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Introduction

The human dystrophin gene, which is defective in patients with Duchenne or Becker muscular dystrophy (DMD
/BMD), spans approximately 3000kb of the X—chromosome and encodes a 14 kb transcript consisting of 79
exons.Consequently, more than 99% of the gene sequence is composed of introns. Two exon sequences that
were transcribed from intron of the dystrophin gene have been reported. These data suggested that cryptic exons
that are expressed in a tissue—or development specific manner might be located within other introns of the
dystrophin gene.

Here,we report an identification of a novel exon located in intron 2 of the dystrophin gene that is avtivated
in a limited number of alternative splicing reactions. The phylogenetic analysis showed an interesting indication
of how the exon evolved among anthroppoids.

Results and Discussion

In a study on alternative splicing in the 5 ’region of the dystrophin gene,some unexpected transcripts were
detected in addition to the expected size of cDNA fragments amplified. Sequencing analysis of the subcloned
unexpected size of 674 bp amplified from exon 1to 11 revealed an unidentified 140 bp sequence inserted
between exon 2 and exon 8 in addition to the skipping of exons 3 to 7 and 9 . The sequence data was found to
be the same with another insert between exons 2 and 18 revealed from a sequence analysis of an unexpected size
of 319 bp product amplified from the region spreading from exon 1 to 18. A BLAST search failed to reveal
significant homology of this 140 bp DNA insert to the Gene Bank data.

The cloning and sequencing of the genomic region corresponding to and surrounding the 140 nucleotide
sequence revealed 304 bp genomic region possessing a branch point and acceptor and donor splice site
consensus sequences perfectly. Therefore,the 140 bp insertion sequence was consideredto be a novel exon

(GenBank accession number : AB016196) .

In order to map the novel exon,a deletion analysis by using genomic DNA prepared from DMD patients with
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different deletion mutations was performed.A fragment encompassing the novel exon could be amplified from
DNA samples with deletions of exons 3 to 7 or exons 5to 11 , respectively,but could not be amplified from
DNA with a deletion stretching from the 5 ’end of the dystrophin gene to exon 2, indicating that the novel
exon is located in intron 2 and named as exon 2 a.

Cloning of the 5 ' region of exon 2a from human muscle cDNA transcript disclosed that exon 2 a was
incorporated into transcript transcribed from the muscle promoter of the dystrophin gene. The protein coding
capacity of exon 2a was examined by analyzing the translational reading frame of transcripts retaining exon 2a
between either exons 2 and 8 or exons 2 and 18. Neither transcript maintained the open reading frame of the
dystrophin gene. In order to analyze the tissue—specific usage of exon 2 a, a fragment extending from exon 1
to exon 2 a was amplified from cDNA prepared from total RNA of 12 different tissues. The results indicated its
presence in 6 of them,including skeletal and cardiac muscles.

The phylogeny of exon 2a was analyzed by genomic DNA amplification from anthropoids{cotton—top
tamarin (Saguinus oedipus), night monkey (Aotus trivigatus), Japanese amcaque (Macaca fuscata), gibbon

(Hylobates lar) , orangutan (Pongo pygmaeus ) , gorilla (Gorilla gorilla) , chimpanzee (Pan troglodytes) | and
mouse (Jcl : ICR strain) by using the same primer set as that used to amplify exon 2 a of human genomic DNA.
The 304 bp PCR product was obtained from the 7 anthropoids DNA, but not from mouse DNAAII of the
amplified products obtained from anthropoid were sequenced and compared with the sequence of the region
amplified from human DNA. The result showed that consensus nranch point and splice donor and acceptor sites
in human exon 2 a were created by nucleotide substitutions in intron 2 at different stages in anthropoid
evolution.In contrast to New World monkeys that have no consensus sequences for splicing, Old World
monkeys and hominoids possess both branch point and splice donor site consensus sequences.This observation
strongly suggests that these consensus sequences were created inthe DNA of a common ancestor of Old World
monkeys and hominoids. In addition, the splice acceptor consensus sequence evolved after divergence from the
ancestral Old World monkeys. As a result, exon 2 a apparently acquired its consensus sequences for splicing
early in hominoid evolution, before branching of the gibbon lineage occurred. Introns have been the subject of
considerable debate since their discovery.

There are so far two theories proposed to explain the evolution of introns within eukaryotic genome represent
opposing views of intron evolution. The “introns early” theory proposes that introns are ancient and that
modification of intron sequences provided new exon structures and thus new genes.The “introns late” theory
proposes that the ancient genes existed as uninterrupted exons and that introns have been introduced during the

course of evolution.

Conclusion

We identified a noved sequence that is activated in a limited number of altemative splicing reactions inserted
between exons 2 and 8 or exons 2 and 18 of dystrophin transcripts.The novel sequence possesses all of the
consensus sequences necessary for splicing,located in intron 2 of the dystrophin gene, and to be referred as
exon 2 a.

Phylogenetic analysis indicated that exon 2 a evolved from an intron DNA in ancestral hominoids as a result
of the creation of consensus sequences necessary for splicing.Therefore our results support “introns early

theory” since exon 2 a was evolved from intron.
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