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Materials and Methods

Electroporation:

Adult Ciona intestinalis were obtained from M-Rep (San Diego, CA) and
maintained in artificial seawater (Instant Ocean) at 18°C under constant illumination.
Dechorionation, in vitro fertilization and electroporation was carried out as described in
(34). For each electroporation, typically eggs and sperm were collected from 20 adults,
50 pg of DNA was resuspended in 100 pl buffer. Embryos were fixed at the appropriate
developmental stage for 15 min in 4% formaldehyde. The tissue was then cleared in a
series of washes of 0.01% Triton-X in PBS. Samples were mounted in 50% glycerol in
PBS with 2% DABCO compound for microscopy. Differential interference-contrast
microscopy was used to obtain transmitted light micrographs with a Zeiss Axio Imager
A2 using the x40 EC Plan Neofluar objective, the same microscope was used to obtain
GFP images. All constructs were electroporated at least twice in two completely separate
experiments (biological replicates).

Counting embryos:

For each experiment once embryos had been mounted on slides, slide labels were
covered with thick tape and randomly numbered by a lab member not involved in this
project and randomized. In each experiment all comparative constructs were present
along with a slide with WT Otx-a as a reference. The x-cite was turned on for 1hr before
analysis to ensure the illumination intensity was constant. 100 embryos were counted for
each slide, 50 by EF and 50 by KO independently to ensure no deviation from the set
scale. Weak, moderate and strong expression definitions are based on exposure time
required for 10% saturated pixels. Strong <500ms, moderate <800ms and weak >800m:s.
Statistical significance of counting data was determined using chi-square test.

Acquisition of images:

For enhancers that were being compared, images were taken on the same day and
from electroporations done on the same day, using identical settings. For images,
embryos were chosen that represented the average from counting data. Images are rotated
and cropped but have no other manipulations.

Library construction:

A DNA oligo of the Otx-a enhancer shown in Fig. 1B was ordered from Elim
biosciences with PCR amplification arms containing BseRI sites
(5’CATCATGACGAGGAGAAACCAGCAC, 3° AAACCATTCTCCTCTTCCATCAT).
This was cloned into the custom designed SEL-Seq (Synthetic Enhancer Library-
Sequencing) vector using type II restriction enzyme BseRI. After cloning the library was
transformed into bacteria (MegaX DBH10 electrocompetent cells), the culture was grown
up till an OD of 1 was reached. DNA was extracted using standard mini-prep plasmid
extraction methods. A 30bp barcode was added to this library by PCR using primers that
match the vector backbone and contain 15bp Ns followed by EcoR1 site. Dpnl digest was
carried out to remove all non-barcoded input plasmid, EcoRI digest was used to create a
linear barcoded enhancer library, and this was then ligated and transformed into bacteria
and grown overnight. The DNA library was extracted from the bacteria using Machete-
Nagel Nucelobond Xtra Midi kit.




Enhancer to barcode assignment:

To determine which enhancer was associated with which barcode tag we removed
the intervening sequence containing promoter and GFP by restriction digest with Xbal
and Spel and re-ligated the remaining vector to get enhancer and barcode in close
proximity. We PCR amplified the region of interest with 8 cycles of PCR, and size
selected the PCR product using AMPure beads. We ran the purified sample on a
bioanalyser to check the product was the correct size and then sequenced the library using
HiSeq 2500 Rapid Run mode.

Electroporation of library into embryos:

The library was electroporated into ~5000 fertilized eggs. Embryos developed until
Shrs 10 min at 22°C. The embryos were then put into trizol and RNA was extracted
following manufactures instructions (Life technologies). The RNA was DNase treated
using Turbo Dnasel from Ambion following standard instructions. Poly-A selection was
used to obtain only mRNA using poly-A biotinylated beads as per instructions (Dyna-
beads Life technologies). The mRNA was then split in two. Half of the mRNA was used
in a RT reaction that specifically selected the synthetic tag mRNA, the other half was put
in a —RT reaction to ensure no DNA contamination was present (Transcriptor High
Fidelity Roche). The RT product was PCR amplified using 8 PCR cycles. The PCR
product from the —RT reaction was analyzed on a bioanalyser no product was seen. The
PCR product from the RT reaction was size selected using Agencourt AMPure Beads
(Beckman Coulter), checked for quality and size on the bioanlayser and sent for
sequencing on the HiSeq2500 Rapid Run mode. Two biological replicates were sent for
sequencing.

SEL-Seq data analysis:

In this study, we established a new analysis framework to systematically analyze
SEL-Seq data and uncover motifs of active enhancers de novo.

We first analyzed the DNA library and constructed a dictionary of unique barcode
tag-enhancer pairs by allowing 2 bp mismatches in the ~69 bp enhancers to buffer the
sequencing mistakes. Since we are sampling a tiny fraction of the huge pool of possible
random enhancers (1.4e+8 out of 3.2e+29), the chance of having any 2 enhancers that are
truly differentiated by 1 or 2 bp is negligible (2.3e-9). Therefore, it is entirely reasonable
to believe that any sequences within 2 bp mismatches are caused by sequencing mistakes.
In case an enhancer has more than one isoforms with < 2 bp mismatches between each
other, it would be crucial for the downstream analysis to distinguish the correct sequences
of the enhancers from those with sequencing mistakes. Therefore, for each enhancer we
defined the isoform with the most reads in the DNA library as the dominant isoform and
used it for the following analysis. If more than one barcode tag was associated with a
single enhancer, the maximum reads of these tags were used in the following RNA-seq
analysis, similar signals from two tags that both matched one enhancer severed as an
internal control. We removed the tags that were attached to multiple enhancers. The
dictionary contains 2,534,802 enhancers that are uniquely mapped to one or more
barcode tags.




We parsed the 2 biological replicates of RNA-seq data and calculated the expression
level as reads per million total reads (RPM) for each barcode tag. By referring to the tag-
enhancer dictionary we assigned the expression level to the uniquely mapped enhancers
(dominant isoforms). Totally 163,708 enhancers were detected by RNA-seq and 21,799
of them were defined as active enhancers by RPM > 4 in either of the 2 replicates.
Enriched sequence motifs (6 — 8 bp) in the active enhancers were identified de novo
using HOMER software (35) by comparing the DNA library as a background. Due to the
complexity of the enhancer library our two biological replicates sampled the library, such
that some enhancers are found only in one library. However, the motifs identified by each
replicate separately are the similar to those identified when both data sets are combined.
Our automated analysis framework can easily be applied to similar studies in the future.

Scoring binding sites in C.i and C.s Otx-a enhancer:

The WT Otx-a enhancers of C. intestinalis and C. savignyi were scanned for 6 — 8
bp extended GATA and Ets motifs using HOMER software (35). The motif instances
were scored as the log odds probabilities: score = Y-, log(&), where p; is the
probability of the nucleotide in position i based on position weight matrices. Each GATA
or Ets motif instance in WT Otx-a enhancer was assigned with the maximum score
among 6 — 8 bp motifs. Then a relative score was calculated by comparing it with the 8
bp optimal motif.

Scoring relative affinities:

Relative affinities were calculated using median signal intensities of the universal
protein binding microarray (PBM) data for mouse ETS-1 (10) and GATA-6 (11) proteins
from UniProbe database (http://thebrain.bwh.harvard.edu/uniprobe/index.php). The
percentage of relative affinities represent the fold changes of median signal intensities of
the native 8-mer motifs comparing to the optimal 8-mer motifs for optimal Ets and
GATA, respectively.
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Fig S1. The Synthetic Enhancer Library — Seq (SEL-Seq) experimental design.

(A) 2.5 million synthetic enhancers were attached to a minimal promoter, GFP coding
sequence, and 30 bp barcode tags. Each enhancer has a unique tag identifier. Step 1. The
library was sequenced to assign enhancer variants to barcodes (see methods for more
information). Step 2. The library of enhancer variants was electroporated into thousands
of fertilized Ciona eggs. Step 3. The electroporated embryos developed until a stage at
which the endogenous enhancer becomes active. Embryos were then collected and RNA
was extracted. Step 4. Isolated mRNAs were reverse transcribed using a primer found
only in the library to create cDNA from the transcribed barcodes. Step 5. cDNAs were
amplified using PCR primers that match synthetic barcode mRNAs. Step6. cDNAs were
subject to deep sequencing. Step 7. Each transcribed barcode tag was assigned to its
respective enhancer. Active enhancers were used for further analysis (e.g., see below).
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Fig. S2. Motifs identified in functional enhancers match the PWMs for Ets and
GATA transcription factors. (A) Position Weight Matrixes of the motifs enriched in
functional enhancers transcribed >4 RPM. These PWMs are similar to those identified
by high throughput in vitro binding assays (see Fig. S3 and S4). (B) Otx-a enhancer
sequence in Ciona intestinalis (C.i) and Ciona savignyi (C.s) grey boxes highlight
conservation between the species, orange boxes highlight sequences matching the GATA
PWM; blue highlights sequences matching the ETS PWM. Both C.i. and C.s. have a mix
of good and poor matches to the identified PWMs. Scores of match to PWM are shown
above binding sites if the score is above 0.5 (C) WT C.i Otx-a enhancer drives expression
in the palps, anterior brain, dorsal nerve cord and dorsal epidermis along with two tail-tip
muscle cells. (D) C.s Otx-a enhancer drives expression in the same locations as C.i Otx-a
(E) Embryo counts after electroporation with C.i. Otx-a or C.s. Otx-a. The expression
pattern and levels for C.i. and C.s. are very similar.
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Fig. S3. ETS1 DNA binding domain sequence and specificity are conserved from

Drosophila to Humans.

ETS-domain showing amino acid residues that contact specific nucleotides, based on the
published crystal structures of ETS-domain DNA complexes (70, 33, 36-39). Amino-acid

residues contacting DNA are numbered from 1 to 15. PWM Pearson correlation

coefficient (PWM PCC) between Ci-ETS1/2 and Human, mouse and Drosophila PWMs
are shown. PWMs are compared using Pearson's correlation coefficient (PCC) by
converting each matrix into a vector of values. PCC are based on the flanking
dinucleotides since the 4 bp core motifs were fixed in our experiments. The PWM

graphic is also shown.
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Fig. S4. Comparison of GATA4/5/6 DNA binding domains and PWM across species.
(A) The Zinc finger C has strong conservation between human, mouse and Drosophila.
Stars show the amino acid residues that directly contact DNA (40); these are strongly
conserved across species. (B) The N Zinc finger is poorly understood and shows less
sequence conservation than the C finger. (C) The PWM for Ci- GATA4/5/6, and the
Pearson correlation coefficient for the PMWs of mouse GATA4, 5 and 6 and the
Drosophila homolog, pnr (pannier). No Human PWM data are available. Mm GATA 5
shows lower correlation with Ci GATA4/5/6 (PCC=0.77), GATA4/5/6 homolog in
Drosophila melanogaster Dm pnr (PCC=0.80), Mm GATA4 (PCC=0.87) and GATA6
(PCC=0.79) based on UniProbe PBM data (711, 41).
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Fig. S5. Relative affinities of native Otx-a binding sites. Sequence of the C.i. Otx-a
enhancer, indicating the relative affinities of each of the five binding sites

For example, the Ets-2 binding site (0.39) is predicted to contain a binding affinity that is
2.5-fold lower than the optimal motif. Relative binding affinities were calculated using
median signal intensities of the universal protein binding microarray (PBM) data for
mouse ETS-1 (10) and GATA-6 (11) proteins from the UniProbe database
(http://thebrain.bwh.harvard.edu/uniprobe/index.php). The percentage of relative
affinities represent the fold changes of median signal intensities of the native 8-mer
motifs comparing to the optimal 8-mer motifs (CCGGAAGT and GAGATAAG for
optimal ETS and GATA, respectively). Note that these numbers are smaller than those
obtained by a traditional comparison of PWMs. The current method involves a direct
determination of relative binding frequencies based on the analysis of the raw DNA
binding datasets.
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Fig. S6. Optimizing the sites in WT enhancer leads to ectopic expression in FGF
signaling regions. (A) The native C.i. Otx-a enhancer drives expression in the palps,
anterior brain, dorsal nerve cord and dorsal epidermis along with two tail-tip muscle
cells. (B) When this enhancer is mutated to create optimal matches to the identified
PWM, we observe ectopic expression in the notochord, endoderm and posterior nerve
chord. (C) Sequences of WT enhancer and changes to create WT opt (enhancer with
optimized flanking) shown in pink.
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Fig. S7. Spacing of binding sites is important for expression.

(A) The WT Otx-a enhancer drives expression in the palps, anterior brain, dorsal nerve
cord and dorsal epidermis along with two tail-tip muscle cells. (B) WT Otx-a + 3,
contains a 3 bp insertion between the GATA-1 and ETS-1 sites. This insertion leads to a
significant increase in endogenous neural expression. Both images are taken at the same
exposure times with the same setting, 500ms (C) Graph showing embryo counts after
electroporation with WT and WT+3 Otx-a enhancer variants. Levels of expression were
determined by exposure time, two biological replicates were counted double-blind, with
50 embryos per replicate. n=200 for each construct. (D) qPCR results showing expression
levels of GFP mRNAs with the WT and WT+3 enhancers. Three biological replicate
electroporations were carried out at Shrs 10. Results were normalized to three house-
keeping genes and GFP levels produced by the WT enhancer. Error bar shows standard
deviation; the WT sample does not have an error bar as each WT replicate was
normalized to 1.
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Fig. S8. Spacing of binding sites is important for the levels of expression generated
by a synthetic Otx-a enhancer variant.

Synthetic variant Otx-a 46 contains 2 GATA sites and 2 ETS sites, with successive
spacing of 10 bp, 15 bp, and 13 bp (10-15-13). This synthetic enhancer produces levels of
expression that are similar to those seen for the native enhancer (panels B and B’). This
variant was created by replacing GATA2 with the GATA3 sequence. The same embryo
was photographed for 250 ms and 500 ms (B and B’), respectively. Deletion of 3 bp
from the interval between ETS-2 and GATA-3 causes a significant reduction in the levels
of expression (A, A”). In contrast, insertion of 3 bp between GATA-1 and ETS-1 causes a
significant increase in the levels of expression (C, C’). This increase was quantified by
qPCR assays (see Fig. S7). (D) Graph showing embryo counts following electroporation
with the different spacing variants. The changes in expression between variants is
significant to p<0.0001. Levels of expression were determined by exposure time, for each
replicate two biological replicated were counted double-blind, with 50 embryos per
count. n=200 for each construct.
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Fig. S9. Spacing of optimal binding sites is important for the levels of gene
expression. Addition of 3 bp between GATA1 and ETS1 increases levels of neural
expression in WT G2 opt enhancer.

(A) Synthetic variant of WT enhancer containing the GATA-3 sequence at the position of
the native GATA-2 site. This GATA site was mutagenized to create optimal dinucleotide
sequences in the flanking regions. (B) Same as (A) except that 3 bp was inserted between
the GATA-1 and ETS-1 sites. This change in spacing leads to a significant increase in
expression. All images are taken at the same exposure times 250ms with the same
settings on the same day. (C) Graph showing embryo counts following electroporation
with the preceding enhancer variants. The augmented levels of expression obtained upon
insertion of 3 bp is significant to p<0.0001. Levels of expression were determined by
exposure time, for each replicate two biological replicated were counted double-blind
with 50 embryos each. n=200 for each construct.

13



250ms

500ms

1000ms

10

% Embryos

10 13

XXX
L

HX*

1 1 1 1 1 1

S L

1 1 )

1 1

46 (10-15-13)

41(10-10-13)  51(10-20-13)

56 (10-25-13)

** 5001
*e p>0,0001
a-lineage b-lineage
. strong . strong
moderate moderate
weak weak

14



Fig. S10. Spacing of binding sites impacts levels of expression. Altering spacing
between the ETS sites from 15 to 10, 20 or 25bp reduces expression in the context of
Otx-a 46.

(A) Expression of enhancer Otx-a 46 (10-15-13 spacing) at 250ms, (A”) 500ms and (A”’).
1000ms (B) Expression of enhancer Otx-a 41 (10-10-13 spacing) at 250ms, 500ms (B’)
and 1000ms (B””). Expression is much weaker than 46. (C) Expression of enhancer Otx-a
51 (10-20-13 spacing) at 250ms, 500ms (C’) and 1000ms (C’’). Expression is much
weaker than 46. (D) Expression of construct Otx-a 56 (10-25-13 spacing) at 250ms, 500
(D’) and 1000ms (D’”). Expression is much weaker than 46. (E) Counting of embryos
electroporated with 46, 41, 51 and 56. A spacing of 15bp between the two ETS give the
highest expression with any changes from this WT spacing significantly reducing
expression p<0.0001. Levels of expression were determined by exposure time, for each
replicate two biological replicated were counted blind. n=200 for each construct
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Fig. S11. Spacing of binding sites impacts levels of expression. Altering spacing
between the ETS sites from 15 to 10, 20 or 25bp reduces expression in the context of
Otx-a 49.

(A) Expression of enhancer Otx-a 49 (13-15-13 spacing) in the same embryo at 250ms,
500ms (A”) and 1000ms (A”’). (B) Expression of enhancer Otx-a 44 (13-10-13 spacing)
in the same embryos at 250ms, 500ms (B”) and 1000ms (B’’). Expression is much
weaker than 49. (C) Expression of construct Otx-a 54 (13-20-13 spacing) in the same
embryos at 250ms, 500ms (C’) and 1000ms (C””). Expression is much weaker than 49.
(D) Expression of construct Otx-a 59 (13-25-13 spacing) in the same embryo at 250ms
,500ms (D”) and 1000ms (D). Expression is much weaker than 49. (E) Counting of
embryos electroporated with 49, 44, 54 and 59, the WT spacing, 15bp between the two
ETS give the highest expression, with any change in spacing between the two ETS
significantly reducing expression, p<0.0001. Levels of expression were determined by
exposure time, for each replicate two biological replicated were counted blind. n=200 for
each construct. Note that better spacing between the ETS and GATA sites, namely, 13bp
rather than 10bps seen in the 49 vs 46 enhancer, can compensate for suboptimal spacing
between the ETS as 44, 54 and 59 all show higher expression than 41, 51, 56 (Compare
FigS11 with Fig S10).
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Fig. S12. Counting for 46, 460pt, 49, and 490pt. (A) Counting of embryos
electroporated with enhancer 46 and 46opt, with optimized GATA and ETS flanking. (B)
Graph showing counting of embryos electroporated with 49 and 49opt, with optimized
GATA and ETS flanking. Optimizing the GATA and ETS gives stronger endogenous
expression and high levels of ectopic expression for both 46 and 49. Levels of expression
were determined by exposure time, for each replicate two biological replicated were
counted blind. n=200 for each construct.
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Fig. 13. Tissue specificity requires multiple tiers of enhancer suboptimization.
Schematic showing match to identified flanking consensus on Y-axis and spacing on X-
axis. Core binding sites are shown as orange and blue boxes. Optimal flanking and
spacing leads to ectopic expression, while poor spacing and flanking results in no
expression. Suboptimal spacing and flanking provide tissue specific expression.
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Fig. S14. Clusters of weak suboptimal enhancers show augmented expression
relative to single copy, and can circumvent weaker expression from suboptimal
enhancers.

(A) Construct with WT flanking and more optimal spacing shows strong expression in
neural plate. (B) Same as A, but spacing between two Ets sites is now 10bp rather than
15. This change in spacing leads to reduced expression. (C) Multimerizing the
suboptimal construct leads to expression equivalent to that seen for the more optimal
enhancer Otx-a 49 (compare C with A). Images all taken at 250ms with no adjustment to
the images, all setting for each image the same, all images taken on same day.
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Table S1. List of enhancer variants with transcribed barcodes in Otx-a high-
throughput enhancer screen. (Separate file)

Sequences are in reverse complement orientation. Expression is shown in Reads Per
Million (RPM).
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Table S2. Description of all individually tested constructs tested to validate the
library sequencing data. (Separate file)

Table shows scores of expression for each tested construct in the endogenous Otx-a
location and ectopic expression, 0 = no expression, 5 = strong expression. For each
construct two biological repeats were carried out, with 100 embryos analyzed in each
repeat.
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Table S3. Summary of findings for enhancer spacing experiments. Scores for

expression were determined based on counting for each construct, 0 = no expression, 25
= highest expression. The scale in this table is not comparable to Table S2 scores. A new
scale was required for Table S3 as expression levels were much higher than those seen in

Table 2.
Endogenous Ectopic
Construct name Spacing Types of sites expression expression
level level
On WT background
WT 10--15--7--13 gl,el,e2, g2, g3 4 0
WT +3 13--15--7--13 gl,el,e2,g2,g3 12 0
Minimal with GATA 2 optimized, GATA 3 removed
WT G2 opt 10--15--13 gl,el,e2, optg 8 0
WT G2 opt + 3 13--15--13 gl,el,e2, optg 16 0
Minimal with GATA 3, GATA 2 removed
32 8--8--8 gl,el,e2, g3 1 0
37 10--9--10 gl, el,e2, g3 3 0
42 10--11--13 gl, el, e2, g3 4 0
43 10--15--10 gl, el, e2, g3 4 0
46 10--15--13 gl,el,e2, g3 8 0
49 13--15--13 gl,el,e2, g3 16 0
41 (46 E-5) 10--10--13 gl,el,e2, g3 2 0
51 (46 E+5) 10--20--13 gl,el,e2,g3 3 0
56 (46 E+10) 10--25--13 gl,el,e2,g3 3 0
44 (49 E-5) 13--10--13 gl,el,e2, g3 5 0
54 (49 E+5) 13--20--13 gl,el, e2, g3 7 0
59 (49 E+10) 13--25--13 gl,el, e2, g3 11 0
46 opt GATA 10--15--13 optg, el, e2,optg 18 2
46 opt Ets 10--15--13 gl, opte, opte, g3 16 4
46 opt Ets and GATA 10-15--13 opt g, opt e, opt e, opt g 19 6
49 opt GATA 13--15--13 optg, el, e2, optg 24 3
49 opt Ets 13--15--13 gl, opte, opte, g3 14 3
49 opt Ets and GATA 13--15--13 opt g, opt e, opt e, opt g 25 12

Key to types of sites:

gl =WT GATAT1 site (GAGATAAC)

el =WT Ets1 site (ACGGAAGT)

e2 =WT Ets2 site (AAGGAAAT)

g2 =WT GATA2 site (TAGATATT)

g3 =WT GATAS site (AAGATAGG)

opt g = optimal GATA from PWM (GAGATAAG)
opt e = optimal Ets from PWM (CCGGAAGT)
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Table S4. Sequence of all spacing constructs tested.

Name Enhancer Sequence

TTGGATCTGAAGCTCGTTATCTCTAACGGAAGTTTTCGAAAAGGAAATTGTTCAA

WT TATCTAAGATAGGA
TTGGATCTGAAGCTCGTTATCTCTACTAACGGAAGTTTTCGAAAAGGAAATTGTT

WT +3 CAATATCTAAGATAGGA
TTGGATCTGAAGCTCGTTATCTCTAACGGAAGTTTTCGAAAAGGAAATTGTTGCT

WT G2 opt TATCTCAGGTAGGA
TTGGATCTGAAGCTCGTTATCTCTAGTAACGGAAGTTTTCGAAAAGGAAATTGTT

WT G2opt+3 | GCTTATCTCAGGTAGGA

32 GTTATCTCACGGAAGTAAGGAAATAAGATAGG

37 GTTATCTCTAACGGAAGTTAAGGAAATTCAAGATAGG

42 GTTATCTCTAACGGAAGTTTAAAGGAAATTGTTCAAGATAGG

43 GTTATCTCTAACGGAAGTTTTCGAAAAGGAAATTCAAGATAGG

46 GTTATCTCTAACGGAAGTTTTCGAAAAGGAAATTGTTCAAGATAGG

49 GTTATCTCTACTAACGGAAGTTTTCGAAAAGGAAATTGTTCAAGATAGG

41 (46 E-5) GTTATCTCTAACGGAAGTTAAAGGAAATTGTTCAAGATAGG

51 (46 E+5) GTTATCTCTAACGGAAGTTTTCGATCTGAAAAGGAAATTGTTCAAGATAGG

56 (46 E+10)

GTTATCTCTAACGGAAGTTTTCGATCTGAAGCGAAAAGGAAATTGTTCAAGATAG
G

44 (49 E-5)

GTTATCTCTACTAACGGAAGTTAAAGGAAATTGTTCAAGATAGG

54 (49 E+5)

GTTATCTCTACTAACGGAAGTTTTCGATCTGAAAAGGAAATTGTTCAAGATAGG

59 (49 E+10)

GTTATCTCTACTAACGGAAGTTTTCGATCTGAAGCGAAAAGGAAATTGTTCAAGA
TAGG

46 opt GATA

CTTATCTCTAACGGAAGTTTTCGAAAAGGAAATTGTTCGAGATAAG

46 opt Ets

GTTATCTCTACCGGAAGTTTTCGAACCGGAAGTTGTTCAAGATAGG

46 opt Ets and
GATA

CTTATCTCTACCGGAAGTTTTCGAACCGGAAGTTGTTCGAGATAAG

49 opt GATA

CTTATCTCTACTAACGGAAGTTTTCGAAAAGGAAATTGTTCGAGATAAG

49 opt Ets

GTTATCTCTACTACCGGAAGTTTTCGAACCGGAAGTTGTTCAAGATAGG

49 opt Ets and
GATA

CTTATCTCTACTACCGGAAGTTTTCGAACCGGAAGTTGTTCGAGATAAG
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