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Figure S1.  The model-predicted PNDR scores of promoters agree with the PNDR 

scores measured in vitro.  (a) For each promoter in S. cerevisiae, shown are its 

PNDR score computed from the in vitro map of nucleosome occupancy that we 

measured (y-axis) and the PNDR score predicted by the model of the nucleosome 

sequence preferences (x-axis).  (b) Same as (a), for C. albicans.  (c) For each ortholog 

between S. cerevisiae and C. albicans, shown is the difference in its PNDR score 

between the two species as measured by the in vitro nucleosome occupancy map (y-

axis), and as predicted by the model of the nucleosome sequence preferences (x-axis).  

 

Figure S2.  The DNA-encoded nucleosome organization of cellular respiration 

promoters has diverged between S. cerevisiae  and C. albicans .  (a) For each of the 

three categories defined in Fig. 1a, we created a single gene set per category that 

consists of all genes from all gene sets of that category.  Shown is the average 

nucleosome occupancy in S. cerevisiae, predicted by a sequence-based model of 

nucleosome sequence preferences constructed from in vitro nucleosome occupancy 

data in S. cerevisiae1, across this unionized gene set per category.  Average occupancy 

profiles are shown relative to the translation start site of the corresponding genes (we 

used translation start sites since transcription start sites are not well-annotated genome-

wide for C. albicans). (b) Same as (a), but for C. albicans. (c) Same as (a), but using a 

sequence-based model of nucleosome sequence preferences constructed from in vivo 
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nucleosome occupancy data in S cerevisiae2.  (d) Same as (c), but for C. albicans.  (e) 

Same as (a), but using the in vitro map of nucleosome occupancy that we measured in 

S. cerevisiae.  (f) Same as (e), but for C. albicans. 

 

Figure S3.  The model-predicted PNDR scores of promoters agree with the PNDR 

scores measured in vivo.  Same as Fig. S1, but using the in vivo nucleosome 

occupancy maps that we measured in S. cerevisiae and C. albicans.  (a) For each 

promoter in S. cerevisiae, shown are its PNDR score computed from the in vivo map of 

nucleosome occupancy that we measured (y-axis) and the PNDR score predicted by 

the model of the nucleosome sequence preferences (x-axis).  (b) Same as (a), for C. 

albicans.  (c) For each ortholog between S. cerevisiae and C. albicans, shown is the 

difference in its PNDR score between the two species as measured by the in vivo 

nucleosome occupancy map (y-axis), and as predicted by the model of the nucleosome 

sequence preferences (x-axis).  
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DNA-encoded PNDR (per gene) 

predicted by model 
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Saccharomyces cerevisiae Candida albicans 
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DNA-encoded PNDR (per gene) 

predicted by model 

Pearson correlation = 0.76 

# genes = 5206 

Pearson correlation = 0.72 

# genes = 5571 
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DNA-encoded PNDR difference 

(alb.-cer. ; per orthogroup) 
predicted by model 

Pearson correlation = 0.70 

# orthogroups = 2224 
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Location relative to translation start site (bp) 
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Candida albicans 

Location relative to translation start site (bp) 
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Model: in-vitro (Kaplan et al, Nature 2008) 

Model: in-vivo (Field et al, PLoS Comp Bio 2008) 

Our in-vitro data 
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Table S1 
 

Category-I gene sets 
 

GO description 
Number of genes in  

S. cerevisiae 
Number of genes in  

C. albicans 

intracellular non-membrane-bound 
organelle 

629 605 

cytosol 234 205 
nucleocytoplasmic transport 83 93 

macromolecule biosynthetic process 384 344 
purine nucleotide metabolic process 33 29 

purine ribonucleotide biosynthetic 
process 24 23 

translation 253 228 
RNA processing 249 260 

RNA binding 159 157 
tRNA metabolic process 90 91 

ligase activity, forming aminoacyl-
tRNA and related compounds 

33 34 

tRNA aminoacylation for protein 
translation 28 29 

aromatic compound metabolic 
process 43 41 

aromatic amino acid family 
biosynthetic process 

15 14 

aromatic amino acid family metabolic 
process 16 15 

ribosome biogenesis and assembly 273 283 
ribonucleoprotein complex 
biogenesis and assembly 

319 328 

protein-RNA complex assembly 106 106 
nucleolus 179 181 

rRNA metabolic process 150 162 
35S primary transcript processing 68 82 

ribosome assembly 54 56 
biogenic amine metabolic process 18 16 

amino acid derivative metabolic 
process 20 18 

ribonucleoprotein complex 348 318 
ribosome 231 196 

translation factor activity, nucleic 
acid binding 39 38 

translation regulator activity 42 41 
tRNA modification 43 45 
RNA modification 57 60 

regulation of translation 33 36 
3-5-exoribonuclease activity 16 16 

nuclear exosome (RNase complex) 12 12 
small nucleolar ribonucleoprotein 

complex 
46 45 

nucleolar part 78 76 
processing of 20S pre-rRNA 38 40 
steroid biosynthetic process 26 30 

ergosterol biosynthetic process 25 28 
peptidyl-amino acid modification 22 25 

translational initiation 33 31 
translation initiation factor activity 23 21 

cytosolic ribosome (sensu 
Eukaryota) 109 82 

cytosolic part 128 97 
cytosolic small ribosomal subunit 

(sensu Eukaryota) 38 26 

small ribosomal subunit 60 49 
eukaryotic 43S preinitiation complex 46 34 

translational elongation 18 21 
one-carbon compound metabolic 

process 37 39 

nuclear export 65 72 
large ribosomal subunit 87 71 

structural constituent of ribosome 136 109 



ribosomal large subunit biogenesis 
and assembly 

56 64 

cytosolic large ribosomal subunit 
(sensu Eukaryota) 

56 39 

tRNA export from nucleus 17 21 

ribosomal large subunit assembly 
and maintenance 

35 40 

ribosomal subunit assembly 46 47 

translation elongation factor activity 12 13 

purine base metabolic process 13 13 

nucleobase metabolic process 25 22 

RNA methyltransferase activity 22 24 

rRNA modification 13 14 

RNA methylation 15 16 

ribosomal small subunit biogenesis 
and assembly 

23 17 

ATP-dependent RNA helicase 

activity 
16 22 

ribosome export from nucleus 17 18 

protein export from nucleus 36 42 

nucleolar preribosome 10 11 

preribosome 12 13 

snoRNA binding 24 26 

rRNA export from nucleus 16 18 

mRNA-binding (hnRNP) protein 

import into nucleus 
16 17 

nuclear pore organization and 

biogenesis 
16 17 

processing of 27S pre-rRNA 15 18 

nuclear DNA-directed RNA 

polymerase complex 
27 28 

tRNA methyltransferase activity 14 15 

amino acid derivative biosynthetic 
process 

20 18 

biogenic amine biosynthetic process 18 16 

tRNA methylation 12 12 

nucleobase biosynthetic process 16 13 

purine ribonucleoside 
monophosphate biosynthetic 

process 
14 13 

nucleoside monophosphate 
biosynthetic process 

16 15 

purine ribonucleoside 

monophosphate metabolic process 
16 15 

transferase activity, transferring 
pentosyl groups 

14 11 

snoRNA metabolic process 15 13 

histidine family amino acid 

biosynthetic process 
11 10 

rRNA binding 12 10 

transcription from RNA polymerase I 

promoter 
23 21 

DNA-directed RNA polymerase III 
complex 

14 14 

DNA-directed RNA polymerase I 
complex 

11 11 

 
 
 

 

Category-II gene sets 
 

GO description  Number of genes in  
S. cerevisiae  

Number of genes in  
C. albicans  

nitrogen utilization 11 11 

actin cortical patch assembly 14 12 

cortical actin cytoskeleton 
organization and biogenesis 

14 12 

vacuolar transport 79 85 

protein targeting to vacuole 50 53 

autophagy 25 28 

post-Golgi vesicle-mediated 
transport 

47 48 



microtubule cytoskeleton 
organization and biogenesis 47 50 

kinetochore 25 26 
chromosome, pericentric region 30 31 
condensed nuclear chromosome 

kinetochore 22 23 

condensed nuclear chromosome, 
pericentric region 

23 24 

mitotic spindle organization and 
biogenesis 28 29 

peroxisome 25 26 
peroxisomal part 12 13 

negative regulation of transcription 
from RNA polymerase II promoter 31 32 

antioxidant activity 18 17 
microtubule associated complex 16 17 
mitotic spindle organization and 

biogenesis in nucleus 
14 14 

proteasome complex (sensu 
Eukaryota) 33 36 

inositol or phosphatidylinositol 
kinase activity 10 11 

phosphatidylinositol 3-phosphate 
binding 

15 15 

actin cortical patch 37 33 
energy reserve metabolic process 16 12 

exocytosis 30 30 
bud tip 31 36 

regulation of growth 11 11 
mitotic recombination 14 16 
mating type switching 12 13 

intracellular transporter activity 20 17 
proteasome core complex (sensu 

Eukaryota) 
11 11 

vesicle fusion 25 25 
peroxisome organization and 

biogenesis 21 20 

endosome transport 36 36 
late endosome to vacuole transport 14 17 

SNAP receptor activity 19 16 
membrane docking 11 19 

RNA polymerase II transcription 
mediator activity 12 13 

vesicle docking during exocytosis 10 17 
proteasome regulatory particle 

(sensu Eukaryota) 17 20 

 
 
 
 

Category-III gene sets 
 

GO description  Number of genes in  
S. cerevisiae  

Number of genes in  
C. albicans  

cellular respiration 59 63 
tricarboxylic acid cycle intermediate 

metabolic process 17 25 

acetyl-CoA metabolic process 25 29 
acetyl-CoA catabolic process 19 24 
coenzyme catabolic process 22 28 
mitochondrial membrane part 52 52 

electron transport 20 20 
oxidative phosphorylation 21 20 
mitochondrial ribosome 57 59 

mitochondrial electron transport 
chain 

17 15 

organelle ATP synthesis coupled 
electron transport 14 12 

mitochondrial large ribosomal 
subunit 31 32 

mitochondrial small ribosomal 
subunit 22 23 



Table S2 

 
Table S2. Same as in Fig. S1, shown are pairwise comparisons of the PNDR 
scores of the model that we used here, and, in addition, the in vivo and in vitro 
maps of this study and five other recently published in vivo maps in S. 
cerevisiae (Field et al., PLoS Comp. Bio., in press; two maps in two conditions 
from Shivaswamy et al., PLoS Bio, 2008; two maps using tiling microarrays 
from Lee et al., Nat. Gen. 2007, and Whitehouse et al., Nature 2007).  
Together, these datasets include tiling microarray technology, two different 
high-throughput sequencing technologies (Solexa and 454), and three 
different scales of sequencing coverage (number of reads, i.e., sequenced 
nucleosomes: ~0.5M, ~1M, ~10M).  For every dataset, we computed the 
PNDR score of each promoter. Shown is the Pearson correlation between 
pairwise comparisons of several different datasets. All of the pairwise 
comparisons are statistically significant (P<0.001, 1000 permutations).  (a) 
Comparison of all datasets against the in vitro data of this study. Note that the 
degree of agreement is variable, with microarrays showing the lowest 
agreement (Pearson correlation ~0.1), and sequencing showing agreement 
that increases with the coverage (number of reads). Since the PNDR score is 
a measure of the occupancy over nucleosome depleted regions, it is evident 
that high sequence coverage is needed in order to robustly identify 
differences (since we are examining occupancy values within regions of low 
occupancy). Thus, these results further underscore the importance of the type 
of data that we generated here for the types of analyses that we focus on in 
this paper.  In addition, the predictions of the sequence based model that we 
use in this paper exhibit a correlation with the in vitro dataset 
(correlation=0.73) that is higher than its correlation with any in vivo dataset. 
This result is particularly intriguing given that the model that we use was 
learned from an in vivo sequencing dataset (454 sequencing, ~0.5M reads), 
with which it exhibits a high (0.35), but lower correlation. These comparisons 
further support the quality of the model predictions, and suggest that we can 
reliably use this model to examine the DNA-encoded nucleosome 
organization.  (b) Same as (a), against the predictions of the sequence-based 
model for nucleosome positioning that we used in this study. (c) Same as (a), 
against the in vivo data of this study.  
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Comparisons with: Our in -vitr o data  (Solexa, ~10M reads) 
 

Dataset  Description  
Agreement on PNDR 

scores  
(Pearson correlation)  

Model used in this study 
Sequence -based 

predictions  
0.73 

Our in-vivo data 
Solexa, ~10M reads, 

In-vivo 
0.65 

Field et al '08 
454, ~0.5M reads 
In-vivo (model was 

learned from this data) 

0.35 

Shivaswamy et al '08a  
Solexa, ~1M reads 
In-vivo (heatshock) 

0.22 

Shivaswamy et al '08b  
Solexa, ~0.5M reads 

In-vivo (YPD) 
0.14 

Lee et al '07 
Microarrays  

In-vivo 
0.1 

Whitehouse et al '07 
Microarrays  

In-vivo 
0.06 

 
b 
 

Comparisons with: model used in this study  
 

Dataset  Description  
Agreement on PNDR 

scores  
(Pearson co rrelation)  

Our in-vitro data 
Solexa, ~10M reads 

In-vitro  
0.73 

Our in-vivo data 
Solexa, ~10M reads 

In-vivo 
0.61 

Field et al '08 
454, ~0.5M reads 

In-vivo (the model was 
learned from this data) 

0.36 

Shivaswamy et al '08a  
Solexa, ~1M reads 
In-vivo (heatshock) 

0.28 

Lee et al '07 
Microarrays  

In-vivo 
0.19 

Shivaswamy et al '08b  
Solexa, ~0.5M reads 

In-vivo (YPD) 
0.13 

Whitehouse et al '07 
Microarrays  

In-vivo 
0.13 
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Comparisons with: Our in-vivo data (Solexa, ~10M reads) 
 

Dataset Description 
Agreement on PNDR 

scores 
(Pearson correlation) 

Our in-vitro data 
Solexa, ~10M reads 

In-vitro 
0.65 

Model used in this study 
Sequence-based 

predictions 
0.61 

Field et al '08 
454, ~0.5M reads 

In-vivo (the model was 
learned from this data) 

0.56 

Lee et al '07 
Microarrays 

In-vivo 
0.48 

Shivaswamy et al '08a  
Solexa, ~1M reads 
In-vivo (heatshock) 

0.47 

Shivaswamy et al '08b  
Solexa, ~0.5M reads 

In-vivo (YPD) 
0.37 

Whitehouse et al '07 
Microarrays 

In-vivo 
0.23 

 
 


