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The gametophytic self-incompatibility locus has been thought
to be a nonrecombining genomic region. Inferences have
been made, however, about the functional importance of
different parts of the S-locus, based on differences in the
levels of variability along the gene, and this is valid only if
recombination occurs. It is thus important to test whether
recombination occurs within and near the S-locus. Several
recent attempts to test this have reached conflicting
conclusions. In this study, we examine a large data set on
sequence variation at the S-locus in several species with

gametophytic self-incompatibility systems, in the Solana-
ceae, Rosaceae and Scrophulariaceae. We use the longest
sequences available to test for recombination based on
linkage disequilibrium between polymorphic sites in the S-
locus. The relationship between linkage disequilibrium and
physical distance between the sites suggests rare intragenic
exchange in the evolutionary history of four species of
Solanaceae and two species of Rosaceae.
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Introduction

The self-incompatibility system of many flowering plants
ensures that pollen cannot fertilize a plant’s own ovules.
In most self-incompatible species, this is controlled by
alleles at a single S-locus (de Nettancourt, 1977). S-alleles
determining rare specificities have a reproductive ad-
vantage over alleles for common incompatibility types,
and many different alleles are expected to be maintained
at approximately equal frequencies for long periods of
time, even in finite populations (Vekemans and Slatkin,
1994; Clark, 1996). Very high levels of amino-acid and
silent-site polymorphism are thus expected, and ob-
served, at the S-locus (Clark, 1993).

As alleles may persist for long periods of time, large
sequence differences can develop if recombination
between the S-alleles does not occur, or is very rare,
consistent with the extreme differences found between
allele sequences at incompatibility loci (eg Richman et al,
1996; Awadalla and Charlesworth, 1999; Richman and
Kohn 2000; Vieira and Charlesworth, 2002). Hypervaria-
bility in certain regions of the S-locus has been taken as
indicating parts of the gene that encode the regions of the
stigmatic S protein involved in specificity differences
(reviewed in Awadalla and Charlesworth, 1999). In the
absence of recombination, sequence variants within a
functional allelic class (ie sequences with the same
specificity) will indeed be associated with that specificity
until separated by recombination (Strobeck, 1972), unless
recurrent mutation occurs at the same site. If only a few

sites determine specificity differences, peaks of varia-
bility are expected in regions close to these sites
(Nordborg et al, 1996), as in the MHC loci (Takahata
and Satta, 1998a, b).

However, identifying local peaks of variability in
sequences as regions under balancing selection (ie
recognition sequences) is valid only if recombination or
gene conversion occur, separating sites under selection
from associations that arise by mutation. Without such
exchange, higher and lower variabilities can arise, due to
differences in selective constraints, but the balanced
polymorphism at the S-locus will increase variability
throughout the gene, as is indeed observed for silent and
intron sites as well as for nonsynonymous sites (Awa-
dalla and Charlesworth, 1999; Schierup et al, 2001; Vieira
and Charlesworth, 2002). It is therefore important to
determine whether S-loci show recombination or not. If
recombination occurs, the number of peaks in variability
could also help distinguish whether balancing selection
acts at many sites in the sequence, or at only a few sites.

Until recently, the gametophytic self-incompatibility
locus was thought not to recombine (Clark, 1993). In two
species of Solanaceae, Lycopersicon peruvianum (Bernatzky,
1993) and Petunia hybrida (Entani et al, 1999), the S-locus
maps to the centromeric region, and the organization of
this region is thought to be conserved in other species of
Solanaceae (ten Hoopen et al, 1998). Centromeric regions
have suppressed crossing over in a wide range of species,
including plants (reviewed by Charlesworth and Charles-
worth, 1998). The S-loci of these species may therefore be
in a low-recombination region of the genome. In
Rosaceae, however, the data suggest a noncentromeric
localization of the S-locus (Ushijima et al, 2001); recombi-
nation could nevertheless be suppressed in the region.
Furthermore, even in low-recombination regions, ex-Received 25 April 2003
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change may occur by gene conversion. Crossing over and
gene conversion rates need not be strongly correlated
(Langley et al, 2000; Jensen et al, 2002).

Consistent with the view that S-loci rarely recombine
is the observation that the flanking regions of S-loci of
some species differ greatly in sequences between alleles
with different specificities (Coleman and Kao, 1992;
Chung et al, 1995; Matton et al, 1995). There are, however,
few comparisons between variability in the S-locus
region and those of flanking regions of other genes in
the same species. Thus, it is not yet known whether
diversity in the S-locus region is unusual in the genome.
Explicit tests for genetic exchange (recombination or
gene conversion) are thus needed at S-loci.

Attempts to test for recombination in the gametophytic
S-locus have produced varying conclusions. Clark and
Kao (1991) did not detect intragenic recombination in S-
allele sequences of four species of Solanaceae, using two
tests based on clustering of polymorphic sites (Stephens,
1985; Sawyer, 1989), but their sample size was small.
However, some intragenic recombination at the S-locus
has been inferred for several species of Solanaceae.
S-locus sequence diversity is higher than at S-linked loci
(unpublished results in McCubbin and Kao, 1999; Li et al,
2000) and inconsistent evolutionary histories were
observed for the 50and 30 regions of the S-locus in two
sets of four closely related P. inflata S-alleles, suggesting
recombination (Wang et al, 2001). Schierup et al (2001)
used the informative sites test (Worobey, 2001) and r2 test
of recombination, and also found evidence for recombi-
nation in two species of Solanaceae, but not in P. inflata.

To test whether intragenic recombination is a general
feature of the gametophytic S-locus, we here use the
relationship between linkage disequilibrium and dis-
tance between variable sites (Awadalla and Charles-
worth, 1999) to test for recombination in S-loci of 21
species of Solanaceae, Rosaceae and Scrophulariacae.

Methods

We obtained data from 21 species for which five or more
cDNA S-allele sequences, more than 170 bp long were
available. Most are partial sequences between conserved
regions C2 and C5 (see Richman et al, 1996; Richman and
Kohn, 2000; Vieira and Charlesworth, 2002). For each
species, we combined the cDNA sequences with amino-
acid sequences from exons deduced from genomic S-
RNase gene sequences, where available (see Table 2). The
amino-acid sequences were aligned using ClustalX v.
1.64b (Thompson et al, 1997). There are some alignment
gaps, mostly in the hypervariable regions. Balancing
selection acting on S-alleles should ensure that there is
little differentiation between populations (Schierup et al,
2000), so allele samples sampled from the species as a
whole, as here, are suitable for testing recombination.

S-alleles are under balancing selection, so the infinite
sites model, which underlies most available methods for
testing for or estimating recombination in DNA sequence
data, is violated (see discussion in Awadalla and
Charlesworth, 1999). The aligned amino-acid sequences
were therefore tested for a relationship between mea-
sures of linkage disequilibrium and nucleotide distances
between variable sites, using Spearman’s rank correla-
tion. Linkage disequilibrium measures depend on the
variant frequencies at the sites compared (Lewontin,

1988; McVean, 2001). We therefore used both D0, which
corrects for variant frequencies (Devlin and Risch, 1995;
Jorde and Bamshad, 2000), and r2 values. The D0 and r2

values were calculated using DnaSP software (Rozas and
Rozas, 1999). To obtain P-values, 1000 data sets were
generated with the D0 and r2 values obtained, but with
randomized distances between sites (Awadalla and
Charlesworth, 1999). Sequential Bonferroni correction
for multiple nonindependent comparisons was applied
(Rice, 1989) to each type of test (see below).
Gene conversion or crossing over both lead to a decline

of linkage disequilibrium with distance, provided that
the length of conversion tracts are similar to the size of
the region examined (Takahata and Satta, 1998a, b; Wiehe
et al, 2000). In our data sets, most sites are less than
700 bp apart. Although the average length of a typical
plant gene conversion tract is not known, it is probably
often less than this (Dooner and Martinez-Férez, 1997;
Drouin et al, 1999; Fu et al, 2002). In Brassica S-loci,
linkage disequilibrium was found to decay within 400
nucleotides (Awadalla and Charlesworth, 1999).
We did four analyses for species of Solanaceae, and

three of them for the Rosaceae and Scrophulariaceae,
whose introns lengths differ too much for the fourth
analysis (see below). The first analysis (column labelled
A in Table 1) used all nonsingleton polymorphic sites
with two variants, excluding alignment gaps. Since
selection might lead to concordant polymorphic amino-
acid variants in functionally different alleles, which
could mimic recombination (Sawyer, 1989), we also
tested using third codon positions only, using all pairs
of nonsingleton sites (column B in Table 1).
Introns are known in gametophytic S-allele sequences

of several species (reviewed in Vieira and Charlesworth,
2002). All S-allele genomic sequences so far obtained
from species of Solanaceae (N¼ 14), Rosaceae (N¼ 18)
and Scrophulariaceae (N¼ 36) have one intron in the
HVa region, and in the genomic sequences from
Scrophulariaceae the intron lengths vary (Vieira and
Charlesworth, 2002). Five of the 18 genomic S-allele
sequences from Rosaceae have a second intron at the
cleavage site between the signal peptide and the C1
region (Ma and Oliveira, 2000). In Rosaceae and
Scrophulariaceae, the distances between pairs of poly-
morphic sites that are separated by introns therefore
differ between different pairs of alleles in a species.
Linkage disequilibrium should still decay with distance,
but the relationship with distance may be obscured by
the uncertainty of the distances, that is, will be weaker
than if we knew the true distances. Our tests are
therefore conservative as they reduce the chance of
detecting recombination. We therefore did a third test
using only pairs of polymorphic sites that are not
separated by introns in any of the sequences compared
(column C in Table 1). For Solanaceae, the 13 introns that
have been described are of similar sizes (ranging from 87
to 125 bp, average 103.62; the error of the mean is 3.62).
For sequences from this family, we also performed an
additional test by adding the average size of the intron to
the cDNA distances between sites that are separated by
an intron (column D in Table 1).
Where possible, the analyses were also repeated using

data sets excluding highly diverged sequences. Pairwise
Ks values were estimated by Nei and Gojobori’s (1986)
measure with Jukes–Cantor correction, which is suitable
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for highly variable sequences. Sets of sequences were
then formed in which five or more sequences remain
after excluding all pairs with Ks40.45. This analysis
could not be carried out for P. hybrida, L. peruvianum,
L. andersoni, S. carolinense, S. chacoense, N. alata, or any of
the Antirrhinum species because all sequences were
highly diverged. Two of the nine species for which sets
could be formed had two suitable nonoverlapping sets of
sequences (W. maculata and P. longifolia).

Results and discussion

We found significant negative correlations for both D0

and r2 for a number of species. There was no evidence for

recombination in the data from Antirrhinum species
(Scrophulariaceae). Although the correlations are very
small, three from the Solanaceae and Rosaceae are
significant after sequential Bonferroni correction (W.
maculata, L. andersonii and Malus� domestica; Table 1,
part I). None of the species gave significant negative
correlations for both D0 and r2 with all the different
analyses applied, but L. andersonii gave significant
negative correlations for both measures with three of
them (Table 1, part I).

These conclusions differ from those of Schierup et al
(2001), who found no evidence for recombination in L.
andersonii by either method used, while the r2 test
suggested recombination for P. crassifolia and S. caroli-

Table 1 Spearman’s rank (r) correlations (� 103) of D0 and r2 with distance

Data sets N A B C D

S D0 r2 S D0 r2 S D0 r2 S D0 r2

I
Solanaceae
Petunia inflata 15 3570 �3.2* �3.0* 435 �8.0 �2.8 2865 0 0.9 3569 �4.4** �3.5**
P. hybrida 8 17766 1.2 �0.5 1953 �1.3 �1.7 9092 1.4 1.3 17756 0 �1.0
Witheringia maculata 11 3403 �6.3*** �7.3*** 351 �6.8 �10.6* 2346 0.2 �0.7 3397 �9.4*** �9.0***
L. peruvianum 7 10878 �0.8 0.5 1711 �4.0 1.1 5671 1.9 1.4 10878 �0.8 0.5
Lycium andersonii 11 1485 �9.9*** �5.6* 231 �2.6 �5.3 1275 �9.6*** �8.5*** 1482 �11.4*** �5.9**
S. carolinense 11 1770 3.4 �0.9 325 �6.4 �5.5 1431 4.2 0.7 1770 3.2 �0.5
S. chacoense 5 3403 �1.2 �1.1 406 �6.4 �6.4 1824 0.4 0.9 3400 �1.4 �1.3
Physalis cinerascens 12 2850 �0.8 �2.7 378 �16.3** �16.7** 1830 �2.0 �1.4 2847 1.5 1.5
P. crassifolia 19 2556 0.5 3.8 378 2.6 0.6 2556 0.5 3.8 2553 �0.6 5.1
P. longifolia 22 2080 0.3 7.2 210 15.3 7.4 1602 1.2 5.7 2074 �1.6 8.4
Nicotiana alata 5 2211 �1.7 �2.0 378 �4.3 �6.4 2080 2.0 1.7 2211 �1.7 2.0

Rosaceae
Prunus avium 9 4095 �0.9 �0.7 630 �6.8* 1.0 1816 �0.5 �1.1
P. dulcis 10 5151 �4.4** �1.9 496 3.0 2.4 2542 �4.6* �4.5**
Pyrus pyrifolia 8 5460 0.9 �2.7* 496 �5.5 �17.4*** 3086 �2.0 0.2
Malus� domestica 12 4950 5.7 1.5 300 7.1 9.5 2533 �6.0*** �7.9***
Crataegus monogyna 17 2080 3.9 �6.3*** 351 �1.8 �5.1 1171 �0.6 �3.1
Sorbus aucuparia 19 1540 1.1 �11.0*** 171 10.6 �15.7* 861 �4.2 �7.7*

Scrophulariaceae
Antirrhinum majus 9 14365 1.1 �3.1*** 2145 3.0 �1.7 3961 2.0 2.8
A. graniticum 9 3003 2.4 1.6 561 4.2 0.3 946 9.8 5.3
A. molle 10 4095 — 0.7 861 — 2.4 1136 — �1.6
A. meonanthum 5 630 — 3.4 105 — �10.8 370 — 4.4
II
Solanaceae
P. inflata 5 741 �52.8*** �55.8*** 91 �65.9*** �71.8*** 601 �57.4*** �63.8*** 741 �53.0*** �56.2***
Witheringia maculata 1 5 946 �7.1* �3.5 78 �11.8 �6.8 528 6.2 7.1 946 �5.3 �2.7
W. maculata 2 5 990 3.5 4.9 55 14.5 13.8 496 �2.4 �0.4 987 6.5 7.5
P. cinerascens 8 2485 �0.1 �3.0 276 �8.5 �11.5* 1326 �3.9 �1.1 2475 1.3 �0.9
P. crassifolia 17 1830 0.9 3.4 190 1.5 �4.2 1830 0.9 3.4 1824 2.5 6.3
P. longifolia 1 5 435 5.0 6.2 10 24.4 29.5 238 2.2 �0.9 435 2.9 4.1
P. longifolia 2 15 3081 1.6 2.2 406 4.0 �1.6 2116 1.3 �0.6 3071 1.8 2.8

Rosaceae
Prunus avium 9 4095 �0.9 �0.7 630 �6.8* 1.0 1816 �0.5 �1.1
P. dulcis 8 1378 �10.6*** �10.8*** 136 �4.0 �7.1 686 �20.8*** �23.7***
Pyrus pyrifolia 8 5460 0.9 �2.7* 496 �5.5 �17.4*** 3086 �2.0 0.2
Malus� domestica 12 4950 5.7 1.5 300 7.1 9.5 2533 �6.0*** �7.9***
Crataegus monogyna 16 2415 2.6 �6.5** 406 �1.0 �0.1 1378 �0.6 �3.1
Sorbus aucuparia 19 1540 1.1 �11.0*** 171 10.6 �15.7* 861 �4.2 �7.7*

*Po0.05; **Po0.01; ***Po0.001. Column N shows the numbers of sequences analyzed in each species. For the analyses shown in column A,
all S-RNase gene sites were used; column B shows results using only third codon positions; C shows results using only pairs of nonsingleton
polymorphic sites that are not separated by introns; D shows results when the distances between sites that are separated by an intron are
increased by adding the average intron size to the distances in cDNA. The upper portion of the table (I) shows analyses for all sequences from
each species studied, while the lower portion (II) shows results from sets of sequences with pairwise Kso0.45. S are the number of data points
used for the correlation estimates. Correlations that are significant after Bonferroni correction are shown in bold.
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nense. There are several possible reasons for the
differences. First, Schierup et al (2001) exclude segregat-
ing sites at frequencies below 30%. For S. carolinense,
when the Schierup et al (2001) data set is used, our
approach detects no significant correlations between
either D0 or r2 and distance, while Schierup et al (2001)
found weakly significant correlations. Second, for L.
andersonii, Schierup et al (2001) analyzed more alleles (22,
while our data set had 11), but a two-fold smaller region
of the S-locus. Distances between the segregating sites
compared were thus much shorter than in our data and
the number of data points used in the correlations is 7.8
times smaller. Applying our methods to the data set of
Schierup et al (2001), D0 declines significantly with
distance (Po0.001). Third, in the data set of Schierup
et al (2001), all pairs of segregating sites were less than
150 bp apart, so it is surprising that recombination was
detected by them but not by us, although clearly larger
numbers of sequences make it more likely that clear
patterns will be detected, provided that the length of
sequence is sufficient. Applying our methods to the P.
crassifolia data set of Schierup et al (2001), a significant
correlation between r2 and distance is observed (data not
shown). Finally, different degrees of coadaptation be-
tween different amino-acid sites may cause differences
between the two studies. If coadaptation is primarily
between amino acids in different parts of the molecule,
linkage disequilibrium could extend across considerable
distances, and a decline with distance would be
undetectable unless only closely segregating sites are
analysed.

For P. inflata, both we and Schierup et al (2001) found
only weak evidence for recombination, in disagreement
with the results of Wang et al (2001). Highly divergent
sequences in our data set, and that of Schierup et al (2001)
might, however, obscure evidence for recombination.
Evidence for exchange in the distant past could have
been obliterated by subsequent mutations (Clark, 1993)
and, since most S-alleles are old, the same mutation
could have occurred twice at the same site. It is also
possible that recombination rarely happens between very
dissimilar S-allele sequences. Wang et al’s (2001)
approach of removing the most divergent sequences
from the data sets could thus be preferable for testing for
recombination. Although some known variants are
omitted, there is no reason to think that this would
falsely produce the appearance of recombination. Part II
of Table 1 shows results of analyses of the data sets in
which five or more sequences remain after excluding
highly diverged sequences (see Methods). Negative
correlations significant after Bonferroni correction were
found for both D0 and r2 for three data sets (P. inflata, P.
dulcis and Malus� domestica). P. inflata gave significant
negative correlations for both D0 and r2 with all four
different ways of analyzing the data (columns A, B, C
and D in Table 1, part II), and P. dulcis with two of the
three methods used for this species. Two other species
yielded nonsignificant test results, whereas their se-
quences suggested recombination when all sequences
were included. These were the two subsets of W. maculata
and P. longifolia sequences (W. maculata 1, W. maculata 2,
and P. longifolia 1 and P. longifolia 2, in Table 1, part II).
The difference may be due to the small size of these data
sets, with consequent low power to detect recombina-
tion.

Data sets that produced significant negative correla-
tions of both D0 and r2 with true or estimated genomic
distance (columns C and D in Table 1, respectively) are
illustrated in Figure 1a and b, respectively. L. andersonii
and W. maculata show marked decreases of r2 with
distance, in the analysis using all sequences. For P. inflata
and P. dulcis, our analysis suggests recombination only
when the most highly divergent sequences are excluded.
Wang et al’s (2001) analyses used four of the five S-allele
sequences included in our analysis, so the agreement
with their conclusion is expected.
Our tests use related species, so that they are not

independent, given that S-alleles may be maintained for
very long evolutionary times. An S-allele from one
species may therefore be more closely related to an S-
allele from another species, or even from a different
genus, than to another S-allele from the same species
(sometimes called trans-specific evolution; Clark, 1993).
Recombination events in an ancestor could therefore be
detectable in more than one descendant species. Differ-
ent results obtained for related species (eg P. avium and P.
dulcis) may be due to true differences, or to low power to
detect recombination in some data sets. Despite some
inconsistent test results (perhaps not surprising, given
the small sample sizes and sequence lengths available,

Figure 1 Relationship between linkage disequilibrium, measured
by r2, and the physical distance, measured in number of base pairs,
using the data sets that showed significant results in which true (a)
and estimated genomic distances (b) are known.
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and the well-known difficulties of detecting linkage
disequilibrium as illustrated above), signs of genetic
exchange are repeatedly found, and therefore seem
difficult to ignore.

Although we cannot estimate the recombination
frequency for gametophytic S-loci, the high level of
silent site differences between S-alleles suggests that
such recombination is rare. It is also not yet clear whether
similar sequences experience much higher recombina-
tion rates than highly divergent ones. Nevertheless, even
rare recombination could be an important factor in the
evolution of these loci (Schierup et al, 2001), and in
addition to mutation, could potentially generate new
specificities (Wang et al, 2001).
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Appendix

Table A1 Accession numbers of the S-allele sequences of Solanaceae, Rosaceae and
Scrophulariaceae used

Sp"taecies Accession
numbers

Species Accession
numbers

Solanaceae
P. inflata AF301533* S. carolinense L40539

AF301167* L40540
AF301168 L40541
AF301169 L40542
AF301170 L40543
AF301171 L40544
AF301172 L40545
AF301173 L40546
AF301174* L40547
AF301175* L40548
AF301176 L40551
AF301177 S. chacoense X56896
AF301178* X56897
AF301179 L36464 I
AF301180 AF191732 I

P. hybrida U07362 I AF232304
U07363 I P. cinerascens AF058930
AJ271065 AF058931*
AJ271062 AF058932*
AB016523 AF058933*
AB016522 AF058934*
M81685 AF058935*
M81686 AF058936*

W. maculata AF102071* AF058937*
AF102066* AF058938*
AF102067* AF058939
AF102068* AF058940
AF102065* AF058941
AF102073 P. crassifolia L46653*
AF102070* L46655*
AF102074* L46656*
AF102072* L46657*
AF102075* L46658*
AF102069* L46659*

L. peruvianum S61768 L46660*
X76065 L46661*
D17325 L46662*
D17324 L46663*
U28796 I L46665*
U28795 I L46666*
S81597 I L46668*
AF281201 P. crassifolia L46669*

P. longifolia AF281200* L46672
P. longifolia AF281199* P. crassifolia L46673

AF281198* L46677*
AF281197* L46679*
AF281196* L46680*
AF281195 Nicotiana alata U08860 I
AF281194* U45957 I
AF281193* U08861 I
AF281192* U13255
AF281191* U45959 I
AF281190* Lycium andersonii AF105343
AF281189* AF105344
AF281188* AF105347
AF281187* AF105348
AF281186* AF105349
AF281185* AF105353
AF281184* AF105355
AF281183* AF105358
AF281182* AF105359
AF281181* AF105362

Table A1 (continued)

Sp"taecies Accession
numbers

Species Accession
numbers

AF281180* AF105363

Rosaceae
Prunus avium AB028153 I* Pyrus pyrifolia AB002139*

AJ298310* AB014073 I*
AJ298311* AB025421 I*
AJ298312* AB002140*
AB010306 I* AB009385 I*
AB028154 I* AB002141*
AJ298314 I* AB002142*
AB010305 I* AB002143*
AJ298315* Malus� domestica D50837*

P. dulcis AF148468 I* AB0191184*
AF250864 I* AB032247*
AF148465 I MDU12199 i*
AB026836 AB035273*
AB011469 I* AB032246*
AB011470* MDU19793*
AB011471* D50836*
AF157008 I* AF016920*
AF157009 I* AF016918*
AF177924 I* AF016919*

Sorbus aucuparia AF504271* U12200 i*
AF504270* Crataegus monogyna AF504290*
AF504269* AF504289*
AF504268* AF504287*
AF504267* AF504286*
AF504266* AF504285*
AF504265* AF504284*
AF504264* AF504283*
AF504263* AF504282*
AF504262* AF504281*
AF504261* AF504280*
AF504260 AF504279
AF504259* AF504278*
AF504258* AF504277*
AF504257* AF504276
AF504256* AF504275*
AF504255* AF504274*
AF504254* AF504273*
AF504253*

Scrophulariacaeae
Antirrhinum majus AY013891 I A. molle AY013883 I

AY013892 I AY013888 I
AY013893 I AY013889 I
AY013896 I AY013890 I
AY013897 I AY013900 I
AY013898 I AY013901 I
AY013911 I AY013902 I
AY013912 I AY013903 I
AY013913 I AY013904 I

A. graniticum AY013879 I AY013905 I
AY013880 I A. meonanthum AY013886 I
AY013881 I AY013887 I
AY013884 I AY013894 I
AY013885 I AY013895 I
AY013899 I AY013909 I
AY013908 I
AY013910 I
AY013914 I

I indicates genomic GenBank sequences with intron(s): i indicates sequences for
which intron positions are as in Broothaers et al (1995): Stars indicate sequences for
which pairwise comparisons give values of Ks lower than 0.45.
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