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An obligatory role for the calcium sensor synaptotagmins in
stimulus-coupled release of neurotransmitter is well established,
but a role for synaptotagmin isoform involvement in asynchro-
nous release remains conjecture. We show, at the zebrafish
neuromuscular synapse, that two separate synaptotagmins un-
derlie these processes. Specifically, knockdown of synaptotagmin
2 (syt2) reduces synchronous release, whereas knockdown of
synaptotagmin 7 (syt7) reduces the asynchronous component of
release. The zebrafish neuromuscular junction is unique in having
a very small quantal content and a high release probability under
conditions of either low-frequency stimulation or high-frequency
augmentation. Through these features, we further determined
that during the height of shared synchronous and asynchronous
transmission these two modes compete for the same release sites.

active zone | exocytosis | synapse | acetylcholine receptor

Ahallmark of synaptic transmission is the synchrony between
the neuronal action potential and the evoked release of

transmitter. However, an asynchronous release mode, first de-
scribed at the nerve muscle junction (1, 2), also participates in
neurotransmission at certain synapses (3–5). Although asyn-
chronous release usually contributes less than 10% of the overall
synaptic charge at low stimulus frequencies, it often plays
a prominent role at higher frequencies (3, 6), prolonging both
inhibitory (7) and excitatory (8, 9) postsynaptic responses
through sustained release. Indeed, inhibitory deep cerebellar
neurons, which are tuned for high-frequency signaling, rely ex-
clusively on asynchronous synaptic transmission at contacts with
inferior olive neurons (10). The mechanisms underlying syn-
chronous and asynchronous release appear to be distinct but
share a requirement for calcium (6, 11). It is generally thought
that local transient calcium signals govern synchronous release,
whereas elevated residual calcium levels associated with high-
frequency stimulation lead to asynchronous release (12, 13).
A vesicular calcium sensor, synaptotagmin, couples synchro-

nous release to presynaptic calcium entry in both mammals (14)
and flies (15, 16). In hippocampus, the responsible isoform is syt1
(14, 17), whereas at neuromuscular synapses (18) and calyx of
Held (11, 19), it is syt2. The mechanisms underlying asynchro-
nous release are not known. Our findings from zebrafish neu-
romuscular junction provide identification of a synaptotagmin
isoform as a signaling component in asynchronous release.

Results
Paired Recordings Reveal a Small Quantal Content with Release
Probability Near “1.” Paired whole-cell recordings between the
caudal primary motor neuron (CaP) and ventral target skeletal
muscle were performed on 72- to 96-h-postfertilization (hpf)
zebrafish as previously described (20). The motor neuron was
current clamped to −80 mV and stepped positive for 2 ms to
elicit an action potential. The fast-type skeletal muscle was
voltage clamped to −50 mV to inactivate sodium channels. The
amplitude for spontaneous unitary events (miniature endplate
currents, mEPCs) was normally distributed with a mean quantal

size of 536 ± 205 pA (n = 9 cells; >100 events per cell). At
a stimulus frequency of 0.2 Hz, the peak amplitudes of successive
evoked endplate currents (EPCs) showed little variability, as
reflected in the small coefficient of variation (0.1 ± 0.02, n= 11).
In 2.1 mM calcium, the EPCs recorded at 0.2 Hz were, on av-
erage, 10-fold larger than the average mEPC. The quantal con-
tent for each recording, estimated by dividing the average EPC
amplitude obtained at 0.2 Hz by the mean mEPC amplitude,
corresponded to 9.6 ± 2.9 (n = 22). Increasing the extracellular
calcium concentration from 2.1 to 10 mM did not alter quantal
content, indicating that the release probability had reached
a maximum at 2.1 mM.
The low variance in EPC amplitude and failure to increase

amplitude with elevated extracellular calcium both pointed to
a release probability near 1 at physiological calcium levels. This
idea was further supported by two quantitative approaches. First,
the variance in EPC amplitudes at 0.2 Hz was used to predict the
variance of mEPCs for each recording, by dividing the EPC vari-
ance by the quantal content. The estimated mEPC standard de-
viation (165 ± 34 pA; n = 11) could be fully accounted for by the
measuredmEPC standard deviation (205± 40 pA; n=9). Second,
a multinomial model of release was used to estimate the release
probability and number of available release sites for each re-
cording from the variability measured for mEPCs and for EPCs
evoked at 0.2 Hz (Materials and Methods and ref. 21). The pre-
dicted release probability ranged from 0.86 to 0.97 (0.91 ± 0.03;
n = 11) and the predicted number of release sites was 10.6 ± 3.4.

Quantifying Synchronous and Asynchronous Release Components. To
initiate synchronous and asynchronous release, 100-Hz stimulus
trains were delivered for 10 s, resulting in near-complete de-
pression of EPCs (Fig. 1A). During the first second of stimula-
tion, the endplate currents were almost entirely phase locked to
the repolarization phase of the presynaptic action potential (Fig.
1A1) after which a transition to mixed synchronous and asyn-
chronous release occurred (Fig. 1A2). Then, the transmission
transitioned into highly non-phase-locked, asynchronous release
(Fig. 1A3). To quantify release, we measured the total charge by
integrating the synaptic current for each 10-ms interval (Fig. 1B
black symbols). As an alternative approach, we also summed
synaptic current amplitudes for each interval (Fig. 1B red sym-
bols). Because the kinetics of the synchronous and asynchronous
events appeared similar, these two methods of quantification
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would be expected to produce the same relationships; this was
indeed the case (Fig. 1B). To further quantify the contributions
by synchronous and asynchronous release during each 10-ms
interstimulus interval, the two components were separated on the
basis of timing with respect to the peak of the presynaptic action
potential. Release was considered synchronous when the peak
synaptic current occurred within a 1.5-ms window that started
0.6ms after thepeakof themotorneuronactionpotential (Fig. 1C).
The initial 0.6-ms period corresponds to the synaptic delay at this
synapse (20).Theadditional 1.5ms represents the time required for
rise and decay of synaptic current. Any synaptic responses that
occurred before or after the 1.5-ms time window were considered
asynchronous. The non-phase-locked, asynchronous, events oc-
curred throughout the 8.5-ms asynchronous period (Fig. 1C).
Consecutive 10-ms intervals were binned into 1-s intervals to chart
the time course for each component (Fig. 1D). These plots con-
sistently showeda trend fromprincipally synchronous toprincipally
asynchronous transmission over the 10-s period of stimulation,with
asynchronous release accounting for 53.7 ± 7.9% (n= 11) of total
release. This is an underestimate, due to the likelihood of asyn-
chronous release occurring during the 1.5-ms window that was
scored as synchronous.
At 100 Hz, the total charge associated with each 10-ms interval

showed an initial depression after the first EPC (Fig. 1B). The
first EPC corresponded to a probability of release near unity and
will be referred to as maximal predicted release (indicated by
a reference line in Fig. 1B). After sustained stimulation for 2 s,
the EPCs exhibited augmentation wherein the total amount of
release during some 10-ms intervals returned near the maximal
predicted level. This would be expected to occur if all of the
release zones were able to reload during 10 ms, a rate that was
independently confirmed by recovery curves performed at dif-

ferent stimulus frequencies. Inspection of those 10-ms intervals,
where the summed integrated release was >80% of maximal
predicted release suggested a reciprocity between asynchronous
and synchronous release (Fig. 2A). The relationship between the
amount of synchronous and asynchronous charge during these
individual 10-ms intervals was well fit by a line with a slope near
−1 (Fig. 2B). For 10 additional recordings, the slopes ranged
from −0.85 to −1.10 with an overall mean value of −0.99 ± 0.08
and were independent of the total amount of releasable trans-
mitter (Fig. 2C). The near-unity slope indicated that the total
release per interval was constant, and equal to the predepression
level, during the time of maximal sharing between synchronous
and asynchronous release. Given that the release probability is
near 1, these data support the idea that the two modes are
competing for the same release machinery.

Role of Synaptotagmin 2 in Synchronous Release. Syt2 was tested
because of its role in synchronous release at mammalian neu-
romuscular junctions (18). Zebrafish syt2 was identified on the
basis of its amino acid identity to rat syt2 protein (72%).
Translation of syt2 mRNA was blocked by injection of an anti-
sense morpholino for the translational start site. An effective
knockdown of syt2 protein was shown by immunohistochemical
labeling with the syt2-specific antibody znp1 (ref 22; n = 15 fish;
Fig. 3C). The reduction in syt2 protein was not associated with
alterations in labeling for the synaptic vesicles and postsynaptic
receptor clusters (Fig. 3C). The syt2 morpholino fish exhibited an
increase of over 20-fold in the frequency of spontaneously oc-
curring mEPCs (Fig. 3D). Increased frequency of spontaneous
currents have also been reported for syt1 and syt2 knockout
animals (15, 18, 23). Recordings from syt2 morpholino fish
revealed a marked reduction in, but not complete elimination of

Fig. 1. Quantification of synchronous and asynchronous components of release. (A) A 10-s recording of EPCs in response to 100 Hz stimulation. Regions are
expanded on a fast time scale along with the motor neuron action potentials corresponding to purely synchronous (A1), to shared synchronous and asyn-
chronous (A2), and to largely asynchronous release (A3). Asterisks indicate synchronous events. (B) Scatterplot of total integrated release (black circles) and
summed amplitudes (red circles) for each 10-ms interval occurring during the first 5 s of a representative paired recording as shown in A. The horizontal line
represents the maximal predicted release corresponding to amplitude of the first EPC of the train, before the onset of depression. (C) A frequency histogram
of time intervals between each asynchronous event and the peak of the action potential during the 3- to 4-s window of the stimulation. The gray bar indicates
the 1.5-ms window used to score events as synchronous. (D) The contributions by synchronous (red circles) and asynchronous (blue triangles) release for each
second interval were obtained by integrating the charge associated with each process during sequential 10-ms intervals shown in B. The total charge con-
tributed by the sum of the two modes is shown by the black squares.
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synchronous release (Fig. 3A). This was best reflected in the
frequent failures observed during the initial second of stimula-
tion (Fig. 3A1). The contribution of the release during the first
second to the total release measured during 10 s stimulation was
significantly less in syt2 morpholino compared with wild-type fish
(5.5 ± 2.8% for syt2 morpholino, 12.0 ± 2.6% for wild-type fish;
Fig. 6C). Because the first second represented a time where re-
lease was almost completely synchronized in wild type (95.4 ±
4.4%, n = 11), this reduction indicated that syt2 morpholino
specifically affected synchronous release. The timed onset for
asynchronous release appeared normal, but the relative contri-
bution was greater than in wild-type fish (compare Figs. 1D and

3B). The overall release was not significantly different for syt2
morpholino and wild-type fish (Fig. 6 A and B). Due to the large
variability in total release between recordings, we measured
the fractional contributions of synchronous and asynchronous
modes. During the overall 10 s of stimulation, the fractional
contribution by synchronous release was significantly reduced
from 46.3 ± 7.9% to 23.0 ± 7.6% (n = 6 fish; Fig. 6D). The
fractional synchronous release during the height of release (the
3- to 4-s window) was not significantly different between syt2
morpholino and wild-type fish (Fig. 6E), likely resulting from
greatly increased levels of asynchronous release at this time
period of the stimulation.

Fig. 2. Synchronous and asynchronous release competes for the same release machinery. (A) Recordings of the action potential and associated postsynaptic
response for sample 10-ms intervals when sharing between synchronous and asynchronous was maximal. The synchronous component scored on the basis of
the 1.5-ms window is indicated for each interval by an asterisk. (B) Intervals with total release corresponding to >80% of the maximal response (shown in Fig.
1B as dashed line) were used to compare the contributions by synchronous and asynchronous release during each 10-ms interval. The open symbols are the
values for each of the numbered individual intervals shown in A and closed symbols represent the values for the intervals not shown in A. The distribution was
best fit by linear regression to a line with a correlation coefficient of 0.81. (C) The slope values for each of 11 cell pairs are plotted against the total charge
associated with each 10-s recording. The dashed line indicates a slope of −1. The average correlation coefficient of the linear fits (as shown in B) of the 11 pairs
was 0.82 ± 0.05.

Fig. 3. Effects of syt2 knockdown on release. (A) The 10-s train of EPCs in response to 100-Hz stimulation for a syt2 morpholino fish. Two regions are ex-
panded on a fast time scale corresponding to times when, in wild-type fish, release is either largely synchronous (A1) or asynchronous (A2). Asterisks indicate
EPCs considered to be synchronous. The increased frequency of synchronous events in A2 is likely due to the heightened probability that an asynchronous
event will fall within the window defined for synchronous detection. (B) Comparison of the contributions of asynchronous (blue triangles) versus synchronous
(red circles) to total release (black squares) over the time course of 10 s of stimulation. (C) SV2 presynaptic label (green) and postsynaptic α-bungarotoxin
(α-btx) label (red) in wild type (Upper Left) and syt2 morpholino (Upper Right) fish. Znp-1 antibody labeled syt2 protein (green) colocalizes with α-btx (red)
label in wild-type fish (Lower Left) but is absent in syt2 morpholino fish (Lower Right). (Scale bar, 10 μm.) (D) Example traces of spontaneous synaptic currents
from wild type (Top) and syt2 morpholino (Bottom) fish. A bar graph of spontaneous event frequency for wild-type fish (392 ± 263; n = 6 recordings), syt2
morpholino fish (18 ± 14; n = 10 recordings), and syt7 morpholino fish (17 ± 21; n = 6 recordings). ***P < 0.001.
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Role of Synaptotagmin 7 in Asynchronous Release. Syt 7 was tested
for involvement in synaptic transmission because it had been
proposed to mediate asynchronous release (24). The zebrafish
syt7 gene was identified by homology search of the zebrafish
genome using mammalian syt7 amino acid sequence. Both hu-
man and rat syt7 genes are composed of 14 coding exons, with
exons 4–8 subject to extensive alternative splicing, thus pro-
ducing a large number of transcripts (25, 26). Our database
search found that sequences highly homologous to 12 out of 14
mammalian exons are present in the zebrafish genome, occupy-
ing a ∼286-kb region on linkage group 7 (Fig. 4A). These include
the N-terminal exons 1–3, C2-domain exons 9–14, and 3 out of 5
alternatively spliced exons (exons 4, 7, and 8). Overall, the
zebrafish syt7 sequence is 70% identical to rat syt7 on the amino
acid level (Fig. 4A), higher than for any other rat synaptotagmin
isoforms and only 31% identical to zebrafish syt2. RT-PCR
analysis on zebrafish larva revealed two syt7 amplicons, which
upon sequencing were determined to represent splice variants.
The major transcript contained exons 4 and 8 of the variable
region in addition to the flanking constant exons (Fig. 4B lane 2).
This splice pattern differs from all previously reported splice
variants of mammalian syt7 genes (25, 26). The minor transcript
contained exon 4, but lacked exon 8.
Several morpholinos were tested to identify candidates for

disrupting syt7 mRNA splicing. RT-PCR analysis revealed one
morpholino with a target sequence located near the 5′ end of
exon 8 that strongly affected the splicing pattern (Fig. 4B). Se-
quence analysis of the RT-PCR products from syt7 morpholino-
injected fish showed an increase in the transcript lacking exon 8,
corresponding to the minor product in wild type, and a marked
reduction of transcripts containing exon 8. Specifically, real-time
RT-PCR experiments with primers designed to amplify exon 8
showed that morpholino-injected fish expressed the major tran-
script at only 8.8 ± 6.6% of the wild-type level (n = 4). To au-
thenticate knockdown of syt7 protein by the morpholino, we
generated a mouse polyclonal antibody. The specificity of the
syt7 antibody was confirmed by in vivo ectopic expression of
a syt7–mCherry fusion protein in skeletal muscle (Fig. S1). Using
syt7 antibody, wild-type fish showed a fluorescent signal that
colocalized with α-bungarotoxin, indicating that syt7 is synapti-
cally located (Fig. 4C). In contrast, syt7 labeling was absent at the
α-bungarotoxin puncta in the morpholino fish (n = 10 fish, Fig.
4C). Syt2 antibody labeling appeared normal in the syt7 mor-
pholino fish (Fig. S2).

Recordings from syt7 morpholino fish revealed a striking spe-
cific reduction in asynchronous release, leaving the synchronous
component intact (Figs. 5A and 6A). This was best reflected in the
3- to 4-s time window wherein asynchronous release contributes
over 70% of release in wild type (compare Figs. 1D and 5B).
During this timewindow, the contributions by synchronous release
were 76.1 ± 12.7% for syt7 morpholino fish versus 27.5 ± 8.5% for
wild type (Fig. 6E). The fractional release during thefirst second of
recording is not significantly different for wild-type and syt7
morpholino fish (Fig. 6C), indicating that asynchronous release is
specifically targeted by themorpholino.During the 10-s period the
release components shifted to principally synchronous release
(Fig. 6D; 71.2 ± 9.3% for 11 syt7 morpholino fish and 46.3 ± 7.9%
for 11wild-typefish). Themagnitude of the individual components
differed for syt2, syt7, and wild-type fish but the mean time re-
quired to achieve peak release was similar between the morpho-
lino fish (Fig. S3). Unlike syt2, syt7 knockdown was not associated
with significant changes in the frequency of spontaneous synaptic
currents compared with wild type (Fig. 3D). In addition, there was
no significant difference in total release between syt7 morpholino
and wild-type fish, further pointing to a competition between the
two modes for release (Fig. 6B).

Discussion
Zebrafish neuromuscular junction provides a unique opportunity
to explore the basis of asynchronous synaptic transmission. First,
the ability to use whole-cell voltage clamp for muscle recordings
enabled full resolution of the unitary quantal events (20). Sec-
ond, the fast decay kinetics and large quantal size facilitated the
separation of individual synaptic events during high-frequency
stimulation. Finally, a low quantal content and near unity
probability of release provided a read out of individual release
sites and their association with each mode of release.
We find that the total amount of available release was statis-

tically indistinguishable for predominantly synchronous or
asynchronous modes of release. This supports the assertion that
they compete for the same populations of vesicles (4, 9, 11, 17)
and argues against different vesicle types with different sensors
(27). The issue as to whether synchronous and asynchronous
modes act through shared or distinct release sites has been dif-
ficult to address, due primarily to the large numbers of release
sites at most synapses studied. We took advantage of the aug-
mentation in release probability that occurs in response to high-
frequency stimulation, a phenomenon observed at a variety of

Fig. 4. Zebrafish syt7 gene and transcripts. (A) The location of exons on the gene (Upper) and transcript (Lower) are shown for zebrafish syt7. Exons are
numbered on the basis of the mammalian gene (25, 26). The relative sizes of individual exons are indicated, along with the percentage identity to rat syt7 on
the amino acid level (color indicators). The domains, predicted on the basis of homology to the mammalian gene are: transmembrane (black), calcium-binding
C2 domains (dark gray), and alternatively spliced (light gray) regions. (B) RT-PCR analysis on wild-type and syt7 morpholino fish. The exon structures of the RT-
PCR products and morpholino position are shown schematically. As a control the α-subunit of muscle acetycholine receptors was amplified from the same
sample. (C) Syt7 antibody label (green) colocalizes with α-btx labeling (red) in wild type (Upper) but is absent at α-btx-labeled sites in syt7 morpholino fish
(Lower). (Scale bar, 10 μm.)
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synapses (28–31). Our findings indicate that at the height of
shared synchronous and asynchronous modalities, the summed
total release during each 10-ms interval corresponded to the
release associated with pure synchronous responses measured at
low frequency stimulation, where the probability of release is
near unity. This maximal level of release was maintained, despite
the relative contributions by synchronous and asynchronous re-
lease during the 10-ms interval. This was reflected in the re-
ciprocal relationships between synchronous and asynchronous
release obtained for all of the recordings. We conclude that the
two modes of release share the same set of release sites at
zebrafish neuromuscular junction.
That a synaptotagmin calcium sensor underlies synchronous

transmitter release is well accepted. At some neuronal synapses it
is mediated by syt1 (14) but at the neuromuscular junction of
mammals (18) and the calyx of Held (11, 19) it is mediated by syt2.
We show that syt2 is also responsible for synchronous trans-
mission at zebrafish neuromuscular junction. The observation
that asynchronous release occurs in response to global elevations
in internal calcium concentration helped fuel the idea that the
asynchronous calcium sensor would have different calcium-
binding features, such as those associated with syt7 (32–35). To
date, the calcium sensor underlying asynchronous transmission
has not been established for any synapses, but syt7 has been shown
to mediate release of dense core vesicles from endocrine tissue

and PC12 secretory cells (25, 32, 36–38). Our findings support the
idea that syt7 is involved in asynchronous release at the zebrafish
neuromuscular junction. In opposition to syt7 serving as the
asynchronous sensor, recordings from cortical neurons derived
from syt7 knockout mice failed to reveal effects on asynchronous
release (39). This raises the possibility that effects of syt7 knock-
down in zebrafish are indirect, perhaps through altered calcium
handling. However, our finding that asynchronous release is signif-
icantly reduced in syt7 knockdown versus syt2 knockdown with no
accompanying change in time course argues against this idea. It
seems more likely that calcium sensors other than syt7 may be in-
volved at different synapses like those between cortical neurons. Re-
cently, synaptotagmin-like doc2b was shown to mediate spontane-
ous transmitter release with no role in either synchronous or asyn-
chronous synaptic transmission (40). Together with our results from
zebrafish neuromuscular junction, the number now stands at three
different calcium-sensing molecules shown to be involved in func-
tional distinctions among spontaneous, synchronous and asynchro-
nous releasemodes. It remains important to determine whether syt7
plays a role at other synapses, particularly where asynchronous re-
lease represents the predominant form of synaptic transmission.

Materials and Methods
Data Analysis and Statistics. Patch clamp recordings from the CaP neuron and
fast skeletal muscle were performed as described previously (20). Synaptic

Fig. 5. Effects of syt7 knockdown on release. (A) A 10-s recording of EPCs in response to 100-Hz stimulation for a syt7 morpholino fish. Two regions are
expanded on a fast time scale corresponding to times where, in wild-type fish, release is either largely synchronous (A1) or asynchronous (A2). (B) Comparison
of the contributions of asynchronous (blue triangles) versus synchronous (red circles) to total release (black squares) over the time course of 10-s stimulation.

Fig. 6. Quantitative overall comparisons of the effects of syt2 and syt7 morpholinos on synchronous and asynchronous release components. (A) Scatterplot
of the charge associated with synchronous (red circles) and asynchronous (blue triangles) for the individual recordings from wild type, syt2 morpholino, and
syt7 morpholino fish. The black lines connect the charges associated with asynchronous and synchronous contributions in each individual recording. (B) The
total release over 10 s for syt2 morpholino (n = 6 cells), syt7 morpholino (n = 11 cells), and wild-type (n = 11 cells) fish were comparable (F = 1.36; P = 0.27).
(C) Comparison of the contribution of summed release during the initial second of stimulation, to the total summed release measured over the entire 10-s
period (F = 9.96; P < 0.0001). For pairwise comparisons, **P < 0.02; ***P < 0.0005. (D) Comparison of the fraction of release that occurred synchronously over
the 10 s of stimulation (F = 66.4; P < 1 × 10−11). (E) Comparison of the fraction of the release that occurred synchronously during the 3- to 4-s window of
stimulation (F = 74.9; P < 5 × 10−11). The values have not been corrected for contamination by asynchronous or spontaneous events. This will overestimate the
contribution by synchronous release, particularly for syt2 knockdown where asynchronous and spontaneous release are elevated. For pairwise comparisons in
D and E, ****P < 1 × 10−10.
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currents were analyzed offline using MiniAnalysis (Synaptosoft), Clampfit
(Molecular Devices), or IGOR Pro (WaveMetrics). The release probability and
number of available release sites were estimated from the amplitude vari-
ability in mEPCs and EPCs evoked at 0.2 Hz. In one model, assuming between
site variability, we assumed multinomial release statistics and uniform re-
lease probability across sites. The number of release sites, for each cell, was
calculated as: N ¼ Q

q−
Q∗CV2

Q
1þCV2

q

, where N = number of release sites; Q = mean EPC

amplitude; q = mean mEPC amplitude; CVQ = coefficient of variation of EPC
amplitude; and CVq = coefficient of variation of mEPC amplitude. The pre-
dicted release probability for each cell was calculated as the quantal content
divided by the predicted number of release sites (21). The second model
consisted of a simple comparison between the mEPC and EPC variance, as-
suming all variability occurs within a site.

Statistical significance was assessed using ANOVA, and group F value and P
value are reported. Pairwise comparisons were made using Tukey’s post hoc
test, and P values are reported. Data were presented as mean ± SD.

RT-PCR Analysis and Morpholino Injection. The zebrafish syt2 and syt7 genes
were identified on the basis of protein sequence similarity to the mammalian
syt2 and syt7 using the NCBI Blast program (www.ncbi.nlm.nih.gov/BLAST).
The GenBank accession number for zebrafish syt2 is XM_683000 and for syt7
is GU591155. Total RNA was isolated from wild-type fish between 72 and 96

hpf. First-strand cDNA synthesis was performed with SuperScript III reverse
transcriptase (Invitrogen). RT-PCR products were either sequenced directly or
cloned into pCR4-TOPO vector (Invitrogen) and sequenced.

Morpholino oligonucleotides were synthesized by Gene Tools. The se-
quence for syt2 morpholino is 5′ AGGTTCCACTTCATGATCTCTGGCT 3′ and for
syt7, is 5′ CGATGGCGAGAGACAAAACCACCAT 3′. A total of 4 ng of syt2
morpholino and 1 ng of syt7 morpholino were injected into wild-type eggs
at the single-cell stage.

Immunohistochemistry. SV2 and znp1 (syt2 specific) antibodies were acquired
from Developmental Studies Hybridoma Bank. A mouse polyclonal antibody
to zebrafish syt7 was generated by immunizing BALB/c female mice four
times with a CMV–synaptotagmin7 plasmid at 2- to 3-wk intervals. The
animals received 200 μg of plasmid in the tibialis anterior muscle in 50 μL of
PBS, followed immediately by square wave electroporation (CUY21 EDIT,
Nepa Gene) (41).
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