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1 IMPLEMENTATION OF ONE DIMENSIONAL event, the software will keep these arrays updated so thagnw
RANDOM WALK a free spot is required, the simulator will look only in theagr

of free spots and, thus, only one random number is generatied p
binding event. Thisnemory modelvas able to achieve a speed-up
and was reported that it could perform upl@ events per second
on a DNA of4.6 Mbp with 10° TF molecules. Their simulator was
implemented in C++ and the simulations were run on a Mac Pro
3GHz quad-core Intel Xeon with 8G memory running Mac OSX
10.4.

Here, we propose a slightly different model to store freetjmrs.
We create an array list of boolean values for each TF species
(z) and this array stores whether a TF molecule of speciés
allowed to bind at positiory, i.e., if A[z][j] is true then a TF
molecule of speciex can bind at positiony, and otherwise a
molecule will not be allowed to bind. This array is updateteaf
each event is performed. The memory model is looking through
the entire list of fragments or continuous runs to locate retibe
molecule made more room for another TF molecule to bind, or
where it reduced/removed the binding space. In our model, we
look only in neighbouring positions where the TF moved omfro
where it moved. Thus, searching in an entire list of fragrment
(which can be significantly high) is reduced to searchingyonl

A TF molecule of typer which is bound on the DNA at position
will wait an exponentially distributed time with averagg before
it performs a new action. Having multiple agents in the sys(éF
molecules bound to the DNA), we store all the waiting timesiin
PriorityQueue. The head of this queue is the soonest eventall/
this in our application the First Reaction Method.

Alternatively, by selecting an option the user can simutate
system with the Direct Method, which is an adaptation ofé&3itiie’s
Direct Method (Gillespie, 1977). In this method, each bourkd
molecule will have a rate to move from its current positiotiai
is inversely proportional to the waiting time?, = 1/7Z, and the
simulator will select the time a molecule will move from itsroent
position and the ID of that molecule. In addition, to keep itin@ve
rate for each position and total sum, we also keep internedians
for sectors of DNA which reduces the search frgm TF. to
V>, TF., similar to our approach on locating a free site on the
DNA,; see section 2.2. For some values, it seems that thisoappr
is slightly better than the First Reaction Method, but, imem=l,
we found that the First Reaction Method outperforms the ®ire

Method. ] ) ) :
through neighbouring positions (which depends on the sizée
molecules).
The purpose of this mechanism is to eliminate the need tcdhec
2 LOCATING A FREE BINDING POSITION enough base pairT(Ff,ize) on the right side of the selected position

The simplest implementation of TF binding to the DNA consist are not covered by other molecules. This, however, comeleat t
to draw a random number identifying a position on the DNA andcost of maintaining a series of arrays updated after eacht ése
checking if that position is free (Chet al, 2009). In addition, all  processed; see below.
T E$*¢right base pairs need to be free as well, in order for the TF to
bind at that position. The time to find a free location is defg on
the the DNA occupancy and, even if a free position is founerdlis 2.1 Update Available Position Array
no guarantee that there are enough uncovered base paisOghth  |njtially any TF can bind anywhere on the DNA. After each evisn
side. When implementing genome-wide simulations, crogdifi  performed, we need to update the availability arrays asvsit
various molecules on the DNA can create problems when search
for a free spot to bind a molecule. e After a TF of typex binds at position; do

An alternative implementation was presented by Barnes dnd C
(2010). They proposed that each long enough run of free baise p ) ,
to be stored in an array, while small fragments to be stored in Alylli] = false, Vi€ (j — TF;* j+ TF;®); Vy
different array. On each TF binding, unbinding or randomkwal

This update is applied for all TF species, once a molecule of
*to whom correspondence should be addressed typex bound to the DNA.
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o After a TF of typex slides leftfrom position; to position;’, position is found using only one random number, which regmes
with j' € (j — TF3?C, 4), do a significant improvement of the simulation speed.

. . Since random numbers are uniformly distributed, on avevege

Alylli] = false, Vi€ (j' —TF;"j—TF;"); vy  need to search through//2 elements, where\/ is the length

in base pairs of the DNA sequence. Thus, the search time for
a free position increases linearly with increasing the tlenof

the DNA sequence. The search of a tith free position can be
optimised by dividing the DNA into sectors of sizeand by keeping
whereposEnd = findFirstCoveredBP(j + TFS?8 j + updated the current number of free positions for each seliis is
TF;* + TF;*) — TF,* if there is a covered base similarly implemented as keeping updated the current nurobe
pair between positionsj + TFS? j + TFS? 4+ TFS?)  free positions for the entire DNA and the load on simulatiaretis

Alli] = true, Vie (j' +TFS posEnd); Vy

or posEnd = j + TF$?® otherwise. The function negligible. - .
findFirstCoveredBP(s,e) retums the first covered base  When looking for a free position, we first need to search tghou
pair between positionsande. the current number of available positions for each secttit we

locate the sector which contains the position of interest uen
look inside that sector. Assuming the same uniform distidioy the
number of steps is
Allli] = false, Vie (j+TFS%j +TF™); Wy 1M 1
_ (steps) = 3R §R

. . -/ 1Z
Aly]li] true, Vi€ (posStart,j’ — TF,"%); Vy
The minimum number of steps is obtained by checking where the
first derivative with respect to the sector size is zéfGiteps) /R

where posStart = findLastCoveredBP(j — TFySize,j) 1M1

if there is a covered base pair between positidris— spty=0= R=0R= VM 1)
TF;%, j) or posStart = j — TF,*® otherwise. The function
findLastCovered BP(s, e) returns the last covered base pair The only positive solution igz = /M, which leads to an average
between positions ande. number of steps equal {@teps) = /M.

e After a TF of typex unbinds from position; do

e After a TF of typex slides right from position; to position;’,
with j" € (4,5 + TF3*°), do

Alylls] = true, Vi€ (posStart,posEnd); Yy 3 AFFINITY LANDSCAPE

The affinity landscape can be computed using one of the three
following methods: {) mismatch energy (Gerlaret al., 2002), ()
whereposStart = findLastCoveredBP(j — TFS% j) if PFM and information theory (Stormo, 2000) and:X PFM and
energy affinity (Berg and von Hippel, 1987). For exemplificat
purposes, we consider that the DNA binding motif of lacldeter
is the following

there is a covered base pair between positigns TFySize, 7)

or posStart = j — TFySize otherwise andposEnd

findFirstCoveredBP(j + TFS?, j + TFS% + TF5%°) —
TFS*if there is a covered base pair between positiphs- ~ AATTGTNNNNNNNNNACAATT
TFS? j + TFS?® 4 TFS%®) or posEnd = j + TFS*®

; , a spaced inverted repeat. We consider that the dimeric lacl
otherwise.

recognizess’ - AATTGT- 3’ and that the binding site hasl bp

. (Turner, 2001).

2.2 Randomly Select a Free Position We used this sequence in conjunction with mismatch energy

The simplest way to select a free position is selecting agand (Gerlandet al,, 2002) and for the PFM we constructed an equivalent

number in the intervgD, M), whereM is the length of the analysed position frequency matriPF M,ac. To construct thd FM s we

DNA. In a crowded environment, when a significant part of the consider40 identical sequences and in the gap we assumed that all

DNA is covered by TF the simulator might experience a lot @éfh ~ nucleotides have equal probabilities; 8B M|, Figure 1.

attempts to find a free position. Figure 2 confirms that the computed binding energy is Ganssia
Alternatively, one can store the current number of freetpmsfor distributed and only a few number of sites have high affinity.

each speciesi\“™" This is computed before the simulation starts ~We investigated the correlation between these three versiar

and whenever any item in the array of available positionpdéated,  an affinity landscape of lacl tetramer on tkecoli K-12 genome

the current number of available positions is also updatéés does  and found that there is a high correlation between all threthods

not put any significant load on the simulation, but reducestarch  (Gerlandet al, 2002; Berg and von Hippel, 1987; Stormo, 2000);

time for a free position. When we need to locate a positiorafdF  with a Pearson coefficient of correlation equal199. Although the

molecule of typer on the DNA, we have an array with all available binding energies of the three methods are highly correetezir

positionsA[z] and the current number of available positiotfs™™" mean and variance differ significantly. However, theseedéfices

In order to select a free position, we draw a random numliethe can be corrected, by selecting the appropriatéerm. This will

interval [0, AS"™™) and then we count through the array until we scale the actual waiting times, so the waiting times willdaimilar

find the zth available position. This method guarantees that a freevalues for the three methods.




Supplementary Material to: A comprehensive computational model of facilitated diffusion in prokaryotes

1 2 3 4 5 6 7 8 9
A 40 40 O O O O 10 10 10
PFMjgg= C 0 0 0 O O 0 10 10 10
G 0 O O O 40 O 10 10 10
T 0 0 40 40 O 40 10 10 10

0O 11 12 13 14 15 16 17 18 19 20 21
10 10 10 10 10 10 40 O 40 40 0 O
10 10 10 10 10 10 O 40 O O O O
10 10 10 10 10 10 0O O O O O O
10 10 10 10 10 10 O O O O 40 40

Fig. 1. PFM. Equivalent PFMs for the AATTGTNNNNNNNNNACAATT binding niib and 40 binding sequences. In the gap region (between posititmn

15) we consider equal probability to see any of the nucleotides

We also investigated the affinity landscape computed with th
aforementioned methods in a biased geno@®4 AT and only
30% CG content). The results showed that there is a high coioalat
between Gerlanctt al. (2002) and Berg and von Hippel (1987)
methods (a Pearson correlation coefficientlpfand a very low

between these two and the Stormo (2000) approach (a Pearsqxp1e binding rate

correlation coefficient 00.69). This result can be explained by the
fact that the Stormo (2000) method takes into account thygiéecy
of a nucleotide in the entire genome, which does not appetrein
two other methods, Gerlaret al. (2002) and Berg and von Hippel
(1987).

4 ESTIMATING MODEL PARAMETERS

4.1 Estimating Specific Waiting Time from the Affinity
Landscape

For s?° = 90 bp, a residence time dfz = 5 ms (Elf et al, 2007)
and an average binding energy of the lacl tetrafaep (—E,)) €
{3.73¢ — 06,3.44,2.10e — 12} (see Figure 2) we obtain the

following specific waiting times
Tiael = 0.33 s for Gerlandet al. (2002)
Tiael = 3.58¢ — 07 s for Stormo (2000)
Tiac = 5.87e + 05 s for Berg and von Hippel (1987)

Note that, for Stormo (2000) and Berg and von Hippel (1988, w
weighted the energy contribution by, = 1 KgT.

In addition, we computed the specific waiting time for non-
cognate species (see Figure 2)rds= 0.33 s, where the average
exponential binding energy wasxp (— Enc)) = 3.72e — 06.

All the above mentioned parameters, are listed in Table 1.

)

5 VALIDATION OF THE PARAMETERS
ESTIMATION APPROACH

confirms that our simulations reproduces the value propbgeelf
et al. (2007) with negligible error.

6 SIMULATION APPROXIMATIONS

"% has to be evaluated whenever the number
of available positions on the DNA change, which includeglrig,
unbinding, hopping and sliding events.

This has a negative effect for the performance of the sinaulat
because we need to draw another random number for next gindin
event each time a TF molecule slides on the DNA. From the
parameters that we estimated above, it means that we mayugraw
to 4000 random numbers before a new binding event actually takes
place, which is highly inefficient.

Alternatively, one might consider an approximate system, i
which the binding of TF molecules is affected by occupancy,
but the update is performed only when a molecule binds/wsbin
and not when any other event (sliding or hopping) would lead t
change in the number of available binding sites on the DNAs Th
approximation reduces the load of updates caused by thagslid
events, but at the same time seems to follow with good acgurac
the behaviour of the exact system. In Figure 5, red and bhesi
represent the approximate system, while green and oraneg i
the exact one.

Henceforth, when computing and comparing the speed, we will
use only the approximate system, since the difference leetee
approximation and the exact system is negligible. Nevéstise the
user has the possibility to use the exact system in any siionla

7 SIMULATION SPEED
7.1 DNA Sectors and Event List Subgroups

The simulation speed is measured as the number of eventtagathu
per second and the simulator was run Tos. We used a Mac Pro
2x2.26GHz quad-core Intel Xeon with 32GB memory running Mac

We systematically investigated the accuracy of the prapose OSX 10.6.8.

method to estimate model parameters. Figure 3 confirms tirat o
proposed approach leads to the results of simulations titeyianly
negligible from the ones predicted mathematically. In ipafar,
we considered four parameters) §liding length, {:) observable
sliding length, (i) residence time andi«) proportion of time

In our model section, we proposed that searching in an array
of available positions can be optimised by maintaining tHem
smaller sectors. The left part of Figure 6 confirms that there
an optimal sector sizeH = /M), which can lead to significant
increase in simulation speed (in our case the number of tipesa

bound to the DNA. Figure 3 shows that only the residence timeperformed per second doubles).

has higher variability, but the average residence time dfipe (or
longer) simulations matches well the value computed aicaljy.
This variability can be reduced by running the simulatiamrddnger
times, which would lead to more accurate averages for theunes.
We also compared the one dimensional diffusion coefficierhf
our simulations to the one proposed in (Etfal, 2007). Figure 4

Furthermore, we tested the effect of dividing the eventifist
smaller sub-groups and found that, for igect Method the speed
increased significantly when the size of the sub-group éegighe
square root of the non-cognate copy humber, while in the aftbe
First Reactionmethod breaking the event list into smaller sub-lists
did not increase the speed; see right part of Figure 6.
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7.2 TF Abundance REFERENCES

Finally, we observed that the simulation speed can depeodgly Barnes, D. J. and Chu, D. F. (2010). An efficient model for @tigating specific
on the number of TF molecules in the system. This mainly comes site binding of transcription factors. Bioinformatics and Biomedical Engineering
from the fact that the event list storing the events assediatith (iCBBE), 2010 4th International Conference,gages 1-4, Chengdu, China. IEEE
. . Xplore.

each molecule increases with the number of TF molecules. FOge|, c.E. and Lewis, M. (2000). A closer view of the confottioa of the lac repressor
the First Reactionmethod, keeping the queue sorted is the most bound to operatoNature Structural Biology7, 209-214.

time consuming step, while in thBirect Methodthe bottleneck  Berg, O. G. and von Hippel, P. H. (1987). Selection of DNA fiigsites by regulatory
is represented by the search of the next TF molecule to move on proteins statistical-mechanical theory and applicatmmperators and promoters.

. ! . . . Journal of Molecular Biology193(4), 723-750.
the DNA. SinceFirst Reactionuses a PrlorltyQueue, which has a Chu, D., Zabet, N. R., and Mitavskiy, B. (2009). Models ofisaription factor binding:

search time equal tog, (Zx TFI); while our implementation of Sensitivity of activation functions to model assumptiontournal of Theoretical

theDirect Methodhas a search time g/}~ T'F., one canseethat ~_ Biology, 2573), 419-429. o o

for |0ng lists theFirst Reactionis much more efficient compared DeSantis, M. C., Li, J.-L., and Wang, Y. M. (2011). Proteidlisig and hopping kinetics
. . . K on DNA. Physical Review B3, 021907.

to the Direct Methpd see I’.Ight end of Figure 7. Howgver, Figure Elf, J., Li, G.-W.,, and Xie, X. S. (2007). Probing transcigpt factor dynamics at the

7 shows that for intermediate number of molecules in theesyst single-molecule level in a living celScience316, 1191-1194.

(= 10*) the Direct Methodalgorithm seems to slightly outperform  Gerland, U., Moroz, J. D., and Hwa, T. (2002). Physical oaists and functional

the First Reactionmethod. characteristics of transcription factor-DNA interactiolPNAS 99(19), 12015—
. . . 12020.
. Barnes and Chu (2010) indicated that their |mplementatmnct Gillespie, D. T. (1977). Exact stochastic simulation of pled chemical reactionThe
simulate 100000 events/s for 1000000 non-cognate molecules. Journal of Physical Chemistr1, 2340—2361.
Figure 7 indicates that our program can simulate approxiyat Riley, M., Abe, T., Arnaud, M. B., Berlyn, M. K., Blattner, R., Chaudhuri, R. R.,
4 times more events per second0(000 events/s) for same Glasner, J. D., Horiuchi, T., Keseler, I. M., Kosuge, T., Mdd., Perna, N. T.,

. P Plunkett, G., Rudd, K. E., Serres, M. H., Thomas, G. H., Tham#\. R., Wishart
number of non-cognate molecules. One might argue that, img us L X ! ' - > ! i ! ’
9 9 9 ' D., and Wanner, B. L. (2006). Escherichia coli k-12: a coapeely developed

mOIG.CUIeS that Cove4§ b?'se pairs on the DNA, Only a small annotation snapshot - 2008ucleic Acids ResearcB4(1), 1-9.

fraction of our TFs will bind to the DNA. In fact we observed stormo, G.D. (2000). DNA binding sites: representationdisdoveryBioinformatics

that only 8% of the molecules bind to the DNA in the case of  16(1), 16-23.

TFne = 10%. To investigate whether this is the reason behind theStormo, G. D. and Fields, D. S. (1998). Specificity, free gpand information content
. in protein-DNA interactionsTrends in Biochemical Science&3(3), 109-113.

speed-up, we reduced the size of the non-cognate moleaules tT B (2001 Chromatin and ation: anisme i enicenetc:

4 bp and changed the association rate so that weget5% of ”u/igyégons)' fomaiin and gene reguiation: mechanisms In epigeneticsn

the molecules are bound to.the DNA. The results showed tleat ev \ynderlich, z. and Mirny, L. A. (2008). Spatial effects oretspeed and reliability of

when we accommodate a higher number of molecules on the DNA, protein-DNA searchNucleic Acids ResearcB6(11), 3570-3578.

our simulator will still performs: 400000 events/s.
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Fig. 2. Density plot of binding energieVe computed the binding energy for the genome.abli K-12 genome of:\hite) a non-cognate TF speciged) lacl
reressor using the mismatch energy method andtheperator site (Gerlanet al., 2002), plue) lacl repressor and (Stormo, 2000) agel(ow) lacl repressor
and (Berg and von Hippel, 1987). We usB& M, for the third and forth plots and the motif consensus AATTGINNNNNNNNACAATT for the second
plot. The density plot for non-cognates follows a Gaussiatridution and all values were allowed. For lac repressioice we selected an energetic penalty
of g5, = 2 KT we get the values in bins separated2bi 5T', but which follows a Gaussian distribution as well. The mealnes for the binding energy
are: (vhite) (F) ~ 13, (red) (E) ~ 18, (blug) (E) = 5, (yellow) (F) = 22.8. The means of the exponential energy aveéhife) (exp (—F)) = 3.72¢ — 06,
(red) (exp (—E)) = 3.73e — 06, (blue) (exp (—F)) ~ 13.46, (yellow) (exp (—E)) =~ 4.46e — 09.
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pbm

m
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parameter description
M the length of the DNA measured in base paivé & 4.6 Mbp) (Riley et al,, 2006)
TFfree’ T found fre boun free boun i
ZdeF: the number of freel{ F, ¢°), bound (" F; °§ ortotal (T'F, =TF,"“+ TF, ‘5 molecules of species
f the relative time a TF molecule stays bound to the DAY 0.9) (EIf et al, 2007)
kDind the rate at which a TF molecule of speciewill bind to the DNA
fassoe the association rate constant for speaiesee equation (19) in main text
fissoc the dissociation rate constant between a TF molecule aridNie see equation (18) in main texk355°° = 200)
obs observed sliding length, the average number of base painned during a slide including small dissociations fr
5t the DNA (hops), £2°° = 90 bp) (EIf et al., 2007)
S1 sliding length, the average number of base pairs scannéubcuslide, see equation (14) in main tex, £ 40 bp)
obs number of one dimensional random walk events performed tinetiTF molecule performs a full dissociation froj
se the DNA, see equation (15) in main textygd® ~ 4000)
N number of one dimensional random walk events performed tinatiTF molecule performs a dissociation from t
€ DNA (including a hop), see equation (12) in main tex¥s§ ~ 700)
residence time, the time a TF spends performing one dimeaisiandom walk before it unbinds£ = 5 ms) (EIf
tr etal, 2007)
Pnbind the probability to unbind from the DNA, see equation (13) iaimtext, Pynping = 0.0012
Pett, Pigne the probability to slide left Pert) or right (Pright) on the DNA, see equation (16) in main texBdy = Pight =
0.4994)
the probability that the molecule completely dissociatesifthe DNA during an unbinding event, whilé— Pump)
Pump represents the probability that a molecule will rebind &f&tr a dissociation (hop)Hump = 0.1675) (Wunderlich
and Mirny, 2008) or Fump = 0.001) (DeSantiset al,, 2011)
5 the variance of the hop distance, which is Gaussian dis&ibaround previous positio&"rﬁop = 1 bp) (Wunderlich
Thop and Mirny, 2008)
djump the distance over which a hop becomes a jutiipnt = 100 bp) (Wunderlich and Mirny, 2008)
T2, Kl the average waiting time{) and the average move rate€/,(= 1/77) at position;j for speciesc
72 the average waiting time for speciesvhen bound specifically, see equation (17) in main text.
EJ the binding energy of specieat position;
Se the specific binding sequence of TF species
el (k) the energetic penalty at positiarwithin the motif
ex the constant energetic penalty for a mismatel).#£ 2 - KgT) (Gerlandet al,, 2002)
x the highest number of occurrences of any nucleotide inipaosit of all known high affinity binding sequences
"0,k speciesr (Berg and von Hippel, 1987)
- the number of occurrences of the nucleotide at posifiank on the DNA in positionk of all known high affinity
",k binding sequences of specie¢Berg and von Hippel, 1987)
¢ the pseudo-count term ensures that the energy penalty g (fof = —oc. (¢ = 1) (Berg and von Hippel, 1987)
N the frequency of occurrences of the nucleotide at positierk on the DNA in positiork of all known high affinity
Vik binding sites (Stormo, 2000)
vj the frequency of the nucleotide at positipim the entire genome (Stormo, 2000)
TF>%¢ the number of base pairs covered by a bound TF molecTilg;,{> 20 bp (Stormo and Fields, 1998))
T motit 7 pleft oo the number of base pairs crﬁ)\r/fred by the DNA binding dqrrﬁiﬁﬂm'f), to the left ('F1°") of the DNA binding
r T’Fr,igh:? domain and to the rightl{F;°") of the DNA blndlng domain. We analysed the crystallograptructure of the
@ lacl-DNA complex (PDB ID: 1EFA, (Bell and Lewis, 2000))anauind that? £/t = 7 FI9" — ¢,
Alz][j array that stores whether a TF molecule of typean bind at position
ASTeNand AMX | the current A" and maximum A7) number of free sites on the DNA where the molecule of tywan bind
R the length of the DNA sector used to speed-up the searchggata free spot on the DNAR = /M)
i cooperativity term for DNA mediated cooperative behavimum between a molecule of typebound at position
Caj j and a molecule of typg bound at position’
o cooperativity term for direct TF-TF cooperativive behavidetween a molecule of typeand a molecule of typg
i Yy
KpandT Boltzmann constanti ) and temperaturel().

Table 1. NomenclatureWe usually denote species indexesibyr y and positions on the DNA or motif by, 5/, 7 or k. To avoid increase in notations, we did
not add an explicit index to the one dimensional random walameters (such &3,npingOF s;), but it is implicitly assumed that these parameters areiipe
to each TF species. Where there is a default value of the geamve specified it in the parentheses at the end of theipiésier
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Fig. 3. Validation of the parameters estimation approach {#e compare the values obtained from simulations with tres@stimated from our approach.
The triangles represent the computed values, while the g the simulation ones. To compute the affinity landscapeused the (Gerlanet al,, 2002)
mismatch approach. In addition, we considei®@} non-cognate TFs (each coveridg bp of DNA) with the default parameters aridlacl molecules
with the default parameters. We considered four measuradnlameters, namelyz)(sliding length, {i) observable sliding length,ii) residence time
and @v) proportion of time bound to the DNA. We kept everything fixadd for each of these measurable parameters we varied omesoupic
parameter which:z§ for sliding length we varied unbinding probability? n%'ind € {7.09E — 3,2.78E — 3,1.47E — 3,9.13E — 4,6.20F — 4}),
(¢7) for observable sliding length we varied the jumping pralitgb( P}'j‘rf]'p € {0.28,0.21,0.17,0.13,0.12}), (i) for residence time we varied the
specific waiting times 7@2“ € {0.20,0.27,0.33,0.40,0.47} s) and ¢v) for proportion of time bound to the DNA we varied the asstioia rate
(kES5°9 ¢ {892,1263, 2000, 4238, 22082} s~1). For each set of parameters we perform2@dsimulations each running far s (for sliding length and
observable sliding length) and) s (for residence time and proportion of time bound to the DNR)je blue error bars represent the original system (the one
using our default parameters estimates). The errors bettheecomputed values and the ones measured from the siomsia@ie negligible.
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Fig. 4. Validation of the parameters estimation approach. (& compare one dimensional diffusion measurements ofiowrations (box plots) that we
obtained with the ones proposed by Etfal. (2007) (triangle). To compute the affinity landscape we ubedGerlandet al., 2002) mismatch approach. In
addition, we considereti0® non-cognate TFs (each covering bp of DNA) with the default parameters aridlacl molecules with the default parameters.
The mean value for our one dimensional diffusion coefficieft046 ;zm? s~ which is the same value Bt al. (2007) proposed. Since the resolution of our
method is much higher than the one of the experimental messwe discretized the sample data to fit resolution ingE#l., 2007) (we disregarded sliding
events that lasted less thann.s). Without removing those data points the mean one dimeakitiffusion coefficient i.056 pum?s~! which is still close

to the value proposed in (Edft al., 2007).
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Fig. 5. DNA occupancy affects binding rat&his graph presents the steady state bound proportionwfoisystems: dreenand orangg a system which
updates the the binding events after each binding, unkingiiding or hopping event anded andblue) a system which updates the the binding events after
each binding or unbinding event only. We also considereddages for the constant association raggeénandred) kassoc= 2000 s—! and prangeand
blue) kassoc= 200 s~ 1. The differences between the exact and approximate systemegligible.
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Fig. 6. Influence of sector size on simulation spe€ke system consists @000 non-cognate TFs an@l cognate ones (lacl) and titecoli K-12 genome.
Left The DNA sector size plays an important role for the speedhénsense that there is an optimal sector size<{ v/ M) which maximizes number of
events performed per secorRight The sub-group size of the random walk event list plays an ntaporole only for Direct Method, where the optimal event

list subgroup size is/> T F.
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Fig. 7. Simulation speed is inversely proportional with the numifef F moleculesThe system consists 6fcognate TF and the number of non-cognate TF
molecules is varied betweenand10°.




