure of zinc fingers bound to DNA3.
Arrows indicate approximate distance between the C-terminus of the domain and the

bound DNA.

Table shows the number of human transcription factors that use five common DNA-
binding domains' and their comparative size. As many DNA-binding domains require
dimerization, their monomeric and multimeric sizes are listed. A comparison of the
multimeric size and the domain’s common target length allows a calculation of amino
acids required per base specified.
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Fig. S2. Zinc finger interface and common selection strategies. A. Cartoon of two
adjacent fingers interacting with DNA. The six positions of the helix with base-specifying
potential are shown. Position 4 is not shown as it is typically a hydrophobic residue that
packs into the core of the domain. Position 4 is not randomized in any selection schemes.
The interface and overlap contacts are highlighted with an oval. B. Cartoon of a single
finger selection approach where all the randomization is on one of the two fingers*'".
These were mostly done with an arginine-guanine contact (highlighted) adjacent to the
selected finger*”%" or, in one case, where the library was the N-terminal finger®. On the
randomized helix the letter’s in bold and red (CFWY) were not coded for in the OPEN and
other zinc finger libraries®”1%11,  C. Two versions of libraries that selected interface
interactions are shown. Top. Many of the contacts were fixed with 5 positions incompletely
randomized. The red and bold amino acids were not available in these libraries'>3,
Bottom. Another approach randomized more positions but used a very small subset of
amino acids. Only available amino acids are listed'46.



Domain 1 Overlap Overlap Total helices Total helical "cores" successful

Library # helix base environment recovered recovered selections
1 RSDNLRA A hydrophobic 383952 27731 97%
1b RSDNLRA C hydrophobic 580513 40882 98%
2 QLATLSN A polar 294432 37005 86%
3 DQSNLTR A basic 298638 34484 100%
3b DQSNLTR G basic 735906 63649 92%
4 FQSGLIQ A polar 398709 27434 97%
5 HKRNLTD C acidic 264253 47964 78%
6 DQSALLG C small 128306 36919 41%
7 TKQNLTH C basic 494026 35203 100%
8 QLATLSY C aromatic 293300 31362 97%
9 RNGNLTR G basic 1089522 46578 97%
10 YQPNLIN A polar 620359 88293 39%
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Fig. S3. List of libraries and interfaces tested. Table. All libraries screened in this
manuscript are listed. The helical residues for the zinc finger adjacent to the library
(domain 1 as shown in Figure 1) are shown for each library. The residue presented at the
interface (underlined), the overlap base, and the biophysical category of this side chain
is noted. Helical enrichment numbers and selection success is also listed. Core helices
are defined as the helical residues at positions -1, 2, 3, and 6 that make the primary
contacts with the bases of the target site. Note, library 1a and 1b are the same library
using a different base at the overlap position. The same is true for library 3a and 3b. In
the manuscript these are referred to as libraries 1(A), 1(C), 3(A). and 3(G) to indicated
what overlap base was used in the selections. This is why we have 10 libraries but
completed 12 screens. a. Cartoons are shown to depict what environment is presented
to the selected zinc finger in each library with A overlaps on the left, C overlaps on the
right, and G overlaps at the bottom.
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Fig. S4. Global Hamming distance comparisons for libraries that present different
overlap bases at the interface. a. Hamming distance comparison across all successful
selections for library 1(A)-top, 2-middle, and 4-bottom, with the remaining libraries that
were successful across most target selections (two-sided Wilcoxon rank-sum test).
Libraries 6 and 10 were omitted because of their poor performance. A-overlap libraries
are to the left and C-overlap libraries to the right. Libraries 1(A), 2, and 4 all bind adenine
at the overlap and for the most part they are more similar to other A-overlap libraries than
they are to C-overlap libraries. b. Libraries 1 and 3 are able to bind A or C and A or G,
respectively, at the overlap. A comparison of these libraries using A at the overlap
demonstrated that the same library with a different base at the overlap is approximately
as similar as the comparison to other A overlap selections (two-sided Wilcoxon rank-sum
test). c. A comparison of library 9, that uses an arginine-guanine contact at the interface,
is significantly more similar to the only other library screened that also placed an arginine-
guanine contact at the overlap library 3(G), than compared to any other library screened
(two-sided Wilcoxon rank-sum test).
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Fig. S5. 1-Hamming distance dot plot comparison of libraries by target sequence.
Here we compare the similarity of all successful selections for the screens of the primary
libraries 1 thru 9 for all 64 triplets. As the plot is 1 — Hamming distance, the darker the
dot, the more similar the selections. An empty space indicates that the selection for one
or both of the libraries failed and therefore no comparison can be made. All plots are on
a scale of 0.4 to 1 so that comparisons can be made between plots. GNN (vertical) and
NNG (horizontal) targets are boxed to highlight how similar these selections.
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Fig. S6. Promiscuity of G-rich binding. For the helices enriched in the target selections
shown we calculated the number of alternative binding sites these helices were also
recovered in and computed the entropy of the resulting position weight matrix. Therefore,
the target entropy provides a measure of the general specificity or promiscuity of the
helices recovered in these selections. The distribution of entropies is shown as a boxplot.
Note the top 15 binding sites produce helices with the most target entropy and these are
exclusive composed of GNN and NNG targets. Conversely, there are no GNN or NNG
target in the 13 selections with the lowest target entropy and only 2 of the bottom 24. The
full distribution for each target selection is shown over the corresponding boxplot.
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Fig. S7. Performance of single-helix design modules. a) Training and validation
accuracy during pre-training step. b) Helix sequence reconstruction accuracy with
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and real selection logos using the developed model and ZFPred. d) Predicted logos and
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Fig. S8. Attention values in a layer one and head four of modules one and two
compared to distances between nucleotides and residues in Zif268. Attention values
and distances for the first a) and second b) helix pairs in Zif268. Attention values are
represented by the width of the cyan cylinders in the structural figures, with attention
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B1H logo Predicted logo B1H logo Predicted logo
AAGA(;AC CGCCAGT
4

Flg S9. Predlcted Iogos real B1H logos, and concatenated single-helix B1H logos
for all test set sequences.
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Fig. S10. Designed Zinc Finger Nucleases (A) ZFNs bind DNA as dimers in a tail-to-
tail orientation, spaced by 5 or 6bp. The cartoon shows each monomer with two pairs of
ZFs separated by a base-skipping linker, for a total 8-finger ZFN. (B) A comparison of
loss of fluorescence in a GFP disruption assay for 8-finger ZFNs that were either selected
or designed to cut the same targets. (C) Substitution of 2 of the 8-fingers in designed
arrays with selected fingers increase activity. (D) Sixteen 12-finger ZFNs, 6 per monomer,
are tested for loss of fluorescence. (E) A six-finger array was designed to bind a repeat
sequence on chromosome 14, expressed as a GFP fusion, and visualized by live cell
imaging.
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Fig. S11. Cytometry plots of positive and negative controls for ZFN assay.

a) Negative control — depicts all events (20,000) and gating strategy for subsequent plot.
b) Negative control — depicts gating strategy to define tdTomato* events.

c) Negative control — depicts gating strategy to define EGFP- (negative) events that are

also tdTomato™.

d-f) Positive control- as above.
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DNA targets (5'to 3")

1x TetO (For) =
Forward Tet1 For = GTCTCTaTCACTGaTAGGGAg
Tet2 For= TCTCTAtCACTGAtAGGGAGa

1x TetO (Rev) =

Reverse Tet3 Rev = TCTCCCtATCAGTgATAGAGa
Tet4 Rev = CTCCCTaTCAGTGaTAGAGAc

6 ZF helices (Nterm to Cterm)

Tet1 For = QKVHLQS RKWTLSV RKGTLQD QYSSLYK RKGDLNK DPSSLRR
Tet2 For = RKYNLLR RRYSLSA QKAHLLS DPSNLRR QKRLLQN WKVDLRK
Tet3 Rev = RKFNLLR QSNTLRT LKHHLLN TSSGLCH EKRTLLN WKVDLRK
Tet4 Rev = QKTHLLT RRDYLTK RKFTLLR QSNDLRK LKQTLQD RRDRLRR

>ZIM3 scaffold_Tet3_Rev
MNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKP
DVILRLEQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLAREVPSINKETLT
TQKGVECDGSKKILPLGIDDVSSLQHYVQNNSHDDNGYRKLVGNNPSKFVGQQ
FACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFAQSNTLRTHTKIHTORPOIPPKP
FACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFATSSGLCHHTKIHTOQRPQIPPKP
FACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFAWKVDLRKHTKIHSR*

(ZIM3 repressor scaffold, ZF scaffold, Helix, Base-skipping linker)

>KLF6 scaffold_Tet3_Rev
MDVLPMCSIFQELQIVHETGYFSALPSLEEYWQQTCLELERYLQSEPCYVSAS
EIKFDSQEDLWTKIILAREKKEESELKISSSPPEDTLISPSFCYNLETNSLNSDV
SSESSDSSEELSPTAKFTSDPIGEVLVSSGKLSSSVTSTPPSSPELSREPS
QLWGCVPGELPSPGKVRSGTSGKPGDKGNGDASPDGRRRV
FACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFAQSNTLRTHTKIHTORPOIPPKP
FACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFATSSGLCHHTKIHTORPQIPPKP
FACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFAWKVDLRKHTKIHSR*

(KLF6 activator scaffold, ZF scaffold, Helix, Base-skipping linker)

Fig. S12. Zinc finger arrays that target the TetO sequence for both activation (KLF6)
or repression (Zim3). Top box, the TetO sequence is listed in the forward (for) and
reverse (rev) direction. Two registers of these sequences were used as the target for
zinc finger arrays shown below each and numbered Tet1 — Tet4. Lowercase letters
indicate the base that is skipped between 2-finger modules. Bottom box, the helices
used to specify each of the Tet target sequences are listed as they are expressed in the
protein from N-term to C-term. Below, the template sequences for where these helices

are expressed in the RTFs KLF6 and Zim3 are shown.
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>KLF7 scaffold_Tet3_Rev
MDVLASYSIFQELQLVHDTGYFSALPSLEETWQQTCLELERYLQTEPRRISETFGEDLDCFLHAS
PPPCIEESFRRLDPLLLPVEAAICEKSSAVDILLSRDKLLSETCLSLQPASSSLDSYTAVNQAQLN
AVTSLTPPSSPELSRHLVKTSQTLSAVDGTVTLKLVAKKAALSSVKVGGVATAAAAVTAAGAVK
SGQSDSDQGGLGAEACPENKKRVPFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTORPOIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHI*

(KLF7 activator scaffold, ZF scaffold, Helix, Base-skipping linker)

>FOXR2 scaffold_Tet3_Rev
MDLKLKDCEFWYSLHGQVPGLLDWDMRNELFLPCTTDQCSLAEQILAKYRVGVMKPP
EMPQKRRPSPDGDGPPCEPNLWMWYVDPNILCPLGSQEAPKPSGKEDLTNISPFPQPPQK
DEGSNCSEDKVVESLPSSSSEQSPLQKQGIHSPSDFELTEEEAEEPDDNSLQSPEMKCYQS
QKLWQINNQEKSFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTORPOIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHIQECMSQPELLTSLFDL*

(FOXR2 activator scaffold, ZF scaffold, Helix, Base-skipping linker)

>ZXDC scaffold_Tet3_Rev
MDLPALLPAPTARGGQHGGGPGPLRRAPAPLGASPARRRLLLVRGPEDGGPGAR
PGEASGPSPPPAEDDSDGDSFLVLLEVPHGGAAAEAAGSQEAEPGSRVNLASRP
EQGPSGPAAPPGPGVAPAGAVTISSQDLLVRLDRGVLALSAPPGPATAGAAAP
RRAPQASGPSTPGFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTOQRPQIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHSRRQDLLPQLEAPSSLTPSSELSSPGQSELTNMDLAALFSDTPANAS
GSAGGSDEALNSGILTIDVTSVSSSLGGNLPANNSSLGPMEPLVLVAHSDIPPSLDSPLVL
GTAATVLQQGSFSVDDVQTVSAGALGCLVALPMKNLSDDPLALTSNSNLAAHITTPTSSS
TPRENASVPELLAPIKVEPDSPSRPGAVGQQEGSHGLPQSTLPSPAEQHGAQDTELSAGT
GNFYLESGGSARTDYRAIQLAKEKKQRGAGSNAGASQSTQRKIKEGKMSPPHFHASQNSW
LCGSLVVPSGGRPGPAPAAGVQCGAQGVQVQLVQDDPSGEGVLPSARGPATFLPFLTVDL
PVYVLQEVLPSSGGPAGPEATQFPGSTINLQDLQ*

(ZXDC activator scaffold, ZF scaffold, Helix, Base-skipping linker)
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>ZNF10 scaffold_Tet3_Rev
MDAKSLTAWSRTLVTFKDVFVDFTREEWKLLDTAQQIVYRNVMLENYKNLVSLGYQLTKP
DVILRLEKGEEPWLVEREIHQETHPDSETAFEIKSSVSSRSIFKDKQSCDIKMEGMARNDL
WYLSLEEVWKCRDQLDKYQENPERHLRQVAFTQKKVLTQERVSESGKYGGNCLLPAQLVL
REYFHKRDSHTKSLKHDLVLNGHQDSCASNSNECGQTFCQNIHLIQFARTHTGDKSYKCP
DNDNSLTHGSSLGISKGIHREKPFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTORPOIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHTGEQFLTCNQCGTALVNTSNLIGYQTNHIRENAY*

(ZNF10 repressor scaffold, ZF scaffold, Helix, Base-skipping linker)

>ZNF264 scaffold_Tet3_Rev
MAAAVLTDRAQVSVTFDDVAVTFTKEEWGQLDLAQRTLYQEVMLENCGLLVSLGCPVPKA
ELICHLEHGQEPWTRKEDLSQDTCPGDKGKPKTTEPTTCEPALSEGISLQGQVTQGNSVD
SQLGQAEDQDGLSEMQEGHFRPGIDPQEKSPGKMSPECDGLGTADGVCSRIGQEQVSPG
DRVRSHNSCESGKDPMIQEEENNFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTORPOIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHTGKNPISVTDVGRPFTSGQTSVTLRELLLLGKDFLNVTTEANILPEET
SSSASDQPYQRETPQVSSL*

(ZNF264 repressor scaffold, ZF scaffold, Helix, Base-skipping linker)

>ZNF324 scaffold_Tet3_Rev
MAFEDVAVYFSQEEWGLLDTAQRALYRRVMLDNFALVASLGLSTSRPRVVIQLERGE
EPWVPSGTDTTLSRTTYRRRNPGSWSLTEDRDVSGEWPRAFPDTPPGMTTSVFPAVG
ACHSVKSLQRQRGASPSRERKPTGVSVIYWERLLLGSGSGQASVSLRLTSPLRPPEGVRL
REKTLTEHALLGRQPRTPERQKPCAQEVPGRTFGSAQDLEAAGGRGHHRMGAVWQEPHR
LLGGQEPSTWDELGEALHAGEKSFACDICGRKFARKFNLLRHTRIHTGEKPFACDICGRKFA
QSNTLRTHTKIHTORPQIPPKPFACDICGRKFALKHHLLNHTRIHTGEKPFACDICGRKFA
TSSGLCHHTKIHTORPOIPPKPFACDICGRKFAEKRTLLNHTRIHTGEKPFACDICGRKFA
WKVDLRKHTKIHTGEKTVRRSRASLHPQARSVAGASSEGAPAKETEPTPASGPAAVSQPAEV*
(ZNF324 repressor scaffold, ZF scaffold, Helix, Base-skipping linker)

Fig. S13. Reprogrammed transcription factor sequences with the Tet3 zinc fingers.
a) The sequence for the activating RTFs, color coded with the parent protein purple, the
zinc finger array blue, helices black, and base-skipping linker orange. b) The sequence
for the KRAB containing RTFs for repression, color coded with the parent protein red, the
zinc finger array blue, helices black, and base-skipping linker orange.
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Fig. S14. EGFP repression by ZIM3 RTFs. The zinc fingers of ZIM3 were replaced with
the TetO-binding zinc finger arrays described in Figures 5 and S11. These were
expressed in a HEK293T cell line with EGFP expression driven by a constitutive
promoter. EGFP fluorescence relative to controls are shown.
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DPH1 T2F8 DNA target
5-CTGGTCgTATCCGgGGCAGCgGAGCAGG-3'

>DPH1_T2F8
MNNSQGRVTFEDVTVNFTQGEWQRLNPEQRNLYRDVMLENYSNLVSVGQGETTKPDVILRL
EQGKEPWLEEEEVLGSGRAEKNGDIGGQIWKPKDVKESLAREVPSINKETLTTQKGVECDGSK
KILPLGIDDVSSLQHYVQNNSHDDNGYRKLVGNNPSKFVGQQFACDICGRKFARKWNLLMHT
RIHTGEKPFACDICGRKFARSTNLRDHTKIHTQRPQIPPKPFACDICGRKFAYPYLLRNHTRIHT
GEKPFACDICGRKFAERSKLRRHTKIHTQRPQIPPKPFACDICGRKFARVDTLLDHTRIHTGEKP
FACDICGRKFAHLSNLRKHTKIHTQRPQIPPKPFACDICGRKFADPSALIRHTRIHTGEKPFACDI
CGRKFARLDVLRAHTKIHSR*

(ZIM3 scaffold, ZF scaffold, Helix, Base-skipping linker)

Fig. S15. Repression of endogenous genes with ZIM3 RTFs. a) Three zinc finger

arrays were designed to bind sequences near the TSS of DPH1, RAB1a, and UBE4A as

shown. The position of the active gRNA used by spCas9 is also shown for comparison.
b) expression levels as measured by RT-qPCR are shown for each RTF. ¢) Cartoon and
sequence of the DPH1 T2F8 RTF is shown for reference and clarity. In all RTFs, the ZIM3
(red) and ZF scaffold (blue) are the same with only the black helical residues changing
per construct (see Supplemental Data for all sequences).
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Fig. S17. The influence of target G-content and nonspecific affinity. a) The DNA
targets for the 4 best arrays designed to activate CDKN1C are shown with CDK200
demonstrating the lowest G-count. b) The helices used by the most promiscuous CDK125
are shown with the position -1 and 6 arginines in red. These are designed to bind guanine
and likely prefer guanine. However, arginines at these helical positions are also able to
bind any base at their target positions which likely contributes to the high degree of off-
target regulation with arrays designed to bind these G-rich targets. ¢) RNA-seq results for
CDK125 without phosphate modifications. d) RNA-seq results for CDK125 with 8
phosphate contacts modified. e) Table of misregulated genes demonstrates that, despite
the G-rich target for CDK125, nearly half of the misregulated genes are lost by reducing
the nonspecific affinity.
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Fig. S18. The influence of substitutions of phosphate-contacting residues for the
DPH1 array #15. Glutamine substitutions at the -5 phosphate contacting position as a
negative impact on activity for the full 8-fingered protein as well as with N and C-terminal
truncations.
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Fig. S19. Bacterial one-hybrid 8bp library to characterize the specificity of 2-finger
modules. Top) A reporter vector was design as previously described'® to make survival
of the bacteria dependent on activation of HIS3 and therefore dependent on a compatible
protein-DNA interaction. An 8bp region of random DNA sequences was placed upstream
of a sequenced that fixed fingers in an array are known to bind (GAGCAG, green).
Binding of the fixed fingers would position the test fingers (yellow) so that they can sample
sequences in the library. If the test fingers and library sequence are compatible, HIS3 is
activated and that cell survives the selective conditions. Note that the extended, base
skipping linker is used between the fixed and test fingers so the test fingers will bind
independently. In addition, to bias activity towards a functional test pair — DNA interaction,
the position -5 residues of the fixed fingers have been mutated from Arginine to Glutamine
(red) to decrease the affinity. Bottom) The specificities as characterized by this B1H

assay for the CDKN1C #200 array are shown as directly produced by this assay and as
a concatenation of all 8-fingers binding.
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a. CDKN1C Array #125
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Fig. S20. Zinc finger arrays specificity a) The specificity of the CDKN1C #125 array as
determined by ChlP-Seq, B1H selection at low (5mM) and high (10mM) stringency, and
the ZFDesign predicted specificity. ChlP-seq returned two unique logos likely driven by
different sets of ZFs. The B1H Logos are a concatenation of specificity determined
independently for each of the 4 pairs of ZFs in the array. b) The specificity of the DPH1
#15 array as determined by ChlIP-Seq, B1H selection at low (5mM) and high (10mM)

stringency, and the ZFDesign predicted specificity.
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Fig. S21. Distribution of target sequences in the training and validation datasets.
a) Graph representation of the seven-mer sequences in the training and validation
datasets. Nodes represent seven-mers and edges connect nodes representing
sequences within two substitutions of each other. Orange nodes are validation set
sequences; blue nodes are training set sequences. b) Distances of validation set
sequences to training set sequences. ¢) Distances of test set sequences to training set
sequences. d) Distances of all seven-mer sequences to training set sequences. e)
Distances of all seven-mer sequences to all sequences against which selections were
performed.
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Fig. S22. Quantification of the effect of pre-training on model performance. a)
Comparison of reconstruction accuracies when the model is pre-trained on single-helix
selections and re-trained, re-trained with parameters of the single-helix modules frozen,
and not pre-trained. b) Comparison of the perplexities when the model is pre-trained on
single-helix selections and re-trained, re-trained with parameters of the single-helix
modules frozen, and not pre-trained.
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Fig. S23. Impact of number of generated samples on maximum likelihood design
using A* or temperature dependent sampling. Error bars show the standard deviation
(n=18).
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Samples Number of Number of Overlap
peaks within differentially
500 bp of a expressed
transcript transcripts
CDK1NC #200 8R 1791 110 29
CDK1NC #200 8Q 328 2 2
CDK1NC #125 8R 20171 798 756
CDK1NC #125 8Q 11135 458 430
Dph015 #15 8R 6157 7 3

Fig. S24. Comparison of ChlP-seq peaks with humber of differentially expressed
transcripts. Only a small fraction of the peaks returned by ChlP-seq result in a change
in expression of a transcript suggesting the position, and potentially affinity of the protein-
DNA interaction, play significant roles in regulation.
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This Agreement is made between

THE GOVERNING COUNCIL OF THE UNIVERSITY OF TORONTO
(the “Provider™”)

-and -

< Insert full legal name of individual or corporation >
(the “ Recipient™)

effective as of the last date of signature below (the “Effective Dat€e”).

Background

This Agreement sets out the understanding of the parties with respect to the provision of certain Technology created
by researchers at the Provider to the Recipient, which wishes to use the Technology for non-commercial research
purposes subject to the terms and conditions of this Agreement.

1.0 Definitions

The following words have the following meanings in this Agreement:

1

Provider Scientist: Prof.
Recipient Scientist: Prof.

Technology: means P2280/10004114: Seamless integration of Engineered Zinc Fingers into Endogenous
Transcription Factors to Commandeer their Natural Functions P2254/10004093: A General Method to Design
Zinc Finger Arraysto Specifically Target Any Specific DNA Sequence developed by Provider Scientist.

M odifications: Substances created by the Recipient which contain/incorporate the Technology.

Commercial Purposes: The sdle, lease, license, or other transfer of the Technology or Modificationsto a for-
profit organization. Commercial Purposes shall aso include uses of the Technology or Modifications by any
organization, including Recipient, to perform contract research, to screen compound libraries, to produce or
manufacture products for general sale, or to conduct research activities that result in any sale, lease, license, or
transfer of the Technology or Modifications to a for-profit organization. However, industrially sponsored
academic research shall not be considered a use of the Technology or Modifications for Commercial Purposes
per se unless any of the above conditions of this definition are met.
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6.

Nonprofit Organization(s): A university or other institution of higher education or an organization of the type
described in section 501(c)(3) of the U.S. Internal Revenue Code of 1954 (26 U.S.C. 501(c)) and exempt from
taxation under section 501(a) of the Internal Revenue Code (26 U.S.C. 501(a)) or any nonprofit scientific or
educational organization qualified under a state or provincial, as applicable, nonprofit organization statute. As
used herein, the term also includes government agencies.

2.0 Technology Transfer

1.

The Provider retains ownership of the Technology, including any Technology contained or incorporated in
Modifications.

The Recipient and the Recipient Scientist agree that the Technology: (a) is to be used solely for teaching and
academic research purposes; (b) will not be used in human subjects, in clinical trials, or for diagnostic purposes
involving human subjects without the written consent of the Provider; (c) is to be used only at the Recipient
organization and only in the Recipient Scientist’s laboratory under the direction of the Recipient Scientist or
others working under his’/her direct supervision; and (d) will not be transferred to anyone else within the
Recipient organization without the prior written consent of the Provider.

The Recipient and the Recipient Scientist agree to refer to the Provider any request for the Technology from
anyone other than those persons working under the Recipient Scientist’s direct supervision. To the extent
supplies are available, the Provider or the Recipient Scientist agrees to make the Technology available, under
a separate Agreement, to other scientists (at least those at Nonprofit Organization(s)) who wish to replicate the
Recipient Scientist’s research; provided that such other scientists reimburse the Provider for any costs relating
to the preparation and distribution of the Technology.

Recipient Rights

(8 The Recipient and/or the Recipient Scientist shall have the right, without restriction, to distribute results
created by the Recipient through the use of the Technology only if those substances are not M odifications.

(b) Under aseparate Agreement (or an agreement at least as protective of the Provider’ srights), the Recipient
may distribute Modifications to Nonprofit Organization(s) for research and teaching purposes only.

(c) Without written consent from the Provider, the Recipient and/or the Recipient Scientist may NOT provide
Madificationsfor Commercial Purposes. It isrecognized by the Recipient that such Commercial Purposes
may require a commercial license from the Provider and the Provider has no obligation to grant a
commercial licenseto itsownership interest in the Technology incorporated in the M odifications. Subject
to Section 4 (@), nothing in this paragraph, however, shall prevent the Recipient from granting commercial
licenses under the Recipient’s intellectual property rights in results generated by the Recipient, or
methods of their manufacture or their use.

5. The Recipient acknowledges that the Technology is or may be the subject of a patent application. Except as

provided in this Agreement, no express or implied licenses or other rights are provided to the Recipient under
any patents, patent applications, trade secrets or other proprietary rights of the Provider, including any altered
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10.

11.

12.

forms of the Technology made by the Provider. In particular, no express or implied licenses or other rights are
provided to use the Technology, Modifications, or any related patents of the Provider for Commercial Purposes.

If the Recipient desires to use or license the Technology or Modifications for Commercial Purposes, the
Recipient agrees, in advance of such use, to negotiate in good faith with the Provider to establish the terms of
acommercia license. It is understood by the Recipient that the Provider shall have no obligation to grant such
a license to the Recipient, and may grant exclusive or non-exclusive commercial licenses to others, or sell or
assign all or part of the rights in the Technology to any third party(ies), subject to any pre-existing rights held
by others and obligations to the Federal Government.

The Recipient is free to file patent application(s) claiming inventions made by the Recipient through the use of
the Technology but agrees to notify the Provider upon filing a patent application claiming Modifications or
method(s) of manufacture or use(s) of the Technology.

Any Technology delivered pursuant to this Agreement is understood to be experimental in nature and may have
hazardous properties. The Provider makes no representations and extends no warranties of any kind, either
expressed or implied. There are no express or implied warranties of merchantability or fitness for particular
purpose, or that the use of Technology will not infringe any patent, copyright, trademark, or other proprietary
rights.

Except to the extent prohibited by law, the Recipient assumes all liability for damages which may arise from
its use, storage or disposal of the Technology. The Provider will not be liable to the Recipient for any loss,
claim or demand made by the Recipient, or made against the Recipient by any other party, due to or arising
from the use of the Technology by the Recipient, except to the extent permitted by law when caused by the
gross negligence or willful misconduct of the Provider.

This agreement shall not be interpreted to prevent or delay publication of research findings resulting from the
use of the Technology or the Modifications. The Recipient will provide a copy of any proposed publication of
Project research results (a “Publication”) to the Provider for its review at least sixty (60) days before
submission for publication or disclosure. Upon the Provider’s written request received within sixty (60) days
of the Provider’s receipt of the Publication, the Recipient will, at the Provider's option delete identifiable
references to any confidential information provided by the Provider from the proposed Publication. The
Recipient Scientist agrees to provide appropriate acknowledgment of the source of the Technology in all
publications.

The Recipient agrees to use the Technology in compliance with all applicable statutes and regulations.

This Agreement will terminate on the earliest of the following dates. () when the Technology becomes
generally available from third parties, or (b) on completion of the Recipient’s current research with the
Technology, or (c) on thirty (30) days written notice by either party to the other, or (d) on the date specified in
an implementing letter, provided that:

i. if termination should occur under Section 12(a), the Recipient shall be bound to the Provider by the least
restrictive terms applicable to the Technology obtained from the then-available sources; and
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ii. if termination should occur under 12(b) or (d) above, the Recipient will discontinue its use of the
Technology and will, upon direction of the Provider, return or destroy any remaining Technology. The
Recipient, at its discretion, will also either destroy the Modifications or remain bound by the terms of this
agreement as they apply to Modifications; and

iii.  inthe event the Provider terminates this Agreement under 12(c) other than for breach of this Agreement
or for cause such as an imminent health risk or patent infringement, the Provider will defer the effective
date of termination for a period of up to one year, upon request from the Recipient, to permit completion
of research in progress. Upon the effective date of termination, or if requested, the deferred effective date
of termination, Recipient will discontinue its use of the Technology and will, upon direction of the
Provider, return or destroy any remaining Technology. The Recipient, at its discretion, will also either
destroy the Modifications or remain bound by the terms of this agreement as they apply to Modifications.

13. The Technology is provided at no cost, or with an optional transmittal fee solely to reimburse the Provider for
its preparation and distribution costs. If afee is requested by the Provider, the amount will be indicated in an
implementing letter.

3.0 Miscellaneous

1. Notices. Communication between the parties shall be given in writing and may be given by personal delivery,
express delivery service, certified or registered mail, postage prepaid, or facsimile transmission, addressed to:

(@ if tothe Provider

Name:

Department:

Address:

City, Province/State:
Postal/Zip Code, Country:
Tel:

Email:

(b) if tothe Recipient

Name:

Department:

Address:

City, Province/State:
Postal/Zip Code, Country:
Tel:

Email:
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For Legal and Administrative Matters:
Tina Coccia

Director, Partnerships

Innovations & Partnership Office

Banting Institute 100 College Street,
Suite 413

Toronto, Ontario

M5G 1L5, Canada

416-978- 5557

innovations. partnerships@utoronto.ca

For Legal and Administrative Matters:

< |nsert >
< Insert >
< Insert >
< |nsert >
< |nsert >
< Insert >
< |nsert >

Page 4

For Technical and Scientific Matters:
Philip Kim

Professor
The Donnelly Centre for Cellular and
Biomolecular Research

Department of Molecular Genetics
Department of Computer Science
160 College Street, Rm 616

Toronto, Ontario
M5S 3E1, Canada
416-946-3419
pm.kim@utoronto.ca

For Technical and Scientific Matters:
< Insert >
< Insert >
< Insert >
< Insert >
< Insert >
< Insert >
< Insert >

V: 150305



2. Survival. Sections?2: 6, 9, 10, Section 3: 2, 3, 4, 5 and 6 shall survive termination.

3. No Assignment. The Recipient shall not assign any or all of its rights and obligations under this Agreement
without the University’ s prior written consent, which may not be unreasonably withheld.

4. Successors. This Agreement will bind and enure to the benefit of the parties and their respective heirs,
successors and permitted assigns.

5. Entire Agreement. This Agreement is the entire agreement of the parties and no change or modification will
bevalid unlessit isin writing and signed by all parties.

6. Governing Law. This Agreement shall be governed by and construed in accordance with the laws of the
Province of Ontario, without reference to its conflicts of laws provisions.

7. Headings. Paragraph headingsin this Agreement are for purposes of convenience only and will not be used in
the interpretation of this Agreement.
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IN WITNESS WHEREOF by signature of their respective authorized officers, the parties agree to be bound by
the terms of this Agreement.

THE GOVERNING COUNCIL OF < Insert full legal name of individual or corporation >
THE UNIVERSITY OF TORONTO

NAME: TinaCoccia NAME:
TITLE: Director, Partnerships TITLE:
DATE: DATE:

Recipient Resear cher:

Having read this Agreement, | hereby agree to act in accordance with all the terms and conditions herein and
applicable University of Toronto policies, and, if applicable, further agree to inform all participants of their
obligations under such terms and conditions.

NAME:
DATE:
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