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Abstract
Background: Synaptotagmins exist as a large gene family in mammals. There is much interest in
the function of certain family members which act crucially in the regulated synaptic vesicle
exocytosis required for efficient neurotransmission. Knowledge of the functions of other family
members is relatively poor and the presence of Synaptotagmin genes in plants indicates a role for
the family as a whole which is wider than neurotransmission. Identification of the Synaptotagmin
genes within completely sequenced genomes can provide the entire Synaptotagmin gene
complement of each sequenced organism. Defining the detailed structures of all the Synaptotagmin
genes and their encoded products can provide a useful resource for functional studies and a deeper
understanding of the evolution of the gene family. The current rapid increase in the number of
sequenced genomes from different branches of the tree of life, together with the public deposition
of evolutionarily diverse transcript sequences make such studies worthwhile.

Results: I have compiled a detailed list of the Synaptotagmin genes of Caenorhabditis, Anopheles,
Drosophila, Ciona, Danio, Fugu, Mus, Homo, Arabidopsis and Oryza by examining genomic and
transcript sequences from public sequence databases together with some transcript sequences
obtained by cDNA library screening and RT-PCR. I have compared all of the genes and investigated
the relationship between plant Synaptotagmins and their non-Synaptotagmin counterparts.

Conclusions: I have identified and compared 98 Synaptotagmin genes from 10 sequenced
genomes. Detailed comparison of transcript sequences reveals abundant and complex variation in
Synaptotagmin gene expression and indicates the presence of Synaptotagmin genes in all animals
and land plants. Amino acid sequence comparisons indicate patterns of conservation and diversity
in function. Phylogenetic analysis shows the origin of Synaptotagmins in multicellular eukaryotes
and their great diversification in animals. Synaptotagmins occur in land plants and animals in
combinations of 4–16 in different species. The detailed delineation of the Synaptotagmin genes
presented here, will allow easier identification of Synaptotagmins in future. Since the functional
roles of many of these genes are unknown, this gene collection provides a useful resource for
future studies.

Background
Synaptotagmin (Syt) 1 was initially found as a protein
component of synaptic vesicles [1]. New members of the
Syt gene family have subsequently been discovered by

DNA sequence similarity [2-15]. Syts encode proteins
which share a common structure: an N-terminal trans-
membrane sequence joined to a variable length linker,
followed by two tandemly arranged, distinct C2 domains,
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C2A and C2B. At present, a great deal more is known
about Syt1 than the other Syts because it functions cru-
cially in synaptic vesicle trafficking in the nervous systems
of animals [16]. Other Syts are implicated in trafficking
events in the nervous system as well as in various other tis-
sues [17,18]. Certain Syts are known to express alterna-
tively spliced transcripts [19-21] and RNA editing of
Drosophila Syt1 has been described [22]. Little is known
however, about the details of the variations in expression
of different Syts.

Public sequence database resources are becoming quite
comprehensive, including vast numbers of transcript
sequences from a wide variety of organisms as well as a
number of relatively complete genome sequences. Sys-
tematic identification of Syts by database searching makes
it possible to begin to address questions such as: what is
the evolutionary extent of this gene family? where do
these genes appear on the tree of life? and how many of
these genes does an organism need?

Building on my previous effort to extract the Syt content
of the sequenced genomes [13] I have now collected infor-
mation for 98 Syts from organisms with sequenced
genomes. Transcript sequences reveal abundant variation
in Syt expression and indicate the presence of Syts in all
land plants and all animals.

Results and Discussion
Identification of Syts
Previously [13] I used a 44 amino acid sequence probe,
representing the most highly conserved stretch of all the
known Syts, and lying within a single exon in the C2B
region, to search the sequence databases. This probe
detected all the loci within the available genomes which
could harbour Syts, but in order to confirm that these loci
did indeed encode Syts it was necessary to ascertain that
all the relevant parts were present (N-terminal transmem-
brane sequence, variable length linker, C2A and C2B).
Whilst some regions (C2A and C2B) are well conserved,
there is great variation in the sequences of other regions.
It is difficult to predict exons accurately from genomic
sequence unless a good degree of sequence similarity is
present. Transcript sequences can reveal the true gene
structure but few transcripts were available at that time, so
although I could locate the already known Syts in
Caenorhabditis, Drosophila and Homo, it was clear that there
were more potential Syts in each of these genomes and
that Syt relatives may even be present in plants, which
would indicate a general function for this gene family, not
restricted to the operation of nervous systems.

Recently, more genomes have been sequenced and some
very good transcript resources have become available. I
have also carried out cDNA library screening and RT-PCR

to investigate the Arabidopsis Syts, the novel Homo Syts and
the alternative splicing of Rattus Syt1 (accession numbers
aj617615-aj617630). I used tblastn and blastn to search
sequences at NCBI [23], EBI [24], Ensembl [25] and JGI
[26]. I assembled transcript sequences into gap4 databases
[27] and used Spin [27] and Align [28] to compare tran-
scripts with genomic sequence. I have compiled a list of
98 Syts from the genomes of Caenorhabditis, Anopheles,
Drosophila, Ciona, Danio, Fugu, Mus, Homo, Arabidopsis and
Oryza ([see Additional File 1] entries 1–98). This list sum-
marizes the results of the database searches and includes
genomic locations, amino acid sequences, exon structures
and alternative splicing patterns. The identities of all the
sequences examined here are summarized in Table 1.
Where Syt synonyms exist, I have chosen the human gene
names used by Ensembl [25] but have also indicated syn-
onyms within parentheses.

Fig. 1 shows the chromosomal locations of Homo and Mus
Syts. Syt2 and Syt14, Syt6 and Syt11, Syt8 and Syt9, Syt3
and Syt5, and Syt7 and Syt12, are linked in both Homo and
Mus. Syt4, Syt15, and Syt16 are each solitary in both Homo
and Mus. Linkage of Syt1, Syt10 and Syt13 is different in
Homo and Mus. Different Homo (Syt9) and Mus (Syt4,
Syt12) Syts are associated with overlapping antisense
transcripts.

Syt comparisons
I used clustalw at EBI [24] to compare all 98 Syts (fig. 2)
and Multalin [29] followed by manual editing to produce
mulitple alignments (figs. 3,4,5,6,7,8). Where alternative
splicing produces complex sequence variation, I chose
one representative sequence. Fig. 2 shows the clustalw
cladogram tree of relationships between the Syts. The
multiple alignments are arranged in the same way, with
N-terminus and linker regions in figs 3,4,5 and C2A to C-
terminus regions in figs 6,7,8. Intron positions, alternative
splicing and RNA-edited positions are indicated.

Animal Syts are distributed over more than 7 main
branches of the cladogram tree while plant Syts occupy a
separate main branch. Groups of orthologues and para-
logues appear on closely linked sub-branches. A group of
orthologues includes genes from different species for
example, all Syt1 genes. Paralogues are multiple versions
of one gene within the same species. The paralogues of
Syt1 in Mus and Homo are Syt2, Syt5 and Syt8. I have used
the tree and multiple alignment information to give pro-
visional names to as many Syts as possible (Table 1).

The 6 Arabidopsis Syts and 8 Oryza Syts are each found on
three sub-branches. The Oryza genome is polyploid so one
would expect multiple copies of many genes, and since
the genome sequence is incomplete, further Oryza Syts
may yet be found. Searches of plant transcript sequences,
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reveal the presence of Syts in all the land plants. Sequences
from Pinus, Physcomitrella and Ceratopteris ([see Additional
File 1] entries 99–107) demonstrate the presence of plant
Syts across the whole evolutionary range of land plants.

Animals have a more diverse array: 7 Syts in Caenorhabdi-
tis, 5 or more in Anopheles (incomplete genome
sequence), 7 in Drosophila, 4 or more in Ciona (a surpris-

ingly small number perhaps, but an incomplete genome
sequence), 13–14 in Danio and Fugu (incomplete genome
sequences) and 16 in Mus and Homo. Bearing in mind that
some of the genome sequences are incomplete, the overall
picture appears to reflect both acquisition and loss of dif-
ferent types of Syt, with different animals bearing different
arrays of Syts. I have highlighted a motif (G X X X P E L Y)
in the linker region of the Syt15 orthologues (fig. 4) which

Table 1: Summary of sequence identities

Number Organism Names Number Organism Names Number Organism Names C2 
domains

1 Caenorhabditis 43 Fugu syt6 Frsyt6 85 Arabidopsis AtsytB
2 Caenorhabditis 44 Danio syt6.1 Drsyt6.1 86 Arabidopsis AtsytA
3 Caenorhabditis 45 Danio syt6.2 Drsyt6.2 87 Arabidopsis AtsytC
4 Caenorhabditis syt1 Cesyt1 46 Fugu syt12 Frsyt12 88 Oryza
5 Caenorhabditis 47 Danio syt13 Drsyt13 89 Oryza
6 Caenorhabditis syt7 Cesyt7 48 Fugu syt16 Frsyt16 90 Oryza
7 Caenorhabditis syt4 Cesyt4 49 Danio syt16 Drsyt16 91 Oryza OssytB
8 Anopheles syt1 Agsyt1 50 Danio syt14 Drsyt14 92 Oryza OssytC
9 Anopheles syt4 Agsyt4 51 Fugu syt14.1 Frsyt14.1 93 Arabidopsis AtsytD
10 Anopheles 52 Fugu syt14 Frsyt14 94 Arabidopsis AtsytE
11 Anopheles syt13 Agsyt13 53 Mus syt1 Mmsyt1 95 Oryza
12 Anopheles syt16 Agsyt16 54 Mus syt2 Mmsyt2 96 Oryza
13 Drosophila syt1 Dmsyt1 55 Mus syt3 Mmsyt3 97 Arabidopsis AtsytF
14 Drosophila syt4 Dmsyt4 56 Mus syt4 Mmsyt4 98 Oryza OssytF
15 Drosophila syt7 Dmsyt7 57 Mus syt5 Mmsyt5 (syt9) 99 Ceratopteris
16 Drosophila 58 Mus syt6 Mmsyt6 100 Physcomitrella
17 Drosophila syt13 Dmsyt13 59 Mus syt7 Mmsyt7 101 Physcomitrella
18 Drosophila syt12 Dmsyt12 60 Mus syt8 Mmsyt8 102 Pinus
19 Drosophila syt16 Dmsyt16 61 Mus syt9 Mmsyt9 (syt5) 103 Pinus
20 Ciona syt1 Cisyt1 62 Mus syt10 Mmsyt10 104 Pinus
21 Ciona syt7 Cisyt7 63 Mus syt12 Mmsyt12 

(syt11)
105 Pinus

22 Ciona syt15 Cisyt15 64 Mus syt11 Mmsyt11 
(syt12)

106 Physcomitrella PpsytF

23 Ciona syt16 Cisyt16 65 Mus syt13 Mmsyt13 107 Ceratopteris CrsytF
24 Danio syt1 Drsyt1 66 Mus syt14 Mmsyt14 108 Arabidopsis CaLB 1
25 Fugu syt1 Frsyt1 67 Mus syt16 Mmsyt16 

(syt14r)
109 Arabidopsis 1

26 Danio syt5.1 Drsyt5.1 68 Mus syt15 Mmsyt15 110 Arabidopsis 1
27 Fugu syt5.1 Frsyt5.1 69 Homo syt1 Hssyt1 111 Arabidopsis 1
28 Danio syt5.2 Drsyt5.2 70 Homo syt2 Hssyt2 112 Arabidopsis 1
29 Danio syt2 Drsyt2 71 Homo syt3 Hssyt3 113 Oryza 1
30 Fugu syt5.2 Frsyt5.2 72 Homo syt4 Hssyt4 114 Oryza 1
31 Fugu syt8 Frsyt8 73 Homo syt5 Hssyt5 (syt9) 115 Oryza 1
32 Danio syt4 Drsyt4 74 Homo syt6 Hssyt6 116 Oryza 1
33 Fugu syt4 Frsyt4 75 Homo syt7 Hssyt7 117 Oryza 1
34 Danio syt11.2 Drsyt11.2 76 Homo syt8 Hssyt8 118 Caenorhabditis MBC2 3
35 Danio syt11.1 Drsyt11.1 77 Homo syt9 Hssyt9 (syt5) 119 Drosophila CG6643 3
36 Fugu syt11 Frsyt11 78 Homo syt10 Hssyt10 120 Homo KIAA0747 >3
37 Danio syt9.2 Drsyt9.2 79 Homo syt12 Hssyt12 

(syt11)
121 Homo CHR3SYT >2

38 Fugu syt9.2 Frsyt9.2 80 Homo syt11 Hssyt11 
(syt12)

122 Homo KIAA1228 3

39 Danio syt9.1 Drsyt9.1 81 Homo syt13 Hssyt13 123 Saccharomyces Tricalbin3 4
40 Fugu syt9.1 Frsyt9.1 82 Homo syt14 Hssyt14 124 Saccharomyces Tricalbin2 3
41 Fugu syt10 Frsyt10 83 Homo syt16 Hssyt16 

(syt14r)
125 Saccharomyces Tricalbin1 3

42 Danio syt10 Drsyt10 84 Homo syt15 Hssyt15 126 Trypanosoma 1
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Chromosomal locations of Homo and Mus SytsFigure 1
Chromosomal locations of Homo and Mus Syts I have labelled ideograms produced from blast search results at Ensembl 
[25] with the locations of Syt1-Syt16. (A) Homo. (B) Mus. Asterisks indicate loci with overlapping antisense transcription.
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Cladogram tree of SytsFigure 2
Cladogram tree of Syts Syts are identified on the right. Mus and Homo Syts are identified with names and are bracketed. 
Arabidopsis Syts are identified with names, following the nomenclature of Fukuda [14].
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is shared with the otherwise unrelated, vertebrate specific
branch of Syts which includes Syt9, Syt10, Syt6 and Syt3.
Such a conserved motif probably indicates the specifica-
tion of a common function.

Expression of variant Syts
Alternative splicing (see Additional File 1) adds a further
level of diversity to Syts. The large numbers of Mus and
Homo transcripts in particular, show abundant alternative
splicing which involves coding regions as well as both

upstream and downstream regions. There are common
patterns of alternative splicing in Mus and Homo as well as
species specific patterns. For example, both Mus and Homo
Syt11 transcripts, use atypical GC intron donors in the
final intron, rather than the typical GT donors which are
present, to specify a change in the second calcium coordi-
nating position in the C2B region (fig. 7). In fish, the same
sequence is encoded via typical intron donors. Another
such example is Syt16 where both Mus and Homo use atyp-
ical GC intron donors in the final intron preceding the

N-terminal regions of SytsFigure 3
N-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabidopsis Syts 
are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Putative transmem-
brane regions are indicated with a yellow background. Intron positions are indicated by red vertical lines. Regions of alternative 
splicing or RNA editing are enclosed by red boxes. The main branches of Syts are separated by horizontal blue lines. Similarity 
between members of a main branch is indicated with a coloured background. A motif common to Syt 15, Syt9, Syt10, Syt6 and 
Syt3 is indicated in blue in fig. 4.
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85 ------------------------------------------------------------------------------------------------------MGIISTILGVIGFGFGTTIGIVIGYYLFIYFQSTD--------D--PEIKPLVELDSETIATMFPE--IPMWVKNPDFDRID-------WLNKLIGHM
91 ------------------------------------------------------------------------------------------------------MGFFRTVLGFFGFGVGVTMGLVIGYYLFIYFQPTDV------KD--PVIRPLVELDTKSLESMLPE--VPHWVKNPDFDRID-------WLNKFVENI
86 ------------------------------------------------------------------------------------------------------MGFFSTILGFCGFGVGISLGLVIGYVLFVYLLPNDV------KD--PEIRSIADQDPKAMLRMLPE--IPLWVKNPDFDRVD-------WINRFLEYM
88 ------------------------------------------------------------------------------------------------------MGIVSMVLSFIGFCIGFSVGIVIGYFLFIYFQPTDVFQPTDVKN--VKVRPLVEYDSDSLDDTLPE--IPLWLKNPDYDRLD-------WLNRFLELM
89 ------------------------------------------------------------------------------------------------------MGIVSMLIDFSGFCFGFSAGIVIGYFLFIYFQPTEV------KD--VKVCPLVEYDSNSLDGILHE--IPLWVKNPDCDRID-------WVSRFLEMM
90 ------------------------------------------------------------------------------------------------------MGVISTVLGFSGFGFGFSAGIVIGYYFFIYFQPTDV------KD--VKVRPLVEYDSISLDGILPE--IPLWVKNPDYDRID-------WLNRFLEMM
87 ------------------------------------------------------------------------------------------------------MGFFTSVLGIIGFVIGIPIGLILGFFVLIYSQPSHQ------EY--PPARPLVETSISVLLDLLPD--IPLWMKNPDYERVD-------WFNKFISYM
92 ---------------------------------------------------------------------------------------------------------MGLVGGLLGFGVGLPLGIAVAYLVYLRLFAPRR----RLQD--PIIRPLRDLDSETLQTTIPD--IPLWVKCPDYERVD-------WINKFIFDM
93 -------------------------------------------------------------------------------------------------------------MGFLFGLFIGIAVSFGLVVAFARYSSVRS---TRRADLAKTIAAFARMTVQDSRKLLPGDFYPSWVVFSQRQKLSYSKCLLNWLNLELEKI
94 -------------------------------------------------------------------------------------------------------------MGFIVGVVIGLLVGIAIIIGFVKLENSRS---KLRSELANTVAAFARMTVEDSRKLLPPEFYPSWVVFSERQKLT-------WLNHHLTKI
95 -------------------------------------------------------------------------------------------------------------MGFLVGLVLGIAAGVALIVGFARAENSRA---ARRRQLAATIASFSKMTIEDSRKLLPADLYPSWVVFSTQQKLK-------WLNQELIKI
96 -------------------------------------------------------------------------------------------------------------MAFLLGAFLGLVLGVAVVMAFARLENTRA---EQRRELAATVSSFSKLTVEDLRKLIPLELYPSWVSFTQKQKLK-------WLNQELVKI
97 -------------------------------------------------------------------MGRRIKRKGLINTEAAREFINHLVAERHSLLLLVPLVLAFWAIERWVFAFSNWVPLVVAVWASLQYGSYQR-------------------------ALLAEDLTKKWRQTVFNASTITPLEHCQWLNKLLSEI
98 ---------------------------------------------------------------------MAKKKLKKLHAKDALEFFNQVMVEQPLLPFLVPLVLFAWFVERWVVPFSNWVPLLAAVWATIQYGRFKR-------------------------RSAIEDLNKRWKHLILNTTPTTPIEPCEWLNKLLVEV
5  --------------------------------------------------------------------------------------------------MKIPDVLENLEITEQNFLIVLCATVVIVVLFVSFFLVKTKNKLNWYDQNVLDMGQNP-----THLRCTTIYRTNTDDATPNP----ESKLGESFPSTSSIPK
10 --------------------------------------------------------------------------------------------MKSPPIASWFSQSDGVNPTQIAIYGSVSFLVVSLLGLLIYITCSKRYRLNWYEKNLLESAKE------REAAQRGSPRQSTGACGPSPVLGETTGEDSGDSACSSSRS
16 --------------------------------------------------------------------------------------------------MDIVIREEDISLAQIGVYASVSFLVVSAVGAALYTTCSKRYRLNWFEQNLLESANEKDEDQQREALVAGAVGYNVDNVNEVP-RGKYSSGNAGNLSPTSLKS
11 ------------------------------------------------------------------------------------------------------------FPPSGTMVFVSSAVLGAAAGTGLALLVAVTIVMYRYYVVRRKGKEWAELDRLEEKKAARKINLQDCNVTSGSVPIQPASSVVHHSISSETLG
17 -------------------------------------------MSGLGPAACWLAHKRIESWSRMAKERVGAVRRVTLDRNSADEGTPSGSGASSTAGGNGVSVVHILPIGEGSTTPPPQPMTPPPSASSVTSTTSGIGSVSAGSVSDSCDLPTDSEEVAIAKECQPIQPASQLHGMHGGMGLNHHHMGTVSATGTDILR
47 -----------------------------------------------------------------------------------------------------------MLVSATAL-LGATLGTVSGVLTLCGLSLLCKSC--KKGKLESGDEADPEKAKPSILHTLTQFSVHKCTEPIQPQASLKFPQIYRPKPSVTSQE
65 -----------------------------------------------------------------------------------------------------------MVLSVPVIALGATLGTATSILALCGVTCLCRHMHPKKGLLPRDREPDPEKARPGVLQAAQQFNIKKSTEPVQPRPLLKFPDIYGPRPAVTAPE
81 -----------------------------------------------------------------------------------------------------------MVLSVPVIALGATLGTATSILALCGVTCLCRHMHPKKGLLPRDQDPDLEKAKPSLLGSAQQFNVKKSTEPVQPRALLKFPDIYGPRPAVTAPE
18 -----------------------------------------------------------------------------------------------------------MMSFTITLALLLLAVLILGILFACHCLGPRAANWMRMRSSKEEKIGLSNHKQKLFHANGYMASIQSGSEFLLSTSGSFKRFDTIDKEDYNRSQ
46 ---------------------------------------------------------------------------------------------MSSPQSGDISGYHLSVVRNPPGWEVGIYLAGFFVLLAVAGLNIWKLWKSGTFPTPSPFPNFDYRYLQEKYGTSFSEVRQKRVAANNHRRTSATS--SRKPSLALCDT
63 -------------------------------------------------------------------------------------------------MAVDVTEYHLSVIKSPPGWEVGVYAAGALALLGIAAVSLWKLWTSGSFPSPSPFPNYDYRYLQQKYGEAYVEAKLKRVPPWNDQRTTTRGPPSRKGSLSIEDT
79 --------------------------------------------------------------MSHNTQTNIIFHSPGNEMKTKAPPVGEVTVTAADIMAVDVAEYHLSVIKSPPGWEVGVYAAGALALLGIAAVSLWKLWTSGSFPSPSPFPNYDYRYLQQKYGESCAEAREKRVPAWNAQRASTRGPPSRKGSLSIEDT
22 ---------------------------------------------------------------------------------------------------------------------------------------------------VQSDIINGSPITRYPRSPTLSRV-SFYQSNDRLSVDSWSQKPSPKGSLS--SS
68 ------------------------------------------------------------------------------------------------------------MAEQLAFLIGGIIGGLLLL--IGVSCCLWRRFCATFTYEELPETSDPATISYFSRKEDRLYQ-YSGTPPGRLPSVPFVVPPSHQGRDWVPLH
84 ------------------------------------------------------------------------------------------------------------MAEQLALVIGGTIGGLLLLLLIGASCCLWRRFCATLTYEELPGTPAMATTAASSGQRDRPCQPHARTQLSRPPAVPFVVPPTLQGRDWVPLH
1  ----------------------------------------------------------------------MIRVANTYMKQCAFHLKKFQWKPIISFCDYFARKSVIRFLPLICNFILTFLCFVLCFYLPIVIFLAVFELIIVIELCHFFHYSVSLCWCTNDFLCSMSVSKKKDEDKEKKF-------------------
4  ------------------------------------MVKLDFSSQDEENDEDLTKEFVRDEAPMEETTSEAVKQIATTTKETLKDVV--VNKVIDVKDVVKEKVMQQTGMPEWAFVFLGFVFILLVLACAFCLIRKLFGKKRHGEKNKKGGLKG-FFGKGQDVVDGKNIQGMAQDLEELGDAMEQNEKEQAEEKEEVK--
8  ------------------------MAPNSRLWKREAEVESDAAKLADVASTLATKIFGHKQKHHTTTTESELDAEENEDFSTATPTKGEAEKLGDKAAEMTEALAHEMGIPTWGLVSIIIVVVLIILGICGFCIRRCFRKRR--SKDGKKGMKG-VDLKSVQLLGSAYKEKVQPDMEELTENAEEGDEGESKQSEQK---
13 MPPNAKSETDAKPEAEPAPASEPAADLESVDQKLEETHHSKFREVDRQEQEVLAEKAAEAASQRIAQVESTTRSATTEAQESTTTAVPVIKKIEHVGEVVTEVIAERTGLPTWGVVAIIILVFLVVFGIIFFCVRRFLKKRR--TKDGK-GKKG-VDMKSVQLLGSAYKEKVQPDMEELTENAEEGDE-EDKQSEQK---
20 ----------------------------------------------MSLFRKLVKRAEDSSTDPT----SDAADAPTTTQPPAPGG----DTPEDVLKGAIDNIYSK--LPSWAWILIAIGAGLILLCVLYCCCKRCCCKKKKKKQEK-KGLKNAIDLKSVKNMGDSYREKVQPDVDEVDIGEKEDEEEKK---------
24 ------------------------------------------------MSRREA--RVGNPAPTA----APEVPG-NSTEAAGPGPRETKDEMFSKVKNKFMNELHKIPLPSWAIVAIAFVAVVLVVSCCFCICKKWIFKKKNKKKGKDKG-KNAINMKDVKDGIKT---EALKDEDDAETGLTDTEKEVEPKEEEK---
25 ----------------------------------------------MSESRREALAAAAPESATA----SSAVPGSNTTNIAGPGTGE-KDEAFSKLKDKFMNQLDKIPLPSWAIVSIAFVAIILVLACCFCICKKWIFKKKNKKKGKDKG-KNAINMKDVIDGGKP---EALKDEEDAETGLTETEKEAEPKEDQK---
53 ---------------------------------------------MVSASRPEAL--AAP-VTTV----ATLVPH-NATEPASPGEG--KEDAFSKLKQKFMNELHKIPLPPWALIAIAIVAVLLVVTCCFCVCKKCLFKKKNKKKGKEKGGKNAINMKDVKDLGKTMKDQALKD-DDAETGLTDGEEKEEPKEEEK---
69 ---------------------------------------------MVSESHHEAL--AAPPVTTV----ATVLPS-NATEPASPGEG--KEDAFSKLKEKFMNELHKIPLPPWALIAIAIVAVLLVLTCCFCICKKCLFKKKNKKKGKEKGGKNAINMKDVKDLGKTMKDQALKD-DDAETGLTDGEEKEEPKEEEK---
54 ---------------------------------------------MRNIFKRNQEPNVAPATTTATMPLAPVAPADNSTESTGPGES--QEDMFAKLKEKFFNEINKIPLPPWALIAMAVVAGLLLLTCCFCICKKCCCKKKKNKKEKGKGMKNAMNMKDMKGG---------QDDDDAETGLTEGEGEGEEEKEPEN-- 
70 ---------------------------------------------MRNIFKRNQEPIVAPATTTATMPIGPV---DNSTESGGAGES--QEDMFAKLKEKLFNEINKIPLPPWALIAIAVVAGLLLLTCCFCICKKCCCKKKKNKKEKGKGMKNAMNMKDMKGG---------QDDDDAETGLTEGEGEGEEEKEPEN--
29 --------------------------------------------------------------------------------------------------------------PSWATAALGFITVFIVLSCCLCIFRKMIFKKKKEKGGKEKNEKNDINMSNVKEEGTKQ---AVHHTTDSDAKEEDSESKEAQK-------
57 --------------------------------------------------------------------------------MFPEPPTLGSPAPKTPPDS---SRIRQGAVPAWVLATIVLGSGLLVFSSCFCLYRKRCRR-RMGKKSQA---QAQVHLQEVKELGRSYIDKVQPEIEELDRSPSMPGQQVSDKHQ-----
73 --------------------------------------------------------------------------------MFPEPPTPGPPSPDTPPDS---SRISHGPVPPWALATIVLVSGLLIFSCCFCLYRKSCRR-RTGKKSQA---QAQVHLQEVKGLGQSYIDKVQPEVEELEPAPSGPGQQVADKHE-----
26 -------------------------------------MRLASMQH-RGRRAAESEEEPNRAPPP-------------LPPPSHHS-HNFVNMKNKFFNELGHLPNHKIRMPMWAIGAIIVVVLALVGCFAFCIYKKCLGGKKKTKKVRERKGGRRRMKKEGE-EE--------AGEEQPKEGEGEGEKEY----------
27 -------------------------------------MRLVSAAGARLRRAAEEEKEKEREPPP-------------PQPPSHHSNHQFTSMKNKFFNELTHLPNHKLNLPMWAIGAIVVVVLALVCCMAFCIYKKCFNKGKKPKKVRERKGGRGRRKKDKDGEE--------GGEGEKKEGEEGKEEEEKEF-------
28 ------------------------------------------MGFRVRRTAEPAEPEPEPEPEP--HSKP-----EHRPHPAPPTHHDYDNMKSKFMNELEHLP-----LPMWAVGAIVVVVLALVACFTYCMFKKCFGKKKKSKKARERKRAARKKVEGTEGEG--------QGEQKDEGEKKEGEEQKEEHEN-----
30 -------------------------------------MRLPSAGVRGRRAAEPSKPEPEEDTEPVHHEHPHTELNEHSHSEHHPSHHDYNNMKEKFMNELDHLH-----IPMWAVGAIVVVVLVLVACLIFCAFKKCFGKKKKPKTVRERKVGRRRKEK--EGEG--------ESGEKDGEVKKEGTEEEKEQEK-----
60 ----------------------------------------------------------------------MQADRSMKMGHALNPFSTSAPLDATAGPSLIPDLITRIPWPRWTLFIAILAAGVLLVSCLLCVICCYCHRHRHRKQPKD---KETVGLGSARNSTTTHL--VQPDVDCLEPCSGGDQQ------------
76 ----------------------------------------------------------------MLHLHGWQTMQGRKMGHPPVSPSAPAPAGTTAIPGLIPDLVAGTPWPRWALIAGALAAGVLLVSCLLCAACCCCRRHR--KKPRD---KESVGLGSARGTTTTHL--VQPDVDGLESSPGDAQQ------------
3  ---------------------------------------------------------------------------------------------------------------MWATGAIVCSPVFRILSTCCPIRRGVPTSNGYHPRPK----HVDIGNGAVPILSSKPITVQPTNSDYYEPVNNGTLPLSSSGALIKQ--
37 ----------------------------------------------------------MPVDREDEICQKALELLSDLCSKGE----VQNENCLDFIYYFRDLARPRYSDSDISISLLSLVVTACGLALFGVSLFVSWKLCWIPWRERGLS-----PGTKE--GHPDPPHPPPPP--LQPQPIYTEVDATL-DRRSNARS
38 ----------------------------------------------------------MPGDRDDEICQKALELLSDLCSKGE----VQNEHCLDFIYHFRDLARPRYSDSDVSVSLLSLVVTACGLALFGVSLFVSWKLCWIPWRERGLS-----PTTKEAQGHLNPTMSPLSSQLAAEQPVYTAVDPPAHDPRDLSQC
39 ----------------------------------------------------------MPADREDEICGKALELLSDLCSRGE----VHNENCLDFTYYFRDLGRPRYSDSDVSVSLLSLLVTTCGLALFAVSLFVSWKLFWVPWRDRFLP-----SLKDQQ---------------GEQQPVLAEVEGLEREYSEDFEK
40 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------IFHICPIHLVMQLIPLQVDGDERE
61 ----------------------------------------------------------MPGAR-DALCHQALQLLAELCARGA----LEHDSCQDFIYHLRDRARPRLRDPDISVSLLTLVVTACGLALFGVSLFVSWKLCWVPWRERGLF-----SGSKDN---------------NQEPLNYTDTETNEQENSEDF-L
77 ------------------------------------------MLAKVVEGDLAFKGGRMPGAR-DALCHQALQLLAELCARGA----LEHDSCQDFIYHLRDRARPRLRDPDISVSLLTLVVTACGLALFGVSLFVSWKLCWVPWRERGLP-----SGSKDN---------------NQEPLNYMDTETNEQENSEDF-L
41 -------------------------------------------------------MSFRTEDSI-ALCKRALQIVTELCLTGH----VDREKCSDI-FA-LES--------NISISLLAVVVGFCGLALLVVSLFVFWKLCWPIWRSKALS-----AHVEN---GLRVGFPE------APQSNSLLA---ADCKVGEVEK
42 -------------------------------------------------------MNVRTEDGI-SLCQRALQIVTELCLAGH----VDREKCADI-FP-LESNIPGKGSSDISVSLLAVVVGFCGLALLVVSLFVFWKLCWPIWRSKAFT-----SNADSCPPGVLLEAPP------APPPVSRSVSPYAEAKAVGVAG
62 -------------------------------------------------------MSFRKEDGVSSLCQKALHIITELCFAGQ----VEWDKCSGI-FP-ADRSGQGGGGTDISVSLLAVVVSFCGLALLVVSLFVFWKLCWPCWKSKLVA-----PNLSV-----------------LPQSISS-----APTEVFETEE
78 -------------------------------------------------------MSFHKEDGVNSLCQKALHIVTELCFAGQ----VEWEKCSGI-FP-RDRGSQGGSSTDISVSLLAVVVSFCGLALLVVSLFVFWKLCWPCWKSKPVT-----SNITT-----------------LPQSISS-----APTEVFETEE
43 ----------------------------------------------------------------------------------------------------------------ATFGLLLAVFVVCGLTLLGLLAFVSWKLRVTSRQPAKSG-----CSGSSLGPERHP----------LQPPLPLLPSPQRPSVT--MAT
44 ----------------------------------------------------------------------------------------------------------------ISFSLLLLVFVVCGLALLGVISVATWKLCWVSWRSKVLS-----SSATALAPTQPE----------REQPREEGHGDYYPALRDIMAA
58 --------------------------------------------------------MSGVWGAGGPRCQAALAVLASLCRARPPPLGLDVETCRSFELQ-SPEQSPSAADSGTSVSLLAVVVIVCGVALVAVFLFLFWKLCWMPWRKKEAS-----SPSSA-----------------NPASETLQ----SPSSRGNMAD
74 ----------------------------------------------------------------------------------------------------------------------------------------------MPWRNKEAS-----SPSSA------------------NPPLEALQS---PSFRGNMA-
55 ----------------------------------------------------------MSGDYEDDLCRRALILVSDLCARVRD--ADTNDRCQEF-NELRIRGYPRGPDADISVSLLSVIVTFCGIVLLGVSLFVSWKLCWVPWRDKGGSAVGGGPLRKDLAPGVGLAGLVGGGGHHLGASLGGHPLLGGPHHHGHTAH
71 ----------------------------------------------------------MSGDYEDDLCRRALILVSDLCARVRD--ADTNDRCQEF-ND-RIRGYPRGPDADISVSLLSVIVTFCGIVLLGVSLFVSWKLCWVPWRDKGGSAVGGGPLRKDLGPGVGLAGLVGGGGHHLAAGLGGHPLLGGPHHHAHAAH
6  -----------------------------------------------------------------------------------------------------MVVHEITVPVEFLYVVGAAMLSAFVVVGAAVYKMRKPVDIDELDCEQTARLFRPEVLAPTLTVDMESRKVQPSLKARLSQSINPWKTSIAEIFGDRFFN
15 --------------------------------------------------------------------------------------------------------------MASIVLIACLAILGLIITIALFLAGGYLWWRHKRSQLQFIEPNEDEESSSYSLRAAQDIVDSGNPPTKPQVPVAHAITTPLQNNINRKLN
21 ------------------------------------------------------------------------------------------MGRIIMNHLFPHTQLRDDDLPETSVVASAAIIFCLSCLVISCLYCLKVRTGTRRKSEDHISARDLRMDTTKEDSSLLKKISSWFQPAEQDSVERKYSGTSSRYGSTQYDK
59 --------------------------------------------------------------------------------------------------MYRDPEAASPGAPTRDVLLVSAIITVSLSVTIVLCGLCHWCQRKLGKRYKNSLETVGTPDSGRGRGEKKAIRLPAGGKAVNTAPVPGQTPHDESDRRTETRS
75 --------------------------------------------------------------------------------------------------MYRDPEAASPGAPSRDVLLVSAIITVSLSVTVVLCGLCHWCQRKLGKRYKNSLETVGTPDSGRGRSEKKAIRLPAGGKAVNTAPVPGQTPHDESDRRTEPRS
2  --------------------------------------------------------------------------------------------------------------MDEWWWWVLVAILSLCAVILSSCALYFGARICVRQIKRKVKYSEVPTSVPEIKVSVPQSASTLSISKMNGSYRARVLSRNGCSPPWMDRN
7  ------------------------------------------------------------------------------------------------MPHYQEGLAKSAGHEWFYLGVGGAVGLAALVAVAALLAVRKRRQYPSLLLPP-----RQVIAVRGGFPKGPGGLKQSPSPLQSPLSND----------------
9  --------------------------------------------------------------------------------------------MGDHGPDMNTLETDYVVLISVVPAVLGL-TAAAILAVTACFCARRFRRQHKKAGHE--------ASSLPFQPPRPPKAVRSPSGQPPQYLKK----------------
14 --------------------------------------------------------------------------------------------------MAEEYIPDASVMDTIVPAILGL-TAAAVLSSVACICARQMRLRNKKQSQH--------DASFPFQPTRRPTAVRSPSGQPPHYLKK----------------
32 --------------------------------------------------------------------------------------------MAPVTTEEAHFAEVPVSVAVVSVXGLVF---SVSIFAWIC-CQRKANKSSNK------------XPPYKFVHMLKGVDIYPESLSGKKKFGGEK--------------
33 --------------------------------------------------------------------------------------------MAPMVEEGSQLVAVPTGVAVVSVFGLIF---TASAFSWIC-CQRKSGKAQ-K------------TPPYKFVHMLKGVDIYPESLGGKKKFAAAAAMTTGDAGKTDING
56 --------------------------------------------------------------------------------------------MAPITTSRVEFDEIPTVVGIFSAFGLVF---TVSLFAWIC-CQRRSAKSN-K------------TPPYKFVHVLKGVDIYPENLSSKKKFGGD---------------
72 --------------------------------------------------------------------------------------------MAPITTSREEFDEIPTVVGIFSAFGLVF---TVSLFAWIC-CQRKSSKSN-K------------TPPYKFVHVLKGVDIYPENLNSKKKFGAD---------------
35 --------------------------------------------------------------------------------------------MAEMTNLKPTYDVSPVLAGFLGAGVLVV-SVTVAVFLWTC-CQRRYRQMTGAYKLTSGPYDPPVDPPYKFIHMLKGISIYPETLSNSKKIVRVG--------------
36 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------IYPESLSSSKRIVRGA--------------
64 --------------------------------------------------------------------------------------------MAEITNIRPSFDVSPVAAGLIGASVLVV-CVSVTVFVWTC-CHQQAEKKHK-------------TPPYKFIHMLKGISIYPETLSNKKKIIKV---------------
80 --------------------------------------------------------------------------------------------MAEITNIRPSFDVSPVVAGLIGASVLVV-CVSVTVFVWSC-CHQQAEKKQK-------------NPPYKFIHMLKGISIYPETLSNKKKIIKV---------------
12 --------------------------------------------------------------------------------------------MRNDLKRPEGSTPCDNAHMELTTFFGLALGFVALILVLFLYVHKIRCFGAAPPFLPFDEQLRAEKTFHRIRNRFAYDGNNSSDSEDDTLRRLKLDP---CGAGYGG-G
19 ---------------------------------------------------------------------------------------------MIVTSASGLDSTPTLGTIEVTTLLGAFFGVLVLLLLLFLFISRKCCFHYRHAINCCDERHLAVKCVQKITRKRRYE-NTSSDSEEDILRRLRWHQQHQLGEKPGGYG
23 --------------------------------------------------------------------------------------------------MVAIASTTHTVSTAAVIFLSVIVGITAFLVVFYMFFTKKACFKNCGGCDGLLEPGRYSGDEALAKSFDDSDSDSSDDSEEETMRQMRKTVRRSSARKNNGSS
48 --------------------------------------------------------------------------------------------------------MASDITPEAIGFLSTVGLVIVLLTIFLLFINKKLCFSRVGGLPCLEQNG---HRKKRPGMRQGLV-NSFGNEEDNGTTSSDSDG---EILKQFEIS
49 --------------------------------------------------------------------------------------------------------MASDITPEAVGFLSAVGIFVVLLAILFLFINKKLCFARVGGLPCLEQYSRRKR-RDRAGIHQGLVNSYGDDGEISSSSDSDDELAKHFEISVSRSQ
67 --------------------------------------------------------------------------------------------------------MATDITPEAIGFLSAIGVFVVLLAVLLLFINKKLCSENLRGHPYPEQRGKRKHSRDKTGGHTGTV-NSFGDDEEP-STSSESDE---DVTKQFKIS
83 --------------------------------------------------------------------------------------------------------MATDITPEAIGFLSAVGVFIVLLAVLFLFINKKLCFETIGGLPFLEHRGKRKHSKDKTGIHKGLV-NSFGDDEEL-STSSDSDE---EVIKQFEIS
50 ---------------------------------------------------------------------------------------------GERNCGVHELICIRKVSPEALGFLSGIGVFIFLVIVLFLYLNNKLSLESANQLPSL----DQYRKSAEPAEKSYVN-ADYHCS----SSDSDDEV---IGQYQEAVS
52 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
66 ----------------------------------------------------------------------------------------MAIEGGERTCGVHELICIRKVSPEAVGFLSAVGVFIVLMLLLFLYINKKFCFENVGGFPDLGSGYNTRTNSQDKMYNSYMD-RDEPGS----SSESEDEA---LGKYHEALS
82 ----------------------------------------------------------------------------------------MAIEGGERTCGVHELICIRKVSPEAVGFLSAVGVFIILMLLLFLYINKKFCFENVGGFPDLGSEYSTRKNSQDKIYNSYMD-KDEHGS----SSESEDEA---LGKYHEALS
51 ----------------------------------------------------------------------------------------MAID----------------VSPELLGVLSSIAAFIALMALFFLYLSNKLSVETPDELSHLSSFNNNQQVSAFSAQRDSCR-RVRRTKVPRLRSSRTWHQ---PGAARSPLS
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C2A region, but Fugu Syt16 does not. There are numerous
examples of differences in the patterns of alternative splic-
ing between Mus and Homo. Certain regions of the coding
sequences are altered in specific Syts but overall, these
regions range from N-terminus to C-terminus indicating a
sophisticated control of many functions.

Examples of common patterns of sequence variation in
certain Syts include the alternative splicing of the short

linker of Syt1 in Anopheles, Drosophila, Mus and Homo (fig.
3). The functional consequences of this alternative splic-
ing have recently been investigated [30]. In Syt1, the C2B
region undergoes alternative splicing in Caenorhabditis
and RNA editing in Anopheles and Drosophila. Alternative
splicing equivalent to that of Caenorhabditis has just also
been described in Aplysia [31]. There is no evidence for
equivalent alteration of Ciona, Danio, Fugu, Mus or Homo
Syt1. It is intriguing to note that this region in the most

N-terminal regions of SytsFigure 4
N-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabidopsis Syts 
are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Putative transmem-
brane regions are indicated with a yellow background. Intron positions are indicated by red vertical lines. Regions of alternative 
splicing or RNA editing are enclosed by red boxes. The main branches of Syts are separated by horizontal blue lines. Similarity 
between members of a main branch is indicated with a coloured background. A motif common to Syt 15, Syt9, Syt10, Syt6 and 
Syt3 is indicated in blue in fig. 4.
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          210       220       230       240       250       260       270       280       290       300       310       320       330       340       350       360       370       380       390       400
            |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |
85 WP-YMDKAICKMAKSIAKPIIAEQIPNYKIDSVEFEMLTLGSLPPSFQGMKVYATDD--KEIIMELSVKWAGNP-NIIVVAKA-FGLKATVQVIDLQVYATPRITLKPLVPSFPCFANIFVSLMDKPQVDFGLKLLGA-DVMAIPGLYRFVQEIIKDQVANMYLWPKTLNV-----------------------------
91 WP-YLDKAICKTAKEIAKPIIAENTAKYKIDSVEFETLTLGSLPPTFQGMKVYTTDE--QELIMEPSIKWAGNP-NITVVVKA-FGLKATAQVIDLHVFALPRITLKPLVPSFPCFAKIVVSLMEKPHVDFGLKLLGA-DLMAIPGLYVFVQEIIKTQVANMYLWPKVLEV-----------------------------
86 WP-YLDKAICKTAKNIAKPIIEEQIPKYKIDSVEFETLTLGSLPPTFQGMKVYLTDE--KELIMEPCLKWAANP-NILVAIKA-FGLKATVQVVDLQVFAQPRITLKPLVPSFPCFANIYVSLMEKPHVDFGLKLGGA-DLMSIPGLYRFVQEQIKDQVANMYLWPKTLVV-----------------------------
88 WP-YLNKAICRIAQDVANPIIAKNKEKYKIDYIKFETFTLGSLPPTFQGVKVQVTNE--QELVMEPSLKWAGNP-NTTVVVKA-YGLKATIQVVDMQVFVLPRITLKPLVSSFPCFANILVSLMEKPHVDFGLKLLGA-DVMAIPVLYKFVQETIMDQVASMFLWPKTLEV-----------------------------
89 WP-YLNKAICKTAQDIANPIIAENKEKYKIDSIEFETLTLGSLPPTFQGMKAYVTEE--QELIMEPSLKWAANP-NVTVVVKA-YGLKATIQVVDLQVFASPRITLKPLVATIPCFAKILVSLMEKPHVDFGLKLLGA-DVMAIPILYSFVQETIKKQVASMYLWPKTLEV-----------------------------
90 WP-YLNKAICRTALDIAKPIIEENRKTYKLESIEFESLTLGSLPPTFQGMKVYVTEE--QELIMEPSLKWAANP-NVTVVVKA-YGLKATVQIVDLQVFASPRITLKPLVPTFPCFAKILVSLMEKPHVDFGLKLFGA-DLMAIPGLYRFVQETIKKQVASMYLWPKTLEV-----------------------------
87 WP-YLDKAVCGIIRSSVQPLFADYIGTFCIESIEFENLSLGTLPPTVHGVKFYETNE--KELLFEPSIKWAGNP-NIVLVLKV-LSLRIRVQLVDLQFFAIVRVALKPLLPTFPCFGMVVVSLMEKPHVDFGLKVLGG-DLMSIPGLYRYVQETIKRQVSSMYHWPQVLEI-----------------------------
92 WP-FLDKAICNTIRSVIRPTFDQYVGQYGIKSIEFGHLTLGALPPTFQGIKVYEMRE--KELVIEPVIRWASIA-NVIVKVKV-HSFQVSAQLLDLHIMLTPRVTLKPLVPSFPCFANLCVSLMEKPHIDFGFKLLGG-DVMAIPGLHRFVREKISKQIANLYHWPKLIQI-----------------------------
93 WP-YVNEAASELIKSSVEPVLEQYTPAM-LASLKFSKFTLGTVAPQFTGVSILESESGPNGITMELEMQWDGNP-KIVLDVKTLLGVSLPIEVKNIGFTGVFRLIFKPLVDEFPCFGALSYSLREKKGLDFTLKVIGG-ELTSIPGISDAIEETIRDAIEDSITWPVRKII-----------------------------
94 WP-YVDEAASELIKASVEPVLEQYRPAI-VASLTFSKLTLGTVAPQFTGVSVIDGDK--NGITLELDMQWDGNP-NIVLGVKTLVGVSLPIQVKNIGFTGVFRLIFRPLVEDFPCFGAVSVSLREKKKLDFTLKVVGG-DISAIPGLSEAIEETIRDAVEDSITWPVRKVI-----------------------------
95 WP-FVNAAASELIKTSVEPVLEQYRPII-LASLKFSKLTLGTVAPQFTGVSIIENDE--SGIVMELEMNWDANP-SIILDVKTRLGVSLPIQVKDIGFTGVFRLIFKPLVDQLPCFGAVCFSLRKKKKLDFRLKVIGG-EISAIPGISDALEDTIKNAIEDSITWPVRKVI-----------------------------
96 WP-FVNEAASELIKTSVEPIFEQYKSFI-LSSLHFSKLTLGTVAPQFTGVSILDSDS--SGITMELELQWDGNP-NIVLDIQTTLGISLPVQVKNIGFTGVLRLVFKPLVAELPCFGAVCCSLREKSKVDFTLKVIGG-EMTAIPGISDAIEGTIRDTIEDQLTWPNRIVV-----------------------------
97 WLNYMNKKLSLRFSSMVEKRLRQRRSRL-IENIQLLEFSLGSCPPLL-GLHGTCWSKSGEQKIMRLDFNWDTTDLSILLQAKLSMPFNRTARIVVNSLCIKGDILIRPILEGRALLYSFVSNPEVRIGVAFGGGGGQSLPATELPGVSSWLVKILTETLNKKMVEPRRGCFSLPATDLHKTAIGGIIYVTVVSGNNLNRR
98 WPNYMEPKLSKKFQSTVEKRLKHRKPKL-IDKIELQEFSLGCCPPTL-GEHGMRWMTSGDQKVMRLGFDWDSNEMSVMFLAKLAKPLIGAARIVINSIHIKGDLLLLPILDGEAILYSFESTPEVRIGVAFGSGGSQAVPGMELPGVSTWLVKLLTETIVKTMVEPRRLCFSLPPVDLRKRAVGGVLSVTVVSASNVGRN
5  GDLTSLFMIPKAKKGARSMFSNLHQNQFDRGLYQFPTGDESACSSVTMSA------------------------------------------------------------------------------------------------------------------------------------------------------
10 VIAAPSGAVAIASTG----KHVVLVTSSPAKPTTSMVATVAGGSRSSATGAAAGKVDTSQGTKIDMLDSASTCSTVSRDELGGEDA------------------------------------------------------------------------------------------------------------------
16 EDNDPAFWVPASVTSTAAIQQQVSNTTEESAPPTSPTGSLKSNTLSYCSTTSVPIARSDKHVVLAMHPSRPRVSSMNAKLDHTKIDMTLYRSHSQPKTINPVSLNEV---------------------------------------------------------------------------------------------
11 TGAVEVTPSPLQPTLSAT-----GSTKKSYGTSDTRTGPGCRPAHAAASTASRNNSMESVHSRSSK-------SRSPSPMRTFSLEGRF-PIGGPSNHSAAAVLADGTERGSKASLASVVSGGGSPRDFSSPKKRNSTFSGVVSLAGDGNV--PDSPIGSIRSDSSRSPRRRVPVILAANDIHSV---------------
17 GPAEVFHSPLHLHHQSRSFPPRLQRTPSISSQSSVDSAPSRHSGHRGSSPQIRTFGPDGRSSLPSEPGFPHHLARSPSPMRTISLDARCGSPAHSADPGDLRTPSPSQSSLASLAGGSGMGGSSAGKGVAGGRCLSPLLIPPRSQPGVDPAMGPASPLGALQPDLYRMPDGPVYLTAPESSHA-----------------
47 VINYKEHGA-SNDTSAAELDTCNQATER-----EEVFSLPRQASADETPCTSEQTGAMTTSSSIL---------------------------------------------------------------------------------------------------------------------------------------
65 VINYADYTLETTEESAAPASPQAQSDSRLKRQVTEELSIRPQNGVVEDVCVMETWNPEKAASWNQ---------------------------------------------------------------------------------------------------------------------------------------
81 VINYADYSLRSTEEPTAPASPQPPNDSRLKRQVTEELFILPQNGVVEDVCVMETWNPEKAASWNQ---------------------------------------------------------------------------------------------------------------------------------------
18 QTHQTHLFLMNGGGAVSITGSSSALQATTAMWHLPRSGIKIPPPPDRPAPSPNSAAAAGKTVTFSLSQVNEVIMPGEQVTSNDQERRSCLRQNGGTAGGAGGGGVLPQPLEAPPPPRLTASTSVNLSGTAIPRPIAKRQVSTQPANNSGCQPEQTVVTPMREGERKAPALKRRNSSTNPFLCESTEQIPSNPISEPLNAT
46 PDAFRDLGHLELMSRELDPTGMAQLNRSISTDSLSSISSIANNFGHDFT-------------------------------------------------------------------------------------------------------------------------------------------------------
63 FESISELGPLELMGRELDLAPYGTLRKSQSADSLNSISSVSNTFGQDFT-------------------------------------------------------------------------------------------------------------------------------------------------------
79 FESISELGPLELMGRELDLAPYGTLRKSQSADSLNSISSVSNTFGQDFT-------------------------------------------------------------------------------------------------------------------------------------------------------
22 NGDY-LSNSPTCDVPR-----SPIEQSKNSFLGRIQPELYKYTEN-QDIDLPISR-------------------------------------------------------------------------------------------------------------------------------------------------
68 GGDWAVAPQDPCPVPEHMACTSSAKPGDACEMGSINPELYKSPEDTSETGFPDGC-------------------------------------------------------------------------------------------------------------------------------------------------
84 SGEWADAPWDPCPASELLPHTSSGGLGDACMVGAINPELYKFPEDKSETDFPDGC-------------------------------------------------------------------------------------------------------------------------------------------------
1  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
13 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
53 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
69 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
54 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
70 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
29 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
57 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
73 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
26 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
27 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
28 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
76 --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
37 SVVKETTVPPTPVS---PAVPGS------PPAVPV--PEAALKISHTSPDIPLEVESKT------QENGVHGNTRMQRQITDPSSTCVRQSSIRR----QMN-QSNPDFTVTQ----FQ-RQDSLTGMS--LGQLKPELYKQRSLDGEDSRSSRVGS-------------------------------------------
38 SMAREPTPMASVVSVEAPVTPMS------PPPVVLAAPEAAMKISHTSPDIPLDAQSKA------QENGVHTTPRMQRQTTEPPP----QGSIRR----HMN-LSNPDFNVAQ----FQ-RQDSLTGMGLGLGRLKPELYKQRSLEGEEGGRRGGG--------------------------------------------
39 D-----------------------------PNAPLVLPESAMKISHTSPDIQLEAQTKA------KELNHIHIARVQRQVTEPTSS-VRHNSIRR----QMN-VSNPDFNMAQ----FQ-RQESITGPG--LGRIKPELYKQRSVDTDDGRRADS---------------------------------------------
40 DSEDDCMKEAS------------------CPPLAVPIVESGLKISHTSPDISLEVQAKSE----KNHLHTLARDRVQRQITEPTSS-VRHNSIRR----QMN-LSNPDFNP---------AQFQRQESLSGLGQIKPELYKQHSVDAEEGCHPDS---------------------------------------------
61 D-----------------------------PPTPC--PDSSMKISHTSPDIPLSTQPGG------QE-NCAHAVRVQRQVTEPTPS-ARHNSIRR----QLN-LSNPDFNIQQ----LQ-RQEQLTG----IGRIKPELYKQRSLDNDDGRRSNSKA-------------------------------------------
77 D-----------------------------PPTPC--PDSSMKISHTSPDIPLSTQTGI------QE-NCAHGVRVQRQVTEPTSS-ARHNSIRR----QLN-LSNPDFNIQQ----LQ-KQEQLTG----IGRIKPELYKQRSLDNDDGRRSNSKA-------------------------------------------
41 KHPL---------------EVKV------NGRNSVKLQEAAMKISQTSPDIPAEVQTAL------RG-KLKPQAKIQRQTTEPTSS-SRHNSFRRHLPRQMN-VTSFDFSMDA----MPLRQ--SSTAS--IGRIKPELYKQKSVDAEEA-REPVES-------------------------------------------
42 RQPLQIQHEDEEDKKWKVPEVKV------NGRSSVKILEAAMKISQTSPDIPAEVQQAL------RD-RLSKQAKIQRQTTEPTSS-SRHNSFRRHLPRQMN-VTSVDFTMDT----LPVRQ--SSAVS--IGRIKPELYKQKSVDSEEGTKEPVET-------------------------------------------
62 KK-----------------EVEE------NEKPAPKAIEPAIKISHTSPDIPAEVQTAL------KE-HLIKHARVQRQTTEPTSS-SRHNSFRRHLPRQMN-VSSVDFSVGT----EPILQRGETRTS--IGRIKPELYKQKSVDSEGNRKDDVKT-------------------------------------------
78 KK-----------------EIKE------NEKPAVKAIEPAIKISHTSPDIPAEVQTAL------KE-HLIKHARVQRQITEPTSS-TRHSSFRRHLPRQMQ-VSSVDFSMGT----EPVLQRGETTTS--IGRIKPELYKQKSVDSEGNQNEDVKI-------------------------------------------
43 EKVK-------------------------DPVGSMGFLEAAVKISRTSPDIPTDVQLSM------REHFLRRTQRMQRQTTEPASS-TRHSSFKRHLPRQMQ-VGSLDLGND-----YVLEKDE---TSTSIGRIQPELYQQKDLESEDSSKNGSSKN------------------------------------------
44 DKLK-------------------------DPGN---FLEAAVKISHTSPDIPADVQLSM------KDHLLRRT-RISRQTTEPASS-NRHSSFKKHLPRQMHHVTSLDRGSE-----FLDVEDHPSCTAASLGRIQPELYKQSTMEAEDSSKNDTDKS------------------------------------------
58 K---------------------L------KDPSALGFLEAAVKISHTSPDIPAEVQMSV------KE-HIMRHTKLQRQTTEPASS-TRHTSFKRHLPRQMH-VSSVDYGNEL----PPAAA--EQPTS--IGRIKPELYKQKSVDGDDAKSEAAKS-------------------------------------------
74 DKLK-------------------------DPST-LGFLEAAVKISHTSPDIPAEVQMSV------KEHIMRHT-RLQRQTTEPASS-TRHTSFKRHLPRQMH-VSSVDYGNE-----LPPAAEQP----TSIGRIKPELYKQKSVDGEDAKSEATKS-------------------------------------------
55 HPPFAELLEPGGLGGSEPPEPSYLDMDSYPEAAVASVVAAGVKPSQTSPELPSEGGTGSGLLLLPPSGGGLPSAQSHQQVTSLAPT-TRYPALPRPLTQQTL-TTQADPSTEERPPALPLPLPGGEEKAKLIGQIKPELYQGTGPGGRRGGG---SGEA--GAP------------------------------------
71 HPPFAELLEPGSLGGSDTPEPSYLDMDSYPEAAAAAV-AAGVKPSQTSPELPSEGGAGSGLLLLPPSGGGLPSAQSHQQVTSLAPT-TRYPALPRPLTQQTL-TSQPDPSSEERPPALPLPLPGGEEKAKLIGQIKPELYQGTGPGGRRSGGGPGSGEAGTGAP------------------------------------
6  NSKNFQIIDQLRPEVVSEF-------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 GFLSLRTPLIGGSGASQTKPQIISSVGNPGDGTTKDSANKSISMTDMYLDSTDPSEN-----------------------------------------------------------------------------------------------------------------------------------------------
21 PPMGNMKINFVQPQGCDDVGASNAERPKLTSSSYVPEGFKLPFELSFDTGEEPQGKY-----------------------------------------------------------------------------------------------------------------------------------------------
59 SVSDLVNSLTSEMLMLSPGSEEDEAHEGCSREN-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
75 SVSDLVNSLTSEMLMLSPGSEEDEAHEGCSREN-----------------------------------------------------------------------------------------------------------------------------------------------------------------------
2  FETSTRSSPCTSPAIASTSDSCELLGDDPRSASSMRNSMFLFNVDGNPEVIDEMEDIDERSVMHYELGFYDKTDGGCI--------------------------------------------------------------------------------------------------------------------------
7  ----------STPSPVVPLQNLLEDRTRKLSPSELPSE------------------------------------------------------------------------------------------------------------------------------------------------------------------
9  -----------SPSPTSIKPLPGHLPAQSPTDQTTAAGGTTAATATTTLATTTTTTSIVPPTKYTEENELIPKNAQLEPKSPDVSELGDPSACENGDGTEHGK-------------------------------------------------------------------------------------------------
14 -----------SPSPTGGKQMGLLSPMQDQSTSPIAQPNVKYSEEGDGPAQHAEQQNGNQLTVVDGNGLKHSLHNSLHHSPVETIANGSVTITLDDHSLTNGKELTVTDQYGK---------------------------------------------------------------------------------------
32 --------TPEAHGKQTLSPTXGRPDLHLDLEXRDLXGNFTTXP--PTLQLKVRSSPDIDIPALQGGFAN------QEAGTPESVVSSHTPTPAVEK--SQDKEGGLGTLFFSV--------------------------------------------------------------------------------------
33 NCHTTSLMSPASDGKLASSPSDARPALHLDLEKRDLNGNFTTKPFHHHQQQTVRSSPDLELPSPHAGFTQPGTVDRRDLPSPSSSFSSQAPTPAVDKPLGEEKEGG----------------------------------------------------------------------------------------------
56 -----------DKSEVKGKAALPNLSLHLDLEKRDLNGNF------PKANPKAGSSSDLENVTPKLFTET-----EKEANSPESLKSSTSLTSEEKQEK-----------------------------------------------------------------------------------------------------
72 -----------DKNEVKNKPAVPKNSLHLDLEKRDLNGNF------PKTNLKPGSPSDLENATPKLFLEG-----EKESVSPESLKSSTSLTSEEKQEK-----------------------------------------------------------------------------------------------------
35 ----------RRSASNSLLREWGRGSRNGDVLLVDADPECGTTHLQMNHLVPPVGPPRLERALPIRADYCC-MESSSGSSSEAHSKTASPYSLNSPS-------------------------------------------------------------------------------------------------------
36 ----------RRAEHSDRGATTGRGMVLVDAENNILDVPGQLQMSHLIPPANSGPQGRLERALPVRTDYCC-LDSSSGGSSQTNSKTPSPFTPASSEPEPEPERS-----------------------------------------------------------------------------------------------
64 -----------RRDKDGPRRESGRGN-----LLINA--ESGLLSHDKDPRGP--SPASCMDQLPIKRDYGEELRSPMTSLTPGESKATSPSSPEEDVM------------------------------------------------------------------------------------------------------
80 -----------RRDKDGPGREGGRRN-----LLVDA-AEAGLLSRDKDPRGP--SSGSCIDQLPIKMDYGEELRSPITSLTPGESKTTSPSSPEEDVM------------------------------------------------------------------------------------------------------
12 VGVGGGGSISCYHANEAVAGLDQSVVAHRHKSRDPLAMAEGGKIGMPHSSNDCSSGSSNEGNLDYGG---TRLSLDAHLSNDRLAAGAAPARLDGRLTGSAELKLRGEPPLLPELTKESDLERDLVPGYRKKTTKGATNGSRGEGLVVAAASTASSPLYDTSDLKSLKSDAGGAVVPGPAGYDQPAGSGAHPPATGS---
19 LGISQANPLTAQSFNYHQAGASADL-QRVTVSRDPLAIAERGKVGIPSSHSECSSNDSMEVSVDSHTGVLTGLSKATTTVPHPATAFRNPCGEHRAKTQALRYQHRVNVAAPPKLDKERDNVL-VVPMVNAYSINNNNNSITTSNNHPSSNNNDDEPLFDTSDLRSIKSDDLLVGVDQKEPAVQRG--------------
23 SDIIDDQQPSTSNIDTTLNTNPSTPSSGEKQMNEQQTVMDGTS---PNEAPKQMESPASHVSTNDGKEWNIDDSESVYSRELSSSLMEEDEVAVAIAAKPSPLDGDSVDISMEDTTPISA--------------------------------------------------------------------------------
48 RSQTFRAQASVRRERPRSVQTCSIDQEQEPVGSELSDREGGD----RRSNHVHLFLLSEMDAPSQHS-GQDSLSAATAQREATPTPSLDRSVSLQLSTTAESPPPSVLQQAPESIKGAEAVDLDKNNDTDSLSTLSPENPPPDEVSSLQDVASSAADISK----------------------------------------
49 SFRSGVTEINPQNAPGQHHKFNRLLSDQEEGSTEPSDCEV----------------------------------------------------------------------------------------------------------------------------------------------------------------
67 VSRS----QSFRSGVSEKGKTTELEQKIKCKRLLCTHQEDSA----EGSACEDLDRTSQLSYSEILSY-EDRPISILPQSPFESRNVRHHGPCRPEMGMVRSLGRPCADGVLETETAFVSRGFEDSYATHSSSLWSPEE---QDGTSLQVPHRLLEPISK----------------------------------------
83 VSRS----QSFRSVTSEKGKQTGLEQKPKFSRSLLTHGEDGT----EVSACEDLDGASQRRYSENLSYGEDDHIPAHSQSPCERGDAKHHGTSHQESSVVQSLRRQSTEGSLEMETAFNSRGFEDSYATDSSSMWSPEE---QDRTNLQVPSGVSEPISK----------------------------------------
50 RSQGLRGGAARTNSRHQKGYGWDTRQKYSPLAAEYDGYSSEASAD-DVNCIQRMRRTPPLDELQPPPYQDEDGSPRMSCTPSDLGDAKCDLSHGSDSPRHSYGKCPSELSGAQETESFLNKGYEEDVPSDSTAVLSPEDLSARGSAAQLPKGYDPEPLAQ----------------------------------------
52 -----------------------------------------------------------------------WFPLECPARCLIWGDAKCDLSHTSGSPHLSFSKCPSEGS--DDHESYFNKGYEEDVPSDSTAVLSPEDMSAGGSAAQLPKGYEADPVAK----------------------------------------
66 RTHNSRWPLVDSR---QKSYAWETRQKYSPLSAEYDGYSTEASME-DGNCIQRMRRTPPLDELQPPPYQDDSGSPHLSCTPSEIGDAKCEISHCSNSPRCSFNKCPSEGSTGHEAESYHNKGYEDDVPSDSTAVLSPEDMSAQGSSSQLPKPFDPEPEAK----------------------------------------
82 RTHNSRLPLADSR---QRNYAWETRQKYSPLSAEYDGYSSEASID-EGNCIQRMRRTPPLDELQPPPYQDDSGSPHLSCTPSEIGDSKCEFSHCSNSPRCSYNKCPSEGSTGHEIESFHNKGYEEDVPSDSTAVLSPEDMSAQGSSSQLPKPFDPEPEAK----------------------------------------
51 REATGSEASSAAWSGPQKGSQKCPPLYWVESYFFTTQYVNANSVQLSASSIRTTRKGPSLNESQPPPYQDDGVALRASRSRSGGGVKRGSSPRGSDSPR-----CSSGASVDQDAESYLNKGCEEDIPSDSTAVVGPED----GSGLQLPTAYEPEPLGK----------------------------------------
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abundantly expressed Arabidopsis Syt is also encoded by
alternative exons. Alterations of the N-terminal end of
Syt6 and the C-terminal ends of many Syts in the same ver-
tebrate specific branch, as well as variable insertions into
the linker region of Mus and Homo Syt7 (although nothing
similar is found in other Syt7 orthologues) and insertions
into the C2B region of the Syt14 homologues are further
examples of common patterns of sequence variation in

certain Syts. The true complexity of Syt alternative splicing
needs to be examined systematically in detail.

It is fortunate that the transcript sequencing projects in
Mus and Homo have generated sequences from many dif-
ferent cell types at different stages of development, as it is
likely that the production of variant Syts is under cell type
and temporal control. Alternative splicing of exons in the
5' untranslated (UTS) region of Syt1 in mammals (see

N-terminal regions of SytsFigure 5
N-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabidopsis Syts 
are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Putative transmem-
brane regions are indicated with a yellow background. Intron positions are indicated by red vertical lines. Regions of alternative 
splicing or RNA editing are enclosed by red boxes. The main branches of Syts are separated by horizontal blue lines. Similarity 
between members of a main branch is indicated with a coloured background. A motif common to Syt 15, Syt9, Syt10, Syt6 and 
Syt3 is indicated in blue in fig. 4.

syt14

syt16

syt11

syt4

syt7

syt3

syt6

syt10

syt9

syt8

syt5

syt2

syt1

syt15

syt12

syt13

AtsytB

AtsytA

AtsytC

AtsytD

AtsytE

AtsytF

          410       420       430       440       450       460       470       480       490       500       510       520       530       540       550       560       570       580       590
            |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |         |
85 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
91 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
86 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
88 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
89 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
90 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
87 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
92 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
93 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
94 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
95 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
96 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
97 ILRGSPSKSSEIGEGSSGNSSSKPVQTFVEVELEQLSRRTEMKSGPNPAYQSTFNMILHDNTGTLKFNLYENNPGSVRYDSLASCEVKMKYVGDDSTMFWAVGSDNGVIAKHAEFCGQEIEMVVPFEGVSSGELTVRLLLKEWHFSDGSHSLNSVNSSS----------------------------------
98 TTNEIGIRQSSSGGSTSGIADNKVSQTFIEVEVGSLVRKTSTSKGPNPAWNSTFNLVLHGETGVVKFNLYELDSGGVKVTYLTSCEIKVKYVLDDSTIFWAIGHNSGAVAKRTELCGQEVGMVVPFEDIR-GELTVTLVLKEWQFSDGSVTLSNSLSNGS---------------------------------
5  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
10 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
16 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
11 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
17 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
47 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
65 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
81 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
18 VASLEKTTISTSECTPITAPLETPNGPISTDTPSTIHHNGNPFVERESLSSRLLKIHNTTNPFTGLSQRVKGPHLLQKTISEDYLFRKLGVNCPMANGNGTGPGSGHVNGNGNGTWSFGRSLLRQDSTLSLGMGLGRRNSSQVSLDSHAGSVPGSMDGINLERAISCDSVTSDSTLFLDQLDQPYTQITGYLC
46 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
63 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
79 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
22 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
68 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
84 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
1  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
4  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
8  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
24 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
25 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
53 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
69 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
54 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
70 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
29 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
57 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
73 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
26 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
27 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
28 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
60 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
76 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
3  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
37 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
38 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
39 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
40 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
61 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
77 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
41 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
42 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
62 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
78 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
43 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
44 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
58 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
74 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
55 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
71 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
6  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
15 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
59 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
75 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
2  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
7  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
9  -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
32 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
33 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
56 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
72 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
35 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
36 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
64 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
80 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
12 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
19 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
23 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
48 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
49 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
67 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
83 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
50 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
52 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
66 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
82 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
51 -------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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Additional File 1 and accession numbers aj617615-
aj617619 for alternative splicing in Homo, Mus and Rattus)
seems to be particularly complex and is the likely explana-
tion for the described variations [32]. This was not seen in
the original 5' mapping work [33] but RNase protection
(RPA) analysis in R. norvegicus and R. rattus (fig. 9) con-
firms the evidence of complex, species specific alternative

splicing in this region of Syt1 in the sequence databases.
Alternative splicing of this region is also evident in Ciona
Syt1 and a functional analysis of this region in the related
organism Halocynthia has recently been carried out [34].
Insufficient transcript evidence is currently available from
other organisms to establish the universality of Syt1 5'UTS
alternative splicing.

C2A to C-terminal regions of SytsFigure 6
C2A to C-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabi-
dopsis Syts are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Intron posi-
tions are indicated by red vertical lines. Regions of alternative splicing or RNA editing are enclosed by red boxes. The main 
branches of Syts are separated by horizontal blue lines. Similarity between members of a main branch is indicated with a col-
oured background. The calcium coordinating positions of Syt1 and Syt3 [37,38] are indicated by a yellow background. Positions 
with greater than 90% conservation are indicated with a purple background.
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85 QIMDPSKAM-K-KPVGL-----LSVKVIKAIKLKKKDLLGG------------------------SDPYVKLTLSG----DKVPGKKTVVKHSNLNPEWNEEFDLVV-------KEPESQELQLIVYDWEQVGK-HDKIGMNVIQLKDLTPEEPKLMTLELLKSMEPKEPVS--EKSRGQ
91 PIMDPAKAQ-K-KPVGI-----LHVNIVRAVKLTKKDFLGK------------------------SDPYVKLKLTE----EKLPSKKTSVKRSNLNPEWNEDFKLVV-------KDPESQALELTVYDWEQVGK-HDKIGMSVIPLKELIPDEAKSLTLDLHKTMDANDPAN--DKFRGQ
86 PILDPAKAF-R-RPVGI-----VHVKVVRAVGLRKKDLMGG------------------------ADPFVKIKLSE----DKIPSKKTTVKHKNLNPEWNEEFKFSV-------RDPQTQVLEFSVYDWEQVGN-PEKMGMNVLALKEMVPDEHKAFTLELRKTLDGGEDGQPPDKYRGK
88 PIMDPSKAS-K-KPVGI-----LLVKVLRAQNLREKGPLGK------------------------RDPYVKLKMSG----SKLPSKKTAVKHSNLNPEWNQEFKFVI-------RDPETQELDINVFDWEQFGK-DEKLGMCKISLKKLTPG-TEVITDNLIKTMEPNGIQN--EKSAGE
89 PIMDPSKAS-K-RPVGI-----LLVKVLRAQNLQKKDLLGK------------------------SDPYVKLTMSD----DKLPSKKTTVKRGNLNPEWNEDFKFVV-------TDPETQELEIKVFDWEQVGK-HDKMGMNKILLKELPPEETKVTTYNLLKTMDPNDIHN--EKSRGQ
90 PIMDPSKAS-K-KPVGI-----LLVKVLRAQNLRKKDLLGK------------------------SDPYVKLKMSD----DKLPSKKTTVKRSNLNPEWNEDFKFVV-------TDPETQALEINVFDWEQVGK-HEKMGMNNILLKELPADETKVMTVNLLKTMDPNDVQN--EKSRGQ
87 PILDSSTASVK-KPVGL-----LHVSILRARNLLKKDLLGT------------------------SDPYVKLSLTG----EKLPAKKTTIKKRNLNPEWNEHFKLIV-------KDPNSQVLQLEVFDWDKVGG-HDRLGMQMIPLQKINPGERKEFNLDLIKNSNVVMDSGD-KKKRGR
92 PILDEASGATK-KPVGI-----LHVKVIRAMNLLKMDLLGK------------------------SDPYVKLRLSG----EKLPSKKTSIKMSNLNPEWNEHFRFIV-------KDPETQILELRMFDWEKVKM-HDKLGMQVVPLRLLTPYESKLFTLDLLKSMDP-NDPHN-KKNRGK
93 PILPGDYSDLELKPVGK-----LDVKVVQAKDLANKDMIGK------------------------SDPYAIVFIRP----LPDRTKKTKTISNSLNPIWNEHFEFIV-------EDVSTQHLTVRVFDDEGVGS-SQLIGAAQVPLNELVPGKVKDIWLKLVKDLEIQRD----TKNRGQ
94 PIIPGDYSDLELKPVGM-----LEVKLVQAKNLTNKDLVGK------------------------SDPFAKMFIRP----LREKTKRSKTINNDLNPIWNEHFEFVV-------EDASTQHLVVRIYDDEGVQA-SELIGCAQIRLCELEPGKVKDVWLKLVKDLEIQRD----TKNRGE
95 PIIPGDYSDLELKPVGT-----LEVKLVQARDLTNKDLIGK------------------------SDPFAIVYVRP----LPDKMKRSKTINNDLNPIWNEHFEFIV-------EDADTQTVTVKIYDDDGIQE-SELIGCAQVTLKDLQPGKVKDVWLKLVKDLEIQRD----RKDRGQ
96 PIVPGDYSDLELKPVGL-----LEVKLVEARDLTNKDLVGK------------------------SDPFAVLYIRP----LQDKMKKSKTINNDLNPIWNEHYEFVV-------EDTSTQRLTVKIYDDEGLQA-SELIGCARVDLSDLQPGKVKEVWLDLVKDLEIQRD----KKRRGQ
97 LHSLDSSSALLSKTGRK-----IIVTVLAGKNLVSKDKSGK------------------------CDASVKLQYGK-------IIQKTKIVN-AAECVWNQKFEFE--------ELAGEEYLKVKCYREEMLG--TDNIGTATLSLQGI-NNSEMHIWVPLEDV----------------
98 HSSFDVSPKLQSRTGRK-----LRVAVVEGKALAVNGKSGK------------------------CDPYVKVQYGK-------ALYKTKTLSHTTRPVWNDKFEFD--------EITGGEYLKIKCYSADTFG--DESIGSARVNLEGLLDGDSREVWVPLEKV----------------
5  VGSIQLSVSHD-VNLNL-----LTVTIVKAVDLPTKREDDL------------------------PNPFMKVSLEIPDSKKPNVDHQTKTYNGTASPLINEDFYFSVTS-----QQVSICRLEVMVYDYDQFSV-DECVGYCWLTLGRINEHFEHDLPTLFWAEVLPYEDGENK------
10 RGAIHLTLSYD-PAAGI-----LNVKLVEAQDLQPQDFSGT------------------------ADPYAKIRL-LPDRNNM---WQTRIHKKTLNPVFDEDFVFEVRS-----ATIGRRTLEILLFDFDAYSR-HVCIGGVQFPLAQVCLAERIDI----WRPLLPYTEQDNKQ-----
16 RGNLHVSLGYD-PVGGL-----LNVRLLEAQNLQPRQFSGT------------------------ADPYAKVRL-LPDKKNF---WQTRIHKRTLNPVFDEQFVFEVTA-----GVIDKRTVEILLYDFDAYSR-HVCIGGSKLHLANLDLSEQLKL----WTPLSSASAQDMKV-----
11 LGRFHLRLKYDGSKEE------LLVHLVEAQDLTPAGDTGF------------------------RDPYVKMYLEPD---EEQRTQQTAVHRTETHPYFDQQLSFPLKPR-----NLVKSNFVLQLLDYDRFSH-DEVVGEIRFLL--NTLDLS-GCELWGDLI--AVRK-PSE------
17 VGRLHLRVKYDYHLFD------LTVHLIEAHNLSPIEEGGF------------------------RDPYVRLMLQPE---VDSRKRQTHIHRGESNPYFDQHFKFPVSRD-----QLQGKELILQVLDYDRYSH-NDIIGEVRISV--DGLDLSKSVEIWGDLL--RTKK-PKE------
47 YPKLHFSISLHKESGE------LHINIVEAENIS--VEAGC-------------------------EGYISGCVSVS---EEQKHAHTAVHKLAVHVQXGEELXFALPMEGTEDTDSLDGEVALSLHCCDRFSH-NSTLGMMRFKL--ADVSMMLDADCWVDLQ--PPKQEVTS------
65 APKLHFRLDYDQKKAE------LFVTSLEAVTSD--HEGGC-------------------------DCYIQGSVAVK---TGSVEAQTALKKRQLHTTWEEGLALPLGEE-----ELPTATLTLTLRTCDRFSR-HSVIGELRLGL--DGASVPLGAAQWGELK--TTAKEPSA------
81 APKLHYCLDYDCQKAE------LFVTRLEAVTSN--HDGGC-------------------------DCYVQGSVANR---TGSVEAQTALKKRQLHTTWEEGLVLPLAEE-----ELPTATLTLTLRTCDRFSR-HSVAGELRLGL--DGTSVPLGAAQWGELK--TSAKEPSA------
18 VG-----LNYDQMSISNEGME-LTVSVLEAKGLICPFSVES------------------------LDTFVRIYLVPD----HPGAMQTKVVKGTLTPSYNESFDFWLHKR-----QAR-HSLWFHLY--HNGPA-HTLIGEAEMEI--GEMP---RPITTWIPL--SDSRKCNA------
46 VGQLEVTLEFEPSRHPNQGTGLLHMTLHQGKDLLEKEEGDF------------------------PGCFIRVSLGPE----EINIGVTRVQTNAFTVIFDEHYTIPMDLS-----ALEEYTLRFAAFGIDADER-NISAGIADLKL--SDLDLTVRPFNAWLYL--QDVNKAVD------
63 LGQVEVSMDYDGASHT------LHVAVLQGKDLLEREEATF------------------------ESCFMRVSLLPD----EQIVGISRIQRNAYSIFFDEKFSVPLDPT-----ALEEKSLRFSVFGIDEDER-NVSTGVVELKL--SVLDLPLQPFSGWLYL--QDQNKAAD------
79 LGQVEVSMEYDTASHT------LNVAVMQGKDLLEREEASF------------------------ESCFMRVSLLPD----EQIVGISRIQRNAYSIFFDEKFSIPLDPT-----ALEEKSLRFSVFGIDEDER-NVSTGVVELKL--SVLDLPLQPFSGWLYL--QDQNKAAD------
22 CGRMWFSVVYDAAVET------LTVKVVKVKQLPLRHPSNN-----------------------PPDSFVKIFLLPD----ERISQQTKVKLRNCNPTFNETFIFQVSEE-----ELQKRSLRMSVYDVDKKRSTRHLLGHALVGL-NDVDPIKVNEILWRDLDDIAHPGDSGT------
68 LGRLWFSVEYQQESER------LLVGLIKAQQLQVPSETCS------------------------T--LVKLHLLPD----ERRFLQSKTKHKICNPQFDENFIFQVSSK-----SVTQRVLKFSVYHVNKKRK-HQLLGQVLFPLKNETLAGDHHRIIWRDLE--AKNLEPPS------
84 LGRLWFSVEYEQEAER------LLVGLIKAQHLQAPSETCS------------------------P--LVKLYLLPD----ERRFLQSKTKRKTSNPQFDEHFIFQVSSK-----TITQRVLKFSVYHVDRQRK-HQLLGQVLFPLKNETLVGDCRRVIWRDLE--AESLEPPS------
1  LGRLQYKLDYDFDKNS------LTVVIIQAEELPAMDLGGT------------------------SDPYVKLFLLPD----KKKKLQTKVQRKSLNPVFNESFTFK-IPF----NEIGGQTLVLNVFDFD-RFGKHDQIGQISIPLGKVDLAATLERTDLIESPPEN-------------
4  LGRIQYKLDYDFQQGQ------LTVTVIQAEDLPGMDMSGT------------------------SDPYVKLYLLPE----KKKKVETKVHRKTLNPVFNETFIFK-VAF----NEITAKTLVFAIYDFD-RFSKHDQIGQVLIPLGKIDLGAVIEEWKDIAPPPDDKEAEK--------
8  LGKLQYKLEYDFNSNA------LTVTVIQAEELPALDMGGT------------------------SDPYVKVYLLPD----KKKKFETKVHRKTLNPVFNESFTFKSLPY----AEAMNKTLVFAIFDFD-RFSKHDQIGEVKVPLCQIDLAQTIEEWRELQSVEGEGGQEN--------
13 LGRLNFKLEYDFNSNS------LAVTVIQAEELPALDMGGT------------------------SDPYVKVYLLPD----KKKKFETKVHRKTLSPVFNETFTFKSLPY----ADAMNKTLVFAIFDFD-RFSKHDQIGEVKVPLCTIDLAQTIEEWRDLVSVEGEGGQE---------
20 LGKLQFSLDYDFQQNN------LAVGVIQAADLPGMDMGGT------------------------SDPYVKVFMLPD----KKKKQETKVHRKTLNPVFNETFNFK-VPY----NEIGGKTLVFAVYDFD-RFSKHDIIGEVRVPMNQVDLGTITEEWRDLTSAENDKENE---------
24 LGKLQYSMDYNFTENT------LIVGIIQAAELPAMDMGGT------------------------SDPYVKVYLLPD----KKKKFETKVHRKTLNPVFNEQFTFK-VPY----TELGGKTLVMTVYDFD-RFSKHDAIGDVKVPMNKVDFSHVTEEWRDLQSAEKEEQE----------
25 LGKLQYSLDYNFTENT------LIVGIIQAAELPAMDMGGT------------------------SDPYVKVYLLPD----KKKKFETKVHRKTLNPVFNEQFTFK-VPY----VELGGKTLVMTVYDFD-RFSKHDAIGDIKVPMNKVDFSHITEEWRDLQSAEKEEQE----------
53 LGKLQYSLDYDFQNNQ------LLVGIIQAAELPALDMGGT------------------------SDPYVKVFLLPD----KKKKFETKVHRKTLNPVFNEQFTFK-VPY----SELGGKTLVMAVYDFD-RFSKHDIIGEFKVPMNTVDFGHVTEEWRDLQSAEKEEQE----------
69 LGKLQYSLDYDFQNNQ------LLVGIIQAAELPALDMGGT------------------------SDPYVKVFLLPD----KKKKFETKVHRKTLNPVFNEQFTFK-VPY----SELGGKTLVMAVYDFD-RFSKHDIIGEFKVPMNTVDFGHVTEEWRDLQSAEKEEQE----------
54 LGKLQFSLDYDFQANQ------LTVGVLQAAELPALDMGGT------------------------SDPYVKVFLLPD----KKKKYETKVHRKTLNPAFNETFTFK-VPY----QELGGKTLVMAIYDFD-RFSKHDIIGEVKVPMNTVDLGQPIEEWRDLQGGEKEEPE----------
70 LGKLQFSLDYDFQANQ------LTVGVLQAAELPALDMGGT------------------------SDPYVKVFLLPD----KKKKYETKVHRKTLNPAFNETFTFK-VPY----QELGGKTLVMAIYDFD-RFSKHDIIGEVKVPMNTVDLGQPIEEWRDLQGGEKEEPE----------
29 LGKLLYTLDYNFTDST------LIVGVIRAEGLAAMDMSGT------------------------SDPYVKVYLLPD----KKKKFETKVHRKTLEPTFNEHFTFK-VPY----AELGGKTLVMTVYDFD-RFSKHDAIGDVRLQMNKVDFSHLTEEWRDLQKAEKEEQE----------
57 LGRLQYSLDYDFQTGQ------LLVGILQAQGLAALDLGGS------------------------SDPYVSVYLLPD----KRRRHETKVHRQTLNPHFGETFAFK-VPY----VELGGRVLVMAVYDFD-RFSRNDAIGEVRVPMSSVNLGRPVQAWRELQVAPKEEQE----------
73 LGRLQYSLDYDFQSGQ------LLVGILQAMGLAALDLGGS------------------------SDPYVRVYLLPD----KRRRYETKVHRQTLNPHFGETFAFK-VPY----VELGGRVLVMAVYDFD-RFSRNDAIGEVRVPMSSVDLGRPVQAWRELQAAPREEQE----------
26 YGKLEYTLDYNFTENQ------LIVGILQAQDLPAMDIGGT------------------------SDPYVKVYMLPD----KKKKFETKVQRKNLCPVFNETFIFK-IPF----NDLAGQTLVLQVFDFD-RFGKHDVIGEIKIPMNSIDLGQPIHEYKDLVGGEKEEQE----------
27 FGKLEYTLDYNFTDNQ------LIVGILQAQDLAAMDMGGT------------------------SDPYVKVYMLPD----KKKKFETKVQRKNLCPVFNETFTFK-IPY----SDLGGQTLVLQVFDFD-RFGKHDLIGEIKIPMNTIDLGQPIHEWKDLAGGEKEEQE----------
28 LGKLEFSLDYNFTDAQ------LIVGILQAQDLAAMDIGGT------------------------SDPYVKVYLLPD----KKKKFETKVQRKNLCPVFNETFIFK-IPY----AELGGKL-----------------------------------------------------------
30 LGKLEYSLDYNFTEAQ------LIVGILQAQDLAAMDMGGT------------------------SDPYVKVFLLPD----KKKKYETKVQRKNLCPVFNETFIFK-IPY----AELGGKTLVLQVFDFD-RFSKHDMIGEIKIPMNSVDLGQPMQQWRDLESGEKEEQE----------
31 -----------------------------------------------------------------------------------------------------------ISK----STLLNSTAVMQVFDFN-RFHKHNIIGELRLQLCNVDWNHVIEEWRDLAEPAKFEEE----------
60 WGRLLLSLEYDFGSQE------IRVGLRQAGNLKA---EGT------------------------ADPYAWVSVSTQ----SGRRHETKVHRGTLSPMFEETCCFL-VPP----AELPKATLKVQLWDFK-RFSEHEPLGELQLPLGTVDLQHVLESWYQLGPPGTTEPE----------
76 WGRLQLSLEFDFGSQE------IRVGLRQAADLRP---GGT------------------------VDPYARVSVSTQ----AGHRHETKVHRGTLCPVFDETCCFH-IPQ----AELPGATLQVQLFNFK-RFSGHEPLGELRLPLGTVDLQHVLEHWYLLGPPAATQPE----------
3  YGNIHFRVEYDFEQSK------LSVTIVSASDLPAMDRNGM------------------------SDPYVKVYVLPE----RKQKFETRIIRNTLNPTYNETFQFS-IPF----NELHSKTLMLVVYDYD-RLSKDDKMGQLSVPLESIDFGITTDIERPLQKPEKDDEKEC--------
38 CGWLHFILKFDCDLEQ------LIVKIHKAEDLPAKDFSGT------------------------SDPYVKIYLLPD----RMTKHQTKVHRKTLNPVFDEVFLFP-VAY----SELPTRKLHFSVYDFD-RFSRHDIIGQVVVDNFLDLADFPRETKLCRDIQYIST------------
39 CGRLHFIIKYDCDLEQ------LIVKIHRAQDLPAKDFTGT------------------------SDPYVKIYLLPD----RKTKHQTKVHRKTLNPIFDEVFLFP-VAY----GELPTRKLHFSVYDFD-RFSRHDVIGQVVVDNFLDLPDFPQETRLCRDILYVSADNV---------
40 CGRLYFILKFDFDLEQ------LIIKILKAEDLPAKDFSGT------------------------SDPYVKIYLLPD----RKTKHQTKVHRKTLNPIFDEVFLFP-IAY----AELPVRKLHFSIYDFD-RFSRHDLIGQVVVDNFLDLADFPRETKLCRYIQYVTS------------
61 CGKLNFILKYDCDLEQ------LIVKIHKAVNLPAKDFSGT------------------------SDPYVKIYLLPD----RKTKHQTKVHRKTLNPVFDEVFLFP-VHY----NDLEARKLHFSVYDFD-RFSRHDLIGQVVVDHFFDLADFPRECILWKDIEYVTNDNV---------
77 CGKLNFILKYDCDLEQ------LIVKIHKAVNLPAKDFSGT------------------------SDPYVKIYLLPD----RKTKHQTKVHRKTLNPVFDEVFLFP-VPY----NDLEARKLHFSVYDFD-RFSRHDLIGQVVVDHFLDLADFPRECILWKDIEYVTNDNV---------
41 CGKLSFSLRYDYEEQA------LVVRILKALDLPAKDFTGT------------------------SDPYVKIYLLPE----RKKKFQTRVHRKNLNPTFDEAFCFA-VAY----DELCNRKLHFSVYDFD-RFTSHDMIGEVVVDNLFELSDLSREAVVWKDIHAATTESV---------
42 CGKLSFALSYDYEEQA------LVVRILKALDLPAKDFTGT------------------------SDPYVKIYLLPE----RKKKFQTRVHRKTLNPTFDEDFRFP-VEY----SELCNRKLHFSVYDFD-RFTSHDMIGEVVVDNLFELSDLSREAVVWKDILAATTESV---------
62 CGKLNFALQYDYENEL------LVVKIIKALDLPAKDFTGT------------------------SDPYVKIYLLPD----RKKKFQTRVHRKTLNPLFDELFQFP-VVY----DQLSNRKLHFSIYDFD-RFSRHDMIGEVILDNLFEVSDLSREATVWKDIHCATTESI---------
78 CGKLNFTLQYDYENEL------LVVKIIKALDLPAKDFTGT------------------------SDPYVKMYLLPD----RKKKFQTRVHRKTLNPLFDETFQFP-VAY----DQLSNRKLHFSVYDFD-RFSRHDMIGEVILDNLFEVSDLSREATVWKDIHCATTESI---------
43 CGSINFSLQYDYENEA------LLVNVLKAVDLPAKDLCGT------------------------SDPYVKVYLLPD----RK-KFQTRVHRKTLNPTFSETFQFP-VPY----DELAARKLHMSVFDFD-RFSRHDMIGEVVLENLFETSDLSRETTMWRDIQYATSESV---------
44 CGKINFSLKYDYEGEL------LLVTILKAFDLPAKDLCGS------------------------SDPYVKIYLLPD----RKRKFQTRVHRKTLNPTFDETFQFP-VPY----EELGSRKLHLSVFDFD-RFSRHDMIGEVILENLFEVSDLSRETSIWKDIQYATSESV---------
45 -------------NEM------LLVKILKAFDLPAKDLCGS------------------------SDPYVKIYLLPD----RKQKFQTRVHRKTLNPTFDESFQFP-VPY----DELAVRKLHLSVFDFD-RFSRHDMIGEVILDNLFEVSDLSRETSVWRDIQYATSESV---------
58 CGKINFSLRYDYESET------LIVRILKAFDLPAKDFCGS------------------------SDPYVKIYLLPD----RKCKLQTRVHRKTLNPTFDENFHFP-VPY----EELADRKLHLSVFDFD-RFSRHDMIGEVILDNLFEASDLSRETSIWKDIQYATSESV---------
74 CGKINFSLRYDYETET------LIVRILKAFDLPAKDFCGS------------------------SDPYVKIYLLPD----RKCKLQTRVHRKTLNPTFDENFHFP-VPY----EELADRKLHLSVFDFD-RFSRHDMIGEVILDNLFEASDLSRETSIWKDIQYATSESV---------
55 CGRISFALRYLYGSDQ------LVVRILQALDLPAKDSNGF------------------------SDPYVKIYLLPD----RKKKFQTKVHRKTLNPIFNETFQFS-VPL----AELAQRKLHFSVYDFD-RFSRHDLIGQVVLDNLLELAEQPPDRPLWRDILEGGSEKA---------
71 CGRISFALRYLYGSDQ------LVVRILQALDLPAKDSNGF------------------------SDPYVKIYLLPD----RKKKFQTKVHRKTLNPVFNETFQFS-VPL----AELAQRKLHFSVYDFD-RFSRHDLIGQVVLDNLLELAEQPPDRPLWRDIVEGGSEKA---------
6  RGRINFSVAFEKECST------LHVHLMEAVDLPVKDFTGS------------------------SDPYVRAFLLQD----PGQSERSKVHRRNLNPTFNETLSFRGHSM----KKLHDMTLVLQVMDYD-RFSSDDPIGEILL-PLKHVKFESSPVYWKHLQRPTVSKD----------
15 VGQIHFSLEYDFQNTT------LILKVLQGKELPAKDLSGT------------------------SDPYVRVTLLPD----KKHRLETKIKRRTLNPRWNETFYFEGFPI----QKLQSRVLHLHVFDYD-RFSRDDSIGEVFL-PLCQVDFAGKQSFWKALKPPA--KD----------
21 LGKLEFSTVYQFNEST------LLVKVLKAVDLPAMDLSGT------------------------SDPFVKCCLLPD----RKRKLETKIRRKTLHPVWNETMSFEGLPY----EKIKQRVLHLQVLDYD-RFSRNDPIGETYV-PLHTINLGEEMIQYVNLAPCK-GSN----------
59 LGRIQFSVGYNFQEST------LTVKVMKAQELPAKDFSGT------------------------SDPFVKIYLLPD----KKHKLETKVKRKNLNPHWNETFLFEGFPY----EKVVQRVLYLQVLDYD-RFSRNDPIGEVSI-PLNKVDLTQMQTFWKDLKPCSDGSG----------
75 LGRIQFSVGYNFQEST------LTVKIMKAQELPAKDFSGT------------------------SDPFVKIYLLPD----KKHKLETKVKRKNLNPHWNETFLFEGFPY----EKVVQRILYLQVLDYD-RFSRNDPIGEVSI-PLNKVDLTQMQTFWKDLKPCSDGSG----------
2  RGTLTFALRYDFIHRV------LMLHVIRANNLPVEDKGVT------------------------VDPYVKMYLLPE----RRGHCKTRICKKTNDPEFNEMFSFD-VSF----NNLANRMLQFTVYDFD-RFTRHGLIGNIIMRDLFEKSDLYTWTEYTMHIVASQNKN----------
7  RGNISFTLSYDSHTLT------LLVSIINCRNLCEMVVSRD--------------------GQCLLDPYVKLQLLPE----REHRVKTRIVRSTTSPVYEEQFAMYGVTH----EQVNFATLHFQVVAFD-RYSRDTVVGECVYRLADAELQ--VHNEMRVELPLLPRATD-TVA-----
9  LGTIVFKLRFLADRSA------LVVSVVRCRGLPGKNHGTAAAELSTIGGGTMLCNGSANGKQTATDPYVKLQLLPD----KQHKVKTRVLRNTRNPVYDEDFTFYGLTL----SELAGMSLHFVVLSFD-RYSRDDVIGEVVCPLSGIDLQQIENQQVALSREIQPRSLKIRAQ-----
14 LGTIYFKLRYLAERNA------LMVSIIRCRGLPCKGGSSG---------TGDIPTGMNGRTQAATDPYVKLQLLPD----KQHKVKTRVVRNTRNPVYDEDFTFYGLNM----NDLQNMSLHFVILSFD-RYSRDDVIGEVVCPLTSIEIGDISKEALSISKEIQPRSLKIRAQ-----
33 VGTLHFSLEYQPERKA------FIVHIKEAHGLAPTDEQSL-----------------------TSDPYIKLTLLPE----KKHRVKTRVLRKTLDPAFDETFSFYGIPL----ARVSELALHFMVLSFD-RFSRDEVIGETLVPLSGIDL---SEGRVLMSREIIKRNSK-KSS-----
56 LGTLFLSLEYNFEKKA------FVVNIKEAQGLPAMDEQSM-----------------------TSDPYIKMTILPE----KKHRVKTRVLRKTLDPVFDETFTFYGIPY----PHIQELSLHFTVLSFD-RFSRDDVIGEVLIPLSGIEL---SDGKMLMTREIIKRNAK-KSS-----
72 LGTLFFSLEYNFERKA------FVVNIKEARGLPAMDEQSM-----------------------TSDPYIKMTILPE----KKHKVKTRVLRKTLDPAFDETFTFYGIPY----TQIQELALHFTILSFD-RFSRDDIIGEVLIPLSGIEL---SEGKMLMNREIIKRNVR-KSS-----
34 --------------------------------------QTG-----------------------SADPYVKMTILPE----KKHRVKTRVLRKTLEPAFDETFTFYGVPY----SSLSDLTLHFLVLSFD-RFSRDDVIGEAMVPLAGVDP---STGRVHITQQITKRNMQ--CV-----
35 LGTLSLAIDYNFPKKA------LVVTIIGAQGLPAVDEQAG-----------------------SSDPYVKMTILPE----KKHRVKTRVLRKTLEPVFDETFTFYGVPY----SSLPELTLHFLVLSFD-RFARDDVIGEAVVPLEGVDP---STGRAHITQQISKRNTQ--CE-----
36 LGTLSLTVDYNFPKKA------LVVTIVGARGLPRMDEQVS-----------------------SSYPFVKMTILPE----KKHRVKTRVLRKTLNPLFDETFTFYGVAY----SSLPDLTLHFLGLSFD-RFSRMMSLVSPWSRLEGVDP---DTGRVSMGRPX--------CD-----
64 LGSLTFSVDYNFPKKA------LVVTIQEAHGLPVMDDQTQ-----------------------GSDPYIKMTILPD----KRHRVKTRVLRKTLDPVFDETFTFYGIPY----SQLQDLVLHFLVLSFD-RFSRDDVIGEVMVPLAGVDP---STGKVQLTRDIIKRNIQ-KCI-----
80 LGSLTFSVDYNFPKKA------LVVTIQEAHGLPVMDDQTQ-----------------------GSDPYIKMTILPD----KRHRVKTRVLRKTLDPVFDETFTFYGIPY----SQLQDLVLHFLVLSFD-RFSRDDVIGEVMVPLAGVDP---STGKVQLTRDIIKRNIQ-KCI-----
12 NGTLEISLLYDAPMRK------MTVHVLQARGIASRGDKGQ-----------------------LTHTQVRLLMLPA----KRQKHKTKIRS-GECPQFMESFLLHRVNP----EEVNSMGLRIRVYGCE-RMRRERLIGETIVSFANIDL-EL-ETNLWLPLESRSSSTDTASTSDLLS
19 PIELELSLLYDAPMRK------MTVHVMQAKNLPPLGS-GQ-----------------------TTHTQVRMLMLPS----KKQKLKTKIRS-GENPQYMESFLLHRVNP----EDVNNMGLRVRLYGCE-RLRKERLIGEAYVSFATVDL-EL-ETNLWLPLEPRNTSSGLGSTSDLLS
23 CGVIDIAVQYSISDRK------LQITIIEAKELPSKDRGGA-----------------------SII-QVRAVMLPA----KRKRYKTKVQH-INSSRFAETFKVSQVSP----EELRRLGLRVRLYGIG--KVRDRLIGEATVRFDELNLIRDPQLTVTLQLEPRTDVNRGDQLDVTGS
48 CGDLLLSLEYRPNAEK------LVVTTIAAQDVPDKARSGM-----------------------DTW-QVRMVLLPY----KKQRKKTSVQK-GSLPHFNETFHFSGLHP----SELHKMAIRFRLYALGGRVLRDRMIGEKVLRLDELQP-EGGTTEMTLSLEPRSNLKTLSAQQSP--
49 CGDLIIALDYRAETHR------LLVTVIMAQGIPDKARSGM-----------------------DSW-QVHVVLLPG----KRQRHKTAVQK-GSMPMFEETFRFSHLEP----GDLPSSALRFRLYALG-KMNRERMMGETLYRLSRLKH-TG-RFETTLVLEPRSNLKTVDAQTSLS-
67 CGDLDVIFEYRAVTQK------LTVTIVRAQGLPDKDRSGV-----------------------NSW-QVHIVLLPS----KKQRGKTNIQR-GPNPVFKEKVTFTKLEP----RDVASCAVRFRLYAAR-KMTRERMMGEKLFCLSHLHP-EG-EMKVTLVLEPRSNLSSGESPLSPSV
83 CGDLDVIFEYRAASQK------LTVTIVRAQGLPDKDRSGV-----------------------NSW-QVHVVLLPG----KKHRGRTNIQR-GPNPVFREKVTFAKLEP----RDVAACAVRFRLYAAR-KMTRERMMGEKLFYLSHLHP-EG-EMKVTLVLEPRSNISSGGSPLSPSA
50 YGTLDVVFDYDSSDQR------LSISITALTDIPSLKRTGN-----------------------ISW-QVHLVLLPT----KKQRAKTIIQR-GPCPVFTETFHFSHIES----EMIGNYAIRFRLYSVR-RMKKEKALGEKVFYLTKLNL-QG-KMSVPIILDPYCNIPGSDSQASMSD
52 YGTLDVVFDFVSEEQQ------LSVTIMAVADLPALKRTGS-----------------------DSW-QVHLVLLPT----KKQRAKTGIQR-GPCPIFTETFHFSQVES----EMIDNYAIRFRLYSLR-RMKKEKVFGEKVFYLTKFNL--QGKMSMPVMLEPCCALP----------
66 YGTLDVTFDYDSERQK------LLVTVTAVTDIPTYNRTGG-----------------------NSW-QVHLVLLPI----KKQRAKTSIQR-GPCPVFTETFKFNHVES----EMIGNYAVRFRLYGVH-RMKKEKIVGEKIFYLTKLNL-QG-KMSLPVILEPSYNPSGCDSQVSLSE
82 YGTLDVTFDYDSQEQK------LLVTVTAVTDIPTYNRTGG-----------------------NSW-QVHLVLLPI----KKQRAKTSIQR-GPCPVFTETFKFNHVES----EMIGNYAVRFRLYGVH-RMKKEKIVGEKIFYLTKLNL-QG-KMSLPVILEPSYNHSGCDSQMSVSE
51 YGTLDVAFEYDSSEQY------LAVTVTAATDIPALKQTGN-----------------------IAW-QVHLVLLPT----KKQRAKTGVQK-GPCPVFTETFKFSRVEQ----EALGDYAVRFRLYSIR-RMKKEKVLGEKVFYLTKLNL-QG-KIALPVTLEPGSELAGCGSLVSVSR
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Conclusions
I have described more than 98 Syts from a broad range of
animals and plants. Much remains to be done to under-
stand the control of the expression and location of the
range of variants produced by each Syt. There is no evi-
dence of Syts in single cell organisms or those with the
most simple forms of multicellularity (algae, fungi, slime

moulds) leading one to speculate that these genes may be
necessary for communication in more differentiated cell
systems. Although C2 domains are present in the simpler
eukaryotes, the distinctly conserved C2A-C2B arrange-
ment is unique to Syts. All of the plant Syts share the trans-
membrane-linker-C2A region with a family of genes
which encode proteins with variable numbers of C2

C2A to C-terminal regions of SytsFigure 7
C2A to C-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabi-
dopsis Syts are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Intron posi-
tions are indicated by red vertical lines. Regions of alternative splicing or RNA editing are enclosed by red boxes. The main 
branches of Syts are separated by horizontal blue lines. Similarity between members of a main branch is indicated with a col-
oured background. The calcium coordinating positions of Syt1 and Syt3 [37,38] are indicated by a yellow background. Positions 
with greater than 90% conservation are indicated with a purple background.
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85 LVVEVEYKPFKDDDIP-ENID----------------------DPNAVEKAPEGTPSTGGLLVVIVHEAEDL--EGKY-HT-------------------------NPSVRL-LFRGE-----ERKTKRV--KKNREPRWDEDFQFPLDEPPI-------NDKLHVEVISSS--------
91 LTVDVTYKPFKEGDSDVDTSD----------------------ESGTIEKAPDGTPEGGGLLVVIVHEAQDV--EGKH-HT-------------------------NPYVRI-VFRGE-----ERKTKHI--KKNRDPRWEQEFQFVCEEPPI-------NDKMQIEVISRP--------
86 LEVELLYKPFTEEEMP-KGFE----------------------ETQAVQKAPEGTPAAGGMLVVIVHSAEDV--EGKH-HT-------------------------NPYVRI-YFKGE-----ERKTKHV--KKNRDPRWNEEFTFMLEEPPV-------REKLHVEVLSTS--------
88 ITLELTYKPFKEGNIQKE--------------------------------------DPGGLLYVVVHEAKEL--EGKC-NT-------------------------NPYVKL-TFKGV-----EKKTKVV--KENRNPRWKEEFEFECEETPA-------NDKLHVEVLGT---------
89 ITLEMTYKPFKEDDIEKD-VQ----------------------GTDVVGKAPDGTPAGGGLLYVVVHEAQDL--EGKH-HT-------------------------NPYARI-IFKGN-----EKKTKVI--KKNRDPRWEEEIEFVCEDPPA-------NDKLHVEVLSKP--------
90 LTLEVTYKPFKEEDMEKEGID----------------------NADVVEKAPDGTPAGGGLLYIVVHEAQDL--EGKH-HT-------------------------NPYAKI-IFKGE-----EKKTKVI--KKNRDPRWEDEFEFVCEEPPV-------NDKLHIEVLSKA--------
87 LEVDLRYVPFREESIKRRKES----------------------REEKS-SEDDDFLSQAGLLSVAVQSAKDV--EGKKKHS-------------------------NPYAVV-LFRGE-----KKKTKML--KKTRDPRWNEEFQFTLEEPPV-------KESIRVEVMSKG--------
92 LVVELTFDPFRDDSNSTILMS----------------------DGEGNVSVKRDVPPSGGLLLVSVENAEDV--EGKR-HT-------------------------NPYAVV-HFRGE-----RKETKII--KKTRDPRWNEEFQFMVDEAPV-------DDKIHIEVVSKR--------
93 --LELLYCPLGKEGGLKNPFNPDYSLTILEKVLKPESEDSDATDMKKLVTSKKKDVIVRGVLSVTVVAAEDLPAVDFMGKA-------------------------DAFVVITLKKSE----TKSKTRVV--PDSLNPVWNQTFDFVVEDAL--------HDLLTLEVWDHD--------
94 VHLELLYIPYGSGNGIVNPFVTS-SMTSLERVLKNDTTDEENA-----SSRKRKDVIVRGVLSVTVISAEEIPIQDLMGKA-------------------------DPYVVLSMKKSG----AKSKTRVV--NDSLNPVWNQTFDFVVEDGL--------HDMLVLEVWDHD--------
95 VHLELLYCPFDMKEETPNPFRQQFSMTSLERTMTSMENGSGSNGFNRLSSRKKKEIIMRGVLSVTVISGEDLPAMDMNGKS-------------------------DPYVVLSLKKSK----TKYKTRVV--SESLNPVWNQTFDFVVEDGL--------HDMLMLEVYDHD--------
96 VHLELLYYPFGKQEGVSNPFADQIQLTSLEKVLKTESNGFDVN--------QRKNVIMRGVLSVTVISAEDLPPMDVMGKA-------------------------DPFVVLYLKKGE----TKKKTRVV--TETLNPIWNQTFDFVVEDAL--------HDLLMVEVWDHD--------
97 ------------------------------NSGEIELLIEALDPEY------SEADSSKGLIELVLVEARDLVAADIRGTS-------------------------DPYVRV--QYGE----KKQRTKVI--YKTLQPKWNQTMEFPDD-----------GSSLELHVKDYN--------
98 ------------------------------DSGEIRLQIEPIKSDFNGILKTSSGRVEATWIELVIIEARDLIAADLRGTS-------------------------DPYVRV--HYGS----KKKRTKVV--YKTLSPDWNQTFEFPET-----------GEPLILHVKDHN--------
5  -------------------------------------------GYGQVLFALSYLSHAQRLTMNIFKVRNVRF----RNGG-------------------------NVALRVTLLDGEEKPLKKKKTSLK--KAARSVQFNECLTFSIPKHTL-------CEVFITVELITE--------
10 -------------------------------------------DLGDLMVSLSYQPAAEKLTVVIIKARNLRVIDGTRNSS-------------------------DPYVKVCLYNADGRRLKKRKTTVA--RNTTAPVYNEALTFDISRETL-------RDCSIEFQVLHD--------
16 -------------------------------------------DLGDIMVSLAYLPSAERLMVVLIKARNLRIVDDARNSS-------------------------DPYVKVTLLGPGGKKIKKRKTGVQ--RGTLNPVYNEALAFDVAKETL-------KNCVLEFTVVHD--------
11 -------------------------------------------TTAELLISLSYLPQAERLTVVVMKAKNLSISHEPF-------------------------------VKL-YLLVNDKRTKKRKTSAIRALDPTNPIWNEAFTFELPSSQL-------QDAGVELFVTSN--------
17 -------------------------------------------DRPELLCSLNYLPQAERLTVVIMKARNLDTLQEPY-------------------------------VKI-YLIQNGKRIKKKKTSITKSDDPTNPIWNEAFTFNLQSNYL-------HNAAIEIYVVGA--------
47 -------------------------------------------STGELLLSLSYLPAANRLGVVVMKARGLQSDKLKDNI--------------------------DLSVKL--TLKHQNAKLKKKQTRR-VKHKMNPVWNEMMMLELPSELL-------AKSSVDLEVLNL--------
65 -------------------------------------------GAGEVLLSISYLPAANRLLVVLIKAKNLHSNQSKELLGK------------------------DVSVKV--TLKHQAQKLKKKQTKR-AKHKINPVWNEMIMFELPDDLL-------RASSVELEVLGQ--------
81 -------------------------------------------GAGEVLLSISYLPAANRLLVVLIKAKNLHSNQSKELLGK------------------------DVSVKV--TLKHQARKLKKKQTKR-AKHKINPVWNEMIMFELPDDLL-------QASSVELEVLGQ--------
18 -------------------------------------------RWGELMFSLSYLPTAERLTIVVVKARNLKLDGEQPAPESAETVH-------------------SVFVKV-YLMDKDRKVLKKRTSLK--RKDRSPIFNESMIFSVPPPSL-------TTTQLRVTVFGV--------
46 -------------------------------------------AVGEILLSLSYLPTAERLTVVVAKCKNLVWTDSKTTA--------------------------DPFVKV-YLLQDGKKISKKKTSTK--RDDTNPIFNEAMIFSVPSNVL-------QELSLRVTVAET--------
63 -------------------------------------------AVGEILLSLSYLPTAERLTVVVVKAKNLIWTNEKSTA--------------------------DPFVKV-YLLQDGRKMSKKKTAVK--RDDPNPVFNEAMIFSVPAIVL-------QDLSLRVTVAES--------
79 -------------------------------------------AVGEILLSLSYLPTAERLTVVVVKAKNLIWTNDKTTA--------------------------DPFVKV-YLLQDGRKMSKKKTAVK--RDDPNPVFNEAMIFSVPAIVL-------QDLSLRVTVAES--------
22 -------------------------------------------SLGELKILLTYLPRMNRLNVVVQEARNLR-KMDLDAT--------------------------GIYVKV-SLTQGHNVIKSKRTSTQ--DGAADPQYNESFSFKVTSKDM-------EQTCLLLNVITTGGRGTLHK
68 -------------------------------------------EFGDIQFCLSYNDYLSRLTVVVLRAKGLQLQEDRSVV--------------------------SVFVKV-SLMNHNKFVKCKRTSAV--LGSVNPVYNETFSFKVDTNEL-------DTASLSLVVLQT--------
84 -------------------------------------------EFGDLQFCLSYNDYLSRLTVVVLRAKGLRLQEDRGIV--------------------------SVFVKV-SLMNHNKFVKCKKTSAV--LGSINPVYNETFSFKADATEL-------DTASLSLTVVQN--------
1  -------------------------------------------RLGEVCLALRYVPNKNKLSVVVMECKNLKKMDVLGLS--------------------------DPYVKI-YLMMGTKRLEKKKTTIK--MKTLNPYYNESFSFDVTSEKMQ------RVHLHVTVSDYD--------
4  -------------------------------------------SLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-VLMQGGKRLKKKKTSIK--KCTLNPYYNESFSFEVPFEQIQ------KVSLMITVMDYD--------
8  -------------------------------------------KLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-ALMQNGKRLKKKKTSIK--KCTLNPYYNESFSFEVPFEQIQ------KVNLVVTVVDYD--------
13 -------------------------------------------KLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-AIMQNGKRLKKKKTSIK--KCTLNPYYNESFSFEVPFEQIQ------KICLVVTVVDYD--------
20 -------------------------------------------KLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-TLMQGGKRLKKKKTTIK--KNTLNPYFNESFSFEVPFEQIQ------KVALVVSVFDYD--------
24 -------------------------------------------KLGDICFSLRYVPTAGKLTVVVLEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTIK--KNTLNPYYNESFSFEVPFEQIQ------KVQVVITVLDYD--------
25 -------------------------------------------KLGDICFSLRYVPTAGKLTVVVLEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTIK--KNTLNPYYNESFSFEVPFEQIQ------KVQVVITVLDYD--------
53 -------------------------------------------KLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTIK--KNTLNPYYNESFSFEVPFEQIQ------KVQVVVTVLDYD--------
69 -------------------------------------------KLGDICFSLRYVPTAGKLTVVILEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTIK--KNTLNPYYNESFSFEVPFEQIQ------KVQVVVTVLDYD--------
54 -------------------------------------------KLGDICTSLRYVPTAGKLTVCILEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTVK--KKTLNPYFNESFSFEIPFEQIQ------KVQVVVTVLDYD--------
70 -------------------------------------------KLGDICTSLRYVPTAGKLTVCILEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTVK--KKTLNPYFNESFSFEIPFEQIQ------KVQVVVTVLDYD--------
29 -------------------------------------------RLGDICLSLRYVPTAGKLTVVVLEAKNLKKMDVGGLS--------------------------DPYVKI-HLMQNGKRLKKKKTTIK--KNTLNPYYNESFSFEVPSEQIQ--------------------------
57 -------------------------------------------KLGDICFSLRYVPTAGKLTVIVLEAKNLKKMDVGGLS--------------------------DPYVKV-HLLQGGKKVRKKKTTIK--KNTLNPYYNEAFSFEVPCDQVQ------KVQVELTVLDYD--------
73 -------------------------------------------KLGDICFSLRYVPTAGKLTVIVLEAKNLKKMDVGGLS--------------------------DPYVKV-HLLQGGKKVRKKKTTIK--KNTLNPYYNEAFSFEVPCDQVQ------KVQVELTVLDYD--------
26 -------------------------------------------KLGDICISLRYVPTSGKLTVCIMEAKNLKKMDVGGLS--------------------------DPFVKI-VLQHNGKRIKKKKTTVK--QNTLNPYFNESFSFEIPFAQIQ------KVQVLITVYDYD--------
27 -------------------------------------------KLGDICISLRYVPTAGKLTVNIMEAKNLKKMDVGGLS--------------------------DPFVKV-VLQHNGKRLKKKKTSVK--QNTLNPYFNESFSFEIPFSQIQ------KVQVLITVYDYD--------
28 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 -------------------------------------------KLGDICISLRYVPTAGKLTVNIMEAKNLKKMDVGGLS--------------------------DPYVKI-VLQQNGKRIKKKKTTVK--KNTLNPYFNESFSFEVPFAQIQ------KVQVVITVFDYD--------
31 -------------------------------------------NLGEICFSMRYVPSAGKLTVVILEARNLKSMDVGGSS--------------------------DPYVKV-QLALDKRKWKKKKTCIK--KKTLNPYYNESFVFDVSFDQIQ------RVNLVISVWDHD--------
60 -------------------------------------------QMGELCFSLRYVPSSGSLTVVVLEARGLNP----GLA--------------------------EAYVKI-QLMLNQRKWKKSKTSSK--KGTTTPYFNEAFVFLVPVSQLQ------SVDLVLAVWARG--------
76 -------------------------------------------QVGELCFSLRYVPSSGRLTVVVLEARGLRP----GLA--------------------------EPYVKV-QLMLNQRKWKKRKTATK--KGMAAPYFNEAFTFLVPFSQVQ------NVDLVLAVWDRS--------
3  -------------------------------------------RLGDICFSTRYRPATGTVTLTIMEARNLKKMDVGGSS--------------------------DPYVKI-YLHHGRKLLSKKKTSRK--YKTLNPYYNESFQFKIEPHMIE------KVHLIVSVWDYD--------
38 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
39 -------------------------------------------DLGDLMFSLCYLPTAGRLTITIIKARNLKAMDITGAS--------------------------DPYVKV-SIMCDGRRLKKRKTSTK--RNTLNPVYNEAIVFDVPPENID------QISLLIAVMDYD--------
40 ------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
61 -------------------------------------------DLGELMFSLCYLPTAGRLTITIIKARNLKAMDITGAS--------------------------DPYVKV-SLMCDGRRLKKRKTSTK--RNTLNPVYNEAIVFDVPPESID------QIHLSIAVMDYD--------
77 -------------------------------------------DLGELMFSLCYLPTAGRLTITIIKARNLKAMDITGAS--------------------------DPYVKV-SLMCDGRRLKKRKTSTK--RNTLNPVYNEAIVFDVPPENID------QIHLSIAVMDYD--------
41 -------------------------------------------DLGEIMYSLCYLPTAGRMTLTVIKCRNLKAMDITGSS--------------------------DPYVKV-YMVCAGRRLKKRKTTTK--KSTLNPTYNEAIIFDIPPENVE------QVSLSIMVMDYD--------
42 -------------------------------------------DLGEIMYSLCYLPTAGRMTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-ALICDGRRLKKRKTTTK--KNTLNPVYNEAIIFDIPPENVE------QVSLSITVMDYD--------
62 -------------------------------------------DLGEIMFSLCYLPTAGRMTLTVIKCRNLKAMDITGSS--------------------------DPYVKV-SLMCEGRRLKKRKTTTK--KNTLNPVYNEAIIFDIPPENVD------QVSLCIAVMDYD--------
78 -------------------------------------------DLGEIMFSLCYLPTAGRMTLTVIKCRNLKAMDITGSS--------------------------DPYVKV-SLMCEGRRLKKRKTTTK--KNTLNPVYNEAIIFDIPPENVD------QVSLSIAVMDYD--------
43 -------------------------------------------DLGEIMFSLCYLPTAGRLTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-SLMCDGRRLKKKKTSIK--KNTLNPSYNEAIIFDIPPDSMD------HVSLHISVMDYD--------
44 -------------------------------------------DLGEIMFSLCYLPTAGRLTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-SLICDGRRLKKKKTSIK--KNTLNPTYNEAIIFDIPPENMD------QVSLHISVMDYD--------
45 -------------------------------------------DLGEIMFSLCYLPTAGRLTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-SLICDGRRLKKKKTTTK--K-----------------------------------------------
58 -------------------------------------------DLGEIMFSLCYLPTAGRLTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-SLLCDGRRLKKKKTTIK--KNTLNPIYNEAIIFDIPPENMD------QVSLLISVMDYD--------
74 -------------------------------------------DLGEIMFSLCYLPTAGRLTLTVIKCRNLKAMDITGYS--------------------------DPYVKV-SLLCDGRRLKKKKTTIK--KNTLNPVYNEAIIFDIPPENMD------QVSLLISVMDYD--------
55 -------------------------------------------DLGELNFSLCYLPTAGRLTVTIIKASNLKAMDLTGFS--------------------------DPYVKA-SLISEGRRLKKRKTSIK--KNTLNPTYNEALVFDVAPESVE------NVGLSIAVVDYD--------
71 -------------------------------------------DLGELNFSLCYLPTAGRLTVTIIKASNLKAMDLTGFS--------------------------DPYVKA-SLISEGRRLKKRKTSIK--KNTLNPTYNEALVFDVAPESVE------NVGLSIAVVDYD--------
6  -------------------------------------------ACGEIMISLCYLPTSGKITVSIIKARDLHAKDRTRHY--------------------------DTYVKM-WMVQQGNKLEKRKTSVK--PHTPSPIFNESFAFSIPVKQVL----LAEVNLVLTAMEYD--------
15 -------------------------------------------KCGELLSSLCYHPSNSILTLTLIKARNLKAKDINGKS--------------------------DPYVKV-WLQFGDKRVEKRKTPIF--TCTLNPVFNESFSFNVPWEKIR------ECSLDVMVMDFD--------
21 -------------------------------------------KRGELLLSLCYQPLEGILDVEIIKGRNMKPMDLNGTS--------------------------DPYVKI-WLIYRGKRIEKKKTEIH--KNNLNPEFHEEFTFNAPMDRLR------EMQLEITVMDHD--------
59 -------------------------------------------SRGELLLSLCYNPSANSIIVNIIKARNLKAMDIGGTS--------------------------DPYVKV-WLMYKDKRVEKKKTVTK--KRNLNPIFNESFAFDIPTEKLR------ETTIIITGRDKG--------
75 -------------------------------------------SRGELLLSLCYNPSANSIIVNIIKARNLKAMDIGGTS--------------------------DPYVKV-WLMYKDKRVEKKKTVTM--KRNLNPIFNESFAFDIPTEKLR------ETTIIITVMDKD--------
2  -------------------------------------------DYGDLLLFLTYSNQEEKLYINVSKAYNLRPMDITGAS--------------------------DPYVKI-EQTFNGKRFKSKKSSTK--RANLNPVFHETLVFDIPSSQIA------ETNILIQVMDWD--------
7  -------------------------------------------ARGELLLSLTYQAAFNNLTVVVLKARGLGGRNDAGTA--------------------------DPFVKLYLRKESGERIVKKRTHVR--RSTLNPVYNESFVFELPDDR------LEHSVIDLQVINHD--------
9  -------------------------------------------GRGELLISLCWQPAAARLTVVLLKARNLPRMDVTGLA--------------------------DPYVKIYLL-YNGQRIAKKKTHVK--KRTLSPVFNESFAFDIPTTEGAGGATLDGVSLELMLLDWD--------
14 -------------------------------------------GRGELLISLCWQPAAGRLTVVLLKARNLPRMDVTGLA--------------------------DPYVKIYLL-YNGQRIAKKKTHVK--KRTLSPVFNESFAFDIPAAEGAG-ASLEGVSLELMLLDWD--------
33 -------------------------------------------GRGELLLSLCYQSTTNTLTVVVLKARNLPKIENNGPT--------------------------DPYVKVNMY-QGKKRVCKKKTHVK--KCSPNPVFNELFVFDLPSEEG-----LRDTSVELLLMDSD--------
56 -------------------------------------------GRGELLVSLCYQSTTNTLTVVVLKARHLPKSDVSGLS--------------------------DPYVKVNLY-HAKKRISKKKTHVK--KCTPNAVFNELFVFDIPCE-S-----LEEISVEFLVLDSE--------
72 -------------------------------------------GRGELLISLCYQSTTNTLTVVVLKARHLPKSDVSGLS--------------------------DPYVKVNLY-HAKKRISKKKTHVK--KCTPNAVFNELFVFDIPCE-G-----LEDISVEFLVLDSE--------
34 -------------------------------------------SHGELLVSLSYQPVSHRLSVVVLKAKHLPKLDITGLSA-------------------------NPYVKLNVF-YGHKRIAKKKTHVK--KCTLNPVFNESFIYDVPAD-----------------------------
35 -------------------------------------------SRGELLVSLSYHPVTHRLNVVVLKAKHLPTMDITGLSG-------------------------NPYVKVNVF-YGRKRIAKKKTHVK--KCTLNPVFNESFIYDVPAE-L-----MPDISVEFLVIDFD--------
36 -------------------------------------------SRGELLVSLSYQPVSHRLSVVVLKARHLPKMDMTGLSA-------------------------NPYVKVNIF-YGRKRIAKKKTHVK--KCTLNPVFNESFIYDIPPE-L-----LPEISVEFLVVDFD--------
64 -------------------------------------------SRGELQVSLSYQPVAQRMTVVVLKARHLPKMDITGLSG-------------------------NPYVKVNVY-YGRKRIAKKKTHVK--KCTLNPVFNESFIYDIPTD-L-----LPDISIEFLVIDFD--------
80 -------------------------------------------SRGELQVSLSYQPVAQRMTVVVLKARHLPKMDITGLSG-------------------------NPYVKVNVY-YGRKRIAKKKTHVK--KCTLNPIFNESFIYDIPTD-L-----LPDISIEFLVIDFD--------
12 IARSDSAGSTTSMQHG---------------------------GVPELLLGLGYNGITGRLTVEIVKGSHFRNHTLPKVP--------------------------DTYVKLCLVSSMGQEIARAKTSTR--RGQSNPLFKETFIFQVAMFQL-------NDVTLIVSVYAK--------
19 LARSESAGSTSSMQHG---------------------------GVSELLLGLSYNGVTGRLSVEIIKGSQFRSLSLNKAP--------------------------DTYVKMVMVSSIGQEISRAKTSIR--RGQPNPLFKETFAFQVALFQL-------NDVTLMISVYAK--------
23 QGYIDTSSVATLAHGG---------------------------SLPELLLSLSYNEMTGRLCVEVVKGSHFRNLAMSKPP--------------------------DTFVKLVLLNSSCQEMAQSKTTIR--RSQPNPVFKEPFYFQVALFQL-------VEVSLMVSVYSS--------
48 --FPDGALSSQSLAHG---------------------------GVPELLLGLSYSATTGRLSVEIIKGSHFRNLAITKPP--------------------------DTYARLSLLNSVGQETSRCKTSVR--RGQPNPVYKETFVFQVALFQL-------SDVTLLVSIYNR--------
49 -TQTDSASSSLSVSHA---------------------------GNPELLLGLSYNATTGRLSVEIIKGSHFRNFAVNRPP--------------------------DTFGKLTLLNSMGQEISRCKTSIR--RSQPNPVFKETFVFQVALFQL-------SDVTLMVSIYNR--------
67 VSHSDSASSTQSLSHG---------------------------GVPELLVGLSYNATTGRLSVEMIKGSHFRNLAANRAP--------------------------DTYGKLFLLNCVGQEMSRCKTSIR--RGQPNPVYKETFVFQVALFQL-------SDVTLMISIYSR--------
83 VSHSDSTSSTQSLSHG---------------------------GAPELLVGLSYNATTGRLSVEMIKGSHFRNLAVNRAP--------------------------DTYGKLFLLNSVGQEMSRCKTSIR--RGQPNPVYKETFVFQVALFQL-------SDVTLMISVYNR--------
50 VSCSETASSYPSAAQG---------------------------SAPEILLGLVYNATTGRLSVEVIKGSHFKNLAANKPP-------NGLFCCLKHLIGGQVYIIRDTYVKLTLLNSMGQEMSKCKTSVC--RGQPNPTYKETFVFQVALFQL-------SDVTLILSVYNK--------
52 --------------------------------------------------------------------------------TVPPLLSDGLFCCLKHFIGGQVYIIRDTYVKLTLLNSMGHQMSKCKTSIC--RGQPNPTFKETFLFQVALFQL-------SDVTLILSVYSR--------
66 ASCGDSTSSCQSLQHG---------------------------SVPEILIGLLYNATTGRLSAEVIKGSHFKNLAANRPP--------------------------NTYVKLTLLNSMGQEMSKCKTSTR--RGQPNPVYKETFVFQVALFQL-------SDVTLILSVYNR--------
82 MSCSESTSSCQSLEHG---------------------------SVPEILIGLLYNATTGRLSAEVIKGSHFKNLAANRPPTFHPLLSDGLFCCLKHLIGGQVYIIRDTYVKLTLLNSMGQEMSKCKTSIR--RGQPNPVYKETFVFQVALFQL-------SDVTLILSVYNK--------
51 ---SAGALSYRSSEDS---------------------------SLPEILLGLIYNSATGQLSAEVIKGSYFKTAVSDKPVTVL-CAPDGLFCCVKHFVGGQLYIIRDTYVKLTMLDSKGKEMSKCKTAVC--RGQPNPTYKETFVFQVALFQL-------SEVSLVLTVFCS--------
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domains. This family has members in yeast, fungi, meta-
zoa, land plants and trypanosoma, but there is no evi-
dence of family members in other eukaryotes at present.

The first functional analysis of the yeast members (trical-
bins) has just been published [35] but the family is poorly
characterized otherwise. Additional File 1 entries 108–

C2A to C-terminal regions of SytsFigure 8
C2A to C-terminal regions of Syts Syts are identified on the left. Mus and Homo Syts are are bracketed and named. Arabi-
dopsis Syts are named following the nomenclature of Fukuda [14]. Amino acid sequence length is indicated on top. Intron posi-
tions are indicated by red vertical lines. Regions of alternative splicing or RNA editing are enclosed by red boxes. The main 
branches of Syts are separated by horizontal blue lines. Similarity between members of a main branch is indicated with a col-
oured background. The calcium coordinating positions of Syt1 and Syt3 [37,38] are indicated by a yellow background. Positions 
with greater than 90% conservation are indicated with a purple background.

syt14

syt16

syt11

syt4

syt7

syt3

syt6

syt10

syt9

syt8

syt5

syt2

syt1

syt15

syt12

syt13

AtsytB

AtsytA

AtsytC

AtsytD

AtsytE

AtsytF

          370       380       390       400       410       420       430       440       450       460       470       480       490       500       510
            |         |         |         |         |         |         |         |         |         |         |         |         |         |         |
85 ----------SRLIHPKETLGYVVINLGDVVS-NRRINDKYHLIDSKNGRIQIELQWRNSS-----------------------------------------------------------------------------------------------
91 ---------PSIGIHSKENLGYVVISLADVIN-NKRINEKYHLIDSKNGRIQLELQWRTS------------------------------------------------------------------------------------------------
86 --------SRIGLLHPKETLGYVDIPVVDVVN-NKRMNQKFHLIDSKNGKIQIELEWRTAS-----------------------------------------------------------------------------------------------
88 ---------KKALIRNKESLGHIDISLADVII-NKRIIEMYDLINSKRGQIQIEFQWKSS------------------------------------------------------------------------------------------------
89 --------PKKWLIHGKETLGYIDINLADVIS-NKRINETYHLIDSKTGQIQIELQWRTS------------------------------------------------------------------------------------------------
90 --------SKKGLIHGKETLGYIDISLADVIS-NKRINEKYHLIDSKNGQIQIEMQWRTS------------------------------------------------------------------------------------------------
87 ---------TGFHFRSKEELGHVDINLDDVVD-NGRINQKYHLINSRNGIIHIEIRWTTS------------------------------------------------------------------------------------------------
92 -------RGLRLPFRNKESLGHVDINLVDVVN-NGRINEKYHLINSRNGMVHVEMKWSTV------------------------------------------------------------------------------------------------
93 -------------KFGKDKIGRVIMTLTRVML-EGEFQEWFELDGAKSGKLCVHLKWTPRLKLRDAS-----------------------------------------------------------------------------------------
94 -------------TFGKDYIGRCILTLTRVIM-EEEYKDWYPLDESKTGKLQLHLKWMAQSIYRDS------------------------------------------------------------------------------------------
95 -------------TFSRDYMGRCILTLTKVLI-EEDYKDSFKLEGAKSGKLNLHLKWSPQPIFRDSREEDSLRFR---------------------------------------------------------------------------------
96 -------------TFGKDYIGRCILTLTRVIL-EGEFQDEFVLQGAKSGKLNLHFKWTPQPIYRDRDRDQ--------------------------------------------------------------------------------------
97 ------------TLLPTSSIGNCVVEYQGLKP-NETADKWIILQGVKHGEVHVRVTRKVTEIQRRAA-QVLAHRLTKLCYCPTR------------------------------------------------------------------------
98 ------------AVLPTASIGQCTVEYSMLPP-NQPAVKWIPLQGVKSGEVHVKITRKVPHLEKKTSFQTDASSLGKGHKISSQMRDSLKKFTGLVDEGGDTEAMSLALTEIESIQDEQDMYIQQLEREKAALLRKIQELGSEIVRTSSGPARMPY
5  -------------TGTFGIASRTLSRMQ-----LPLH-KCKDLWRAIIREEKSQARWYPFEQP---------------------------------------------------------------------------------------------
10 -----------SLLGKNETLGRATVGSG-----PEFRQENRKFFDELFRTRAATAQWISLCELKLKSDTPSKKK----------------------------------------------------------------------------------
16 -----------GLLGSSEILGRTLIGNS-----PEVRTEEKIFFEEVFRAKNATAQWVPLQEPANNLATSAKSSKN--------------------------------------------------------------------------------
11 -----------EAEGQ--DLGC-GVGL------REGGSGTQHWQDLMQNNRKPIAMWHVLR-----------------------------------------------------------------------------------------------
17 -----------GSEAT--EIGCCGLGP------QESGTGCQHWHDMINNARKPTAMWHYIR-----------------------------------------------------------------------------------------------
47 -----------ASPGTLLPLGRCMLGL------QTSGTGLQHWKQMLDNPRKQIAMWHPLYT----------------------------------------------------------------------------------------------
65 -----------GEEGPSCELGHCSLGL------HASGSERSHWEEMLKNPRRQIAMWHQLHL----------------------------------------------------------------------------------------------
81 -----------DDSGQSCALGHCSLGL------HTSGSERSHWEEMLKNPRRQIAMWHQLHL----------------------------------------------------------------------------------------------
18 -----------TTSGVTP-LGHIVAGS------CAVGKGLRHWHQMLSSLRKPVAMWHVLRRAVNQPIFTGGAEAVVAAMQNTLQRSTAKRNSIV-------------------------------------------------------------
46 -----------TEDGRGENLGHVIIGP------EASGMGITHWNQMLATLRKPVSMWHPLRRI---------------------------------------------------------------------------------------------
63 -----------SSDGRGDNVGHVIIGP------GVSGMGTTHWNQMLATLRRPVSMWHPVRRN---------------------------------------------------------------------------------------------
79 -----------SSDGRGDNVGHVIIGP------SASGMGTTHWNQMLATLRRPVSMWHAVRRN---------------------------------------------------------------------------------------------
22 MTSTLKNTVTRGRYGAELKYGRVSVGSFM----YCRGEQLLHWQEMMAQPSKSIARWHTLSEVVTNQ-----------------------------------------------------------------------------------------
68 -----------TEGN-SKAWGMGSRGHGV----GATQL----------------------------------------------------------------------------------------------------------------------
84 -----------MEGDKSQQLGRVVVGPYM----YTRGRELEHWDEMLSKPKELVKRWHALCRTTEP------------------------------------------------------------------------------------------
1  ------------RVGSNERIGQVIIGT------CATGVALKQWNDMLATPRRSVAQWHTLVPFNDD------------------------------------------------------------------------------------------
4  ------------KLGSNDAIGRCLLGC------NGTGAELRHWMDMLASPRRPIAQWHTLGPVEEEGDKKDDKK----------------------------------------------------------------------------------
8  ------------RIGTSEPIGKVVLGY------NASGTELRHWSDMLASPRRPIAQWHTLKDPDDDKKD---------------------------------------------------------------------------------------
13 ------------RIGTSEPIGRCILGC------MGTGTELRHWSDMLASPRRPIAQWHTLKDPEETDEILKNMK----------------------------------------------------------------------------------
20 ------------RMGKNDPIGKLVLGC------NASGTELRHWSDMLASPRRPIAQWHTLQMAEEG------------------------------------------------------------------------------------------
24 ------------KIGKNDAIGKVFVGL------NSTGTELRHWSDMLANPRRPIAQWHVLKPEEEVDALLAAQKK---------------------------------------------------------------------------------
25 ------------KIGKNDAIGKVFVGL------NSSGTELRHWSDMLANPRRPIAQWHVLKPEEEVEAQLSVKK----------------------------------------------------------------------------------
53 ------------KIGKNDAIGKVFVGY------NSTGAELRHWSDMLANPRRPIAQWHTLQVEEEVDAMLAVKK----------------------------------------------------------------------------------
69 ------------KIGKNDAIGKVFVGY------NSTGAELRHWSDMLANPRRPIAQWHTLQVEEEVDAMLAVKK----------------------------------------------------------------------------------
54 ------------KLGKNEAIGKIFVGS------NATGTELRHWSDMLANPRRPIAQWHSLKPEEEVDALLGKNK----------------------------------------------------------------------------------
70 ------------KLGKNEAIGKIFVGS------NATGTELRHWSDMLANPRRPIAQWHSLKPEEEVDALLGKNK----------------------------------------------------------------------------------
29 ----------------------------------------RHWSDMLANPRRPIAQWHALKPEEDVDAELIKK-----------------------------------------------------------------------------------
57 ------------KLGKNEAIGRVAVGA------AVGGAGLRHWADMLANPRRPIAQWHSLRPPDRARPIPAP------------------------------------------------------------------------------------
73 ------------KLGKNEAIGRVAVGA------AAGGAGLRHWADMLANPRRPIAQWHSLRPPDRVRLLPAP------------------------------------------------------------------------------------
26 ------------KLGSNDPIGKCWIGF------GASGVGLRHWSDMLANPRRPVAQWHTLQPEEEVDAALKAPIR---------------------------------------------------------------------------------
27 ------------KLGSNDPIGKCWIGY------GASGVGLRHWSDMLANPRRPVAQWHTLQPEEEVDAALKAPIR---------------------------------------------------------------------------------
28 ------------------------------------------------------------------------------------------------------------------------------------------------------------
30 ------------KLGSNDPIGKTFMGY------GATGVGLRHWSDMLANPRRPVAQWHTLLPEEEVDAALKAKPR---------------------------------------------------------------------------------
31 ------------AVTRNDAIGKIFLGC------DAAGNQLRHWADMLSNPRRPVAQWHSLLSSQQINSSLTLKKKIPLASKLPL------------------------------------------------------------------------
60 ------------LQLRTEPVGKVLLGS------RASGQPLQHWADMLAHARRPIAQWHHLRSPREVDRVLALQPRLPLLRPRS-------------------------------------------------------------------------
76 ------------LPLRTEPVGKVHLGA------RASGQPLQHWADMLAHARRPIAQRHPLRPAREVDRMLALQPRLRLRLPLPHS-----------------------------------------------------------------------
3  ------------KMSKNDFIGEVTLGSKHLNLPQITHACSEQWAEMMTS-RRPVVQWHTLQERMEKEKKKDDD-----------------------------------------------------------------------------------
38 ------------------------------------------------------------------------------------------------------------------------------------------------------------
39 ------------RVGHNEVIGICHVGN------RAPSLGRDHWNEMLTYPRKPIARWHQLVE-------WVGQSTTSGSQGSCNSLRTPPSP----------------------------------------------------------------
40 ------------------------------------------------------------------------------------------------------------------------------------------------------------
61 ------------RVGHNEVIGVCQVGN------EAERLGRDHWSEMLSYPRKPIAHWHSLME-------KR-------------------------------------------------------------------------------------
77 ------------RVGHNEIIGVCQVGN------EAERLGRDHWSEMLSYPRKPIAHWHSLVE-------VSWCPGFLCILAALSGVLEAALPSSNLAQP---------------------------------------------------------
41 ------------RVGHNEVIGVCRAGP------DAEGLGRDHWNEMLAYPRKPITHWHALGE----------------------------------------------------------------------------------------------
42 ------------RVGHNEVIGVCRAGP------DAEGLGRDHWNEMLAYPRKPITHWHALCE-------WPGRASSFESQGSCPSPKPPQTP----------------------------------------------------------------
62 ------------RVGHNEVIGVCRTGL------DAEGLGRDHWNEMLAYHRKPITHWHPLLE-------LPGRATSFDSQGSCSSPRPPSTP----------------------------------------------------------------
78 ------------RVGHNEVIGVCRTGL------DAEGLGRDHWNEMLAYHRKPITHWHPLLE-------LPGRATSFDSQGSCPSPKPPSTP----------------------------------------------------------------
43 ------------LVGHNEIIGVMRVGC------HAEGLGRDHWNEMLAYPRKPIAHWHPLLEPKRSEKEWKARTASFDSQGSCPSPRPPASP----------------------------------------------------------------
44 ------------LVGHNEIIGVCRVGI------HAEGLGRDHWNEMLAYPRKPIAHWHPLVEPKKSEKEWKARTASFDSQGSCPSPRLPSSP----------------------------------------------------------------
45 ------------------------------------------------------------------------------------------------------------------------------------------------------------
58 ------------RVGHNEIIGVCRVGI------NAEGLGRDHWNEMLAYPRKPIAHWHSLVEVKKSFKEWQGRAASFDSESSCPSPKPPPTP----------------------------------------------------------------
74 ------------RVGHNEIIGVCRVGI------TAEGLGRDHWNEMLAYPRKPIAHWHSLVEGNPRL-----------------------------------------------------------------------------------------
55 ------------CIGHNEVIGVCRVGPE-----AADPHGREHWAEMLANPRKPVEHWHQLVEEK------------TLSSFTKGGKGLSEKENSE-------------------------------------------------------------
71 ------------CIGHNEVIGVCRVGPD-----AADPHGREHWAEMLANPRKPVEHWHQLVEVSRGPTPTPDKHPCTLGPFIHATNALHVRESQSQAS----------------------------------------------------------
6  ------------VIGSNEEIGHVIVGGLG----SEH--GQRHWSECVNHPEQPVAMWHKLCPKW--------------------------------------------------------------------------------------------
15 ------------NIGRNELIGRILLAGKN----GSGASETKHWQDMISKPRQTVVQWHRLKPE---------------------------------------------------------------------------------------------
21 ------------TIGRNDTIGKIYLGHKS----AGL--EKQHWKDMLTNARKPSLQWHVLKI----------------------------------------------------------------------------------------------
59 ------------KQPQKKKKKKKSQGDSQ----LSW--GPQGW-ELVALFVLCLSP----------------------------------------------------------------------------------------------------
75 ------------KLSRNDVIGKIYLSWKS----GPG--EVKHWKDMIARPRQPVAQWHQLKA----------------------------------------------------------------------------------------------
2  ------------RIGKDDLLGCCILGK-D----SPTADGKTQWDNCLNAKNKPVGQWHSLLSEVPEAFKNMPKAKK--------------------------------------------------------------------------------
7  ------------RVNRNDVIGRALLNMEDS-----------HVVEVLENPGRQVAQWHHLD-----------------------------------------------------------------------------------------------
9  ------------RVTKNEVIGRLELGGPRSNGS-----ALNHWKEVCNSPRRQIADWHKLRE----------------------------------------------------------------------------------------------
14 ------------RVTKNEVIGRLELGGPNSSST-----ALNHWNEVCNSPRRQIAEWHKLNE----------------------------------------------------------------------------------------------
33 ---------SGNSRCPNTVLGRLVLGM-SATGT-----PGEHWREICEHPRRQIAKWHGLSEE---------------------------------------------------------------------------------------------
56 ------------RGSRNEVIGRLVLGA-TAEGS-----GGGHWKEICDFPRRQIAKWHMLCDG---------------------------------------------------------------------------------------------
72 ------------RGSRNEVIGQLVLGA-AAEGT-----GGEHWKEICDYPRRQIAKWHVLCDG---------------------------------------------------------------------------------------------
34 ------------------------------------------------------------------------------------------------------------------------------------------------------------
35 ------------RTTKNEVVGRLVLGGQSPIPS-----GVTHWREVCDNPRRQIAKWHNLIEY---------------------------------------------------------------------------------------------
36 ------------RTTKNEVLGRLLLGLHSPAPT-----GASHWREVCESPRRQISKWHNLSEF---------------------------------------------------------------------------------------------
64 ------------RTTKNEVVGRLILGAHSVTTS-----GAEHWREVCESPRKPIAKWHSLSEY---------------------------------------------------------------------------------------------
80 ------------RTTKNEVVGRLILGAHSVTAS-----GAEHWREVCESPRKPVAKWHSLSEY---------------------------------------------------------------------------------------------
12 -----------RNMKRNEMVGWFSMGLNSS---GPEEMIHWNEMRESSSRSELITRWHVLVDS---------------------------------------------------------------------------------------------
19 -----------RHMKKNEMVGWFSLGLNSS---GSEEVAHWADVCEMP-KGEMLARWHVLVDS---------------------------------------------------------------------------------------------
23 -----------KTIKKKEMLGWISLGQNSS---SEADEQHWLEMKEA--KGNTVSRWHTLIES---------------------------------------------------------------------------------------------
48 -----------RSMKRKEMVGWVSLGQNSS---GEEERLHWEDMKEG--RGQQVGRWHVLLEA---------------------------------------------------------------------------------------------
49 -----------RNMKRKEMIGWVALGQNSS---GEEELLHWQDMKES--GNQQVCRWHTLLDA---------------------------------------------------------------------------------------------
67 -----------RTMKRKEMIGWVALGQNSS---GEEEQEHWEEMKES--KGQQTCRWHTLLES---------------------------------------------------------------------------------------------
83 -----------RTMKRKEMIGWIALGQNSS---GEEEQDHWEEMKET--KGQQICRWHTLLES---------------------------------------------------------------------------------------------
50 -----------RSMKRKEMIGWISLGLNSS---GEEELTHWTEMKES--KGQQVCRWHSLLES---------------------------------------------------------------------------------------------
52 -----------RSMKRKEMIGWISLGLNSS---GEEELTHWTLMKES--KGQQVCRWHSLLES---------------------------------------------------------------------------------------------
66 -----------RSMKRKEMIGWISLGLNSS---GEEELRHWTAMKES--KGQQVCRWHALLES---------------------------------------------------------------------------------------------
82 -----------RSMKRKEMIGWISLGLNSS---GEEELNHWTEMKES--KGQQVCRWHALLES---------------------------------------------------------------------------------------------
51 ----------RSSMRPRERLGWVSLGLNSS---SEEQQAHWTEMKEA--EGQQVCHWHTLAVT---------------------------------------------------------------------------------------------
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126 describe the non-Syt members of this gene family in
Arabidopsis, Oryza, Caenorhabditis, Drosophila, Homo, Sac-
charomyces and Trypanosoma. The analogous situation is
not found in animals, where the relation between Syts and
other gene families is restricted to C2 domain sequence
similarity. The clustalw cladogram tree of all the
sequences described in this paper is shown in fig. 10.

The advantages of performing an evolutionary analysis of
Syts and attempting to understand their origins and diver-
sity include the possibility of exhaustively defining the
functions of a minimal set in a model organism (eg. Ara-
bidopsis, Ciona). Comparative analysis of subgroups of Syts
from a range of evolutionary lineages helps to define
exactly which sequences are required to maintain function
and which are able to diversify (see [36] for a structural
evolutionary analysis of the C2 domains of Syts). The pat-
terns of alternative splicing displayed by certain groups of
Syts indicate enormous functional diversity that is only
beginning to be understood. It will be fascinating to
discover what it is about certain animal Syts that distin-
guishes them as essential players in neurotransmission.

Methods
RT-PCR and cDNA library screening
RT-PCR from Rattus brain mRNA was carried out with Pfu-
turbo polymerase. A Homo brain cDNA library (Clontech)
was screened with probes for the 6 novel human loci iden-
tified in [13] (accession numbers aj303363-aj303368).
An Arabidopsis whole plant cDNA library (Stratagene) was
screened with probes for the loci identified in [13]. The
probes were produced by PCR from genomic DNA which
was a gift from Ian Furner (Cambridge University depart-
ment of Genetics).

RNase protection analysis
RNase protection analysis (RPA) analysis was carried out
as described [20]. Rattus rattus brain was a gift from
S.Redrobe at Bristol Zoo. Brain mRNA was prepared from
Rattus rattus and from Rattus norvegicus (Sprague-Dawley)
by guanidine isothiocyanate followed by polyA selection
with oligo-dT cellulose. Regions of the 5' untranslated
(5'UTS) portion of sequence accession x52772 (Rattus rat-
tus Syt1) were cloned using RT-PCR with Rattus brain
mRNA. RPA probes were produced using the Maxiscript
kit (Ambion) from pBSIIKS- clones containing insert
sequences aj617620-aj617622.

RNase protection analysis of 5'UTS region of Rattus Syt1Figure 9
RNase protection analysis of 5'UTS region of Rattus 
Syt1 (A) 5'UTS probe aj617620. (B) 5'UTS probe aj617621. 
(C) 5'UTS probe aj617622. Lane 1: Rattus norvegicus brain 
mRNA. Lane 2: Rattus rattus brain mRNA. The uppermost 
bands are full-length products from mRNA transcripts which 
match the input probe across its whole length. Shorter prod-
ucts result from partially matching mRNA transcripts.
Page 12 of 14
(page number not for citation purposes)



BMC Genomics 2004, 5:43 http://www.biomedcentral.com/1471-2164/5/43
Cladogram tree of all sequencesFigure 10
Cladogram tree of all sequences Sequences are identified on the right. Mus and Homo Syts are named and bracketed. Ara-
bidopsis Syts are named following the nomenclature of Fukuda [14]. Yeast tricalbins are named and bracketed.
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