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SUMMARY

A mechanism for RNA-RNA splicing is proposed. A species of RNA
('splicer' RNA) hybridizes to precursor mRNA across the splice point.
This hybridization can be with intron or exon sequences or both. The
double-stranded RNA structure precisely indicates to the splicing
enzymes the exact location for exon ligation.

A model for the control of gene expression is presented. The regulation
of synthesis of different splicer RNAs will also control which precursor
mRNA molecules are spliced. The removal of intervening sequences
from a precursor mRNA molecule could be both a signal for that
molecule to be transported to the cytoplasm and a means of allowing
gene expression.

1. INTRODUCTION

It has recently been demonstrated in eukaryotic organisms that the sequence
of nucleotides in several structural genes does not have the colinear arrangement
expected from polypeptide and RNA sequence analysis. Sequences are present
in mature mRNA (exons) which are not continuous in DNA, since they are
interrupted by intervening sequences (introns). These introns are removed at
some point prior to mRNA formation, leaving the exons in the same order in
mRNA as they are in DNA. This discovery has provoked considerable
speculation about the possible function of these intervening sequences (Gilbert,
1978; Tonegawa et al. 1978; Travers, 1978; Darnell, 1978; Miller, Konkel &
Leder, 1978; Doolittle, 1978; Sagano et al. 1979; Crick, 1979).

Initially, intervening sequences were discovered by hybridization of mRNA
(or a cDNA copy) to DNA, and the 'looped-out' region of the intervening sequence
was visualized in the electron microscope. More recently the intron-exon junction
DNA sequences have been determined after comparison of the known mRNA
sequence with that of the cloned gene. There are a number of eukaryotic genes
which are known to possess intervening sequences including globin (Konkel,
Tilghman & Leder, 1978; Tiemeier et al. 1978), immunoglobulin (Bernard, Hozumi
& Tonegawa, 1978; Tonegawa et al. 1978); ovalbumin (Catterall et al. 1978;
Breathneck et al. 1978); rDNA (Glover & Hogness, 1977; Wellauer & Dawid,
1977). The number of intervening sequences present in a gene can vary from
one (rDNA) to seven (ovalbumin). The eukaryotic viruses adenovirus 2 (Berget,
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Moore & Sharp, 1977; Chow et al. 1977; Akusjarvi & Pettersson, 1979), polyoma
(Legon et al. 1979), SV40 (Aloni et al. 1977; Ghosh et al. 1978) and retroviruses
(Cordell et al. 1978) also splice their genes. Up to the present time the genes
which have been examined for the presence of intervening sequences are clearly
a non-random sample since they are either genes coding for abundant products
or repetitive genes. There is evidence that intervening sequences are transcribed
in the mouse /?-globin gene (Tilghman et al. 1978), an early adenovirus 2 mRNA
(Blanchard et al. 1978) and yeast tRNA (Knapp et al. 1978). In the latter two
cases a cell-free extract is capable of excising the intervening sequences. In this
paper we will assume that splicing occurs at the RNA level.

Splicing must be an extremely precise process since the polypeptide sequence
is accurately conserved in individual proteins. This accuracy might be achieved
by three basic types of mechanism. First, a protein could specifically recognize
the RNA sequence to be spliced; second, intramolecular RNA hybridization
could provide a structural signal for the exact point of splicing; or third, inter-
molecular RNA hybridization could provide the signal. Unless there are a large
number of different proteins involved in splicing, the first mechanism implies
that there are common RNA sequences at exon—intron junctions. However, only
a short 'consensus' sequence is present at intron-exon junctions. It is apparent
that the actual 'consensus' sequence itself cannot be recognized because these
sequences occur elsewhere in mRNA without splicing taking place (Catterall et
al. 1978). Tonegawa et al. (1978) and Ghosh et al. (1978) proposed that intra-
molecular RNA hybridization occurred at the splice point (but base pairing
was non-perfect) and this structure was recognized by the splicing enzymes. The
drawbacks of this second mechanism are that the exons are not in the correct
stereochemical position for ligation to occur and also similar structures could not
be formed from sequences of other known intron-exon junctions (Catterall et al.
1978; Breathneck et al. 1978). A specific three-dimensional structure could occur
at the splice point, which is recognized by splicing enzymes. However, for the
three-dimensional structure to be stable it would have to be based on secondary
structure. Thus, this mechanism also suffers from the drawback that secondary
structure is not universally found at intron-exon junctions. For these and other
reasons we prefer the third possibility and propose an intermolecular RNA
hybridization mechanism in which the necessary specificity and stereochemical
orientation for splicing is provided simply by the hybridization of a separate
complementary molecule of RNA. In this manner a common enzyme, or group
of enzymes, could accomplish splicing of all transcripts. Moreover, the existence
of complementary RNA sequences can provide a basis for the control of gene
expression in higher organisms.

In the model we describe we assume that heterogeneous RNA (hnRNA) is the
precursor of mRNA. hnRNA in the nucleus of higher eukaryotes has a short
half-life of 20-30 min (Davidson & Britten, 1973). mRNA is much shorter
(0-5-10 x 103 nucleotide bases, average 3x 103) than hnRNA (0-5-30 x 103 bases,
average 13 x 103) (Lewin, 1975a; Perry et al. 1976), and has a sequence complexity
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about 5-10 fold less than hnRNA (Lewin, 19756; Perry et al. 1976). Analysis of
the hybridization kinetics of DNA from higher organisms has shown that about
75 % of the genome is composed of interspersed non-repetitive DNA and repetitive
DNA (Davidson & Britten, 1973; Bonner et al. 1973). The widespread occurrence
of this arrangement in higher eukaryotes suggests that it fulfils an important
function. Britten & Davidson's (1969) theory of gene expression proposed that
the repetitive sequences contained the control elements and the non-repetitive
DNA the structural genes. They suggested that a number of control element
sequences were adjacent to the gene and that its expression was controlled by
a complementary RNA species, which hybridized to the control sequence and
induced transcription. One difficulty of this theory is that RNA is unlikely to
bind to double-stranded DNA. The mechanism proposed here is in part based on
Britten and Davidson's argument, but it does not suffer from this particular
difficulty, since the control element ('splicer RNA') binds to single-stranded
RNA.

2. A MECHANISM FOR RNA-RNA SPLICING
The primary transcript of DNA is assumed to be hnRNA, which contains

both intron and exon sequences in a colinear copy of DNA. In cells producing
the protein in question, a species of RNA (splicer RNA) is present and this
hybridizes to hnRNA across the splice point. This double-stranded RNA molecule
brings the ends of two exons into the correct stereochemical position for phospho-
diester bond formation (see Fig. 1). It indicates, by its intrinsic structure, the
exact sequence location for RNA breakage and ligation. If base-pairing is perfect
for a specified number of bases, perhaps as few as 20, the double-stranded RNA
will be recognized by the splicing enzymes and the intron is removed. Splicer
RNA could be bound to an enzyme complex which carried out the ligation of
exons and also possibly the further steps in processing.

There are three possible ways that splicer RNA can bind at an intron-exon
junction (see Fig. 1). If hybridized to exon sequences (Fig. la) it would, in
evolutionary terms, preserve the exon nucleotide sequence neighbouring the
splice point. Also it could possibly provide a proofreading step to check the
accuracy of mRNA. If splicer RNA hybridized to intron sequences (see Fig. lc),
this would not impose any sequence restrictions on the structural genes. As we
will explain, it would also provide a basis for the conservation of the intervening
sequence. A further possibility is that complementary splicer RNAs binds to
both exon and intron sequences (see Figs. 16, 2).

The structure in Fig. 1 (6) is directly analogous to the likely intermediate in
DNA recombination (Holliday, 1964; Sigal & Alberts, 1972; Sobell, 1974; Potter
& Dressier, 1976). Complete hydrogen bonding is maintained between comple-
mentary bases and this establishes the exact position where polynucleotide chains
exchange pairing partners. In DNA recombination it is believed that either pair
of strands of like polarity can be cut and rejoined, but in the model of RNA
splicing only the hnRNA strands must be susceptible to enzymic cleavage. The
distinction between the hnRNA and splicer RNA strands may depend on post-
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synthetic methylation of bases (see below). Alternatively, the structure in Fig. 1 (6)
may be stabilized in only one of the three possible isomeric forms (see Sobell,
1974). If the hnRNA strands exchanging pairing partners are on the inside
(see Fig. 2), it is easy to see how an enzyme could recognize and cut these
strands.

Ex on Intron Exon Splicer RNA

HNRNA

MRNA

Fig. 1. The hybridization of splicer RNA to hnRNA molecules. In each case the
ends of the coding or exon sequences are brought into close juxtaposition. The
short arrows indicate the positions where cutting and ligation produces mRNA.
Splicer RNA hybridizes to either exon sequences (a) or intron sequences (c). Two
splicer RNA molecules (or one looped back molecule - see Fig. 2) produce a sym-
metrical structure (b) that is the same as the likely intermediate in DNA recombi-
nation (see text).

The structures in Fig. 1 (a) and (c) have only three strands. Fig. 1 (a) is like
a DNA deletion heteroduplex. There is evidence that such structures can be
repaired by removal of the loop and ligation to produce a normal hydrogen-
bonded structure (Benz & Berger, 1973; Holliday, 1974). In Fig. 1 (c) the hnRNA
molecule would be broken and rejoined at the exchange point in the absence
of double-stranded exon sequences. Whatever the exact mechanism of the resolution
of these structures, the important point is that the paired splicer RNA(s) provides
the specificity required for precise joining of exon sequences.

There is, in fact, duplication of a short sequence at each end of every intervening
sequence known (Breathneck et al. 1978) and in a similar manner to branch
migration in DNA recombination, the actual position of the splice point could
vary without altering the final mRNA sequence (see Fig. 3).
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Intron Exon Intron- —Exon

_Splicer
~RNA
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Fig. 2. A possible intermediate in RNA recombination in which the hnRNA strands
are on the inside and splicer RNA is on the outside. Cutting and ligation at the
point (indicated by an arrow) where hnRNA strands exchange pairing partners
generates mRNA. There could be either two splicer RNA molecules (A) or, more
simply, one which loops back to form a hairpin structure (B).

3. EVIDENCE FOR RNA-RNA SPLICING MECHANISM

The major prediction of our model is that RNA molecules should be found in
the cell nucleus that can hybridize across the splice points of genes expressed in
that cell. Direct sequencing of the RNAs involved is the most convincing method
for demonstrating this hybridization. In adenovirus 2 infections several small
RNAs are produced called VA (virus associated) RNAs which are likely candi-
dates for being splicer RNA. VA RNAX is present in large amounts late in
infection and has been sequenced (Ohe & Weissman, 1971; Harris & Roeder,
1978). The intron-exon junction sequences for the adenovirus 2 hexon gene
(which is expressed late in infection) are known (Akusjarvi & Pettersson, 1979).
The third splice-point (from the 5' end) is shown in Fig. 4, and 19 bases of
VA RNAX can hybridize across the splice-point in a manner predicted by our
splicing mechanism. This hybridization is with both intron and exon sequences
(see Figs. 16, 2). This structure, although it contains 4 G-U base pairs, also
contains 10 G-C base pairs and therefore should be sufficiently stable for splicing
to occur. The probability of this sequence occurring by chance is very remote.
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We feel that this sequence hybridization is very strong evidence in favour of our
mechanism.

Other evidence is also available for the existence of splicer RNA. Flytzanis
et al. (1978) isolated ribonucleoprotein complexes (Preobrazhensky & Spirin,
1978) containing hnRNA from rat liver nuclei. These complexes also contained

Fig. 3. Three of the five possible splice points connecting exons III and IV in the
ovaibumin gene. Duplication of a short sequence (boxed in diagram) at each end
of the intron allows branch migration of up to five bases to occur. Splice points are
indicated by short arrows.

small nuclear RNA (snRNA) which was base-paired to hnRNA. The length of
this hybridization was a minimum of 15-20 nucleotides. snRNA is 150—250 nucleo-
tides in length, highly methylated and with a lifetime greater than 48 h (Sekeris
& Niessing, 1978). This stable snRNA is similar in properties to that proposed
for splicer RNA. The methylation of snRNA could be the method by which
splicer RNA and hnRNA strands are distinguished. The protein complexes, with
which snRNA is associated, might contain the splicing enzymes and also possibly
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enzymes for the further processing of hnRNA to mRNA. Jelinek & Leinwand
(1978) have isolated low-molecular-weight RNA 90-100 nucleotides long from
the nuclei and cytoplasm of Chinese Hamster ovary cells. Approximately 1-3 mole
of low-molecular-weight RNA was hybridized to 1 mole of nuclear poly(A)
terminated RNA but only 0-2 mole was hybridized to 1 mole of cytoplasmic
poly (A) terminated RNA.

\
\

\ G U • A ^ i j-
N v G U C "G-AGG-A-G-C;

~~"-^ .U-G-G. .il-U-CC-U-C-cL

Leader RNA c ' fc JVA RNA

Fig. 4. Hybridization structure formed at the third splice point (from the 5' end)
of adenovirus 2 hexon pre-mRNA with adenovirus 2 VA RNAX. Two separate
segments of VA RNA1( nucleotides 16-24 and 150-159, hybridize to intron or exon
sequences respectively. Arrows indicate splice point.

The sequences of the mouse immunoglobulin light chain genes, Ax and An,
including thesmall intervening sequence, have recently been determined (Tonegawa
et al. 1978; Bernard et al. 1978). What is strikingly apparent on comparing the
two sequences is that the small intervening sequence is as highly conserved as the
protein coding sequences. A splicer RNA could base-pair to a possible 29 con-
tinuous bases of both introns on either side of the splice point (see Fig. 5) but
could only bind to 7 of the exon. This could be taken as evidence that a splicer
RNA/intron hybridization structure (see Fig. lc) is being formed at this splice
point.

If the sequences of mouse, rabbit and human /?-globin mRNA are compared,
base substitutions in all three codon positions are rarer in exons neighbouring
the two splice points (Kafatos et al. 1977; Konkel et al. 1978). This sequence
conservation (throughout a long period of evolution) implies that constraints
exist on this sequence because a special function is assigned to it. Our model
suggests that this sequence constraint is due to the necessity of hybridizing splicer
RNA to the exon.

The rabbit and mouse /?-globin intron-exon junctions have been sequenced for
both the large and small intervening sequences (van den Berg et al. 1978). The
sequences are most highly conserved near the splice points in both intron and
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exon sequences. In a similar manner to the immunoglobulin light chain small
intron (see Fig. 5), a putative splicer RNA could have the same sequence in both
species. This putative splicer RNA could hybridize to 12 bases of the intron or
28 bases of the exon at the small intervening sequence, and a second splicer

I-W/W-

Intron

Exon

Fig. 5. The splicing of hnRNA transcribed from the mouse immunoglobulin Ax and
Au genes. The small intervening sequence is highly conserved (rectangular boxes
indicate the only differences in bases). The same splicer RNA(s) could be used to
produce the mRNA sequences for both proteins. In the diagram we assume that
the hybridization of splicer RNA does not extend past any mismatched base pair.

RNA could hybridize to 10 intron bases or 29 exon bases for the large intervening
sequence. Thus splicer RNA hybridizing to exon sequences (see Fig. lc) would
seem most likely in this case.

Possible sequence homology between the large intervening sequence of yff-major
and /?-minor mouse globin genes has been examined by restriction enzymes and
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heteroduplex mapping analysis (Tiemeier et al. 1978). They found that intron
sequence homology only existed next to the intron-exon junction.

RNaseP from Esckerichia coli cleaves tRNA at a specific point near the CCA
terminus during maturation of tRNA (Stark et al. 1978). It contains RNA,
which is essential for its enzymic activity. An interesting possibility is that the
enzyme could use its RNA to recognize the exact point of tRNA cleavage
(Travers, 1978), in a similar way to the splicing mechanism we have suggested.

4. THE CONTROL OF GENE EXPRESSION

The mechanism for RNA-RNA splicing immediately suggests a simple model
for the control of gene expression. ' Splicer RNA' is transcribed from the ' splicer
gene'. When a particular splicer RNA is transcribed, hnRNA with a sequence
complementary to it will have the appropriate intervening sequence removed.
Splicing is an essential step in the maturation of mRNA. If all the intron sequences
are removed, the further processing of hnRNA will proceed, including trans-
portation to the cytoplasm, and hence structural gene sequences present on
hnRNA will be expressed. hnRNA that is not hybridized to splicer RNA is
degraded. Thus, transcription or non-transcription of different species of splicer
RNA will decide which genes are expressed.

Transcription of the splicer gene must itself be regulated at the DNA level.
We assume this is based on the interaction of specific proteins with promoter
or operator sites, possibly depending on the modified or non-modified state of the
controlling DNA sequences (see Holliday & Pugh, 1975). We will not review
all these possibilities here, but we will argue that transcriptional control of
splicer RNA synthesis, combined with control of the processing of hnRNA by
splicer RNA provides much greater flexibility in the regulation of gene expression
in higher organisms than would either single control mechanism.

The simplest relationship between splicer RNA and gene expression is that
every structural gene (A, B, C, etc.) has a single splice point which contains
a sequence complementary to the splicer RNAs (a, b, c, etc.). If the transcription
of splicer RNAs is specific to particular differentiated cells or tissues, it is apparent
that any combination of genes (A, B, C, etc.) can be expressed by controlling
the synthesis of the appropriate splicer genes.

However, a more complicated pattern can be obtained if more than one splice
point is present in an hnRNA molecule (see Table 1). This would result in a more
complex control system using the same number of splicer RNA sequences. In fact,
the number of possible combinations of genes theoretically controllable by splicer
genes increases exponentially. (Number of combinations of genes = 2n— 1, where
n = number of splicer sequences.)

In our model the act of removing all the intron sequences from hnRNA is the
decisive event which allows an RNA species to be transported to the cytoplasm.
There are several molecular mechanisms by which this can be accomplished. For
example, every intron could contain an endonuclease-sensitive site. Thus if an
intron is not removed, the endonuclease will cleave the RNA and exonucleases
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will degrade the rest of the RNA. However, when all the introns are removed,
the RNA will be sufficiently long-lived to be transported to the cytoplasm. Alter-
natively, a covalent modification of the RNA (e.g. methylation) could occur
simultaneously with splicing. In this case when all the introns are removed, the
RNA will contain the full complement of covalent modifications which are
necessary for its transport to the cytoplasm.

Table 1. Pattern of genes controllable by three splicer ItNAs
Splicer Expressed genes (splicer sequences present)
RNAs A(a) B(b) C(c) D(a, b) E(a, c) F(b, c) G(a, b, c;

transcribed

b _ _ , / _ _ _ _ _ _
c — — v — — — —
a, b </ V — v — — —
a, c \/ — </ — </ — —
b, c — s/ v/ — — J —
a, b, c N/ V/ V/ V <! v/ v/

Information in cells is encoded in macromolecules which for the most part
cannot move between cells. However, it is possible that splicer RNA could be an
important exception to this. Stability in RNA base pairing could readily be
achieved by splicer RNA molecules with a molecular weight as low as about
6000 daltons. Molecules of this size might move between cells through inter-
cellular junctions (Subak-Sharpe, Burk & Pitts, 1969; Pitts & Simms, 1977;
Kolodny, 1971) or by other means. This would provide a means of cell signalling,
where one cell which produced and transmitted splicer RNA would influence
gene expression in neighbouring cells.

The theory of Temin (1974) on the origin of RNA tumour viruses suggests that
they evolved as aberrations of normal cellular functions. In particular, the transfer
of nucleic acids between cells by enveloping RNA in membrane vesicles might
be a normal mechanism of information transfer in cell differentiation and
development.

5. CONTROL BY PROTEINS OR RNA?
In the proposed mechanism for RNA-RNA splicing, RNA rather than protein

provides the necessary specificity for exon ligation. In prokaryotes, gene expression
is controlled by proteins binding, or not binding, to specific operator sequences
of DNA. A protein that recognizes a specific DNA or RNA sequence must have
a precisely constructed binding site. The evolution of such a protein is probably
far more difficult than the evolution of an RNA species that can naturally base-
pair. In multicellular organisms the number of control elements needed for
differentiation and development is much larger than in prokaryotes. Such organisms
might therefore evolve the much simpler system of RNA-controlled gene expression.
A splicer RNA 20 nucleotides long can contain enough sequence variation for
cellular requirements and is capable of extremely complex control of gene
expression. In our model the number of possible gene combinations increases
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exponentially with the number of splice points and therefore this might explain
why more than one intervening sequence is present in genes. (The number of
possible different combinations of genes = nb, where n is the number of splicer
RNA sequences and 6 is the number of introns.)

6. REPETITIVE/NON-REPETITIVE SEQUENCES

The interspersed repetitive/non-repetitive nature of the genome in higher
organisms may be explained, at least in part, in this model. Splicer genes, if
they are present at many sites on the genome, will behave as repetitive DNA.
The part of the intron-exon junction which hybridizes to splicer RNA will also
act as repetitive DNA (but will be split in half). Those parts of the exons not
involved in splicer RNA hybridization will behave as non-repetitive sequences.

There is evidence for the existence of low-molecular-weight nuclear RNAs
analogous to splicer RNA (Davidson & Britten, 1973). These RNAs do not belong
to any functionally denned class of RNA. Weinberg & Penman (1968) have
designated as RNA species C and D the most common of the long-lived, low-
molecular-weight nuclear RNAs. They have been found in all vertebrates tested,
are transcribed from repetitive DNA (K^-IO3 copies per genome), are present
in ribonucleoprotein complexes, have a 5' ' capping' structure and pass into the
cytoplasm briefly after their transcription (Eliceiri, 1979).

One prediction of our model is that the intron—exon junction sequences involved
in splicer RNA hybridization will also be found elsewhere in the genome. A
restriction fragment of the 28 S rDNA intervening sequence has been purified
from D. melanogaster (Dawid & Botcham, 1977) and D. virilis (Barnet & Rae,
1979). In both species this restriction fragment hybridizes to non-rDNA sequences
and in the case of D. melanogaster this homology comprises 0-2 % of the genome.

Using the Southern hybridization technique, Miller et al. (1978) have attempted
to find if any of the large intervening sequence of the mouse /?-major globin
gene is present elsewhere in the genome. They found that sequence homology
was present only in the /?-minor globin gene. At first sight this data is in dis-
agreement with our model, but in fact the technique is not sensitive enough to
detect less than 20-50 base-pair homology, which may well be sufficient for
splicer RNA and hnRNA hybridization in vivo.

7. REGULATION OF hnRNA TRANSCRIPTION

Estimates of the proportion of the genome being transcribed into hnRNA
usually vary between 10 and 20% (Lewin, 19756). Comparing hnRNA sequences
present at different stages of development or in different tissues, one finds that
generally less than 80% homology occurs and in some cases a total lack of
homology exists (Davidson & Britten, 1973). It is clear, therefore, that tran-
scriptional control of hnRNA sequences is also taking place. Thus, RNA-RNA
splicing is only one type of mechanism for control of gene expression and other
forms undoubtedly exist. Transcriptional control could direct gross changes in
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the hnRNA population and splicing would exert much finer control in deciding
which genes are expressed. Structural genes necessary for 'housekeeping' proteins
present in every cell are possibly not controlled by splicing.

8. TRANSPOSON MECHANISM FOR INSERTING INTERVENING
SEQUENCES IN STRUCTURAL GENES

The mechanism for RNA splicing requires that intervening sequences are
complementary to splicer RNA. This poses the problem of the origin of inter-
vening sequences, which hybridize to splicer RNA, but are positioned at each
end of the intron. Fig. 6 shows a possible transposon mechanism by which a
controlling sequence of DNA (which already regulates the expression of a structural
gene by controlling transcription of the splicer gene) can bring a second structural
gene under its control by inserting the splicer gene sequence into the second
structural gene. In Fig. 6 the splicer gene is first duplicated, then the copy forms
a transposon and inserts itself into the structural gene. It is apparent that
sequences complementary to splicer RNA are at each end of the intervening
sequence and in the correct position for splicer RNA hybridization to the
hnRNA.

Bernard et al. (1978) and Breathneck ei al. (1978) have suggested that the
short repeat sequences present at the ends of intron sequences are 'evolutionary
relics' of the mechanism by which they were originally inserted. Insertion sequences
or transposons in E. coli have similar short repeats at their insertion sites.

9. EXPERIMENTAL PREDICTIONS

Our model for RNA splicing makes several experimental predictions. Nuclear
ribonucleoprotein complexes ought to contain RNA recombination-like structures
when examined in the electron microscope. It also predicts that sequences near
the intron-exon junction, which hybridize to splicer RNA, should be conserved
during evolution. These sequences should also be found elsewhere in the genome
(in splicer genes). In SV40 and adenovirus 2 several of the sequences at the
splice points are known and it should be possible to sequence small nuclear
RNAs which hybridize to viral hnRNA and our mechanism makes precise pre-
dictions about these sequences.

10. CONCLUSIONS

An intermolecular RNA hybridization mechanism for RNA splicing has several
advantages. Most importantly, the splice point is accurately determined and
the exons are in the correct orientation to be joined by a phosphodiester bond.
It also provides a simple reason for the existence of splicing: it functions as a
mechanism for the control of gene expression. Evidence is presented from
adenovirus 2 that a small RNA of previously unknown function and hexon
pre-mRNA can form the proposed RNA recombination structure at the splice
point.
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Fig. 6. A transposon mechanism by which intervening sequences that
are complementary to splicer RNA can be inserted into genes.
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