
Figure S1.  Neuronal identity of Electroporated Cells 
E13.5 embryos were electroporated with Δ90β-catenin-GFP (N=3), DNTCF-GFP (N=3) 
or GFP control (N=3) plasmid and sacrificed at E19.5.  Coronal sections of all three 
groups were immunolabeled for the neuronal marker TUJ1.  For all 3 plasmids (Δ90β-
catenin-GFP (n=191 cells), DNTCF-GFP (n=323 cells) or GFP control (n=320 cells) 
every electroporated cell in the cortical plate expressed TUJ1. 
 
Figure S2.  Electroporation with Δ90β-catenin does not significantly alter apoptosis 
in progenitor cells. 
To ensure that our findings were not the result of altered apoptosis following 
electroporation, we quantified the proportion of electroporated cells positive for cleaved 
caspase 3 (CC3), a marker for apoptotic cells.  E13.5 embryos were electroporated with 
Δ90β-Catenin-GFP (N=3) or GFP control (N=3) plasmids and then sacrificed 24 hours 
later.  Embryonic cortices were harvested then sectioned.   A very small minority of both 
GFP (0.73%, n=583 cells) and Δ90β-catenin-GFP (1.2%, n=448 cells) were CC3 
positive.  The two groups were not significantly different (P=0.52, unpaired t test). 
 
Figure S3.  Laminar positioning changes caused by altering β-catenin are 
maintained through postnatal stages of development. 
E13.5 timed pregnant embryos were electroporated with Δ90β-catenin-GFP (N=4) (A), 
DNTCF4-GFP (N=3) (B) or GFP control (N=4) (C), along with pCAG-mCherry and 
sacrificed at postnatal day (P)7. Electroporated cells were identified using antibody 
staining against GFP and sections counterstained with the DNA dye DAPI (A-C). To 
quantify changes in cortical positioning of electroporated cells, ten equal sized been bins 
were drawn over each image covering the complete cortical plate. Each dot corresponds 
with the soma of an electroporated cell (A’’-C’’). The fraction of the total GFP+ cells in 
each of the ten bins was then graphed (D-F) for the three experimental conditions. Bin 1 
corresponds to the section of the cortical plate closest to the pial surface, while Bin 10 is 
adjacent to the white matter tracts. Data from D,E,F in a cumulative view (G). X-axis 
denotes the fraction of the total area of cortical plate (measured from the pia) included for 
a given data point. For example, data points at 0.4 on the X-axis refer to the fraction of all 
electroporated cells that reside in the top 40% of the cortical plate. Scale bars are 125 
μm. Brackets indicate s.e.m. 
 
Figure S4.  E19.5 cortical distribution of neural precursor cells with β-catenin alleles 
conditionally deleted at E13.5.   
E13.5 timed pregnant catnbflox/flox embryos were electroporated with Cre-IRES2-EGFP 
(N=2) (A) along with pCAG-mCherry and sacrificed at E19.5.  Electroporated cells were 
identified using antibody staining against GFP and sections counterstained with the DNA 
dye DAPI.  To quantify the cortical positioning of electroporated cells, ten equal sized 
been bins were drawn over each image covering the complete cortical plate.  Each dot 
corresponds with the soma of an electroporated cell (B).  The fraction of the total GFP+ 
cells in each of the ten bins from all experiments was then graphed (C).  Bin 1 
corresponds to the section of the cortical plate closest to the pial surface, while Bin 10 is 
adjacent to the white matter tracts. Scale bars are 100 μm.  Although the distribution of 
cells following DNTCF4 and conditional deletion of β-catenin is similar, it remains a 
distinct possibility that β-catenin-mediated cell adhesion may also contribute to 
lamination, in addition to the signaling function. Unfortunately, we are unable with 
current approaches to address the adhesive contribution of β-catenin without altering its 
signaling activity, as there is considerable evidence that cadherin-based adhesion plays 
important roles in regulation of β-catenin signaling.   
 
Figure S5.  Cell position for Δ90βCatenin-GFP electroporations. 



Because cells expressing Δ90βCatenin-GFP are sometimes difficult to identify due the 
mostly junctional localization of the fusion protein, we have included this figure to better 
demonstrate the cell soma position of electroporated cells.  Each Δ90βCatenin-GFP panel 
from Figures 4 and 5 is shown.  To the right of the figure is an image showing only the 
GFP channel and to the right of that is a dot plot that shows the position of each cell 
soma.  Cells expressing only Δ90βCatenin-GFP are denoted by green triangles; double 
positive cells are denoted by red squares.  Scale bars are 100 um. 
 
Figure S6.  Blocking β-Catenin signaling accelerates cell cycle exit 
E13.5 embryos were electroporated with pCAG-DNTCF4-GFP (N=3) (A,B) or control 
pCAG-GFP (N=3) (C,D).  At E15.5, we administered a pulse of BrdU and at E19.5 we 
sacrificed the embryos.  Cortical sections were stained for GFP and BrdU and 
colocalizaion was quantified (E).  Neurons expressing DNTCF4-GFP (0.01613 ± 
0.003325 ± s.e.m., n=207) were far less likely than GFP control (0.1121 ± 0.009492 ± 
s.e.m., n=495) to be BrdU+ (p= 0.0007, t test, 2-tailed), suggesting that the majority of 
them had terminally differentiated prior to E15.5.  Insets show the designated area in 
greater detail.  The top panel for each inset (B’,D’) shows BrdU immunofluorescence, 
while the bottom panels (B,D) show merged images.  Arrowheads denote GFP+ cells that 
are BrdU+; arrows denote GFP+ cells that have not incorporated BrdU.  Scale bars are 50 
μm in A,C and 25 μm in B,D. 
 
Figure S7.  Manipulation of β-catenin signaling alters the axonal projection patterns 
of electroporated cortical neurons. 
 
To determine if β-catenin signaling could alter the projection patterns of cortical neurons, 
we co-electroporated E13.5 embryos with pCAG-mCherry and either pCAG-GFP, 
pCAG-Δ90β-cateninGFP, or pCAG-dnTCFGFP, and sacrificed the embryos at E19.5.  
Coronal sections through the level of the anterior commissure were produced for all three 
groups.  At this section level, both corticocortial projection pathways (through the corpus 
callosum (cc) and the anterior commissure (ac)) and subcortical projection pathways 
(through the internal capsule (ic) whose fibers are perpendicular to the plain of the 
section) are visible.  Cells co-electroporated with GFP control plasmid and mCherry 
projected many mCherry-positive processes through both subcortical (internal capsule) 
and corticocortical (anterior commissure and corpus callosum) projection pathways.   
Cells electroporated with Δ90β-cateninGFP exhibit many mCherry-positive processes 
through the internal capsule, but few through the corpus callosum or the anterior 
commissure.  Meanwhile, cortical cells electroporated with dnTCF4GFP have very few 
mCherry-positive processes in the internal capsule, but numerous mCherry-positive 
processes through the anterior commissure and corpus callosum.  Low power images 
show cortical hemispheres through the level of the anterior commissure.  High power 
images to the right show axonal pathways in greater detail.   Scale bars are 500 μm in low 
power images and 125 μm in high power images. 
 
Figure S8.  Enhanced β-catenin signaling in late progenitors increases the 
proportion of CTIP2-positive neurons produced. 
 
E15.5 embryos were electroporated with GFP (A, N=4) or Δ90β-cateninGFP (B, N=4) 
constructs.  Embryos were sacrificed at E19.5 and sections were stained for GFP and 
CTIP2, a marker for cortical layers 5 and 6.  The fractions of GFP+ cells that co-
expressed CTIP2 (C) in the experimental groups were significantly different (p<0.05 , t-
test, 2-tailed).  Increasing β-catenin signaling by Δ90β-catenin-GFP increased the 
fraction of CTIP2+ cells (0.0949 ± 0.0198 ± s.e.m., n=228) when compared to control 
(0.0352 ± 0.0137 ± s.e.m., n=127). “*” represents p<0.05.  Arrows highlight examples of 
CTIP2/GFP double positive cells.  Scale bars are 100 μm. Brackets indicate s.e.m. 
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