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1 Introduction.

Intron distribution is biased towards the 5° end of genes, especially in intron-poor species and
intron-poor genes [1, 2]. This observed pattern could be a result of 3’-biased intron loss, 5’-biased
intron gain or selective pressure for intron retention at the 5' ends. One possible mechanism for 3’
biased intron loss is an homologous recombination between the genomic copy of a gene and its
cDNA, product of the reverse transcription of its (intronless) mRNA. As the reverse transcription
starts at the 3’ poly (A) tract and not always reaches the 5° end of the gene, this process would
remove more frequently 3’ introns [1]. Mourier and Jeffares [1] argued that loss of 3’ introns by
recombination with RT-mRNAs would be the most plausible mechanism that could have generated
such a bias because the other mechanisms would not be expected to cause such an enhanced
tendency in intron-poor species and genes. The intron loss by recombination with RT-mRNAs
would present two different features besides the 5’-biased distribution of introns. One of them, the
concerted loss of introns, was recently tested by Roy and Gilbert [3]. They showed that intron loss
distribution is biased to the 3’ end of genes and adjacent introns were lost more frequently than
what would be expected by chance. The second one would be the gene-size dependent 3’ intron
loss [1]. As the process of reverse transcription is not always complete due to a probable limitation
of the number of nucleotides reversely transcribed in each round, it is expected that longer genes
would present a less 5° biased distribution of lost introns. Here, we tested this second feature.

2 Methods.

In order to select lost introns, we first downloaded all genes from seven different species (Homo
sapiens, Pan troglodytes, Mus musculus, Anopheles gambiae, Caenorhabditis elegans, C. briggsae
and Drosophila melanogaster) from Ensembl and Flybase and annotated all intron positions and their
respective phases in respect to the amino acid sequence encoded by each gene. We aligned (Blastp
[4]) all human gene products against all protein sequences from all other species to select orthologous
genes to generate clusters of genes. Then, we aligned all sequences from each cluster with ClustalW
[5]. Cluster alignments with more than 60% of gaps and with less than 40% of conserved amino acids
(within ungapped regions) were discarded. Introns were considered for the analysis if they lied in
reliable regions, i.e., if the 10 surrounding positions of the alignment presented no gap and at least 5
identical or conserved amino acids. In order to consider sliding, intron positions distant from each
other by 5 amino acids or less were accounted as just one. Lost introns were defined by those absent in
a lineage, but present in a sister group and at least one outgroup species [4]. The size of genes was
calculated based on the CDS length. All analyses were done also summing the 3' UTR length (when
available in the databases) to the gene size length.
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3 Results.

Apparently, the relative position of 1,094 lost introns is not dependent of the length of genes.
However, when only genes longer than 1.1 thousand amino acids were analyzed, a significant
association between percentual intron positions (p) and gene length was observed (P = 0.039; linear
regression of arc sin of \/p on log-transformed size: b = 0.56; ¥ = 0.045; n = 94). Moreover, when we
separated genes by their lengths, the mean relative position of introns was 49.6% (SE = 0.75, n =
1,080) for genes < 2,000 amino acids and 67.5% (SE = 7.46, n = 14) for genes > 2,000 amino acids.
The association between size and percentual introns positions is still significant when 3” UTR length
was included in the calculation of gene size (P = 0.024; linear regression: b = 0.48; P = 0.0399; n =
127, for genes longer than 3.3 thousand bps). Of course, some lost introns were not included in this
analysis because they have been already lost in the sister group or in the outgroup species. However,
this result corroborates the other evidences recently observed that suggest that the major mechanism
of intron loss is the recombination of the genome with its reverse transcribed sequences [1, 2, 3].
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