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Abstract
Background: Synaptotagmin genes are found in animal genomes and are known to function in the
nervous system. Genes with a similar domain architecture as well as sequence similarity to
synaptotagmin C2 domains have also been found in plant genomes. The plant genes share an
additional region of sequence similarity with a group of animal genes named FAM62. FAM62 genes
also have a similar domain architecture. Little is known about the functions of the plant genes and
animal FAM62 genes. Indeed, many members of the large and diverse Syt gene family await
functional characterization. Understanding the evolutionary relationships among these genes will
help to realize the full implications of functional studies and lead to improved genome annotation.

Results: I collected and compared plant Syt-like sequences from the primary nucleotide sequence
databases at NCBI. The collection comprises six groups of plant genes conserved in embryophytes:
NTMC2Type1 to NTMC2Type6. I collected and compared metazoan FAM62 sequences and
identified some similar sequences from other eukaryotic lineages. I found evidence of RNA editing
and alternative splicing. I compared the intron patterns of Syt genes. I also compared Rabphilin and
Doc2 genes.

Conclusion: Genes encoding proteins with N-terminal-transmembrane-C2 domain architectures
resembling synaptotagmins, are widespread in eukaryotes. A collection of these genes is presented
here. The collection provides a resource for studies of intron evolution. I have classified the
collection into homologous gene families according to distinctive patterns of sequence
conservation and intron position. The evolutionary histories of these gene families are traceable
through the appearance of family members in different eukaryotic lineages. Assuming an intron-rich
eukaryotic ancestor, the conserved intron patterns distinctive of individual gene families, indicate
independent origins of Syt, FAM62 and NTMC2 genes. Resemblances among these large, multi-
domain proteins are due not only to shared ancestry (homology) but also to convergent evolution
(analogy). During the evolution of these gene families, duplications and other gene rearrangements
affecting domain composition, have occurred along with sequence divergence, leading to complex
family relationships with accordingly complex functional implications. The functional homologies
and analogies among these genes remain to be established empirically.
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Background
Synaptotagmins (Syts) share a common structure: an N-
terminal transmembrane (TM) sequence followed by a
variable length linker and two tandem, distinctly con-
served C2 domains, C2A and C2B. Syt1 [1] identified as a
protein component of synaptic vesicles, is known to be
required for nervous system function, acting crucially in
the fast, synchronous component of calcium regulated
synaptic vesicle exocytosis [2]. Genomic analysis of Syt
genes [3,4] indicates that animal genomes encode diverse
sets of Syt genes but always maintain a Syt1 orthologue.
Although it is likely that Syt1 orthologues function simi-
larly [2,5-8] the functions of the other Syt genes, in differ-
ent species, still remain to be established. The complexity
of this task increases with the number of Syt genes and
these increase along with organism complexity. The first
study of the full set of Syt genes in a model organism [9]
indicated that only Syt1 is expressed on synaptic vesicles.
The other Syt genes were found to be expressed in different
and distinct places. Many studies using different mamma-
lian Syt genes, indicate tissue distributions which are pri-
marily neural eg. [[10,11] and references therein].
Naturally occurring, cell type-specific expression patterns
have, however, rarely been described eg. [[7,9,12,13] and
references therein]. The discovery of genes in plants which
are similar to Syt genes [3,4,14] further complicates func-
tional predictions. While the plant genes and another
group of animal genes (FAM62) share similarity with Syt
genes, little is known about their functions. A preliminary
biochemical analysis of proteins from the human FAM62
gene family has just been published [15] but growing
speculation about the plant genes [16-18] necessitates a
more detailed description of their similarities and differ-
ences which could usefully inform future functional stud-
ies. I have made use of the abundance of recently
deposited nucleotide sequences from a wide range of
organisms, to carry out a comparative genomics analysis
of these genes, in order to shed light on their evolutionary
relationships.

Results
Collection of plant gene sequences
In order to undertake a comparative analysis of the plant
Syt-like genes, I collected and compared full-length homo-
logues from an evolutionary range of plants. In order to
perform an unbiased search for as many homologues of
these relatively unknown genes as possible, I looked at all
of the primary nucleotide sequence data in the NCBI
sequence databases [19]. This information is fragmentary,
little of it being in the form of complete sequences, either
of transcripts or genomes. By far the most abundant
source of new plant sequences are ESTs, but these repre-
sent particularly small fragments and their sequences are
not determined to high accuracy. I therefore needed to
gather sets of overlapping ESTs to find full-length gene

sequences. In order to focus the search to the detection of
genuinely homologous sequences, I used nucleotide
sequence probes of plant sequences already identified.
Only those database sequences closely related to the
probe sequence would be identified in a given search.
These matching sequences were added to the collection
and joined to any overlapping sequences already present
in the collection. Reiterated searches served to expand the
collection and extend the length of gene fragments. Had I
used amino acid sequence probes to search for homo-
logues of these genes, I would have detected a wider range
of fragments with amino acid similarity, but these would
not necessarily be homologous. Overlapping nucleotide
sequences would be required in any case, to piece together
whole genes from the identified EST fragments, so the
simplest strategy to gather full-length relatives of these
genes was to use nucleotide probes. I avoided gathering
processed sequences in the sequence databases: these
include genes predicted from genome annotation pipe-
lines, as well as the vast majority of amino acid sequences
which are predicted from nucleotide sequences. These
sequences may not be accurate and could mislead subse-
quent analyses if used without verification.

So I carried out reiterated rounds of blastn searching of
nucleotide sequences at NCBI [19]. In the first few rounds,
I used probes representing the plant gene coding
sequences I had already identified (genes 85 to 117) [4].
After each round, I collected all of the statistically signifi-
cant hits with high scoring segments longer than 30
nucleotides and assembled these sequences into a gap4
database [20]. Repeated searching with different probes,
followed by gap4 assembly of only previously uncollected
hits, allowed me to gradually but efficiently build a com-
prehensive collection. Each probe detected a unique spec-
trum of homologous plant sequences. Probes from a
given species could be used to find similar sequences from
related species. Probes covering more conserved regions
could be used to find sequences from a wider range of rel-
atives. Sequences from closely related species could be
used to bridge non-overlapping contigs from a single spe-
cies. In the later stages of the collection process, I carefully
separated the contigs so that in most cases, each represents
a set of overlapping sequences from one species only. As a
final step, to ensure that the collection was as comprehen-
sive as it could be at this time, I searched the nucleotide
sequences at NCBI using tblastn with amino acid
sequence probes and confirmed that the top scoring hits
had already been collected.

As well as examining transcript sequences, I also collected
genomic sequences where available. I particularly wanted
to examine the genome of Physcomitrella patens which is
currently being sequenced [21]. I had previously identi-
fied Syt-like genes in the genome sequences of Arabidopsis
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thaliana and Oryza sativa but both of these represent rela-
tively recently evolved angiosperms whereas the moss
genome represents an ancient bryophyte. I used the trace
archive at NCBI [22] as well as resources at PHYSCObase
[23] where transcript sequences are also available. I con-
firmed the genomic and transcript sequences from several
Physcomitrella patens gene loci and deposited these
sequences in the public databases [EMBL:AM140045,
EMBL: AM140046, EMBL: AM140047, EMBL:
AM140048, EMBL: AM140049, EMBL: AM140050]. In
contrast to animal Syt genes, which appear to increase in
number along with organism complexity [4], I found that
the haploid genome of Physcomitrella patens has even more
of these plant genes (19 or more) than either Oryza sativa
(13) or Arabidopsis thaliana (11). Additional file 1 lists full
details of each gene identified. Additional file 2 lists
alphabetically, in rough phylogenetic order, all of the
plant species in which genes in this collection have been
identified. Genes were identified in a wide evolutionary
range of land plants, from bryophytes to rosids.

Analysis of full-length plant genes
Database searching identified six distinct groups of plant
genes. Since all of the genes encode relatively long pro-
teins, most of the collection comprises gene fragments
which cannot yet be extended to full-length. Only where
a large number of overlapping sequences were available
was it possible to derive full-length gene sequences from
EST contigs. Consequently, the full-length sequences rep-
resent the relatively abundantly transcribed, or the shorter
genes. Genomic sequences were useful for identifying full-
length sequences, irrespective of transcript abundance, as
well as for providing the intron-exon structure of the gene.
Full-length amino acid sequences were compared using
Multalin [24]. The previously used nomenclature (SytA,
SytB, SytC etc.) following [14] is somewhat arbitrary and
is inadequate for a consistent and meaningful description
of these plant genes. I propose the following naming con-
vention for these plant N-terminal-TM-C2 domain genes:
NTMC2Type1.1, NTMC2Type1.2, NTMC2Type6 and so on.
Multiple alignments of full-length sequences from each
group are presented in figures 1, 2, 3, 4, 5, 6

Figures to 1, 2, 3, 4, 5, 6 show the overall domain pattern
common to all of the genes: the N-terminal region, TM
region, linker, C2 domain region and C-terminal region.
Strongly conserved intron patterns, as well as distinctive
patterns of sequence conservation, distinguish the six
types of NTMC2 genes. The six groups are not entirely
homogeneous. Physcomitrella patens NTMC2Type2.3 for
example, while sharing its bulk with the other members of
the NTMC2Type2 group, has different N and C termini
and lacks the second C2 domain. The NTMC2Type2
group is also notable in that some of its members are RNA
edited (see figure 2 and full details in additional file 1). In

some members of this group, the genomic sequence of the
second coding exon lacks one nucleotide at its 3' termi-
nus, resulting in a faulty, frameshifted gene. However,
these genes are still able to produce functional transcripts
with the missing guanosine restored. Transcripts for both
Arabidopsis thaliana NTMC2Type2 genes, and the Oryza
sativa NTMC2Type2.2 gene are edited in this way. Tran-
script sequences have not yet been deposited in the
sequence databases for the Physcomitrella patens
NTMC2Type2.1 and the Medicago truncatula
NTMC2Type2.2 genes, but I have assumed that they are
similarly edited. The genomic loci of the Physcomitrella
patens NTMC2Type2.2 and NTMC2Type2.3 genes and
the Oryza sativa NTMC2Type2.1 gene, do not lack the
equivalent nucleotide, and are not frameshifted. The
genomic locus of the Medicago truncatula
NTMC2Type2.1 gene lacks the equivalent exon-intron
boundary altogether and is not frameshifted. The first
coding exon of the Medicago truncatula NTMC2Type2.1
gene is equivalent to a fusion of the first three coding
exons of the NTMC2Type2 genes mentioned above, with
the corresponding two introns missing. The frameshift
error thus appears to be associated with a particular
intron. Other examples of divergent members of a group
are Physcomitrella patens NTMC2Type4.3, which
diverges at its C terminus and Physcomitrella patens
NTMC2Type5.2 and NTMC2Type5.3, which have a differ-
ent intron pattern. Group 6, as a whole, is not well con-
served C-terminal of the C2 domain.

Collection of animal FAM62 genes
I had previously identified genes in metazoans and non-
metazoans which encode N-terminal-TM-C2 domain pro-
teins sharing similarity with those of plants [4]. In the
meantime, with the annotation of the human genome,
the three members of this gene family in Homo sapiens
have been named FAM62A, FAM62B and FAM62C [25]. I
sought to identify homologues of these genes in other
organisms by tblastn searching genomic sequences,
thereby identifying full-length genes and their intron-
exon structures. In contrast to the current status of primary
nucleotide sequences from plants, many more animal
genomic sequences are available to search. One reason for
this is that animal genomes are relatively small in compar-
ison to plant genomes and are therefore relatively less
expensive to sequence. After identifying FAM62 gene
homologues in genomic sequences, I searched transcript
sequences using blastn with nucleotide probes, to confirm
the predicted gene structures. I identified FAM62 homo-
logues in a range of metazoan genomes. Details of each
gene are listed in additional file 3.

Analysis of full-length FAM62 genes
Full-length amino acid sequences were compared using
Multalin [24]. Figure 7 shows a multiple alignment of the
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plant NTMType1 genesFigure 1
plant NTMType1 genes. Amino acid sequences of full-length gene products are aligned. The N-terminal TM region is boxed. 
Intron positions and phases are marked. C2 domains are indicated. Alternatively spliced regions are boxed. Full details are in 
additional file 1.
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Physcomitrella_1 MGVVNTVLGLVGFGWGLGFGLVTGYFLFI--YLQPTEVKDPFIAQLGEMDEKSLDDLLDDIPLWVKNPDYERV---DWLNRFLKDMWPYLDKAICKMIREQAQPHIDLYGPKFKLDAIEFESLTLGSLPPTFVGMKVYET
Physcomitrella_2 MGIVSTILGFVGFGWGIGVGLAIGYFLFI--YFQPVDEKDPVIRNLDELDSRTLQGLLGEIPLWVKNPDYHRV---DWVNRFLKDIWPYLDKAICKMVRQQAQPYIDKYGPQYKMDSIEFQSLTLGTLPPTFVGMKVYDT
Physcomitrella_3 MGIVGTILALVGFGWGMSIGLGIGYFLFI--YMQPAEVQDPIIRQLGELDARSLEELLNEIPLWVKNPDYDRV---DWLNKFLKDIWPCLEKAICKKLRKKAQPYIDKYGSKYMMNSIDFESLTLGTLPPTFVGMKVYDT
Pinus MGFVSTLVGFFGFGVGVTIGVIIGYFLFI--YFQPTDVKDPIIRPLGELDSKTLEGLLPEIPLWVKNPDYDRV---DWLNTFIHDMWPYLDKAICRKIRDTTKPMIDQYVGKFKIESIEFETLTLGTLPPTLQGMKVYET
Picea MGFVSTVVGFFGFGVGVTIGVLIGYFLFI--YFQPTDVKDPIIRPLGELDSKTLEGLLPEIPLWVKNPDYDRV---DWLNTFIHEMWPYLDKAICQIIRDKTKPMIEQYVGKFKIESIEIETLTLGTLPPTLQGMKVYDT
Oryza_1 MGIVSMLIDFSGFCFGFSAGIVIGYFLFI--YFQPTEVKDVKVCPLVEYDSNSLDGILHEIPLWVKNPDCDRI---DWVSRFLEMMWPYLNKAICKTAQDIANPIIAENKEKYKIDSIEFETLTLGSLPPTFQGMKAYVT
Oryza_2 MGVISTVLGFSGFGFGFSAGIVIGYYFFI--YFQPTDVKDVKVRPLVEYDSISLDGILPEIPLWVKNPDYDRI---DWLNRFLEMMWPYLNKAICRTALDIAKPIIEENRKTYKLESIEFESLTLGSLPPTFQGMKVYVT
Zea MGVISTVLGFSGFGFGFSAGIVIGYFLFI--YVQPTDVKDVKVRPLVEYDSKSLEGILPEIPLWVKNPDYDRI---DWLNRFLELMWPYLNKAICRTAQDIAKPIIAENTAKYKIDSVEFESLTLGSLPPTFQGMKVYVT
Sorghum MGVISTVLGFTGFGFGFSAGIVIGYFLFI--YVQPADVKDVKVRPLVEYDSKSLEGILPEIPLWVKNPDYDRI---DWLNRFLELMWPYLDKAICRTAQDIAKPIIAENTAKYKIDSVEFETLTLGSLPPTFQGMKVYVT
Triticum MGVVSTVLGLFGFGFGFSSGIAIGYYFFI--YFQPTNVKDVEVRPLVEYDSNSLDGILPEIPMWVKNPDYDRI---DWLNRFLELMWPNLNKAICRMAQDIAKPIIAENCEKYKIDSVEFETLTLGTLPPTFQGMKVYVT
Hordeum MGVVSTVLGLFGFGFGFSSGIVIGYYFFI--YFQPTNVKDVEVRPLVEYDSTSLDGILPEIPMWVKNPDYDRI---DWLNRFLELMWPNLNKAICRMAQDIAKPIIAENCEKYKIDSVEFETLTLGSLPPTFQGMKVYIT
Oryza_3 MGFFRTVLGFFGFGVGVTMGLVIGYYLFI--YFQPTDVKDPVIRPLVELDTKSLESMLPEVPHWVKNPDFDRI---DWLNKFVENIWPYLDKAICKTAKEIAKPIIAENTAKYKIDSVEFETLTLGSLPPTFQGMKVYTT
Aquilegia MGFFSTIFGLFGFGMGISIGLVAGYYLFI--YFQPTDVKDPTIRPLVEQDSQTLQRILPEIPLWVKNPDYDRV---DWLNKFIELMWPYLDKAICKTAKNIAKPIIAEQIPKYKIDSVEFEVLTLGSLPPTFQGMKVYVT
Vitis MGIVSTILGFCGFGVGISIGLLIGYYLFI--YFQPTDVKDPIVRPLVEQDSKTLQRLLPEIPQWVKNPDYDRV---DWLNKFIENMWPYLDKAICKTAKNIAKPIIAEQIPKYKIDSVEFEALTLGSLPPTFQGMKVYAT
Solanum MGFVSTILGFCGFGVGVSCGLTIGYYLFI--YFQPCDVKDPVIRPLVERDSKSLQQLLSEIPLWVKCPDYDRV---DWLNKFLEYMWPYLDKAICRTAKDIAAPIIAEQIPKYKIDSVEFETLTLGSLPPTFQGMKVYVT
Lycopersicon MGFVSTILGFCGFGVGVSCGLTIGYYLFI--YFQPCDVKDPVIRPLVERDSKSLQQLLSEIPLWVKCPDYDRV---DWLNKFIEYMWPYLDKAICRTAKDIAAPIIAEQIPKYKIDSVEFETLTLGSLPPTFQGMKVYVT
Citrus MGVISTIFGFCGFGVGISSGLVIGYFLFI--YFQPTDVKNPEIRPLVERDSETLQQMLPEIPLWVKCPDYDRV---DWLNKFLELMWPYLDKAICKTAKNIAKPIIAEQIPKYKIESVEFETLTLGTLPPTFQGMKVYVT
Populus MGFFSTILGFCGFGVGISTGLTIGYYLFI--YFQPSDVKDPEVRPLVEHDSETLQRMLPEIPLWVKNPDHDRI---DWLNRFIQLMWPYLDKAICKTAENIAKPIIAEQIPKYKIDAVEFETLTLGTLPPTFHGMKVYVT
Medicago_1 MGFFSTIFGFFGFGVGISIGLVVGYFLFI--YFQPTDVEDPKITPIVDQDDETLQKMLPEIPNWIKNPDFDRV---DWLNKFIELMWPYLDKAICKTAKNIAKPIIEEQIPKYKIDSVEFQTLTLGTLPPTFQGMKVYVT
Phaseolus MGFFSAILGFFGFGVGISIGLVAGYFLFI--YFQPTDVEDPEIKPLVEQEQETLQRMFPEIPLWVKSPDFDRL---DWLNKFLEYMWPYLDKAICKTAKNIAKPIIAEQIPKYKIDSVEFETLTLGSLPPTFQGMKVYVT
Malus MGILSAILGFVGFGVGTSTGLVIGYYVFI--YFLPTDVKNPAIRPLVEQDSKTLQRLLPEIPMWVKNPDYDRV---DWLNKFIELMWPYLDKAICKTARTIAKPIIAEQIPKYKIDSVEFEALSLGTLPPTFQGIKVYVT
Lactuca MGVVSTIMGAFGFGIGVPTGLVIGYYLFI--YYQPTHVETPKVRPLVERDTKSLEQMLPEIPMWVKNPDHDRV---DWLNKFIELMWPYLDKAICKTVKTIAEPIIKEQIPKYKIDAVEFDTLTLGNLPPTFQGMKVYST
Gossypium MGVLSSVMGVFGFGIGTSVGIVIGYYMFI--YFLPTDVKDPKIRPLVEEDSKTLQQLLPEIPLWVKNPDFDRV---DWLNKFIETMWPYLDTAICTTAKNIAKPIIDEQIPKYKIQSVEFETLTLGTLPPTFQGMKVYVT
Medicago_2 MSILSTIASFLGFGIGTSLGLLIGYFMFI--YFESIDVKDPTFTPLVEQEAKTVQQLLPEIPLWIKNPDYDRL---DWLNKFVECMWPYLNKAICKTTRTIAKPIIAEQIPKYKIDSVEFEELNLGSLPPTFQGMKVYST
Glycine_1 MGILSTIASFFGFGVGTSIGLVIGYYLFI--YFQPTDVKDPVIQPLVEQDAKTLQLLLPEIPTWIKNPDYDRV---YWLNKFILYMWPYLDKAICKTARSIAKPIIAEQIPKYKIDSVEFEELSLGSLPPTFQGMKVYVT
Arabidopsis_1 MGFFSTILGFCGFGVGISLGLVIGYVLFV--YLLPNDVKDPEIRSIADQDPKAMLRMLPEIPLWVKNPDFDRV---DWINRFLEYMWPYLDKAICKTAKNIAKPIIEEQIPKYKIDSVEFETLTLGSLPPTFQGMKVYLT
Arabidopsis_2 MGIISTILGVIGFGFGTTIGIVIGYYLFI--YFQSTD--DPEIKPLVELDSETIATMFPEIPMWVKNPDFDRI---DWLNKLIGHMWPYMDKAICKMAKSIAKPIIAEQIPNYKIDSVEFEMLTLGSLPPSFQGMKVYAT
Oryza_4 MGIVSMVLSFIGFCIGFSVGIVIGYFLFI--YFQPTDVKNVKVRPLVEYDSDSLDDTLPEIPLWLKNPDYDRL---DWLNRFLELMWPYLNKAICRIAQDVANPIIAKNKEKYKIDYIKFETFTLGSLPPTFQGVKVQVT
Oryza_5 MGLVG---GLLGFGVGLPLGIAVAYLVYLRLFAPRRRLQDPIIRPLRDLDSETLQTTIPDIPLWVKCPDYERV---DWINKFIFDMWPFLDKAICNTIRSVIRPTFDQYVGQYGIKSIEFGHLTLGALPPTFQGIKVYEM
Arabidopsis_3 MGFFTSVLGIIGFVIGIPIGLILGFFVLI--YSQPSHQEYPPARPLVETSISVLLDLLPDIPLWMKNPDYERV---DWFNKFISYMWPYLDKAVCGIIRSSVQPLFADYIGTFCIESIEFENLSLGTLPPTVHGVKFYET
Glycine_2 MGLVSSFLGILGFAVGIPLGLFVGFFLFV--YSETKHVKDPVVRPISELGPNALQELLPEIPLWVKTPDYERVFQVDWLNKFLLDTWPFLDTAICKIIRSRAQPIFFEYIGKYQIKAIEFDKLSLGTLPPTVCGIKVLET
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Physcomitrella_1 KEKEMILEPSFKFAGNPNIIVAVRAFGMKATVQLVDVQVSATARVTLKPLIPVFPCFSKIIVSLMSKPQVDFGLKLLGGDIMAIPGLYRYVQDNISSQVAKMYMWPKKMDIPVNDDPS-ASKKPVGIIEVTIVKATNLVR
Physcomitrella_2 KEAEMILEPSFKFAGNPNIIVAVKAFGLKATVQVVDVQVFATARITLKPLIPVFPCFSKIVVSLMEKPHVDFGLKLLGGDIMAIPGLYGFVKDTIANQVADMYMWPKSLEIPINTDAS-ADKKPVGVVEVKIIRATNLMK
Physcomitrella_3 KEREIIFEPSFKFAGNPNIIIAVKAFGLKATVQLVDVQAFATARITLKHLVPMFPCFSKVVISLMDKPHIDFGLKLLGGDVMAIPGLYGFVQDTIRDRVAEMYMWPKTLEIPIIDDHS-AAKRPVGTVEVKIIRARNLLK
Pinus QEKELIMEPALKWAGNPNVIVAVKAFGLRATLQMVDLQVFAVPRVTLKPLVPSFPCFAKIFVSLMEKPHVDFGLKLLGGDVMAIPSLYQFVQEMIKEQVANLYLWPKTLEVPILD-QR-ATHKPVGMLHVKVVKATDLKK
Picea QEKELIMEPVLKWAGNPNVIVAVKAFGLRATVQLVDLQVFAIPRVTLKPLVPSFPCFAKIFVSLMEKPHVDFGLKLLGGDLMAIPGLYQFAQEMIKEQVANLYLWPKTLEVPILD-QR-ATHKPVGMLHVKVVRAINLKK
Oryza_1 EEQELIMEPSLKWAANPNVTVVVKAYGLKATIQVVDLQVFASPRITLKPLVATIPCFAKILVSLMEKPHVDFGLKLLGADVMAIPILYSFVQETIKKQVASMYLWPKTLEVPIMDPSK-ASKRPVGILLVKVLRAQNLQK
Oryza_2 EEQELIMEPSLKWAANPNVTVVVKAYGLKATVQIVDLQVFASPRITLKPLVPTFPCFAKILVSLMEKPHVDFGLKLFGADLMAIPGLYRFVQETIKKQVASMYLWPKTLEVPIMDPSK-ASKKPVGILLVKVLRAQNLRK
Zea EEQELIMEPSLKWAANPNITVAVKAYGLKATIQIVDLQVFASPRITLKPLVPTFPCFAKILVSLMEKPHVDFGLKLLGADVMAIPGLYRFVQETIKKQVASMYLWPKTLEVPIMDPSK-ASKRPVGILLVKVVRAQNLRK
Sorghum EEQELIMEPCLKWAANPNVTVVIKAYGLKATVQIVDLQVFALPRITLKPLVPTFPCFAKILVSLMEKPHVDFGLKILGADVMAIPGLYRFVQETIKKQVAIMYLWPKTLEVPIMDPSK-ASKKPVGILLVKVIRAQNLRK
Triticum DEKELIMEPSLKWAANPNITVVAKAYGLKATVQIVDLQVFASPRITLKPLVPTFPCFANXSVSLMEKPHVDXGLKLFGADLMAIPVLYKFVQDTIKKQVGNMYLWPKTLEVPIMDPSK-ASKXPVGILLXKVVRAQNLKK
Hordeum DEKELIMEPSLKWAANPNITVVAKAYGLKATVQIVDLQVFASPRITLKPLVPTFPCFANISVSLMEKPHVDFGLKLFGADLMAIPVLYKFVQDTIKKQVANMYLWPKTLEVPIMDPSK-ASKKPVGILLLKVVRAQNLKK
Oryza_3 DEQELIMEPSIKWAGNPNITVVVKAFGLKATAQVIDLHVFALPRITLKPLVPSFPCFAKIVVSLMEKPHVDFGLKLLGADLMAIPGLYVFVQEIIKTQVANMYLWPKVLEVPIMDPAK-AQKKPVGILHVNIVRAVKLTK
Aquilegia DEKELIMEPCLKWAGNPNVTVAVKAFGLKATIQVVDLQVFAAPRITLKPLVPSFPCFAKILVSLMDKPHVDFGLKLLGADVMSIPGLYSFVQEFIKEQVANMYLWPKTLEVVIMDPAK-AQKRPVGILHVKVVRAIKLKK
Vitis DEKELIMELSMKWAGNPNITVAVKAFGLRATVQVVDLQVFAAPRITLKPLVPSFPCFANIFVSLMEKPHVDFGLKLLGADVMAIPGLYRLVQELIKDQVANMYLWPKTLEVPIMDPAK-AMKKPVGILSVKVVRAMKLKK
Solanum EEKELIMEPSIKWAGNPNVTVAVKAFGLKATVQVVDLQVFAAPRITLKPLVPSFPCFANIFVSLMEKPHVDFGLKLLGADLMSIPGLYRFVQETIKDQVANMYLWPKTLEVQILDPSK-AMKKPVGVLHVKILRAMNLKK
Lycopersicon EEKELIMEPSIKWAGNPNVTVAVKAFGLKATVQVVDLQVFAAPRITLKPLVPSFPCFANIFVSLMEKPHVDFGLKLLGADLMSIPGLYRFVQETIKDQVANMYLWPKSLEVQILDPSK-AMKKPVGVLHVKILRAMNLKK
Citrus DEKELIMEPCLKWAANPNVTIGVKAFGLKATVQVVDLQVFAQPRITLKPLVPAFPCFANIYVSLMEKPHVDFGLKLVGADLXVIPGLYRFVQELIKTQVANMYLWPKTLEVPILDPSK-AYRRPVGILHVKVVKAMNLKK
Populus DEKELIMEPCIKWAGNPNVTIAVKAFGLKATAQVVDLQVFASPRITWKPLVTNFPCIANIYVSLMEKPHVDFGLKLLGADLMSIPGLYRVVQEIIKDQVANMYLWPKTLEVPILDPAN-AMKRPVGILKVKVLRAMKLKK
Medicago_1 DEKELIMEPSIKWAGNPNVTIAVKAFGLKATVQVVDLQVFLLPRITLKPLVPSFPCFANIYVALMEKPHVDFGLKLLGADLMSIPGVYRIVQELIKDQVANMYLWPKNLEVQILDMAK-AMRRPVGILHVKVLHAMKLKK
Phaseolus DEKELIMEPSVKWAGNPNVTVSVKAFGLKATVQVVDLQVFLLPRVTLKPLVPSFPCFANINVSLMEKPHVDFGLKLIGADLMSIPGVYRIVQDLIKDQVANMYLWPKTLEVPILDMSK-ALRRPVGILHVKVLHAMKLKK
Malus GEKELIMELQLKWAGNPNILGLTKAFGLEATVQVVDLQVFACPRITLKPLVSAFPCFSKIFVSLMEKPHVDFGLKLLGADAMAIPGLYRFVQELIKEQVANMYLWPKALEVQIMDPTM-AMRKPVGILHIKVLKAMKLKK
Lactuca DDKELIMEPSFKWAANPNIHVAVKAFGLRPTIQVVDLQVFASPRITLKPLVPSFPCFCQILVSLMEKPHVDFGLKLLGADLMSIPGLYRFVQELIKTQVANMYLWPKTLVVPVLDPAK-AMKRPVGMLNVKVLRAMKLKK
Gossypium DEKEIIMEPSLKWAGNPNIIIAVKAFGLKATVQVVDLQVFAVPRITLKPLLSVFPCFANIYVSLMDKPHVDFGLKLLGADVMAIPGLYRFVQELIKDQVANMYLWPKALQVPIMDPTQ-AMKKPVGMLDVKVVKAMKLRK
Medicago_2 DEKELIMELSMKWAGNPNIIVAVKAFGLRATVQVVDLQVFASPRIMLKPLVPSFPCFANIYVSLMEKPHVDFGLKLLGADAMSIPGLYRIVQEIIKDQVAKMYLWPKALQVQIMDPSQ-AMKKPVGILHVKILKAVKLRK
Glycine_1 DEKELIMEPSVKWAGNPNIIVAIKAFGLRATVQVVDLQVFAAPRITLKPLVPSFPCFANIYMSLMEKPHVDFGLKLLGADAMSIPGLYRIVQAIIKDQVAKMYLSPKALEVQIMDPTK-AMKVPVGILHVKVVRAEKLKK
Arabidopsis_1 DEKELIMEPCLKWAANPNILVAIKAFGLKATVQVVDLQVFAQPRITLKPLVPSFPCFANIYVSLMEKPHVDFGLKLGGADLMSIPGLYRFVQEQIKDQVANMYLWPKTLVVPILDPAK-AFRRPVGIVHVKVVRAVGLRK
Arabidopsis_2 DDKEIIMELSVKWAGNPNIIVVAKAFGLKATVQVIDLQVYATPRITLKPLVPSFPCFANIFVSLMDKPQVDFGLKLLGADVMAIPGLYRFVQEIIKDQVANMYLWPKTLNVQIMDPSK-AMKKPVGLLSVKVIKAIKLKK
Oryza_4 NEQELVMEPSLKWAGNPNTTVVVKAYGLKATIQVVDMQVFVLPRITLKPLVSSFPCFANILVSLMEKPHVDFGLKLLGADVMAIPVLYKFVQETIMDQVASMFLWPKTLEVPIMDPSK-ASKKPVGILLVKVLRAQNLRE
Oryza_5 REKELVIEPVIRWASIANVIVKVKVHSFQVSAQLLDLHIMLTPRVTLKPLVPSFPCFANLCVSLMEKPHIDFGFKLLGGDVMAIPGLHRFVREKISKQIANLYHWPKLIQIPILDEASGATKKPVGILHVKVIRAMNLLK
Arabidopsis_3 NEKELLFEPSIKWAGNPNIVLVLKVLSLRIRVQLVDLQFFAIVRVALKPLLPTFPCFGMVVVSLMEKPHVDFGLKVLGGDLMSIPGLYRYVQETIKRQVSSMYHWPQVLEIPILDSSTASVKKPVGLLHVSILRARNLLK
Glycine_2 NGKELVMEQVIKWAGNPEIVLSVYVASLKITVQLVDLQIFAAPRVTLRPLVPTFPCFANIVVSLMEKPHVDFGMNVXGGDIMSIPGLYRFVQETIKKQVANLYLWPQTLEIPILDESTVAIKKPVGILHVNVVRAQKLLK
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Physcomitrella_1 KDTFGKSDPYVKVQLV-NTIHSKKTTHKLSTLNPVWNEVVKLTIQDPKTQSLELQVFDWDKVGSHEKMGMVIVPLSELVENVPKLYNGLKLLKNVDP-NDEKNL-KS-RGEITFEILFKPFKDDDDSDDQGEAAADGSQM
Physcomitrella_2 KDFMGKADPYVKIQLV-NTMLSKTTRAKMNTLNPEWNQTFKLSVQDLKSQSLELQVFDWEKVGAHDKMGMQVVPLKDLQENVPKLQT-VPLFKNMDP-NDEANS-KK-RGELTFEMNLRLFKEDDTEEDIKAKSMDDGQF
Physcomitrella_3 TDFMGKADPYVKIRLV-NSVLSKTTRTKANTLNPEWHEIFKLPVQDPKSQSLELEVFDWEKLGAHEKMGMQIVPLKDLVDDEPKSFT-LPLVKNVDP-NDEANS-KKSRGDIVFEMTFKAFKEDDNEADIAEESHS----
Pinus KDMLGKSDPYVKLKLTGEKLPSKKTTVKQSNLNPEWNEEFNFVVKDPESQALELTVYDWEKVGSHEKMGMQAYHLKELTPSETRSVT-LNLLKTLDP-NDPQN--IKPRGQITLEMTYNPFKEEENLPVDEDDS--VVEK
Picea KDMMGKSDPYVKLKMMGEKLPSKKTTVKSSNLNPEWNEEFKFVVKDPESQALELSVYDWEKVGSHEKMGIQAYDLKELTPSETKSVT-LNLLKSLDP-NDPQN--AKARGQITIEMTYNPFKEDENSPADDEDS--AVEK
Oryza_1 KDLLGKSDPYVKLTMSDDKLPSKKTTVKRGNLNPEWNEDFKFVVTDPETQELEIKVFDWEQVGKHDKMGMNKILLKELPPEETKVTT-YNLLKTMDP-NDIHN--EKSRGQITLEMTYKPFKEDDIEK-DVQGT-DVVGK
Oryza_2 KDLLGKSDPYVKLKMSDDKLPSKKTTVKRSNLNPEWNEDFKFVVTDPETQALEINVFDWEQVGKHEKMGMNNILLKELPADETKVMT-VNLLKTMDP-NDVQN--EKSRGQLTLEVTYKPFKEEDMEKEGIDNA-DVVEK
Zea KDLLGKSDPYVKLKMSDDKLPSKKTTVKRSNLNPEWGEDFKFVVTDPENQALEVNVFDWEQVGKHEKMGMNMIPLRELLPEGTKVTT-LNLLKTMDP-NDVQN--EKSRGELTLELTYKPFKEEDIEKEDTQGA-DVIEK
Sorghum KDLLGKSDPYVKLKMSDDKLPSKKTTVKRSNLNPEWNEDFKFVVTDPENQALEVNVFDWEQVGKHEKMGMNMXPTARGPPEETKVTT-LNLLKTMDP-NDVQN--EKSRGQLTLELTYKPFKEEDGEIEDTEGT-NVIEK
Triticum KDLLGKSDPYAKLKMTDDKLPSKKTSVXRSNLNPEWNEDFKFVVTDPENQSLEVDVFDWEQVGKHEKMGMNMVLLKELPPEETKVLT-LNLLKTMDP-NDIQN--EKSRGQIILEATYKPFKEEDMEKEXVDGX-DEVQK
Hordeum KDLLGKSDPYAKLKMTDDKLPSKKTSVKRSNLNPEWNEEFKFVVTDPENQSLEVNVFDWEQVGKHEKMGMNRILLKELPPEETKVMT-LNLLKTMDP-NDIQN--EKSRGQIILEATYKPFKEDDMEKESVDGV-DEVQK
Oryza_3 KDFLGKSDPYVKLKLTEEKLPSKKTSVKRSNLNPEWNEDFKLVVKDPESQALELTVYDWEQVGKHDKIGMSVIPLKELIPDEAKSLT-LDLHKTMDA-NDPAN--DKFRGQLTVDVTYKPFKEGDSDVDTSDES-GTIEK
Aquilegia KDLIGASDPYVKLKLTEDKLPSKKTTVKHKNLNPEWNEEFNFVVKDPGSQALEFTVYDWEQVGKHDKMGMNVIPLKDLIPEETKVMT-HDLLKNMDP-NDAQN--EKSRGQLVLEVTYKPFKEEDIPK-DIEDS-NSVEK
Vitis XDLMGASDPYVKMKLTEDKLPSKKTTVKLKNLNPEWNEEFNMVVKDPESQALEVNVYDWEQVGKHDKMGMNVIPLKELTPDEPKVLT-LDLLKNLDP-NDVQN--EKSRGQIVLEALYKPFKDTEIPK-DLEDP-NAIEK
Solanum KDLLGASDPYVKLKLTESKLPSKKTPVRHKNLNPEWNEEFNMVVKDPESQALELSVYDWEQIGKHDKMGMNVIPLKDLTPDESKTMT-LNLLKNMDA-NDAQN--DKDRGQIMVELTYKPFKEDELPK-DFEDN-DAAHK
Lycopersicon KDLLGASDPYVKLKLTESKLPSKKTPVRHKNLNPEWNEEFNMVVKDPESQALELSVYDWEKIGKHDKMGMNVIPLKDLTPDETKTMT-LSLLKNMDA-NDSQN--DKDRGQIMVELTYKPFKEDELPK-DFEDN-DAAHK
Citrus KDLLGASDPYVKLKITEDKLPSKKTTVKHKNLNPEWNEEYNFTVRDPESQAVELAVSNWEQVGKHDKMGMNVVPLKELTPEEPTVKT-LDLLKNMDL-NDGQN--EKSRGQLVVEFMYKPFKEEDLPK-SFEES-QTVQK
Populus KDLMGASDPYVKIKLTEDKLPAKKTTVKHKNLNPEWNEEFNVVVKDPESQALELRVYDWEQVGKHDKMGMNVVPLKELTPEEPKIMT-LELLKNMDL-NDPQN--EKSRGQLMVELTYKPFKEDDVNL-SFKE--QAEQK
Medicago_1 KDLLGASDPYVKLKLTDDKMPSKKTTVKHKNLNPEWNEEFNLVVKDPETQVLQLNVYDWEQVGKHDKMGMNVITLKEVSPEEPKRFT-LDLLKTMDP-NDAQN--EKSRGQIVVEVTYKPLNEEEMGK-GFDET-QTIPK
Phaseolus KDLLGASDPYVKLKLTDDKLPSKKTSVKHKNLNPEWNEEFNLIVKDPDSQVLEINVYDWEQVGKHDKMGMNVVSLKDVSPEEPKSFT-LDLLKTMDP-NDVQN--EKSRGQIVVELTYKPFKEEDLAK-GFDET-QTVPK
Malus KDFLGGADPYVKIKLTEDKLPSKKTTVKHGTLNPEWNEEFNFVVRDPVTQALEFMVYDWEKIGKHDKMGMNVIPLKELTPEEPKVMT-LEVLKNMDP-NDAQN--EKSRGQLVVELIYKPFTEDEMPK-DDEDP-KTIVK
Lactuca KDILGASDPYVKLKLTEDKLPSKKTVVKHKNLNPEWNEEFHLVVKDPESQALEIIVYDWEQVGKHDKMGMNVIPLKEITPGEPKVMT-LELLKNMDP-NDTQN--EKSRGQIMIELVYKPFTDDQIPA-ESKNG-EVIEK
Gossypium KDFLGKSDPYVKLKLTEEKLSAKKTTVKQSNLNPEWNEEFSFVVKDPNTQALEIILYDWEQVGKHDKMGMNVVPLKDLTPEEPKVFT-LDLLKNMDP-NDQQN--EKSRGQLVLEAFYKPFKEDEMPN-DVDDS-TMVQK
Medicago_2 KDIMGGADPYVKLKLKDDKLASKKTTVKYKNLNPEWNEEFNVVIKDPESQDLMLNVYDWEQFGKAEKMGMNVIPVKELTPNEPKLLL-LKLLKTLVP-NDPEN--EKSRGELIVEVMYKPFKDDEVSK-NSEDT----EK
Glycine_1 KDLLGASDPYVKLKLTEEKLPSKKTTVKYKNLNPEWNEEFNIVVKDPESQVLELTVYDWEQIGKHDKMGMNVIPLKEITPDEPKAVT-LNLLKTMDP-NDPEN--AKSRGQLTVEVLYKPFKEDELPQ-SAEDS-NAIEK
Arabidopsis_1 KDLMGGADPFVKIKLSEDKIPSKKTTVKHKNLNPEWNEEFKFSVRDPQTQVLEFSVYDWEQVGNPEKMGMNVLALKEMVPDEHKAFT-LELRKTLDG-GEDGQPPDKYRGKLEVELLYKPFTEEEMPK-GFEET-QAVQK
Arabidopsis_2 KDLLGGSDPYVKLTLSGDKVPGKKTVVKHSNLNPEWNEEFDLVVKEPESQELQLIVYDWEQVGKHDKIGMNVIQLKDLTPEEPKLMT-LELLKSMEP-KEPVS--EKSRGQLVVEVEYKPFKDDDIPE-NIDDP-NAVEK
Oryza_4 KGPLGKRDPYVKLKMSGSKLPSKKTAVKHSNLNPEWNQEFKFVIRDPETQELDINVFDWEQFGKDEKLGMCKISLKKLTPG-TEVIT-DNLIKTMEP-NGIQN--EKSAGEITLELTYKPFKEGNIQKED----------
Oryza_5 MDLLGKSDPYVKLRLSGEKLPSKKTSIKMSNLNPEWNEHFRFIVKDPETQILELRMFDWEKVKMHDKLGMQVVPLRLLTPYESKLFT-LDLLKSMDP-NDPHN--KKNRGKLVVELTFDPFRDDSNSTILMSDGEGNVSV
Arabidopsis_3 KDLLGTSDPYVKLSLTGEKLPAKKTTIKKRNLNPEWNEHFKLIVKDPNSQVLQLEVFDWDKVGGHDRLGMQMIPLQKINPGERKEFN-LDLIKNSNVVMDSGD--KKKRGRLEVDLRYVPFREESIK----RRKESREEK
Glycine_2 MDLLGTSDPYVKLSLTGDKLPAKKTTVKRKNLNPEWNEKFKIVVKDPQSQVLQLQVYDWDKVGGHDKLGMQLVPLKVLNPYENKEFI-LDLLKDTNL-NETPH--KKPRGKIVVDLTFVPFKEDSXKFGGPSEGYSRKES
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Physcomitrella_1 TPE-----GTG--GGLLTVTIVQAEGLEGKH-HNNPFVELHFKGDKRKTHVVKKNREPRWDAEFTWNLEEAPENEHLLLEVHSRGSSMNM-VHRQESLGHADISLRDLRGMSKRINETYTLVDG-HGKIQVVLDWQAV--
Physcomitrella_2 ANG-----VKSSEGGLLSVIIHQAQELEGKH-HTNPFVEVNFRGDKKKTPVVKKNKNPRWDQLFTWQLDDPPVSDSLHIEVLSKGSSLNM-VHRHEILGSVNIPLGDVVK-NKNINSKYGLANS-HGMIQVELKWKPV--
Physcomitrella_3 ASE-----SVPHHGGVLSVTVHQAEEVEGKH-HTNPFVELHFRGDKKKTLVIKKSTDPSWEQEFSWQLDDSPISDSLHVEVLSKRSSMNL-FHRQESLGYVDIPLQDVVN-NKTINEKFQLVDS-PGMIQLELTWRIS--
Pinus APE-----GAPAGGGLLVVRVIEAEDVEGKH-HTNPYVRLLLKGEERKTKPIKKNRDPRWDQEFEFMLEDPPVNDRIHVEVMSKGSSLG--LHARESLGYVDINLSDVVN-NKRINEKYHLIDSKNGKIQIELLWRSS--
Picea APE-----GTPAGGGLLVVRVLEAEDVEGKH-HTNPYVRLLFKGEEKKTKPVKKNRDPRWDQEFEFMLEDPPVNDKIHVEVMSKGSSLA--LHSRESLGYVDINLSDVVN-NKRINEKYHLIDSKNGKLQLELLWRSS--
Oryza_1 APD-----GTPAGGGLLYVVVHEAQDLEGKH-HTNPYARIIFKGNEKKTKVIKKNRDPRWEEEIEFVCEDPPANDKLHVEVLSKPPKKWL-IHGKETLGYIDINLADVIS-NKRINETYHLIDSKTGQIQIELQWRTS--
Oryza_2 APD-----GTPAGGGLLYVVVHEAQDLEGKH-HTNPYAKIIFKGEEKKTKVIKKNRDPRWEDEFEFVCEEPPVNDKLHIEVLSKASKKGL-IHGKETLGYIDISLADVIS-NKRINEKYHLIDSKNGQIQIEMQWRTS--
Zea APD-----GTPAGGGLLYVVVHEAQDLEGKH-HTNPYAKIIFKGEEKKTKVIKKNRDPRWEDEFEFVCEEPPVNDKLHVEVISKAPKAGL-IHGKETLGYIDISLADVIS-NKRINEKYHLIDSKNGQIQIELQWRTS--
Sorghum APD-----GTPAGGGLLFVIVHEAKDLEGKH-HTNPYAKIIFKGEEKKTKVIKKNRDPRWVDEFEFVCEEPPVNDKLHVEVLSKAPKKGL-IYGKETLGYIDVSLADVIS-NKRINEKYHLIDSKNGQIQIELQWRTS--
Triticum APD-----NTPAGGGLLFVVVHEAQDLEGKH-HTNPYAKIIFKGEEKKTKVIKKNRDPRWEDXFEFVCEEPPTNDKLHVEVLSKAGKKGI-LHGKEALGYIDISLADVIS-NKRINEKFHLIDSKNGQIQIELQWRTS--
Hordeum APE-----NTPAGGGLLFVVVHEAQDLEGKH-HTNPYAKIIFKGEEKKTKVIKKNRDPRWEDEFEFVCEEPPTNDKLHVEVLSKAGKKGI-LHGKEALGYIDITLADVIS-NKRINEKFHLIDSKNGQIQIELQWRTS--
Oryza_3 APD-----GTPEGGGLLVVIVHEAQDVEGKH-HTNPYVRIVFRGEERKTKHIKKNRDPRWEQEFQFVCEEPPINDKMQIEVISRPPSIG--IHSKENLGYVVISLADVIN-NKRINEKYHLIDSKNGRIQLELQWRTS--
Aquilegia APE-----GTPSTGGLLVVMIHEAEDVEGKH-HTNPYVRILFRGEERKTKHIKKNRDPRWEEEFTFMLEEPPTNDRMHVEVISASSRMGI-LHPKETLGYIDINLADVVS-NKRINEKYHLIDSKNGRIQIELQWRTGS-
Vitis APD-----GTPAGGGLLVIIVHEAQEVEGKH-HTNPYVRLLFRGEERKTKYIKKNRDPRWEEEFTFMLEEPPTNDRIHVEVVSTSSRMGL-LHPKETLGYVDINLSDVVS-NKRINEKYHLIDSKNGKIQIELQWRTST-
Solanum VPE-----GTPPGGGVLMIIVHEAQDVEGKH-HTNPYVKILFKGEERKTKQVKKNRDPRWGEEFTFVLEEPPVNDRLHMEVVSTSTRIGL-LHPKETLGYVDINLSDVVS-NKRINEKYHLIDSKNGRLQVELQWRTAS-
Lycopersicon VPE-----GTPPGGGVLMIIVHEAQDVEGKH-HTNPYVKILFKGEERKTKQVKKNRDPRWEEEFTFVLEEPPVNDRVHMEVVSTSTRIGL-LHPKETLGYVDINLSDVVS-NKRINEKYHLIDSKNGRLQVELQWRTAS-
Citrus APE-----NTPAGGGLLVVIVHEAQDVEGKH-HTNPYARILFRGEERKTKHVKKNRDPRWEEEFQFILEEPPTNDRLHVEVCSVSSRIGL-LHPKETLGYIDINLSDVVS-NKRINEKYHLIDSKNGRIQIELQWRTA--
Populus APE-----GTPAGGGLLVVIVHEAQDVEGKH-HTNPYVRLLFRGEEKRTKHVKKNRDPRWEDEFQYTLDKPPVNEKLHVEVISTSSRIGL-LHPKESLGYVDINLTDVVN-NRRTNGKYHLIDSKNGQIQIELQWRPAS-
Medicago_1 APE-----GTPAGGGQLVVIVHEAQDVEGKH-HTNPQARLIFRGEEKKTKRIKKNRDPRWEDEFQFIAEEPPTNDKLHVEVVSSSSR-TL-LHQKESLGYVDINLGDVVS-NKRINEKYHLIDSKNGRIQVELQWRTA--
Phaseolus APE-----GTPEGGGLLVVIVHEAQDVEGKY-HTNPHVRLIFRGEEKKTKRIKKNRDPRWEDEFSFMVEEPPTNDRLHVEVLSTSSR-NL-LHQKETLGYIDINLGDVVA-NKRINERYHLIDSKNGRLQVELQWRTSQA
Malus APE-----GTPATGGVLVIIVHEAEDVEGKH-HTNPQVRILFRGEEKRTKLVKKNRDPRWEEEFQFILEEPPKKERLHAEVVSHSSRMGL-LHPKETLGYVDIDLADVVS-NRRINEKYHLIDSKNGRLQLELQWRTAS-
Lactuca APE-----GTPEGGGLLVVIIHQAEDFEGKH-HTNPFVRMLFRGEEKRTKPVKKNRDPRWDEEFSFSLEEPPTNDRMHFEVVSTFSRMGL-IHPKETLGYVDIQLGDVVS-NKRINGKYNLIDSRNGKLQVELQWRTSS-
Gossypium APE-----GTPAGGGLLVVIVHEAEDIEGKY-HTNPHVRLLFRGEERKTKRVKKSRDPRWEEEFQFMVDDPPPNDKIHMEAFSTSSRIGL-LHPKEFLGYVTISLADVVN-NRRINERYHLMDFKNGGIQIERQGRTF--
Medicago_2 APE-----GTPASGGLLLISIHEAEDVEGKH-HTNPFARLIFKGEERKTKHVRKNRDPRWGETFQFTLEEPPINERLYVEVISASSKLGL-LHPKETLGYVDINLSDVVS-NKRINEKYHLIDSKNGKIQIELQWRTP--
Glycine_1 APE-----GTPASGGLLVIIVHEAEDVEGKH-HTNPYVRLLFKGEERKTKHVKKNRDPRWGESFQFMLEEPPTNERLYVEVQSASSKLGL-LHPKESLGYVDIKLSDVVT-NKRINEKYHLIDSRNGRIQIELQWRTP--
Arabidopsis_1 APE-----GTPAAGGMLVVIVHSAEDVEGKH-HTNPYVRIYFKGEERKTKHVKKNRDPRWNEEFTFMLEEPPVREKLHVEVLSTSSRIGL-LHPKETLGYVDIPVVDVVN-NKRMNQKFHLIDSKNGKIQIELEWRTAS-
Arabidopsis_2 APE-----GTPSTGGLLVVIVHEAEDLEGKY-HTNPSVRLLFRGEERKTKRVKKNREPRWDEDFQFPLDEPPINDKLHVEVISSSSR--L-IHPKETLGYVVINLGDVVS-NRRINDKYHLIDSKNGRIQIELQWRNSS-
Oryza_4 ------------PGGLLYVVVHEAKELEGKC-NTNPYVKLTFKGVEKKTKVVKENRNPRWKEEFEFECEETPANDKLHVEVLGT--KKAL-IRNKESLGHIDISLADVII-NKRIIEMYDLINSKRGQIQIEFQWKSS--
Oryza_5 KRD------VPPSGGLLLVSVENAEDVEGKR-HTNPYAVVHFRGERKETKIIKKTRDPRWNEEFQFMVDEAPVDDKIHIEVVSKRRGLRLPFRNKESLGHVDINLVDVVN-NGRINEKYHLINSRNGMVHVEMKWSTV--
Arabidopsis_3 SSE---DDDFLSQAGLLSVAVQSAKDVEGKKKHSNPYAVVLFRGEKKKTKMLKKTRDPRWNEEFQFTLEEPPVKESIRVEVMSKGTGFH--FRSKEELGHVDINLDDVVD-NGRINQKYHLINSRNGIIHIEIRWTTS--
Glycine_2 GIDXVSDDEVQEGAGLLSIVIQEAEEVEGDH-HNNPFAVLTFRGEKKRTKXMKKTRHPRWNEEFQFMLEEPPLHEKIHIEVMSKRKNFS--FLPKESLGHVEINLRDVVH-NGRINDKYHLINSRNGVMHVEIRWKVV--
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plant NTMC2Type2 genesFigure 2
plant NTMC2Type2 genes. Amino acid sequences of full-length gene products are aligned. The N-terminal TM region is 
boxed. Intron positions and phases are marked. C2 domains are indicated. RNA edited regions are boxed. Full details are in 
additional file 1.
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Physcomitrella_1 ------------------------------------------------------------------------MDLTGQAVEPIWLALLSYFRQMWDYFGLMLHLYLAPDERLGREAVDIFLIGTVPSFLL
Physcomitrella_2 ----------------------------------------------------------MDYMYPCRDFIARVIDLLNQATETVCVSLPAYFLQGWESFQTAPQRNVGPGEKVEREATSLFLVETVPSFVA
Oryza_1 ----------------------------------------------------------------------------------------------------------------------------------
Lycopersicon ----------------------------------------------------------------------------------------------------------------------------------
Medicago_1 ----------------------------------------------------------------------------------------------------------------------------------
Malus ----------------------------------------------------------------------------------------------------------------------------------
Citrus ----------------------------------------------------------------------------------------------------------------------------------
Lactuca ----------------------------------------------------------------------------------------------------------------------------------
Arabidopsis_1 ----------------------------------------------------------------------------------------------------------------------------------
Arabidopsis_2 ----------------------------------------------------------------------------------------------------------------------------------
Medicago_2 ----------------------------------------------------------------------------------------------------------------------------------
Oryza_2 ----------------------------------------------------------------------------------------------------------------------------------
Sorghum ----------------------------------------------------------------------------------------------------------------------------------
Triticum ----------------------------------------------------------------------------------------------------------------------------------
Hordeum ----------------------------------------------------------------------------------------------------------------------------------
Physcomitrella_3 MAQPYSTSYEADEGLRRRTAGQGEIDYGTTPVVGRVAGRYEGYDTAPIRRQYDESKSTTSTSAPPAEQYRKNPNTENERLADESARREDDDSKTSNSGSMGVVGMLKNPRNRMYLATLVAATPFMISFTF
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Physcomitrella_1 RSTSALLLLGVVPGFIAGLGLV-AFSHCQTSRSHKRRMKTGLIHMISEMNKDDYWSLFPK-SVLPRWIEFSDLDKVEWLNSVIKKIWPFFNEAYSKMLMKRWEPYLDSHKPSFVNLVSFHELTLGSVAPQ
Physcomitrella_2 GTASVTSVIGIVVGFIAGLGIILAFGYAQRKRSSERRMKAGLIHLISEMKRSDYRSVFPK-SHLPRWIVNRELEKVDWMNIILRKLWPFFNEAYSKILLKDWEHRLETFKPAFANSVRVQELTLGSVAPN
Oryza_1 ----MGFLVGLVLGIAAGVALIVGFARAENSRAARRRQLAATIASFSKMTIEDSRKLLPA-DLYPSWVVFSTQQKLKWLNQELIKIWPFVNAAASELIKTSVEPVLEQYRPIILASLKFSKLTLGTVAPQ
Lycopersicon --------MGVVIGVLVGVGLIVGFVKSENYRSKCRSELATTIAAFARMTVEDSRKIFTP-EQYPPWVVFSNQQKLNWLNSHLEKIWPFVDEAASELVRSSVEPILEQYRPMILASLKFSKFTLGTVAPQ
Medicago_1 ----MGFVFGVVVGIIVGLAIIIAFVRSENSRSARRSQLATTIAAFARMTVEDSRKLLPS-QFYPSWVVFSNRQKLTWLNSHLTKIWPYVNEAASELIKTSAEPILEEYRPMILSALKFSKFTLGTVAPQ
Malus ----MAFVFGLVLGILVGLAIIVIFVRFENHRSKLRSELATTVAAFARMTVEDSRKLLPP-QYYPSWVVFSHHQKLGWLNSHLEKMWPYINEAASELIKTSVEPMLEQYRPVILSSLKFSKFTLGTVAPQ
Citrus ----MGFVFGLVVGLVVGLGIIVGFVRSENARSKLRSELATTIAAFARMTVEDSKKILPA-EFYPSWVVFSHRQKLTWLNHHLEKLWPYVNEAASELIKSSVEPVLEQYRPFILSSLKFSKFTLGTVAPQ
Lactuca ----MSFIAGLITGLVVGIALIVLFVRSENARSMRRTALATTIAAFARMTVEDSKKLLSP-EFYPSWVVFSQRQKLTWLNAHLTKIWPYVDEAASELIKANLEPTLEQYRPMVLSSLSFSKFTLGTVAPQ
Arabidopsis_1 ----MGFIVGVVIGLLVGIAIIIGFVKLENSRSKLRSELANTVAAFARMTVEDSRKLLPP-EFYPSWVVFSERQKLTWLNHHLTKIWPYVDEAASELIKASVEPVLEQYRPAIVASLTFSKLTLGTVAPQ
Arabidopsis_2 ----MGFLFGLFIGIAVSFGLVVAFARYSSVRSTRRADLAKTIAAFARMTVQDSRKLLPG-DFYPSWVVFSQRQKLNWLNLELEKIWPYVNEAASELIKSSVEPVLEQYTPAMLASLKFSKFTLGTVAPQ
Medicago_2 ----MGFISGMIIGIMIGMILVVAFARQESTRSKRRTDLAKTIAKFARMTVEDSRKLLPP-NFYPSWVVFTQRQKLNWLNSHLEKIWPFVNEAATELVKSNVEPILEQYRPVVLSSLTFSTFTLGNVAPQ
Oryza_2 ----MAFLLGAFLGLVLGVAVVMAFARLENTRAEQRRELAATVSSFSKLTVEDLRKLIPL-ELYPSWVSFTQKQKLKWLNQELVKIWPFVNEAASELIKTSVEPIFEQYKSFILSSLHFSKLTLGTVAPQ
Sorghum ----MAFLFGAFLGLVVGVAVVMAFARFENSRAEQRRELAAIAAAFSKLTVQDLRKLIPP-EFYPSWVSFTQKQKLKWLNQELVKIWPYVNEAASELIKTSVEPVFEQYKSFILASLHFSKLTLGTVAPQ
Triticum ----MAFLFGALLGLVLGVGVVMAFARIENSRAEQRRQLAATVSSFSKLSVQDLKTLIPT-EAYPSWVSFNQKQKLKWLNQELVKIWPFVNEAASELIKSSVEPVFEQYKSFILASIHFSKLTLGTVAPQ
Hordeum ----MAFLFGALLGLVLGVGVVMAFARLENSRAEQRRELAATVSSFSKLTVQDLKTLIPT-ESYPSWVSFTQKQKLKWLNQELVKIWPFVNEAASELIKSSVEPVFEQYKSFILASIHFSKLTLGTVAPQ
Physcomitrella_3 YVSQFSFFGQFVIGICCGLCLQGVYMLYSLHRKHQRKRKTLQVAQMAILEENQLKILLPTQEAFPRWISFTDFEKVEWLNDTLTKLWPYIDQAASSLIKEKVQPILDQYAMGIIQKLELKQVAFGNKAPQ

270 280 290 300 310 320 330 340 350 360 370 380 390
. . . . . . . . . . . . .

Physcomitrella_1 FEE------------ISTDVNTRWFGNASCTLSVSTIMGVSFPLQVKDIHIKGVFRFIYKPLVDELPGFGAVTYSIRKKKKFDFVVMVVGGDISNVPGMVQKLHLMVQSAVIESLSWPR---FRRFLCPR
Physcomitrella_2 LEGLRMLEL--EPKGISMDVDTRWIGNASCVLEVSSIVGVSFPVQVKDIHSKMVFRFIFKPLVDELPGFGAFTLSIRKMKKFDFTLKVVGGDVSSIPGVTEKLNEMIHNAVLESLSWPMRICIQIISTPA
Oryza_1 FTGVSIIEN--DESGIVMELEMNWDANPSIILDVKTRLGVSLPIQVKDIGFTGVFRLIFKPLVDQLPCFGAVCFSLRKKKKLDFRLKVIGGEISAIPGISDALEDTIKNAIEDSITWPVRKVIPIIP---
Lycopersicon FTGISILEG--GSEGITMELEMNRDGNPSIILDIMTYLGVGLPVQVKNIGFTGIFRLIFRPLVDEFPCFGAVCYSLRKKKKLDFTLKVVGGDMTAIPGISDAIEGTIRDAIEDSIIWPVRKIIPILP---
Medicago_1 FTGVSIIED--GGDGVTMELEVQWDGNPSIILDIKTLVGLALPVQVKNVGFTGVFRLIFKPLVNEFPGFGAVCYSLRQKKKLDFTLKVIGGDISTIPGLYDAIEGAIRDAVEDSITWPVRKIVPILP---
Malus FTGVSIIED--GSDGITMELEMQWDGNPSIILAIKTLVGVALPVQVKDIGFTGVFRLIFKPLVDEFPCFGAVCYSLRNKKKLDFKLKVVGGDISTLPGISDAIEGTIRDAVEDSITWPVRKIFPILP---
Citrus FTGVSIIED--GGSGVTMELEMQWDANSSIILAIKTRLGVALPVQVKNIGFTGVFRLIFRPLVDEFPGFAAVSYSLREKKKLDFTLKVVGGDISTIPALSDSIEATIHDAIEDSITWPVRKIVPILP---
Lactuca FTGVSIVED--GGEGITMELEMNWDGNPSIILDIKTRLGVGLPVQVKNIAFTGVFRLIFKPLVPEFPCFGAVSFSLRQKKKMDFTLKVVGGDISAIPGVADALESTIRDAVEDSITWPVRKVIPILA---
Arabidopsis_1 FTGVSVIDG--DKNGITLELDMQWDGNPNIVLGVKTLVGVSLPIQVKNIGFTGVFRLIFRPLVEDFPCFGAVSVSLREKKKLDFTLKVVGGDISAIPGLSEAIEETIRDAVEDSITWPVRKVIPIIP---
Arabidopsis_2 FTGVSILESESGPNGITMELEMQWDGNPKIVLDVKTLLGVSLPIEVKNIGFTGVFRLIFKPLVDEFPCFGALSYSLREKKGLDFTLKVIGGELTSIPGISDAIEETIRDAIEDSITWPVRKIIPILP---
Medicago_2 FTGISIIEEDSGPNGATMEFDLQWDGNPDIVLAIKTKVGIVLPVQVKNIGFTGVFRLIFKPLVAEFPAFGAVCFSLRKKKALDFTLKVVGGDISTLPGVSEAIEETIRDAIEDSITWPVRKVIPIIP---
Oryza_2 FTGVSILDS--DSSGITMELELQWDGNPNIVLDIQTTLGISLPVQVKNIGFTGVLRLVFKPLVAELPCFGAVCCSLREKSKVDFTLKVIGGEMTAIPGISDAIEGTIRDTIEDQLTWPNRIVVPIVP---
Sorghum FTGVSILES--DDSAITMELELQWDGNPNIVLDIQTTLGISLPVQVKNIGFTGVLRLVFKPLVAELPCFGAVCCSLREKSKVEFTLKVIGGEMTAIPGISDAIEGTIRDTIEDTLTWPNRIIVPIVP---
Triticum FTGVQILDS--DSAGITMELDMQWDGNPNIVLDIQTTLGISLPVQVKNIGFTGTLRLLFKPLVAELPCFGAVCVSLREKSKVDFTLKVVGGEMTAIPGISDAIEGTIRDTIEDTLTWPNRIIVPIVP---
Hordeum FTGVQILDS--DSAGITMELDMQWDGNPNIVLDIQTTLGISLPVQVKNIGFTGTLRLLFKPLVAELPCFGAVCVSLREKSKVDFTLKVVGGEMTAIPGISDAIEGTIRDTIEDTLTWPNRIIVPIVP---
Physcomitrella_3 VTGLE--------DETVLEIKILWETSQEGVVLSVDFPGPNYTVKLKNWFLEGTAKLIFKPLTGTIPGFGAVLVSLTEPPEFDFDLKFLGGDVGMVPGVEKMIDNSIRTALMDSLVWPSRIVVPMIPG--

0 +200+1

0 0 0

400 410 420 430 440 450 460 470 480 490 500 510 520
. . . . . . . . . . . . .

Physcomitrella_1 -----RNAAFFAAPGAGAKPPLGILDLRLVQGRDL--RDRGKPPDPFALVYIHSIPGHIRKSMTNRRENNPIWNEFFELEFDDLEDGKVMVVLLDEAAPQEFQVLGYCQFFLQ---EGRITERWPKIYEG
Physcomitrella_2 DSNTTRNAAIFAATGSEGKPPVGILDVKLVQGRDL--WDTGKPPDPFALLYIHATPGQIRRSTTIRQNNNPIWNEFFELEFNDLKEEKIVIVLFDNAAPQEFQVLGYCQFYLQGLDDRRVTERWLKVFKD
Oryza_1 -----------GDYSDLELKPVGTLEVKLVQARDLTNKDLIGKSDPFAIVYVRPLPDKMKRSKTINNDLNPIWNEHFEFIVEDADTQTVTVKIYDDDGIQESELIGCAQVTLKDLQPGKVKDVWLKLVKD
Lycopersicon -----------GDYSDLELKPTGVLEVKLVQAKELTNKDIIGKSDPFAELYVRPVRDRMKKSKTINNELNPIWNEHFEFVVEDPLTQHLVIKIYDDEGLQAAELIGCAHVRLNELEPGKVKDVWLKLVKD
Medicago_1 -----------GDYSDLELKPVGILEVKLVQAKELTNKDIIGKSDPYAVLYIRPLRNRTKKSKTINNDLNPIWNEHFEFIVEDASTQHLFVKVYDDEGLQSSELIGCTDIKLSELEPGKIKDVWLKLVKD
Malus -----------GDYSDLELKPVGVLEVKLVQAKELTNKDMVGKSDPFARLYIRPLPDRMKRSKTINNDLNPIWNEHFEFIVEDETTQHLVVKVYDDEGLQASELIGCAQVQLSELEPGKVKDVWLKLVKS
Citrus -----------GDYSELELKPVGTLEVKLVQAKGLTNKDLIGKSDPYAVLFVRPLPEKTKKSKTINNDLNPIWNEHFEFIVEDESTQHLVVRIYDDEGIQSSELIGCAQVRLCELEPGKVKDVWLKLVKD
Lactuca -----------GDYSDLELKPVGTLEVKLVQANGLTNKDIIGKSDPFAELYIRPLRNTTETSKVINNDLNPIWNEHFEFVVEDTSTQHLIVKIFDDEGLQAAELLGCCHVKLSELVPGKVKDIWIKLVKD
Arabidopsis_1 -----------GDYSDLELKPVGMLEVKLVQAKNLTNKDLVGKSDPFAKMFIRPLREKTKRSKTINNDLNPIWNEHFEFVVEDASTQHLVVRIYDDEGVQASELIGCAQIRLCELEPGKVKDVWLKLVKD
Arabidopsis_2 -----------GDYSDLELKPVGKLDVKVVQAKDLANKDMIGKSDPYAIVFIRPLPDRTKKTKTISNSLNPIWNEHFEFIVEDVSTQHLTVRVFDDEGVGSSQLIGAAQVPLNELVPGKVKDIWLKLVKD
Medicago_2 -----------GDYSNLELKPVGTLDVKLVQAKNLSNKDIIGKSDPFAVVFVRPLRDKTKTSKIINNQLNPIWNEHFEFIIEDESTQHLTIRIFDDEGIQAAELIGCAQVSLKELEPGKVKDVWLKLVKD
Oryza_2 -----------GDYSDLELKPVGLLEVKLVEARDLTNKDLVGKSDPFAVLYIRPLQDKMKKSKTINNDLNPIWNEHYEFVVEDTSTQRLTVKIYDDEGLQASELIGCARVDLSDLQPGKVKEVWLDLVKD
Sorghum -----------GDYSDLELKPTGVLEVKLVEARDLTNKDLVGKSDPFAVLYIRPLREKTKKSKTINNDLNPIWNEHYEFVVEDISTQHLTVKIYDDEGLQSSEIIGCARVDLADLQPGKVKDLWLDLVKD
Triticum -----------GDYSDLELKPVGLLEVKLVEARDLKNKDPLGKSDPFAVLYIRPLSAKTKKSKTINNDLNPIWNEHYEFVVEDSSTQHLTVKIYDDEGLQPSEIIGCARVDLSDVTPGKVKDVWLELVKD
Hordeum -----------GDYSDLELKPVGLLEVKLVEARDLKNKDPLGKSDPFAVLYIRPLSAKTKKSKTINNDLNPIWNEHYEFVVEDSSTQHLTVKIYDDEGLQPSEIIGCARVDLSDIMPGKVKDVWLELVKD
Physcomitrella_3 -----------GDFSFLELHPVGELEVKLIEAKNIKNTDLIGKADPFVTLFVRQTKDKVKRSTSKSNTLRPVWNEDFKIEVEDPESQALTLRLMDDESVQKSEYIGTVQLAIKEFEPHVKKELWCDVLED

530 540 550 560 570 580 590 600 610 620 630 640 650
. . . . . . . . . . . . .

Physcomitrella_1 TQCHGSLHDGKYRGQ----------------------------------------------------------GRMWELIRGILTVTVVRAENLLSTDFHRKSDPYVVLCMIKHKRLRKKTTVIHSNLNP
Physcomitrella_2 ARCLGNLDETKYRGQ----------------------------------------------------------GNLWELIRGILTITVARAENLLPADFQGRSHPYVALHMMKQKRLKKKTSVKQSTLNP
Oryza_1 LEIQ---RDRKDRGQVHLELLYCPFDMKEETPNPFRQQFSMTSLERTM-------TSMENGSGSNGFNRLSSRKKKEIIMRGVLSVTVISGEDLPAMDMNGKSDPYVVLSL-KKSKTKYKTRVVSESLNP
Lycopersicon LEIQ---RDQKNRGQVHLELLYCPYGMTNGFSNPFANNVPLTSLEKVL----------KSGVEAAQNGGEI-NRRKDVIVRGVLSVTVISAEDLAPTDLLGKADPYVVVTM-KKTETKNKTRVVPESLNP
Medicago_1 LEIQ---RDNKNRGQVHLELLYCPYGTENSFTNPFARNYSMTSLEKVL-------KGSSNGIDSNGNESEAAQRKKEVIIRGVLSVTVISAEDLPAVDFMGKSDPFVVLTL-KKAETKNKTRVVNNSLNP
Malus LDLQ---RDNKNRGQVHLELLYCPFGMENGFANPFTSNSAMTSLEKAL-------KSEMNGANATESEKEAAQKRREVIIRGVLTITIISAEDLPPVDLMGKADPYVVLTL-KKSGAKNKTRVVNDNLNP
Citrus LDVQ---RDTKYRGQVHLELLYCPFGMENVFTNPFAPNFSMTSLEKVLTNGEKALKSGANGTEAIELEKDASQKRREVIIRGVLSVTVILAENLPASDLMGKADPYVVLTM-KKSETRNKTRVVNDCLNP
Lactuca LDLQ---RDNKDRGKVHLELLYCPYGMENGFTNPFTSNYTMTSLEKVL-------------KSGDNENGDFVNKKRTVIIRGVLSVTVISAEDLPAVDLMGKADPFVVLTM-KKTGMKNSTRVVNENLNP
Arabidopsis_1 LEIQ---RDTKNRGEVHLELLYIPYGSGNGIVNPFVTS-SMTSLERVL------------KNDTTDEENASSRKRKDVIVRGVLSVTVISAEEIPIQDLMGKADPYVVLSM-KKSGAKSKTRVVNDSLNP
Arabidopsis_2 LEIQ---RDTKNRGQVQLELLYCPLGKEGGLKNPFNPDYSLTILEKVLKPES---EDSDATDMKKLVTS----KKKDVIVRGVLSVTVVAAEDLPAVDFMGKADAFVVITL-KKSETKSKTRVVPDSLNP
Medicago_2 LEIH---KDNKYRGEVHLELLYCPYGVENTFKSPFVRDYSLTTFEKTLKNGA---SDGEEEDNSISSSSSSSRRKSNVIVRGVLSVTVISAEDLPIVDFMGKADPFVVLAL-KKSEKKQKTRVVNETLNP
Oryza_2 LEIQ---RDKKRRGQVHLELLYYPFGKQEGVSNPFADQIQLTSLEKVL---------------KTESNGFDVNQRKNVIMRGVLSVTVISAEDLPPMDVMGKADPFVVLYL-KKGETKKKTRVVTETLNP
Sorghum LEIQ---RDKKPRGQVHLELLYYPYAKHEGVPNPFANQIQLTSLEKVL---------------KTESNGYDVNQRKNVIMRGVLSVTVISAEDLPPMDIGGKADPFVVLYL-KKGETKKKTRVVTDTLNP
Triticum LEIQ---RDKKPRGQVHLELLYYPFEKQEGVSNPFAGQIQLTSLEKVL---------------KTESNGYDVNQRKNVITRGVLSVTVISAEDIPAMDVMGKADPFVVLYL-KKGETKKKTRVVTETLNP
Hordeum LEIQ---RDKKPRGQVHLELLYYPFDKQEGVSNPFASQIQLTSLEKVL---------------KTESNGYDVNQRKNVITRGVLSVTVISAEDIPAMDVMGKADPFVVLYL-KKGETKKKTRVVTETLNP
Physcomitrella_3 PESH---ATDQIRGSIHVIVTYIPYTREQVEAKRGFNETEKKIYEE---------------HRLIAEQINRPHKTTGDAPKQQGNITQHPEEQPRQPGPAAEL---------------------------

660 670 680 690 700 710 720 730 740 750
. . . . . . . . . .

Physcomitrella_1 VWDESFEFQIEDASQDMLLLHVWNHDSFGKPLM---------VAQKHISGSPSIFKCFHFSSTYGYIIAIPGITSLVFILKLNQLSSLLCIISSHWF-----------
Physcomitrella_2 IWHETFDFHVQDARQDMLIAEVWNDEIIGRDYLGSTATTLTRVLQEYAFEEKFRLVGVPSGRLYLRLSWENSIGTSVISDKPSLLSPSEHFPSSHGLLQLFPMDVSPN
Oryza_1 VWNQTFDFVVEDGLHDMLMLEVYDHDTFSRDYMGRCILTLTKVLIEEDYKDSFKLEGAKSGKLNLHLKWSPQPIFRDSREEDSLRFR---------------------
Lycopersicon VWNQTFDFVVEDGLHDMLILEVWDHDTFGKDYMGRCILTLTRVLMEGEYKETFELDGAKSGKLNLHLKWAPQPIYRDS------------------------------
Medicago_1 VWNQTFDFVVEDGLHDMLLVEVYDHDTFGKDYMGRVILTLTRAILEGEYKERFELDGAKSGFLNLHLKWMPQSIYRDS------------------------------
Malus VWNQTFDFVVEDGLHDMLILEVWDHDTFGKDYMGRCILTLTRVILEGEYQDSIPLDGAKSGKLNVHLKWNAQPIYRES------------------------------
Citrus IWNQTFDFVVEDGLHDMLIAEVWDHDTFGKDYMGRCILTLTRVILEGEYTDCFELDGTKSGKLKLHLKWMPQPIYRDT------------------------------
Lactuca VWNQTFDFVVEDGLHDMPVVEVYDHDTFGKDYIGRCILTLTRVILEGEYKECFQLEGAKSGRLHLNLKWMAQPLYRDS------------------------------
Arabidopsis_1 VWNQTFDFVVEDGLHDMLVLEVWDHDTFGKDYIGRCILTLTRVIMEEEYKDWYPLDESKTGKLQLHLKWMAQSIYRDS------------------------------
Arabidopsis_2 VWNQTFDFVVEDALHDLLTLEVWDHDKFGKDKIGRVIMTLTRVMLEGEFQEWFELDGAKSGKLCVHLKWTPRLKLRDAS-----------------------------
Medicago_2 VWNQTFDFVVEDGLHDMLIVELWDHDTFGKEKMGKVIMTLTKVILEGEYDETFILDDAKSGKINLHLRWTPQHKYREP------------------------------
Oryza_2 IWNQTFDFVVEDALHDLLMVEVWDHDTFGKDYIGRCILTLTRVILEGEFQDEFVLQGAKSGKLNLHFKWTPQPIYRDRDRDQ--------------------------
Sorghum IWNQTFDFMVEDALHDLLMVEVWDHDTFGKDYVGRCILTLTRVILEGEFQDTFVLQGAKSGKLNLHFKWTPQPIYRVRDRDQ--------------------------
Triticum IWNQTFDFVVEDALHDLLIVEVWDHDTFGKDYIGRCILTLTRAILEGEFQDTYVLQGAKSGKLNLHFKWTAQPIYRDRDRDQ--------------------------
Hordeum IWNQTFDFVVEDALHDLLMVEVWDHDTFGKDYIGRCILTLTRAILEGEFQDTYALQGAKSGRLNLHFKWTAQPIYRDRDRDQ--------------------------
Physcomitrella_3 ------------------------------------------------------------------------------------------------------------
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three FAM62 gene products from Homo sapiens. All three
share a common gene structure, but while FAM62B and
FAM62C each encode three C2 domains, FAM62A con-
tains a repeat of the portion of the gene encoding the first
two C2 domains, resulting in a total of five C2 domains.
Figure 8 shows a multiple alignment of four FAM62 gene
products from Danio rerio. The genome of Danio rerio
encodes at least four FAM62 genes. All four share a com-
mon gene structure, but while FAM62B and FAM62C each
encode three C2 domains, the FAM62A homologues con-
tain additional repeats of the module which encodes the
first two C2 domains. This results in a total of five C2
domains in FAM62A1 and nine C2 domains in FAM62A2.

Figure 9 shows a multiple alignment of FAM62 gene prod-
ucts from a range of metazoans. The genomes of Dro-
sophila melanogaster, Anopheles gambiae, Apis mellifera,
Strongylocentrotus purpuratus, Ciona intestinalis and
Caenorhabditis elegans each appear to encode one FAM62.
The genome of Tribolium castaneum has an unusual and

compact FAM62 locus. It is approximately 12 kilobases
long and contains three closely spaced FAM62 copies in
tandem. Only the first copy retains the intron pattern
common to other FAM62 genes and is shown in figure 9.
The other two copies have diverged from the first and
from each other, both in terms of amino acid sequence
and intron position (see figure 10 and further details in
additional file 3). A duplicated, alternative exon in the
region of the first C2 domain of the insect FAM62 genes is
shown boxed in figures 9 and 10. This is reminiscent of
alternative readings of the C2B region of certain Syt1 genes
[3,26,27]. In the Syt1 cases, the insect Syt1 genes employ
RNA editing to alter this region, while Caenorhabditis ele-
gans and Aplysia californica encode duplicate alternative
exons like the insect FAM62 genes here. The duplicated
alternative exons are absent from the second and third
FAM62 copies in Tribolium castaneum (figure 10). Verte-
brate genomes encode at least three FAM62 genes. The
FAM62B genes of vertebrates appear to be most similar to
the single FAM62 genes of other organisms and are there-

plant NTMC2Type3 genesFigure 3
plant NTMC2Type3 genes. Amino acid sequences of full-length gene products are aligned. The N-terminal TM region is 
boxed. Intron positions and phases are marked. C2 domains are indicated. Full details are in additional file 1.
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Physcomitrella_1 ---MAKKKLVDGVAKEAKDLWEHLRH--EKPELPYLIPIFLLAWILERWLISFSNWVPVFVTVWVTLQYGKHRREREVEGLNNRWRRHILCSQPSTPIEPCEWLNKMLMNVWPNFMEPKIVRRLSHIAQITYCILFI-LQLSMEVE
Physcomitrella_2 ---MSKKKMVNDATKEAKELWEHLLH--EKQALPYLIPVFLLAWILERWIISFSNWVPVFVTVWATLQYGKHRREREVEDLNNRWRRHILCSQPSTPIEPCEWLNRMLMNVWPNFLEPKLTERFRRIVQTTYFVPFLSLQISMEVA
Oryza -MAKKKLKKLHAKD--ALEFFNQVMV--EQPLLPFLVPLVLFAWFVERWVVPFSNWVPLLAAVWATIQYGRFKRRSAIEDLNKRWKHLILNTTPTTPIEPCEWLNKLLVEVWPNYMEPKLSKKFQSTVEKRLKHRKPKLIDKIELQ
Arabidopsis MGRRIKRKGLINTE-AAREFINHLVA--ERHSLLLLVPLVLAFWAIERWVFAFSNWVPLVVAVWASLQYGSYQRALLAEDLTKKWRQTVFNASTITPLEHCQWLNKLLSEIWLNYMNKKLSLRFSSMVEKRLRQRRSRLIENIQLL
Medicago_1 MSSKKGLMIPNNLEEASVKLLNQFVKVKENSRISYFLILVFIAWFIHKWIFSFSNCLPVILLLFASTQYGNYQRKILEEDLNKKWNRIIVNTSPVTPLEQCEWLNLLLSQIWSNYFNPKLSTRLSAIVEKRLKLRKPRFIERVEVQ
Medicago_2 MSRKKRVFSIDSIEEVAVDFFNYVLQ--EKPKIPFFIPVILIACAVEKWVFSFSTWVPLALAVWATIQYGRYQRKLLVEDLDKKWKRIILNNSPITPLEHCEWLNKLLTEIWPNYFNPKLSSRLSAIVEARLKLRKPRFLERVELQ

156 166 176 186 196 206 216 226 236 246 256 266 276 286
. . . . . . . . . . . . . .

Physcomitrella_1 EFSLGTAPPMFGLQGAYWSIDGKQPVLNMGFEWDTTEMSVLISAKLGGPLRGKTARIVVNSIHVKGDLRLLPVLDGQAVLFSFANTPEVRIGLVFGSG-ANAIPQTELPFISSWLEMLLVDTLTRTMVEPRRRILCLPAVDLKKKA
Physcomitrella_2 EFHLGTAPPMFAHEGAYWSTEGEQAVLNMGFEWDTTEMTILISAKLGGPLRGKTASILVNSIHIKGDLRLLPVLDGQAVLFSFKNTPEVRIGLAFGSG-TLSYPQTELPFISSWLEKLLVDTLNRTMVEPRRRCFSLPAEDRKKKA
Oryza EFSLGCCPPTLGEHGMRWMTSGDQKVMRLGFDWDSNEMSVMFLAKLAKPLIG-AARIVINSIHIKGDLLLLPILDGEAILYSFESTPEVRIGVAFGSGGSQAVPGMELPGVSTWLVKLLTETIVKTMVEPRRLCFSLPPVDLRKRA
Arabidopsis EFSLGSCPPLLGLHGTCWSKSGEQKIMRLDFNWDTTDLSILLQAKLSMPFNR-TARIVVNSLCIKGDILIRPILEGRALLYSFVSNPEVRIGVAFGGGGGQSLPATELPGVSSWLVKILTETLNKKMVEPRRGCFSLPATDLHKTA
Medicago_1 EFSLGSRPPSLGLQGIRWSTSGDQRLLKMGFDWDTSEMSILMVAKLS---VG-TARIVINSLHIKGDLLVTPILDGKALLYSFVSTPEVRIGIAFGSGGSQS--ATELPGVSPWLVKLFTDTLVKTMVEPRRRCFSLPAVDLRKYA
Medicago_2 EFSLGSCPPSLALQGMRWSTIGDQRVMQLGFDWDTHEMSILLLAKLAKPLMG-TARIVINSLHIKGDLIFTPILDGKALLYSFVSAPEVRVGVAFGSGGSQSLPATEWPGVSSWLEKLFTDTLVKTMVEPRRRCFTLPAVDLRKKA

302 312 322 332 342 352 362 372 382 392 402 412 422 432
. . . . . . . . . . . . . .

Physcomitrella_1 VGGIFSVTVVSARNLAKLDHRESRNSGNGAVSNGDGSNHASSNEGSLGS------NGSVNKKSEKSRFVEISCEDLTRKTGMQSGPFLHVWNESYDMVLHDNLGTVRLNVYEQGHNNVNYDFLGSCEVKVKYVDDDSTIFWAVGPA
Physcomitrella_2 VGGIFSVTIVSARDLTKSSAQDSRNSSNAMMSNGDASVHLSNNGSNNGSSHGGSKNGSVNKKSEKLRFVEISCEDLTRKTGMQSGPFPHVWNETYDMVLHENVGTVHLNVYEQGQN-VKYDFLGSCEIKVKYVDDDSTIFWAVGPA
Oryza VGGVLSVTVVSASNVGRNTTNEIGIRQSSS-G-GSTSGIADNKVSQT--------------------FIEVEVGSLVRKTSTSKGPNP-AWNSTFNLVLHGETGVVKFNLYELDSGGVKVTYLTSCEIKVKYVLDDSTIFWAIGHN
Arabidopsis IGGIIYVTVVSGNNLNRRILRGSPSKSSEI-GEGSS-GNSSSKPVQT--------------------FVEVELEQLSRRTEMKSGPNP-AYQSTFNMILHDNTGTLKFNLYENNPGSVRYDSLASCEVKMKYVGDDSTMFWAVGSD
Medicago_1 VGGTIYVSVISANKLSRSCFKG--RQQNGT-SDGCLEDNLSDKDLQT--------------------FIELEAEELTRRTGVRLGSTP-RWDTTFNMVLHDNTGIVRFNLYQCPSDSVKYDYLASCEIKMRHVEDDSTIMWAVGTD
Medicago_2 VGGIIYVRVISANKLSSSSFKASRRQQSGS-TNGSSEDVSDDKDLHT--------------------FVEVEIEELTRRTDVRLGSTP-RWDAPFNMVLHDNTGTLRFNLYECIPNNVKCDYLGSCEIKLRHVEDDSTIMWAVGPD

448 458 468 478 488 498 508 518 528 538 548 558 568 578
. . . . . . . . . . . . . .

Physcomitrella_1 QSVLISRVPCCGKEVELTIPLENATSGELTVKLLLKEWQFSDGSKAVANYNPALVIHDQQNAVGTQPVQPTFTGRKLKISAIEGRNLAP-MDRTGKSDPYLKLFYGKLIRKTKTVNQDL--NPVWNQDFIFQEVSGGEYLKIKCYD
Physcomitrella_2 QSVLISRVESCGKEVEFTIPLENVASGEVTVKLVLKEWQFSDGSKAVANSSPSSSMLGQQNSAGAQSMRPTLTGRKLRISAIEARDLAP-MDRTGKSDPYLKLFYGKLIRKTKIVNQEL--NPTWNQDFLFQEVTGGEYLKIKCYD
Oryza SGAVAKRTELCGQEVGMVVPFEDIR-GELTVTLVLKEWQFSDGSVTLSNSLSN----GSHSSFDVSPKLQSRTGRKLRVAVVEGKALAV-NGKSGKCDPYVKVQYGKALYKTKTLSHTT--RPVWNDKFEFDEITGGEYLKIKCYS
Arabidopsis NGVIAKHAEFCGQEIEMVVPFEGVSSGELTVRLLLKEWHFSDGSHSL-NSVNS----SSLHSLDSSSALLSKTGRKIIVTVLAGKNLVS-KDKSGKCDASVKLQYGKIIQKTKIVNAA---ECVWNQKFEFEELAGEEYLKVKCYR
Medicago_1 SGVIAKHAKFCGEEVEMLVPFEGANSAELKVRIVVKEWQFSDGSHSL-TNLHA----SPQKSLKGSSNLLSKTGRKLKITVVEAKDLDA-KDRFGKFDPYIKLQYGKVVMKTKIAPPPATLTAVWNDTFEVDENSGDEYLIVKCFS
Medicago_2 SGIIAKQAQFCGDEIEMVVPFEGTNSGELKVSIVVKEWQFSDGTHSL-NNLRN----NSQQSLNGSSNIQLRTGKKLKITVVEGKDLAAAKEKTGKFDPYIKLQYGKVMQKTKTSHTP---NPVWNQTIEFDEVGGGEYLKLKVFT

594 604 614 624 634 644 654 664 674 684 694 704 714 724
. . . . . . . . . . . . . .

Physcomitrella_1 ADRFGDENLGNARVNLEGIEEGAPKDVWVPLEKINQGEIHLRIEVVASELLQNPSTNGSENGSHPTGDGCMVEVVLVEARDLVAANWGGTSDPYVSVRYGQIKKRTKVVYKTLNPAWGQTLEFTDDGSPLVLHVKDYNNILPTVSI
Physcomitrella_2 ADRFGDENLGSARVNLQGIEEGTPKDVWVPLEKIKQGEIHLRIEVVAPELSQIPSSNGSENGSHPTGDGCVVEIVLVEARDLVAADWGGTSDPYVSVRYGQIKKRTKVVYKTLTPTWGQTLEFPDDGSPLVLHVKDYNNILPTVSI
Oryza ADTFGDESIGSARVNLEGLLDGDSREVWVPLEKVDSGEIRLQIEPIKSD------FNGILKTSSGRVEATWIELVIIEARDLIAADLRGTSDPYVRVHYGSKKKRTKVVYKTLSPDWNQTFEFPETGEPLILHVKDHNAVLPTASI
Arabidopsis EEMLGTDNIGTATLSLQG-INNSEMHIWVPLEDVNSGEIELLIEALDPE------YSEADSS------KGLIELVLVEARDLVAADIRGTSDPYVRVQYGEKKQRTKVIYKTLQPKWNQTMEFPDDGSSLELHVKDYNTLLPTSSI
Medicago_1 EEIFGDENIGSAHVNLEGLVQGSIRDVWIPLEGVSSGELRLKIEAIWVE------NQEGSKGPPSGVTNGWIELVLIEARDLIAADLRGTSDPFVRVNYGNLKKRTKVVHKTINPRWDQTLEFLDDGSPLTLHVKDHNALLPTSSI
Medicago_2 EELFGDENIGSAQVNLEGLVDGSVRDVWIPLERVRSGEIRLKIEAIKVD------DQEGSTGSGSG--NGWIELVLIEGRDLVAADLRGTSDPYVRVHYGNFKKRTKVIYKTLTPQWNQTLEFPDDGSPLMLYVKDHNALLPTSSI

740 750 760 770 780 790 800 810 820 830 840 850 860 870
. . . . . . . . . . . . . .

Physcomitrella_1 GHCEVDYDKLPPNQTLDQWLPLQGVNKGEIHFQVTRRVPERHLKAASEEQ-PKLIASSNFSGNVRSLIRKAMTLAEEEEEIEYIRQMLEELEGAEEERELTVTQLQKDRDLLITKVKELEKAMSGFF--------------
Physcomitrella_2 GHCDVDYEGLPPNQMLDSWLPLQGVNKGEIHVKVTRKVPERLVKAASEEQ-PKPTFAPTYSGNVRSLLRKAMALAEEEEDIEEIRQMLEELEGAEEEREVTISQLQKDRDVLIAKVRELEKAMSGFF--------------
Oryza GQCTVEYSMLPPNQPAVKWIPLQGVKSGEVHVKITRKVPHLEKKTSFQTDASSLGKGHKISSQMRDSLKKFTGLVDEGGDTEAMSLALTEIESIQDEQDMYIQQLEREKAALLRKIQELGSEIVRTSSGPARMPY------
Arabidopsis GNCVVEYQGLKPNETADKWIILQGVKHGEVHVRVTRKVTEIQRRASAGPG-TPFNKALLLSNQMKQVMIKFQNLIDDG-DLEGLAEALEELESLEDEQEQYLLQLQTEQSLLINKIKDLGKEILNSSPAQAPSRDS-----
Medicago_1 GECVVEYQSLPPNQTSDKWIPLQGVKSGEIHIQIARKVPEIQTRQSPDFE-PSLTKLHQSPSQIKEMTKKVRYLIEDG-NLEELSTTLSELETLEDTQEGYIAQLETEQMLLISKINELGQEIINSSPSLNGSGN------
Medicago_2 GECVVEYQRLPPNQMADKWIPLQGVKRGEIHIQITRKVPEMQKRQSMDSE-PSLSKLHQIPTQIKQMMIKFRSQIEDG-NLEGLSTTLSELETLEDTQEGYVAQLETEQMLLLSKIKELGQEIINSSPSPSLSRRISESVN
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plant NTMC2Type4 genesFigure 4
plant NTMC2Type4 genes. Amino acid sequences of full-length gene products are aligned. TM regions are boxed. Intron 
positions and phases are marked. C2 domains are indicated. Alternatively spliced regions are boxed. Full details are in addi-
tional file 1.
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Physcomitrella_1 ---------------MVLVGLIFGWLVGVALICGLKVMMDRRSRKRTKKVAAIELFNLIDEVELKKLCSDSYPNHVSFTTYEKVNWLNSMLEKFWPSILTATEDMVKMKLAPVLESYKPTGISALTLDKFQLGKTPPQID
Physcomitrella_2 ---------------MVLSGLIIGWLVGVVIIARWRYMMDKRNKKRIQKATGIELLNVIDEMDLKKLCEQSLPNHISFLTFEKVEWLNKTLDKFWPSIVEATEKEVKMRLGPMLVAYKPVEISSLTLDKFHLGKTPPKID
Physcomitrella_3 MAACVLEPNRPRIGSTILGHLVVGFVVGVGLVAGFKYFSDKRSKWRLQKIAGIHLLSLADEFDFKRLCKESYPSHISFLTFEKVRWVNEILEKIWPFVVEATEKPGKEWLGPVVEFYRPTRISSLTVEKFHLGKAAPHID
Oryza_1 --------------MGLISGMVMGMVVGVALMAGWSRVMQRRSRKRIAKAADIKVLGSLGRDDLKKLCGDNFPEWISFPQYEQVKWLNKHLSKLWPFVDQAATAVVKESVEPLLDDYRPPGIKSLKFSKFSLGTVSPKIE
Triticum ----------------------MGLVVGVVIMAGWSRVMQRRSRKRVAKAADIKVLGSLGREDLKKLCGDNFPEWISFPQYEQVKWLNKHLSKLWPFVSQAATAVVKESVEPLLDDYRPPGIKSLKFNKFSLGNVSPKIE
Zea --------------MGLISGMMMGVIVGVAIMAGWSRVMRRRSTKRIAKAADIKVLGSLSRDDLRKLCGDNFPEWISFPQFEQVKWLNKHLSKLWPFVVEAATVVVKESVEPLLDDYRPPGIKSLKXSKFSLGNVSPKIE
Saccharum --------------MGLISGMVMGVMVGVAXMAGWSRVMRRRSTKRIAKAADIKVLGSLTRDDLRKLCGDSFPEWISFPQFEQVKWLNKHLSKLWPFVVEAATVVVKESVEPLLDDYRPPGIKSLKFRKFSLGNVSPKIE
Sorghum --------------MGLISGMVMGMVVGVXIMAGWSRVMRRRSTKRVAKAADIKVLGSLTRDDLRKLCGDNFPEWVSFPQFEQVKWLNKHLSKLWPFVVDAATVVVKESVEPLLDDYRPPGIKSLKFSKFSLGNVSPKIE
Aquilegia --------------MGLISGMLMGMVVGIALMAGWQYMMRYRSTKRISKAVDIKLLGSLSRDDLKKLCGDNYPEWISFPMFEQVKWMNKQLSKLWPFIADAATIIIRESVEPLLEEYRPPGITSLKFSKLSLGNVAPKIE
Populus --------------MGLISGLFLGIVFGIGLMAGWKHMMQYRSTKRVAKAVDIKLLGSLNRDDLKKICGDNFPDWISFPAFEQVKWLNKQLGKLWPFVAEAATAVVKESVEPLLEDYRPPGITSLKFNKFSLGTVPPKIE
Solanum --------------MGLITGILMGMICGIGLMAVWKHMTRYRSNKRIAKAVDVTVMGCLCRDDLKKVCGDNFPEWISFPVYEQVKWLNKQLSKLWPFIAEAGEAIIKECVEPLLEDYRPPGITSLKFSKLSLGTVAPKIE
Lycopersicon --------------MGLISGILMGMICGIGLMAVWKHMTRYRSNKRIAKAVDVKVMGCLCRDDLKKVCGDNFPEWISFPVYEQVKWLNKQLSKLWPSIAEAGEAIIKESVEPLLEDYRPPGITSLKFSKLSLGTVAPKIE
Nicotiana --------------MGLISGILMGMMLGIGLMAAWKHMMRYRSNKRVAKAVDVKLMGCLNRDDLKKVCGDNFPEWISFPVYEQVKWLNKQLSKLWPFIAEAGEAIIRESVEPLLEDYRPPGITSLKFSKLSLGTVAPKIE
Medicago_1 --------------MGLISGIFMGMLFGIALMAGWARMMRYRSAKRIAKAVDIKILGSLNREDLKKICGENLPEWISFPVYEQVKWLNKLLSKLWPFVAEAATMVIKESVEPLLEEYRPPGITSLKFSKLSLGNVAPKIE
Gossypium --------------MGLISGILLGIIFGISLMAGWRHMMRYRSTKRIAKAADIKVLGALNRDDLKKICGDNFPEWISFPVYEQVKWLNKQLSKLWPSVAEAASAVIKESVEPLLEEYRPPGITSLKFSKLSLGTVAPKIE
Vitis --------------MGLISGILMGTIFGIALMAGWVHMMRYRSIKRVAKAVDIKLLGSLNREDLKKICGDNFPEWISFPVYEQVKWLNKQLTKLWPFVADAATLVIRESVEPLLEDYRPPGITSLKFSKLSLGNVAPKIE
Medicago_2 --------------MGLFFGIFLGVLFGVALMAGWERMMTYRSRKRIAKAVDIKLLGSLNRDDLKKICGENLPEWISFPVYEQVKWLNKQLSKLWPFVADAATMVIRESVEPLLEEYRPPGISSLKFSKLSLGTVAPKIE
Arabidopsis --------------MGLISGILFGIIFGVALMAGWSRMMTHRSSKRVAKAVDMKLLGSLSRDDLKKICGDNFPQWISFPAFEQVKWLNKLLSKMWPYIAEAATMVIRDSVEPLLEDYRPPGITSLKFSKLTLGNVAPKIE
Oryza_2 --------------MGFISGVVMGMIIGVALIAGWSRAMARRAAKRSAKAADVNALASLDREDVKKICGENLPEWVSFPEYEQVKWLNKQLSKLWPFVEEAATMVIRDSVEPILDDYRPAGISSLKFSKLSLGTVPPKIE

150 160 170 180 190 200 210 220 230 240 250 260 270 280
. . . . . . . . . . . . . .

Physcomitrella_1 GIRIQRLVKGQVHMDMDFKWAGTGDIVLNI-GFMGSKLPVQLKNLSFFATIRVIFQLSEEIPCISALVVALLSKPKFQVSYKLNVLGGFNNNLPGLSDMIEDMVESSIADQLEWPHRIVLPVGDTPANVISDLGLKPQGQ
Physcomitrella_2 GVRIQRFREGQVHMDMEFKWGGSGEIVLNI-GFMRTKLPVQLKNLSFFATIRVIFQLSEVIPCISALVVALLPKPKFQIGYKLNVIGGNNANLPGLGDMIEDLVNSTVADQVEWPHRIVVPVGDTPADIMSDLGLKLQGQ
Physcomitrella_3 GIRVQSLRKSQVHLDMDFKWGSEGDVVLNA-AIMGSNVSIQLKDLSFYATIRLIFQLSDQIPCISAYVVAVLPDPKYRIDYNLKVGGGNTAAIPGLGDMIEDLVHSCITDMLEWPRRLIFPIGDTPMNVTSDLELKPQGK
Oryza_1 GIRIQNIQPGQIIMDIDLRWGGDPSIILAVDA-VVASLPIQLKDLQVYTIVRVVFQLSEEIPCISAVVVALLAEPEPKIQYTLKAIGGSLTAVPGLSDMIDDTVNSIVSDMLKWPHRLVVPLG-VNVD-TSELELKPQGR
Triticum GIRIQNLQPGQIIMDIDFRWGGDPSIILAVDA-RVASLPIQLKDLQVFTVVRVVFQLSEEIPCISAVVVALLAEPEPKIQYTLKAVGGSLTAIPGLSDMIDDTVNSIVNDMLQWPHRLVVPLG-VNVD-TSELELKPEGK
Zea GIRIQNLQPGQIIMDIDFRWGGNPSIILAVDA-VVASLPIQLKDLQVYTVIRVIFQLSEDIPCISAVGVALLADPEPKIQYTLEVIGGKLTAVPGLSDMIDDTVDSIVSDMLLWPHRHVVKLG-VNVD-TSDLELKPQGR
Saccharum GIRIQNLQPGQIIMDIDFRWGGNPSIILAVDA-VVASLPIQLKDLEVYTVIRVIFQLSEDIPCISAVVVALLADPEPKIQYTLKAIGGSLTAVPGLSDMIDDTVNSIVSDMLLWPHRHVVKLG-VNVD-TSDLELKPQGR
Sorghum GIRIQNLQPGQIIMDIDFRWGGNPSIILAVDA-VVASLPIQLKDLQVYTVIRVIFQLSEDIPCISAVVVALLADPEPKIDYTLKAIGGSLTAVPGLSDMIDXXV---------------VKLG-VNVD-TSDLELKPQGR
Aquilegia GIRVQSLQKGQITMDIDFRWGGDPSIILAVEAALVASIPIQLKDLQVFTVVRVIFQLTDEIPCISAVVVALLSEPKPRIDYTLKAVGGSLTALPGISDMIDDTVNTIVTDMLQWPHRIVVPIGGIPVD-TSELELKPQGK
Populus GIRVQSLKQGQVTMDIDLRWCGDPSIILGVEAALVASIPIQLKDLEVYTVIRVIFQLAEEIPCISAVVIALLSEPKPKIEYILKAVGGSLTALPGVSDMIDDTVNSIVTDMLQWPHRIVVPIGGIPVD-ISELELRPQGK
Solanum GIRVQSLKKGQITMDIDFRWGGDPNIVLGVEAAMVASIPIQLKNLQVFTVIRVIFQLTEEIPCISAVVVALLSEPKPRIDYVLKAVGGSLTALPGLSDMIDDTVNTIVTDMLEWPHRIVVPIGGIPVD-TSDLELKPQGK
Lycopersicon GIRVQSLKKGQITMDIDLRWGGDPNIVLGVEAAMVASIPIQLKNLQVFTVIRVIFQLTEEIPCISAVVVALLSEPKPRIDYVLKAVGGSLTALPGLSDMIDDTVNTIVTDMLEWPHRIVVPIA--PVD-TSDLELKPQGK
Nicotiana GIRVQSLKKGQITMDIDLRWGGDPNIVLGVEAAMVASIPIQLKNLQVFTVIRVIFQLTEEIPCISAVVVALLSEPKPRIDYVLKAVGGSLTALPGLSDMIDDIVNTIVTDKLEWPHRIVVPIGGVPVD-TSDLELKPQGK
Medicago_1 GIRVQSLTKGQIIMDVDLRWGGDPSIILAVEAALVASIPIQLKDLKVFTIARVIFQLAEEIPCISAVVVALLAEPKPRIDYTLKAVGGSLTALPGISDMIDDTVNTIVTDMLQWPHRIVVPLGGIPVD-ISDLELKPHGS
Gossypium GVRVQSLKKGQITMDIDFRWGGDPSIILGVEAALVASIPIQLKDLQVFTVIRVIFQLAEEIPCISAVVVALLSEPKPRIDYTLKAVGGSLTAIPGISDMIDDTVKTIVTDMLQWPHRIVVPIGGIPVD-TSELELKPEGR
Vitis GIRVQSLKKGQIIMDIDLRWGGDPSIILAVEAALVASIPIQLKDLQVFTVARVIFQLAEEIPCISAVIVAPLSEPKPRIDYTLKAVGGSLTALPGISDMIDDTVNTIITDMLQWPHRIVVPIGGMPVD-TSELELKPQGK
Medicago_2 GIRVQSLKKGQIIMDIDFRWGGDPNIVLGVEA-LVASIPIQLKDLQVFTIIRVIFQLAEEIPCISAVVVALLAEPKPRIDYTLKAVGGSLTALPGLSDMIDDTVNSIVTDMLQWPHRIVVPLGGTPVD-TSDLELKPQGL
Arabidopsis GIRVQSFKEGQVTMDVDLRWGGDPNIVLGVTA-LVASIPIQLKDLQVFTVARVIFQLADEIPCISAVVVALLAEPKPRIDYTLKAVGGSLTAIPGLSDMIDDTVDTIVKDMLQWPHRIVVPIGGIPVD-LSDLELKPQGK
Oryza_2 GIRIQSFKKGQITMDVDFRWGGDPNIVLAVDT-LVASLPIQFKNLQVYTIIRVVFQLCDEIPCISAVVVALLAEPKPRIDYILKAVGGSLTAMPGLSDMIDDTVASLIADMLQWPHRIVVPLGGVDVD-VSDLELKPHGK

+1000

+2000

290 300 310 320 330 340 350 360 370 380 390 400 410 420
. . . . . . . . . . . . . .

Physcomitrella_1 LKVTVVKAENLKNQEAIGKSDPYVKLYVRVLFKEKTTTIGDNLNPVWNQE---FLLDVEDTETQALVLQIMDED-VGSDKQMGIASIPLNELVPDTEVLITQKVLKSLDTARVKDKGDRGTITVKLKFHPYTEEEQEIAI
Physcomitrella_2 LKVKVFKAEKLKNKETVGRSDPYVLLFVRVLFKKKTKVIHSNLNPEWMES---FLFNVEDTETQTLILQVMDED-IGADKELGIASVPLHDLKPDTEIEITQKLLKSLDTAKVKDKSDRGSITISLKYHPYTKEEQVAAM
Physcomitrella_3 LTVTVVRANDLKNMETIGISDPYVVLYVRVLFKKKTRVIHHNLNPEWNDPDSVFHFDVEDTETQTLVLQVKDEEHFGTDKELGVTVVPLCVLKPDTEIEIRKKLAPSLDTVRVKDEGDRGSITVKLLYHLYTETEQLRAM
Oryza_1 LTVTVVKATSLKNKELIGKSDPYVILYVRPMFKVKTKVIDDNLNPEWNET---FPLIVEDKETQSVIFEVYDEDRLQQDKKLGVAKLAVNSLQPEATSEITLKLQQSLDSLKIKDTKDRGTLHLQVTYHPFSKEEQMEAL
Triticum LSVTVVKATSLKNKELIGKSDPYVTLYVRPMFKVKTKVIDDNLNPEWNET---FELIVEDKETQSVIFEVYDEDNLQQDKRLGVAKLAVNNIVPETPSEITLKLMQSVDSLKIKDYRDRGSLHLKVMYHPFTKEEQLEAL
Zea LSVTVVKATSLRNKEMIGKSDPYVKLYVRPMFKVKTKVIDDDLNPEWNET---FDLIVEDKETQSVIFEVYDEDKLQQDKRLGVAKLAVNTLESEITQDATLKLLHSLDPIKNKDTKDRGTLHLKVKYHPFTKEEQLEAL
Saccharum LSVTVVKATSLRNKEMIGKSDPYVKLYVRPMFKVKTKVIDDDLNPEWNET---FDLIVEDKETQSVIFEVYDEDNLQQDKRLGVAKLAVNTLEPVITQEVTLKLLHSLDPIKNRDTKDRGTLHLKVKYHPFTKEEQLEAL
Sorghum LSVTVVKATSLTNKEMIGKSDPYVKLYVRPMFKVKTKVIDDELNPEWNET---FDLIVEDKETQSVIFEVYDEDKLQQDKRLGVAKLAVNPLEPEITQEFTLKLLHSLDPIKNRDTKDRGTLHLKVKYHPFTKEEQLEAL
Aquilegia LSVTVAKANDLKNMEMLGKSDPYAVVYIRPLFKVKTKVINNNLNPVWNEV---FELIAEDKETQSLVLEVFDKDVAGQDKRLGIAKLPLINVEPDAPQEIDLRLLPSLDMMKIKDKKDRGTITIKVLYHQFNKEEQLAAL
Populus LTVTVVKANDLKNMEMIGKSDPYAVVYVRPMFKVKTQVIDNNLNPVWNQT---FDLIAEDKETQSLILEVFDKDI-GQDKRLGRAKLALNELEAETWKELEFGLLSSFDTLKVKDKKDRGTITIKVFYHEFNKEESLAAL
Solanum LTVTIVKANGLKNHEMIGKSDPYAVVYIRPLFKVKTKTIDNNLNPVWDQT---FELIAEDKETQSLFVEVFDKDNIGQDERMGVAKLPLNELVADAAKEIELRLLPKLDMLKVKDKKDRGTITIKVLYHEFNKEEQLAAL
Lycopersicon LTVTIVKANGLKNHEMIGKSDPYAVVHIRPLFKVKTKTIDNNLNPVWDQT---FELIAEDKETQSLFIEVFDKDNIGQDQRMGVAKLPLNELVADAAKEIELRLLPKLDMLKVKDKKDRGTITIKVLYHEFNKEEQLAAL
Nicotiana LIVTVVKANGLKNHEMIGKSDPYAVVYIRPLFKVKTKTIDNNLNPVWDQT---FELIAEDKETQSLIVEVFDKD-VGQDQRMGVAKLPLNELVAEAAKEIELRLLPKLDMLKVKDKKDRGTIPIKVLYHEFNKEEQLAAL
Medicago_1 LKVTIVKATDLKNMEMIGKSDPYVVLYIRPLFKVKTKVINNNLNPVWDQT---FELIAEDKETQSLILEVFDED-IGQDKRLGIVKLPLIELEVQTEKELELRLLSSLDTLKVKDKKDRGTLTVKVLYYQFNKEEQLAAL
Gossypium LTVTVVKANDLKNMEMIGKSDPYVVVYIRPLFKVKTKVIDNNLNPVWNQT---FELIAEDRETQALTVEVFDQD-IGQDKRLGIAKFRLIELEPETPKEITLNLLSSLDTLKVKDKKDRGNCTIKLLYHQFNKEEQLIAL
Vitis LTLTIVKANDLKNMEMIGKSDPYVVVHIRPLFKIKTKVIENNLNPVWNQT---FELIAEDKETQSLILEVIDKD-ITQDKRLGIAKLPLNDLEAENPKEIELRLLPSLDMLKIKDKKDRGTITIKVLYHAFNKEEQMAAL
Medicago_2 LKVTVMKANDLKNMEMIGKSDPYVVVHIRPLFKVKTKVIDNNLNPIWNEE---FDLIAEDKETQSLTLEVFDKD-IGQDKRLGVAKLPLINLEAETEKEIELRLLSSLDTLKVKDKKDRGTLRIKYFYHEFNKEEQMAAL
Arabidopsis LIVTVVKATNLKNKELIGKSDPYATIYIRPVFKYKTKAIENNLNPVWDQT---FELIAEDKETQSLTVEVFDKD-VGQDERLGLVKLPLSSLEAGVTKELELNLLSSLDTLKVKDKKDRGSITLKVHYHEFNKEEQMAAL
Oryza_2 LTVTVVRAESLKNKELIGKSDPYVVLYIRPMFKEKTSVIDDNLNPEWNET---FSLIAEDKETQHLILQVFDEDKLKQDKRLGIAKLPLNDLEMESVQEINLQLLSSLDTTKVKDKKDRGVLTIKVLYHPFTKAEALEAL

430 440 450 460 470 480 490 500 510 520 530 540 550
. . . . . . . . . . . . .

Physcomitrella_1 LREKEMLAAKEALKNS-GVVGGAMDAVGGGVKLVGTGISTAGSTGV-------KLVGTGVGAVGSG-------VGLVGSGVVRAGRMMSSGVKRLSSSSRLATSVATPVNGSPLHEVNGTQKVKE------
Physcomitrella_2 LAEQNELKAREQM-NN-GVIGGAMDAVGGGVKMVGSGISAVGSGGS-------KLVGTGVGAVGSS-------VGIVGSGVVKASRLVSSGVKRLSSSNRLVSTTSTPVNGSPMHEVNGISKLKEV-----
Physcomitrella_3 VEEKEEIQAKEDLKNA-GVIGGNMDALTKSLKPSRNGTETVESGVM-------KVGRMMSKGIKSF-------IHDSLSPR--------------------------------------------------
Oryza_1 ESEKRAIEERKRLKEA-GVIGSTMDALGGAASLVGSGVGLVGTGIVGGVGLVGSGIGAGVGLVGSGVGLVGSGIGAVGSGLGKAGKFMGKTVAGPFSMSRKNGSSSTAPQ--AEQPSA-------------
Triticum ESEKKAIEERKRLKEA-GVIGSTMDALGGAASLVGSGVGFVGTGVAGGVGLVGSGLGAGAGLVGSG-------IGAVGSGLGKAGKFMGRTVTGHLGMSRKSGSSSTVPQ--PDQPSA-------------
Zea EMEKQAIEERKRLKEA-GIIGSTMDAVG-------SGVGFVGTGIGAGLGFVGSGIGAGAGLVTSG-------IGAVSSGLGKAGKFMGRTVTGPFSMSRKNGSSSTAPQ--HDQPSA-------------
Saccharum EMEKQAIEERKRLKEA-GVIGSTMDAVGGAASLVGSGVGLVGTGIGAGIGLVGSGIGAGAGLVGSG-------IGAVGSGLGKAGKFMGRTVTGPFSMSRKNGSSSTAPQ--PDQPSA-------------
Sorghum EMEKQAIEERKRLKEA-GVIGSTMDAVGGAASLVGSGVGFVGTGIGAGIGLVGSGIGAGAGLVGSG-------IGAVGSGLGKAGKFMGRTVTGPFSMSRKNGSSSTAPQ--PDQPSA-------------
Aquilegia EEEKKLLEERKKMKEA-GMIGSTMDALDGAASFVGSGVGMVGTGLG-----------AGVGIVGSG-------LGAVGSGLSKAGRFMGRSITGQSSGPKK-SGTSTPVG--S-QENGGAKQA--------
Populus EEEKQIIEQRKKLKEA-GVIGSTMDALDGAASLVGSGVGLVGGGVG-----------AGVGFVGSG-------LGAVGSGLSKAGRFMGRTITGQSS--KR-TGNTTPVN--SVQENGGAKPL--------
Solanum EAEKAILEERKKLKAE-GVIGSTMDA-------VGSGVGMVGSGIGAGVGFVGTGLGAGVGIVGSG-------FGAVGSGLSKAGKFMGRTFTGSSKK----NGSSTPVN--SVQENGGAKPLKSE-----
Lycopersicon EAEKAILEERKKLKAE-GVIGSTMDA-------VGSGVGMVGSGIGAGVGLVGTGLGAGVGIVGSG-------FGAVGSGLSKAGKFMGRTFTGSSKK----NGSSTPVN--SVQENGGAKPLKSE-----
Nicotiana EAEKAILEERKKLKSE-GVIGSTMDALDGAASLVGSGVGLVGTGLGAGVGLVGTGVGAGVGIVGSG-------FGAVGSGLSKAGKFMGRTFPSSSKK----SGSSTPVN--SIQENGGAKPLKTVLANTD
Medicago_1 EAEKAILEERKKLKAA-GVIGSTMDAVGSGVGLVGSGIGLVGTGIGAGAGLVGSGIGAGAGLVGSG-------FGAFGSGLSKAGKFMGRTITGHSGS-RR-SGSSTPVH--NPQENGSPKKTQ-------
Gossypium EEEKRILEERKKLKEA-GVIGSTMDALDGAASLVGSGVGMVGTGIGAGVGLVGSGVGAGVGIVGSG-------LGAVGSGLSKAGKFMGRTFTGHSS--KR-SGSSTPVN--SIXENGGAKPL--------
Vitis EEEKRILEERKKLKEA-GVIGSTMDALDGAASLVGSGIGLVGSGVGAGVGLVGTGLGAGVGIVGSG-------LGAVGSGLSKAGKFMGRSITGQSSSNKR-NGSTTPVN--NTQENGGVKP---------
Medicago_2 EAEKMTLEQRKKLKEE-GVIGSTMDALDGAASVVGSGAGLVGSGIGAGDGMVGHGFGAGAGIVGSG-------LGAVGSGLSRAGKFMGRTITGQSASRRSASGSSTPVF--NVEESGGGAKPR-------
Arabidopsis EDEKKIMEERKRLKEA-GVIGSTMDAVGMVGSGLGAGVGMVGTGIGTGVGLVGSGVSSGVGMVGSG-------FGAVGSGLSKAGRFMGRTITGQSSKR---SGSSTPVN--TVPENDGAKQQ--------
Oryza_2 ELEKKTVEERRKTKEETAAVSGAADAASGVTSTVTPAAGAGVAAGAAAPGAGATAAGSGVGLVGTGIGAVGSGIGAFGTGLSKAGKFVGRTVTGPFSSARRSASSVPTID--E------------------
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fore included in figure 9. Alternatively spliced regions of
Homo sapiens and Mus musculus FAM62B are shown boxed
as well as some alternatively spliced regions of Ciona intes-
tinalis FAM62.

Analysis of the structure of Syt genes
Collection and analysis of the plant NTMC2 genes and
animal FAM62 genes revealed intron patterns which are
highly conserved within the different groups, implying a
long evolutionary history for the whole length of each
gene. I have previously looked at the intron patterns of Syt
genes and found strong conservation of particular intron
positions [3,4]. To make clear the differences between the
plant and animal N-terminal-TM-C2 domain genes and
Syt genes which are also N-terminal-TM-C2 domain
genes, I analyzed the intron positions within the coding
regions of Syt genes from a wide a range of metazoans.
Details of Syt genes shown here but not previously
reported [4] are in additional file 4.

Figure 11 shows an overview of the intron patterns in Syt
genes. Intron positions and their phases are shown rela-
tive to TM, C2A and C2B domains. The conserved introns
between the C2A and C2B domains stand out clearly. I
have included Syt17 (also known as B/K [28]) homo-
logues here. Although Syt17 homologues lack the N-ter-
minal TM domain and were therefore excluded from my
previous analysis [4] their intron structure is indeed char-
acteristic of Syt genes and different from other Syt-like
genes, such as those encoding Doc2 and Rabphilin pro-
teins (figure 12, details in additional file 4). The HUGO
gene nomenclature committee [25] have agreed to name
the Homo sapiens gene locus SYT17 so I follow this nomen-
clature here. The finding of a Syt9 homologue in Strongy-
locentrotus purpuratus expands beyond vertebrates a group
of Syt genes (Syt3, Syt6, Syt9 and Syt10) previously seen
only in vertebrates. I have identified additional Syt genes
in genomes examined previously. The Ciona intestinalis
Sytα (following the nomenclature of [9]) is a previously

plant NTMC2Type5 genesFigure 5
plant NTMC2Type5 genes. Amino acid sequences of full-length gene products are aligned. TM regions are boxed. Intron 
positions and phases are marked. C2 domains are indicated. Full details are in additional file 1.
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Physcomitrella_1 MVTLVVTSVKVFPDSTRNPQLPVASYTVGTLHSRPLGTCLTAQIHGPKNLFHGRPYKLDNHFQSKCRIGVRALPGKRKWRLLASVADGSKGDTKSGQLLNRFLKRGNPEIVVSDDSQELANDASNSRQEPQKKMQEEVEIPDDGTEPSLKPLGLV
Oryza ------------------------------------------------------------------------------------------MLPPSAGTPLP-PPSLAAASTSSCFLPSLLPIRRRRWPTPKATATAAFPPRRPAPLSANNLPLHT
Zea ------------------------------------------------------------------------------------------MLTPSAGIP-P-PSLSAASSPSTSYSLLYLPRRCRRLPVPRASSS--FAPKRSAPVPTTTLPPEA
Arabidopsis_1 -----------------------------------------------------------MIPQTSSSNFDFRLPVDVSCTLLCPCSNELRAVFFT-----R-SRVLRP-SVKISNFRFISCGFRGNSKNLRLTDSSRKAANRFVIARFTNEFEDE
Arabidopsis_2 -----------------------------------------------------------MILQSSSSCSSFDFPSFVSRRLLCPCSNEHGLIVFSDGFTKR-RRILRRVHAANSNSRFVSSGIRTDSKNIGLADSARRAARSLVVTRFSNEFEDE
Physcomitrella_2 ------------------------------------------------MLEMAQAHQFLKIMYHTQSTSCQNTSSQSMVLLLPVIDENHEQFVTLRAPSSRSLGSYDTAGSMKYHRSKVLPTSRICRVPESQLRRVDQSWKPQIGRNIPWSLATT
Physcomitrella_3 ---------------------------------------------------MAQAHPVPNIMYHTHRQSCQSITSSSPVLLLRELDGKHQQFVNLNSISSSFYGSCGNAKLMKHHQLRVLPSSRICRVPESQLCRVDQPRKPQIDRNISWSLATA

165 175 185 195 205 215 225 235 245 255 265 275 285 295 305
. . . . . . . . . . . . . . .

Physcomitrella_1 KAAKATKDRLLEAALKQVEEVKGFATNTSWTNYFTSVDASPGTPLIPFLGDSLLGLGGLVLVAAALASWLRKARLGKKVLNTKEAGPTKPPRTKDILNAQAAVAAPIALSMLLQSDMKKKESAEWLNMVVGKVWNLYRRSLETATIEAVQPVIDE
Oryza PGVSETTSTSTSSTTFASGTFRGAGGEDPLVSKLRTQLGVIHPLPAPPVNRSVLGLFALFFFVGAAFDKLWTLR--------KRRR---AEREVKVNGTWPQVPTSSFSLFLEEKDLQRKESVEWVNMVLGKLWKVYRPGIENWIVGLLQPVIDN
Zea PSTSAAVEAPAPFSVTAPGTYRG--GEDPLVSKLRTQLGVIHPLPAPPISRSVVGLFALFFFVGAAFDKLWTLR--------KRRR---AERELKVNGSWPQVPTPSFSLFLE-KDLQRKESVEWVNMVLGKLWKVYRTGIENWIVGLLQPVIDN
Arabidopsis_1 GSSKESNDQA------NFSNFR----EDPIVDKLRTQLGVIHPLPSPTINRSVISLFVFFFFVGVAFDKLWTWR--------KRQRETGGDGNQRGVGPWPQVPT-SFSLFLE-KDLQRKESVEWVNMVLGKLWKVYRAGIENWLVGLLQPVIDD
Arabidopsis_2 EASSSSQESAIQGDRNNFTNFR----EDPIVDKLRTQLGVIHPIPSPPISRNAIGLFAFFFFVGVICDKLWTWR--------KRRRQMAGDGGQRGAGPWAQVPT-SFSLSLE-KDLQRKESVEWVNMVLVKLWKVYRGGIENWLVGLLQPVIDD
Physcomitrella_2 GPHAFMTNNRMSISYSARQRKDSTVVHAQAVHRSISFLPGAGPLRDFLF--ALIGAVFAFLFAGMLA-KVWSL----------EERYFRATSVERGTANMPEMG----------SIQGQKESVEWVNMVIHKVWKVYRRSLEVWLVQLLQPAIDN
Physcomitrella_3 GSHVVMTDFTRSNLYPTRQGRYSAVVHAQAVHRSFSLLPGAGPLRDFLF--ALIGAVFAFFFAGFLA-RLWSL----------EERYFRATSAERGSATMPEMG----------SNQGQKESVEWVNMVIHKVWKVYRRSLQVWLVQLLQPAIDN

320 330 340 350 360 370 380 390 400 410 420 430 440 450 460
. . . . . . . . . . . . . . .

Physcomitrella_1 IPEKPPFVERVILKQFFLGDEPVTLRTIERRTSRRANDLQYHVGLRYTGNSRMVFSLKLKFGFLPIEIPVAIRGLDLDGEVWVKLRLIPTEPWVGTATWAFVAPPKVTLALVPFRLFNLMAIPLLNIFLTNLLTRDLPLLFVRPNKQIVNYL-KG
Oryza L-HKPDYVNRVEIRQFYLGEEPLSVRNVERRTSRRANDLQYQIGLRYTGGARMALALSLKFSAVPVVVPVWVRDFDIDGELWVKLRLIPTEPWVGAVSWAFVSLPKIKFELSLFRLFNLMAIPVLSMFLTKLLTEDLPRLFVRPKKIVLDFQ-QG
Zea L-HKPDYVNRVEIRQFYLGEEPLSVRNVERRTSRRANDLQYQIGIRYAGGARMALALYLKFTKVPVVVPVWVRDFDIDGELWVKLRLIPTEPWVGAVSWAFVSLPKVKFELSLFRLFNLMAIPVLSMFLTELLTEDLPRLFVRPKKIVLDFQ-KG
Arabidopsis_1 L-KKPDYVQRVEIKQFSLGDEPLSVRNVERKTSRRANDLQYQIGLRYTGGARMLLMLSLKFGVIPIVVPVGVRDFDIDGELWVKLRLIPTQPWVGAVSCSFVSLPKVTFQLAAFRLFNLMGIPVLSMFLTKLLTVDLPRLFVRPKKIVLDFQ-KG
Arabidopsis_2 L-KKPDYVQRVEIKQFSLGDEPLSVRNVERRTSRRVNDLQYQIGLRYTGGARMLLMLSLKFGIIPVVVPVGIRDFDIDGELWVKLRLIPSAPWVGAASWAFVSLPKIKFELAPFRLFNLMGIPVLSMFLTKLLTEDLPRLFVRPKKIVLDFQ-KG
Physcomitrella_2 L-GKPNWVKRVKIVELNLDYEPIIVRNVQRRASRRANDLQYHFGLRYAGGARCLLNLKLGRAGFETSIPVGVYELDVDAELWVKLRLAPVSPYVGTLSLAFVRLPTIKLVLAPFRVVNLFSIPFLNNFLSKLLTVDLPRLLVLPRHITFDFLPQG
Physcomitrella_3 L-GKPNWVKRVKIVELNLDYEPIIVRNVQRRASRRANDLQYHFGLRYAGGARCLLNLKLGRAGFETFIPVGVYELDVDAELWVKLRLAPVKPYVGTLSLAFVRLPTIKLVLAPFRVVNLFSIPFLNNFLSKLLTIDLPRLLVLPRHITFDFLPQG

475 485 495 505 515 525 535 545 555 565 575 585 595 605 615
. . . . . . . . . . . . . . .

Physcomitrella_1 KVAGPLPKDFKDSAV------------------GLNG-----------FAGELSVTLIEARKLNYFPI-GKTDPYVVFLLGEQTFRSKKNSKTSLIGPPGAPVWNQDFRMLVVDPKTQKLRIRVRDSVDYLGLANITVGYSTISIDDLEDTVSVD
Oryza RSMGPVAGDVASDVIQNVASGILQDVASDVIQDGNKD-----------FVGELSVTLVDARKLSFVLF-GKTDPYVVMILGDQEIKSKKNSQTTVIGQPGEPIWNQDFHMLVANPRKQKLCIQVKDS---VGLTDVTIGTGEVELGSLKDTVPTD
Zea RAMGPVSGSVASDIIQNVAT--------DLIQEGNKD-----------FVGELSVTLVDARKLSFVLF-GKTDPYVVMIIDDQVIKSKKNSQTTVIGLPGEPIWNQDFHMLVANPRKQKLTIQVKDS---IGLTDITIGTGE--LGSLKDTVPTD
Arabidopsis_1 KAVGPVLEDLKSGEMQ----------------EGNKD-----------FVGELSVTLVDAQKLRYMFF-GKTDPYAILRLGDQVIRSKRNSQTTVIGAPGQPIWNQDFQFLVSNPREQVLQIEVNDR---LGFADMAIGTGEVDLRFLQDTVPTD
Arabidopsis_2 KAVGPVSEDLKSGEMQ----------------EGNKD-----------FVGELSVTLVNAQKLPYMFS-GRTDPYVILRIGDQVIRSKKNSQTTVIGAPGQPIWNQDFQFLVSNPREQVLQIEVNDC---LGFADMAIGIGEVDLESLPDTVPTD
Physcomitrella_2 QNVMDSMKAMEES-----MDESIASGVLDLLKTTSTEPAVPQDDPSEVFVGELSVTICDARGLPIRGFTGWSNPYCILSLGDQVLESKRNKETSHPSGPKDPVWNQDFLLLVEDPRRQRLMLRVRDS---AMTLNPNIGYCEINLAELRDCVPRT
Physcomitrella_3 QNVMDSMEAMEASVESGAMDESIASGVLDLLKTASSEPAVPQKDPSEAFVGELSVTICDARGLPIRGFTGWSNPYCILTLGDQVLESKRNKETSQPSGPKDPVWNQDFLLLVEDPRRQRLMLRVRDS---TMTLNPNIGYCYVNLAELRDCVPRT

630 640 650 660 670 680 690 700 710 720 730 740 750 760 770
. . . . . . . . . . . . . . .

Physcomitrella_1 KVITLKNGRWFFLGRNAGELSLRLTYKAYVAEEE-EVDTTSPVKSTVLNEIGELISKEMEETEVSPAKRQLRDKIVTSVDAQKDDTGFRFTNPMLTIGTTRKPPGVTSGSGLPVDP--SGSINEPLKSNSSTNEPEVAPILSNPALEEQEKREGK
Oryza KIVTLYGGWGLLGKRSKGEVLLRLTYKAYVEDEE---DEGVKNEFAAGYVSDEDVL-DYVQDSTSKQSDMDGKE---RETFMDLLAALLVSEEFQGIVSSSEPGSLRDSEQAAKSR----DGENA------AAAADT--GTVSNSSTDT------
Zea KIVTLYGGWGLFGKREAGEVLLRLTYKAYVEDEE-EEDEAVRSEIGAGYASDEDVL-DYVS-GMSKGTDFVGKE---RETFMDLLAALLVSEEFQGIVSSETGSSSREGEQAGSGP----EGTDSVTVPTSAAAADTEASTVPNSSTDT------
Arabidopsis_1 RIVVLRGGWSLFGKGSAGEILLRLTYKSYVEEEE---DDKTNVKAI--DTSDDEMS-DSEELGSFVRKGKLSSDDIDQESFMNVLSALIVSEEFQGIVSSEARDGIIDGGDSLGAPVPSKPDTSKGSER----NADVSNLDLLVANSGRGAGGDG
Arabidopsis_2 RFVSLRGGWSLFGKGSTGEILLRLTYKAYVEDEE---DDKRNAKAIYADASDDEMS-DSEEPSSFVQNDKIPSDDIGQESFMNVLSALILSEEFQGIVSSETGNNKVDDGESSVSPVPSMSGADSESRPKDAGNGDVSDLEVKNAKSDRGSINNG
Physcomitrella_2 MWLNLKRDGLFGLKKVPGRVRLALTYKSYVDEEEEDSDENEGSFSPYIKVYGDSGAETVEDIGVSLGEEIAASIEAKAKNGEFESDDEAEIVRTRRKDSSVEINSSPKAHGNGHGRVSGSNRNADRVRRETGAARTRDQSESHSIRYSNKDASEN
Physcomitrella_3 MWLNLRRDGLFGPKKVPGRVRLTLTFKSYVDRED-DIDENAGSFSPYIKVFKDSGAETVEDIGVSLGEEIAASIEGNAKRNEYESDVEAEIVQTQRKDSSVEISSSPKGKGKPI-----ANGNA----RASGSNSSVVETQSSQDQFRTRSAAET

785 795 805 815 825 835 845 855 865 875 885 895 905 915 925
. . . . . . . . . . . . . . .

Physcomitrella_1 NAALLWLAIATGVALVVALDLNISNLFNP--------------------------------------------------------------------------------------------------------------------------
Oryza --ALVWLAAITSVMVLVSSNLGGSGYFNP--------------------------------------------------------------------------------------------------------------------------
Zea --ALVWLAAITSVMVLVSSNLGGSGYFNP--------------------------------------------------------------------------------------------------------------------------
Arabidopsis_1 GLALLWFGIITGILVLVAINMEGSSFFNP--------------------------------------------------------------------------------------------------------------------------
Arabidopsis_2 GLALLWFGVITSVLVLVAINMGGSSFFNP--------------------------------------------------------------------------------------------------------------------------
Physcomitrella_2 TFRGFGNNGDVRVPVRVDGSDS-GEHTGVSGNAIVGVWDREMEMLATRSSKAQEGSVGHASRTQSRRSSFYSEASGTPVVEHGATSPLSRSSDPKEENPRFEKETGELGSKDDPSSDLSKTEGNKLLWLCMFTTVAYIIGCSLHISNPLHP
Physcomitrella_3 VKQG---NGSARRGEQVESNSTHSSNTNASENATT------YPSIFSSDGDIRVPRRVNDSEQQGEYSSIPADCRASVWDNNVERLTISGSYDPKEESTQLENEAGLVSK-----GDASKAEGNKLLWLCMFTTVAYVIGWSLHFSNPLHP
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plant NTMC2Type6 genesFigure 6
plant NTMC2Type6 genes. Amino acid sequences of full-length gene products are aligned. The N-terminal TM region is 
boxed. Intron positions and phases are marked. C2 domains are indicated. Full details are in additional file 1.
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Physcomitrella_1 MDNGVKKNRWVLPWLEMGRRLWEYLLDWPFMCHIGLVLLVAWIVSFVGLNVALVCALGFLYLYQIEHRQRRRLNWRIRYEEREKANKTR-IAEGETVHWMNQILEKTWPIFLKDITSI-LLVPLTS-MLD
Physcomitrella_2 MDESLENAGNPSVW-DRGRMVAQYLLGWPFMCHAGSVLLVAWIASYLHLSVGLVCILGFLYLFQIESRQRAKLLWKVHHEEENKARKMR-ISEGETVRWMNKALETIWPMFLGEFSSKHLKIPLSS-FLD
Physcomitrella_3 ------------MVGTNESGLMEDVDPFPFMLHVLVALVVTYLFLPFSLNGFFFILFILAYLFEVDRRGRERERRRIASEEWRKINTKRTFDEGETLRWLNQAIKSMWPVCMETFASKHLFSHMLPWFLK
Physcomitrella_4 --------MGNPAQGEPSFIAEKTMDQFLLMFYVVSVMCCLWIVSSVSSNCLFLSL-LGGYLFWILKQCLEREKREILFEERKRVNASKAMTEGETLQWLNESLNVMWPICMEKFASQHFFTPIAPWFLK
Physcomitrella_5 --------MEGLVEEEASPSAGKVIDQLFPMPQLVPVLFIVLLMFILGINWLIAIL-LICYVSWVQKQYFESERRRILFEERKRSNTKRVMSEGETLRWVNESLKVMWPVCMQKFASQNFFTPMAPWFLD
Oryza_1 ----------------------MDAGELPIVYHIGIVLAALWAAGSLGFRHSVLFLLAFLYLYMVNARCAMKLRKRIQHEEMKSAYQRRLLSDAESVRWLNYAIKKMWPICMEKIVSQ-LLRPIIPWFLD
Oryza_2 ----------------------MDITEVTVVHHAALVLLALWAAVSAGWAHPAIFLAALLYLFAVNERYTMRLRKRIQHEERKCANQRRLLSDAETVRWLNYAVEKIWPVCMERVASEQFLLPIFPWFLE
Lactuca ----------------------MDITEVSIIHHVGIVFLVIWLLSSFGYSHPIVYFISLIYLYLVHENFSTRFRRKVRFEERRQANQKRVLSDSESVRWLNHMVERIWPICMENIVSQKILLPIIPWFLQ
Arabidopsis_1 -------------------------MESSLIHHIIIVLLLLWFISSLNRSHAFFYFLALIYLYLVHERYVMRLKRKLQFEERKQANQRRVLSDSESVRWMNYAVEKIWPICMEQIASQKILGPIIPWFLE
Arabidopsis_2 -------------------------MECSVIHHVVIVLLLLWVLSYLNRSHAVFYVLSLVYLYLVHERYVMRLRKKLQFEERKQANQRRVLSDSESVRWLNHAVERIWPICMEQIASQKILRPIIPWFLD

140 150 160 170 180 190 200 210 220 230 240 250 260
. . . . . . . . . . . . .

Physcomitrella_1 QFKPWIAKKVIVQNLTLGNTPPRITMIRILDTPVDGDDLAIEASMEWMAAKDMSAVVDVKPLRRLGWGMSATFHLCNLRFEGKAKVGVKLKAGWPMIERIRICFGTAPLIDMAARPISNSSFDVTELPGI
Physcomitrella_2 RFKPWSMKKISVSDIFLGKSPPIVTMIRMLDDPVDGDHLAVEASIEWMAAKDMAAVVDVQFLRRISFGIRTTVHICNLCLKGKVKAGIKFKNGWPVIERLRVCFATAPHVQMTIHPLYNNGVDVSELPGI
Physcomitrella_3 AYKPRAVSDVKIETLHLGSTPPVFNLIRTLERPTGGDHVVFESNMDFNSGDDMNCKMSVLLK---SLGLRTTFYISRLHVEGTVRISVKFLESWPVVGRLRLCFTSKPLVSMSYRPMDKNGIDVSLIPVI
Physcomitrella_4 KFKPKYVKEVTLQSLHLGSTSPLFSLIRVLPA-SQDDDVIFEAEMEFSSDKDMKAQMSVQMK---HINTTTTFYISKLYIKGTVKFSVKFEKGWPILGRVRFCFANAPYIDMTARPYAKKGIDMRIIPGA
Physcomitrella_5 RYKPKYVTKVTMNSLHLGNTPPFFRLIHVLQS-SQDKEEVFEAQMEFLSDEVMGARLIVEIS---GVKIT--FYISKLYIKGTVKFSLNFVGGWPVLGRIQFCFANAPTVNMDARGY---GLYMGYIPGA
Oryza_1 KFKPWTVSKAGVQELYMGRNSPLFTSMRVLPETSDDDHLVLEIGMNFLSAEDMSAVLSMQLHKSVGLGMTANMHLTSMHVEGKILVGVKFVRSWPFLGRVRLCFVEPPYFQMTVKPLIGHGLDVTEFPGI
Oryza_2 KFKPWTARKAVIQDLYLGRNPPMFTDIRVVRQSTDDDHLVLEIGMNFLSADDMNATMAVQLRKRLGFGITANMHITGMHVEGKVLVGVRFLRQWPYIGRVRVCFVEPPYFQMTVKPLFGHGLDVTELPGI
Lactuca KYKPWTVKEAVVQSLYMGRSPPMITEMRVCRQSTGDDHLVLELGLNFRTADDMDAILAAKMTKRLGFGMSAKMHLTGMHVEGKVLVGVKFLPKWPFLGRLRVCFVEPPYFQMTVKPIFSHGLDVTELPGI
Arabidopsis_1 KYRPWTAKKAVIQHLYMGRNPPLLTDIRVLRQSTGDDHLVLELGMNFLAADDMSAILAVKLRKRLGFGMWTKLHLTGMHVEGKVLIGVKFLRRWPFLGRLRVCFAEPPYFQMTVKPIFTHGLDVAVLPGI
Arabidopsis_2 KYRPWTAKKVVIQHLYLGRNPPLLTDIRVLRQSTGDDHLVLELGMNFLTADDMSAILAVKLRKRLGFGMWTKLHLTGMHVEGKVLIGVKFLRRWPFLGRLRVCFAEPPYFQMTVKPITTHGLDVAVLPGI

270 280 290 300 310 320 330 340 350 360 370 380 390
. . . . . . . . . . . . .

Physcomitrella_1 SQFTDRLLADVLTRSLVEPSMVEIDMEKLMRDVMRPKGPAGAIYKIRACPRLLHSGISNNTVNNLCMYLYALTSAIISGYSDPYVKVGFGNQRGKTKVKWKTLNPTW-NETLNFMIPSGQPPNTILLIVR
Physcomitrella_2 AQWMDRLMADIFARSLVEPNMIEIDVEKLMKDVMIPLDP---IPVPRGAFWTMHVGAPVADVIVEVLEATDLRIGYVNGYPDPYVKVTVGHQTKTTKVQPKTLHPKW-NETLKFSIATLEQLDKILINVR
Physcomitrella_3 ANVVEKMVDNALELSVVEPNLLIVDIEKLVSHM-FSDS----RAQQGLSRFFKVENEA--TLVVEILEASNLKAADSNGLSDPFVDINFGQRHQRTSKKKKTLNPKWENERYEFPIVSWDMPNLLTLRVR
Physcomitrella_4 ASWLEETLGTALEQSVVEPYMLVIDMKKLVSNMMFPGP----ISRYGLQDFFSVEHKSGVMVLVEVLEAGELKAGNAAGLPDPMVELLLGTRREITKPKLQTVNPVWTREMHRMPIVNWEYPNILTLRVM
Physcomitrella_5 KSWLEETLGRALEESVVEPYMLVIDMEKLVSNMMFSEP----KPSQGLQDFFSVEHRSDFTVLVEILEAGDLKAGRANGLPDPIVELSLRSHIQKTKSRPKTINPVWTDEKHRFPIENWEYSNILILRVI
Oryza_1 SGWLDKLMDTAFGQTLVEPNMLVIDVEKFVS------------TPSDNDWFSIEERPPVAYVKLEILEGSDMKPSDMNGLSDPYVKGRLGPFKFQTQIQKKTLSPKW-FEEFKIPITSWESLNELAMEVC
Oryza_2 SGWLDRMLDVAFGQTLVEPNMLVIDLEKFAS-------------ESTDSWFSVDEKPPIAHAKVEILEGADMKPSDPNGLADPYVKGHLGPYRFQTKIHKKTLNPKW-MEEFKIPVTSWAALNLLSLQVR
Lactuca AGWLDKLLTVAFEETLVEPNMLVVDVEKLVS------------PEQ-ETWFSVDAKEPIAYAFVEVVEGSDMKPSDLNGLADPYIKXXVGAYRFRTKTQKXTLSPKW-FEEXXIPITSWDVPNXLXIEVR
Arabidopsis_1 AGWLDKLLSIAFEQTLVQPNMLVVDMEKFVS------------PTS-ENWFFVDEKEPVAHVLVEVFEASDLKPSDLNGLADPYVKGKLGAYRFKTKIQKKTLSPKW-HEEFKIPIFTWDSPSILNIEVG
Arabidopsis_2 AGWLDKLLSVAFEQTLVEPNMLVVDMEKFVS------------PESGDNWFFVDEKEPVAHALVEVVEACDVKPSDLNGLADPYVKGQLGAYRFKTKILWKTLAPKW-QEEFKIPICTWDSANILNIEVQ

400 410 420 430 440 450 460 470 480 490 500 510 520
. . . . . . . . . . . . .

Physcomitrella_1 DKDPI---FDDKLGHCEVEISQYRDGKRHDFWLPLEKVKTGRIHLAITVTDNLTASQGSKEASNNNSITVAVHIPSSAEPQLTQEFHKSVSCDMPLSPGKGPTQPPVASPNAKPEGLSSGISRNLTSSRK
Physcomitrella_2 DKDHF---YDERLGSCTVNLNSYRDGIRRDIWCELEDIKTGKIHLAITVVAKQASSLSSEDTSSYNSTTF-----ETIDQTISREFDPSLSEGLPLSAAPSPKTHVSTRQKLKALRLRE-----------
Physcomitrella_3 DWDILPTISSHELGICSVSVNDYRNGERHVFNKRLE----KVLKGHLKFAISVVYSHPPQMAEEPRISDAMCETVSQDLKTSSSAVDYISPTRVPGMPRSKSDTNLPRIATSKVPVSRH-----------
Physcomitrella_4 SKPSWG--RSVDLGICSIAVKEFQNGERKEKKLRLESVNKKEYMGWIKFAITVEHHNGSQTPEERH--------TTFGSQPQTQEIASITPPESTATSRSQA---LGTRIKAFMHMRNS-----------
Physcomitrella_5 HK-SWR--GQVELGICSTPVKEFQGGERKERKLPLE--RDKETVGWIKFAVTVEHRGGSESHEEPR--------TTFEFQTQTQDIASITPPDSAATTRSQA---LGVKANPLTHTGNS-----------
Oryza_1 DKDHM---FDDSLGTCTIDIHELRGGQRHDKWISLKNVKKGRIHLAITVEDISEEKGLEESSRKVDAELPISTSVNKFNADELP-------DEKQVLVDEVEHINIDGQEQPGGLYVHR-----------
Oryza_2 DKDPI---FDDTLGDCSISINKLRGGQRHDIWIALKNIKTGRIHIAVTVLEDENEKVPNDDDEQCGTPKGGKASTPRSSFSSRTNNESESSEEFRKISAEYEPVDIEGLEKVD-VWVHR-----------
Lactuca DKDHF---IDDTLGDCMIKINDFRDGERHDMWLPLQNIKMGRLHLAIKVIE---AECDRDVASKNEFTKKPLVVEKSEETN----------------ADSFEPIDVEGLKETG-IWVHR-----------
Arabidopsis_1 DKDRF---VDDTLGECSVNIEEFRGGQRNDMWLSLQNIKMGRLHLAITVIED-NAKSSDDPLKKAKLNKEDIQTSFASDTTNLGSFSS---DKSPSVVDNFEPIKIDGQEETA-IWVQK-----------
Arabidopsis_2 DKDRF---SDDSLGDCSVNIAEFRGGQRNDMWLPLQNIKMGRLHLAITVLED-EAKLNDDPFEGVTICKEDMWASFASDVTNKGSFSSVVSDKSPRVPDNMEPINIEGQEETG-IWVHQ-----------

C2

0 0

0 0 0

0 0 +1     +1 +1 +1

+2 0 0 0 0 0 0

530 540 550 560 570 580 590 600 610 620 630 640 650
. . . . . . . . . . . . .

Physcomitrella_1 IETPPRLSDIEKSSTSGAANVRQSMQVVLVLWIMTHTHHISEIKRRVCYEHQTTQEQNARETGFQLRGVRLLWRTDAIGRKKSPRTCHVHFVTLSPDQGSHTHQLLPHPIQGRLHHTNNPLPVQCPGVDE
Physcomitrella_2 ----PFLSKTSPTSPVKDPNLNSGRQRSVII-------DSPESRRRL----ESPRIASGREIFF-IPGDD---SSDLFTSDDVSRFASVHSTTKI--EAEAINQSSDEPMAIELH----------VGVGE
Physcomitrella_3 -RRRNSSGDSALSEVFGEQKPHGDKIDFIDM-----PYG-PRGAFTI-----FHPGLQTPLLFTPARDASKASETDKSGEFKQSRRYRWIRRMRKQNGGNNSLEGLQTDGMSEQSCFSGSSADFSTDLRD
Physcomitrella_4 -STEVETAILVRAATSEPSEIDGGSTDIIEM-----PSNIPPGSFSI-----QCPEKEETSYFT--SDPRRRSNAKKHKKDKSAPG-------CKERDAIMSNTKVKTPYMRFLRMRKPRNI---SKISF
Physcomitrella_5 -STEVETGSLAHV-TSEPSEPDGGSTEIIKI------HNIPDGAVLS-----DSKVKQSMKRLL--RKARNISKVSSH--DKSPPD-------REMIQGEHSGYSSSLDCSSELKVYHGSLK---VNLQ-
Oryza_1 --PGTGVPKTWESRKGRARNPDTEIYKEVD---------KSKDAPTP---KSSGQGGFFGSFFRKSLKKGSFHDIDPGIPTTPGPQSAT-----ELDPKIPQTPRPNLKEAGEKRTSIKIVVD-------
Oryza_2 --PGSDVAVTWEPRKGRARCQDSRILRENDVYCDSPKSCQSESQRSD---SSTEEPANGKSRHHLHKVKKGLGKLAGAMFKSPKKES-------DDEASPCVTPHPNIKPLGEKRVSVRYVVD------E
Lactuca --PGADVAQVWEPRKRKNKNKNRSHKDNESVA--SSTRSESFPSNDS---SSSDDSLEGNKVKSRNPVKRGFRKIGSMFNRSPKPENDTPRSFKERDEKECDSPPQNVRAVNKREIGVKLVMEVDKDNLV
Arabidopsis_1 --PGAEVSQIWEPRKGKSRRLDSQIQ-----R--TP--NDESLSNGS---SSTDDNQEGSKNPMKS-VGRGLRKIGSMFHRNVKKEE-FLIGSIEEESQS-QSPRINLKAVNQKDVGLNFIVD---DNLS
Arabidopsis_2 --PGTEVSQIWEPRKGKSRCLDNKIQCAGSVR--ST--ASTSPNNES---SSTDKNQEG-KSEMKS-VGWGLKKIGLVFHKNGKKEECHHTGSIEEDIRS---PRINLKALNQKDVGVKFIVE---DRLS

660 670 680 690 700 710 720 730 740 750 760 770 780
. . . . . . . . . . . . .

Physcomitrella_1 APGVACMHSPSLHVHLAGPQSLHAPVWQLHSCKPSVGAVLPPLANGRHNELVEVGSRRRPLLILLPCPLPHYPCLEKQRRQKSAMARPSLEVAPFMNTSFTSEGKVLMMTAAVSVFPCTTRTLKLGCFFT
Physcomitrella_2 SGAVKIRRFGD-----ANPPTSPEP--------QVVGSTRSQSVSKSFNNIEEEGSATRKIRSAGIKLHSKYHRFELQNRRGFSSSN-GLTVDTLGGQAANNSPTNTLLGQNDSTKTSLTPEVCGGAMDV
Physcomitrella_3 FNPDQYRGPVKMNLEDVEPPLMDMA-----------PSIVPIHVSGQLEPIQSGKTPTTPAINQFFGNAPRDTFAPAPGEVDSRPSPVSGGSNMETTSILSNEEGHKGEGIGDAAFASSQPVQRLRTCPK
Physcomitrella_4 IEKSP---------ADREATMTDLS-----------GYSSSMEHSSEVKVCTDSSKT-----NMQLF--P--DMAHAVHNIIHEKTIIDSCNATTQLQGNSQQQTIGRDFVENLSFSNLQDEVTLRHGCR
Physcomitrella_5 LSPDM---------ASLEPRETELP-----------CEPLNLDSSTKLETVHSVQDP-----DNFLLKTP--DLAHTRRNNFHEK-INEGCTGAPQSEIKGPQLSLVGGAVGKSSISNELNEATLSSTPI
Oryza_1 -------EDAKPTRSAGDAENLTE---------DVAKVMEKNAG-EPGRSLTSILSRKISRKKPEDKL--SDIPEQTEAQASELVKEGP----VPVEGKPIDGHPTTENGHGDGASGEAAETQTSAQTSQ
Oryza_2 DPSENLPDDQHSSPERGESESPTKR-----HLRKKAVHMVKHAGNKTAHNLKNMFSRKGSDKSKEGQDDQKDDPDTIVVEPSKVKKDNPDASEVDIDPSQVENDIPDSTAIDPLKVDSNVANNIVVDALE
Lactuca SQGQDPRVKFEESSERSDEESPGKT-----GVRDTVKGILKSTG-HSARGMMHALSRKGSNKSRDSDSNGDFGPILSPGCELSPDGPDQAASPTG-QMGSSPLSPTVELRSSPLSPTGQMESNPLSPTGQ
Arabidopsis_1 GPLSGKSLDGESLDA---EENSGKG-----HMKDVAKSFLKQAE-KSAKQIKHAFSRKGSMKPRDGHK--EIVPESDSGTDSESSDDDDAFTCVK-NLATEPGKLTRDGNIERTGDDDHVDSTTLATAKE
Arabidopsis_2 GPLTGRSPKGESFDS---EDSQHKR-----HMKDVAKSILKHAE-KSARHLKHAFSHKGSRKSRDDEC--STVSEQDSECLSETSDDKSAFSNVQ-DLGTLR-RAKLEGKTVKAGEDDNVN--TSANSKD

790 800 810 820 830 840 850 860 870 880 890 900 910
. . . . . . . . . . . . .

Physcomitrella_1 KSKPPPFSDSFCIYKSSVRNISSSNNFSVR-EDTLPLLSFFNFLECGFCAPDYLLQKDEHETYLVECSKAQNLHSFLVRFKNGILDELVYAHYVVVSVEVRTEQTIRLYSVFISSSYHDYTVGTSVVPTG
Physcomitrella_2 RAIGDLEPDKEHMRNRAKGILKAAGRFGKRLNHRKTSLSSDELSSSGELTP---IGGERIEVSLSGPSTDLHMQQQVASPSNRLVSSLPASISSTPPQRPPPGLPQPVTPSFDTSE--------------
Physcomitrella_3 RQSGKPSFSWPSTWYKKMRLLAKRSKKKKRNDKGEVAVSSELKYPVGEYAEGDHRAVSFYHED-SDQSFPSGPQTFIFESPLETRHMANAGNPGNAQVDSPQQRLIINSSSSSAANSGSQSDRHWASKVK
Physcomitrella_4 SQSATAPM--PPKQYTKNNSWLRNFKLTKWPKKSRKTMVSKQEHVSVDNLERDPASLPRFEHEFGDPSYTSTTLSIRKELPPTDLKTALLQAQSPLTGSLLENHRSILASGRPV--SGSQSCRQDASILK
Physcomitrella_5 LQSH---M--PEKQNSKNRTWLTKFNLPKRRKNPRKSKGGKVDYVSAYSFERDPGSLPLSETD------TSATQSFREEGSKKDFKTLSRQGQPIATDGSPENHRSILASSGGA--SGSQSCRVEPSNAK
Oryza_1 ----------------------------------------------------------------------------------------------------------------------------------
Oryza_2 YASESDAKDKPQ----------------------------------------------------------------------------------------------------------------------
Lactuca VNAGE--PDMLMMDTVDVNGTNKGDEEMPPEPQVISSL--------------------------------------------------------------------------------------------
Arabidopsis_1 DSSGDILEDSTDVEAKEEKLKEAAESETRDMDTAMNIKTEDEKGDTLKNIEEGEEKESSSK---------------------------------------------------------------------
Arabidopsis_2 DSKN------------KETKKNLANLETTYSD-ARNSFAGAEKVTTPKNRKGIIGK--------------------------------------------------------------------------

920 930 940 950 960 970 980 990 1000 1010 1020
. . . . . . . . . . .

Physcomitrella_1 LACVMCRGCRSSFQTAHKVSGVKLKNLRMKLSVNLFKPHCICMYFVFLHQGVQTRECVPELLHRVPPNHQDQHVEIPGVPRGTNSEEVGLEQFEKKWRVKPILHQNTQPINSKRRK
Physcomitrella_2 --------------------------------------------------------------------------------------------------------------------
Physcomitrella_3 RLIPDKLARTSQSFRHEFLDLKRLQTPIRDSSLTTIPERSSHHRNAKPHV------------------------------------------------------------------
Physcomitrella_4 RILPHR----AQSFRFDLLNITNRKHARLE--------------------------------------------------------------------------------------
Physcomitrella_5 KITGTQ----SMSMRFDSLNTIHERHDRLDRTA-----------------------------------------------------------------------------------
Oryza_1 --------------------------------------------------------------------------------------------------------------------
Oryza_2 --------------------------------------------------------------------------------------------------------------------
Lactuca --------------------------------------------------------------------------------------------------------------------
Arabidopsis_1 --------------------------------------------------------------------------------------------------------------------
Arabidopsis_2 --------------------------------------------------------------------------------------------------------------------
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unidentified member of a group present in Caenorhabditis
elegans, Drosophila melanogaster, Anopheles gambiae and
Ciona intestinalis but not present in Strongylocentrotus pur-
puratus, Danio rerio or Homo sapiens. The Danio rerio
genome sequence is still being completed and has yielded
substantially more information since my last analysis [4].

In figure 11, I have arranged the Syt genes into groups of
likely orthologues and paralogues. Genes from different
species, which are more similar to each other than to other
genes from the same species, can be classed as ortho-
logues, and thus defined, are taken to be related by vertical
descent from a common ancestor [29]. The functional
implications of such a relationship are that orthologues
may fulfil similar, perhaps equivalent, roles in different
species. As mentioned in the Background section of this
paper, this may be broadly true for Syt1 genes which
appear to be present in all animals. The intron pattern dis-
tinctive of Syt1 genes, is highly similar to the intron pat-
terns of the Syt2, Syt5 and Syt8 genes. These genes appear
only in the evolutionarily more modern vertebrate line-
ages, so it is likely that they have arisen via Syt1 duplica-

tion during the evolution of vertebrate lineages and could
therefore be classed as paralogues, relative to Syt1. The
functional implications of such a relationship are that par-
alogues may fulfil a subset of the roles of the parent ortho-
logue through a process of subfunctionalization, or
acquire new roles through a process of neofunctionaliza-
tion [29]. The Syt11 genes appear similarly related to the
Syt4 group and the Syt14 genes similarly related to the
Syt16 group. The Syt6, Syt10 and Syt3 genes also appear
similarly related to the Syt9 group. Until a more complete
picture emerges from the accurate identification of com-
plete genome complements of Syt genes and Syt-like genes
from many more eukaryotic lineages, it will not be possi-
ble to classify these genes more accurately as orthologues
and paralogues.

Discussion
I have examined groups of genes in plants and animals
which encode N-terminal TMs followed by a linker and
one or more C2 domains. The NTMC2 genes and the
FAM62 genes share sequence similarity in the linker
region between the N-terminus and the first C2 domain.

Three Homo sapiens FAM62 genesFigure 7
Three Homo sapiens FAM62 genes. Amino acid sequences of the gene products are aligned. The N-terminal TM region is 
boxed. Intron positions and phases are marked. C2 domains are indicated. An alternatively spliced region in the second C2 
domain is boxed.

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
. . . . . . . . . . . . . . .

HomoFAM62A -----------------------MERSPGEGPSPSPMDQPSAPSDPTDQPPAAHAKPDPGSGGQ-----PAGPGA--AGEALAVLTSFG-RRLLVLIPVYLAGAVGLSVGFVLFGLALYLGWRRVRDEKERSLRAARQLLDDEEQLTAKT
HomoFAM62B MTPPSRAEAGVRRSRVPSEGRWRGAEPPGISASTQPASAGRAARHCGAMSGARGEGPEAGAGGAGGRAAPENPGGVLSVELPGLLAQLA-RSFALLLPVYALGYLGLSFSWVLLALALLAWCRRSRGLKALRLCRALALLEDEERVVR--
HomoFAM62C --------------------------------------------------MRAEEPCAPGAPSALGAQRTPGPELRLSSQLLPELCTFVVRVLFYLGPVYLAGYLGLSITWLLLGALLWMWWRRNRRGKLGRLAAAFEFLDNEREFISRE

160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
. . . . . . . . . . . . . . .

HomoFAM62A LYMSHRELPAWVSFPDVEKAEWLNKIVAQVWPFLGQYMEKLLAETVAPAVRGSNPHLQTFTFTRVELGEKPLRIIGVKVHPGQ-RKEQILLDLNISYVGDVQIDVEVKKYFCKAGVKGMQLHGVLRVILEPLIGDLPFVGAVSMFFIRRP
HomoFAM62B LGVRACDLPAWVHFPDTERAEWLNKTVKHMWPFICQFIEKLFRETIEPAVRGANTHLSTFSFTKVDVGQQPLRINGVKVYTENVDKRQIILDLQISFVGNCEIDLEIKRYFCRAGVKSIQIHGTMRVILEPLIGDMPLVGALSIFFLRKP
HomoFAM62C L--RGQHLPAWIHFPDVERVEWANKIISQTWPYLSMIMESKFREKLEPKIREKSIHLRTFTFTKLYFGQKCPRVNGVKAHTNTCNRRRVTVDLQICYIGDCEISVELQKI--QAGVNGIQLQGTLRVILEPLLVDKPFVGAVTVFFLQKP

310 320 330 340 350 360 370 380 390 400 410 420 430 440 450
. . . . . . . . . . . . . . .

HomoFAM62A TLDINWTGMTNLLDIPGLSSLSDTMIMDSIAAFLVLPNRLLVPLVPDLQDVAQLRSPLPRGIIRIHLLAARGLSSKDKYVKGLIEGKSDPYALVRLGTQTFCSRVIDEELNPQWGETYEVMVHEVPGQEIEVEVFDKDPDKDDFLGRMKL
HomoFAM62B LLEINWTGLTNLLDVPGLNGLSDTIILDIISNYLVLPNRITVPLVSEVQ-IAQLRFPVPKGVLRIHFIEAQDLQGKDTYLKGLVKGKSDPYGIIRVGNQIFQSRVIKENLSPKWNEVYEALVYEHPGQELEIELFDEDPDKDDFLGSLMI
HomoFAM62C HLQINWTGLTNLLDAPGINDVSDSLLEDLIATHLVLPNRVTVPVKKGLD-LTNLRFPLPCGVIRVHLLEAEQLAQKDNFLG--LRGKSDPYAKVSIGLQHFRSRTIYRNLNPTWNEVFEFMVYEVPGQDLEVDLYDEDTDRDDFLGSLQI

460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
. . . . . . . . . . . . . . .

HomoFAM62A DVGKVLQASVLDDWFPL-QGGQGQVHLRLEWLSLLSDAEKLEQVL-QWNWGVSSRPDPPSAAILVVYLDRAQDLP----------------------LKKGNKEPNPMVQLSIQDVTQESKAVYSTNCPVWEEAFRFFLQDPQSQELDVQ
HomoFAM62B DLIEVEKERLLDEWFTLDEVPKGKLHLRLEWLTLMPNASNLDKVLTDIKADKDQANDGLSSALLILYLDSARNLPSNPLEFNPDVLKKTAVQRALKSGKKISSNPNPVVQMSVGHKAQESKIRYKTNEPVWEENFTFFIHNPKRQDLEVE
HomoFAM62C CLGDVMTNRVVDEWFVLNDTTSGRLHLRLEWLSLLTDQEVL-----------TEDHGGLSTAILVVFLESACNLPRNPFDYLNGEYRAKKLSRFAR--NKVSKDPSSYVKLSVGKKTHTSKTCPHNKDPVWSQVFSFFVHNVATERLHLK

610 620 630 640 650 660 670 680 690 700 710 720 730 740 750
. . . | . . . . . . . . . . .

HomoFAM62A VKDDSRALTLGALTLPLARLLTAPELILDQWFQLSSSGPNSRLYMKLVMRILYLDSSEICFPTVPGCPGAWDVDSENPQRGSSVDAPPRPCHTTPDSQFGTEHVLRIHVLEAQDLIAKDRFLGGLVKGKSDPYVKLKLAGRSFRSHVVRE
HomoFAM62B VRDEQHQCSLGNLKVPLSQLLTSEDMTVSQRFQLSNSGPNSTIKMKIALR----------------------------------------------------------------------------------------------------
HomoFAM62C VLDDDQECALGMLEVPLCQILPYADLTLEQRFQLDHSGLDSLISMRLVLR----------------------------------------------------------------------------------------------------

760 770 780 790 800 810 820 830 840 850 860 870 880 890 900
. . . . . . . . . . . . . . .

HomoFAM62A DLNPRWNEVFEVIVTSVPGQELEVEVFDKDLDKDDFLGRCKVRLTTVLNSGFLDEWLTLEDVPSGRLHLRLERLTPRPTAAELEEVLQVNSLIQTQKSAELAAALLSIYMERAEDLPLRKGTKHLSPYATLTVGDSSHKTKTISQTSAPV
HomoFAM62B -------------------------------------------------------------------------------------------------------------------------------------------VLHLEKRERPP
HomoFAM62C ----------------------------------------------------------------------------FLQVEERELGSPYTGPEALKKGPLLIKKVATNQGPKAQPQEEGPTDLPCPPDPASDTKDVSRSTTTTT------

910 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040 1050
. . . . . . . . . . . . . . .

HomoFAM62A WDESASFLIRKPHTESLELQVRGEGTGVLGSLSLPLSELLVADQLCLDRWFTLSSGQGQVLLRAQLGILVSQHSGVEAHSHSYSHSSSSLSEEPELSGGPPHITSSAPELRQRLTHVDSPLEAPAGPLGQVKLTLWYYSEERKLVSIVHG
HomoFAM62B -DHQHSAQVKRPSV-SKEGRKTSIKSHMSGSPGPGGSNTAPSTPVIGG---SDKPGMEEKAQPPEAGPQGLHDLGRSSSSLLASPGHISVKEPTPSIASDISLPIATQELRQRLRQLENGTTLGQSPLGQIQLTIRHSSQRNKLIVVVHA
HomoFAM62C ---SATTVATEPT--SQETGPEPKGKDSAKRFCEPIGEKKSPATIFLTVPGPHSPGPIKSPRPMKCP---------------ASPFAWPPKRLAPSMSSLNSLASSCFDLAD-ISLNIEGGDLRRRQLGEIQLTVRYVCLRRCLSVLING

1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160
. . . . . . . . . . .

HomoFAM62A CRSLRQNGRDPPDPYVSLLLLPDKNRGTKRRTSQKKRTLSPEFNERFEWELPLDEAQRRKLDVSVKSNSSFMSRERELLGKVQLDLAETDLSQGVARWYDLMDNKDKGSS--
HomoFAM62B CRNLIAFSEDGSDPYVRMYLLPDKRRSGRRKTHVSKKTLNPVFDQSFDFSVSLPEVQRRTLDVAVKNSGGFLSKDKGLLGKVLVALASEELAKGWTQWYDLTEDGTRPQAMT
HomoFAM62C CRNLTPCTSSGADPYVRVYLLPERKWACRKKTSVKRKTLEPLFDETFEFFVPMEEVKKRSLDVAVKNSRPLGSHRRKELGKVLIDLSKEDLIKGFSQWYELTPNGQPRS---

C2-1

C2-2

C2-3

C2-4

C2-5

TE --

D

0 +2+2+2

+200

0000+20

00

000000

+200+2

000 +20 0
Page 10 of 18
(page number not for citation purposes)



BMC Genomics 2007, 8:259 http://www.biomedcentral.com/1471-2164/8/259

Page 11 of 18
(page number not for citation purposes)

Four Danio rerio FAM62 genesFigure 8
Four Danio rerio FAM62 genes. Amino acid sequences of the gene products are aligned. The N-terminal TM region is 
boxed. Intron positions and phases are marked. C2 domains are indicated. Repeated modules are underlined.

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
. . . . . . . . . . . . . . .

DanioFAM62A2 -------------MSHVDSETTNDSQKITEPAQDSSSGEMDVPKTKLFDAKAILWTFGKCLTALLPVYLAGYYRMSTSLVVFGMMVYAGWKHTREAKEARLRSAIQLVNDEQEYVSSKSFRSKRDLPSWVNFPDVEKVEWLNKVIHQAWP
DanioFAM62A1 ---------------MQKSPMSVDDAGPNAGAAPEAADAAPTTDSAGKHAVSVLWSFGKCVGAFLPVYLAGYFGFSISVVLLGLLVYIGWKHSRDGKKARLQSAMYFLENEQDVTTTRVFRSKRDLPAWVNFPDVEKVEWINKILQQAWP
DanioFAM62B MSASVNGVEPKPAPAVSQNGPGSPPQTPKDVTPPELELPDEEPQSSVTEATQMGIKFAKTFLLIFPIYLLGYLEFSFSWVLIGLGLVFWLKRNQGSRFARVNQAMAFLEQEERAVRQTI--RSSELPPWVHFPDVERVEWLNKTVQQMWP
DanioFAM62C ----------------MSNGVNEPPLSTEQ---PEGLKPKDVSQMILEFLMFM----MRAIAICYPVYLTGTFGLSVSWILLSMFMWTMWKNNRRWKEQRIDTAIDFLENEKDVISTEL--KAMDMPPWIHFADVEKAAWINKILQQSWP

160 170 180 190 200 210 220 230 240 250 260 270 280 290 300
. . . . . . . . . . . . . . .

DanioFAM62A2 FIGQYLEKLLTETIAPAIRGSSAHLQTLSFTKIDFGGKPMKVVGVKAHTEN-DKGQILLDVYISYVGDVEINVEVKRYFCKAGVKGIQLHGMMRVILEPLISDVPIVGAVTMFFIQRPKLTINWTGLTNLLDIPGLNVMSDTMIMDAIAS
DanioFAM62A1 FVGQYLEKLLVETIAPSIRATSAHLQTLSFTKVDLGDRAMKVVGVKAYTEF-DRRQVILDLYISYAGDVEINVEVKKYFCKAGVKGIQLHGKLRVILEPLIGDVPLVGAITMFFIRRPKLDINWTGMTNLLDIPGLNAMSDTMIMDAIAS
DanioFAM62B YICQFVEKIFKETIEPAVQGANTHLSTFTFSKIDMGDKPLRVDGVKVYTENVDKRQIIMDLQINFVGNTEIDVDIKKYYCRAGIKSIQLNGVLRVIMEPLLGDMPLVGALSVFFLKKPFLDINWTGLTNMLDIPGVNSLCDNVIQDIING
DanioFAM62C FFGVYMEKLLIENIQTVVRSVHPHLKTFTFTKVHMGQKAPTITGIRAYTDELETREVILDLNIVYEADVDIDADVNRAI-KVGIKGLQLQGMLRVILEPLIGQAPLVGGVTMFFIRRPALQINWTGVTNVLDGPGLSHLSESAIVDVIAS

310 320 330 340 350 360 370 380 390 400 410 420 430 440 450
. . . . . . . . . . . . . . .

DanioFAM62A2 FLVLPNRLTVPLVADLPVAQLRCPLPRGVVRIHLLEADNLAAKDNYVKGVMAGMSDPYAIVRVGPQTFKSHHLDNTLSPKWGEVYEVVVHEVPGQELEVEVFDKDPDHDDFLGRTKLDLGIVKKSKIVDEWFNLKDTQTGRVHLKLEWLT
DanioFAM62A1 FLVLPNRLTVPLVANLHVAQLRSPLPRGIVRIHLLEAENLPAKDNYMKGVISGKSDPYAVLRVGTQIFTSHHVDNNLNPQWREMYEVIVHEVPGQELELEVFDKDPDQDDFLGRMKLDLGIVKKAVLLDEWYTLKDAASGQVHLRLEWLS
DanioFAM62B CLVNPNKITIPLADDALISKLRFPMPRGILRVHFLEGQDLLSKDTYMGGLIKGKSDPYGVIQINNQLFRSKIIKDSLNPRWNEVYEAIVYDGQGQVVFIELFDEDTDHDDFLGSLTMEIDEIQKQQKVDEWFDLIGVPNGKLHVKAEWLS
DanioFAM62C LMVLPNRMCFPLIDQVKVEQMRFPLPRGVVRVHVLEARDLVAKDSHMMGLVKGKSDPYTVLRVGNKHFKTKTIKETLNPRWNEVYEFVIHEAPGQELEVELYDEDKDADDFLGRFSMDCGDVRKDREIDKWYTLEDIESGQIHFKLQWFS

460 470 480 490 500 510 520 530 540 550 560 570 580 590 600
. . . . . . . . . . . . . . .

DanioFAM62A2 LETHTERLKEVLKRNESVV--SKAAEPPSAAILAVYLDKAEALPM----------------------KKGNKDPNPIVQISVQNATRDSRICWNTVNPQWEDAFTFFIRDPNNQDISVQVKDNDRVQLLGKMSIPASRLLSHPDLSMDEW
DanioFAM62A1 LLPSAERLSEVLERNQNITVPSKTADPPSAAVLTVYLDRAQDLPF----------------------KKGNKDPSPMVQISVQDTTKESRTVYGTNNPAWEDAFTFFIQDPRKQDIDIQVKDDDRALTLGSLYIPMSRLLSSPELTMDQW
DanioFAM62B LHPTPDKLDEVLSSIKADK--GQANDGLSSALLLVHLDSAKNLPRNPLEFNSAGLKKGAVNKAVKSGKKVTSVPNPFVQFTVGHRSFESKTRFKTIEPVWEETFTFLIHNPKCQDLEVEVKDEKHECSLGTITLPLSQLLKEKQMTMSQR
DanioFAM62C LCSNPELLKET-------------SDGLACAMLALYLDCASNLPKDQREVTH-NEKHGKQPKESRVTRK-TNNPNSYVEFSIDLQSQKSKVVFASKDPIFDECFTFFVHSVKNQVLNVEVKEHEKKSSLGKFSLPLVRLLNVSDMTLDQR

610 620 630 640 650 660 670 680 690 700 710 720 730 740 750
. . . . . . . . . . . . . . .

DanioFAM62A2 YNLENSGPKSRIHINTVLRVLWLDEAAVTASLLSSGP----------------LSKSSRPEKTTPHSSFATE------------------------------------------------------------------------------
DanioFAM62A1 FQLEKSGPASRIYITAMLRVLWLNEDAILTSPVSPIPGEGYGETEVSSGATKVTATPKRPEHTSPDSNFASE------------------------------------------------------------------------------
DanioFAM62B FPLKNSGPGSTLKMKMALRILSLDKLAASDKPSSAQVHRAGSVRKTSNATPQR-----PAVSEPAKTSKTQQPAPAPRTQPTPTPSPRVEPVTDRKPLE----ESPPHLAKSGKSMSNLAISGSNLHLNSKEQTPSIASDISNLAATQEL
DanioFAM62C FQLERSAPNSQVKLKAVLRILTLEKQQPKVVTSAPQDKNTSTPNRPEPRTPNPTSNPVPNPAPPPAAAQLVQSNPKEKGPISSVPLSKTQVPFSVVPLNDLQAEYPPYRRSTFVGSEGLQSTPSTPGPMRRYDSHSLLSENSIASSRVDL

760 770 780 790 800 810 820 830 840 850 860 870 880 890 900
. . . . . . . . . . . . . . .

DanioFAM62A2 ---------GLLRIHLVEGQNLVAKDNLMGGMVKGKSDPYVKIQIGGETFKSHVIKENLNPTWNEMYEVVLTELPGQELTLEVFDKDMDMKDDFMGRLKMSLSDIISSQYINEWFSLSDVKRGRVHLALEWLPTVTKPEKLQQVLHFQSK
DanioFAM62A1 ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62B QKTIQHLH----------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C TDSYPY-P----------------------------------------------------------------------------------------------------------------------------------------------

910 920 930 940 950 960 970 980 990 1000 1010 1020 1030 1040 1050
. . . . . . . . . . . . . . .

DanioFAM62A2 SSFLNKAVPSAALLFVYVEQAYELPLKKSGKEPKVGAELVLGGTSRKTTVCDRTSTPKWDEAFYFLVRDPLNEDLIVKLSHNWDFSVGSVVIPIKELLSEPDLLLDQWLDLDGASPQSQILLRAQLKILCPKKMESSEEQHEEPKHHEES
DanioFAM62A1 ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62B ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C ------------------------------------------------------------------------------------------------------------------------------------------------------
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1060 1070 1080 1090 1100 1110 1120 1130 1140 1150 1160 1170 1180 1190 1200
. . . . . . . . . . . . . . .

DanioFAM62A2 SIRRKQQEELMQKSSIEEVPPSPVSRTSSVSVPEEEEAPEVTQVSSSDDLRPLHTSPDPSFGTEGVLRLILLEAQDLVAKDGLMGGMVKGKSDPYVKIHIGDTTFKSHVIKENLNPTWNEMYELVLTSSSSSEVLVEVFDKDMDKDDFLG
DanioFAM62A1 ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62B ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C ------------------------------------------------------------------------------------------------------------------------------------------------------

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300 1310 1320 1330 1340 1350
. . . . . . . . . . . . . . .

DanioFAM62A2 RMKISLQEIIQSQITDRWFSLSDVKHGRVHLILEWLNTVTKPDPLQKAVQLQSDHSYLNKSVPSAALFFILLERAHNLPLKKSGKEPKAAAELVLGDITHKTKVCERSMSPQWSEAFHFLVHKPTEEILIIKLSSAFEQPLGSLVLPIRE
DanioFAM62A1 ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62B ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C ------------------------------------------------------------------------------------------------------------------------------------------------------

1360 1370 1380 1390 1400 1410 1420 1430 1440 1450 1460 1470 1480 1490 1500
. . . . . . . . . . . . . . .

DanioFAM62A2 LLSKTDLLMDQWLSLDGAAADSQILLRAQLKKQTTHAIEEQHTPSTPKTHMPTEDLSKAPDSTTNIAEHKESAHKDPQHLDKATEPSHKSSSPSVPAEETKVTSSTDTRPQKTSHNSNFGTKGLLRLHLLEAQDLVAKDGLMGGMMKGKS
DanioFAM62A1 --------------------------------------------------------------------------------------------------------------------------GVLRIHLVEAQSLVAKDNLMGGMMKGKS
DanioFAM62B ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C ------------------------------------------------------------------------------------------------------------------------------------------------------

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 1610 1620 1630 1640 1650
. . . . . . . . . . . . . . .

DanioFAM62A2 DPYVKIHIGDTTFKSHVIKENLNPTWNEMYELILSPDPNLEVKFEVYDKDVDSDDFLGRFKLRLGDIIKSQYNDEWFTLNDIKHGRVHLVVEWLPTVTQRDKLEQVMQMQSSQSYQNKSVASAALLFILLDRAHQLPLKKSGKEPKAAAE
DanioFAM62A1 DPYVKIRVGGLAFKSQVIKENLNPVWNELYEVILTQLPGQEVEFDLFDKDIDQDDFLGRVKVSLRDLISAQFTDQWYTLNDVKTGRIHLVLEWVPKISDPIRLEQILQYNYRQSYLNKIVPSAALLFVYIERAHGLPLKKSGKEPKAGAE
DanioFAM62B ------------------------------------------------------------------------------------------------------------------------------------------------------
DanioFAM62C ------------------------------------------------------------------------------------------------------------------------------------------------------

1660 1670 1680 1690 1700 1710 1720 1730 1740 1750 1760 1770 1780 1790 1800
. . . . . . . . . . . . . . .

DanioFAM62A2 LTLGGTSYKSKVCERSSSPHWNETFDFLVHDPKKDVLVIKLSSAWDQPMGSLVLPIRELLLKPDLLLDQWLSLDGASAQSQILLRAQLKILDSKMAAL----------------VAMGSG------PVLSNKQTATTG--QIQLSMSF--
DanioFAM62A1 VSLKNVSYRTKVVNRSTSPQWDEALHFLIHNPTEDTLIVKVSHSWGQALGSLVLPVRELLEEKDLTIDRWFSLNGAMPESQILLRAELKLLDSKLAQCSDEEDASHVIPSAEPTVAANSELRHRNVPVQGGEDASSTGKAQIKLSISYSS
DanioFAM62B -------------------------------------------------------------------------------------------------------------------------------NGASPGFAPLG--EIELTIRHSP
DanioFAM62C -------------------------------------------------------------------------------------------------------------------------------EAIMNHQGTFG--QIQITLRYAT

1810 1820 1830 1840 1850 1860 1870 1880 1890 1900 1910 1920
. . . . . . . . . . . .

DanioFAM62A2 -QKKLTLLVHNCRGLVTSSKDSLDTYVSIILLPDKSKATKRKTSVKKKTLNPEFNEKFEFDMSMEEVQRRELSVCVKNASSSFMNRDKDVIGQVQIDLGHIDLISGVTQWFDLKEEQN-------
DanioFAM62A1 EEHRLIIKVHACRNLPSSSKEPPDSYISFILLPDKNRNTKKKTSVKKKSLKPEFNEIFEFDMSLEEAKQKHLEVSVKN-SVSFMSREKELLGKLQIDFSPLDLKTGVSQWYDLSHETN-------
DanioFAM62B QRNKLIVVVHKCRNLISASQNGSDPYVRLYLLPDKRRSGRRKTSTAKKTVNPVFDQTFEFTVSIVELQKRTLDVAVKN-GGGILAKHRGLLGKVIVEFNLEDPSKSSTQWYELSVDGFKRPSP--
DanioFAM62C LRKRLIVIVNCCNNLFSSNESGSDTYVRMYLLPDQTWKHRKRTAVKKKTVNPVFDETFEFAVSLEEARNRKLDVAVKN-NKMLHKRERKEIGMVLIDMSEIDLTKGSTEWYELTLPGLKKTNWQS
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Metazoan FAM62 genesFigure 9
Metazoan FAM62 genes. Amino acid sequences of the gene products are aligned. The N-terminal TM region is boxed. 
Intron positions and phases are marked. C2 domains are indicated. Alternatively expressed regions are boxed.
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. . . . . . . . . . . . . .

Drosophila ---------MSDNSPSVPLAEFTIPPDPTETEPFVPLVEVKKMNESPVVTPTTPTGNGTPPTQTTNGNSIVATKSVSDDNSIFSVFYTLGKKVAIVGSIYLVGYMGWSVAWLIAPVILSVARDQLAKTSEKKRDIAKASA
Anopheles --------------------------------------------------MAGASKELSPEKQSAPPESSEVAKT--KDDSIMTLLYSFAKKVVTVGIIYFVGYMGWSVAWLITPVILSVARESWRKTNDTRRSVAKASA
Tribolium1 --------------------------------------------------------------MSVSKDGSQAMEKRSEGSSILSVIFSAVKKASIVGIVYFAGYMQWSVAWFIGPIVLFVIRDQWKKASDRKRNIAKAAA
Apis -------------------------------------------------------------MEDKCEDNKISKSNPWPYMNIGSLTISFLTKLATAGIIWSWGYLNLNIAWLIGPIALIAWKTERRKDNELKLITAQASV
Strongylocentrotus -----------------------------------------------------MVPGNSETVGDETTTEPVRNIKVEESTDLLSSIRKHGFILGILLMVWLVGYLGFSVLWLLLIVVVSVWRDRASRRKARSTALARA-A
Ciona MPVESRRTDSGFTDEDNLDGEFENSNEEVFNFMNPNEKGVDDAPSVSDVSSTTESDGTRPQSV-GDRIQTVVKARIDNTIALVKLGV--TRFFIAVF-IWLLGYFNFSILWIVIGVWLAIAISERMRKQKQLTEVLKNTT
HomoFAM62B MTPPSRAEAGVRRSRVPSEGRWRGAEPPGISASTQPASAGRAARHCGAMSGARGEGPEAGAGGAGGRAAPENPG-GVLSVELPGLLAQLARSFALLLPVYALGYLGLSFSWVLLALALLAWCRRSRGLKALRLCRALALL
MusFAM62B ------------------------------------------------MSSAGGEGPEAGPGRAGGRSEPEAPG-SALSVDLPGLLGQLARSFALLLPVYALGYLGLSFSWVLLALGLLAWCRRSRGLKASRLCRALALL
GallusFAM62B -----------------------------------------MSGAAEKQSPGAGTPAAAEKAAAGGDAGPEPPPPSMLSVDVTGLVSQFARSFVLIFPVYVLGYLGLSFSWVLIALCGLFWIRRHRGGKTSRLGRALAFL
DanioFAM62B --------------------------------MSASVNGVEPKPAPAVSQNGPGSPPQTPKDVTPPELELPDEEPQSSVTEATQMGIKFAKTFLLIFPIYLLGYLEFSFSWVLIGLGLVFWLKRNQGSRFARVNQAMAFL
Caenorhabditis -------------------------------------------------------------------------------MSWQSYLVPLVGSAILSTFTFFLGKWDYSFVWVLIIIIASVTKSYLWRKRERRLIALRATA

150 160 170 180 190 200 210 220 230 240 250 260 270 280
. . . . . . . . . . . . . .

Drosophila LASEKDVIL------ARIDELPAWVYFPDVERCEWLNKILKQVWPNANHFARTLVKETIEPNVALALANYKMHGFRFDRIILGTIPPRIGGVKIYDKNVD-RNEIIMDLDLFYASDCDINFYLGG---MKGGIKDFQIHG
Anopheles LANDKEVIL------ARLHDLPAWVFFPDVERCEWLNRILKQVWPNANFYAKNLIKESIEPNIQQAMAGYKLNGFKFDRMILGTIPPRIGGVKVYDKNVS-RNEIIMDLDLFYAGDCDISFALSG---LRGGIKDFQIHG
Tribolium1 LASEKDVVL------ARLDDLPAWVFFPDVERAEWLNRIIKQVWPNINHYTRDLIRDTIQPILKESLETYKLSGFKFERIILGTVPFRIGGVKVYDKNVA-RNEIIMDLDIFYAGDCDITFYLAG---IKGGIRDFQLHG
Apis MAKEKELIM------SRLDELPSWVYFPDFDRAEWLNKILYKVWPNINQFARELCKQSIEPAILEKLAEFKIKGFQFERLVLGRIPLKIYGIKAYDKNTS-RNEVIMDADIMYAGDCDITFSVGN---IKGGIRDFQIRG
Strongylocentrotus VENERDSIV------GVVRDLPSWVYFPDIERAEWLNQIVKHLWPYLEGYVEDLLRTSVEPAVQDNLPSY-LKSFRFEKIRLGRYSPRIGGVKAYTEHVG-RDEMILDLEIFYAGDCDIEISVKTVKRLKAGIQDLQLHG
Ciona ESPTKFIETLKELYRSRDGHLPSWIYFPDVEKAEWLNKIIQQVWPYLTNYVKKVISDEVQSSVQN--SSSLLSSFSFTDINLGCRAPRVAGVKVYDDSITRRNEVVMDIQIVYDSECNCGVSVNRL---QAGICDLRLRG
HomoFAM62B EDEERVVRL-----GVRACDLPAWVHFPDTERAEWLNKTVKHMWPFICQFIEKLFRETIEPAVRG--ANTHLSTFSFTKVDVGQQPLRINGVKVYTENVDKR-QIILDLQISFVGNCEIDLEIKRYF-CRAGVKSIQIHG
MusFAM62B EDEEQAVRL-----GVRACDLPAWVHFPDTERAEWLNKTVKHMWPFICQFIEKLFRETIEPAVRG--ANAHLSTFSFTKVDVGQQPLRVNGVKVYTENVDKR-QIILDLQISFVGNCEIDLEIKRYF-CRAGVKSIQIHG
GallusFAM62B EDEEEAVRL-----SVSSADLPAWVHFPDTERAEWLNKTVKQMWPFICQFIEKLFRETIEPAVRG--ANNHLSTFSFTKIDIGHQPLRINGVKVYTENVDKR-QIILDLQISFAGNCEIDLEIKRYF-CRAGVKSIQIHG
DanioFAM62B EQEERAVRQ-----TIRSSELPPWVHFPDVERVEWLNKTVQQMWPYICQFVEKIFKETIEPAVQG--ANTHLSTFTFSKIDMGDKPLRVDGVKVYTENVDKR-QIIMDLQINFVGNTEIDVDIKKYY-CRAGIKSIQLNG
Caenorhabditis LREREVIM-------AQLQDLPAWVQFPDTERVEWLNKVIHQLWPYVGEYTKTFMNDFIIPQVKAQMPGM-FKNFKFTKMDMGDIPCRVGGIKVYTTNVG-RDRIIVDMDVAYAGDADFTVSCCG---FTGGMNNIQFSG

290 300 310 320 330 340 350 360 370 380 390 400 410 420
. . . . . . . . . . . . . .

Drosophila WVRVVMKPLIRSMPLVGGLQIFFLNNPNIDFNLVGVIDFMDMPGLSDLLRRIIVEQIGNVMVLPNKLPISLSEEVSAVALKMPEPEGILRIHVVEAKDLMKKDISVLG--KGKSDPYAIINVGA-QEFKTQIIDNNVNPK
Anopheles TVRVIMKPLISQMPLIGGLQIFFLNNPNIDFNLVGVVDLLDMPGLSDILRKIIVEQVAAIMVLPNKLPIVLSDGVPALSLKMPEPEGVLRIHVVEAKDLMKKDISVLG--KGKSDPYAIISVGA-QQFRTQTIDNTVNPK
Tribolium1 MLRVVMKPLITTIPLVGGLQVFFLNNPDIDFDLIGIADLLDMPGLSDILRRIVVETVASMMVLPNKFPIKLSDDVDAMELKAPEPEGVLRVHVVEAKHLMKKDIGVLG--KGKSDPYAVVTLGA-QEFKTKVIDNSVDPK
Apis MMRIVMKPLLPVMPIVGGVQAFFLNPPAINFNLIGVADVLDLPGFNEILRKTIVEQIAAFVVLPNKIVIPLSEAVPIESLKIPEPEGVLRIHVVEAKHLMKKDIGMLG--KGKSDPYAIINIGA-QEFRTKTIDNTVNPK
Strongylocentrotus TLRVEMRPLVNKMPLIGGMSIYFLNRPAIDFNLTNLADLLDVPGLSNMLHGILEDQFACFLVLPNRIPLTFMDTTDINELKYPMPKGVLRITAVEARNLVRADMGLLK--KGKSDPYLIINVGM-QKFKTKTINNNLNPK
Ciona LLRVEFHPLIEDLPLIGAVSVGFVNDPFIDFDLTDLANLFDLPGFNSLLRGAISDSVCGMMVLPDKYVIKLCPDIDISRLRFPLPQGVIRIHVIEARNLEEKDKKVLGF-GGGSDPYVTVQVGHRQKFKTAVVTHNLNPV
HomoFAM62B TMRVILEPLIGDMPLVGALSIFFLRKPLLEINWTGLTNLLDVPGLNGLSDTIILDIISNYLVLPNRITVPLVSEVQIAQLRFPVPKGVLRIHFIEAQDLQGKDTYLKGLVKGKSDPYGIIRVGN-QIFQSRVIKENLSPK
MusFAM62B TMRVILEPLIGDMPLVGALSIFFLRKPLLEINWTGLTNLLDIPGLNGLSDTIILDIISNYLVLPNRITVPLVSEVQIAQLRFPIPKGVLRIHFIEAQDLQGKDTYLKGLVKGKSDPYGIIRVGN-QIFQSKVIKENLSPK
GallusFAM62B TMRVILEPLIGDMPLIGALSLFFLRKPLLEINWTGLTNLLDVPGLNGLSDTIILDIISNYLVLPNRITVPLVSEVQIAQLRFPIPKGVLRIHFIEAQDLEGKDTYLKGIVKGKSDPYGIIRVGN-QIFQSKVIKENLNPK
DanioFAM62B VLRVIMEPLLGDMPLVGALSVFFLKKPFLDINWTGLTNMLDIPGVNSLCDNVIQDIINGCLVNPNKITIPLADDALISKLRFPMPRGILRVHFLEGQDLLSKDTYMGGLIKGKSDPYGVIQINN-QLFRSKIIKDSLNPR
Caenorhabditis KLRAILKPLLPYPPMVGGVSGTFLEMPKMDFNLTGMGEMVELPGLIDAIRSVINSQIAALCVLPNEIVVPLAPDVDVTQLYFPEPDGVVRLKIIEAKNLENRDISFIK--KGKSDPYAEIQVGS-QFFKTRTIDDDLNPI

430 440 450 460 470 480 490 500 510 520 530 540 550 560
. . . . . . . . . . . . . .

Drosophila WDYWCEATVFIEMGQFVEIQLKDSDDS-KKDENLGRASIDIASVIKKGVVDSWLTLEDAKHGLLHVRLQWYKLTADPNDL--QQILLETQLLRVTSMS---SAVLSVFIDSARHLK-Q----------------------
Anopheles WDYWCEAFIHAESGQTLQVVIND-EDA-GEDELLGRATVEISSVTKNGEIDTWLTLEQAKHGLVHLRMTWFKLSSEKSDL--KQALEETQHLRVTSMS---TALLTVFIDSAKNLP-Q----------------------
Tribolium1 WDFWCEFNVLESDGQQLYIHLWDKDET-SDDETLGRATIEVSNIVKKGQDDLWVTLEQAKHGMVHLRLTWLTLSDNYSDL--KAALEETQQLRVTSMS---TALLTIFLDSAKNLP-Q----------------------
Apisaaa WDFWCECAVTSAIAQQITVLLWDYDDT-KGDESLGRATIEVSXSEKKGNIDTWISXEQAKHGMIHLRLTWFQLSKNIVDL--KAALVETQELRVTSMS---TALLILYIDSAKNLP-C----------------------
Strongylocentrotus WNQTFEALVYEEHGQTLDVDCWDEDPG-SKDDPLGNLSIDIHYISKMGTFDSWLPLEDIKHGDLHLHLEWLVPSENFDIIHDQQVADCIQVSSPTSESLHSCALLVVKLDSAKDLPVS----------------------
Ciona WNEVFDVVVPDVPTTQIQFSLFDDDGALNKSDNLGMCSIPVKSVFKQGIIDEWVQLSDVSTGAIHVRLEFYELSDNPKDL--KGAL-----NHSHMNDKLFSSFLNIYVDGAQNLPEFNQECYDANPQLKITLPGKEPLK
HomoFAM62B WNEVYEALVYEHPGQELEIELFDEDP--DKDDFLGSLMIDLIEVEKERLLDEWFTLDEVPKGKLHLRLEWLTLMPNASNL--DKVLTDIKADKDQANDGLSSALLILYLDSARNLPSNPLEFNPDV--LKKTAVQRALKS
MusFAM62B WNEVYEALVYEHPGQELEIELFDEDP--DKDDFLGSLMIDLIEVEKERLLDEWFTLDEVPKGKLHLKLEWLTLMPDAANL--DKVLADIRADKDQASDGLSSALLILYLDSARNLPSNPLDFNPGV--LKKSAVQRALKS
GallusFAM62B WNEVYEALVYEHPGQELEIELFDEDP--DKDDFLGSLMIDLIEVEKERLLDEWFTLDEVSKGKLHLKLEWLTLMPTAENL--DKVLTSIRADKDQANDGLSSALLILYLDSARNLPHNPLEFNPDA--LKKSAVQKALKS
DanioFAM62B WNEVYEAIVYDGQGQVVFIELFDEDT--DHDDFLGSLTMEIDEIQKQQKVDEWFDLIGVPNGKLHVKAEWLSLHPTPDKL--DEVLSSIKADKGQANDGLSSALLLVHLDSAKNLPRNPLEFNSAG--LKKGAVNKAVKS
Caenorhabditis WNEYFEAVVDQADGQKLRIELFDEDQ--GKDEELGRLSVDLKLVQAKGTIDKWYPLEGCKHGDLHIKATWMNLSTELRHLEKQ----EWEAEWGQADKPIHSALLMVYIDSVADLPY-----------------------
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. . . . . . . . . . . . . .

Drosophila -ARSSSKPDPYLVCSVNKQKQQTAMIMRDDSPVWEQGF--TFLVSNPDNESL-----NIKIYDQKTGN-DIGQYTYTLSTLLKQFNMEVIQQPFQLQKSGPESKLYMSLSLRIL-K------PGEIDKDSD-ALEQVAAL
Anopheles -ARQQSQPDPYLVLSVGKKNEQTSVQMRTDAPVWEQGF--TFLVGNPDNDTL-----QLKVIDQKTGN-TIGTLTYILSALMEKKNLEIMSQPFQLQKSGPETKIIMSLSLRIL-KRHREQEPAVTTPDKGPASEADSVL
Tribolium1 -ARASTKPDPYAVLKVGNTTKETKVLERTIHPVWEQGF--SFLVANPESDTL-----YLTIIDRKTTN-ELGQVTYNISKLAKKTKMEVYKEPFSLLKSGPESKVIWSMHLRVL-KR----AEGVDDTDSG---DLPSLQ
Apis -VRGNKQPDVYLEASIGGNTKRTATMLRSCDPVWEQGF--TFLVSNPETGIL-----HIKITDEKTNL-IVGEMNYNISLLLTQNNLEISQQPYDLQMAEVDSKLILSMSLSIL-KYEEPEPISEEDDDDHDINQLKKKI
Strongylocentrotus -SRSTSMPSPVCTLKVGQTMQKSHVQQKTMRPVWEETY--HFLVMNPAMQSL-----DIEVTDSKKGNKTMGNVSVPLKELLLSQPDMVIERPFKLSNSGPQSNITLKMCLRALEKGQAREQHGPFEPMAALAKNQLLEE
Ciona TRVAMHTNNPVWEENFHVLISHPELDLVTFQIKRKDGIKSTLMQHSDALRKVLLMKTEPSMENDH-GNQNLGFMKFPLKHLLRAQDMTI-EHPFTLKSSGPSSVLNMRLTLRILKLKSLSESPEAKFTVHTKPKEPMDNT
HomoFAM62B GKKISSNPNPVVQMSVGHKAQESKIRYKTNEPVWEENF--TFFIHNPKRQDL-----EVEVRDEQ-HQCSLGNLKVPLSQLLTSEDMTV-SQRFQLSNSGPNSTIKMKIALRVLHLEKRERPPDHQHSAQVKRP-SVSKE
MusFAM62B GKKINSNPNPLVQMSVGHKAQESKIRYKTSEPVWEENF--TFFIHNPRRQDL-----EVEVKDEQ-HQCSLGSLRIPLSQLLTSDNMTI-NQRFQLSNSGPNSTLKMKIALRVLHLEKQERPPDYQHSAQVKRP-SVSKE
GallusFAM62B GKKLNSNPNPLVLLSVGHKAQESKIRYKTNEPVWEENF--TFFVHNPKRQDL-----EVEVRDEQ-HQCSLGNFKLPLSQLLESEDLTM-HQRFQLSNSGPNSTINMKIALRVLSLEKQARSPDHQHSAQVKRP-SVSKD
DanioFAM62B GKKVTSVPNPFVQFTVGHRSFESKTRFKTIEPVWEETF--TFLIHNPKCQDL-----EVEVKDEK-HECSLGTITLPLSQLLKEKQMTM-SQRFPLKNSGPGSTLKMKMALRILSLDKLAAS-DKPSSAQVHRAGSVRKT
Caenorhabditis -PKSKLEPSPFVEVSLGKETQRTPVKVKTVNPLFQSKF--LFFVRHLEGQEL-----KFEAVDDGTRR-SLGSLNIPLTTLLKEPNLEQNQQMHMLTLGVHQSPIVITTRIRALIQGKPKKGNNSELGHDVLGEYGNAFH

710 720 730 740 750 760 770 780 790 800 810 820 830 840
. . . . . . . . . . . . . .

Drosophila TRSSSVKTP----------------------DVAAVSPPAF---KESQASSKRLSA---ESPISE-------EDPVAATKISPAMSASTSSEKPISELATSVLTHRFPDSTSSPGEHGLGRMQLSIRYSAQRQK-LDVTI
Anopheles SRTSSIRTSASHGSQSGTLQQQPSTGDSNAAEAAALSHQGS---VRKQDSRKSTTSAIMEQMSIQ-------EEPFVVSTLNTVMMATPPRSPNLSDGGTELL-RRSPSTTSSSGSAGLGRIQLTVAYSVQRQR-LLVIV
Tribolium1 REDSKVLTS----------------------DDVPPTPNPT---PEINESAT---------------------EPIPNYDEMIKATAATVASTPIKE---SELTHRSPSVTSSAGAHDLGRIQLTIRYSVQRQR-LIVVV
Apis ERQESNISNT---------------------LSTSRNPLKR---QSSKDSINSLTPSIGSGAVII-------PEELGTAEEELIVVTSAPSSEN------AQLIHRNPNMTSSAGDAKLGRIQLSLRYSVQRQK-FIIVV
Strongylocentrotus EEDEGVVNDNIDGQMEKSLEK---SSDAKSDLPAAEVTING---PEEEDGQSSTPPPNGTSPRVG-------DGENSGVELRKRNVHPYVYENDAE----TSESLKIPENGDPKAPFPYGRVQMTIRYSSPRGK-VIVVI
Ciona ENTSNSPSVDASEPSESGSSFSRS---TGPTEFVDPTLKSFF--EGITPSPSGL----RSNTSL---------------DRTSSAASEISNVGEISNLRKRLNARVQNSNNIETNDNGLGRLELTIRYY---NKHLVVVV
HomoFAM62B GRKTSIKSHMSGSPGPGGSNTAPSTPVIGGSDKPGMEEKA----QPPEAGPQGLHDLGRSSSSLLAS-----PGHISVKEPTPSIASDISLPIATQELRQRLR---QLENGTTLGQSPLGQIQLTIRHSSQRNK-LIVVV
MusFAM62B GRKMPIKSQMSASPGTGGANTAPSTPVMGVDDKPAMEEKP----QPPEASPLGHRDLGRSSSSLLAS-----PSHIAAKEPTPSIASDISLPIATQELRQRLR---QLENGTTLGQSPLGQIQLTIRHSSQRNK-LIVVV
GallusFAM62B ARKSSFKPQVPVSPPLDSSKHAPASPVADSDKKTDVAEKS----QPPNASPQWPTDLSRSSSSLHASNFNYSPSHLSVKEPTPSIASDISLPIATQELRQRLR---QLENGTTLGQSPLGQIQLTIRHSSQRNK-LIVVV
DanioFAM62B SNATPQRPAVSEPAKTSKTQQPAPAPRTQPTPTPSPRVEPVTDRKPLEESPPHLAKSGKSMSNLAISG---SNLHLNSKEQTPSIASDISNLAATQELQKTIQ---HLHNGASPGFAPLGEIELTIRHSPQRNK-LIVVV
Caenorhabditis IERANGKVNG---------------------DVVAVEPAKTVNQDAADDEVEIKLNVDNYQML-----------------RSDSQGSLNSHGRSNSRLGRLFRSKHEMKKRETRADENRGEIEIQIDFDDLVNQ-LKIAL

850 860 870 880 890 900 910 920 930 940 950 960
. . . . . . . . . . . .

Drosophila HKIQKIPL--RDPSNIPDPYVKLYLLPGRTKESKRKTSVIKDNCNPVYDASFEYLISIAELRQTELEVTVCTQKGF-LSGGSPIIGMLKIPLDDAEITTQTGLNSWFDLQPEIRHE----------
Anopheles HKINNIPL--KDPNNIPDPYVKLYLLPGRSKESKRKTNVVKDNCDPVFDTTFEYIISNAELVNSELEVTVCTQKGF-F--GSPVIGMQKLSLSDPDISSGQGIKAWYDLLPESKFE----------
Tribolium1 HQIANIPL--KDPSNIPDPYVKLYLLPERAKDTKRKTHVVKDNCNPIFDESFEYILSQGELNTKQLEVTVASQKQL-FYSSSNILGMVIIDFEKLNVS--QPYNAWFDLTPESDRNHR--------
Apis HKIANLPLPQNDPHNIPDPYVKLYLLPDRHKETKRKTAVMKDNCNPIFDEQFEYVVSQADLNSRILEVSVCTQKGW-LSTGSNVMGQVHINLNEIDVT--KSFTSWYDLQPETKD-----------
Strongylocentrotus HKASQLTI--PDSEDMPDSYIRAYLLPDKSKSGKQKTKVIKDTRDPVFDHTFEFSCTSTELSERVLDICIKNSHSF-LPLNNPTIGQVDIDLATLDLS--KATTEWYNLKRISPDSVSRLSMSFTS
Ciona LRAANL-IVCDDDEKTSDPYVRVYILPDKR--SRKKTKVIKNNLNPVWDQRLEFDVSKSEVMHKKLHVSVKNQTGF-LSSEKVLMGQVIVDLSKLDLH--QPTTEWYNLQVAT-------------
HomoFAM62B HACRNL-IAFSEDG--SDPYVRMYLLPDKRRSGRRKTHVSKKTLNPVFDQSFDFSVSLPEVQRRTLDVAVKNSGGF-LSKDKGLLGKVLVALASEELA--KGWTQWYDLTEDGTRPQAMT------
MusFAM62B HSCRNL-IAFSEDG--SDPYVRMYLLPDKRRSGRRKTHVSKKTLNPVFDQSFDFSVSLPEVQRRTLDVAVKNSGGF-LSKDKGLLGKVLVVLASEELA--KGWTQWYDLTEDGTRPQVIT------
GallusFAM62B HSCRNL-IAFSEEG--SDPYVRMYLLPDKRRSGRRKTHVSKKTLNPVFDQIFDFSVSLPEVQRRTLDVAVKNSGGF-LSKDKGLLGKVLIPLTSEELA--KGWTQWYDLTEDGTRPHGAS------
DanioFAM62B HKCRNL-ISASQNG--SDPYVRLYLLPDKRRSGRRKTSTAKKTVNPVFDQTFEFTVSIVELQKRTLDVAVKNGGGI-LAKHRGLLGKVIVEFNLEDPS--KSSTQWYELSVDGFKRPSP-------
Caenorhabditis IRCRDLMTFDKKDQCNPYVSVKLVALDGNKEVFKKKTPTAKNTRHPHFDNHVEIDINPSDLLNHKVVINVKDDTNYGTFVAKPVLGCLEIRLDSLMNR--QLSQRWIPLSVERK------------
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This region has recently been identified as a conserved
domain of unknown function named SMP [30]. The
NTMC2 genes have one or two C2 domains and the
FAM62 genes have three or more C2 domains. The plant
genes and the animal genes each have modular gene struc-
tures with conserved intron positions. Figure 13 shows a
summary of the structures of the FAM62 genes and the
NTMC2 genes.

FAM62-like genes are identifiable in yeasts and fungi, but
their more divergent sequences and general lack of introns
set them apart from the group of metazoan FAM62 genes
and I have not analysed them here. I have identified sim-
ilar genes in other non-metazoans, such as Trypanosoma
brucei, Ostreococcus tauri and Cyanidioschyzon merolae, but
these too are quite divergent and lack introns (details in
additional file 5). All of the full-length nucleotide
sequences in this paper are listed in additional file 6. All
of the full-length amino acid sequences in this paper are
listed in additional file 7.

The NTMC2Type1, NTMC2Type2 and NTMC2Type3
genes are Syt-like, in that they have an N-terminal TM and
two separately conserved C2 domains. Their conserved
intron patterns distinguish them from Syt genes which
have only been found in metazoans and have their own
distinctive intron patterns. The NTMC2Type1,
NTMC2Type2 and NTMC2Type4 genes are highly similar
up to the first C2 domain, indicating a possible gene
fusion or fission.

A gene fission event is apparent in the genes encoding
Doc2 and Rabphilin proteins (figure 12, details in addi-
tional file 4). Rabphilin and Doc2 are related proteins,
each with two tandem C-terminal C2 domains which
share amino acid sequence similarity with Syt C2
domains. They have partly shared gene structures. The
genes encoding the Doc2 proteins comprise the C-termi-
nal half of the genes encoding Rabphilin and thus lack the
N-terminal Rabphilin effector domain. Whereas genes
encoding Rabphilin are widely distributed among meta-
zoans, genes encoding Doc2 appear to have arisen in the
vertebrate lineage. Ciona intestinalis has one Rabphilin
gene and no Doc2 genes. Mus musculus has one Rabphilin
gene and three Doc2 genes. Figure 12 illustrates these
sequences and their common gene structure. The con-
served intron positions help to clarify the relationship
between the Doc2 genes and the Rabphilin genes. The
intron patterns within the C2 domain regions of these
genes appear dissimilar to those of any of the other groups
of C2 domains analysed here, further demonstrating that
genes which share similarity at the amino acid level, can
be divided into genuinely homologous families on the
basis of their gene structures.

The difficulty of applying a consistent and meaningful
gene nomenclature is highlighted by this work. In the
past, gene naming was usually the result of slow and
painstaking research. Genes were given names indicating
a phenotype or functional aspect of an expressed product.
Now in the genome era, vast numbers of genes are appear-

Three Tribolium castaneum FAM62 genesFigure 10
Three Tribolium castaneum FAM62 genes. Amino acid sequences of the gene products are aligned. The N-terminal TM 
region is boxed. Intron positions and phases are marked. C2 domains are indicated. Alternatively expressed regions are boxed.
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. . . . . . . . . . . . .

TriboliumFAM62_1 -------MSVSKDGSQAMEKRSEGSSILSVIFSAVKKASIVGIVYFAGYMQWSVAWFIGPIVLFVIRDQWKKASDRKRNIAKAAALASEKDVVLARL-DDLPAWVFFPDVERAEWLNRIIKQVWPNINHYTRDLI
TriboliumFAM62_3 MTESDNLIPPLEPEIQLGQLNGSAMKKRFFVIKIFYKAILIFVGYAISYMQWSFILLFVTAGTLIWLEQRDNTHASKIKV-KATACSFTKQDLVRRI-DEIPSWVKFPDRERAEWLNQVIAQLWPTVESYIVKLF
TriboliumFAM62_2 -------MSRDLTASEVSVPLSETILNVETVVKLIKKLGFFFLIYLLGYYEFSVVLPYALLTFVVLNTKWRKETKNKFRVARSIALGSEKNVVLEIFQNELPAWIKFPEIEKVEWLNNVFKLIWQQINEYTHDLV

145 155 165 175 185 195 205 215 225 235 245 255 265
. . . . . . . . . . . . .

TriboliumFAM62_1 RDTIQPILKESLETYKLSGFKFERIILGTVPFRIGGVKVYDKNVARNEIIMDLDIFYAGDCDITFYLAGIK-GGIRDFQLHGMLRVVMKPLITTIPLVGGLQVFFLNNPDIDFDLIGIADLLDMPGLSDILRRIV
TriboliumFAM62_3 RTSIQTKIRK-----KYDSFQFESIDFGPTPPKIDGIKVYTAAATTDSIIIDFDVFYDGDCDINFSFSGAEIGGIRDFQLSVEVRVVLKPLLPKVPLIGGIQIYFLNTPDINFTLEGLSGI---PGLSSFIRSKI
TriboliumFAM62_2 PKVLEPAIQG-----YVSDFKFNKVILGNVPLRVDGVKVYDQEDKR-KIVMDLNISYAGDCYVTFHTFRFT-GGIEKIQFHGTVRVVLTPLISKMPLIGGLQVYFMDEPHIDFDLIKATSILDLPYVRNKIKNTT

280 290 300 310 320 330 340 350 360 370 380 390 400
. . . . . . . . . . . . .

TriboliumFAM62_1 VETVASMMVLPNKFPIKLSDDVDAMELKAPEPEGVLRVHVVEAKHLMKKDIGVLGKGKSDPYAVVTLGAQEFKTKVIDNSVDPKWDFWCEFNVLESDGQQLYIHLWDKDETSDDETLGRATIEVSNIVKKGQDDL
TriboliumFAM62_3 EEKITKKIVFPNKITKRFSKSVAPSELKALEPAGVLRVHVFEAKDLMAKDI----TGKSDPYVILYVGAQERKSNTVNQCLNPKWDYWCEFVIIDPKAQHLGFKLYDRDNVNEDDFLGSGEVDIASVLK-GQTDQ
TriboliumFAM62_2 MNVINSMFMYPNVYSINLTEGINMSKLTVFRTEGILRVHVVEAKNLVNRDL----IGKSDPYVVLSCGSIRVETPVVENCLNPKWDFWTNFEI--EPNSELKIEVWDKDEGSKDDSLGHAKINVAQVAKIGQSDM

415 425 435 445 455 465 475 485 495 505 515 525 535
. . . . . . . . . . . . .

TriboliumFAM62_1 WVTLEQAKHGMVHL------RLTWLTLSDNYSDLKAALEETQQLRVTSMSTALLTIFLDSAKNLPQARASTKPDPYAVLKVGNTTKETKVLERTIHPVWEQGFSFLVANPESDTLYLTIIDRKTTNELGQVTYNI
TriboliumFAM62_3 WITLDSAKHGAIHL------RFTWLSLSSDLEDLDEISRETKLLQVDHISTALLTIYVDTATKLPEAKRLVKPHPYFILTLRDQKEKSRVKKHTNDPCWEQGFVMLVPNPLEDSLHMAILDKPTGSLLTQFSYKI
TriboliumFAM62_2 VSTQILVTHILQIILANRLARILKFDKSPKYCTFLKIMKETELLS-PNLHTALLMIYLESSLNLPKFSK-TSPNPYAELEVENETKTTDPEQQTCEPLWETGFTFLLRDPKKAVLNLRIIDAESKNKMGEVSFRV

550 560 570 580 590 600 610 620 630 640 650 660 670
. . . . . . . . . . . . .

TriboliumFAM62_1 SKLAKKTKMEVYKEPFSLLKSGPESKVIWSMHLRVLKRAEGVDDTDSGDLPSLQREDSKVLTSDDVPPTPNPTPEINESATEPIPNYDEMIKATAATVASTPIKESELTHRSPSVTSSAGAHDLGRIQLTIRYSV
TriboliumFAM62_3 SDLMQLPDLEISKKEFIL--DNEESKVVLSLQLRILTN-------ESYKIEDESESDSEGGLSRQSSLEETSVKSRGSFRNSPKKILEDVLSKTSVS----PQSAKPPIQRTPSVNE----HRLGRLEISLEYNE
TriboliumFAM62_2 DHLKNEPNMDLKRHTFFFNKPFSEASVCCSMKLRVLKNDSLEDEKDDSDAPKPQKKLVKQESNLSMISKKSVTTESEGLASEDNATINSSFDSEGDT-------------------------NLGKIKLSLSYSQ

685 695 705 715 725 735 745 755 765 775 785 795
. . . . . . . . . . . .

TriboliumFAM62_1 QRQRLIVVVHQIANIPLKDPSNIPDPYVKLYLLPE-RAKDTKRKTHVVKDNCNPIFDESFEYILSQGELNTKQLEVTVASQKQLFYSSSNILGMVIIDFEKL-NVSQPYNAWFDLTPESDRNHR----
TriboliumFAM62_3 PRQKLLVTVHRVSNLPLKDPSDIPDPYVRIKMYSQGHTTGPTYRTKVVTDNCNPVYEETFEYLFSKSDAYEQTLVATVKSKKFLH---NNTMGQVEINLKYV-NLSERYREWFDLCPKSS--------
TriboliumFAM62_2 QRQKLIVEVHEVDLVRKR-----AQIYVKLYLQTD-KQRNHRKKTKIAKTK-DAVFNESFDYLISNADLNWTNLLVMVKTDKGLL---KKSLGRTVISLQACGNLTEPFTDWFDLRSKHGEHVYHLIK

0 0 0

0 +2

0

0

+20

0+1 0

0 +2+2+1

+2 00

C2-1

C2-2

C2-3
Page 13 of 18
(page number not for citation purposes)



BMC Genomics 2007, 8:259 http://www.biomedcentral.com/1471-2164/8/259
ing at great speed. To make sense of all this new informa-
tion, evolutionary genomics [29] aims to dissect the
complex relationships between genes in different life
forms over evolutionary time scales, thereby improving

genome annotation. Genes can express multiple func-
tional products and be regulated differently in different
contexts. This means that it cannot be straightforward to
predict the functional consequences of variations at par-

Intron pattern in Syt coding regionsFigure 11
Intron pattern in Syt coding regions. This figure shows an overview of the structures of Syt genes. Intron positions relative 
to TM, C2A and C2B domains, and their phases are indicated. Phase 0 introns are indicated by black dots. Phase 1 introns are 
indicated by red dots. Phase 2 introns are indicated by blue dots. Question marks indicate unknown regions where the 
genomic sequence is incomplete. The positions of additional alternative exons [11,4] are indicated by asterisks. Groups of likely 
orthologues are indicated in shades of blue. Groups of likely paralogues are indicated in shades of red.
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ticular genomic loci, in different species or even different
individuals. Functional annotation of genomes is there-
fore not a straightforward task.

There is already confusion with Syt nomenclature (see for
example SYT5, Syt5, SYT9 and Syt9 in the Gene and
Pubmed databases at NCBI). Equivalent genomic loci in
different species can be given different names through
separate genome annotation pipelines, and the commu-
nity of researchers engaged in functional studies of the
gene products, continue to supply yet more names relat-
ing to the particular functions they have studied (for
example, see [15]). In this paper I have named the Sytα
genes, which lack human homologues, in line with [9]. I
have named those with human homologues, according to
the HUGO gene nomenclature committee approved
human gene names [25]. Three Syt genes in Caenorhabditis
elegans remain unclassified at present and I have simply
numbered them (1) to (3) for now. The Wormbase [31]
nomenclature for Caenorhabditis elegans Syt genes: snt-1 to
snt-6 does not (apart from snt-1 being numbered consist-
ent with its relationship to other Syt1 genes) yet take
account of their evolutionary relationships. Flybase
[32]Syt gene names are currently restricted to three of the

seven Syt genes in Drosophila melanogaster: Syt1,4 and 7
(yet see [33] where four Syt genes were identified in Dro-
sophila melanogaster, but only two of these match Flybase
Syt genes, likely due to inaccuracies in the source data-
bases used). While the Homo sapiens and Mus musculus
genes encoding Rabphilin have now been named RPH3A
and Rph3a, respectively, the genes encoding Doc2 pro-
teins have not yet acquired genome nomenclature com-
mittee approved names. I named the FAM62 genes in this
paper according to the HUGO gene nomenclature com-
mittee approved names, but these names have no func-
tional meaning. I suggest a nomenclature for the plant
genes which describes their domain composition. This
may have some functional relevance.

For the future annotation of genomes with homologues of
the genes discussed here, it would be useful to incorporate
these gene predictions into the sequence databases such
that they are obviously visible and appropriately con-
nected. This should be possible via the recently intro-
duced Third Party Annotation (TPA) facility at the NCBI
and EMBL nucleotide sequence databases. Genome anno-
tation needs to be updated continuously and the informa-
tion from separate genome projects integrated. A possible

Rabphilin and Doc2 genesFigure 12
Rabphilin and Doc2 genes. Amino acid sequences of the gene products are aligned. Intron positions and phases are marked. 
The Rabphilin effector domain is boxed and C2 domains are indicated.

10 20 30 40 50 60 70 80 90 100 110 120
. . . . . . . . . . . .

CionaRabphilin MLTGNAEDAAQHAWVCPSDRQLTLRSK--LRAGWSVR-AAQTDRQRRSSTLSDEELKKIRQVIERAENMDQAEQKRVGKLVHRLDDMRSNSAGDGKLRCILCAEAFGKLMGASSFVCVDCKKNVC
MusRabphilin3a -----MTDTVVNRWMYPGDGPLQSNDKEQLQAGWSVHPGAQTDRQRKQEELTDEEKEIINRVIARAEKMEAMEQERIGRLVDRLETMRKNVAGDGVNRCILCGEQLG-MLGSACVVCEDCKKNVC
MusDoc2alpha -----------------------------------------------------------------------------------------------------------------------------
MusDoc2beta -----------------------------------------------------------------------------------------------------------------------------
MusDoc2gamma -----------------------------------------------------------------------------------------------------------------------------

135 145 155 165 175 185 195 205 215 225 235 245
. . . . . . . . . . . .

CionaRabphilin SKCSVEFSPHLIRGSHSMDSSRGRSSNRKSSTTKWLCKICSEGRELWKRSGAWFFQSLPRYILPE-----QTSNGMNQNFPIRTLGSTIIPQSPGS------------PMHKPTKDFATTP---T
MusRabphilin3a TKCGVE-----------------TSNNRPHPV--WLCKICLEQREVWKRSGAWFFKGFPKQVLPQPMPIKKTKPQQPAGEPATQEQPTPESRHPARAPARGDMEDRRPPGQKPGPDLTSAPGRGS
MusDoc2alpha -----------------------------------------------------------------------------------------------------------------------------
MusDoc2beta -----------------------------------------------------------------------------------------------------------------------------
MusDoc2gamma -----------------------------------------------------------------------------------------------------------------------------

260 270 280 290 300 310 320 330 340 350 360 370
. . . . . . . . . . . .

CionaRabphilin STYTQHKYMVRRRSSSSESSDSSDISSFGKPASFYKKSDSASITSSTSYTNSNDAS-SRRSEQILFDNNPARSNGFAALSGSENSLNVPGGARKRRISGTRNRQHKKSVGDKSIED----IGTNN
MusRabphilin3a HGPPTRRASEARMSTAARDSEGWDHAHGGGTGDTSRSPAGLRRANSVQAARPAPAPVPSPAPPQPVQPGPPGGSRATPGPGRFPEQSTEAPPSDPGYPGAVAPAREERTGPAGGFQ----AAPHT
MusDoc2alpha ---------------------------------MRGRRGDRMTINIQEHMAINVCPGPIRPIRQISDYFPRRGPGPEGGGGGGGTGCGEAPAHLAPLALAPPAALLGATT---------------
MusDoc2beta --------------------------------MTLRRRGEKATISIQEHMAIDVCPGPIRPIKQISDYFPRFPRGLPPTAAPRAPAPPDAPARSPAASASPRSPSDGARDDDEDVDQLFGAYGAS
MusDoc2gamma -------------------------------MACAGPASGRQRVSMQEHMAIDVSPGPIRPIRLISNYFPHFYPFLEPVLRAPDRQAMLAPAIPSAPQLQPNPEPEG------------------

385 395 405 415 425 435 445 455 465 475 485 495
. . . . . . . . . . . .

CionaRabphilin PDMWSLHSSGVDGGSYIVETNAKNEIVTENTAGLGSLEFTLLHDSHKLALYVTVIRARGLKAMDINGFSDPYVKLHLLPGSKKSTKMRTKTKQKTLNPTFDETLTYWGVTDADIQKKTLRLTVLD
MusRabphilin3a AAPYSQAAPARQPPPAEEEEEEANSYDSDEATTLGALEFSLLYDQDNSNLQCTIIRAKGLKPMDSNGLADPYVKLHLLPGASKSNKLRTKTLRNTRNPVWNETLQYHGITEEDMQRKTLRISVCD
MusDoc2alpha ----------------PDDGAEVDSYDSDDTTALGTLEFDLLYDQASCMLHCRILRAKGLKPMDFNGLADPYVKLHLLPGACKANKLKTKTQRNTLNPVWNEELTYSGITDDDITHKVLRISVCD
MusDoc2beta PGPSPGPSPARPPAKPPEDEPDVDGYESDDCTALGTLDFSLLYDQENNALHCTISKAKGLKPMDHNGLADPYVKLHLLPGASKANKLRTKTLRNTLNPSWNETLTYYGITDEDMVRKTLRISVCD
MusDoc2gamma --------------------------DSDDSTALGTLEFTLLFDEDNSALHCTAHRAKGLKP-PAAGSVDTYVKANLLPGASKASQLRTRTVRGTREPVWEETLTYHGFTCQDAGRKTLRLCVCE

510 520 530 540 550 560 570 580 590 600 610 620
. . . . . . . . . . . .

CionaRabphilin EDRLGDNEF---IGEVRIQLKNFNLTQTNTYN---------------------MGLTEHQDIKEDE---DSSERGRIMVTLSYQPRDTMLVATINRCSSLLPVARTNTIDPQVKLCLKSEANPSE
MusRabphilin3a EDKFGHNEF---IGETRFSLKKLKANQRKNFNICLERVIPMKRAGTTGSA-RGMALYEEEQVERIG---DIEERGKILVSLMYSTQQGGLIVGIIRCVHLAAMDANGYSDPFVKLWLKPDMGKK-
MusDoc2alpha EDKLSHNEF---IGEIRVPLRRLKPSQKKHFNICLERQVPLPSPSSMSAALRGISCYLKELEQAEQGPGLLEERGRILLSLSYSSRRHGLLVGIVRCAHLAAMDVNGYSDPYVKTYLRPDVDKK-
MusDoc2beta EDKFRHNEF---IGETRVPLKKLKPNHTKTFSICLEKQLPVDKAEDKS----------------------LEERGRILISLKYSSQKQGLLVGIVRCAHLAAMDANGYSDPYVKTYLKPDVDKK-
MusDoc2gamma DSRLRRRRRGPPLGELRVPLRKLVPNRARSFDICLEKRKLTKRPKSLDTA-RGMSLYE-EEEMEAEV--FGEERGRILLSLCYSSERGGLLVGVLRCVHLAPMDANGYSDPFVRLFLHPSSGKK-

635 645 655 665 675 685 695 705 715 725 735
. . . . . . . . . . .

CionaRabphilin FTFKKTERRKNTKTSNPAFNETMKLPLPAQARELVNCSLDVSVWDKDTFGKEHLIGAVCFGIHSKGDKLKQWFNCVKKPQEAHEMWHSLTLPNDPEKISSLAEAGRRSRTPRFHRKLHS
MusRabphilin3a -AKHKTQIKK--KTLNPEFNEEFFYDI--KHSDLAKKSLDISVWDYDIGKSNDYIGGCQLGISAKGERLKHWYECLKNKDKKIERWHQLQNENHVSSD---------------------
MusDoc2alpha -SKHKTCVKK--KTLNPEFNEEFFYEI--ELSTLATKTLEVTVWDYDIGKSNDFIGGVSLGPGARGEAQKHWNDCLHQPDTALERWHTLTSELPPAAGAYPLA----------------
MusDoc2beta -SKHKTAVKK--KTLNPEFNEEFCYEI--KHGDLAKKTLEVTVWDYDIGKSNDFIGGVVLGINAKGERLKHWFDCLKNKDKRIERWHTLTNELPGAVLSD-------------------
MusDoc2gamma -SKYKTSVRR--KTLNPEFNEEFFYAG--HREELAQKALLVSVWDYDLGTADDFIGGVQLSGRASGERLRHWRECLGHCDHRLELWHLLDSVPPQLGD---------------------
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wiki solution to the problem of updating genome annota-
tion has recently been proposed [34].

Conclusion
A comparative genomics analysis of genes with N-termi-
nal-TM-C2 domain architectures helps to understand how
these genes have evolved. Although it is not possible to
draw firm conclusions about the total gene complement
of organisms from incomplete genome sequences, such
information is needed for sound inferences about the ori-
gin and diversification of gene families. The examination
of a wide variety of fragmentary sequences does, however,
provide much information, useful both for understanding
the evolution of genes and their functional products.
Large scale, structure-based comparisons of protein
sequences inform functional perspectives on the evolu-
tion of protein repertoires eg. [[35-37] and references
therein]. A structural analysis of eukaryotic C2 domain
proteins [38] has considered the evolution of this particu-
lar domain. For more gene-oriented perspectives, see eg.
[29,39,40] and for a consideration of non-coding
sequence evolution, see eg. [41,42].

The collection of genes used here, includes evolutionarily
widely dispersed genes with distinctive intron-exon pat-
terns. It includes several gene families with long evolu-
tionary histories. The origins of these gene families are not
yet clear but appear to be several. Genome sequences from
more lineages of simple, deep-branching eukaryotes may,
in future, reveal the earlier histories of these gene families.
The collection demonstrates different modes of gene evo-
lution: the C2 domain duplication of FAM62A genes, the
whole gene duplication of the Tribolium castaneum FAM62
genes and Mus musculus Doc2 genes, the alternative exons
of the C2-1 domain encoded by insect FAM62 genes, the
gene fusion/fission of NTMC2Type2/NTMC2Type4 and
Rabphilin/Doc2 genes, and the expansion and diversifica-
tion of the Syt gene family. Intron gains and losses are also
demonstrated. Intron movements in the duplicated Tribo-
lium castaneum FAM62 genes and intron movement with
functional consequences in the NTMC2Type2 genes are
interesting examples. The mechanisms of intron gain and
loss and the causes of intron evolution are matters of con-
siderable debate [39,43]. This gene collection provides
some useful information for this area of investigation.

Structures of 6 groups of plant genes and the similar FAM62 genes of metazoansFigure 13
Structures of 6 groups of plant genes and the similar FAM62 genes of metazoans. TM regions are represented by 
red boxes and C2 domains by blue boxes. Intron positions and phases are indicated. Those within square brackets are not 
always present.
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Different gene products in this collection share a domain
architecture which implies membrane proteins tethered
by TM domains, which via their C2 domains, interact with
lipids, other membranes and other proteins, sometimes in
a calcium regulated manner. Functional studies on many
of these genes have yet to be undertaken. It remains to be
seen exactly what levels of functional equivalence exist
even between different members of the same gene family,
for example, the Syt gene family. An empirical approach to
investigating the functions of plant NTMC2 genes and
animal FAM62 genes would therefore seem more wise
than attempting to make functional predictions based on
their shared structural domains, which are not homolo-
gous. Improved understanding of the evolutionary rela-
tionships among these genes will help to guide and
interpret future functional studies as well as informing the
effort to annotate genome sequences. I hope that innova-
tions in gene and genome annotation will in future allow
the easy integration of new results from functional studies
and that new functional studies can likewise be informed
by evolutionary considerations based on good annota-
tion. Complex, eukaryotic genes are difficult to predict
accurately from genome sequences and need to be verified
by comparison with transcript sequences. This is espe-
cially important when subtle gene regulation by alterna-
tive splicing and RNA editing is involved. Ideally, in time,
it will be possible to integrate all sources of data into a
comprehensible resource.

Methods
Cloning and sequencing of Physcomitrella patens genes
Physcomitrella patens genomic DNA was a gift from Didier
Schaefer. I used this as a template for PCR reactions. I
amplified genomic regions using Pfu turbo polymerase
with phosphorylated primers and cloned the products
into Sma digested pBSIIKS-. After sequencing, overlap-
ping clones were selected and digested with restriction
enzymes in such a way as to ligate the genomic locus into
one piece. The sequence of each genomic clone was
deposited in the public sequence databases
[EMBL:AM410046, EMBL:AM4100449,
EMBL:AM410050]. cDNA clones, also gifts from Didier
Schaefer, were obtained from the M. Hasebe collection
[44] at PHYSCObase [23] and sequenced completely.
These sequences were deposited in the public sequence
databases [EMBL:AM410045, EMBL:AM410047,
EMBL:AM410048].

Confirmation of RNA editing of Arabidopsis thaliana 
NTMC2Type2.2
A full-length cDNA clone of Arabidopsis thaliana
NTMC2Type2.2 was a gift from Boris Voigt. I confirmed
the coding sequence and deposited this in the public
sequence databases [EMBL:AM410051].

Additional material
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