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a b s t r a c t
We collected as much information as possible on new lamin genes and their ﬂanking genes. The number of
lamin genes varies from 1 to 4 depending more or less on the phylogenetic position of the species. Strong
genome drift is recognised by fewer and unusually placed introns and a change in ﬂanking genes. This
applies to the nematode Caenorhabditis elegans, the insect Drosophila melanogaster, the urochordate
Ciona intestinalis, the annelid Capitella teleta and the planaria Schmidtea mediterranea. In contrast stable
genomes show astonishing conservation of the ﬂanking genes. These are identical in the sea anemone
Nematostella vectensis and the cephalochordate Branchiostoma ﬂoridae lamin B1 gene. Even in the lamin
B1 genes from Xenopus tropicalis and man one of the ﬂanking genes is conserved. Finally our analysis
forms the basis for a molecular analysis of metazoan phylogeny.
© 2010 Elsevier GmbH. All rights reserved.

Introduction
Text books tell us how a comparison of speciﬁc protein
sequences can be used to calculate an evolutionary tree (Wehner
and Gehring, 2007). A recent speciﬁc example is the tree calculated
for 21 arthropods from sequences of motor proteins (Odronitz et al.,
2009). We have taken a different approach based on intron patterns
in lamin genes (Zimek and Weber, 2008).
The large multigene family of metazoan intermediate ﬁlament
proteins (IF proteins) covers two types: the small group of nuclear
lamins and the large group of cytoplasmic IF proteins having
sequence homologies, that are particularly obvious in the protostomic cytoplasmic invertebrate IF proteins (Dodemont et al., 1990;
Doring and Stick, 1990; Zimek and Weber, 2002). The common
structural element is a long central rod domain consisting of the
smaller coil 1a, the long coil 1b, the small coil 2a and the long coil 2b
domain. This describes a segmented double stranded coiled coil (for
review see Gruenbaum et al., 2005), from which the non-helical Nterminal head and C-terminal tail domains extend into the exterior.
A major difference between the lamins and the cytoplasmic IF proteins is a nuclear location signal (NLS), which usually consists of four
consecutive basic residues. Lamins usually have a C-terminal isoprenylation site C-a-a M, which in a stepwise reaction gives rise to a
chargeless carboxy terminal cysteine (see Gruenbaum et al., 2005).
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Lamin A is only expressed once cells differentiate (Rober et al.,
1989). Many cytoplasmic IF proteins show mutations which give
rise to human diseases (Bonifas et al., 1991; Vassar et al., 1991). The
nematode Caenorhabditis elegans (C. elegans) has a single lamin
and 11 cytoplasmic IF proteins, that in part arise by differential
splicing. RNA interference studies showed that at least ﬁve of them
are essential for embryonic development (Karabinos et al., 2001).
C. elegans lamin is crucially involved already in the earliest stages
of embryonic development (Liu et al., 2000). The number of cytoplasmic IF proteins ranges from 11 in C. elegans (Karabinos et al.,
2001) to 65 in man (Hesse et al., 2001).
One striking difference between A type lamins and B lamins
is seen before mitosis when the nuclear envelope disassembles
into vesicles. Lamins B1 and B2 stay bound to these vesicles and
are used in the formation of nuclear envelopes in the daughter
cells. A-type lamins are of course initially also isoprenylated, but
the modiﬁed C-terminal end is subsequently cleaved by a speciﬁc
metalloproteinase to form the mature lamin A molecule which has
lost 10 amino acid residues (Gruenbaum et al., 2005; Weber et al.,
1989). Thus, the differentially spliced lamin C as well as the mature
lamin A molecules lack the isoprenylation site and become soluble. The sequence around the cleavage site is highly speciﬁc so that
any mutations at this site give rise to laminopathies (Worman and
Bonne, 2007).
Electron microscopical studies have shown that arthropods and
their close relatives lack cytoplasmic intermediate ﬁlaments. Here,
thick bundles of specialised microtubules substitute for the bundles of cytoplasmic intermediate ﬁlaments, that are observed in
other phyla (Bartnik and Weber, 1989). This ﬁnding suggested that
cytoplasmic IF proteins arose in evolution from a nuclear lamin. In
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Table 1
Intron sizes of radiata and placozoa lamins starting at the 5 -end of the gene.
Nematostella vectensis
Predicted protein: EDO37225

The 9 introns of the gene have a size starting from the 5 -end of the gene of 1.2 kb, 0.3 kb, 0.2 kb, 0.8 kb,
0.2 kb, 0.5 kb, 0.4 kb, 0.5 kb and 0.6 kb

Hydra magnipapillata
On genomic contig NW 002157556.1|

The 9 introns of the gene have a size starting from the 5 -end of the gene of 389 bp, 11.33 kbp, 99 bp,
2.38 kbp, 5.45 kbp, 155 bp, 114 bp, 865 bp and 78 bp

Trichoplax adhaerens
scaffold 3: 3298016–3306114

The 9 introns of the gene have a size starting from the 5 -end of the gene of 3107 bp, 145 bp, 105 bp,
190 bp, 129 bp, 105 bp, 143 bp, 111 bp and 977 bp

Table 2
Intron sizes of ecdysozoa lamins starting at the 5 -end of the gene.
Caenorhabditis elegans
lmn-1 NM 059970
Drosophila melanogaster
Lamin Dmo NT 033779
Lamin C NT 033778
Daphnia pulex
scaffold 90: 311661–315862

The 5 introns of the gene have a size starting from the 5 -end of the gene of 90 bp, 48 bp, 157 bp, 52 bp
and 84 bp
The 2 introns of the gene have a size starting from the 5 -end of the gene of 243 bps and 64 bps
The 3 introns of the gene have a size starting from the 5 -end of the gene of 2.4 kbp, 60 bps and 148 bps
The 10 introns of the gene have a size starting from the 5 -end of the gene of 910 bp, 89 bp, 63 bp,
60 bp, 78 bp, 87 bp, 62 bp, 113 bp, 91 bp and 166 bp

Table 3
Intron sizes of lophotrochozoa lamins starting at the 5 -end of the gene.
Schmidtea mediterranea
contig 1379: mk4.001379.07
Capitella teleta
scaffold 373: 172264–179935

The 4 introns of the gene have a size starting from the 5 -end of the gene of 51 bp, 1970 bp, 53 bp and 55 bp
The 6 introns of the gene have a size starting from the 5 -end of the gene of 3.36 kbp, 50 bp, 49 bp, 58 bp, 50 bp and 910 bp

Table 4
Intron sizes of lower deuterostomes lamins starting at the 5 -end of the gene.
Strongylocentrotus purpuratus
NM 214500
Ciona intestinalis
Lamin L2 AJ251957
Branchiostoma ﬂoridae
chrUn: 258492196–258513674

The 9 introns of the gene have a size starting from the 5 -end of the gene of 21 kbp, 2.4 kbp, 1.9 kbp, 1.8 kbp,
2.5 kbp, 1.2 kbp, 1050 bp, 540 bp and 910 bp
The 10 introns of the Lamin L2 gene have a size starting from the 5 -end of the gene of 0.6 kbp, 1.8 kbp, 2.6 kbp,
0.6 kbp, 0.5 kbp, 0.25 kbp, 1.1 kbp, 0.35 kbp, 0.3 kbp and 0.75 kbp
The 10 introns of the gene have a size starting from the 5 -end of the gene of 7744 bp, 324 bp, 519 bp, 962 bp,
1175 bp, 885 bp, 1857 bp, 396 bp, 4227 bp and 1410 bp

addition the full genome of Drosophila melanogaster proved this
point much later on the molecular level. Once the genome of the sea
anemone Nematostella vectensis became available we found that
it had a single nuclear lamin gene and lacked genes for cytoplasmic
IF proteins. The Nematostella lamin gene has 9 introns, which are
strikingly conserved in the human lamin B genes, which have only
1 (lamin B1) or 2 (lamin B2) additional introns. Using the information on one neighbouring gene we concluded that the human
B1 gene on chromosome 5 and the human B2 gene on chromo-

some 19 arose later with the vertebrate lineage (Zimek and Weber,
2008).
Here we have assembled information on new lamin genes and
determined when possible both ﬂanking genes.
Materials and methods
We analysed the public available genome assemblies of various metazoans using online tools of the respective websites and

Table 5
Intron sizes of vertebrate lamins starting at the 5 -end of the gene.
Homo sapiens
Lamin B1 NM 005573
Lamin B2 NM 032737
Lamin A NM 170707
Xenopus tropicalis
Lamin B1 NM 203867
Lamin B2 scaffold 555: 694,555–707,819
Lamin B3 NM 001083354
Lamin A CR942559

The 10 introns of the gene have a size starting from the 5 -end of the gene of 26.9 kbp, 0.63 kbp, 4.44 kbp, 1.38 kbp,
6.97 kbp, 1.73 kbp, 1.55 kbp, 3 kbp, 6.5 kbp and 3.38 kbp
The 9 introns of the gene have a size starting from the 5 -end of the gene of 27.6 kb, 4.45 kb, 1.4 kb, 7 kb, 1.75 kb,
1.6 kb, 3.1 kb, 6.65 kb and 3.4 kb
The 11 introns of the gene have a size starting from the 5 -end of the gene of 15.3 kbp, 3.5 kpb, 275 bp, 210 bp,
0.58 kbp, 90 bp, 0.48 kbp, 85 bp, 0.42 kbp, 0.74 kbp and 0.32 kbp
The 10 introns of the gene have a size starting from the 5 -end of the gene of 18.5 kbp, 650 bp, 230 bp, 320 bp,
770 bp, 1.5 kbp, 0.8 kbp, 0.7 kbp, 0.7 kbp and 0.35 kbp
The 10 introns of the gene have a size starting from the 5 -end of the gene of 3.45 kbp, 1.41 kbp, 0.77 kbp, 0.75 kbp,
120 bp, 175 bp, 0.98 kbp, 85 bp, 0.9 kbp and 1.78 kbp
The 10 introns of the gene have a size starting from the 5 -end of the gene of 1.9 kbp, 280 bp, 180 bp, 3.2 kbp, 90 bp,
630 bp, 0.8 kbp, 820 bp, 2.18 kbp and 95 bp
The 11 introns of the gene have a size starting from the 5 -end of the gene of 37.8 kbp, 2.1 kbp,1.37 kbp, 75 bp,
250 bp, 770 bp, 150 bp, 1.5 kbp, 120 bp, 2.1 kbp and 200 bp
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Fig. 1. Alignment of predicted lamin protein sequences for the cnidaria Nematostella vectensis (upper line), Hydra magnipapillata (middle) and the placozoan Trichoplax
adhaerens. Intron positions are marked by inverted letters (white on black) in the sequence, for intron sizes see Table 1.

published lamin sequences. Some gene sequences were manually
extracted from databases for the respective animals and assembly
versions. The collection of these putative lamin coding sequences
is available as Supplementary material (mmc2.zip to mmc8.zip).
Locations, either GenBank accession numbers or genomic database
locations are given in the respective Tables 1–5.
Genome browsers, analysed animals and assembly releases
http://genome.ucsc.edu/
•
•
•
•

Strongylocentrotus purpuratus: Sep. 2006 (Baylor 2.1/strPur2)
Branchiostoma ﬂoridae: Mar. 2006 (JGI 1.0/braFlo1)
Caenorhabditis elegans: May 2008 (WS190/ce6)
Ciona intestinalis: Mar. 2005 (JGI 2.1/ci2)

http://genome.jgi-psf.org
• Nematostella vectensis: v1.0 (March 2008)
• Capitella teleta: v1.0 (October 2007)
• Trichoplax adhaerens: v1.0 (October 2007)

NZ ABRM00000000,

A lamin genes from Placozoa
With the genome of Trichoplax adhaerens the genome of an
evolutionary very old metazoan became available (Wehner and
Gehring, 2007). Using the predicted cDNA sequence of the sea
anemone lamin gene we have located the Trichoplax lamin gene
on scaffold 3. It has the same 9 intron positions as the Nematostella
gene. Their sizes and positions are given in Table 1 and Fig. 1 respectively. One ﬂanking gene is as for Nematostella the gene encoding
methylmalonyl-CoA epimerase (Fig. 6). The second ﬂanking gene
cannot be identiﬁed because of a gap in the genome information. Potentially interesting is the ﬁnding that the deduced lamin
sequence lacks the carboxy terminal isoprenylation C-a-a-M so far
found in all other lamins (see Discussion).
The Hydra lamin gene, a strong drift of Hydrazoa versus the sister
group of the Anthozoa

http://www.ncbi.nlm.nih.gov/genomes/geblast.cgi?gi=6140
• Hydra magnipapillata:
(2009/01/02)

and the membrane associated ring-ﬁnger protein 2/3 on scaffold
145 (Fig. 6).

WGS

draft

http://smedgd.neuro.utah.edu
• Schmidtea mediterranea: v3.1 (Soﬁa M.C. Robb, Eric Ross and
Alejandro Sánchez Alvarado (2007) SmedGD: the Schmidtea
mediterranea Genome Database Nucleic Acids Research,
36:D599-D606).
Used software
Sequence analysis: GCG Version 11.1 (Accelrys Inc., San Diego,
CA).
Graphics: penOfﬁce.org v. 3.2.1 (Oracle).
Results
The lamin gene of Nematostella
The lamin gene has 9 introns (Zimek and Weber, 2008). Their
sizes and positions are given in Table 1 and Fig. 1 respectively. The
ﬂanking genes are genes encoding methylmalonyl-CoA epimerase

Fig. 1 shows the lamin gene of Hydra magnipapillata (Chapman
et al., 2010) versus the lamin gene of Nematostella. The Hydra
magnipapillata lamin gene is located on the genomic contig
NW 002157556 and has 9 introns. Their sizes and positions are
given in Table 1 and Fig. 1 respectively.
We had previously cloned the Hydra gene from Hydra attenuata (Erber et al., 1999). The deduced cDNA and protein sequences
show 99% identity with the new data from Hydra magnipapillata. However, contrary to our report, the gene has the same 9
intron positions as the Nematostella gene and not only the last 3
positions. We were therefore surprised when we interpreted the
Nematostella lamin gene and did not put our Hydra gene in the
summary, but mentioned it only in the text with the note that we
did not know whether our intron mapping procedure had been
correct (Zimek and Weber, 2008). It was clearly not and this most
likely concerns also the Priapulus caudatus lamin gene where we
reported also only 3 introns (Erber et al., 1999).
Chapman et al. (2010) report that the sequence divergence
between a Hydra peptide and its Nematostella orthologue is
typically greater than the sequence divergence between the
Nematostella and its human orthologue. For the lamin protein we
ﬁnd a sequence identity between the two cnidarian proteins of
43.5% while the corresponding value for the Nematostella and the
human lamin B1 in spite of the long evolutionary distance is still 40%
(see also Zimek and Weber, 2008). Chapman et al. (2010) also report
a strong loss of introns in Hydra versus Nematostella. Because of
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Fig. 2. Alignment of predicted lamin protein sequences for the nematode C. elegans (upper line), the two lamins of the fruitﬂy Drosophila melanogaster (lamin Dmo and
C, middle lines) and the small crustacean Daphnia pulex (lower line). Intron positions are marked by inverted letters (white on black) in the sequence, for intron sizes see
Table 2.

sequence gaps in the Hydra genomic DNA the nearest neighbours
of the Hydra lamin gene are not available.
While the Hydra lamin has a nuclear location signal with only
3 basic amino acid residues (KRSR) and an unusual basic cluster
RRIRKRR, cell biological experiments show that this cluster is not
responsible for nuclear uptake (Erber et al., 1999). We now recognise in the Nematostella lamin also a nuclear location signal with
only three basic residues (KRAR) and also a basic stretch close to
the carboxy terminal end (RRGRGRR). Both features seem speciﬁc
for cnidaria (see Fig. 1).
A normal lamin gene from the Ecdysozoa branch
Using the Nematostella gene as a probe we have located a lamin
gene in the genomic information of Daphnia pulex on scaffold
90. The gene has 10 introns. Their sizes and positions are given
in Table 2 and Fig. 2 respectively. The ﬂanking genes of the gene
are peptidyl-glycine-alpha amidating monooxygenase and a gene
encoding a pdz domain containing protein (Fig. 6). Fig. 2 and Table 2
also contain the information on the single lamin gene of the nematode C. elegans. It has 5 introns. The sizes and positions of these
introns are given in Table 2 and Fig. 2 respectively. The ﬂanking
genes of the single lamin gene are a gene encoding a member of the
family for the transport to the inner mitochondrial membrane and
a gene encoding a member of the helix-loop-helix family (Fig. 6).
Included in Fig. 2 is also the information on the 2 lamins of
Drosophila melanogaster. The constitutively expressed lamin Dmo
gene located on chromosome 2L has 2 introns. The organisation of
this gene was already established by Osman et al. (1990) long before
the Drosophila genome was established. Their sizes and positions
are given in Table 2 and Fig. 2 respectively. The ﬂanking genes of the
lamin Dmo gene are a gene encoding a helicase at 25E and oscillin
(Fig. 6). Finally there is also the information on the Drosophila lamin
C gene. It is expressed only in differentiated cells (Riemer et al.,
1995). The gene lies on chromosome 2R. It has 3 introns. Their
sizes and positions are given in Table 2 and Fig. 2 respectively. The
ﬂanking genes of the Drosophila lamin C gene encode the cuticular protein 51A and an RNA polymerase subunit. It is striking that
lamin genes from organisms with a strong genome drift show this
not only in a reduced number of introns, often at new positions

(Zimek and Weber, 2008), but additionally lose the identity of the
ﬂanking genes.
Lamin genes from the Lophotrochozoa branch
We located 2 lamin genes of species from the Lophotrochozoa
branch by a screen with the Nematostella gene.
In the planarian Schmidtea mediterranea, which is a member of
the plathelminthes, we located a lamin gene on v31.001379. The
gene has 4 introns. Their sizes and positions are given in Table 3
and Fig. 3 respectively. Thus the lamin gene keeps only one of the
usually conserved intron positions. It has lost 8 introns and gained 3
new intron positions, indicating a strong genomic drift of this metazoan species. Since the genome analysis of Schmidtea mediterranea
has started only recently, no information is available on ﬂanking
genes.
We have also found a lamin gene in the genomic information on
the annelid Capitella teleta on scaffold 373. The gene has 6 introns.
Their sizes and positions are given in Table 3 and Fig. 3 respectively.
The lamin gene of Capitella teleta has lost 4 typical intron positions
and acquired one new intron position indicating a strong drift in the
genome of the organism. The deduced protein sequence ends with
M-L-R rather than the usually found C-A-V-M. The ﬂanking genes
are genes encoding the zinc ﬁnger protein 44 and a gene encoding
a protein with a pdz domain (Fig. 6).
Lamin genes from the lower Deuterostomia
The lamin gene of Branchiostoma ﬂoridae found by a screen
with the Nematostella gene on chromosome UN has 10 introns.
Their sizes and positions are given in Table 4 and Fig. 4 respectively. The ﬂanking genes are as for the Nematostella gene. One of
them encodes the ring ﬁnger protein 2/3 and the other encodes the
methylmalonyl CoA epimerase (Fig. 6). This lamin gene is clearly a
lamin B1. A second lamin gene indicated by cDNA accession number AJ271077 cannot be found in the currently available genomic
sequence.
The urochordate Ciona intestinalis has a lamin gene on chromosome 12. It has 10 introns (Zimek and Weber, 2008). Their sizes and
positions are given in Table 4 and Fig. 4 respectively. They show that
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Fig. 3. Alignment of predicted lamin protein sequences for the planaria Schmidtea mediterranea (upper line) and the polychaete Capitella teleta. Intron positions are marked
by inverted letters (white on black) in the sequence, for intron sizes see Table 3.

Ciona intestinalis has genome drift. The ﬂanking genes encode a
Ser/Thr speciﬁc protein phosphorylase and endoglin, a CD105 antigen. Previous cell biological studies showed that Ciona had only 5
intermediate ﬁlament proteins: a type I keratin, a type II keratin, a
type III IF protein, a unique annexin-IF fusion protein and a single
nuclear lamin (Karabinos et al., 2004). Curiously the Ciona lamin
gene has a unique deletion, which removes the Ig-G-like middle
domain of the tail domain. A second Ciona lamin gene predicted by
the cDNA sequence for Ciona L1- (Acc. number AJ271075) cannot
be found in the currently available Ciona genome data.
The lamin gene of Strongylocentrotus purpuratus present on
scaffold 34693 has 9 introns (Zimek and Weber, 2008). Their sizes
and positions are given in Table 4 and Fig. 4 respectively. The
ﬂanking genes are VPS33B and SMN1 (Fig. 6). Attempts to ﬁnd a
second lamin gene by a search with the coding sequence (CDS) of
the known lamin gave no other gene. Thus it seems that at least
this member of the echinoderms has only a single lamin gene and
resembles the situation in the nematode C. elegans where a single
gene is ﬁrmly established.
The lamin genes of vertebrates
Table 5 gives the sizes of the introns, and the positions of the
introns are indicated along the deduced protein sequences in Fig. 5.
The identity of the ﬂanking genes when known is summarised in
Fig. 6.
Mammals have 3 genes, lamins B1, B2 and lamin A. The latter
is expressed only in differentiated cells (Rober et al., 1989). The
human B1 gene is located on chromosome 5 and ﬂanked by genes

encoding the phosphorylated adapter RNA export protein PHAX
and the Membrane Associated Ring-ﬁnger protein 2/3 (MARCH 2/3TYPE), which is also one ﬂanking gene of the Nematostella lamin
gene. The human B1 gene has 10 introns. The human B2 lamin gene
lies on chromosome 19. It has 11 introns. The ﬂanking genes encode
TIMM13 and BADD45B. The human lamin A gene lies on chromosome 1. It is ﬂanked by genes encoding the Ring-ﬁnger 2/3 and KH
domain containing protein 4 and the sematophorin B precursor. It
is interesting to note that the murine B2 gene maps on the distal
arm of chromosome 10 (Zewe et al., 1991). This ﬁnding was made
more than 10 years before the human and murine genomes were
established.
Non mammalian vertebrates have 4 lamin genes due to a
germline speciﬁc lamin gene. The number of 4 genes has been
established only in the genome of Xenopus tropicalis. The B1 gene
has 10 introns and lies on scaffold 7. It is ﬂanked by the gene
encoding Ring-ﬁnger protein 2/3 just as in the human B1 and
Nematostella lamin genes (Fig. 6). The other ﬂanking gene encodes
an aldehyde dehydrogenase 7. The lamin B2 gene lies on scaffold 555. It has 11 introns. The ﬂanking genes encode timm13 and
RPL36. The lamin A gene has 12 introns and lies on scaffold 1266,
which is very small so that no ﬂanking genes are currently known.
The germline speciﬁc gene B3 lies on scaffold 562. One ﬂanking gene
is SHGL1/2/3. The other ﬂanking gene is not yet available. Interestingly the Xenopus tropicalis B3 protein shows 13% amino acid
sequence identity with the Xenopus laevis protein. The corresponding B3 (LIII) gene was ﬁrst described by Doring and Stick (1990). It
is also described for the ﬁsh Danio rerio (Erber et al., 1999). We
now ﬁnd that the gene is located on chromosome 10. The ﬂanking

Fig. 4. Alignment of predicted lamin protein sequences for the echinoderm Strongylocentrotus purpuratus (upper line), the tunicate Ciona intestinalis (lamin L2) and the
chordate Branchiostoma ﬂoridae (lower line). Intron positions are marked by inverted letters (white on black) in the sequence, for intron sizes see Table 4.
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Fig. 5. Alignment of predicted lamin protein sequences for the three human lamin genes (B1, B2 and A/C) and the Xenopus lamins (B1, B2, B3 and A). Intron positions are
marked by inverted letters (white on black) in the sequence, for intron sizes see Table 1.

gene encodes the phosphorylated adapter RNA export protein. The
ﬂanking gene on the other side is not yet available.
Phylogenetic basis of the number of lamin genes of metazoa
Radiata like the cnidarian Nematostella (Zimek and Weber,
2008), Hydra (this study) and the primitive placozoan Trichoplax
adhaerens (this study) have a single lamin gene. Mammals have
3 lamin genes (Fig. 5) and non mammalian vertebrates have 4
genes because of a germline speciﬁc lamin gene. Only in Xenopus
tropicalis are all 4 genes documented (this study). Other bilateral
metazoa have only 2 lamin genes although the nematode C. elegans
has only 1 gene.
This germline speciﬁc lamin gene with its 12 introns was originally described by Doring and Stick (1990) for Xenopus laevis and
by Erber et al. (1999) for the ﬁsh Danio rerio. In the case of platypus
Ornithorhynchus anatinus the genome provides currently only 3
genes, but practically no information on ﬂanking genes. This will
change in the future.
Discussion
We report the gene sequence of a larger number of additional
lamin genes and where possible have identiﬁed the ﬂanking genes.

This has provided some understanding on the number of lamin
genes per species, which is 1 to 4. It is now established that radiata
have only a single lamin gene. This was ﬁrst seen in our analysis of the genome of Nematostella vectensis (Zimek and Weber,
2008) and is now extended to Hydra magnipapillata and to Trichoplax adhaerens. Equally well established is that mammals have
three lamin genes B1, B2 and A. Non mammalian vertebrates have
4 lamin genes due to an additional germ line speciﬁc gene (Doring
and Stick, 1990). The 4 lamin genes of non mammalian vertebrates
are currently only documented for Xenopus tropicalis. More problematic is the question which bilateral animals express 2 or only 1
lamin. Thus the genome of the nematode C. elegans has only 1 lamin
gene, while Drosophila melanogaster clearly has 2, the generally
expressed lamin Dmo gene and the gene C, which is additionally
expressed in differentiated cells. The sea urchin Strongylocentrotus purpuratus, a member of the echinoderms, may have only a
single lamin gene. A further candidate for only one gene may be
Schmidtea mediterranea, a member of the plathelminthes. However, we note that for many bilateral animals only one lamin gene
is known and attempts to ﬁnd a second one have not been made.
So one can only say that currently the number of lamin genes per
species follows more or less metazoan phylogeny.
The importance of identifying the nature of the genes ﬂanking the lamin genes is illustrated by two observations. Already
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Fig. 6. The ﬂanking genes of metazoan lamins indicate whether the species have a strong genome drift (b) or not (a). Data on ﬂanking genes has been retrieved from the
online genome resources (see Materials and methods).

Erber et al. (1999) noted that the lamin protein sequence of the
nematode C. elegans was the most remote sequence of metazoan known at that time and coined the phrase evolutionary or
genomic drift. This observation was extended in the study of Raible
et al. (2005) to Drosophila melanogaster and related insects. We
showed subsequently (Zimek and Weber, 2008) that the genes
of the nematode C. elegans and the two Drosophila lamins had
either very many fewer introns and at totally new positions (C.
elegans lamin and Drosophila lamin Dmo) or very few introns

with only some located at otherwise known positions (Drosophila
lamin C gene). Here we have shown that for the lamin genes of
Drosophila and the single lamin gene of C. elegans the ﬂanking
genes are not only totally different than in another member of
the ecdysozoa (Daphnia pulex), but have also no relation to each
other. This is particularly striking for the single C. elegans lamin
gene and the Drosophila Dmo gene, which fulﬁl the same function. Using now one, two or even three of these criteria we know
that not only Drosophila and C. elegans have a strong genome
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drift, but that such a drift occurred also in the urochordate Ciona
intestinalis, the annelid Capitella and the planarian Schmidtea
mediterranea.
In contrast in species without a strong evolutionary drift there
are astonishing examples for the same ﬂanking genes. Thus the single Nematostella gene has like the Branchiostoma ﬂoridae lamin B1
gene characterised here, the same ﬂanking genes -Membrane Associated Ring-ﬁnger protein 2/3 and Methylmalonyl-CoA epimerase
-. Even in the vertebrates B1 genes of Xenopus tropicalis and man
the Membrane Associated Ring-ﬁnger protein 2/3 is retained as
one of the ﬂanking genes. One wonders whether a laboratory with
strong computing facilities would not make a major impact when
instead of only 2 ﬂanking genes the number would be increased to
3, 4 or even 5. Maybe one would begin to understand how metazoan genomes expanded in the course of normal evolution. Such an
analysis could be done with well-documented genomes such as the
human or mouse genome and that of Nematostella. We note that
once genomes are missing information on one of the two ﬂanking genes they cannot be used in a more demanding analysis. We
know there are plans to sequence around 20 more animal genomes.
While we do not doubt that some of them are important to establish the relation between different metazoa, the real importance of
a new genome is apparent only when it approaches completion.
The lack of information on ﬂanking genes is a serious drawback.
Thus no ﬂanking genes of the Hydra lamin gene are known and
only one ﬂanking gene for the Trichoplax lamin gene. The lamin
gene of the mollusc Lottia gigantea is not complete at the 3 -end,
because of a big gap in which one ﬂanking gene lies. Even for the
recently established genome of Xenopus tropicalis which provides
all 4 non mammalian lamin genes, one ﬂanking gene is not yet
available. In our last report (Zimek and Weber, 2008) we pointed
out that no information was available on Ctenophora and Porifera
and that a genome project would have to be started on a member of the Porifera. Indeed now sequences become available for
Amphimenon queenslandii (Srivastava et al., 2009; Jackson et al.,
2010). This leaves the problem of Ctenophora, the sister group of
the cnidaria. If it were only for the lamin gene the procedure we
described for the cDNA of Hydra attenuata by Erber et al. (1999)
could be used.
Lamin genes seem speciﬁc for metazoa. No paralogue was found
in the yeast Saccharomyces cerevisiae (Erber et al., 1999). However,
all non metazoan eukaryotes contain a lamin like organisation supporting the inner side of the nuclear membrane. In the parasite
Trypanosoma brucei the NUP1 antigen of the nuclear envelope is
a coiled coil protein containing about 20 near perfect copies of a
144 amino acid sequence. Immuno electron microscopy localised
NUP1 to the inner face of the nuclear envelope suggesting that it is
a major ﬁlamentous component of the Trypanosome lamina (Rout
and Field, 2001).
We point out that our approach may be useful for other
kingdoms, provided essential genes are used and some guiding
information, usually morphogenetic data is available. Alternatively,
the procedure may rule out one or the other model discussed in the
literature. Finally we speculate on the origin of cytoplasmic IF proteins and their genes. Since they are not present in cnidaria (Zimek
and Weber, 2008), they must have originated in an early bilateral
species. As porifera are known to have in some cell types desmosomal junctions (Wehner and Gehring, 2007) and these anchor
usually keratin ﬁlaments, the genome draft of the sponge Amphimenon queenslandii may allow this hypothesis to be explored in
the future.
Since we are interested in lamin genes and their ﬂanking genes,
we have not considered here the lamin gene of the hemichordate
Saccoglossus and the lamin gene of the mollusc Lottia gigantea and
the three genes of the non mammalian vertebrate Ornithorhynchus
anatinus.
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