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Abstract

Spinal muscular atrophy is an important rare genetic disease characterized by the loss of
motor neurons, where the main gene responsible is smn1. Orthologous genes have only been
characterized in a single fungal genome: Schizosaccharomyces pombe. We have searched for
putative SMN orthologues in publically available fungal genomes, finding that they are
predominately present in filamentous fungi. SMN binding partners and the SPF30 SMIN
paralogue, which are all involved in mRNA splicing, were found to be present in a similar but
non-identical subset of fungal genomes. The Saccharomycces cerevisiae yeast genome contains
neither smn1 orthologues nor paralogues and it has been suggested that this might be related
to the low number of introns in this yeast. Here we have tested this hypothesis by looking at
other fungal genomes. Significantly, we find that fungal genomes with high numbers of introns
also possess an SMN orthologue or at least its paralogue, SPF30.

Abbreviations: SMA, spinal muscular atrophy; Smn, survival motor neuron; snRNP, small
nuclear ribonucleprotein; hnRNP, heterogeneous nuclear ribonucleoprotein; AC, Accession
number; EST, Expressed Sequence Tag; NIG, number of introns per gene; ORF, open reading
frame
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1. Introduction

Spinal muscular atrophy (SMA) is a genetic disease characterized by the loss of lower motor
neurons. The majority of patients present autosomal recessive inheritance with proximal
manifestation of muscle weakness and atrophy [1]. SMA is the most frequent genetic cause of
infant deaths and has an incidence of about one in 10,000 live births with a carrier frequency
of one in 50 [2].

SMA is caused by the lack or the mutation of the Smn1 gene (survival motor neuron) [3] whose
protein (SMN; UniProt:Q16637) is involved in pre-mRNA splicing and has a specific but poorly
understood function in motor neuron axons (see review in [4]). SMN is part of a complex
involved in the assembly of small nuclear ribonucleoproteins (snRNP) in the cytoplasm where it
exists as an oligomer, but it also operates in nuclear Cajal bodies, where the spliceosome
responsible of pre-mRNA splicing is located [5].

SMN possesses several known domains and motifs (sequence patterns), mainly related to
binding sites. The N-terminus contains an important region for binding to Gemin2 (also called
SIP1), a protein component of the nuclear SMN complex [6]. SMN also possesses a Tudor



domain, which has affinity to Sm ribonucleoproteins that form a ring involved in the splicing
process [7] and a region with a high frequency of Proline amino acids that is important for
binding to proteins such as Profilins [8]. At the C-terminus is the Sm protein binding region and
a region responsible for binding Syncrip, a heterogeneous nuclear ribonucleoprotein (hnRNP)
implicated in mRNA processing [9].

A partial homologue of SMN, known as SPF30, has also been characterized [10]. This protein
has also a Tudor domain and it is necessary for spliceosome assembly, but remains to be
shown if it is functionally related to SMN. It has been proposed that SMN and SPF30 could
have antagonist functions on cell apoptosis. Talbot and co-workers speculated that SPF30
might have a role in motor neuron development, but this remains to be tested. SPF30 is
expressed at high levels in muscle, whose development is closely associated with that of motor
neurons.

SMN orthologues have been found in all sequenced vertebrate and invertebrate animals, and
several of these have been developed into disease models [11]. Apart from metazoans, a Smnl
orthologue has also been identified and characterized in fission yeast Schizosaccharomyces
pombe [12,13,14] which has an identity of approximately 25% at the amino acid level versus
SMN. In previous works with this yeast, Smn has been shown to be essential for viability, and it
interacts with human SMN and Sm proteins, indicating a remarkable conservation of Smn
functional domains in S. pombe.

S. pombe Smn is shorter than human SMN but it conserves important sequence patterns,
including the N- and C-termini regions but not the Tudor domain. This yeast also possesses the
Sipl and Sm proteins, as well as the Spf30 orthologue, which together have important roles in
the splicing process.

Taking in account the mainly constitutive function of SMN and its sequence conservation, the
use of fungal genomes to study its function and relationship with human disease has the
potential to uncover novel insights into how impaired SMN function can lead to disease.

Interestingly, Smn is not present in Saccharomyces cerevisiae and it was proposed that this
might be related to the low number of introns present in this yeast [13]. The presence of Smn
has not been reported in other fungal genomes but there is likely to be considerable
heterogeneity in its conservation given the difference between the two fungal genomes
studied so far.

In this work, we set out to test if the presence of Smn in a specific fungal genome is related to
a high average number of introns per gene. To accomplish this aim, here we search for Smn
orthologues in all the complete fungal genomes available, and find that Smn homologues are
only present in a subset of fungal genomes, with most of them belonging to filamentous fungi
of the Pezizomycotina subphylum. Extending this analysis, we propose several new fungal Smn
proteins and binding partners, and finally establish the relationship between the presence Smn
homologues and the number of introns in fungal genomes.

2. Materials and methods

2.1. Obtaining fungal genomes



Twenty-six genomes (.fna), proteomes (.faa) and GenBank entries (.gbk) from fungal organisms
were downloaded from the National Center for Biotechnological Information (NCBI) FTP
server, which is hosted at ftp://ftp.ncbi.nlm.nih.gov/genomes/Fungi/ (14/02/2011). Three
genomes were discarded due to the lack of significant number of genes and/or proteins. The
selected fungal species were: Aspergillus fumigatus, Aspergillus nidulans, Aspergillus niger,
Candida dubliniensis, Candida glabrata, Cryptococcus gattii, Cryptococcus neoformans,
Debaryomyces hansenii, Encephalitozoon cuniculi, Encephalitozoon intestinalis, Eremothecium
gossypii, Gibberella zeae, Kluyveromyces lactis, Lachancea thermotolerans, Magnaporthe
grisea, Neurospora crassa, Pichia pastoris, Pichia stipitis, Saccharomyces cerevisiae,
Schizosaccharomyces pombe, Ustilago maydis, Yarrowia lipolytica, and Zygosaccharomyces
rouxii.

2.2. Orthologue search

To look for sequence orthologues (homologues and functionally equivalent proteins in
different species), a local two-way protein Blast was performed, where a query sequence is
used to search within a proteome, and the best hit is then used as the query sequence for a
second Blast against the proteome corresponding to the first sequence. To consider a
candidate protein as a true orthologue , the two obtained Blast alignments needed to meet
the following criteria: (a) e-value lower than or equal to 5e-05, (b) identity value higher than or
equal to 25%, (c) sequence query length at least 80% covered by the alighment, and (d) a
similar length for both the protein and the putative orthologue. Blast analyses were performed
using the following parameters: Blosum62 matrix, 11 as cost to open a gap, 1 as cost to extend
a gap, and no low-complexity filter.

When no candidate orthologue was found, a genome search, the more sensitivity PSI-Blast
[15], and Hmmer [16] tools were used, but no additional results were found in this way.

2.3. Databases

Initial protein and gene sequence data, as well as data for building the phylogeny of the fungi
under study was obtained from NCBI RefSeq (http://www.ncbi.nlm.nih.gov/RefSeq/). Resulting
candidate protein sequences were then used to search the UniProt Knowledgebase
(http://www.uniprot.org) by blast in order to take advantage of the wealth of protein
annotation available in this database. Accession numbers (AC) were collected and additional
information about each protein was extracted from this database. Finally, Expressed Sequence
Tags (EST) for studied organisms were downloaded from dbEST
(http://www.ncbi.nlm.nih.gov/dbEST/) and a simple Thlastn was carried out to validate the
initial sequence selection.

2.4. Calculation of the number of introns per gene (NIG)

The number of introns per gene (NIG) parameter was calculated using our own program
written in the Perl programming language. The program searches the CDS field for all the
genes in a fungal genome and computes the total number of commas within it. This represents
the number of introns in a given gene.



e.g.: CDS join(30280..30343,30401..30489,30540..30636,30664..30782) => this gene
have 3 introns.

Finally, the total number of introns in a genome is divided by the total number of genes to
obtain the NIG value for each genome. The calculated NIG have been compared with that
published for several fungi and the results are similar [17,18].

3. Results
3.1. Search for Smn gene and protein in fungal genomes

With the aim of identifying new Smn sequences in fungal species, the S. pombe Smn protein
sequence was used as the query sequence in a two-way Blast strategy against complete fungal
proteomes, complemented by other bioinformatics approaches. In this way, five putative Smn
orthologues were found, with an average similarity of 28% relative to the query sequence, in
the following species: A. fumigatus, A. nidulans, A. niger, N. crassa and Y. lipolytica (see Table 1
for detailed information of the genes identified in this work).

All of the protein orthologues identified, including the S. pombe sequence, have short
conserved patterns at their N- and C-terminal ends, with the remaining sequence weakly
conserved (Fig. 1a). Part of the Sip1 protein binding region (with the WDDxxL motif) is
conserved within the N-terminus (Fig. 1b). The C-terminus Sm ribonucleoprotein binding and
oligomerization domain contains another conserved sequence motif in fungal Smn orthologues
corresponding to a WY box. The central region in vertebrate orthologues mainly corresponds
to a Tudor domain involved in binding to methylarginine-containing proteins [7]. The Tudor
domain is not conserved between vertebrate and fungi Smn orthologues.

Other fungal Smn proteins were found using alternative in silico methods as explained in the
materials and methods, mainly supported by searches in the EST database.

3.1.1. The putative N. crassa Smn sequence may be incorrectly annotated

When we searched for Smn in the N. crassa proteome we found a protein of 229 amino acids
(Gl:164428129). In addition to the normally conserved N-terminus region, this sequence has an
extended N-terminal region, which does not globally align with the other Smn sequences. Two
different, unreviewed sequences for this protein exist in the UniProt database: one of them is
the same as the proteome sequence (Q7RY22), and the other is a truncated version of it
(Q96UC1). Both UniProt sequences align closely in the C-terminal region but not in the N-
terminal. However, when we ran a Tblastn against the N. crassa EST database using S. pombe
Smn as query sequence, we identified an alternative sequence which appropriately aligns at
both terminal regions and with barely any gaps. Thus, we conclude that the EST translation
sequence represents the most likely Smn homologue candidate sequence in N. crassa (Fig. 1a)
which is 73 amino acids shorter than the sequence present in the current protein databases.

3.1.2. The putative M. grisea Smn candidate was identified from an EST sequence

As our initial search for Smn homologues in the M. grisea proteome was unsuccessful, we next
searched the EST database using Tblastn with S. pombe Smn as query sequence. An EST



sequence coding for a putative protein with the conserved N-terminal region was initially
found (GenBank:DC972816.1). The corresponding amino acid sequence was used as the query
in a UniProt Blast identifying another unreviewed protein, possessing both N-terminal and C-
terminal conserved regions, and thus represents the putative M. grisea Smn homologue.

3.1.3. A point deletion is present in the sequenced G. zeae genome

The search for Smn in the G. zeae proteome was also unsuccessful. However, there is a
computationally predicted protein in this proteome which contains the N-terminal motif
corresponding to Smn (G1:46117098). Since this pattern is uncommon in proteins, the
sequence might correspond to a Smn orthologue, albeit lacking the conserved C-terminus. We
speculated that the absence of this region might result from a frame shift in the theoretical
protein sequence caused by a small error in the G. zeae genome sequence. To address this
possibility, we calculated the protein sequence for all 6 possible open reading frames (ORF) for
the corresponding DNA sequence (coding sequence; GI:46117097) and then searched for
sequences corresponding to the conserved C-terminal in all the ORFs other than original
coding one (+1). Significantly, we found a region of ORF +3 which showed high conservation
with the C-terminal Smn region. This strongly suggests that the genome sequence in this
region (between N-terminal and C-terminal patterns) contains a deletion, and a sequence with
all the characteristics of other fungal Smn can be found if an undefined nucleotide (N) is
inserted within it (see sequence in Fig. 1a, where "X" marks an undefined amino acid
introduced by this nucleotide).

As can be seen in the Fig. 1a, all proposed Smn proteins conserve both N-terminus and C-
terminal regions, and the molecular phylogeny using these sequences is consistent with the
evolutionary relationship between the corresponding organisms (Fig. 2).

3.2. Sip1 and Sm proteins are associated with Smn in metazoans but only Sm proteins are
present in fungi

Human SIP1 (also called Gemin2, and Yip11 in S. pombe) is part of the SMN complex. This
complex is distributed between the nucleus and cytoplasm of human cells, while it
predominantly accumulates in the nucleus of S. pombe [12]. The human SMN complex plays an
essential role in spliceosomal snRNP assembly in the cytoplasm and is required for pre-mRNA
splicing in the nucleus. SIP1 has been shown to bind to the N-terminus of SMIN [6].

To explore the relationship between Sipl and Smn in fungi, were searched for Sip1
orthologues in the same way as we did for Smn. Surprisingly, Sip1l was generally found in
genomes which lack clear Smn homologues except for S. pombe and Y. lipolytica which,
remarkably, are the only yeasts that possess Smn proteins (Fig. 3).

On the other hand, SMN helps in the assembly of spliceosomal snRNPs that are composed of
seven Sm proteins (B/B’, D1, D2, D3, E, F and G) forming a seven-member ring core structure
that encircles RNA in the nuclear splicing process.

We also searched fungal genomes for orthologues of the Smn-complex Sm proteins. The C-
terminus of Smn contains the motif primarily responsible for binding Sm proteins although a
role for the non-conserved central region has also been proposed [19]. Almost all the genomes



analyzed contain orthologues corresponding to all the Sm proteins (data not shown), showing
that the spliceosome complex is conserved in all fungal genomes.

3.3. Spf30 is a Smn paralogue that usually appears in the fungi which have Smn

Vertebrate Smn has a partial paralogue of similar length named SPF30, which shares the Tudor
domain and Sm binding site [10,20]. SPF30 was identified as a constituent of the spliceosome
complex and it localizes in the nucleus. SPF30 localizes with SMN protein at Cajal bodies, a site
of snRNP accumulation and Sm subcomplex assembly [21]. However, the specific functional
relationship between SMN and SPF30 remains unclear.

To test the evolutionary relationship between Smn and Spf30 in fungi, orthologues of S. pombe
Spf30 were searched for in fungal proteomes. As expected we found that this protein mainly
appears in species where Smn is also present (Fig. 3). Interestingly, we found some exceptions,
such as in fungi from the Basidiomycota phylum Cryptococcus and U. maydis where Spf30 was
present but Smn was not.

3.4. Fungi with a high rate of splicing have Smn and/or Spf30

When S. pombe Smn was discovered it was proposed that S. cerevisiae lacked the Smn protein
because of the low number of introns of this budding yeast [13]. Our results confirm the
absence of Smn from the S. cerevisiae genome. Moreover, our identification of putative Smn
orthologues in several other fungal species allow us to test the hypothesis linking Smn and
intron number. To this end, the number of introns per gene (NIG) in all sequenced fungal
genome was calculated. Each genome was assigned a number indicating the ratio between the
total number of introns from all the genes and the total number of genes. Our results range
from fungal genomes with low NIG values, such as S. cerevisiae, to genomes with moderate to
high NIG values, such as S. pombe (Fig. 3). We observed a clear correlation between high NIG
values and the presence of Smn in the genomes tested. However, this did not hold true for
Basidiomycota genomes since they have higher NIG values but lack Smn protein homologues.
However, Cryptococcus and U. maydis have the Smn paralogue, Spf30, suggesting that it could
play an important role in the splicing process, perhaps complementing or replacing Smn
function in this large phylum.

4, Discussion

This work presents a detailed bioinformatics search within fungal genomes for a protein
related to an important human disease. The results have revealed the evolutionary
conservation of the Smn gene and its coding protein in fungi. The Smn protein is conserved in a
series of fungi which are mainly grouped in Pezizomycotina including filamentous ascomycetes
(Fig. 4). The only yeast fungi with Smn are the very well studied S. pombe, and Y. lipolytica. The
Pezizomycotina subphylum where Smn is predominately found is formed by fungi presenting
mycelia with thread-like hyphae. These hyphae are analogous to neural axons, and even share
some common elements with them, such as the microtubules involved in growth and vesicle
transport [22]. The link between a lack of Smn and SMA disease is probably related to the
recently demonstrated role for Smn in mRNA transport along these axons [23]. Thus, these
fungi have the potential to be key model organisms for understanding the molecular



mechanisms that link impaired Smn function to SMA. Laboratory experiments showing the
location and relation of both Smn and Spf30 in fungal hyphae may help to understand how
these proteins interact with the cell prolongations and what their function there. These
findings could then be extrapolated to neural axons. Thus, our progress towards understanding
of SMA disease could be accelerated due to the advantages of working with fungi.

Interestingly, the candidate Smn homologues identified in this work have two highly conserved
motifs, one at the N-terminus with the consensus WDDxxL and the other at the C-terminus
with a WY box. In addition, all of the putative fungal Smn homologues, but not the S. pombe
one, possess a similar additional N-terminus pattern with the consensus W[DN][EK] (Fig. 1a),
which might have arisen from a duplication event.

Here we have shown that species that have a high NIG value possess Smn or at least its
paralogue Spf30. In most species this protein is normally present together with Smn, with the
exception of the Basidiomycota phylum where Spf30 is present but Smn is not. All of the
putative Spf30 sequences identified in this work conserve the C-terminal motif and the Tudor
domain, consistent with previous findings [24]. In human, both SMN and SPF30 proteins are
localized within the nucleus to Cajal bodies, but only SPF30 is also found in nuclear speckles
together with other splicing factors, whereas SMN is additionally found in the cytoplasm [20].
Furthermore, SMN does not complement the lack of SPF30 [20]. Thus, the SMN paralogue,
SPF30, could complement but not replace the function of SMIN. But in fungi, we find that Spf30
sequences conserve the Sm protein binding site present in Smn, although binding between
Spf30 and Sm has not been shown. Strikingly, even though metazoan Smn has a Tudor domain,
fungal Smn does not, suggesting that Smn and Spf30 might have complementary functions in
fungi. If this were true, fungal Spf30 would be responsible for Sm protein binding thanks to its
Tudor domain, and fungal Smn would have the remaining functions found for this protein in
metazoans.

The presence or absence of Smn in a organism has previously been proposed to be related to
active intron processing. In this work, we have shown that the presence of Smn is directly
associated to the number of introns per gene in a given fungal genome. Despite the presence
of Smn in different and heterogeneous groups of fungi, all of them have a high NIG value in
common. Only the Basidiomycota phylum which have a high NIG value but lacks Smn.
Interestingly these genomes contain the Smn paralogue Spf30, again suggesting that Spf30
could be providing Smn function in this group of fungi. Such a situation could be a common
one, given that the constitutive functions of such proteins in fungal organisms are likely to
have subtle differences relative to metazoan organisms. In fact, despite the expected
importance of Smn, the majority of yeast lack it. However, many more complete genomes will
need to be looked at verify these hypotheses.

Some Smn orthologues were more difficult to identify, highlighting the complexity and low
global conservation of this protein, possessing only two conserved short motifs. These
problems made it necessary to develop new integrative bioinformatics protocols to search for
orthologous sequences with these characteristics. The in silico procedure used in this work has
allowed us to identify Smn orthologues in fungal organisms where the protein was initially
thought to be absent, or its gene structure erroneously annotated. This fact is mainly due to



the low conservation of the central region of Smn. In metazoans, this region contains the
Tudor domain involved in Sm protein binding, which has not been found in fungi. Moreover, in
metazoans this region contains a long stretch of sequence with a compositional bias towards
poly-proline that also does not appear in fungi (Fig. 1b). Recently, in an elegant in silico
analysis, the compositional bias of regions located towards the extremities of proteins has
been linked to new evolutionary elements associated with proteins with high numbers of
binding partners [25]. In fact, this region has been shown to be important for binding to the
Profilin [8], an actin-binding protein that affects the structure of the cytoskeleton, and is highly
expressed in the spinal cord. This low complexity region is much wider in vertebrates than
invertebrates and it is completely absent from fungal Smn orthologues. Remarkably, the
putative U. maydis Spf30 orthologues have a clear poly-proline region within its C-terminus
(data not shown), which is similar to vertebrate Smn regions. It is also interesting to note that
fungal genomes also contain the profilin protein, which all together suggests another
complementary function for Smn and Spf30 in fungal genomes. This putative complementarity
is also suggested because when we compare fungal Smn and Spf30 the similarity is very low
(data not show). But when human SMN and SPF30 are aligned, the similarity is high, especially
within the Tudor domain. Since fungal Spf30 has a recognizable Tudor domain, and this region
is not similar to the central region of Smn, we can confirm that Smn lacks a Tudor domain and
it could be complemented by Spf30.

We also searched for orthologues of the Smn binding protein Sip1, which is important for the
splicing related function of Smn. Surprisingly, it is only present in some yeasts but not in fungi
that possess Smn, apart from S. pombe and Y. lipolytica. This could be due to hypothetical Sip1l
homologues, which conserve subtle sequence properties that remain undetected by sequence
analysis. For example, it has been proposed that S. cerevisiae has a Sip1 orthologue that is very
different from S. pombe Sip1 [6] called Brrl (UniProt: Q99177). Even the other Sip1
orthologues found in this work exhibit very low sequence conservation (see Table 1).
Furthermore, when S. cerevisiae Brrl is compared to the Sipl sequences proposed here, all of
them conserve important amino acids throughout the alignment (data not shown). These
observations suggest that Sip1 might have Smn-independent functions in fungi, especially in
yeasts.

In summary, we have confirmed a relationship between the number of introns per gene and
the presence of Smn, except for Basidiomycota genomes, where Spf30 is present but Smn is
not, which could mark the point where Smn arose in evolution. It could initially have arisen as
a splicing factor, that later it would acquired new functions related to mRNA transport and
others activities related to the SMA phenotype in the animal motor nervous system.

S. pombe is one of the most widely studied fungal model organisms, but it is not necessarily
the most appropriate for studying a particular process. The data we have presented here
suggest that other fungal species may also represent valuable model organisms for the study
of important human diseases. Understanding the conservation and evolution of different
genes related to diseases such as SMA should make it easier to select model organisms where
the underlying processes are most likely to be similar to those occurring in human cells. This
should allow researchers to obtain better and more relevant data that can then be applied to
our understanding of human diseases.
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Table 1. Identifiers and Blast output parameters for putative Smn, Spf30, and Sip1 fungal
protein sequences. The identifier is the Accession Number from UniProt or RefSeq, the identity
percentage refers to a global alignment versus S. pombe sequence (local alignments provide
somewhat higher values), and the e-value refers to local alignments found by Blast.

Gene Organism Identifier %ldentity E-value Length (aas.)
Smn S.pombe Q09808 100% 0 152
A.nidulans C8Vv942 25% le-10 206
G.zeae* A2QHQ5 30% Se-12 147
A.niger XP_384567 28% 6e-07 152
M.grisea* A4QYJ6 26% 4e-05 167
A.fumigatus Q4WNN4 27% 5e-11 171
N.crassa* Q7RY22 33% Se-11 149
Y.lipolytica Q6C798 27% 7e-07 126
Spf30 S.pombe 094519 100% 0 311
C.neoformans Q5KKF2 22% 5e-10 229
C.gatti E6R314 22% 8e-08 250
A.nidulans* C8VBJ7 31% le-13 289
A.niger A2Q0X86 30% le-19 291
G.zeae XP_388559 27% 2e-09 279
A.fumigatus Q4AWMG8 29% 2e-17 297
N.crassa Q7S6P1 26% 3e-15 370
U. maydis** Q4P543 20% 2e-05 247
Sipl S.pombe Q9P347 100% 0 235
P.stipitis A3LUZ7 20% 3e-06 228
Y.lipolytica Q6CDV1 20% 3e-08 262
P.pastoris C4QHZ1 22% 4e-08 261
D.hansenii Q6BL84 20% 2e-05 289
K.lactis Q6CVvY1 21% 2e-05 326

"Candidate sequences do not exactly correspond with the identifier shown, due to manual

sequence revision (see results).

"It was found by Blast using C. neoformans Spf30 as the query sequence.
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M.grisea —--MSEEEKVVTHEDIWDDSALVNSWNEALEE YKKYHS THADRAAEATIVPDSQKSGHF PPFFAVSTSPGRPLRNAKTE TNE PQS PPNG|
N.crassa = = —-—-———-——--- MASHDEIWDDS GLVNSWNEALAE YKKYHS THAEGAALPEGVADE LEDQSAKP SGATNVHQEG--EDGVAPAVEVETTPIN|
G.zeae ——-MSKEQENLTHEEVWDDSALINSWNEALOE YEKYHS THAKGGSVRDLE LONKAEIEAEP----ESEQPQ-—--—— VTETEESVLASEK|
8.pombe - ------ MDOSQKEVWDDSELRNAFETALHE FKKYHS TEARKGGYVSDPDERLDGEKLISAARTEESI SKLEEGEQMINQOTETTLEGDT)
A.fumigatus MGKAKNANRPLTQEEIWDDSALVQSWDEAVEE YKLYHS THAKGEDVE DVLREAEAAERAGLDGDR-QQPDEAADAMEDDDAVATTA- -S|
A.niger MGKSAKANKPLTOQEEIWDDSALVQSWDEAVEE YELYHS THARGENVEDVLREAEAAEKAEVEQDE-QPLDESADRMDADVDADT TANAT)
A.nidulans MGKNKGASRALTQEEIWDDFALVQSWDEAVEE YKLYHS TAAKGENVEDVLREAEAAAEAET GPSMSWAQVEKDDDMADVNAADSYVQPARA
Y.lipolytica - --——--—-—-——- MNQOWDDS OLVATWDEAYEE Y LKYHKKSTTEGAVINEMRTDEKEQKEMP-————————— EEDDDADMNDTADTANKLL
I R
M.grisea TRGDGETIQEQAKPTSGCPEGS - ————————— GYNDQOHGGALSSPISVLGSVED--—--— EGURSLLMSWYYAGYYTGLYEFOO-—-——
N.crassa TIQHGLETQQSARAEPTRAATAA-————————— SLPG-—--——-— PGPQLMLGSVQD-——-—— EELKKLLMSWYYAGYYTGLYEFKQO-—-——
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A.fumigatus TAAE--QSS5SMOVPDAVEREHARATDOOPSGMEHPTQPAPAGARAMPY ARLAQVOD-———— EGLUENLMMAWY FAGYY TGLYQN=00 - ————
A.niger TPAEPQOVSQAKMS QRAREGPEQPFVQGAQVTEQTAGPS PVGAPPMPHATLSQVOD - ———— EGLRNLMMAWYYAGYY TGLYEFQQ-—-——
A.nidulans IAPAETQGMOARLOTQEAAGSEQ--VEQEQETAAATGP-QAQAPTMPY PAFPQTOD-———— EGURNLMMAWY YAGYY TALYOR QOO LATV
Y.lipolytica EAAEISNISNDETSMAND-—----—-—-————-——————--— GEGSASAPTGPSLDHLD-——-— ESVRSLVMAWYWAGYY QGLYEKK----—
s ki aEEEE  *

M.grisea = —-------- ORDPGKVNPDRR———————————————
N.crassa = =  ——-————-- KALHEQRQQ-—-———————==—=—————
G.zeae 0 0—o——————— QROQKHAS - ——————————————————
S.pombe  --------- KSEQRKD-——==-———=———————————
A.fumigatus —--——-——-- QRSO ———NNNG———————————————
A.niger = —-------- RANQ----NRS§-----—-—-—--—-—
A.nidulans IYRSWQPRLRANQPAPRNQATARNTGPSGMARRHSP
Y.lipolytica  ————-—-mmmm oo
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Fig. 1. Smn conservation. (a) Multiple alignment of known and proposed Smn fungal proteins
built using Clustalw. The N-terminal and C-terminal conserved region are highlighted in a grey
box, and the region where the Tudor domain should be is highlighted with a transparent box.
An ‘X’ with a gray background appears in the position where a ‘N’ was inserted in the DNA
sequence of G. zeae. The asterisks mark identical amino acid positions, and points and colons
mark similar positions. (b) Smn domains and motifs extracted from vertebrate protein
sequences in UniProt, and the corresponding sequences in invertebrates and fungi. Amino
acids in N- and C- terminal regions conserved between all the organisms are highlighted, and
the absence of a region in a organism group is marked with a dotted line.



0.05
—

0.407
Human
0.307
G.zeae
0.p12
0.271

N.crassa

0.029
0.300 _
M.grisea
0.02p
0.231 i
Anidulans
0.123
0.169 ]
0.032 A.niger
0.017
0.182 )
A fumigatus
0.037
0.359
S.pombe
0.341 ] ]
Y lipolytica

Fig. 2. Molecular phylogeny from the fungal Smn sequences proposed in this work. The
sequences of Fig. 1a and the neighbor-joining algorithm were used. Branch lengths are shown.

The human SMN was used as the outgroup to root the tree.
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Fig. 3. Protein orthologues identified and number of introns per genes (NIG) for fungal
genomes. Filled cells in the lower table indicate that the protein is found in a specific proteome
(the name of each organism appears in the graph). The upper histogram shows the NIG value
calculated for each fungal genome. Genomes have been ordered from higher to lower values,
and the exact NIG is given above. The table with the presence/absence can be compared with
the upper NIG values.
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Fig. 4. Phylogenetic relationships between fungal organisms together with NIG values and the
presence of Smn and/or Spf30. The NIG is grouped into three classes, and the main taxon for
each branch is represented.



