Evolutionary patterns in alternatively spliced coding regions of mammalian and fly genes
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Introduction Methods

At least 50% of human genes and 13% of fruitfly genes Ndmmdl S: Homo sapien S - MU S Mu SCUIU S
are alternatively spliced -

Orthologs Orthologs were identified as described previously in (Jordan et al.
2001) for human and mouse and in (Malko et al. 2006) for D. melanogaster

) ) - and D. pseudoobscura.
Flies: Drosophila melanogaster

Drosophila pseudoobscura

Splicing annotation Human splicing annotation was taken from the EDAS
database release 1 [http: / /www.belozersky.msu.ru/edas/ |; we considered

N ] ) only alternative splicing events confirmed at the protein level. D. melanogaster
Two protein isoforms can have CONStITUTIVE parts and - e ks e redi for 2000 | | annotation was taken from the Flybase release 3
. . In the figures, the value is the median for 2000 bootstrap replications, i :
N -{e rmlndl, ,and/or C- te rmlndl alternatives and the oval height equals 3 times inter-quartile range. [ftp:/ /flybase.net/genomes/Drosophila_melanogaster/|.

Conservation We considered only conserved splicing. A human splicing event
was considered conserved in mouse (or a D. melanogaster splicing event
conserved in D. pseudoobscura) if the alignment of the coding regions was
g00d, and the splicing sites were conserved.

Results: concatenated alignments)» » » » » » » » » » »

We considered 3029 human and 790 D. melanogaster genes, alternatively
spliced in the coding region, and their orthologs in mouse and

D. pseudoobscura, respectively. Nucleotide alighments of coding regions
were divided into constitutive (C) and alternative (A) fragments; the latter
were further sorted into N-terminal (A"), internal (A"), and C-terminal (A").
In these regions, we estimated the nonsynonymous substitution rate (dy),
the synonymous substitution rate (d;), and w=d,/d,. Concatenated
alignments were used (see Methods).

Concatenated alignments To estimate the substitution rate in coding regions of
a particular type (C, A, A", A, or A"), we concatenated all the aligned
fragments of this type of all gene pairs for the given organisms into one long
alignment. This technique allowed to take into account not long cassette exons
only, but short alternative fragments, as ones between alternative donor or
acceptor sites, also.

Substitution rates evaluation The transitional to transversional substitution rate
ratio R, as well as the numbers of synonymous (d;) and nonsynonymous (d,)

substitutions per site were estimated by the Ina method I (Ina 1995). For human
and mouse R=5.28, for two flies R=2.24.

Both in mammals and in flies, amino-acid altering substitutions are more

frequent in alternative regions. Moreover, o(A)>w(C) for alternatively
spliced genes irrespective of evolutionary rate. These results show that
negative selection is weaker and/or positive selection is stronger 0.068
in alternative regions.
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Precision To evaluate the robustness of the estimates for evolutionary
parameters of the concatenates, we used bootstrapping to form 2000
The pattern of synonymous changes in mammals and flies differ. Fly genes alighments of the same length for reach concatenate and estimated amino-acid
contain more synonymous substitutions in alternative regions than

in constitutive ones, whereas in mammalian genes there is no significant

difference. Alternative splicing serves as a testing ground

for molecular evolution

In flies, of all alternative regions, N-terminal alternatives are the most
conserved whereas internal ones are the least conserved in terms of 0405 Q44 0409
nonsynonymous substitutions. The rates of synonymous substitutions are

coherent: d,(A%) and d,(C) are close, d,(A')<d,(C), and d,(A")>d,(C). » alternatively spliced isoforms are often

evolutiondry YOUnsg both in mammals (Modrek and Lee

In mammals, the pattern is different. Unexpectedly, d; and o are dramatically 2003, Nurtdinov et al. 2003) AN d in insects (Malko et al 20086)

higher in C-terminal alternative regions. The rate of synonymous

substitutions in alternative regions increases in the 5' to 3' direction. » the rate of non syn onym Ous SUb stitutions is hi gh er

in alternative regions compared to constitutive

Results: genes with long alternatives ONES (this study),

Is the [LUIpTdE®) 2! sreater inBUTHBNGUAYH or in constitutive regions?

2351 mammalian gene pairs and 588 fly gene pairs with long* alternatives vote:

o d 243 (D
. Notation

We also compared the same parameters for N-terminal alternative and constitutive regions of 1668 mammalian C constitutive
gene pairs and 308 fly gene pairs with long* N-terminal alternative regions: A alternative

A" N-terminal alternative

Q g Al internal alternative
A" C-terminal alternative
d5 aa (U dy nonsynonymous substitution rate
24 ds synonymous substitution rate

» constitutive exons in genes with genome-specific
alternative splicing evolve faster than constitutive
regions in genes with conserved structure (Cusack and
Wolfe 2005),

» many young (rodent-specific, missing in human
and pig as an outgroup) exons are alternatively
spliced and tend to have >1in the mouse-rat
compdrison (WWang et al. 2005),

» the frequency of nonsynonymous SNPs in human
genes is higher in alternative regions than

w=d,/d, in constitutive re SIONS (Ramensky et al 2005).

... and for internal alternative and constitutive regions of 973 mammalian gene pairs and 145 fly gene pairs with
long* internal alternative regions:
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* 2351 mammalian gene pairs and 588 fly gene pairs were selected for individual substitution rate analysis. These
were the ones with both the total length of the alignment length of the alternative regions and that of the

constitutive regions exceeding 80 base pairs. The notatioon is as follows. For the pie chart in the upper left L. . ] ] ] ) ] .
corner: for 875 mammalian gene pairs d(A)<d(C) [white segment], for 1250 ones d(A)>d(C) [blue segment], This is joint work with Ramil Nurtdinov, Dmltry Malko, and Mikhail Gelfand. This study was supported by grants

and for 163 ones d(A) and d(C) are approximately equal [i.e. | d\(A)-dy(C) | / | d\(A)+d(C) | < O.05]. e are grateful to G.A. BazyKkin, LK. Jordan, A.S. Kondrashov, A.A. Mironov, D.A. Petrov, and V.E. Ramensky. from HHMI, LICR, RFBR, RSSF.
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