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Supplementary information for 

Inferring gene regulatory logic from high-throughput measurements 

of thousands of systematically designed promoters 

 

Supplemental note 1. Overview of main biological findings.  

Our measurements represent the first large-scale systematic testing of the effects of 

several different factors on expression. For several types of sequence manipulations, 

our data reinforce previous results or support hypotheses that have arisen from 

smaller scale studies. These include (1) the general stimulatory effect on expression 

that we found when adding nucleosome disfavoring poly(dA:dT) tracts; (2) the 

increase and decrease in expression that results in nearly all cases in which activator 

and repressor sites are added, respectively; (3) the decrease in the contribution of 

adding an activator TF site as the number of previously existing sites in the promoter 

increases; and (4) a clear relationship that we found between expression and the 

number of TF binding sites, which can be described with high accuracy by a logistic 

function in which expression mostly saturates at 3-4 sites. 

We note, however, that in all of the above cases, our data considerably 

generalizes previous results (typically based on handful of promoters) to many more 

promoters, sequence backgrounds, and transcription factors. More importantly, the 

thousands of promoters in which we performed the above manipulations provide a 

highly valuable resource that should allow us to go beyond these qualitatively 

expected behaviors and to the next unresolved challenge of explaining the 

quantitative magnitude of the effects that are accurately measured by our method. 

In other cases, where our results also provide a clear measure of the effect of 

the tested sequence manipulation, the effect on expression is more surprising and its 

mechanistic basis is unclear, raising interesting open questions for further research. 

These include (1) the finding that small changes of even a few basepairs in the 

location of TF binding sites typically have large effects on expression; (2) the finding 

of a decay of the effect of transcription factor sites as their distance to the gene start 

increases, whereby repressor sites that are moved further away from the gene start 

result in higher expression and activator sites that are moved further away results in 

lower expression; (3) the novel finding of a ~10bp periodic relationship between 

expression and the distance of Gcn4 sites from the gene start; and (4) the 

dramatically higher expression that we found for Gal4 and Gcn4 regulated 

promoters, even those that contain a single site for these factors, compared to the 

expression of all ~700 promoters that contained sites for 11 other TFs. Notably, 
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these ~700 promoters included additions of nucleosome disfavoring sequences and 

of up to seven sites for each of these TFs in two different contexts, suggesting that at 

least in our tested condition and context, no other manipulations to sites for these 

TFs can achieve the levels of expression of promoters with Gal4 and Gcn4 sites. 

In all of these latter cases, the mechanistic basis is unclear. However, we 

believe that since each of these patterns are based on at least hundreds promoters, 

the phenomenon that we describe is real and thus in these cases our results point to 

concrete and interesting open questions for further research as well as to testable 

hypotheses. Regarding (1) above, while the effect of TF sites generally decayed with 

their distance from the core promoter, this decay only explains a small fraction of the 

effect of site location, leaving open the mechanistic basis for the observed effect. 

Since we did not anticipate such large effects of small changes in site location, we 

changed site locations in 3-4bp or 7bp increments, and thus, performing similar 

analyses at 1bp increments is likely to be a fruitful direction for improving our 

understanding of the effect of site location. 

Regarding (2) above, although perhaps somewhat expected, we are not 

aware of other large-scale systematic testings in which transcription factor binding 

sites were moved in small increments over a ~100bp region and an overall trend was 

seen in the expression output. This trend is particularly noticeable in our data in the 

case of moving repressors sites, and here too, the mechanism by which expression 

increases, i.e., the mechanism by which the quanching effect of repressors appears 

to be decreasing with their distance is unclear. 

Regarding (3) above, the ~10bp periodicity that we found between expression 

and Gcn4 site location was not observed for Gal4 and Leu3, whose sites we also 

varied at similar 3-4bp increments within the same promoter context, and the pattern 

is thus unlikely to be due to obscure Idiosyncrasies within the background promoter. 

Our current intriguing and testable hypothesis is that Gcn4 requires a specific 

alignment with the transcriptional machinery, which it would reassume at every 

complete helical turn of the DNA. 

Regarding (4) above, although we purposely chose the growth condition 

(galactose medium starved for amino acids) such that Gal4 and Gcn4 would be 

activated, the magnitude of the expression differences between their promoters and 

all others are still surprising and the reason for them is unclear. Here too, there are 

several testable hypotheses including higher amounts of active Gal4 and Gcn4 

molecules, stronger activation domains for these TFs, or that the tested promoter 

contexts are less suitable for the other tested TFs that we tested. It will be of great 

interest to decipher all of the above mechanisms in future work. 
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Supplemental note 2. Limitations of our method. 

Despite the insights afforded by our method, our approach has several limitations. 

Most notably, due to the DNA synthesis technology that we employed, the length of 

the promoter region that we varied was limited to 103bp. Since the core promoter 

region was not included in this variable region, a second limitation is the use of the 

same fixed core promoter across our entire library. If the TFs that we used have 

differential interactions with core promoters, this may affect the relative expression 

ranking of our library promoters. Third, since we used most of the real estate of the 

library to change the sequence along axes such as site location and site number, we 

could not comprehensively examine other axes such as surrounding sequence, and 

we thus tested most of our library in only two different promoter backgrounds. It will 

be interesting to see the robustness of the results when performing the same 

variation in regulatory elements across many different contexts. Finally, although we 

would like to interpret the results in terms of binding of transcription factors, by using 

expression and not binding as the readout we are really only testing the effect of the 

DNA elements that we manipulate (e.g., transcription factor binding sites). 

 

Supplemental figure legends 

Supplemental Figure 1. Our method obtains highly reproducible measurements 

of expression noise. We isolated 92 individual strains from our pool of transformed 

yeast cells and sequenced each of them to reveal their identity. Shown is a 

comparison of cell-to-cell expression variability (noise) measurements (log-scale, 

standard deviation divided by mean expression) obtained for these strains when 

each strain was measured in isolation using a flow cytometer (x-axis) or within a 

single experiment using our method (y-axis). 

 

Supplemental Figure 2. Barcodes have little effect on our expression 

measurements. Same as Figure 1C, but for 14 additional pairs of promoters that 

differ only in their barcode sequence, shown is the distribution of sequencing reads 

across the expression bins. 

 

Supplemental Figure 3.  Promoter expression is highly similar whether on 

plasmids or genomically integrated. Shown is a comparison of the expression that 

our method obtains for 29 strains (y-axis) against individual expression 

measurements of strains in which the same promoters were genomically integrated 

into a fixed location in the yeast genome. Notably, for technical reasons, the 
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genomically integrated strains contain small 10-30bp insertions upstream to the 

integrated promoter, yet still give highly similar expression values as measured with 

our pooled method. 

 

Supplemental Figure 4. Identifying functional elements within promoters using 

systematic scanning mutations. (A) For a 103bp taken from the well-studied 

Gal1/10 promoter from yeast, each bar shows the effect of randomly mutating the 

three underlying basepairs. The value of each bar is the ratio between the activity of 

the mutated promoter and that of the original unmodified promoter. Bars are colored 

by their overlap with putative regulatory elements (green, putative TF binding sites; 

blue, no known regulatory elements; dark red, poly(dA:dT) tract), with the location 

and identity of the putative elements marked along the promoter. (B) Same as (A), 

for a 103bp region taken from the native TSA1 yeast promoter. (C) Same as (A), for 

a 103bp region taken from the native RPL3-10 yeast promoter. 

 

Supplemental Figure 5. Assessing the significance of the effect of site 

orientation on expression. (A) Effect of TF site orientation on expression. Shown is 

a ranking of all 75 tested TFs according to the ratio between the expression of the 

orientation of their site with higher expression and the orientation with lower 

expression. Promoters with a strong dependence on the orientation of their site 

should have a large such ratio. (B) For the 75 TFs from Figure 3B whose consensus 

sites were inserted in their two possible orientations within the same fixed promoter 

background, shown (red line) is the fraction of TFs (y-axis) for which the ratio 

between the expression of their strong and weak orientation is at least some ratio k, 

for all possible values of k (x-axis). To assess the number of TFs for which the 

difference in their ratio is statistically significant, shown (green line) is the same plot 

for a set of 20 promoters that differ only in their barcode sequence and are thus 

expected to have similar expression levels. As another estimate (blue line), we 

computed the mean and standard deviation from these same 20 promoters. We then 

sampled values from a normal distribution defined by these values and generated the 

same plot using these samples. We used the two above distributions (green and 

blue) to compute a P-value for each value of k.  Also shown is the number and 

identity of the TFs that pass a significance test corrected for multiple hypothesis 

using FDR at a confidence level of 0.05, (green and blue). 
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Supplemental Figure 6. The effect of binding site affinity and promoter 

background on expression. (A) Shown is the expression of a set of promoters in 

which we inserted the consensus site for Gcn4 within a fixed promoter background 

(see promoter illustration) without mutations (consensus, top row); with all possible 

single basepair mutations from the consensus (single mutations, rows 2-22), with two 

random mutations at each possible combination of two binding site positions (double 

mutations, rows 23-64); and with ten random mutations in three binding site positions 

(triple mutations, rows 65-74). The reported logo1 for Gcn4 is given at the top. Within 

each row, positions within the binding site in which mutations were performed are 

colored according to the basepair to which the position was mutated. The consensus 

site (top row), the reverse complement of the consensus site (row 13), and the site 

that exists within the native His3 promoter in the yeast genome (row 22) are 

indicated. (B) The in vitro affinity of a Gcn4 site is correlated with the in vivo 

expression level of a promoter that contains the site. For 36 Gcn4 sites from (A) for 

which in vitro affinities were reported2, shown (red points) is the expression level that 

our method measured for each site (x-axis) against the expression predicted from the 

in vitro affinity measured for the site using a simple model (y-axis, see Methods). The 

resulting R2 of the correspondence is indicated. Also shown (green pentagrams) is a 

comparison of our expression measurements and previous in vivo expression 

measurements for Gcn4 site variants done in a different promoter context3, for four 

common variants of Gcn4 sites. Note the lower variation in expression that we 

measured for lower affinity sites.  

Supplemental Figure 7. Measuring the effect of binding site affinity on 

expression. (A) Same as Supplemental Figure 6, but for Fhl1 sites. Shown is the 

expression of a set of promoters in which we inserted the consensus site for Fhl1 

within a fixed promoter context (see promoter illustration) without mutations 

(consensus, top row); with all possible single basepair mutations from the consensus 

(single mutations, rows 2-25 rows), with two random mutations at each possible 

combination of two binding site positions (double mutations, rows 26-81); and with 

ten random mutations in three binding site positions (triple mutations, rows 82-91). 

The reported logo4 for Fhl1 is given at the top. Within each row, positions within the 

binding site in which mutations were performed are colored according to the basepair 

to which the position was mutated. (B) Same as (A), but for Leu3p sites. (C) In vitro 

affinities of Fhl1 sites are correlated with the in vivo expression level of a promoter 

that contains the site. For 101 Fhl1 sites from (A), shown (red points) is the 

expression level that our method measured for each site (y-axis) against the score of 
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the site using their published4 position specific scoring matrices (PSSMs, x-axis). The 

resulting correlation of the correspondence is indicated. (D) Same as (C), but for 117 

Leu3p sites from (B). 

Supplemental Figure 8. Small changes in binding site location have large 

effects on expression. (A) Same as Figure 3E, shown are the expression levels of 

promoters in which we inserted the consensus site for Gcn4 at different locations (in 

3-4bp increments) within two fixed promoter backgrounds (red and blue lines, 

backgrounds differ by the presence of a poly(dA:dT) tract). Points correspond to the 

location in the promoter of the rightmost basepair of the Gcn4 site. For comparison, 

shown are the expression levels of the original promoter with no Gcn4 sites (black 

line) and of promoters (gray) in which random mutations of 3bp each time were 

performed across the non-poly(dA:dT) regions of the promoter, indicating that the 

effect of changing the location of Gcn4 sites is not due to removal of the original 

promoter sequence. (B) Same as (A), but for Gal4 sites. (C) Same as (A), but for 

Leu3p sites. (D) Same as (C), i.e., Leu3p sites in two promoter backgrounds that 

differ in the location of a poly(dA:dT) tract but where the original background is 

different than that used in (C). 

 

Supplemental Figure 9.  Small changes in the location of TF binding sites have 

major effects on expression. (A) For 13 TFs for which we changed the location of 

their sites at 7bp increments, shown are comparisons of pairs of promoters in which 

the location of a TF binding site was modified by k basepairs for k=7,14,...,84. For 

every value of k, each gray dot corresponds to the (log) ratio between a promoter 

that contains the TF site at some location (distal site, numerator) and that of the 

same promoter in which the TF site is located k basepairs closer to the core 

promoter (proximal site, denominator). In addition, for every value of k also shown for 

the individual points is their median (red line), standard error (orange bar), and 

standard deviation (blue bar). The number of promoter pairs being compared at each 

value of k is indicated and the identity of the TFs is given within a table. (B) Same as 

(A), in a different promoter background. (C) Same as (A), for sites of Gcn4, Gal4, and 

Leu3p whose locations we changed in 1-4bp increments.  

 

Supplemental Figure 10. The large effects of small changes in the location of 

TF sites on expression are not due to noise in our measurements. (A) For all 

1114 promoters that were part of the set of promoters for 17 different TFs whose site 

location was changed within different promoter backgrounds, shown is the 
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expression that we measured for them in two independent replicates in which we 

employed different cell sorting strategies. The plot is a subset of the points shown in 

Figure 1B. This high correspondence between the expression levels of the above 

promoters between two independent biological replicates (R2=0.99) demonstrates 

that the large effects on expression of small basepair changes in TF site locations 

are not due to noise in our experiment. (B) For one specific promoter set in which 

site locations for Gcn4 were changed in 3-4bp increments, shown are the expression 

levels that we measured in the two replicates (green and red lines). (C) Same as (B), 

but for a specific promoter set in which Gal4 site locations were changed in 3-4bp 

increments. 

 

Supplemental Figure 11. The large effects of small changes in the location of 

TF sites on expression are not due to the different barcode sequences that are 

unique to each promoter. (A) Shown is the correlation between the expression 

levels of different promoter sets, where in each promoter set Gal4 site locations were 

changed in 3-4bp increments. Each promoter set corresponds to a different 

sequence background in which the Gal4 sites were inserted, where the top 7 

promoter sets used backgrounds that differ only in the location of a poly(dA:dT) tract, 

and similarly, the bottom 7 promoter sets used backgrounds that were different from 

that of the top 7 promoters but within themselves, differed only in the location of a 

poly(dA:dT) tract. Since each promoter in our library has a unique barcode, the high 

correlation found between the expression levels of the top 7 promoter sets and 

between the expression levels of the bottom 7 promoter sets indicates that the 

jagged expression functions that we measure as a function of TF site location are not 

due to the different barcode sequences that are unique to each promoter. Note the 

lower yet still positive correlations between promoter sets of different backgrounds 

(correlations between promoter sets from the top 7 rows and promoter sets from the 

bottom 7 rows). (B) Same as (A), but for Gcn4 sites. The high correlation between 

promoter sets with the same background but different locations of poly(dA:dT) tracts 

can also be observed here. (C) Same as (A), but for Leu3p sites. Here the 

correlations are significantly lower than in (A) and (B).  

 

Supplemental Figure 12. The large effects of small changes in the location of 

TF sites on expression are not due to removal of the sequences of the original 

promoter that are replaced when TF sites are inserted. Shown is the correlation 

between the expression levels of different promoter sets, where in each promoter set 

locations of a certain TF site was changed. Correlations are shown between 
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promoter sets that differ in both the TF site and promoter background in which the 

sites were inserted (left column); between promoter sets that differ in the TF site but 

not in the promoter background (middle column); and between promoter sets that 

used the same TF site but different promoter backgrounds (right column). In each 

column, shown are the individual correlations between promoter sets (gray points), 

as well as the median (red line), standard error (orange bar), and standard deviation 

(blue bar) of the correlations. Note that the correlation between the promoter sets 

(jagged functions of expression as a function of site location) of different TFs in the 

same promoter background is low, highly variable, and sometimes even anti-

correlated (middle column), indicating that the jagged functions are not just the result 

of removal of the original sequences in the promoter that are replaced when the TF 

sites are inserted. 

 

Supplemental Figure 13.  The effect of a repressor site does not show a clear 

trend when its location is fixed and that of an activator site is changed. (A) For 

the Matα2p-Mcm1p repressor complex, shown are four sets of promoters in which 

the location of its site within the promoter was fixed, and the location of a Gal4 site 

was changed, where the four sets differ by the promoter background and presence of 

a poly(dA:dT) tract. Expression is shown as a ratio between the promoter that 

contains the repressor site and the same promoter but without the repressor site. (B) 

Same as (A), but when Gcn4 site locations were changed. 

 

Supplemental Figure 14.  Expression and the location of a Gcn4 site are related 

by a ~10bp periodic function. For 4 promoter sets in which we modified locations of 

Gcn4 sites in 3-4bp increments within promoter backgrounds that differed in the 

location of a poly(dA:dT) tract, shown is the average of the auto-correlation function 

of each promoter set when shifting the vector of expression as a function of site 

location of each promoter set. Note the peaks of the auto-correlation function at 9bp, 

21bp, and ~31bp and its valleys at 5bp, 16bp, and 25-26bp. P-values of the auto-

correlation are given at significant peaks and valleys. 

 

Supplemental Figure 15.  A thermodynamic model for predicting expression 

from DNA sequence. (A) Shown is the ability of four different models to predict the 

expression of a selected coherent subet of our promoters (all 192 promoters with 0-2 

Gcn4 binding sites that were inserted into two different promoter backgrounds) using 

only their DNA sequence. We devised four different models, described below, for 

predicting expression from DNA sequence that differ in the components that they 
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each integrate. Predictions were generated using a cross validation scheme, 

whereby the promoters were randomly partitioned into five non-overlapping sets, and 

the expression of promoters within each group were predicted using a model whose 

parameters were learned from the expression of the promoters of the other four sets. 

Each model is a variant of the model described in Raveh-Sadka et al.5 in which the 

binding of each TF is limited according to specific positions within the promoters 

where we designed its sites. The four different models that we employed are: (1) 

‘Nucleosomes’, in which TF concentrations are set to zero. This model only models 

the accessibility of the TATA box to Pol II binding; (2) ‘Gcn4’, in which the 

nucleosome concentration is set to zero. This model only models the effect of TF 

binding as in Shea & Ackers6; (3) ‘Gcn4 and nucleosomes’, in which both 

nucleosomes and TF binding are modeled as in Raveh-Sadka et al.5; and (4)  ‘Gcn4 

and nucleosomes with helical repeat’, in which we model both nucleosome and TF 

binding as in Raveh-Sadka et al.5 but where the interaction weight between Gcn4 

and Pol II depends on the helical phasing of their distance. Formally, we define the 

interaction weight of site i with Pol II as: 𝑤       = 𝑤′       ∙ (1 + 𝜑𝑠𝑖𝑛(|
        

 
| +

𝑠))     where 𝑤′         represent the interaction strength,  𝑖𝑠  𝑛   is the distance 

between site I and Pol II (in this work – the TATA box), R is the helical repeat length, 

S is a helical shift, and 𝜑 represents the relative contribution of the helical phasing to 

the interaction energy. (B) Dot-plot of the model predictions on held out test 

promoters (y-axis) against the expression measured for each promoter (x-axis), for 

the ‘Gcn4’ model. (C) Same as (B), but for the ‘Gcn4 and nucleosomes’ model. (D) 

Same as (B), but for the ‘Gcn4 and nucleosomes with helical repeat’ model. 

 

Supplemental Figure 16.  The stimulatory effect of poly(dA:dT) tracts increases 

with their length. For promoter backgrounds that differ in the presence of sites for 

Gal4 and Gcn4 with different strengths and a poly(dA:dT) tract close to the core 

promoter, shown are expression levels of promoters in which poly(dA:dT) tracts of 

varying lengths were inserted at the same location. Note that, on average, longer 

poly(dA:dT) tracts result in higher expression levels across all promoter sets. 

 

Supplemental Figure 17.  Assessing the relative contribution of number of 

sites. We fit different logistic functions to the expression levels of the promoters from 

Figure 5B. in which we inserted the consensus site for Gal4 in all 25=32 possible 

combinations of sites at five predefined locations within the promoter. The leftmost 

column corresponds to a logistic function in which sites at all locations have the 
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same weight (parameter). In the next column, each site has a different weight. Each 

subsequent column corresponds to the same logistic function as in the previous 

column with the addition of another weight for the presence of a specific pair of sites 

indicated in the x-axis. Site pair weights are ordered by the weight that when added 

to the previous logistic function, provides the largest improvement in the fit to the 

data. Note that in both promoter backgrounds, weights for neighboring site locations 

are added first. For each logistic function, shown is the fraction of the variance 

explained by it (y-axis). For comparison, shown are the same fits to a dataset in 

which we permuted the expression levels of promoters that have the same number of 

Gal4 sites. The worse fits observed indicate a coherent contribution for sites at 

different locations. (B) Same as (A) but when fitting logistic functions to promoters of 

Gcn4, in which all 27=128 possible combinations of sites were inserted at seven 

predefined locations within the promoter. For both (A) and (B), the improvement in 

the fit when sites at all locations have the same weight (leftmost column, R2=0.66-

0.89) to that in which there is a different weight for each site location (second column 

from left, R2=0.78-0.91) suggests that sites have different contributions to expression 

at different promoter locations. Since it has more parameters, the improved fit of this 

latter model to the data is expected, but the amount by which it better fits provides an 

upper bound for the location-dependent contribution of sites to expression, at least 

for this logistic function formulation. Similarly, models with weights for specific pairs 

assess the expression contribution that pairs of sites at specific locations have 

beyond their individual contributions. Notably, (A) above (Gal4), adding just one more 

parameter representing a negative weight between the pair of sites at the two 

locations closest to the gene start was sufficient for fitting 98% of the expression 

variability in both contexts. Since the ends of these sites are only one basepair apart 

(compared to a 5bp difference between all other adjacent Gal4 sites), this result 

suggests that two Gal4 molecules sterically occlude each other at such distances 

(see also Fig. S19A). Although not as striking, (B) shows a similar behavior for Gcn4, 

whereby the first five parameters that provide the largest improvement when added 

to the model correspond to weights for pairs of sites that are adjacent, and in both 

contexts, weights for these pairs are lower than those for pairs of non-adjacent sites 

(see also Fig. S19B). Since ends of adjacent Gcn4 sites were always separated by 

5bp, these results suggest that Gcn4 sites that are 5bp apart may partially occlude 

each other, although to a much lesser extent than Gal4 sites that are one basepair 

apart. 
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Supplemental Figure 18.  Assessing the relative contribution of number of sites 

and site locations to expression. (A) For one of the promoter background in which 

we inserted the consensus site for Gal4 in all 25=32 possible combinations of sites at 

five predefined locations within the promoter, shown are fits of three different logistic 

functions to all 32 expression measurements. In the leftmost logistic function all five 

site locations have the same weight parameter. In the middle logistic function, there 

is a separate weight (logistic parameter) for each site. In the rightmost logistic 

function, there are separate weights for each site as well as weights for the different 

pairs of sites. Each fit shows the fits of the logistic function (y-axis) against the 

measured expression of each promoter (x-axis) with colors representing the number 

of Gal4 sites in the corresponding promoter. In the rightmost logistic function, the 

inset heatmap shows the values fitted for the different site pair weights. Note the 

lower values fit to pairs of sites that are adjacent in their promoter location. (B) Same 

as (A), for the other promoter background in which Gal4 sites were inserted. (C-D) 

Same as (A) and (B) but for Gcn4, for which all 27=128 possible combinations of 

sites were inserted at seven predefined locations within the promoter. 

 

Supplemental Figure 19.  Possible steric hindrance between closely spaced 

Gal4 and Gcn4 sites. (A) We selected six promoter backgrounds that differed in the 

location of a poly(dA:dT) tract and of a single Gal4 site. In each promoter 

background, we then inserted another Gal4 site at varying distances from the already 

existing Gal4 site. For each promoter background and at every tested distance 

between the two Gal4 sites, shown is the (log) ratio between the expression of a 

promoter that contains the two Gal4 sites at locations i and j and the maximum 

between the expression of the promoter that contains a single Gal4 site at location i 

and the promoter that contains a single Gal4 site at location j. Note that in most 

cases, the expression of a promoter that contains Gal4 sites whose ends are 1bp 

apart is not higher than the maximum of the two promoters that contain the individual 

sites, indicating a possible steric hindrance between the two Gal4 sites at this 

distance. (B) Same as (A), but for Gcn4 sites, for which the shortest distance tested 

between the ends of neighboring sites was 5bp. Here too, the lower ratios observed 

at shorter distances between site pairs is suggestive of a possible steric hindrance 

between Gcn4 sites at this distance, although the effect is significantly smaller than 

that observed for Gal4 sites in (A). 

 

Supplemental Figure 20. The contribution of a TF site diminishes with the 

number of sites present in the promoter to which it is added. (A) For one 
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promoter background, shown is the (log) ratio between a promoter in which the k-th 

site was added and the same promoter without that k-th site, for k=1,2,…,7, grouped 

at the x-axis by the value of k. At each value k, the individual ratios are shown (gray 

points), as well as their median (red line), standard error (orange bar), and standard 

deviation (blue bar). (B) Same as (A), for another promoter background. 

 

Supplemental Figure 21.  Expression level is a non-monotonic function of the 

number of Rgt1p sites. (A) We inserted up to seven (top two rows) or five (bottom 

row) Rgt1p sites in increments of one site within two different promoter backgrounds 

with no known TF sites (top row, green and red bars), two different promoter 

backgrounds that contain a single Leu3p site (middle row, green and red bars), and 

two different promoter backgrounds that contain a single Gal4 site (bottom row, 

green and red bars). Bars show the expression levels measured for these promoters, 

showing that in most cases expression increases with the addition of each of the first 

3 Rgt1p sites but then decreases greatly with the addition of the fourth or fifth Rgtp1 

site, where the expression is much lower than that of the promoter without any Rgt1p 

sites. (B) For the repressor complex Matα2p-Mcm1p, shown is the expression of a 

promoter that contains zero, one, or two sites in two different backgrounds (green 

and red bars), indicating a repressive effect for Matα2p-Mcm1p that becomes greater 

with the addition of a second Matα2p-Mcm1p site. 
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