
Prevalence of intron gain over intron loss in the
evolution of paralogous gene families
Vladimir N. Babenko, Igor B. Rogozin, Sergei L. Mekhedov and Eugene V. Koonin*

National Center for Biotechnology Information, National Library of Medicine, National Institutes of Health,
8600 Rockville Pike, Bldg 38A, Bethesda, MD 20894, USA

Received May 12, 2004; Revised June 5, 2004; Accepted June 16, 2004

ABSTRACT

The mechanisms and evolutionary dynamics of intron
insertion and loss in eukaryotic genes remain poorly
understood. Reconstruction of parsimonious scen-
arios of gene structure evolution in paralogous
gene families in animals and plants revealed numer-
ous gains and losses of introns. In all analyzed
lineages, the number of acquired new introns was
substantially greater than the numberof lost ancestral
introns. This trend held even for lineages in which
vertical evolution of genes involved more intron
losses than gains, suggesting that gene duplication
boosts intron insertion. However, dating gene
duplications and the associated intron gains and
losses based on the molecular clock assumption
showed that very few, if any, introns were gained dur-
ing the last �100 million years of animal and plant
evolution, in agreement with previous conclusions
reached through analysis of orthologous gene sets.
These results are generally compatible with the
emerging notion of intensive insertion and loss of
introns during transitional epochs in contrast to the
relative quiet of the intervening evolutionary spans.

INTRODUCTION

Eukaryotic protein-coding genes typically contain multiple
introns that are spliced out of the pre-mRNA by a distinct,
large RNA–protein complex, the spliceosome, which is con-
served throughout the eukaryotic world (1–3). The conserva-
tion of the protein machinery involved in splicing suggests that
introns invaded eukaryotic genes at an early stage of evolution,
perhaps concomitantly with the origin of eukaryotes (4).
Indeed, systematic comparisons of orthologous eukaryotic
genes indicated that many intron positions are conserved
over extremely long evolutionary spans (5,6). Specifically,
up to 25% of introns in highly conserved eukaryotic genes
appear to be inherited from the common ancestor of plants and
animals, and some intron positions are shared even by crown
group eukaryotes and protists (6). However, the same studies
also indicated that extensive loss of ancient introns and inser-
tion of new ones occurred during eukaryotic evolution. A
parsimonious reconstruction of the evolutionary scenario for

introns in highly conserved eukaryotic genes revealed a highly
non-uniform distribution of intron gains and losses among the
branches of the eukaryotic phylogenetic tree (6). There were
many more intron gains than losses, e.g. in the chordate and
plant lineages, whereas, in fungi and arthropods, losses pre-
vailed over gains. In a striking contrast, comparative analysis
of orthologous genes among vertebrates revealed no evidence
of intron gain and a small number of losses (7). Combining the
results of these studies, it appears that massive intron gain and
loss might accompany major evolutionary transitions, whereas
little if any intron gain and the limited amount of intron loss
occur in the intermediate epochs. In other words, the distribu-
tion of intron gains and losses appears to be strongly non-
uniform not only between evolutionary lineages but also
over the history of a particular lineage.

The recent large-scale studies on intron evolution outlined
above involved comparative analysis of orthologous genes in
different eukaryotic lineages. Orthologs are evolutionary
counterparts that derive from a single ancestral gene in the
common ancestor of the compared species (8–10). It is com-
mon for gene duplications in one or both of the compared
lineages to occur subsequent to speciation, in which case
the orthologous relationship connects the resulting sets of
paralogous (i.e. related via duplication) genes rather than indi-
vidual genes (11,12). Such sets of paralogous genes derived
from a single gene in the common ancestor’s genome have
been designated as co-orthologous gene sets (10), whereas the
paralogs themselves are said to comprise a lineage-specific
expansion (LSEs) (13,14).

The studies on evolution of the exon–intron structure of
eukaryotic genes cited above analyzed only one-to-one rela-
tionships between genes either by ignoring co-orthologous
gene sets or by identifying and analyzing the most conserved
members of such sets. However, the dynamics of intron gain
and loss in LSEs of paralogous genes seems to be of special
interest. Gene duplication with subsequent divergence is the
principal mechanism of emergence of new genes during evo-
lution (15–18). Paralogs comprise substantial fractions of
genes in all genomes, but are particularly prominent in multi-
cellular eukaryotes, where the majority of genes have at least
one paralog (12,19,20). Gene duplications occurred through-
out the evolution of life: some duplications predate the last
universal common ancestor of all modern life forms, whereas
many are relatively recent (17). These relatively young duplica-
tions form LSEs, which appear to be one of the major forms of
adaptation, especially in eukaryotes (14,20). During evolution
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of LSEs, genes undergo functional diversification, which tends
to be accompanied by the acceleration of sequence evolution.
A question of major interest is whether or not this mode of
evolution also involves accelerated change in gene structure,
i.e. extensive gain and/or loss of introns. This seems to be
particularly pertinent given the apparent intensification of
intron gain and loss during evolutionary transitions, which
could be thought of as analogous to phases of functional
diversification in LSEs. From a mechanistic viewpoint, differ-
ent mechanisms of gene duplication have been described, with
some duplications apparently emerging via reverse transcrip-
tion of the respective mRNAs (21). Such duplicates obviously
start off as intronless genes, and it would be particularly inter-
esting to detect intron insertions into these genes. Furthermore,
some of the LSEs include genes evolved via very recent
duplications, and comparison of the structures of such
genes on genome scale could potentially reveal very young
introns and consequently shed light on the mechanism(s) of
intron insertion, which so far remains elusive (22).

Evolution of the exon–intron structure of paralogous gene
families has not been extensively studied on genomic scale.
However, several anecdotal studies revealed considerable
variability of intron positions among paralogs, along with
conservation of some ancient introns (23–26), and some evi-
dence for possible recent gains was presented (26,27).

We took advantage of the recently developed database of
orthologous clusters of eukaryotic genes (KOGs), which also
includes LSEs (20,28), in an attempt to investigate the
dynamics of intron gain and loss in evolving paralogous
gene families on genome scale. By analyzing parsimonious
scenarios for numerous LSEs from plants and animals, we
found that intron gains significantly outnumbered intron losses
over the evolutionary time span of several hundred million
years separating the analyzed lineages. By calibrating evolu-
tionary trees of LSEs against the known times of divergence
from outgroups, we determined, in agreement with the results
of previous studies on the evolution of introns in orthologous
gene sets, that there were no or very few intron gains during the
last �100 million years (Myr) of animal and plant evolution.

MATERIALS AND METHODS

Data

Clusters of orthologous eukaryotic genes that were repre-
sented in at least three of six eukaryotic species with
completely sequenced genomes, namely, humans, the nema-
tode Caenorhabditis elegans, the fruit fly Drosophila mela-
nogaster, the two yeasts, Saccharomyces cerevisiae and
Schizosaccharomyces pombe, and the green plant Arabidopsis
thaliana were extracted from the KOGs database (28)
(http://www.ncbi.nlm.nih.gov/COG/new/). All KOGs that
included at least three species were analyzed. Multiple
alignments of protein sequences were constructed for each
KOG using the ClustalW program with default parameters
(29). Nucleotide sequence alignments were derived from
protein sequence alignments for the analyzed KOGs by
using an ad hoc program, and intron locations were mapped
on the respective nucleotide sequence alignments (6). All
introns that did not contain the canonical splice junction
dinucleotides at their termini (GT–AG, GC–AG, AT–AC)

were removed because non-canonical junctions are the main
indicator of errors in intron position identification. For a pair
of introns to be considered homologous, they were required to
occur in exactly the same position in the aligned sequences of
KOGmembers.Given the inherentproblems in theannotationof
gene structure and difficulties in aligning poorly conserved
regions of protein sequences, we employed the following
approach to the analysis of evolutionary conservation of intron
positions: all positions containing a deletion or insertion in at
least one sequence (i.e. a gap in the alignment) were removed
from protein sequence alignments together with adjacent posi-
tions. The analysis was repeated with varying numbers of
removed positions (from 0 to 5 on each side of the gap) in
order to assess the effect of this alignment pruning on the
obtained results.

Delineation of LSEs of paralogous genes

The computational pipeline for the identification and analysis
of LSEs is schematically shown in Figure 1A. The distance
matrices were computed using the PROTDIST program of the
PHYLIP package, with the Dayhoff PAM matrix employed to
score the distance between a pair of proteins (30). Neighbor-
joining trees were constructed using the NEIGHBOR program
of the PHYLIP package (30). The bootstrap support for inter-
nal branches was calculated from 1000 pseudoreplicates using
the SEQBOOT and CONSENSE programs (30). The LSEs
were defined as monophyletic sets of paralogous genes that
evolved via duplication(s) subsequent to the latest speciation
event, which involved the respective lineage. In practical
terms, the LSEs were identified as monophyletic clusters of
genes from the same species in the neighbor-joining trees
(Figure 1B). To ensure reliable identification of the LSE with-
out losing large amounts of data, only LSEs with bootstrap
support >70% on each internal branch, including the one that
leads from the outgroup to the LSE were accepted for further
analysis. The trees were treated as rooted, with the root placed
between the LSE and the closest outgroup (Figure 1B).

Reconstruction of intron gain and loss

For the reconstruction of scenarios of intron gain and loss in
LSEs, intron positions were represented as a data matrix of
intron absence/presence (encoded as 0/1; Figure 1B). The
matrices of intron absence/presence along with the rooted
neighbor-joining tree of the given LSE were used as the
input data for the DOLLOP program of the PHYLIP package
(30). This program employs the Dollo parsimony approach,
which is based on the assumption that each derived character
state (in this case, intron presence) originated only once on the
tree (31). The states of intron presence–absence in internal
nodes, including the progenitor of the LSE (Figure 1B) as
well as the number of intron gains and losses for each branch
within the LSE, were derived from the DOLLOP output using
an ad hoc program. The alignments, matrices of intron pre-
sence–absence and phylogenetic trees for all LSEs analyzed in
this work are available at ftp://ftp.ncbi.nih.gov/pub/koonin/
intron_evolution/LSEs/.

Dating gain and loss of introns

The approximate dates of intron gains and losses were
determined under the molecular clock assumption using the
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neighbor-joining trees of the LSEs. Specifically, the age of an
event was calculated as follows:

te = T
Lt � Le

Lt

where

Lt = L0 + L1

and

Le = L0 +
L1

L2 + L3

� �
L2 � L4

2

� �
,

where te is the age of the event in question, T is the time elapsed
from the divergence of the analyzed LSEs from the last com-
mon ancestor with the closest outgroup, Le is the shortest path
from the root to the event, Lt is the shortest path from the root
to a leaf, and L0 � L4 are various distances in the neighbor-
joining tree of the LSE (Figure 2). The normalization coeffi-
cient [L1/(L2 + L3)] was introduced to obtain the lower bound
of the age of the event, on the premise that the slowest evol-
ving member of the LSE (L1) retains the original function and
hence is likely to conform with the molecular clock (15,32).
Since the analysis described here only allowed mapping of an

event to a particular branch in the tree but not to a specific
point on that branch, it was assumed that the event occurred in
the middle of the corresponding time span, hence the term
[L2 � (L4/2)]. The divergence times were from (33,34); in
particular, the time of divergence of animals and plants
from the common ancestor was accepted at �1600 Myr,
and the time of divergence of chordates from the common
ancestors with arthropods and nematodes was accepted at
1000 Myr (given the uncertainties in the tree topology and
time estimates, the same date was assumed for both nodes).

RESULTS

Strategy of analysis of exon–intron structure evolution
in LSEs of paralogous genes

Many of the KOGs include more than one member from one or
more species, and these sets of genes represent probable LSEs
vis-�aa-vis the rest of the analyzed lineages (the KOG database
also includes LSEs that have no detectable counterparts in
other lineages, but these were not considered here). In order
to analyze the intron dynamics associated with gene duplica-
tion, we produced approximate reconstructions of the evolu-
tionary history of LSEs starting with their divergence from the

A B

Figure 1. Computational strategy for the analysis of gene structure evolution of LSEs of paralogous genes. (A) Flow chart of the procedure. (B) Identification of an
LSE, construction of the matrix of intron presence (1) and absence (0), and reconstruction of the gene structure of the last common ancestor of the LSE. The procedure
is shown with a specific example, KOG1357 (serine palmitoyltransferase). Intron positions that contained introns in some members of the given KOG but not in the
LSE, including its inferred ancestor, are denoted by dots. These positions were not part of the analysis of LSE evolution.
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closest identifiable outgroup (ortholog from a different line-
age). For this purpose, neighbor-joining trees were constructed
from the multiple alignment of each of the analyzed KOGs,
and the robust LSEs were identified with respect to the closest
outgroup from a different species (Figure 1A and B; for addi-
tional details, see Materials and Methods). The intron positions
were mapped on the alignments of the LSE members and
transformed into matrices of intron presence (1)–absence
(0) [Figure 1B and (6)]. These matrices were used as the
input for parsimonious reconstruction of the evolutionary scen-
ario for the evolution of exon–intron structure in the given
LSE, i.e. the most parsimonious mapping of intron gains and
losses on the branches of the evolutionary tree (6). Figure 3
shows examples of parsimonious scenarios of intron gain and
loss for LSEs from different species.

For this reconstruction, we applied the Dollo principle, i.e.
assumed that the likelihood of independent intron gain in the
same position of paralogous genes during the evolution of an
LSE was negligible. Intron insertion may not be completely
random as implied in the proto-splice site model (35–37).
However, if proto-splice sites exist, the requirements to the
insertion sequences are relatively weak and, accordingly,
proto-splice sites would often occur by chance (38,39). Mod-
eling of intron evolution under this assumption strongly sug-
gests that the great majority of introns found in the same
position in homologous genes reflect evolutionary conserva-
tion (6). Thus, although a recent study has suggested the
possibility of independent insertion of introns into the same
position of orthologous genes in distant lineages (40), it

appears that such events are rare. Indeed, analysis of intron
distribution in ancient paralogs, which appear to have accu-
mulated introns independently, reveal only two possible cases
of parallel intron insertion into the same position out of a total
of 239 analyzed intron positions (<1%) (23). Thus, the dis-
regard of possible parallel intron insertions in the present study
could result in a slight overestimate of the number of losses
and the corresponding underestimate of gains.

The dynamics of intron gain and loss during evolution
of LSEs

Analysis of the KOGs that included more than two species
yielded 1064 LSEs, for which evolutionary reconstruction was
performed as depicted in Figure 1. The overall distributions of
intron gains and losses inferred to have occurred during the
evolution of these LSEs are summarized in Figure 4, and the
breakdown of gains and losses by species are given in Table 1.
The presented results are for the moderately stringent align-
ment filtering, with all positions containing gaps removed
together with two adjacent positions from each side (see
Materials and Methods); very similar results were obtained
with both less and more stringent versions of the procedure
(see Supplementary Material).

The most notable observations coming out of these compar-
isons are that (i) with the only exception of the intron-poor
yeast genomes, the gene structure in LSEs appears to be
dynamic, with >50% of the LSEs having gained and/or lost
at least one intron and (ii) the number of intron gains in the
evolution of LSEs was approximately three times greater than
the number of intron losses. The dynamics of intron gain and
loss was particularly pronounced in the relatively intron-poor
C.elegans and D.melanogaster, where a significant majority of
intron positions experienced at least one gain or loss event
(Table 1). Evolution of LSEs seems to have been considerably
more conservative in the intron-rich species H.sapiens and
A.thaliana, with a significantly greater fraction of intron posi-
tions without gains or losses (Table 1).

The distribution of the number of intron gains in LSEs had a
long tail, which included LSEs with numerous gains; in con-
trast, no LSE was found to have lost more than seven introns in
the course of its evolution (Figure 4A). The prevalence of
intron gain over intron loss becomes particularly obvious
when LSEs are classified by the fraction of gains in the
total number of events: in more than half of the LSEs, evolu-
tion involved only intron gains and no losses, whereas the
number of LSEs with losses but no gains was approximately
three times less (Figure 4B).

Dating gain and loss of introns in LSEs

One of the primary incentives in studying the evolution of
introns in LSEs is the potential of detecting recent intron
insertions. We compared the evolutionary distances from
the closest outgroup to the common ancestor of the expansion
to the distances within the expansion itself for all the analyzed
LSEs (Figure 2; for details, see Materials and Methods). Using
the results of these comparisons and the available estimates of
the divergence times of the major eukaryotic lineages (33,41),
we roughly dated the duplications and, accordingly, intron
gains and losses within the LSEs under the molecular clock
assumption (42,43) (for details, see Materials and Methods).

Figure 2. The procedure employed for approximate dating of intron gains and
losses. The cartoon shows a neighbor-joining tree for an arbitrary LSE. For
designations, see Materials and Methods.
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The resulting approximate age distributions of intron gains and
losses for humans and Arabidopsis are shown in Figure 5.
There were no detectable intron gains in LSEs in the
human lineage on the time scale of mammalian evolution
(�100 Myr) and a limited number of intron during the last
�400 Myr of evolution (Figure 5A). The majority of intron
gains in the chordate lineage appear to have occurred within
the first �500 Myr after divergence from the common ances-
tors of chordates and arthropods or nematodes (Figure 5A).
Similar patterns were observed in C.elegans and Arabidopsis
although a few ‘younger’ intron gains dating to �100 Myr ago
were detected (Figure 5B and C). The time distribution of
intron losses was substantially different from that of intron
gain. Although very few intron losses was mapped to the last
�200 Myr of mammalian and nematode evolution, there was a
clear peak of losses at �400–500 Myr in each of these lineages
(Figure 5D and E). The intron losses in Arabidopsis were
spread much more evenly over time, although no recent losses
(�100 Myr) were detected (Figure 5F). Several estimates that
suggest more recent divergence times (�600 Myr ago) for the
major animal phyla have been published previously (44–46).
Should we use these dates for estimating the timing of intron
gain and loss in paralogous families, the scale in Figure 5
would compress but the conclusions on the non-uniform dis-
tribution of these events over time and the paucity of gains and
losses during the last �100 Myr would not have been affected.

DISCUSSION AND CONCLUSIONS

Recent sequencing of multiple eukaryotic genomes enabled
genome-wide reconstruction of gene structure evolution, and
these reconstructions yielded different results depending on
the examined evolutionary scale. Comparisons of orthologous
genes from distantly related eukaryotes, such as representat-
ives of different animal phyla and different crown-group king-
doms, suggested substantial gain in introns (6). In some
lineages, such as chordates or plants, many more introns
seem to have been gained than lost, according to this scenario.
In a stark contrast, comparative analysis of vertebrate genomes
suggests that very few (if any) new introns have been gained
during >500 Myr of vertebrate evolution; intron loss appar-
ently occurred during this time span but was not extensive (7).
The only way out of this conundrum seems to be the hypo-
thesis that intron gains and losses occurred during limited time
spans, perhaps coinciding with major evolutionary transitions,
such as radiation of phyla and classes.

The genome-wide analyses that led to the above conclusions
and conjectures were based on comparisons of orthologous
genes. The mode of evolution of paralogous gene families
substantially differs from that of the vertical evolution of
orthologs (17,18). It is well recognized that gene duplication
is a major source of functional innovation (15,47–49) and, in
accord with this notion, it has been found that evolution of

Figure 3. Examples of reconstructed evolutionary scenarios of intron gain and loss in individual LSEs. (A) Neighbor-joining tree for the histone H3 family of
A.thaliana, with intron presence–absence indicated for each of the paralogs and the reconstructed ancestral forms. Intron losses are shown with yellow shading. (B)
Protein sequence alignment of A.thaliana histone H3 paralogs with intron positions shaded and intron phase indicated. (C) Neighbor-joining tree for the U5 snRNP-
specific protein-like factor family of C.elegans [the designations are as in (A)]. Intron gains are shaded in blue. (D) Protein sequence alignment of C.elegans U5
snRNP-specific protein-like factor paralogs with intron positions shaded and intron phase indicated.
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paralogs significantly accelerated immediately after duplica-
tion due to weakened purifying selection (17,18). Given these
differences in the modes of evolution of orthologous and para-
logous genes, we were interested to determine whether or not
duplications were also accompanied by accelerated gain and/

or loss of introns. This question was all the more pertinent
given that considerable variability of intron positions and
apparent recent acquisition of introns have been reported
for several paralogous gene families in animals and plants
(25,27,50).

A

B

Figure 4. Distribution of the LSEs by the number of intron gains and losses. (A) Intron gains and losses in the LSEs. (B) Fraction of intron gains among the
evolutionary events affecting gene structure in the LSEs. The numbers on the horizontal axis show the midpoints of the corresponding intervals.

Table 1. Intron dynamics in the evolution of LSEs of paralogs

Species No. of
genes

No. of
LSEs

No. of LSEs without
intron gains or losses

No. of intron positions
without gain or loss

No. of intron positions
with gains and/or losses

No. of gains No. of losses

Hs 607 278 186 1035 354 274 80
Ce 508 228 49 281 674 517 157
Dm 202 93 20 66 179 127 52
At 1072 419 236 1297 557 434 139
Sp 61 29 11 22 48 34 14
Sc 34 17 15 15 2 1 1
Total 2484 1064 517 2716 1814 1387 443
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D

E

F

Figure 5. Estimated age distributions of intron gains and losses in LSEs. (A) H.sapiens, gains; (B) C.elegans, gains; (C) A.thaliana, gains; (D) H.sapiens, losses; (E)
C.elegans, losses; and (F) A.thaliana, losses. The dots on the horizontal axis show branches of the respective estimated age with no intron gains (losses).
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In the genome-wide reconstruction reported here, we
observed two clear trends: (i) the evolution of the gene struc-
ture in LSEs is notably dynamic: the majority of LSEs seem to
have gained or lost at least one and, typically, several introns
within the time span of �1000 Myr separating different animal
phyla from their last common ancestor and (ii) the evolution of
LSEs in all examined lineages involved more intron gains than
losses. The latter trend of the LSE evolution held both for
lineages, such as insects, that are characterized by preferential
loss of introns in sets of orthologous genes, and those that
apparently gained many more introns in the same genes than
they have lost, such as chordates (6). This seems to be com-
patible with the notion that change in the selective pressure
that is associated with gene duplication also triggers insertion
of new introns to a greater extent than loss of ancestral ones.
However, due to the sparse sampling of genomes included in
this study, the LSEs analyzed here had an extremely broad age
distribution, and the great majority of intron gains were asso-
ciated with the ancient duplications. In particular, our present
results are generally compatible with the reported (near) lack
of intron gains in the chordate evolution (7) (considering that
the latter work includes analysis of a limited number of ortho-
logous genes). The distribution of intron gains and losses over
time seems to have been highly non-uniform. Early evolution
of animals, which involved the radiation of the phyla and
classes, apparently was accompanied by the proliferation of
introns after duplications as well as upon speciation, whereas,
during the subsequent evolution of chordates, in spite of
numerous gene duplications, few new introns emerged. The
evolution of LSEs in plants (as judged from the analysis of the
Arabidopsis genome) followed a similar pattern, with only a
few more recent intron insertions. Interestingly, in animals,
intron losses seemed to be distributed more non-uniformly
over time than intron gains. This apparent non-uniformity is
generally compatible with the notion that changes in gene
structure occur preferentially during times of major evolution-
ary transitions. In particular, the peak of intron loss in human
LSEs at �500 Myr might be tentatively associated with the
divergence of vertebrate classes. Perhaps the simplest inter-
pretation of the possible link between bursts of intron gain and
loss and divergence of major eukaryotic lineages is offered by
the neutralist hypothesis of evolution of genomic complexity
recently proposed by Lynch and Conery (51,52). According to
this concept, transitional evolutionary epochs were associated
with the population bottlenecks, which led to the weakened
purifying selection and fixation of otherwise deleterious muta-
tions via neutral drift; gain of new introns and loss of ancestral
ones might have been among such mutations.

An interesting possibility that we considered when
incepting the present study was the detection of potential
reverse-transcription-mediated duplication events. In the
reconstructed scenarios of LSE evolution, such events
would be manifested as reconstructed intronless evolutionary
intermediates, which then might accumulate new introns.
However, among the analyzed LSEs, we failed to identify
a single reliable case of such an intronless ‘bottleneck’,
indicating that reverse transcription contributed little to
gene duplication, at least in the evolution of families of
paralogous genes containing introns [proliferation of
intronless genes, such as those for seven-transmembrane
receptors in vertebrates, is well documented (21)].

To conclude, the findings reported here reveal a strong link
between gene duplication leading to evolution of LSEs and
enhanced intron insertion. However, we also found, supporting
and extending previous observations made by comparing
structures of orthologous genes, that at least the last �100–
200 Myr have been quite uneventful with respect to intron
comings and goings, in both animals and plants. Together with
previous results, these findings contribute to the emerging
notion of intensive insertion and loss of introns during transi-
tional epochs in contrast to the relative quiet of the intervening
evolutionary spans.

SUPPLEMENTARY MATERIAL

Supplementary Material is available at NAR Online.
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