[bookmark: _GoBack]PRE-MRNA SPLICING IN EUKARYOTES - INTRON STRUCTURE, INTRON DETECTION, ALGORITHMS AND DATA STRUCTURES.
CHEKMENEV D.S.
GNII genetika, 1st Dorozhny proezd, Moscow, 113545, Russia;
e-mail: chicha@mail.cir.ru;
Keywords: pre-mRNA, splicing, gene expression, intron structure, intron detection, RNA secondary structure
Introduction
More than 20 years have passed since the discovery of the pre-mRNA splicing. Many components of spliceosome and snRNP moieties interactions were identified, but intron/exon detection algorithms have not reached accuracy of splicing machinery. In this abstract I sugest the way to improve intron detection methods with respect to identified pathways of splicing process.
1. PRE-mRNA splicing
1.1. Role of splicing in gene expression
Genes in eukaryotes are often interrupted by intervening sequences (IVSs or introns) that must be removed during gene expression. RNA splicing is the process by which these intrervening sequences are precisely removed and the flanking, functional sequences (exons) are joined together [1, 2]. So RNA splicing as significant part of pre-mRNA processing is one of the major steps in the control of gene expression in eukaryotes.
Regulated mechanism of alternative splicing allow multiple different proteins to be translated from the single RNA transcript. By alternative splicing, a single sequence has been found to be able to code for dozen different proteins, depending on how its exons are assembled. Alternative splicing is regulated in a developmental or tissue specific manner. For example, a gene in thyroid tissue produces calcitonin in rats. The same gene in brain tissue produces a neuropeptide by using a different exon combination.
Mutations can affect splicing of certain introns, leading to abnormal conditions. For example a form of thalassemia, a blood disorder, is due to a mutation causing splicing failure of an intron in a globin transcript, which then becomes untranslatable. Abnormal beta-amyloid in Alzheimer disease is result of intron mutation that impair splicing.
So elucidation of splicing mechanism will help us to find new ways in genetic diseases treatment and better understanding of genetic information organisation and gene expression.
1.2. Splicing mechanism
Splicing of nuclear introns occurrs by a two step pathway. In the first step, the phosphodiester bond at the 5’ splice site is attacked by the 2’-OH of an adenosine residue in the intron, the branch point. This reaction produces a free upstream exon and a lariat intermediate molecule containing both the downstream exon and the intron with its 5’ end covalently linked to the branch nucleotide. During the second cleavage-ligation step, the 3’ hydroxyl of the 5’ exon attacks the phosphate at the 3’ splice site. This results in the ligation of the two exons and the release of the intron in lariat form [1, 2, 3].
Removal of introns is catalysed by a large ribonucleoprotein complex called the spliceosome, which consists of four small nuclear ribonucleoprotein particles (U1, U2, U5, and U4/U6 snRNPs) and auxiliary protein factors [3, 4]. A minor type of AT-AC introns require U11, U12, U5, U4atac and U6atac snRNAs [5, 6].
Before the two steps of splicing, the pre-mRNA has to be assembled into a highly complex ribonucleoprotein structure, the spliceosome. RNA interactions are thought to be central to the splicing process and may play an important role in the catalytic core of the active spliceosome [3, 4]. U1 snRNP interacts with the 5’ splice site [10, 11] and U2 snRNP with the branch site of pre-mRNA [12, 13] both of this interactions involve Watson-Crick base pairing. U1 binds at an early step in spliceosome assembly and commits the pre-mRNA to the splicing pathway [14, 15, 16]. Genetic and biochemical data place U5 in close proximity to the 5’ and 3’ exon sequences [17, 18, 19]. Crosslinking experiments in mammalian [18] and yeast [20] extracts revealed 5’ splice site - conserved domain of U6 (ACAGAG) interaction [21, 22]. The conserved domain of U6 is immediately upstream of a helix formed by base-pairing interactions between U6 and U2 [23, 24]. This helix juxtapose 5’ splice site with the branch point interaction domain of U2 [25]. So active site of spliceosome are formed by Watson-Crick RNA-RNA interaction.
2. Role of RNA - RNA interactions
2.1. snRNA - intron interactions (intron primary structure)
The hypothesis that, splicing is RNA-catalyzed process mediated by the spliceosomal snRNAs, was galvanized by the observation that Group II self-splicing introns are removed by a two-step chemical pathway that is highly similar if not identical to that which accomplishes nuclear pre-mRNA splicing [7, 8, 9, 26, 27]. Most actual for intron detection is interaction of snRNAs and pre-mRNA (intron). The early U1 snRNA interaction with the 5’ splice site is important to recruit RNA sequences into commitment complexes and pre-spliceosomes [15]. The presence of U1 at 5’ splice site is necessary for binding U2 snRNA to branch point of intron. All these initial intron - snRNA interaction require Watson-Crick basepairing.
As might be expected from the fact that exons must encode diverse sequences, conserved information at the 5’ and 3’ splice sites residues almost completely in the intron [3, 28]. For yeast introns it are /GUauGu for 5’ and YAG/ for 3’ (/ - splice site; upper case - most conserved, lower case - less conserved). Branch point has UACUAACA (branch point adenosine is underlined). Mammalian introns are less conservative especially in branch point [3].
2.2. Methods applied in splice sites detection
A common approach to locating sites of all kinds is to search for similarities to ‘consensus sequences’. The method suffers from the fact that individual sites are not usually identical to the consensus, and different positions vary in their importance within the consensus. For example, realy conserved are dinucleotides at 3’ and 5’ splice sites, G at position 5 of intron and branch point adenosine. Other nucleotides are significantly lower conserved. A superior method is to search using a matrix. The matrix contains an element for each posible base at every position within a site. The evaluation of each potential site involves summing the elements that correspond to the sequence at that site. Such matrix can be used to find all sites within some range of similarity (Tables 1 and 2. Method from [Mount S.M. Nucleic Acids Res. 10, 459 (1982)] was used for calculation).
Table 1. Matrix to find 5’ splice sites. Intron begins at position 0.
	Pos:
	-3
	-2
	-1
	0
	1
	2
	3
	4
	5

	A
	5
	9
	-11
	-35
	-35
	9
	10
	-11
	-4

	C
	5
	-8
	-15
	-35
	-35
	-24
	-10
	-35
	-7

	G
	-10
	-8
	11
	14
	-35
	2
	-8
	12
	-11

	T
	-12
	-7
	-7
	-35
	14
	-14
	-8
	-16
	9


Table 2. Matrix to find 3’ splice site Exon begins at position 0.
	Pos:
	-11
	-10
	-9
	-8
	-7
	-6
	-5
	-4
	-3
	-2
	-1
	0
	1

	A
	-14
	-5
	-8
	-3
	-7
	-21
	-9
	0
	-19
	14
	-35
	-1
	-4

	C
	0
	2
	3
	1
	4
	4
	1
	-1
	9
	-35
	-35
	-3
	-1

	G
	-9
	-15
	-13
	-11
	-13
	-17
	-17
	0
	-35
	-35
	14
	7
	0

	T
	9
	7
	7
	6
	6
	8
	8
	2
	2
	-35
	-35
	-11
	4


Unfortunately there is quite a lot of overlap between the values of real sites and unused sites. There are too many posible sites found by the matrices.
Real algorithms using for finding splice sites are using other information than intron conserved sequences. It is coding potential of exons. Base/position preferences and codon bias also can be taken in consideration for detrmining proper reading frame in exon. But this features hardly reflect real processes that take place in spliceosome operation. Exon mutations do not impair splicing [19].
Probably other information besides the primary sequence is used, such as the secondary structure of the RNA [32].
2.3. Role of intron secondary structure in splicing
Conserved secondary structure motifs of intron can play importanat role in intron recognition by spliceosome. This can be supported by possible evolutionary origin of pre-mRNA splicing from self-excised introns of group II. Self-splicing of group II introns mediated only by it secondary structure. A number of secondary structure motifs from group II introns were found in snRNAs. U2-U6 snRNA helix is similar to domain 5 of group II intron [25]. U6 - 5’ splice site helix functioning analogously to epsilon, a sequence that pairs with intron nucleotides near the 5’ splice site of group II self-splicing [29]. The U5 conserved loop can be viewed as the spliceosomal counterpart of the exon binding site (EBS1) of group II introns [17, 30]. In Group II introns, the branchpoint adenosine is found bulged out of a duplex, termed domain 6. Similarly, in nuclear pre-mRNAs, the branchpoint is identified in part through a basepairing interaction with U2 snRNA in which the adenosine nucleophile is bulged out of the U2 - pre-mRNA duplex [31]. I suppose that in pre-mRNA intron can be found secondary structure motifs similar to those in group II introns that will help us significantly improve algorithms of intron detection.
3. Conserved structures search method requirements
3.1. Requirements for conserved structures search methods
For finding conserved secondary structure motifs some enhancements to the search matrices can be applied.
Conserved RNA secondary structures motives can be treated as RNA double helices hairpins in conserved positions of intron. The existence of such helices can’t be found by analysing of nucleotide positions in RNA sequence.
To identify conserved secondary structure we must add probabilities for nucleotide complementarity to the search matrices. So every element of search matrix must contain not only four probabilities for nucleotide appearance, but also vector of complementarity of current position to other sites of intron. Calculation of such probability vector can take great computational resources, because intron length is high enough. (up to several thousand of nucleotides).
Some restriction can be taken in consideration to reduce computational resources. First, length of hairpin loops can be reduce to dozen of nucleotides. Hairpins with very long internal loops hardly can be formed during pre-mRNA splicing, because it is relatively fast running, almost co-transcriptional event [34]. Second, such conserved structures can be awayted strictly in particular regions of intron. It must be found near splice sites and especially near branch point or in the polypyrimidine tract between branch point and 3’ splice site. Third, search of conserved structures can be fulfiled on the relatively short introns (up to one hundred nucleotides).
3.2 Requirements for splice site detection method
The idea of high role of RNA secondary structure contribution to particular RNA/DNA site detection is not only restricted by splice site. RNA secondary structures can also contribute to determination of translation initiation sites and even to transcription initiation and promoter regions [33]. So information on conserved structural motifs must be integrated in methods of particular regions detection and posible in genetic data banks.
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