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Introduction Results

Animal genomes are not uniform in their long-range sequence composition. They are

of a mosaic of tretches of variable lengths that differ widely in their GC
compositions. The isochore theory, proposed three decades ago (Macaya et al. 1976. J. Mol.
Biol. 108:237-254), depicts the mammalian genome as a mosaic of long, fairly homogeneous
genomic regions called isochores, each with a characteristic GC content. Whether or not these
sequence stretches meet the criteria of isochores is a matter of debate (Cohen et al. 2005. Mol.
Biol. Evol. 22:1260-1272).

S.cerevisiae had the lowest number of homogeneous segments (45) and most of them were classified
to the first and second size classes. A.mellifera had a relatively high abundance of short segments in
the first size class (51%) and the second size class (46%), and the lowest abundance of long
segments among all the tested genomes in the two other size classes (3% and 0.2%, respectively)
Similarly to A.mellifera, D.rerio, G.gallus, and C.familiaris posses a high proportion of short segments
in the first two size classes and low proportion of large segments of the two other size classes. In
contract, M.musculus and R.norvegicus have, on average, the shortest segments in the first size
class (3.2 Kb) and the largest segments in the next two size classes (43 Kb and 175 Kb, respectively).
They also had a high proportion (9%) of segments in the fourth.

In all animals studied so far, the dls(rlbullon of GC-content domain lengths (plotted on a log-

log scale) was found to follow a heavy-tail decay

ranging from —1.5 to —2.5. Here, we the ion of On average, S.purpuratus had the longest segments in the first size class (6 Kb) and the shortest

among the sequenced genomes of Apis mellifera segments in the other three size classes. However, when looking at the frequency of segments in

(sea urchin), Ciona savignyi (sea squirt), C: itis elegans Pl S.purpuratus, the second size class segments had the highest proportion among all species (86%)
phil ila simulans, Drosophila yakuba (four and the other size classes had the lowest proportion among all species (11%, 3%, 0.1%). On

species of fruit flies), gambiae ito), Danio rerio i average, C.elegans posses the longest segments in the fourth size class (1,116 Kb)

nigroviridis (pufferfish), Gallus gallus (chicken), Mus musculus (mouse), Rattus norvegicus
(rat), Canis familiaris (dog), Bos taurus (cow), Monodelphis domestica (opossum), Pan
troglodytes (chimpanzee), and

Homo sapiens (human). Saccharomyces cerevisiae (yeast) was used as an outgroup.

A comparison of the distributions of GC-content lengths among yeast and 19 animal genomes is
shown in Figure 2. We used a G good offit test to that none of the of
segment length are similar to one another. In all animals studied, the distribution of GC-content
domain lengths (plotted on a log-log scale) was found to follow a heavy-tail distribution with
power-law decay exponents ranging from 1.35 to 1.69. In yeast, no such behavior was observed.

The compositionally homogeneous segments in all the animal sequences do not have a characteristic
length. Rather, there is an abundance of short segments and only a small number of long ones.
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Methods

Genome Sequences
We downloaded fully sequenced eukaryotic genomes from NCBI ftp website
(ftp:/fftp.ncbi.nim.nih.gov/genomes/).
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Partition of Genomic into that have Cl GC Contents and Differ
Significantly from the GC Contents of Adjacent Segments

Several methods have been proposed in the literature for identifying segments with characteristic GC
content. In this study, we partitioned the genomic sequences into segments by the binary recursive
'segmentation procedure, DJS proposed by Bernaola Galvan et al. (1996. Phys. Rev. 53E:5181-
5189). In this pi by ing the difference in
GC content between adjacen( subsequences (Flgure 1). The process of segmentation is terminated
when the difference in GC content between two neighboring segments is no longer statistically
significant (Cohen et al. 2005. Mol. Biol. Evol. 22:1260-1272).

ow,,  T-nigroviridis M.musculus R.Norvegicus
8 =1.36 =1.36

o o

Segment frequency
s o

The segments of A.mellifera and S.purpuratus had a high abundance of short segments in the first
two size classes. However, it is reasonable to assume, that these findings are affected by the
quality of the assembly that still contains many scaffolds.
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@ X We used a rigorous method to calculate the power-law exponent and found that the distribution of
GC-content domain lengths in all animals follow a narrow heavy-tail distribution with power-law
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Lengths of GC-content domains 3 Cohen et al. (2005. Mol. Biol. Evol 60-1272), who used a less rigorous method. The power-
- —rary — . law exponents cluster according to taxa, such as human-chimpanzee, mouse-rat and insects (fruit
. flies, mosquito, and honeybee). The power law property has so far been found in all multicellular
) organisms but not in unicellular organisms. We therefore conclude that genomic GC composition
may obey similar rules in all metazoans.

Measuring Power Laws
We used logarithmic binning in the construction of Figure 2, which is why the points representing the
individual bins appear equally spaced (Newman. 2005. Contemp. Phys. 46:323-351). To extract the
exponent we employed the equation:
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Figure 2. Length distributions of GC-content domain lengths in yeast and 19 animals and the alpha
exponent of a Log-Log graph(Eq. 1).
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Cohen N, Dagan T, Stone L, Graur D (2005) GC composition of the human genome: in search of
isochores. Mol Biol Evol 22:1260-1272
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Sodergren, E., Weinstock, G. M., . Elhaik, E., Graur, D... ...Thorn, R., and Wright, R. 2006.

Mdomestica 12749 10537 1645 a3 0503 0415 0065 0017 3469 34975 168755 529918

Blaurus 20071 2089 a8 1190 042 040 0073 0026 4125 33986 167435 590,197
‘ ‘ The genome of the sea urchin Strongylocenirotus purpuratus. Science 314:941-952

| | Proglodytes 20281 2125% 3478 1492 0439 0460 0075 0026 3954 35308 166978 609568
H.sapiens 28304 27077 4075 1337 0466 0445 0067 0022 8% 430 es7se 616123 Weinstock G. M., Robinson, G. E., ... ... Elhaik, E., Graur, D... ...Villasana, D., and Wright, R. 2006.
Insights into social insects from the genome of the honeybee Apis mellifera. Nature 443: 931-949.
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Table 1. Number, frequency, and mean length of homogeneous segments in four size classes.
| ) Lowest and highest values are marked in red and blue, respectively.
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Location along the DNA sequence (nucleotides)

Figure 1. An illustration of the spatial distribution of GC content of non-overlapping 32 bp windows
along a simulated sequence 1-million nucleotides long (blue). The segmentation algorithm
yielded seven segments (red bars), including one longer than 300 Kb.
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