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Abstract

It was, previously, reported that the specific pattern of the compositional features of particular human-mouse
orthologs defining in human two clusters, named C2 and C5, are present in different clusters in mouse. Since,
thus, these orthologs can harbor a significant number of nucleotide differences a large sample of human-mouse
orthologs having in human the C2 and C5 compositional features were collected in order to identify the
orthologs that have been conserved or diverged during speciation. From the collection, 945 and 1051 orthologs
had in human the C2 and C5 profile, respectively, while in mouse only 77 and 125, respectively, had these
profiles. We further analyzed whether or not the frequency-usage of trinucleotides having the same gross
composition computed from the reading of all nearest-neighbors of the DNA sequence might convey a layer of
biological information in terms of chromosomal topology and function. In human, more than 50% of the C2 and
C5 genes were found distributed in six chromosomes and preferentially located in GC-rich bands of
chromosomes 11, 16 and 19. It was, also, found that 80% of the entire set of genes of band 19p13.3 had the
C2 and C5 profile. The data shown also indicate that the proteins codified by the C5 genes have a bias towards
nucleus and cytoplasm and specific post-translational modifications while the proteins codified by the C2 genes
are mainly located in the cellular membrane or secreted to the external cellular milieu and particular post-
transcriptional modifications
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Introduction

Several studies have revealed that chromoso-
mal gene-clusters are common in eukaryotic species’?
and that various mechanisms may be responsible for
their formation leading to levels of organization that
range from small to large ones. The occurrences of
chromosomal clusters may entail that clustering confers
some type of selective advantage suggesting that
evolutionary mechanisms exists to promote their
formation and maintenance®. There may be a link
between the compositional, the chromosomal and the
functional clustering since genes in chromosomal
clusters could belong to common metabolic pathways,
codify for proteins that may form interactive networks
or serve as ligands and

receptors in signaling

pathways>®. Classically, gene-clusters have been
obtained on the basis of expression data and the
biological knowledge has been a posteriori used to
make the most of the clusters. However, gene-
clustering on the basis of expression data alone allows
isolating co-expressed, -but not necessarily- biologically
coherent units®® being these strategies insufficient to
bring out all potential relationships amongst genes’.
Several methods have been described to cluster genes
that correlate with biological information®°, Recently,
without previous knowledge of gene function and
expression data a gene-clustering methodology was
described by analysis of the similarities and differences
among distinct sectors of genes independently of the
reading frame and sequence homology'®. The method
computes the frequency-usage of 14 items, called
composons. A composon is defined as a set of
nucleotide triplets with identical gross composition
containing as elements all nearest neighbors of each
nucleotide of the DNA sequence. The data obtained
revealed features of kinship or lack thereof that
heretofore had not been recorded. In human the
orthologs analyzed could be assigned to 11 clusters

while in mouse they could be clustered to only 9

www.openaccesspub.org | JDRR

CC-license DOI:10.14302/issn.2575-7881.jdrr-15-863

D
(jpen

clusters. None of the mouse orthologs analyzed from
the sample had the compositional profiles of the human
genes from clusters 2 (C2) and 5 (C5)™.

In order to analyze whether in mouse there
were not orthologs that in human have the C2 and C5
profiles we collected a large sample of human-mouse
orthologs that in human had the C2 and C5 profiles. To
check whether the composon-clustering may carry
the

the

functional clustering of the human C2 and C5 orthologs

biological  information connection  between

composon-clustering and chromosomal and
was evaluated. We found that a large number of C2
and C5 orthologs are distributed in six chromosomes,
that they are preferentially located in the GC-rich bands
of chromosomes 11, 16 and 19 and that 80% of the
entire set of genes of 19p13.3 have the C2 and C5
profiles. The proteins codified by the C5 genes have a
bias towards nucleus and cytoplasm and specific post-
translational modifications while proteins codified the
C2 genes are mainly located in the cellular membrane
or secreted to the extracellular milieu. The data suggest
that from the reading of DNA sequence the composon-
clustering may convey useful biological information,
providing, therefore, a new perspective to the study of

the problem of annotation of protein function.
Materials and Methods
Triplet Composon-Usage Calculation

We will consider that a set of triplets, as for
example, TTC, CTT, TCT, CCT, TCC and CTC will have
the same “gross composition” if it contains all nearest
neighbor combinations of the bases C and T. This set of
triplets would form the triplet composon <CT>. Thus,
a triplet composon (hereafter named composon) would
be defined as a set of nucleotide triplets with the same

“'gross composition”.

The

determined starting the reading of the coding sequence

composon-usage frequency was
(CDS) at any letter of the original triplet and moving
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from triplet-to-triplet to the end of the sequence so that
the reading was done in a fully overlapping way. To do
that, the application COMPSEQ from The European
Molecular Biology Open Software Suite (EMBOSS) was

used http://emboss.bioinformatics.nl/. The parameters

of the application were a word size of 3 (a triplet) and a
frame of word to look at 0, i.e. the sequence is read in a
fully overlapping way. The application will compute all
nearest neighbors of each nucleotide along the DNA
sequence. Then, they were grouped into composons by
their frequency use'®, The composon-usage frequency
was obtained by summing up the frequency use of each
one of the triplets that constitute a composon. The
usage-frequencies of the 14 composons were tabulated

as per thousand (%o).

D
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value ensures a potential close link between all the CDSs
fitting into C2 and C5.

As baseline the expected composon-usage
frequency from very long pieces of randomized DNA
having each the same number of the A, T, C and G
nucleotides, was used. In such random sequences each
triplet appears with an expected frequency of 15.6 %o.
Composons containing sets of six nucleotide triplets
appear with an expected frequency of 93.6 %o, as
reported’?. Table 1 provides a summary of all individual
composons generated by their associated sets of

nucleotide triplets.

Correspondence between composon-usages and

nucleotide-usages

If the usage-frequency of a particular

1
Xegs + E (xcac:b +Xog6n + xcar}j + E (% cage» + Xcaer= + xqzacr::j]
Ve = [Xeee T+ E (xcac:b +Xopps T xccr}) + E (Xcages + Xeacrs +xq:rc-s:=-]]
Xege T E (xq:‘qs:- + Xepes

Xers + E Exd:AI'} + X + xccr}) + E (Xcacr> T Xcaer= + xq:rc-s::]]

+ Xepr) + 3 (%cages T Xeaer> + Xerces)

The methodology of k-means clustering was
used to cluster genes into C2 and C5'%', The composon
-usage frequency was the parameter used for clustering.
The

coefficient (r) that measures the strength and the

"distance function" was the Pearson correlation

direction of the linear relationship between the n =14

pairs of values of the two variables x; and y; which
nXxy; — L% XY
[ [
JPExD = Ex)? [nEy?) - (Ey)?

represent the composon usage frequencies of the two

T"':

sequences to be compared. The coefficient is, then, the
best estimate of the correlation of x; and y; and it is

written as:

A cut-off threshold of />0.900 was chosen. This
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composon, as for example the composon <AC>, is (1-4)
denoted by x.4c-and the number of each nucleotide (A,
C, G and T) in the DNA sequence is denoted by the

parameters N, Ng Ngand Nrrespectively, then:

1 1
Ny =X +E E Xeij +§ E Xijres (5)
J=i J=i

k)
If we assume that each one of the indexes /, j, &

take the values of A, G, T or C then, the last four

expressions can be written in a compact form as:

(6)
The estimated length of the DNA sequence N

would, then, be:
N =2 N,

Fig 1 illustrates the calculus of A;: Fig 1A shows the
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BASES SETS OF DNA-TRIPLETS? COMPOSON®

A AAA <A>
G GGG <G>
T TTT <T>
C CCC <C>

AG AGA, GGA, AGG <AG>

GAG, GAA, AAG
AC ACA, CCA, ACC <AC>

CAC, CAA, AAC

AT ATA, TTA, ATT <AT>
TAT, TAA, AAT

G,T GTG, TTG, GTT <GT>
TGT, GGT, TGG

C,G CGC, GGC, CGG <CG>
GCG, CCG, GCC

CT TCT, TCC, CCT <CT>

CTC, TTC, CTT

AG,C GAC, CAG <AGC>
AGC, CGA
ACG, GCA

AG,T GAT, TAG <AGT>
AGT, TGA
ATG, GTA

ACT CAT, TAC <ACT>
ACT, TCA
ATC, CTA

T,C,G CTG, GTC <TCG>
TCG, GCT
TGC, CGT

“Nearest neighbor-base combinations.

®Composon notation, <AC> represents a set of triplets formed with
all nearest-neighbor combinations of bases A and C.
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Fig. 1. Plots representing the composon-usage frequencies and the estimated nucleotide content of a

DNA sequence. Gen KIF13A: (A) Calculated composon-usage profile. (B) The real (white) and the estimated

(black) nucleotide content of the gene by using equation 5. The inset shows the numeric values and errors of the

observed and estimated nucleotide content and the length of the gene by using equations 5 and 6. (C) The estima-

tion of the standard errors in the nucleotide content by using equation 5 was calculated from the composon-usages

of DNAs of different sizes.

www.openaccesspub.org | JDRR

CC-license DOI:10.14302/issn.2575-7881.jdrr-15-863

Vol-1 Issue 1 Pg. no. 35


http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jdrr
http://dx.doi.org/10.14302/issn.2575-7881.jdrr-15-863

Freely Available Online

composon-usage frequencies found for the CDS of the
human gene K7F13A with a length of 5274 base pairs
(accession number AJ291578). Equation 5 was applied
to the composon-usages obtained to estimate the
number of nucleotides of the DNA sequence in order to
compare it with the real number of nucleotides (see Fig
1B and the insert). As can be observed, the error is less
than 0.5% for a sequence of this length. Fig 1C shows,
however, that the error observed increases as the length
of the DNA sequence decreases, being higher than 1.5%
for lengths lower than 100 base pairs. The knowledge of
the error in the estimation of nucleotide composition is
necessary in order to know the minimum length to be
considered for the election of the gene sample. It should
be noted that the estimated length of the gene
analyzed, using equation 6, is identical to the real length

of the gene.
Human-Mouse Sample Collection Criteria

For the CDSs to be included in the human-mouse
sample some criteria were kept. First, the human CDSs
were collected following the random sample selection
criterion. Second, each one of the randomly selected
human CDSs has to display a C2 or and C5 composon-
usage profile'®. Third, the randomly selected human
CDSs having the C2 and C5 profile must have orthologs
in mouse. The selected mouse orthologs were, then,
included into the human-mouse orthologs collection.
Finally, as indicated above CDSs shorter than 100 base
pairs were eliminated from the analysis. All sequences
analyzed in this study were obtained from The National
Center for Biotechnology Information DNA database
(NCBI).

GO Annotations

The post-translational modifications (PTMs) and the
cellular location of the proteins codified by the genes of
the sample selected were determined using QuickGO'?,
the fast web-based browser provided by the UniProt
Knowledgebase (UniProtkKB release 2014 _08 - Sep 3,

www.openaccesspub.org | JDRR

CC-license DOI:10.14302/issn.2575-7881.jdrr-15-863

D
(jpen

2014).
Statistical tests and gene-clustering

The algorithm for the gene-clustering is found under
GEPAS The
mathematic package MatlLab was used for calculations
of statistical tests and of the error handling (© 1984-
2010 The MathWorks, Inc).

website http://www.gepas.org®3.

Results

Compositional Features of Human-Mouse Orthologs that

in Human fit into C2 and C5 Composon Profiles

It has been previously reported that the human genes
from a sample containing 706 human-mouse orthologs
could be classified in 11 compositional clusters but that
in mouse these orthologs were classified in only 9
clusters. An analysis of the C2 and C5 human-mouse
clusters showed that 73 (10%) and 50 (7%) of the
human genes, respectively, did not have in mouse the
same compositional profile as an indication of nucleotide
divergence between them!’. Since the ortholog gene
sample used for comparison was small relative to the
total gene number in this paper we analyzed a 17-fold
larger samples of human-mouse orthologs that have in
human the C2 and C5 profiles in order to detect the
mouse orthologs that relative to the human ones were

conserved or diverged during speciation.

Having in mind the criteria described in Materials
and Methods we collected a sample of 1996 human-
mouse orthologs. In human, all the orthologs had the C2
and C5 profile. Fig 2A illustrates the differences in
population between the human and mouse orthologs
having the C2 and C5 genes. It was found that 77 genes
had in mouse the C2 profile in contrast to 945 in human
and that 125 genes had in mouse the C5 profile in
contrast to 1051 in human. We may, most likely,
conclude that about 83% of the mouse genes of the
human-mouse sample of orthologs must notably differ in
compositional features relative to their human orthologs

since they diverge in composon-usage profiles.
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Fig. 2. Similarities and dissimilarities observed in human-mouse orthologs of compositional clusters
C2 and C5 in both species. (A) Differences in the gene population of compositional clusters C2 and C5 in hu-
man and mouse. (B) Differences observed in the composon-usage of human and mouse C2 (-o-) and C5 (-m-).
The baseline (----) represents the expected composon-usage frequency average of long random generated DNA
sequences with the same composition for A, T, C and G. The symbol (*) highlights the composons that differ in
their usages in C2 and C5 in both human and mouse. (C) The bar graph shows the similarities observed in the
mean nucleotide composition observed in C2 (m) and C5 (O) by using equation 5. The base line represents the
nucleotide average in randomly generated DNA sequences identical in the number of A, T, C and G (----- ).
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Fig. 3. Observed chromosomal distribution of the C2 and C5 compositional categories of human
genes. The amount of genes in each chromosome is represented as a percentage of the total number of genes

fitting into C2 (grey) and C5 (black), respectively.
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Fig 2B illustrates the C2 and C5 composon-
usage profiles of the human genes relative to the base
line. It was observed that in mouse only some genes of
the sample overlap with the C2 and C5 human profiles
(’=0.998 and 0.996 respectively). In agreement with
previously reported data the main difference between
the C2 and C5 profiles in both species is referred to the
non-overlapping frequency-usages of composons <AG>
and <CG> (marked with * in Fig 2B). In fact, in both
species, the usage of <CG> is in C2 higher than in C5
while the usage of <AG> is lower in C2 than in C5%.
Since a high degree of overlapping between the usage-
frequencies of the remaining 12 composons was
observed (Fig 2B) a certain degree in the pattern of
sequence closeness must exist between the genes
sharing the C2 and C5 profiles. The high similarity in
nucleotide composition (Fig 2C) between the genes from
both clusters contrast with the dissimilarity observed in
composon-usage between the human-mouse orthologs
of the sample. Thus, the composon clustering may
the

organization of nucleotides interspersed in the DNA that

provide  additional information  regarding
could be useful for gene sorting and for the identifica-

tion of gene features that reveal evolutionary
convergence or divergence within the population of

human-mouse orthologs.

Chromosomal location of the human genes fitting into

the C2 and C5 compositional clusters

It has been reported that often the organization of
genes in chromosomes of many eukaryotic genomes
makes them to appear as functionally related,
evolutionarily conserved or even belong to the same
protein—protein interaction network'*. In order to know
whether or not the genes having high similarity in the
C2 and C5 composon-usage profiles are distributed at
random or in some way linked to chromosomal
clustering we analyzed the chromosomal distribution of
the 945 C2 and 1051 C5 genes indicated above. Fig 3

represents the percentage of genes from C2 and C5
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distributed in human chromosomes. It was detected that
the genes from both clusters have a highly similar
r>0.970,
therefore, that they must be in some way topologically
linked. Table 2 shows that 55% (1098 genes) of the

human genes having the C2 and C5 profiles are located

chromosomal  distribution, suggesting,

in six chromosomes: 1, 2, 11, 16, 17 and 19 while the
rest of the genes (898 genes) are distributed in the
remaining 18 chromosomes. Chromosomes Y, 13, 18
and 21 contain each the lowest concentration of genes
from both clusters (< 0.7% in average). The highest
gene density, representing 33% (644 genes) of the total
amount of the C2 and C5 genes, is found in chromo-
somes 1 (8%), 16 (7%) and 19 (18%). Half of these
genes display the C2 profile and the other half of the
genes display the C5 profile.

In order to analyze whether the C2 and C5
genes are dispersed through the chromosome length,
independently clustered in particular chromosomal
regions or grouped together in some bands we, then,
analyzed the gene distribution in the Giemsa bands of
the more populated chromosomes 1, 2, 11, 16, 17 and
19. Fig 4 shows that not only the C2 and C5 genes
topologically coexist in chromosomes 11, 16 and 19 but
that, in most of the bands, they are present in similar
quantities. Fig 4 highlights that the bands having the
highest concentration of C2 and C5 genes are in
chromosomes 16 and 19. The highest concentration of
C2 and C5 genes is found in the telomeric bands
19p13.3 and 16p13.3. The data presented suggest that
the gene-clustering revealed by the analysis of the
composon-usage might provide information that may be
useful to understand how some chromosomal gene-
clusters were formed and how it correlates to a
particular type of nucleotide organization of nucleotides

or structures interspersed along a DNA sequence.

Similarities and dissimilarities of all human-mouse
orthologs that in band 19p13.3 have the C2 and C5

compositional profiles
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Table 2. Summary of the observed chromosomal distribution of the C2 and C5 compositional :
categories of human genes |
|

Cluster>

Chromosome

11* 56 5,9 59 5,6 115 5,8
12 29 3,1 32 3,0 61 3,1
13 10 1,1 11 1,0 21 1,1
14 29 3,1 28 2,7 57 2,9
15 27 2,9 23 2,2 50 2,5
16* 65 6,9 67 6,4 132 6,6
17* 53 5,6 78 7,4 131 6,6
18 8 0,8 10 1,0 18 0,9
19* 170 18,0 191 18,2 361 18,1
20 47 5,0 43 4,1 90 4,5
21 10 1,1 8 0,8 18 0,9
22 35 3,7 42 4,0 77 3,9
24 2,5 36 3,4 60 3,0

0 0,0 1 0,1 1 0,1
total 945 100 1051 100 1996 100

*The more populated chromosomes
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Fig. 4. The amount of human genes found per chromosomal band. Number of genes from

human clusters C2 (grey) and C5 (black) found in bands of human chromosomes 1, 2, 11, 16,

17 and 19.
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It has been shown above that the human chromosomal
band 19p13.3 contains a high amount of human genes
orthologs to mouse having the C2 and C5 profiles and
that there is a notable divergence during speciation. As
natural selection might have organized compositionally
similar and functionally related genes in chromosomal

clusterst>8

, we, accordingly and in order to reinforce
the finding described above, compared the composition-
al features of all the genes of band 19p13.3 and of their
mouse orthologs. This data will provide information on
how many human C2 and C5 genes of band 19p13.3
diverged from the mouse orthologs being band 19p13,3
considered a mutational hot spot!®. As indicated in
Materials and Methods genes that had a sequence lower
than 100 nucleotide bases and those that do not have
GO information in the DNA data banks were excluded

from the study.

The analysis indicated that the human genes
having the C2 and C5 profiles form a large chromosomal
cluster since 132 (75%) genes out of the 175 of genes
selected from band 19p13-3 have the C2 and C5 profiles
(Fig 5 black bars). Table 3 shows the gene name and
compositional profile of each one of the 175 human-
mouse orthologs of band 19p13.3. Only 27 mouse
orthologs (20%) display the C2 and C5 profiles (Fig 5
gray bars) suggesting that a large majority of the C2
and C5 human-mouse orthologs may have diverged
between both species. It was observed that the amount
of genes having the C2 and C5 profile is similar since 63
genes have the C2 profile and 69 genes have the C5
profile. It was, moreover, observed that most of the
orthologs that in human have the C2 and C5 profiles
(132 genes) have in mouse the C6 and C7 profile
respectively (see Fig 5 and Table 3), suggesting that
most of the divergence observed in the composon-
profile between most human-mouse orthologs is due to
changes in DNA sequences affecting the usage of the
composon that distinguishes the C6 and C7 profiles from

C2 and C5. In fact, the application of equation 5 to
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profiles C2, C5, C6 and C7 shows that the genes having
the C2 and C5 profile are GC richer than the genes
having the profiles C6 and C7. A differential increase in
the frequency use of composons <AG> and <CG> of
profiles C6 and C7 could generate the profiles C2 and
C5'% Thus, we may conclude that 80% of the C2 and C5
human-mouse orthologs from band 19p13.3 (105 genes)
have diverged in both species in accordance with the
data showing that band 19p13.3 is a mutational hot
spot’®. In contrast, 27 genes (20%) from band 19p13.3
have the C2 and C5 profiles suggesting that they have

been largely conserved during evolution.

GO correlations between human genes having the C2
and C5 profiles in the band 19p13.3

In order to examine whether the clustering based in the
similarity and the dissimilarity of composon usage
profiles may provide a layer of biological information
linked to GO an analysis of the human-mouse orthologs
of band 19p13.3 was carried out correlated with GO. To
do that, we considered the cellular location and the
PTMs as the most relevant GO categories. All data were
normalized in percentages relative to the total number
of genes fitting into C2 and C5 in band 19p13.3 with a
GO category well defined in the UniProtKB. The analysis
indicated that out of the 132 human-mouse orthologs
located in band 19p13.3 fitting into C2 and C5 only 89
genes have GO annotations regarding the PTMs and 118
genes have GO regarding the cellular location. The
analysis of these proteins revealed (Fig 6) a bias toward
dissimilar cellular locations and PTMs. We observed (Fig
6A) that 72% of the proteins codified by genes from
cluster C2 are biased toward the membrane and/or the
extracellular matrix in contrast to 28% in C5. In C5,
however, 74% of the proteins are biased toward the
nucleus and/or the cytoplasm in contrast to 26% in C2.
Regarding the PTMs we observed (Fig 6B) that 87% of
the proteins codified by genes from cluster C2 are
biased toward specific PTMs as glycosylation and
disulfide bridges in contrast to 13% in C5. In C5,
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|Table 3. Summary of all human-mouse orthologs located in band 19p13.3 with their compositional-categories in |
: human and mouse '
1

Profile in Profile in Profile in Profile in  Profile

Gene name Hs Mm Gene name Profile in Hs Mm Gene name Hs in Mm
ADAMTS10 2 1 HDGFRP2 5 2 ACSBG2 1 11
ABHD17A 2 2 ANKRD24 5 3 CHAF1A 1 3
AMH 2 2 ARHGEF18 5 3 EMR1 1 -
EFNA2 2 2 MBD3 5 3 CCDC94 3 3
FGF22 2 2 MUM1 5 3 GTF2F1 3 3
HCN2 2 2 PALM 5 3 LSM7 3 3
KISS1R 2 2 SH3GL1 5 3 RANBP3 3 3
MEX3D 2 2 CACTIN 5 5 SAFB2 3 3
NRTN 2 2 DAPK3 5 5 SMIM24 3 7
TPGS1 2 2 DIRAS1 5 5 TRIP10 3 1
ZBTB7A 2 2 GADDA45B 5 5 ACER1 4 -
ZNRF4 2 2 GIPC3 5 5 DENND1C 6 7
TMEM259 2 4 HMG20B 5 5 EBI3 6 4
TNFSF9 2 4 JSRP1 5 5 GPR108 6 7
C19orf25 2 5 KHSRP 5 5 IZUMO4 6 7
C2CD4C 2 5 LMNB2 5 5 MED16 6 6
MAP2K?2 2 5 MRPL54 5 5 ONECUT3 6 2
MIDN 2 5 PIP5K1C 5 5 REEP6 6 6
TRAPPC5 2 5 PLEKHJ1 5 5 SCAMP4 6 11
VMAC 2 5 REXO1 5 5 SLC25A41 6 7
ABCA7 2 6 SHD 5 5 SLC39A3 6 6
ALKBH7 2 6 TCF3 5 5 TICAM1 6 4
APBA3 2 6 TIP3 5 5 TNFSF14 6 7
APC2 2 6 DOT1L 5 6 TUBB4A 6 7
ATP5D 2 6 DUS3L 5 6 AES 7 7
CELF5 2 6 FZR1 5 6 AP3D1 7 7
CFD 2 6 NFIC 5 6 ATCAY 7 3
CRB3 2 6 PCP2 5 6 ATP8B3 7 1
DOHH 2 6 POLR2E 5 6 CREB3L3 7 7
DOS 2 6 PTPRS 5 6 FCER2 7 1
ELANE 2 6 SIRT6 5 6 FSD1 7 7
FEM1A 2 6 TLE2 5 6 GNA11 7 7
GAMT 2 6 ANGPTL4 5 7 LDLR 7 7
GRIN3B 2 6 ARID3A 5 7 MOB3A 7 4
KLF16 2 6 BSG 5 7 TLE6 7 7
LPPR3 2 6 CDC34 5 7 CIRBP 11 11
MADCAM1 2 6 CNN2 5 7 PTBP1 - 7
MFSD12 2 6 CSNK1G2 5 7 EMR4P - 9
NCLN 2 6 GNA15 5 7 ARRDC5 - 7
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Table 3 Continued...

Profile in ~ Profile in Profile in Profile in  Profile

Gene name Hs Mm Gene name Profile in Hs Mm Gene name Hs in Mm
NDUFA11 2 6 HMHA1 5 7 C19orf71 - 2
PCSK4 2 6 KDM4B 5 7 R3HDM4 - 6
PLK5 2 6 MATK 5 7 LINGO3 - 6
POLRMT 2 6 MIER2 5 7
PRSS57 2 6 MISP 5 7
PRTN3 2 6 MKNK?2 5 7
PSPN 2 6 MLLT1 5 7
RNF126 2 6 MPND 5 7
S1PR4 2 6 MYDGF 5 7
SBNO2 2 6 NFIX 5 7
SEMAG6B 2 6 NMRK?2 5 7
SHC2 2 6 OAZ1 5 7
SPPL2B 2 6 PIAS4 5 7
TNFAIPSL1 2 6 PLIN3 5 7
WDR18 2 6 PLIN5S 5 7
C190rf24 2 7 QTRT1 5 7
CLPP 2 7 RPS15 5 7
GZMM 2 7 SGTA 5 7
ODF3L2 2 - SLC25A23 5 7
ADAT3 2 STAP2 5 7
BTBD2 2 - STK11 5 7
PRR22 2 - ZFR2 5 7
CD320 2 QIL1 5 10
PNPLA6 2 GPX4 5 11
LONP1 5 11
UHRF1 5 11
DAZAP1 5 -
MYO1F 5
PNPLA6 5
TIMM44 5
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Fig. 5. Percentage observed per cluster of human-mouse orthologs fitting into band 19p13.3. The
bar-graph represents the percentages observed per composon cluster of the human-mouse orthologs fitting into
band 19.p13.3 in both human (black) and mouse (grey). The percentages were calculated relative to the total
amount of genes in C2 and C5, respectively.
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Fig. 6. GO-annotation of genes fitting into human composon clusters C2 and C5 located in the
chromosomal band 19p13.3. Differences observed in cellular locations (A) and PTMs patterns (B) in genes
fitting into C2 (white) and C5 (grey). The percentages were calculated relative to the total amount of genes in C2
and C5.
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however, the PTMs are biased toward phosphorylated
and/or acetylated-proteins (71%) in contrast to 29%
from C2.

A relationship between the PTM type and the
cellular location was observed. Fig 6 shows that not only
C2 genes codify mainly for membrane and secreted-
proteins but that the proteins are also glycosylated
having mainly disulfide bridges. On the other hand, the
C5 genes codifying mainly for nuclear and/or
cytoplasmic proteins are mostly phosphorylated and/or
acetylated. The data presented are in agreement with
published data indicating that in general secreted and
membrane proteins, mainly those having extracellular
segments, are glycosylated usually having disulfide
the

phosphorylated, acetylated-proteins or both is found

20-22

bonds while highest concentration of

localized in the cell nucleus and in the cytoplasm®+%*,

Discussion

The simplicity of the method described and its reduced
dimensionality provide some benefits when DNA

sequences between genes, mainly orthologs, are

analyzed and clustered in a nucleotide context-
dependent manner. The method is useful to group
thousands of genes showing similarities and dissimilari-
ties regarding their composon-usage frequency®.
Classically, gene-clusters were obtained on the basis of
expression data and a biological knowledge was a
posteriori used to make the most of the clusters®®?’. In

other cases, certain unsupervised gene-clustering

algorithms based on the integration of external
biological knowledge, such as GO annotations into
expression data, were proposed’. In this paper, the
gene-clusters were obtained a priori on the basis of the
similarities and differences observed by analysis of the
profile of the composon usage-frequency of DNA
sequences'® without previous knowledge of gene
function and expression. The GO annotations were used
a posteriori to check whether or not the composon

categories convey and correlate with some type of
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biological information (functional clustering) that could
potentially correlate with the observed chromosomal

clustering.

The that

differences were observed in the number of genes

data shown indicate notable

present in clusters C2 and C5, in human relative to
mouse (Fig 2A-B)

evolutionary sequence divergence between the human

suggesting the existence of
and mouse orthologs during speciation. It was also
observed that there are notable differences in the usage
of composons <AG> and <CG> between C2 and C5 (Fig
2B) as it was previously shown in studies in which the
similarities and dissimilarities of a small gene sample
was analyzed'®. The difference in composon-usage of
<AG> vs <CG> is not reflected, however, in the
average G+C content of the genes fitting into C2 and C5
as calculated by equation 5 (G+C content,65+6% for C2
and 61x7% for C5). Thus, while the analysis of the G+C
content does not allow locating the genes from C2 and
C5 in different the

frequency can differentially cluster them Fig 2B. This

categories composon-usage
suggests that even though both clusters must be
evolutionarily related, since they share the usage of 12
composons, they differ in terms of a compositional-

structure interspersed in the DNA sequence.

The data presented shows that the genes fitting
into C2 and C5 are not distributed at random in the
chromosomal complement since 55% of the C2 and C5
genes are located in specific bands of six chromosomes
and in specific GC-rich isochores. It is most likely that
the genes located in these isochores would be tightly
linked to biological properties, as reported'®?®, We think
that the distribution of genes over different chromo-
somes and also in specific chromosomal regions
(chromosomal clustering) instead of appearing arbitrarily
distributed might have an effect on their average
accessibility to competent regulatory factors and be
the of different

neighbor

rationalized on basis regional

chromosomal base dependent mutations.

Vol-1 Issue 1 Pg. no. 45



http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journal/jdrr
http://dx.doi.org/10.14302/issn.2575-7881.jdrr-15-863

Freely Available Online

Nature might have exploited this as a factor influencing
the chromosomal distribution of genes that require
frequent adaptive changes as opposed to those that do
not. If this is so, the composon-usage specific pattern of
C2 and C5 might be considered an adaptive character
correlating with genes “requiring” frequent functional
adjustments. The presence of composon clusters such as
C2 and C5 would entail that it confers some type of
selective advantage as an indication that evolutionary
mechanisms might exist to promote the formation and
maintenance of composon clusters as it has been
suggested for functional clusters and that they are not

constrained by gene expression or other properties>.

The comparison of the gene population of the
composon-usage profiles of C2 and C5 genes from
mouse and human indicated that 80% of human-mouse
orthologs from C2 and C5 are dissimilar as an indication
This

suggestion is supported by previously reported data

that they have diverged during evolution.

indicating that genes located in GC-rich chromosomal
regions in the human genome are maintained by strong
selective pressure’® and that mutational pressures and
natural selection were both intimately interconnected
with the evolution of such structures in the mammalian

genome’®3!,

The analysis of a telomeric region of chromosome
19 (band 19p13.3) showed that this region is rich in
genes that belong to composon clusters C2 and C5. In
fact, 75% of the genes located in band 19p13.3 belong
to the C2 and C5 genes GC- rich in agreement with
previous observations indicating that human telomeric
regions are GC-rich®. The C2 and C5 gene density
existing in band 19p13.3 and their sequence divergence
could be explained by gene duplication followed by

mutation.

It is worth noting that genes that are located in
band 19p13.3 collocate in mouse in a syntenic region of

0°**, The similarity

chromosome 1 in GC content

between C2 and C5 (Fig 2A and 2C) may also explain
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why a large proportion of genes fitting into these
compositional categories collocate in regions that have
been described to be rich in GC content. We think that
the divergence observed between the C2 and C5 genes
located in the telomeric region of the human
chromosome 19, relative to mouse, is in agreement with
data showing that the genes located in that telomeric
region change notably faster than the genes located in

any other chromosome?®4,

It should be noticed, moreover, that despite the
fact that most of their human C2 and C5 genes diverge
in composon-usage relative to their orthologs in mouse a
significant proportion of them (about 20%) does not
exhibit that behavior since they have a similar composon
-usage in both species. The presence of divergent and
conserved genes that belong to a given cluster in a
particular chromosomal region of high variability
suggests that not all genes that are topologically
clustered change during evolution. Why the conserved
genes fitting into C2 and C5 in spite of being included in
a hot spot chromosomal region subjected to a high
number of neighbor base dependent mutations do not
show accelerated evolution is an intriguing question.
These genes could be considered older if it is assumed
that the age of a gene is defined by considering the
taxonomic distribution of the genes in the family, that is,
by the presence or absence of the gene in diverse
lineages. As reported, old genes evolve more slowly and
experience stronger purifying selection than young
genes®®, Thus, it is most likely that no relatively recent
or only moderately old homology groups could be found.
In a certain sense, there are no new genes or there
hardly are any new genes, only new genes duplicates or
modifications of pre-existing genes and combinations of

parts of pre-existing genes.

Since the data presented indicate that most of
the C2 and C5 genes that collocate in the human band
19p13.3 have a bias toward different PTMs and cellular
locations (Fig 6), depending on the category (C2 or C5)
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at with they pertain, we may suggest that in addition to
showing similarities and dissimilarities between genes in
compositional features the composon clustering may
convey some layer of biological information. The results
obtained are supported by data indicating that in
general secreted and membrane proteins, mainly those
having extracellular segments, are glycosylated having
disulfide

concentration of

20-22

usually bonds while the highest

acetylated-

proteins, or both, is localized mainly in the cell nucleus

phosphorylated and

and the cytoplasm?*%*

. Also, in general, genes that
reside preferentially in mutational hot regions are biased
toward extracellular communication as surface
receptors, cell adhesion and immune response while
those in cold spot mutational regions are biased toward
essential cellular processes such as gene regulation,
RNA processing and nucleic acid metabolism®. In spite
of being band 19p13.3 a mutational hot spot region®*!,
in the particular case of C2 and C5 genes, divergent and

conserved genes topologically coexist.
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