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S| Methods

Optical Imaging of Retinotopic Maps. Retinotopic maps in VC were
imaged in adult mice using full-screen bar stimulus under urethane
anesthesia as described previously (1). Magnification factor and map
scatter were determined as described previously (1). Response area
was measured by counting the number of pixels exhibiting a re-
sponse magnitude >30% of the maximum. Map position denotes
the distances from the reference point on the map at which the 0°
isoelevation contour crosses the 0° isoazimuth contour to the mid-
line and lambda sutures. In each animal, two pairs of azimuth and
elevation maps were imaged, and the parameters of those maps
were averaged.

Immunofluorescence Microscopy. The following primary antibodies
were used: mouse monoclonal anti-E6AP/Ube3a (clone E6AP-330,
1:1,000; Sigma-Aldrich), rabbit polyclonal anti-E6AP/Ube3a (1:500;
Bethyl), mouse monoclonal anti-CaMKII (clone 6G9, 1:1,000;
Millipore), mouse monoclonal anti-GAD67 (clone 1G10.2, 1:1,000;
Millipore), and mouse monoclonal anti-parvalbumin (clone PARV-
19, 1:2,000; Sigma-Aldrich). The Sigma-Aldrich and Bethyl anti-
bodies against Ube3a gave similar staining. The secondary antibodies
used were Alexa Fluor 488-labeled goat anti-rabbit IgG and Alexa
Fluor 594-labeled goat anti-mouse IgG antibodies (1:500; In-
vitrogen).

Determination of Cell Density and Cortical Thickness. For cell density
analysis, images of DAPI staining were captured with the minimum
aperture size to keep the thickness of optical cross-sections mini-
mal. The number of DAPI-stained nuclei (mainlyneuronal, but also
including those of other cell types) in lower layer 2/3 and layer 5 of
the binocular VC designated by Dil tracks was counted in a 100 x
100-pym field using Image J software (National Institutes of
Health). Cell density was determined at two different ante-
roposterior levels, each of which contained two fields for counting.
Those four values were averaged to obtain the representative
density. Cortical thickness was measured at four different levels in
anterior binocular VC using Leica LAS AF software, and the
values were averaged to represent each animal.

Labeling of Retinogeniculate Axons at dLGN. Mice under isoflurane
anesthesia received intravitreous injections of Alexa Fluor 488-
and Alexa Fluor 594—conjugated cholera toxin B subunits (2.5 pL.
of 2 mg/mL in PBS; Invitrogen) into the left and right eyes, re-
spectively, using a Hamilton syringe with a 33-G needle. The
needle was gently pulled out after being held in place for about 1
min. Mice were perfused at 48 h after injection. Brains were dis-
sected, postfixed, and cut coronally into 100-pm-thick serial sec-
tions with a vibratome. After examination of the whole series,
images of the dLGN at the largest cross-section were captured with

1. Cang J, et al. (2005) Ephrin-As guide the formation of functional maps in the visual
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a Leica confocal microscope. MIPs were obtained from a stack of
~20 images collected at 5 pm for the 10x objective and at 1 pm for
the 40x objective.

Immunoblotting. Protein samples prepared from VC (5 or 10 pg of
protein/lane) were resolved by SDS/PAGE gel (Ready Gel; Bio-
Rad), transferred onto polyvinyidene difluoride membranes
[Immuno-Blot (Bio-Rad) or Immobilon-FL (Millipore)], and
subjected to immunoblot detection as described previously (2).
The following primary antibodies were used: mouse monoclonal
anti-E6AP/Ube3a (clone 13, 1:2,000; BD Transduction), rabbit
polyclonal anti-E6AP/Ube3a (1:3,000; Bethyl), mouse mono-
clonal anti-CaMKII (clone 6G9, 1:1,000-4,000; Millipore), rabbit
polyclonal anti-active CaMKII (phosphorylated CaMKII at
Thr?®, 1:1,000-4,000; Promega), rabbit polyclonal anti-GAD65/
67 (1:2,000; Millipore), rabbit polyclonal anti-NR2A (1:2,000;
Upstate), mouse monoclonal anti-NR2B (clone BWJHL, 1:2,000;
Upstate), mouse monoclonal anti-monoubiquitinated and anti-
polyubiquitinated proteins (clone FK2, 1:20,000; Biomol), rabbit
polyclonal anti-zif268 (otherwise called Egr-1, 1:1,000-2,000;
Santa Cruz Biotechnology), and mouse monoclonal anti—p-tubu-
lin I (clone TuJ1, 1:20,000; Millipore). We confirmed in ex-
periments on m—/p+ mice that the BD Transduction and Bethyl
antibodies both specifically recognize Ube3a protein. Secondary
antibodies used were HRP-conjugated donkey anti-rabbit IgG or
anti-mouse IgG antibodies (1:20,000; Jackson ImmunoResearch
Laboratories) or IRDye 800CW goat anti-rabbit IgG or IRDye
680 goat anti-mouse IgG antibodies (1:20,000; LI-COR). Signals
on the membranes were detected on film with ECL Plus reagents
(GE Healthcare) (experiments shown in Fig. S7) or scanned di-
rectly with the Odyssey Infrared Imaging System (LI-COR) (Figs.
1 and 4 and Fig. S3). The optical density of bands was measured
with Image J or Odyssey 1.2 software (LI-COR).

Behavioral Testing of Visual Acuity Development. Visual acuity of
unrestrained, freely moving mice was quantified with a virtual
optomotor system (OptoMotry; CerebralMechanics) as described
previously (2, 3). To obtain developmental profiles of visual acuity
after eye opening, two littermates of m+/p+ and m—/p+ mice at the
late second postnatal week were checked every day for eye opening,
and the behavioral tests were performed every other day from the
day of eye opening (P15) to the beginning of the CP for monocular
deprivation (P25). All pups in the litters opened their eyes on the
same day regardless of their genotype. During the 12-min session,
the highest spatial frequency that induced discernible tracking be-
havior was measured independently for each eye by changing the
direction of the rotating gratings, and an average of those values for
the two eyes was determined as the representative threshold.

3. Prusky GT, Alam NM, Beekman S, Douglas RM (2004) Rapid quantification of adult and
developing mouse spatial vision using a virtual optomotor system. Invest Ophthalmol
Vis Sci 45:4611-4616.
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Fig. S1. Expression of Ube3a in mouse VC and thalamus at the peak of the CP. (A) High-magnification images of Ube3a immunofluorescence (a, ¢, and e) and
DAPI nuclear staining (b, d, and 1) in VC layer 2/3 cells of m+/p+, m+/p—, and m—/p+ mice at P27-29. (Scale bar: 20 um.) (B) Localization of Ube3a protein in
parvalbumin (PV)-positive interneurons in VC (a-d) and in dLGN (e) in m+/p+ mice at P29. Ube3a immunoreactivity in PV-positive cells (a, arrowheads) was
abolished in those cells incubated without primary antibody against Ube3a (c, arrowheads). [Scale bar: 20 pm (a-d); 100 um (e).]
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Fig. S2. Rapid OD plasticity after brief monocular deprivation during the CP is impaired in m—/p+ mice, but not in m+/p— mice. (A) OD index with or without
4d MD of the contralateral eye in m+/p+, m+/p—, and m—/p+ mice. The OD index of m—/p+ mice after 4d MD was not significantly different from that in those
without MD and was significantly higher than that of m+/p+ or m+/p— mice with MD (n = 4-5; *P < 0.05; ns, not significant). (B) Maximum response magnitude,
expressed as fractional change in light reflectance elicited by stimulation of the contralateral eye (green bars) or ipsilateral eye (orange bars) of m+/p+ and
m+/p— mice (M+/p+) or m—/p+ mice deprived during the CP (n = 4-9; *P < 0.05; ns, not significant). (C) Polar maps showing strength of visual responses (as
brightness) and elevation (as hue) in binocular VC of m+/p+, m+/p—, and m—/p+ mice with or without 4d MD. (Scale bar: 1 mm.) Elevation scale is as in Fig. S5.
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Fig. S3. Normal expression of several representative plasticity-related proteins in VC of m—/p+ mice. (A) Expression levels of the indicated proteins were
compared between VC homogenates prepared from m+/p+ and m—/p+ mice by immunoblot analysis. None showed significant changes between genotypes.
Molecular sizes of marker proteins are indicated on the right. GAD65 and 67, glutamic acid decarboxylase 65 and 67; NR2A and 2B, NMDA-type glutamate
receptors 2A and 2B; CaMKlla, a-calcium/calmodulin—dependent protein kinase II; pCaMKlla, phosphorylated CaMKlla at Thr?8%; HMW-Ub, high molecular
weight ubiquitin-conjugated protein. (B) Quantification of protein levels in m—/p+ mice expressed as a percentage of those in m+/p+ mice (n = 3-6).
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Fig. S4. Normal eye-specific segregation of retinogeniculate axon terminals in dLGN of m—/p+ mice. (A) Alexa Fluor 488- and Alexa Fluor 594-conjugated
cholera toxin B subunits were injected into the left and right eyes, respectively, and eye-specific segregation of retinogeniculate afferents were examined at
P27 in dLGN with confocal microscopy. The area outlined by the black box indicates the field of view for the photographs shown in B-E. (B-E) The contralateral
(contra; green) and the ipsilateral (ipsi; red) projections in m—/p+ dLGN (D and E) are segregated into two separate eye-specific subregions as distinct as those in
m+/p+ mice (B and C). The area outlined by the white dotted line indicates the field of view for the images shown at higher magnification in F-K. The position
of the ipsilateral projection is indicated by asterisks. (Scale bar: 200 um.) (F-K) Higher-magnification images of the border between the two eye-specific
domains demonstrating clear segregation at a finer scale. (Scale bar: 100 pm.)
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Fig. S5. Normal retinotopic maps in VC of m—/p+ mice. (A and B) Functional retinotopic maps in VC of adult m+/p+, m+/p—, and m—/p+ mice were imaged
along elevation (A) and azimuth (B) axes under urethane anesthesia. Maps representing retinotopy and response magnitude are shown. The color in the
retinotopic maps indicates the position of the stimulus evoking a visual response in that part of the cortex. (C-G) Quantitative analysis of the maps reveals that
none of these features differs significantly among genotypes (n = 5 each).
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Fig. S6. Development of visual acuity in m—/p+ mice. (A) Schematic representation of the virtual optokinetic system for mice. A mouse is allowed to move
freely on a stage in the center of a virtual-reality chamber. Rotating vertical sinusoidal gratings, which are extended with mirrors on the floor and ceiling, are
drawn on the screens at various spatial frequencies. Mouse tracking behavior is monitored with a video camera positioned immediately above the stage. (B)
After eye opening, visual acuity of m—/p+ mice increased rapidly to near-adult level by P23-25 (closed circles, 0.331 + 0.037 at P25; n = 5). This developmental
profile was indistinguishable from that of m+/p+ mice (open circles, 0.340 + 0.038 at P25; n = 4).
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Fig. S7. Developmental time course and experience-insensitivity of Ube3a expression in mouse VC. (A) VC homogenates prepared from C57BL/6 mice of the
indicated ages underwent immunoblot analysis with antibodies against Ube3a and zif268. (B) Developmental profile of Ube3a (triangle) and zif268 (circle)
protein levels in mouse VC (n = 3). (C) Immunoblot analysis of Ube3a and zif268 proteins in VC homogenates prepared from C57BL/6 mice with or without 4d
MD during the CP. Protein levels were measured contralateral to the deprived eye. (D) Bar graphs quantifying protein levels of Ube3a and zif268 in mice with
4d MD (black bars) expressed as a percentage of those in mice with no MD (white bars) (n = 6 each; **P < 0.01 vs. zif268 with no MD).
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Fig. S8. Relaxed imprinting of Ube3a expression in early postnatal VC in mice. High-power magnification images of Ube3a immunofluorescence (A and C),
control fluorescence without primary antibody against Ube3a (E), and DAPI nuclear staining (B, D, and F) in VC of m+/p+ mice (A and B) and m—/p+ mice (C-F)
at P6. (Scale bar: 20 pm.)
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