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1 Supplementary Methods

1.1 Preprocessing high-throughput sequencing data

Mapping sequence read profiles.

We start from a collection of 25 bp-long Solexa sequencesreadjuely mapped onto the
yeast genome with no more than two mismatch&sch read is mapped onto either the forward
(5") or the reverse (3’) strand. For sequence reads mappedtiba forward (5’) strand, we
interpret the first base of a read as the start position of easome with the canonical length
of 147 bp. For sequence reads mapped onto the reverse @ijistwe interpret the last base of
the read as the end position of a 147 bp nucleosome. Thus & @ésequence read profile”,
a table which shows the number of nucleosomes starting htggawmic bp. This table is used
to create a “read coverage profile” which shows how many mmscees cover each genomic
bp.

Filtering sequence read profiles.

We observe that there are large gaps in our read profilespgbhodse to repetitive regions in
the genome to which reads cannot be mapped uniquely, or teeseipg artifacts. We consid-
ered any stretch of 1000 bp without mapped reads to be anomalous and excludkdegions
from further analysis. We also find regions where the reactiage was uncharacteristically
high. For instance, oun vitro nucleosome measurement for chromosome 12 has an average
nucleosome coverage of 80 reads, but there is a small region near bp 460000 covettéd wi
5000 reads. We exclude such regions according to the falgpwrocedure: For each chromo-
some, we find the average number of reads per bp. Next, forlgaare calculate the running
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average number of reads in a window extending 75 bp in eaehtdin. If this running average
is more than three times the mean, we flag the region whicmeégteut from the identified
point in both directions until the running average equagsrtiean, and we remove this region
from consideration. We then create a filter which marks theruof all excluded regions. Fi-
nally, each excluded region is extended 146 bp upstreamasahtére is no contribution to the
nucleosome energy from filtered regions.

Normalizing sequence read profiles.

Next we use the sequence read profile to create nucleosorbaljlity and occupancy
profiles. First, we set sequence read counts to zero indifiteakd regions. Second, we use a
Gaussian smoothing algorithm that replaces the numberpiesee reads at a given bp with a
normal distribution centered at that bp. The Gaussian is@mto havey = 2 or 20 depending
on subsequent modeling, and the area under the curve isteghalnumber of sequence reads
at that bp. The smoothed sequence read profile is then cotestras a superimposition of all
such Gaussians.

The smoothing procedure reflects a lack of bp precision in 8\#igestion assays, which
results in the uncertainty of the interpretation of seqeaead coordinates as nucleosome start
or end positions. In addition, because neighboring nuciees are expected to have similar
binding affinities, collecting more sequence read datassragd to result in a read profile that
we approximate with the superposition of normal distribns centered on available reads.

We extend the smoothed read profile into a smoothed read agwegnofile as described
above, find the highest poihd,ax in the smoothed coverage profile and multiply the height of
each point in the smoothed coverage profile and the smoo#aetprofile by ¥Nmax SO that
the maximum coverage is one. Each point in the smoothed sequead profile may now be
interpreted as the probability for a nucleosome to stargaten position, and the coverage may
be interpreted as the probability for any nucleosome to pgeugiven position. We refer to the
scaled results as nucleosome probability and occupan&gsraespectively.

1.2 Energetics of DNA-binding one-dimensional particles ffinite size

Consider particles of size bp distributed along a DNA segment of lengthop. The particles
can interact with DNA in a position-dependent manner anchése subject to steric exclusion
(adjacent particles cannot overlap). A grand-canonicditman function for this system of
DNA-bound particles is given by:

7 — Z ef[E(conf)fuN(conf)], (1)
conf

whereconf denotes an arbitrary configuration of DNA-bound non-oyaslag particlesp is
the chemical potential, anBl(conf) andN(conf) are the total DNA-binding energy and the
number of particles in the current configuration (for siropyi we assumégT = 1, wherekg is
the Boltzmann constant afdis the room temperature).

One can computg efficiently using a recursive relatioh:



Zif = Zif—l +Zif—ae_(Eifa+l_“)7 i=a,...,L 2)
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which computes a set of partial partition functions in therard direction. Likewise, partial
partition functions can be computed in the reverse diractio

Zl = z,+1+z,+ae E-W  j=L-a+1,...,1 (3)

Z_ap="=2Z1=1

Note tha‘rZE = Z} = Z by construction. Furthermore, the probability of startngarticle at
positioni is given by:

z" e E-Wzr

-1 5 2 j=1,....L—a+1 (4)
Intuitively, Eq. (4) is a partition function for all configations in which a particle is bound
at positioni (occupying positions throughi 4+ a— 1), divided by the partition function for all

possible configurations. Using Egs. (2), (3) and (4) we obtai

P =

AR AN a+12/z|+1, i=a,...,L
Zi —Z = F‘Z/ZI 11 i=L—a+1,...,1
Note that both of these formulas can be extended td the, ..., L range if we assume
thatP, = 0, k¢ [1,L—a+1]. Itis easy to show tha' !, , — Z' ;7 = Z(R_a,1 — R). This
expression has the form of a complete differential and tlanshe iterated as follows:

()

L
f f
207 1 ~Z4Z{ =2} (Pi-ar1—P)), (6)
=i
yielding

2l Z=z(1- 5 B, i=1..L (7)

Using Egs. (3), (4) and (7) we get:

P
Zl=Z1- : : (8)
i ( 1- Zj | a+l )

IntroducingQ; = ZJ_I a+1 Pj - the probability that positiom is covered by any particle
regardless of its starting position (also called the plerbccupancy), we see that:

P
rfq___ 2
Z', = z<1 l—Oi-l—P.)' 9)
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Using Eq. (9) recursively (untif{ , , = 1 is reached on the left-hand side), we obtain an explicit
expression foZ:
L P;
ZI=Ma-—=r—=)"1 i=1...L 10

Likewise, using Eqs. (2), (4) and (7) together V\m&: 1 we get:

i
f Pj_at1 I
Z-—lll— =1,...,.L 11

| le( l . OJ P]_a+1) Y I Y Y ( )

Egs. (10) and (11) are explicit expressions for forward @verse partial partition functions
in terms of particle probabilities and occupancies. Not Z) = ZE = Z still holds, with Egs.
(10) and (11) providing alternative expressions for theifi@n function in this limit. Inserting
Egs. (10) and (11) into Eq. (4) and using Eqg. (7) to expza,f§§ in terms ofZ leads to the
desired expression for the DNA-binding energy of the plartat positioni:

1-0i+p  Hal 1-0;

Ei —u: |097+ z Iogm,

i=1..L-a+t1 (12)
P| J:|

Alternatively, we can use Eq. (7) to expregs, in terms oni';ail, leading to an equivalent

expression for the DNA-binding energy:

1-0Ojta-1+R i 1-0jta1

E —u=log + log ;
R j:iza+1 1-0jia1+P

i=1,..L-a+1l (13

1.3 Hierarchical models of nucleosome energetics

We have created hierarchical models of nucleosome enesgetiich assign non-zero energies
to nucleotide motifs of lengtiN only if the nucleosome energies cannot be explained using
nucleotide motifs of lengths.1.N — 1. This is implemented using constraints on word energies:

qulqu - O, V| - 1 . N (14)
i

Hereeq, . qy IS the energy of the word of lengtihwith nucleotidesiy ... an at positions 1..N.
With these constraints and tH&,C,G, T} alphabet there areM3independent parameters
describing energetics of words of lendth For example, foN = 1 we can chooséea, £, €7}
to be independent, whike: is fixed by the constraingc = —(ea+€g+€7). FOrN =2 there are
9 independent parameterEaa, aG, EAT, EGA, GG, EGT, ETA, ETG, ETT }, While the other 7 dinu-
cleotide energies can be expressed through these usindL&Q. The remaining 7 degrees of
freedom are described by the lower order termsy’6 (3 for each position in the dinucleotide)
and the total offset?.



In general DN degrees of freedom associated with words of ledjtirawn from an alpha-
bet of sizeD can be described using constrained energies:

DN:(D—l)N+<T)(D—1)N1+-~-+<E)(D—1)0, (15)

where each term describes the total number of constrainejies of ordefN,...,0), com-
puted as a product of the number of constrained energiexhtpessible position within the
longer word, and the number of such positions. Note that ¢énetla order term is simply the
total offsete®. Furthermore, shorter words comprised of non-consecutixdeotides are in-
cluded in the expansion. If we set the energies of all norseoutive words to zero, the total
energy of a word of lengtNl can be written as:

N N—n+1 0

/

€y = » Q  Eojdjing tE (16)
n=1 j=1

Note that here and in Section 1.4 below we get 0 for simplicity. Although a set of
constrained energies of order.0.,N on the right-hand side of Eq. (16) has fewer degrees
of freedom than a set of unconstrained energies of okjeit provides the most complete
description involving consecutive nucleotide motifs, dodns a basis of nucleosome models
that have been further simplified by equating energies offahiat occur at different positions
within the nucleosomal site. Furthermore, since dinudadiestare too short to contain partial
non-consecutive motifs, Eq. (16) entails no loss of degoé&eedom forN = 2.

1.4 Sequence-specific models of nucleosome energetics

Eqg. (12) can be used to convert nucleosome probabilitie®aadpancies obtained from high-
throughput sequencing data into histone-DNA interactioargies for each positionalong
the DNA, under the assumption that steric exclusion andipeateractions with DNA are
the only factors that affect nucleosome positiomsitro. In order to understand which DNA
sequence features explain the observed energy profile, wieccaut linear fits of genome-
wide Percus energies (Eg. (12)) to four sequence-specifielroSome models were designed
to focus on the~ 10— 11 bp periodic distributions of sequence motifs, while asheapture
nucleosome-wide sequence signals such as motif enrichamehtlepletion in nucleosome-
covered sequences.
Spatially resolved model.

In terms of unconstrained energies, the spatially resatvedel is defined as:

-1
E(S> = Z Sili(]prl? (17)

whereE(S) is the nucleosome formation energy of a 147 bp-long sequénegq, ., is the
energy of the dinucleotide with basesanda; 1 at positions andi + 1 respectively, and the



sumruns from > 1tol, < 147 in the nucleosomal site. To minimize edge effects, wiealty
exclude 3 bps from each end of the nucleosome, seltiagd andl, = 144.
Eq. (17) can be rewritten as:

lo—1 .
E(S) = Z (Eajon.1 + ba; + boy.y ) +€°, (18)
1=l
where
1 lb-1 D -1
ﬁz Bz_ GB_|:Zl ii+1
_ 1D
D Z ( aff g |+1>
1 D
D Z ( aB—SiO,iH)-

Note thatzgzlsag = ZE:1 gqp = 0 by construction. Eq. (18) is equivalent to the expansion
in terms of constrained energies which is consistent with(EG):

lo—1 o
E(S) = Z €ajaig T Z €a; + €, (19)
i=T, i=T,
Whereso(I = Ba, » €ayp ba. +1+b0(I f1reees Eayy, = ba. Thus an unconstrained description

of nucleosome energetlcs can be unlquely decomposed iotostrained description. However,
the opposite is not true: for anyandq such thapp+qg=1

/

€a|1a|1+1 = €G|10|1+1+80|1 +q80‘|1+17
, .

Saiai+l = Eujai + PEq; +q€gi+l, h<i<lpa—1
/ _

80(.2,101.2 - 80|2710|2 + p€0(|271 +€0(|2

are equally valid reconstructions that led5) unchanged. In this paper we uge=1,q=0
to compute unconstrained dinucleotide energies from caingd ones.
Position-independent model.

This model assigns the same energy to a given word within tickeasome, regardless of
its position in the site. Thus the position-independent eioflorderN is given by:

N 3N
ES=Y 5 N apar.ante (20)

n=1 {Gl...an}

where the outer sum is over word lengths, the inner sum is alvevords of lengthn corre-
sponding to constrained energies, .. «, is the number of words with the nucleotides. .. oy
at positions 1..n, andeq, . o, are word energies constrained by Eq. (14). As in the sptiall
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resolved model, the words are counted fromlpp- 4 to bpl, = 144, excluding 3 bp from
each end of the site. The words are not allowed to extenddwmutkis region. Note that both
in this model and in the two partially position-dependentdels described below there is no
one-to-one correspondence between constrained modetsngtiwords of order 1..N and
their unconstrained counterparts utilizing words of orNer the former require fewer fitting
parameters.
Three-region model.

This model refines the position-independent model by digjdhe 141 bp nucleosome site
into 3 regions of equal length. Word energies are fitted s¢plrinside each region. The total
energy of sequenc®is then given by:

3 N
E(S) = Z Z Z ngl...ansal...an"i‘s(), (21)

wherer refers to a particular 47 bp region.
Periodic model.

This model enforces DNA helical twist periodicity by equtithe energies of words sep-
arated by a multiple of 10 bp. To reduce the number of fittingapeeters, we also grouped
energies of words at positions 110 into 5 distinct bins. Thus an AGT maotif starting at po-
sition 1 within the nucleosome site would have the same gresghe AGT motif starting at
positions 1121 31... as well as positions,22,22. .., whereas the energy of the same motif
starting at positions 3 and 4 is grouped into a different Bine total energy is then computed
as:

5 N 3
E<S) = Z Z Z ngl...anstrul...an +807 (22)
b:ln:l{al...an}
whereb is the bin index used to group motifs separated by the hdlidat as described above.
As before, all words overlapping with the 3 bp edge regioescluded from the counts.



Supplementary Figures
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Supplementary Figure 1.N = 2 position-independent model is sufficient to explain nucleo some
occupancy in S.cerevisiae. a) Density scatter plot for the nucleosome occupancy at each genomic base
pair (predicted with the N = 2 position-independent model) vs. in vitro occupancy observed by Zhang et
al.! b) Same as (a) except that in vitro occupancy is from Kaplan et al.3
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Supplementary Figure 2.Similar predictive power of the N = 2 position-independent model and

a bioinformatics model based on periodic dinucleotide dist ributions and frequencies of 5 bp-long
words. 3 Density scatter plot for the nucleosome occupancy at each genomic base pair (predicted with
the N = 2 position-independent model) vs. nucleosome occupancy predicted by Kaplan et al.®
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Supplementary Figure 3. Minor role of the higher-order contributions to the energie s of
5 bp-long words. N = 5 position-independent model was trained on nucleosomes reconstituted in
vitro on the yeast genome,! yielding energies of all motifs of 1 through 5 bp in length. Energies
of 5 bp-long words were then computed by summing contributions from a subset of shorter motifs:
E(S =752, Z?nal...dn} Nay...an€ay...an, Where Ny, q, is the number of times a given word was found in
the 5 bp-long sequence Sand &g, q, is the fitted energy of that word. L =5...1 is the length of the
shortest motif included into E(S). Grey: all 5 bp-long words, black: A:T-containing words, green: the
poly(dA:dT) tract (AAAAA).



>
w
o

In vitro (Kaplan et al.) In vivo (YPD) In vitro, E.coli
0.32 0.32 0.3:
—AAATTATT —AAATTATT
—GG GC CG CC —GG GC CG CC
-, 0.3 5. 03 . 03]
o [$) o
5 5 5
0 0.2 @ 0.28] $ 0.28
o o o
[ [ [
= 0.26) = 0.26] 4= 0.26]
[ [ [
] b= 2
5 0.24 5 0.24 S 0.24
o2 ° °
S 022 S 0.22) S 0.22
£ £ £
8 o2 9 o2 B 02
0.18! 0.18! 0.18

-50 0 50
Distance from the nucleosome dyad (bp)

-50 0 50
Distance from the nucleosome dyad (bp)

0.16
0.14
0.12
0.1
0.08
0.06
0.04
-80 —60 -40 -20 0 20 40 60 80 -80 —60 -40 -20 0 20 40 60 80 -80 -60 -40 -20 O 20 40 60 80
Distance from the nucleosome dyad (bp) Distance from the nucleosome dyad (bp) Distance from the nucleosome dyad (bp)
In vivo, C.elegans MNase Sonication
0.32, 0.3 0.3
—AAATTATT —AAATTATT —AAATTATT
—GG GC CG CC —GG GC CG CC — GG GC CG CC
>, 03] .. 03 >, 0.3
o o o
g & 15
2 0.28 20.28 2028
o o o
[ [} (3
&= 0.26 &= 0.26 & 0.26
> © o :«(}m@xz
hes hed =]
5 0.24 5 0.24 5024
° o o
S 0.22 S 0.22 S 022
£ £ £
=] 0.2l o 0.2 e 0.2
018 =50 0 50 0.18 -50 0 50 018 -50 0 50
Distance from the nucleosome dyad (bp) Distance from the nucleosome dyad (bp) Distance from the nucleosome dyad (bp)
0.14
0.12
0.066
0.12
0.1
0.064
0.1
0.08 0.062
0.08
0.06 0.06
0.06
0.04 0.058
0.04

-80 -60 -40 -20 0 20 40 60 80
Distance from the nucleosome dyad (bp)

-80 -60 -40 -20 0 -80 -60 -40 -20 O 20 40 60
Distance from the nucleosome dyad (bp) Distance from the nucleosome dyad (bp)

10



Supplementary Figure 4. Dinucleotide distributions in nucleosome and linker seque nces. Up-
per panel: average relative frequencies of WW (AA, TT, AT and TA) and SS (CC, GG, CG and GC)
dinucleotides at each position within the nucleosome are plotted with respect to the nucleosome dyad.
The relative frequency of each dinucleotide is defined as its frequency at a given position divided by
genome-wide frequency. All frequencies are smoothed using a 3 bp moving average. Lower panel: heat
map of relative frequencies for each dinucleotide, plotted with respect to the nucleosome dyad. a) Nucleo-
somes assembled in vitro on the yeast genome (defined by more than five sequence reads), from Kaplan
et al.2 b) In vivo nucleosomes (defined by more than five sequence reads) from yeast cells grown in YPD
medium.® Upper panel: dashed lines - cross-linked nucleosomes, solid lines - no cross-linking. Lower
panel: dinucleotide counts based on a combination of all YPD replicates. ¢) Nucleosomes assembled in
vitro on the E.coli genome (defined by more than one sequence read).? d) In vivo nucleosomes (defined
by more than three sequence reads) from C.elegans.* e) Same as (a)-(d) except the dinucleotide fre-
guencies are from mononucleosome-size DNA sequences (defined by more than five sequence reads)
from yeast genomic DNA digested by MNase in the absence of nucleosomes. f) Same as (e) except
mononucleosome-size DNA sequences (defined by more than one sequence read) were obtained by
sonication.
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Supplementary Figure 5.Prediction of six nucleosome positions mapped in vitro at high resolu-
tion. Shown are nucleosome formation energies computed using the N = 2 position-independent model
(green curves) and the spatially resolved model (blue curves). Vertical lines: known nucleosome starting
positions, also listed in parentheses below. (a) The 180 bp sequence from the sea urchin 5S rRNA gene
(bps 8,26).° (b) The 183 bp sequence from the pGUB plasmid (bps 11,31).6 (c) The 215 bp fragment
from the sequence of the chicken B — globin® gene (bp 52).7 (d,e.f) Synthetic high-affinity sequences®
601 (bp 61), 603 (bp 81) and 605 (bp 59).2

11



1.15 T T T T T T 1.15 T

- - -Percus - - -Percus
— Fitted —Fitted

—~ 1.1 ~ 11

2 3

< s

> >

2. ®1.05}

5 g

o o

[} [}

: 2 |

2 2

K 2

5 3

3 0.95} 30950

Q'EOO -600 -400 -200 0 200 400 600 800 —gOO -600 -400 -200 0 200 400 600 800

Distance from TSS (bp) Distance from TTS (bp)
1.6 T T 1.6 T r T T r
- - -In vitro - = =in vitro
- - -Predicted - - -Predicted
. 141 —In vivo
>
% % 1.2F
8 8
2 o 1
g £
3 g
K 9 os}
] ©
=] =]
z z
0.6f
04 : : : : : : : 04 : : : : : : :
-800 -600 -400 -200 0 200 400 600 800 -800 -600 -400 -200 0 200 400 600 800
Distance from TSS (bp) Distance from TTS (bp)

— 3

Supplementary Figure 6.Nucleosome energies and occupancies in the vicinity of tran scription
start and termination sites.  a) Percus energy (red) and the sequence-specific energy predicted using
the N = 2 position-independent model (blue). The energies were inferred from nucleosomes positioned
in vitro on the yeast genome,* averaged over all genes for which transcript coordinates were available,®
and plotted with respect to the transcription start and termination sites (TSS and TTS, respectively). All
energies were divided by a genome-wide average. b) In vitro nucleosome occupancy (red),! in vivo
nucleosome occupancy in YPD medium without cross-linking (blue),® and occupancy predicted using the
N = 2 position-independent model (black). All occupancies were divided by the genome-wide average
and plotted as described in (a).
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Supplementary Figure 7. Histogram of distances between neighboring peaks from in vitro and
in vivo nucleosome sequence read profiles in  S.cerevisiae. Mapped sequence reads were smoothed
with a 0 = 20 Gaussian. Neighboring peaks are defined by local maxima in the sequence read profile.
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Supplementary Figure 8.Comparison of N = 2 position-independent models trained on in vitro
and in vivo S.cerevisiae nucleosomes. Rank-order plots of energies of 2 bp words: the energy of each
word is ranked using a position-independent model of order N = 2 trained on either in vivo (with and
without cross-linking) or in vitro nucleosome positioning data. Each curve shows the number of words
whose ranks are separated in the in vivo vs. in vitro fits by a given distance or less.
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Autocorrelation of nucleosome start positions
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Supplementary Figure 9. Autocorrelation functions of nucleosome starting positio ns. Nucleo-

somes were assembled in vitro on the yeast genome.! Black: original starting positions, violet: starting
positions smoothed with a 0 = 2 Gaussian, red: starting positions smoothed with a 0 = 20 Gaussian (see
Supplementary Methods).
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Supplementary Figure 10. Cross-validation of the N = 5 position-independent and N = 2 spa-
tially resolved models in ~ S.cerevisiae. a) Rank-order plots of energies of 5 bp words: yeast genome
is divided into 4 segments of equal size and the energy of each word is ranked using N = 5 position-
independent models independently trained on each segment. Each curve shows the number of words
whose ranks are separated by a given distance or less. Energies of 5 bp-long words contain contribu-
tions from all shorter motifs: E(S) = 55_; Z?nalman} Nay...on€ay...an Where Ny, g, is the number of times
a given word was found within the 5 bp-long sequence Sand £q, ¢, is the fitted energy of that word. b)
Rank-order plots of dinucleotide energies at each position predicted with N = 2 spatially resolved models
independently trained on 47 segments of equal size. Dinucleotide energies at each position are computed
using Egai,1 = €aioiig + €ais | = 4-.. 142 Eqyyx0100 = Earaztiias T Earas T €aras (Supplementary Methods)
and ranked across all positions. The inset shows a histogram of rank-order correlation coefficients be-
tween dinucleotide energies trained on one of the segments, and all other segments.
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Supplementary Tables

Supplementary Table 1.Table of correlation coefficients between predicted or obse  rved occu-
pancy profiles on the yeast genome.  All observed profiles have been filtered for abnormally high- and
low-density regions as described in the Supplementary Methods, with each correlation coefficient com-
puted only for those basepairs that have not been removed from either dataset (predicted occupancies do
not have filtered regions).

Supplementary Table 2. Table of dinucleotide energies predicted by training N = 2 position-
independent models on several nucleosome positioning maps and nucleosome-free control ex-
periments. Energies for each model have been rescaled to the variance of 1 a.u.

References

[1] Zhang Y, et al. (2009) Intrinsic histone-DNA interagt®are not the major determinant of
nucleosome positiona vivo. Nature Struct. Mol. Biol16:847-852.

[2] Morozov AV, et al. (2009) Using DNA mechanics to predictvitro nucleosome positions
and formation energiedNucleic Acids Res37:4707-4722.

[3] Kaplan N, et al. (2009) The DNA-encoded nucleosome omgion of a eukaryotic
genome Nature458:362—-366.

[4] Valouev A, et al. (2008) A high-resolution, nucleosonsiion map of C. elegans reveals
a lack of universal sequence-dictated positioni@gnome Red.8:1051-1063.

[5] Flaus A, Luger K, Tan S, Richmond T (1996) Mapping nuclaog position at single
base-pair resolution by using site-directed hydroxylcatsi. Proc. Natl. Acad. Sci. USA
93:1370-1375.

[6] Kassabov S, Henry N, Zofall M, Tsukiyama T, Bartholomew (R002) High-resolution
mapping of changes in histone-DNA contacts of nucleosomemdeled by ISW2Mol.
Cell. Biol. 22:7524-7534.

[7] Davey C, Pennings S, Reilly C, Meehan R, Allan J (2004) fedaining influence for CpG
dinucleotides on nucleosome positioningitro. Nucl. Acids Res32:4322-4331.

[8] Lowary P, Widom J (1998) New DNA sequence rules for higitinély binding to histone
octamer and sequence-directed nucleosome positiodimgol. Biol.276:19-42.

16



[9] Nagalakshmi U, et al. (2008) The transcriptional laragseof the yeast genome defined by
RNA sequencingScience320:1344-1349.

17



