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Supplementary Figure 1. Scquence learning increases response magnitudes, decreases response latencies and modulates
spectral power. (a) Diagram illustrating sequence magnitude quantification. (b) Traces show the average response evoked by the
sequence ABCD on day | (Baseline, gray) and after training (Day 5, blue) in the experimental group from Fig. lc. (c) There is a
significant effect of training (2-way RM ANOVA, P<0.001) and cach sequence element, plotted individually, increases relative to
baseline (P<0.001 for A,B and C, P<0.05 for D). (d) Training also has a significant effect on response latency (defined as the interval
between stimulus onset and maximal negativity, 2-way RM ANOVA, P<0.001) and there is a decrease in response latency for each
element (P<0.001). (e) Plots showing the power spectral density (PSD, estimated using Welch’s method, transparent shading shows
95% confidence intervals around means indicated by solid lines) averaged across all animals in each group from Fig. 1c—d (Exp.
n=6, Ctrl. n=4) during periods of active stimulus viewing (ABCD, DCBA, and ABCD, ) or during inter—stimulus gray screen
periods (Gray). (£) To highlight difference between groups, spectral power is plotted as a percent of the average ABCD power at
cach frequency. In both experimental and scrambled control groups visual stimuli drive higher spectral powers than gray screen at
frequencies up to approximately 100 Hz. In the experimental mice, spectral power is on average higher while viewing ABCD than
DCBA at low frequencies but this relationship reverses in the high gamma range (note, data was recorded with a 60 Hz notch filter).
In control mice the familiar and novel sequence spectrums overlap at both high and low frequencies. In both groups, sequences
presented with familiar timing result in more spectral power than a sequence presented with novel timing. Although precise
interpretation is difficult, these results are broadly consistent with the idea that familiar and novel sequence either elicit or are
modulated by different attentional states.
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Supplementary Figure 2. Sequence recall is evident in multi-unit spiking activity. (a) Each panel shows the multi-unit spike
rasters (top) and peri-stimulus time histogram (PSTH, bottom) recorded on a single wire in a multi-channel bundle implanted in a
single mouse. Responses are evoked by the sequences ABCD (trained, blue) and DCBA (novel, red). Dashed vertical lines indicate
stimulus element onset times. (b) Average PSTH for the 5 channels shown in a. Before averaging, the PSTHs were normalized to
the maxium spike rate evoked by either ABCD or DCBA on a per channel basis. Triangles indicate stimulus element onset times.
(c) Average normalized PSTH from 6 mice (33 total recording channels).
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Supplementary Figure 3. Sequence learning with 200 ms element hold time. (a) To further verify that sequence learning is not
specific to a 150 ms element hold time, a cohort of mice (n=4) was trained with the sequence ABCD using a 200 ms hold time. On
the 5th day, the mice were tested on sequences ABCD and DCBA with the trained time and with ABCD using novel hold times
(150 and 300 ms). (b) The largest response occurs when the trained sequence is presented with the trained timing. (c) There is a
significant effect of sequence (1-way RM ANOVA, P=0.003) and ABCD with the trained timing is significantly larger (P<0.05) than
DCBA or ABCD presented with novel timing;
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Supplementary Figure 4. CPP blocks SRP but not Sequence Learning. (a) Mice used in the CPP experiment (see Fig. 3) were
reassigned after a 3—day washout period into CPP (n=6) and vehicle control (saline, n=9) groups and exposed to the SRP induction
protocol (described previously in detail, see Frenkel et al. 2006). Briefly, on each of four training days the mice were injected with
CPP or saline (seec methods) and exposed to a sinusoidal grating (0.05 cy/deg, 100% contrast) oriented at 6, and phase—reversing at
1 Hz. On the 5th day, mice were shown phase-reversing gratings oriented at the familiar and novel orientations (8, and 8,). (b)
Analysis of phase—reversal locked VEP magnitudes shows a statistically significant interaction between treatment and recording day
(days 1 and 5, P<0.001). Post-hoc analysis reveals a significant difference between CPP and control treatments (P<0.05) and a
significant VEP increase between days 1 and 5 for 6, in the control group (P<0.001), but not in the CPP group. There is also a
significant interaction between treatment and stimulus orientation on day 5 (P<0.001), a significant difference between the CPP and
saline groups (P<0.03), and the response to the familiar orientation 1s significantly larger than to the novel orientation in the control
animals (P<0.001) but not in the CPP animals. These findings are consistent with previous reports that CPP blocks SRP induction
and provide a positive control demonstrating the efficacy of the CPP used in the sequence learning experiment. (¢) Average
voltage traces comparing the trained sequence, ABCD, with a novel sequence, ACBD, and novel timing, ABCD, , on day 5 for the
CPP (n=9) and vehicle control (n=6) groups from Figure 4. (d) There 1s not a significant difference between CPP and control
groups on day 5 (2-way RM ANOVA, P=0.752), and both groups show the effect of sequence training (1-way RM ANOVA,
P<0.05).
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Supplementary Figure 5. Sequence learning requires muscarinic ACh receptors. (a) Mice were trained on the sequence
ABCD 25 minutes after daily injection (i.p.) of either the muscarinic ACh receptor blocker scopolamine (3 mg/kg, n=>5) or vehicle
(NaCl, n=5). On the fifth day (after drug washout) the mice were tested with ABCD, DCBA and ABCD, . (b) Sequence magnitude
quantification shows a significant interaction between treatment and recording day (P<0.001), a significant effect of treatment
(P=0.005). Significant within-treatment post-hoc comparisons are indicated by * (P<0.001). Treatment effects on day 1 are not
significant (P=0.429). (c¢) The effect of treatment and sequence on the 5th day of testing are shown. For quantification and
statistics, see Fig. 3e. (d) To test the acute effects of scopolamine on evoked potententials, after testing on the 5th day the response
to ABCD in mice from the vehicle group (n=4) were recorded immediately before and 25 minutes after scopolamine injection.

Evoked responses matched those seen in d, indicating that muscarinic ACh receptor blockade does not affect previously potentiated
waveform morphology.
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Supplementary Figure 6. Sequence potentiation is prevented by a local blockade of muscarinic ACh receptors in V1. (a)
Schematic illustration of local infusion. (b) I uL of scopolamine (0.6 mg/mL) or vehicle (NaCL) was infused locally in V1 via
bilateral indwelling cannulae prior to sequence exposure on days 1 and 2. No infusions were performed on days 3 through 5, n=7
mice. (c) While sequence responses in the vehicle treated hemispheres potentiated normally, there was no potentiation in the
scopolamine treated hemispheres. (d) After drug washout, responses in the drug treated hemispheres potentiated normally as seen
by comparing the waveforms evoked on days 3 through 5 in the scopolamine treated hemisphere with those recorded in the vehicle
treated hemisphere on days 1 through 3. (e) There is a significant effect of exposure day on response magnitude (2-Way RM
ANOVA, P<0.001) but no significant effect of treatment (P =0.311) or interaction between treatment and recording day (P=0.277)
when comparing the first three days of sequence exposure absent scopolamine in the two hemispheres, demonstrating that scopol-
amine infusion does not damage the cortex. Although V1 is visually response under the acute influence of scopolamine, the day 1
response magnitude of sequence elements B, C, and D is smaller on average than under vehicle in both the systemic and local
infusion experiments. This raises the possibility that potentiation is blocked not by antagonism of the ACh receptors but rather
because there is not enough evoked cortical activity to drive plasticity. Panels (f-g) show day 2 magnitude driven by elements
B-C-D as a function of day 1 magnitude in 12 mice treated with scopolamine (7 local, 5 systemic) and in 35 untreated mice.
Untreated mice with small day 1 response (< 125 uV, n=18) show more potentiation than do the scopolamine treated mice (points
above the dashed unity line indicate potentiation). There is a significant effect of treatment (2-Way RM ANOVA, P<0.001),
interaction between treatment and recording day (P<0.001), and effect of recording day on response magnitude in the untreated
mice (P<0.001). This demonstrates that small responses can drive sequence potentiation and suggests that muscarinic ACh
receptors are necessary for this to occur.
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Supplementary Figure 7. Sequence learning in adult mice. (a) Most experiments were conducted in adolescent mice, with
training commencing around post-natal day 30. To verify that sequence learning occurs in adult mice, a cohort of mice (n=5) were
implanted with recording electrodes on day P50 (binocular V1, layer 4). Training with the sequence ABCD (150 ms hold time)
commenced on P69, well after the developmental critical period. After viewing the trained sequence on experiment day 3, the mice
were also shown the novel sequences DCBA and ABCD, . (b) As in young mice, the average visually evoked response to the
sequence ABCD increased across training days and was larger than the response driven by novel sequences. (c) There is a signifi-
cant effect of training and sequence (one-way RM ANOVA, P<0.001), the response to ABCD on day 3 is significantly larger than
on day 1 (Holm—Sidak post hoc test, P<0.001) and is significantly larger than either DCBA (P=0.002) or ABCD, (P=0.001). All

300
other pairwise post—hoc comparisons are not statistically significant.
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