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DOMAIN — WIDE LANDSCAPE OF HUMAN GENOME
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Two facts are currently inferred in the course of eukaryotic genome investigations. The first finding is that
the highly expressed genes in eukaryotes maintain short introns (Petrov et al., 1998; Castillo-Davis et al.,
2002). The second observation is that there is domain-wide regulation of gene expression in human, which
comprises regions of ~80-90 genes per domain on average, exhibiting a particular level of integral expres-
sion (Gierman et al., 2007; Huvet et al., 2007). In this work we analyzed the features of genes in regard to

the domains identified in the papers mentioned above.

We have found that there are 2 distinct groups of genes in low expressed domains. One contains extremely
long genes. We observed expression preference in the brain tissue for them. Another group comprises short
genes featured as cluster-structured gene loci with various activities, including testis specific and liver-specific

genes.
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Introduction

It’s long appreciated that there is a higher order
transcriptome regulation on the level of chromatin
state and its exploration is going on (Schiibeler,
2007). The range of authors currently incline that
the transcriptional domains are regulated to a
large extent by histone modification. There is an
extensive volume of papers devoted to the subject
(Schiibeler, 2007), but the locations and roles of
histone modifications elsewhere in the genome
remain unclear (Heintzman et al., 2007).

Analysis of recent experimental timing data
(Woodfine et al., 2005) confirmed that, in a
number of cases, domain borders coincide with
replication initiation zones active in the early S
phase (Yurov, Liapunova, 1977), whereas the
center regions replicate in the late S phase (Huvet
et al., 2007). Around the putative replication ori-
gins, genes are abundant and broadly expressed.
These features weaken progressively with the
distance from putative replication origins. At the
center of domains, genes are rare and expressed
in few tissues.

682 successive N-shaped nucleotide composi-
tional skew domains were identified in Huvet et al.,
2007. We explored the features of the genes located
within the N-shaped regions (N-domains) and

gained some insights on the specific structural traits
for them. The genes located within domain center
maintain significantly longer intergenic length.
There is an abundance of very short and extra long
genes which usually implies their intron length.
We checked GNF atlas expression resource (Su
et al., 2002) to define gene expression in various
parts of the domains and found that tissue-specific
genes, placenta genes and liver-specific genes are
presented in significant abundance in the center
of the domains. Flanking genes corresponded to
housekeeping genes which is consistent with the
previous observations (Huvet et al., 2007). It is
worth noting that overall the tissue-specific genes
in the center area are considered low expressed
(Castillo-Davis et al., 2002) compared with their
flank counterparts, but they are quite intense in
the terms of timing, e.g. they are highly expressed
within short period of time (Huang, Niu, 2008).
Genes containing long introns were specifically
expressed in the nervous tissue.

We extensively explored testis-specific genes
since they exhibit vivid positive selection evolu-
tion mode (Kouprina ef al., 2004, 2007). The intron
length features of the center domain genes sought
to be under neutral/disruption selection mode what
makes them either extremely long or quite short
(Hughes et al., 2008).
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Materials and Methods

Oligonucleotide microarray data were extracted
from the Gene Expression Atlas [http://expression.
gnf.org, (Su et al., 2002)] that contains 25 human
and 45 mouse non-tumoral tissues. The sample
replicates corresponding to the same tissue were
averaged. The signals of probes corresponding to
the same gene were averaged. In total, 7735 dif-
ferent human mRNAs and 5297 mouse mRNAs
are represented in the resulting data set. As rec-
ommended by the authors (Su et al., 2002), genes
whose expression level exceeded 200 arbitrary units
were noted as expressed. Microarray data were
available for 1276 genes in 22 normal tissues be-
longing to N-domains. Testis specific, liver specific
and placenta specific genes were defined by 3-times
larger than average log normalized expression in
the corresponding tissue with at most one alternate
tissue expression instance.

Gene and intron length profiles were built along
the human chromosomes with overlapping window
of 1 Mb in size and shift of 10 kb. The number of
gene (intron) starts per window was calculated for
the gene (intron) profile plot. Each gene was rep-
resented by the longest transcript unless mentioned
otherwise.

Results and Discussion

We binned the genes of the 682 N-domain regions
into «Late replication (LR)» gene sample as those
located within 50 % of domain length in the center
of the regions, and the genes comprised in 50 %
of the domain territory flanking the center region
(«Early replication (ER)» gene sample).

Overall gene abundance (gene density) in LR set
was significantly lower than in the ER gene set (2184
vs 3274 genes, p < 1e-31 with binomial test).

Next we compared the distribution of genes length
within and between the bins (Fig. 1). It was revealed
that the genes less than 5 kb in length were abundant
in LR sample in comparison with ER sample (Fig. 1,
p < 0.0001 with X’ 2x2 table test). While overall
genes’ deficiency in LR region over the lengths of
7-24 kb had been observed, the extra long genes
were also abundant in LR set (Fig. 1). Nearly half
of the short genes were single exon genes, the abun-
dance was also very high (Table 1). The number of
merged genes was preferred in the ER genes.

Testis-specific genes are fast evolving genes
possessing several tissue-specific features, namely:
a) the vast majority of them are short (Su et al.,
2008), e.g. less than 10kb in length; b) they are
organized in small clusters containing 1-5 genes
which are dispersed along chromosomes (Su et al.,
2008). They evolved rapidly (Kouprina et al., 2004,
2007; Thurman et al., 2008), and usually possess
rather strong tissue-specific expression level (Su
et al., 2008).

It has been shown that chromatin remodeling
is a specific epigenetic feature of spermatogenesis
(Pradeepa, Rao, 2007; Tachiwana et al., 2008) as
well as other tissue specific expression (Thurman et
al.,2008). They are present in eukaryotic genomes
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Fig. 1. Comparison of Late replication and Early repli-
cation gene sets. The maximal transcript was taken for
each gene. Each point represents number of transcripts
possessing the length greater than the abscissa value.

Table 1
Comparison of specific gene numbers
for a range of features

Number
Number
of merged of Number
Replication genes sinele- of
timing comprised ex%)n genes
within total
. genes

gene loci

ER genes 199 128 3274

LR genes 82 211 2184

Given the total number of ER genes and LR genes we assess
the X* 2x2 tables test value equal to 12,8, p < 0,0002 to reject
equal distribution null hypothesis for merged genes against
total gene number. The single exon genes are represented
skewed towards abundance in the LR regions as well with
X*=65,0,p<le-7.
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from mammals down to insects (Spellman, Rubin,
2002). While relatively constant gene number, the
gene content evolves rapidly in Drosophila group
(Spellman, Rubin et al., 2002).

We calculated the number of testis-specific
genes in the LR regions and found it significantly
abundant compared to their number in the flanking
regions with the p-value 1e-8 (785 vs 324 testis-
specific genes). Thus we can say that testis-specific
genes are attributable to the LR region.

Conclusion

We sought that the late replication origins are
the key regulation units that are responsible for tis-
sue-specific expression. We found the key structural
end expression gene features are similar within ER
and LR domains. Therefore we may say the domain
wide chromatin structural features we observe are
quite widespread phenomenon in humans and prob-
ably, in all eukaryotic species that modulate stage
and tissue expression. We believe that the future
studies will gain much more insight on the stage-
specific mechanics of such structures.
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