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A B S T R A C T

New Symmetric Relative Entropy (NSRE) was applied innovatively to analyze the nucleosome sequences in S.
cerevisiae, S. pombe and Drosophila. NSRE distributions could well reflect the characteristic differences of nu-
cleosome sequences among three organisms, and the differences indicate a concerted evolution in the sequence
usage of nucleosome. Further analysis about the nucleosomes around TSS shows that the constitutive property of
+1/−1 nucleosomes in S. cerevisiae is different from that in S. pombe and Drosophila, which indicates that S.
cerevisiae has a different transcription regulation mechanism based on nucleosome. However, in either case, the
nucleosome dyad region is conserved and always has a higher NSRE. Base composition analysis shows that this
conservative property in nucleosome dyad region is mainly determined by base A and T, and the dependence
degrees on base A and T are consistent in three organisms.

1. Introduction

In eukaryotic cells, DNA is highly packaged into nucleosome arrays.
The nucleosome core particle comprises 146/147 base pairs of DNA
wrapped in 1.7 superhelical turns around an octamer of histone pro-
teins [1,2]. Nucleosome has played a crucial role in gene transcription
regulation [3,4], and lots of researches focus on the nucleosomes
around TSS [5–9]. There is a conserved nucleosome organization
around TSS with a nucleosome free region upstream of the TSS and a
TSS-aligned regular array of evenly spaced nucleosomes downstream
over the gene body [10,11]. Knowing the precise locations of nucleo-
somes in a genome is key to understanding how genes are regulated
[12]. With the development of nucleosome positioning study, nucleo-
some occupancy data have been published in many organisms [13–18],
and Mavrich et al. have given the more detailed data including nu-
cleosome positioning centers. Lately, Brogaard et al. have published a
single-base pair resolution map of nucleosome positions in yeast [19],
and Moyle-Heyrman et al. have used the same method to give nucleo-
some position annotation in fusion yeast [20]. It is generally recognized
that nucleosome positioning is determined by the combination of DNA
sequence, nucleosome remodelers, and transcription factors [11], and
DNA sequence preferences of nucleosomes have made a significant
contribution to the nucleosome organization [11,21–23]. Many re-
searchers could predict nucleosome positioning along genomes by their
prediction models based on sequence information [24–32]. Some

webservers, such as iNuc-PseKNC [33] and iNuc-PhysChem [34] have
also been established for nucleosome prediction, which makes the
prediction work more convenient. However, it is unclear that whether
the sequence preferences of nucleosomes are the same in different or-
ganisms, and whether there is concerted evolution in nucleosome se-
quences.

Lots of methods have been applied in sequence analysis. Sequence
alignment is a basic and important method in bioinformatics research.
BLAST [35] and Smith-Waterman [36] are the most widely used algo-
rithms for two sequence alignment, and CLUSTAL W [37] is the most
widely used algorithm for multi-sequence alignment. However, se-
quence alignment algorithms become powerless to large biological se-
quence datasets. For these datasets, alignment-free sequence compar-
ison is more efficient. Many algorithms of alignment-free sequence
comparison are based on the probability distribution of k-mer [38–41].
Entropy used in the alignment-free sequence comparison is also based
on the probability distribution of k-mer. Kullback and Leible proposed a
Relative Entropy ( = ∑ = − ∑= =
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1951 to measure the similarity between two discrete probability dis-
tributions [42]. Relative Entropy has no symmetry, so it could not be
directly used to describe the difference between two probability dis-
tributions. Fu revised Relative Entropy, and proposed a Symmetric
Relative Entropy ( = ∑ + ∑= =
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symmetry, but it is sensitive to extreme values. For instance, if pi=0 or
qi=0, there will be SRE(p∥q)=∞. Shen improved SRE, and proposed a
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New Symmetric Relative Entropy in her doctoral thesis
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well in sequence similarity analysis. NSRE was applied in preliminary
analysis of nucleosome sequences in our recent study [45]. In this
paper, we used NSRE for analyzing nucleosome sequences system-
atically, and except to get sequence preference characteristics of nu-
cleosomes in different organisms.

2. Data and methods

2.1. Data sources

Nucleosome positioning data of Saccharomyces cerevisiae (unique
map) were gotten from Brogaard [19]. The reference genome sequence
and gene annotation information of Saccharomyces cerevisiae were ob-
tained from UCSC (SAC2 version) (http://genome.ucsc.edu/). Nucleo-
some positioning data and gene annotation information of Drosophila
were gotten from Mavrich [15]. The Drosophila reference genome was
obtained from Flybase (ftp://ftp.flybase.net/releases/FB2007_01/dmel_
r5.2/). Nucleosome positioning data of Schizosaccharomyces pombe
(unique map) were gotten from Moyle-Heyrman [20]. The reference
genome sequence and gene annotation information of Schizosacchar-
omyces pombe were obtained from Ensemble Genomes (ftp://ftp.
ensemblgenomes.org/pub/fungi/release-15/).

2.2. k-mer of genomic sequence

k-mer could be described as follows: supposing there is a genomic
sequence S with length L, ‘N1 ,N2 ,…NL’, where Ni∈{A,T,C,G}. A string
of consecutive k nucleotides within genetic sequence S is called a k-mer.
The k-mers appearing in a sequence can be enumerated by using a
sliding window of length k, shifting one base each time from position 1
to L − k + 1, until the entire sequence has been scanned. Given any k,
there will be 4k different possible permutations.

2.3. Calculation of New Symmetric Relative Entropy

NSRE could measure the difference between two probability dis-
tributions. NSRE is defined as follows:
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pi=qi.
We used NSRE distribution to describe the constitutive property of

nucleosome core sequences, and the value of NSRE was calculated by
the probability of k-mer (k = 1, 2, ⋯8). Supposing there are N nu-
cleosome sequences, and the length of each sequence is L bp. The se-
quences are aligned by the dyad to form a N × L matrix Bp
(Bpij∈{A,T,C,G}):

Let p(i,l) be the probability of k-mer in l-th column of Bp (l∈{1,
L − k+ 1}). i represents the elements of k-mer (i.e. while k = 1, i =A,
T, C, G; while k = 2, i =AA, AT, AC, …, GT, GC, GG; that is to say, the
amount of i is 4k). Let qi be the probability of k-mer of all the columns of
Bp, so qi represents the k-mer probability of all nucleosome sequences.
Bringing p(i,l) and qi into formula (1), and NSRE of the l-th site (totally
L − k+ 1 sites) could be worked out. Then we could get a NSRE dis-
tribution comprised of consecutive L − k+ 1 values. By this way, we
could measure the differences of sequence preferences between each
site and all sites of nucleosome sequences. Thus, the NSRE distribution
could describe the constitutive property of a group of nucleosome se-
quences. Higher the NSRE is, more specific the constitutive property
will be.

3. Results

3.1. NSRE distributions of nucleosome sequences in different organisms

We calculated the NSRE of nucleosome core sequences based on the
probability from 1-mer to 8-mer respectively in Drosophila, S. pombe
and S. cerevisiae, and normalized the results (the normalization method
was in S1). Then the differences of NSRE distributions were compared
among different organisms and different k-mers (Fig. 1.). Results show
that the dyad region always has a higher NSRE, in either case. However,
there are some differences of NSRE distributions among different or-
ganisms: (1) The peak value of NSRE distribution in Drosophila is the
highest, and that in S. cerevisiae is the lowest. (2) NSRE distributions of
Drosophila have three peaks, and that in S. pombe and S. cerevisiae both
have two peaks. (3) The peaks of NSRE distributions in Drosophila all
appear in the downstream of the dyad, locating at +3, +13 and
+26 bp. The peaks in S. pombe are symmetrically located at +3 bp and
−3 bp in the both sides of the dyad as well as S. cerevisiae. Further-
more, there are also differences among different k-mers: it is a general
tendency that, smaller the k is, higher the peak value of NSRE dis-
tribution will be, at any peak location except for +13 bp in Drosophila.
The characteristics of NSRE distributions are obvious while k ≤ 3. And
while k = 8, NSRE distributions of nucleosome sequences hardly have
any features, which is similar to the distributions of random sequences
(Fig. S2). So we could indicate that: (1) The sequence usage of nu-
cleosome has differences among different organisms, and such

Fig. 1. NSRE distributions of nucleosome core sequences based on the probability of k-
mer (k= 1, 2, 3) in 3 organisms. Nucleosome core sequence contains 75 bp on each side
of dyad, totally 151 bp. D.m represents Drosophila. S.p represents Schizosaccharomyces
pombe. S.c represents Saccharomyces cerevisiae. (A)–(C) NSRE distributions based on the
information of 1-mer in 3 organisms. (D)–(F) NSRE distributions based on the information
of 2-mer in 3 organisms. (G)–(I) NSRE distributions based on the information of 3-mer in
3 organisms.
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differences are mainly reflected in some certain sites on nucleosome
sequence. (2) Single nucleotide (k= 1) makes major contribution to
the constitutive property of nucleosome sequence, but it seems that 3-
mer is more important at +13 bp in Drosophila's nucleosome. (3) The
degree of sequence dependence to nucleosome is Drosophila > S.
pombe > S. cerevisiae. Drosophila is a typical metazoan, and S. cerevisiae
is a typical monad. Though S. pombe is also monad, it is distinguished
from S. cerevisiae by sharing important characteristics of chromosome
structure with metazoan [20,46–49]. So NSRE distributions could well
reflect the evolutionary relationship of nucleosome sequence among
these three organisms.

Above NSRE calculations are all based on the sequences in normal
chain. For discussing whether the Watson strand or the Crick strand
affects the NSRE distribution characteristics of nucleosome sequences,
we also analyzed the reverse complements as a contrast. NSRE was
calculated by the probabilities of 1-mer, 2-mer and 3-mer respectively
in three organisms based on nucleosome sequences both in normal se-
quences and their reverse complements. Results have shown in Fig. 2.
NSRE distributions of the normal sequences and their reverse comple-
ments are symmetrical. When in the same orientation, normal se-
quences and their reverse complements have a consistent NSRE dis-
tribution feature. It is indicated that the sequence information which
determines nucleosome positioning is strand-insensitive. No matter it is
Watson strand or Crick strand, it contains the characteristic informa-
tion, and the information is highly consistent. Therefore, for nucleo-
some sequence research, it just needs the information of either strand.
In the following NSRE calculation, the sequences in normal chain were
selected.

3.2. NSRE distributions of nucleosome sequences around TSS

Above results show that there are differences of constitutive prop-
erty of nucleosome sequences among three organisms. Nucleosome
organization around TSS is important to gene transcription regulation.
So the nucleosomes around TSS were studied in detail. NSRE distribu-
tion of 1-mer has more significant feature, but it lacks of the informa-
tion about bases correlation. In order to reflect more comprehensive
information, we added up the values of NSRE obtained by the prob-
ability of 1-mer, 2-mer and 3-mer, and got an Accumulated NSRE (Ac-

NSRE). Then the Ac-NSRE was used to analyze −3, −2, −1, +1, +2
and +3 nucleosome on TSS flanking region (the definition of +1/−1
nucleosomes was shown in S3).

First, above nucleosomes were divided into two groups by the lo-
cation relative to TSS: Upstream(Up)-nucleosomes (−3, −2, −1 nu-
cleosome) and Downstream(Dn)-nucleosomes (+1, +2, +3 nucleo-
some). Then the Ac-NSRE of nucleosome sequences of these two groups
were calculated respectively, and were compared with the Ac-NSRE of
all nucleosome sequences in each organism. Results have shown in
Fig. 3. In Drosophila, Ac-NSRE distribution characteristics of Up-nu-
cleosomes and Dn-nucleosomes have no obvious difference from all
nucleosomes', and just the Up-nucleosome sequences have a stronger
constitutive property. In S. pombe, Ac-NSRE is significantly decreased in
the dyad region both in Up-nucleosomes and Dn-nucleosomes. In S.
cerevisiae, Ac-NSRE distribution characteristics of Up-nucleosomes have
a slight difference from all nucleosomes', and it changes more obviously
in Dn-nucleosomes. Ac-NSRE increases in the region close to TSS, which
exists in both two groups.

We also calculated the Ac-NSRE of sequences of each nucleosome
(−3 to +3) around TSS. Results have shown in Figs. 4 and S4. Totally,
−1, −2 and −3 nucleosomes upstream of TSS have consistent dis-
tribution characteristics. +1, +2 and +3 nucleosomes downstream of
TSS also have consistent distribution characteristics, but different from
nucleosomes' upstream. In Drosophila and S. cerevisiae, Ac-NSRE dis-
tribution characteristic of individual nucleosome has no obvious dif-
ferences from that of grouping nucleosome. But in S. pombe, the dyad
region of individual nucleosome still has a high Ac-NSRE, which is
different from the case after grouping. It is indicated that, in S. pombe,
the constitutive property of the individual nucleosome around TSS is
consistent, but the nucleotide element which determines the con-
stitutive property of nucleosome sequence is not the same.

By comparing Ac-NSRE distributions of +1/−1 nucleosomes
among three organisms (Fig. 4), we could see that, the altered degree of
Ac-NSRE distribution characteristic in +1/−1 nucleosomes compared
to all nucleosomes is significantly different from Drosophila to S. cere-
visiae. In Drosophila, +1/−1 nucleosomes have maintained a funda-
mental Ac-NSRE distribution characteristic compared to all nucleo-
somes, and just −1 nucleosome seems to have a stronger constitutive
property. In S. cerevisiae, Ac-NSRE distribution characteristic of +1/

Fig. 2. NSRE distributions of normal sequences and their reverse complements of nucleosome in three organisms. (A)–(C) NSRE calculated by the normal sequences of nucleosome.
(D)–(F) NSRE calculated by the reverse complements of nucleosome. (A) (D) NSRE distributions obtained by the probabilities of 1-mer, 2-mer and 3-mer in Drosophila. (B) (E) NSRE
distributions obtained by the probabilities of 1-mer, 2-mer and 3-mer in S. pombe. (C) (F) NSRE distributions obtained by the probabilities of 1-mer, 2-mer and 3-mer in S. cerevisiae.
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−1 nucleosomes alter obviously compared to all nucleosomes, and
especially in the region close to TSS, Ac-NSRE increases significantly.
Moreover, the Ac-NSRE distribution characteristic in the region of
downstream of −1 nucleosome and upstream of +1 nucleosome is
similar to that in dyad region. Overall, in these three organisms, from
monad to metazoan (S. cerevisiae → S. pombe → Drosophila), the con-
stitutive property of −1 nucleosome becomes stronger and stronger,
and the constitutive property of +1 nucleosome becomes more and
more conserved. In other words, −1 nucleosome trends to be more
functional and +1 nucleosome trends to be more stable.

3.3. The determined elements of NSRE distribution peaks

NSRE distributions have shown the nucleosome sequence char-
acteristics in three organisms, and the most important feature is the
distinctiveness of nucleosome dyad region. NSRE distribution peaks
always locate near the dyad. It is indicated that nucleosome stability is
mainly determined by the sequence of dyad region. However, it is un-
clear that which element contributes to NSRE distribution peaks, and
whether it is the same in different organisms. So we analyzed the base
composition of nucleosome core sequences in Drosophila, S. pombe and
S. cerevisiae. Results show that, no matter in which organism, there are
always two special sites in nucleosome core sequences: one is A-rich
and T-poor, and the other is just opposite (Fig. 5). In Drosophila, the two
special sites locate on +2 (A-poor and T-rich) and +3 bp (A-rich and
T-poor). In S. pombe and S. cerevisiae, the two special sites locate on −3
(A-rich and T-poor) and +3 bp (A-poor and T-rich). These sites are just
the positions of NSRE distribution peaks. Brogaard et al. have pointed
out that these two special sites exist in yeast nucleosome sequences, and
it could not exclude the possibility that chemical map might present a
bias [19]. The NSRE distribution features in the dyad region also may

be caused by the bias of chemical map.
Base composition analysis reflects the difference in base usage fre-

quency. Especially in some special sites, base A & T have a variable
usage frequency, and base C &G have a steady usage frequency. It in-
dicates that the NSRE based on the probabilities of A & T should be
different from that based on the probabilities of C & G. Then NSRE was
calculated separately by the probabilities of base A & T and C &G.
Results have shown in Fig. 6. We could see that, in all three organisms,
NSRE obtained by A& T is significantly higher than the NSRE obtained
by C &G, and NSRE distribution of base A & T is similar as the NSRE
distribution of all bases. That is to say, the NSRE distribution char-
acteristics of nucleosome core sequences are mainly depended on the
usage frequency of base A & T, and it is almost irrelevant to base C &G.

Base A & T have made a majority of contribution to NSRE distribu-
tion characteristics of all nucleosome core sequences in three organ-
isms. Further, NSRE was calculated separately by base A & T and base
C &G only in +1/−1 nucleosomes. Results have shown in Fig. 7. In
Drosophila and S. pombe, +1/−1 nucleosomes have the same way in
base frequency usage for NSRE: base A & T are major determinants for
NSRE distribution characteristics, and base C &G are nearly useless. But
in S. cerevisiae, there are some differences: base C &G have also taken
part in the construction of NSRE distribution characteristics, though it
only exists in the flanking region of nucleosome sequence but not in the
dyad region. Results indicate that the functional mechanism based on
sequence of +1/−1 nucleosomes in S. cerevisiae is different from that
in Drosophila and S. pombe. That is to say the transcription regulation
mechanism based on nucleosomes is different from S. cerevisiae to the
other two organisms. In addition, in either case, base C &G are not
related to nucleosome dyad region, and only base A & T determine the
dyad region features.

Dinucleotide (2-mer) and trinucleotide (3-mer) contain the

Fig. 3. Ac-NSRE distributions of nucleosome core sequences around TSS in 3 organisms. Ac-NSRE was calculated in All-N, Up-N and Dn-N respectively. All-N represents Ac-NSRE obtained
by all nucleosome sequences of an organism. Up-N represents Ac-NSRE obtained by nucleosome sequences upstream of TSS. Dn-N represents Ac-NSRE obtained by nucleosome sequences
downstream of TSS. (A)–(C) Ac-NSRE distributions of different groups of nucleosomes in Drosophila. (D)–(F) Ac-NSRE distributions of different groups of nucleosomes in S. pombe. (G)–(I)
Ac-NSRE distributions of different groups of nucleosomes in S. cerevisiae.
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information of bases correlation. NSRE distributions obtained by the
probabilities of dinucleotide and trinucleotide also have shown a con-
served feature in nucleosome dyad region. In single base NSRE dis-
tributions, base A & T determine the dyad region features. For dis-
cussing the effect of base A & T for dinucleotide NSRE and trinucleotide
NSRE, we calculated NSRE separately by the probabilities of dinucleo-
tide and trinucleotide with different numbers of A & T. Results have
shown in Fig. 8. In dinucleotide NSRE distributions, it shows a tendency
that the peak value of NSRE distributions increases as the number of
A & T in dinucleotide increases, and this tendency is also reflected in
trinucleotide NSRE distributions. The higher amount of base A & T in
dinucleotide or trinucleotide makes the higher peak value of NSRE

distribution, and this is the same in different organisms. However, there
is a special case. In Drosophila, base C & G are not useless for NSRE. The
analysis of NSRE distribution based on various k-mer has shown that the
peak value of NSRE distribution decreases as k increases generally, but
the situation at the location of +13 bp in Drosophila nucleosome se-
quence is just the opposite (Fig. 1). Especially in trinucleotide NSRE
distribution (Fig. 1G), the location of +13 bp has an extremely high
peak value, and we can describe it as a Special Peak. Through calcu-
lating NSRE separately by base A & T and base C & G, we found this
Special Peak is just caused by the trinucleotide only composed with
C &G.

The peaks in the dyad region are conserved in three organisms, and

Fig. 4. Ac-NSRE distributions of +1/−1 nucleosome se-
quences in 3 organisms. (A)–(B) Ac-NSRE distributions of
−1/+1 nucleosome sequences in Drosophila. (C)–(D) Ac-
NSRE distributions of −1/+1 nucleosome sequences in S.
pombe. (E)–(F) Ac-NSRE distributions of −1/+1 nucleo-
some sequences in S. cerevisiae.

Fig. 5. The base frequency on two special sites in nucleosome core sequence in 3 organisms. (A) The base frequency on +2 bp &+3 bp and average frequency in Drosophila. (B) The base
frequency on −3 bp &+3 bp and average frequency in S. pombe. (C) The base frequency on −3 bp &+3 bp and average frequency in S. cerevisiae.
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the formation of these peaks is strongly associated with base A & T.
Further, we analyzed the correlation of the dependence degree on base
A & T for dyad peaks among three organisms, and three organisms show
a good correlation(correlation coefficient was shown in S5). The de-
pendence degree on base A & T for dyad peaks in three organisms is
nearly the same (Fig. 9). It is indicated that the core characteristic of
nucleosome sequences is conserved, and the mechanism of sequence
usage for constructing this characteristics is also conserved.

4. Discussion

New Symmetric Relative Entropy was innovatively used in analysis
of the differences between partial and whole. The differences of k-mer

usage between each site and all sites on nucleosome sequence are re-
flected by NSRE. Compared with normal information content, NSRE
introduced a background probability, which involved different back-
ground compositions of different organisms. Meanwhile, with its good
properties, NSRE could well describe the constitutive property and
better reflect the key feature of nucleosome sequences (Fig. S6).
Therefore, NSRE is an effective method for evolution analysis of nu-
cleosome sequences. S. cerevisiae and S. pombe, as monad, have a similar
NSRE distribution characteristic of nucleosome sequences. Two sig-
nificant peaks appear at −3 and +3 bp on nucleosome sequence,
which is different from that in metazoan. In Drosophila, there is only one
significant peak appearing at +3 bp, but the value of the peak is ob-
viously higher than that in S. cerevisiae and S. pombe. Though S. pombe is

Fig. 6. Two NSRE distributions obtained separately by base A & T and C&G in 3 organisms. NSRE in red line is calculated by the probabilities of base A & T. NSRE in blue line is calculated
by the probabilities of base C & G. The comparisons are shown respectively in Drosophila (A), S. pombe (B) and S. cerevisiae (C). (For interpretation of the references to colour in this figure
legend, the reader is referred to the web version of this article.)

Fig. 7. Two NSRE distributions obtained separately by base A & T
and base C & G in +1/−1 nucleosomes. (A)–(B) The comparisons
in −1 and +1 nucleosome in Drosophila. (C)–(D) The comparisons
in −1 and +1 nucleosome in S. pombe. (E)–(F) The comparisons in
−1 and +1 nucleosome in S. cerevisiae.

H. Meng et al. Genomics 110 (2018) 154–161

159



monad, it has some important characteristics of chromosome structure
with metazoan, and its peak value is between the other two organisms'.
So NSRE distributions reflect an evolutionary trend of nucleosome se-
quence from monad to metazoan: the constitutive property of nucleo-
some sequence becomes stronger and stronger. That is to say, DNA
sequence preference is more important to nucleosome positioning in
metazoan.

Ac-NSRE distribution characteristics of +1 and −1 nucleosomes
have shown the differences of transcription regulatory mechanisms
from monad to metazoan. In S. cerevisiae, Ac-NSRE distribution char-
acteristics of +1 and −1 nucleosomes changed obviously compared
with all nucleosomes'. The regions of downstream of −1 nucleosome
and upstream of +1 nucleosome have shown a distribution char-
acteristic which is similar to that in dyad region, and peak locations in
these two regions would be potential nucleosome dyad. It is inferred
that the position of +1/−1 nucleosomes is not fixed, and +1/−1
nucleosomes could slide. Gene transcription regulation could be done
by the position modification of +1/−1 nucleosomes in S. cerevisiae.
But in Drosophila, Ac-NSRE distribution characteristics of +1/−1 nu-
cleosomes changed slightly compared with all nucleosomes'. It is in-
dicated that the position of +1/−1 nucleosomes is stable and con-
served, and genes in Drosophila may use another transcription
regulatory mechanism, such as the dispelling of nucleosomes. Though
the Ac-NSRE distribution characteristic of all nucleosomes in S. pombe is
more similar to that in S. cerevisiae, the change of Ac-NSRE distribution
characteristic of +1/−1 nucleosomes in S. pombe is more similar to

that in Drosophila. S. pombe is in a transition stage from monad to
metazoan. In addition, it could be inferred that the evolution of gene
transcription regulation mechanism should precede the evolution of
nucleosome sequence.

Consistently, the dyad region of nucleosome sequence is conserved
in three organisms. The conservative property is reflected in not only
the high NSRE but also the formation mechanism of the high NSRE.
NSRE distribution characteristics of nucleosome sequences show that
the stability of nucleosome mainly depends on the dyad region, and the
feature of the dyad region mainly depends on the base A & T, and the
dependence degree on base A & T is basically the same in three or-
ganisms. Overall, NSRE distributions have shown differences of nu-
cleosome sequence characteristics among different organisms, and it
has also reflected the conservative property in sequence usage of nu-
cleosome. NSRE is an effective method in constitutive property analysis
for a set of sequences. However, the basement of using NSRE to analyze
nucleosome sequences is single base pair resolution map of nucleosome
position, and related data are limited in a few of model organisms.
Optimistically, with the development of experimental technology of
nucleosome positioning, the base pair resolution data of nucleosome
position will be obtained in more organisms. Then NSRE will be a
powerful tool for nucleosome sequences evolution research.
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Fig. 8. NSRE distributions obtained separately by
dinucleotide and trinucleotide with different
numbers of A & T. The dinucleotide comparisons
are shown respectively in Drosophila (A), S. pombe
(B) and S. cerevisiae (C). NSRE in green line is
calculated by the probabilities of dinucleotide
containing only A/T. NSRE in red line is calcu-
lated by the probabilities of dinucleotide con-
taining 1 A/T. NSRE in blue line is calculated by
the probabilities of dinucleotide containing 0 A/
T. The trinucleotide comparisons are shown re-
spectively in Drosophila (D), S. pombe (E) and S.
cerevisiae (F). NSRE in yellow line is calculated by
the probabilities of trinucleotide containing only
A/T. NSRE in green line is calculated by the
probabilities of trinucleotide containing 2 A/T.
NSRE in red line is calculated by the probabilities
of trinucleotide containing 1 A/T. NSRE in blue
line is calculated by the probabilities of trinu-
cleotide containing 0 A/T. (For interpretation of
the references to colour in this figure legend, the
reader is referred to the web version of this ar-
ticle.)

Fig. 9. Trends of the dependence degree on base A & T. Axis Y is the normalized peak value, and the value in Drosophila is the reference value. Axis X is the number of base A & T in
dinucleotide or trinucleotide. About the peak value selection, in Drosophila, the average value of +2 bp and+3 bp is the peak value, and in S. pombe and S. cerevisiae, the average value of
−3 bp and +3 bp is the peak value. (A) Trends of the dependence degree on base A & T in dinucleotide. (B) Trends of the dependence degree on base A & T in trinucleotide.
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