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Figure S1. Progression of the postmitotic multipolar cell phase coordinates with changes in gene 
expression, and the changes in mtROS levels during differentiation were closely correlated with 
differentiation levels. (A) Schematic illustration of the sequential expression of NeuroD1 and Unc5D that 
coincide with early postmitotic differentiation in neocortical development (Inoue et al., 2014; Miyoshi and 
Fishell, 2012). (B) Schematic illustration of the experimental method for Figure 2C and D to isolate cell 
populations with different mtROS levels. (C) Dissociated cells were segregated into three populations 
according to mtROS levels and expression profiling among three sorted populations was performed using 
qPCR analysis. *p < 0.01, **p < 0.001, ***p < 0.0001; independent experiments from different littermates 
(n = 5). (D) Anti-Prdm16 antibody was generated to characterize its expression. 	
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Figure S2. Prdm16 is preferentially expressed in VZ. (A and B) Immunostaining data show that 
Prdm16 was strongly expressed in the VZ of developing neocortex. Scale bar, 100 µm. (C) To recognize 
MAZ just above VZ, IUE of CAG-EGFP was introduced at E14.5 and analyzed 36 h later in accordance 
with a previous study (Tabata et al., 2012). Scale bar, 50 µm. (D) Both overexpression or knockdown 
vector for Prdm16 was transfected into primary culture, and confirmed Prdm16 mRNA levels; ***p < 
0.01; independent experiments (n = 5). 	
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Figure S3. Prdm16 is required for appropriate development of multipolar cells.  
(A) IUE of control and another Prdm16 LOF vector (sh2-Prdm16) was performed at E12.5, and brains 
were then analyzed 72 h after electroporation; Scale bar, 100 µm. (B) High-power images from Figure 
4C; Scale bar, 100 µm. (C) Knockdown cells could not normally migrate or invade into SP, an area 
positive for Fog2, after IUE of the Prdm16 LOF vector at E14.5. Scale bar, 50 µm. (D) Co-IUE of sh-
Prdm16 or CAG-Prdm16 in the presence of NeuroD1p-mCherry plasmids at E13.5 which were analyzed 
36 h later. The cortex was divided into VZ, IZ, and CP, and the number of EGFP-positive NeuroD1-
positive cells was quantified. *p < 0.01, ***p < 0.0001, ND: not detected; (n = 8 slices from eight 
individual brains). 	
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Figure S4. Prdm16 lacking nZF could not rescue migration defects induced by Prdm16 LOF. 
(A and B) Reporter constructs were designed to express firefly luciferase in response to NeuroD1 and 
were transfected into Neuro2a cells in the presence of (A) sh2-Prdm16 or (B) Prdm16 siRNA; ***p < 
0.0001; independent experiments (n = 5). (C) IUE of the control, Prdm16 GOF, or Prdm16 LOF vectors 
was performed at E13.5, and the brains were analyzed 36 h after electroporation. Furthermore, 
immunostaining with GFP and Unc5D was performed (n = 16 slices from eight individual brains). Scale 
bar, 100 µm. (D) qPCR analysis of marker genes in EGFP-sorted primary neural progenitor cultures 
after the co-transfection of CAG-EGFP and Prdm16 overexpression or knockdown vectors. *p < 0.01, 
***p < 0.0001; independent experiments (n = 8). (E) Schematic illustration of a deletion mutant of 
Prdm16 expression vectors that lacks PR or ZF domain. (F) Co-IUE of sh-Prdm16 and CAG-Prdm16 
expression plasmids or mutant plasmids ∆PR, ∆nZF, or ∆cZF at E12.5 which were analyzed 72 h later. 
The cortex was divided into five bins, and the proportion of EGFP-positive cells was quantified. *p < 
0.01, NS: not significant; independent sections (n = 10) from five individual brains. Scale bar, 100 µm. 
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Figure S5. Prdm16 expression is negatively regulated by NeuroD1.  
(A) IUE of control or NeuroD1-knockdown plasmids was performed at E13.5 and was analyzed after 
48 h. Immunostaining with Prdm16 (red) was then performed to compare expression levels of Prdm16 
between control and sh-NeuroD1 transfected cells. Boundaries between the VZ, the MAZ, and the IZ 
were deduced from orientations and densities of nuclei (Kelava 2012, Tabata 2009), and Prdm16 
expression levels at each position were quantified. Cellular fluorescence intensities were analyzed 
using MetaMorph software and black levels were kept constant for each measurement. The pixel 
intensity threshold for red was adjusted so that the tissue background corresponded to level 0. About 
200 randomly-selected GFP+ cells in the VZ, the MAZ, and the IZ were quantified; n = 4 slices from 
four individuals. Scale bar, 10 µm. *p < 0.01, ***p < 0.0001. (B) Schematic illustration of the 
experimental method for Figures 5F and S5B; GFP+ cell populations were isolated according to 
dissociation time points after IUE. Embryonic brains were harvested at 24, 36, and 48 h after the IUE 
of control GFP on E14.5, GFP-positive cells were sorted using FACS, and Hes1 and NeuroD1 mRNA 
levels were determined using qPCR. Sorted GFP+ cells were mainly from the VZ at 24 h after IUE, 
were mainly from the MAZ after 36 h IUE, and were mainly from the IZ after 48 h IUE, as shown 
previously (Tabata, 2009). To test whether NeuroD1 exerts feedback regulation against Prdm16 at 
specific time points (Figure 5F), GFP and sh-NeuroD1 were cotransfected with GFP plasmids on 
E14.5 and GFP-positive cells were sorted using FACS, and Prdm16 mRNA expression was 
determined (Figure 5F) at each time point. *p < 0.01, ***p < 0.0001	

 
 
VZ�

MAZ�

IZ�

 
 
VZ�

MAZ�

IZ�

0 

20 

40 

60 

80 

100 

120 

VZ MAZ lower-IZ 

%
 R

el
at

iv
e 

P
rd

m
16

 e
xp

re
ss

io
n 

le
ve

ls
  

系列1 系列2 Control	 sh-NeuroD1	

*	

***	
E

13
.5

 W
T 

IU
E

 - 
48

 h
	

sh-NeuroD1	

GFP  Prdm16	 A	

B	

0 

20 

40 

60 

80 

100 

120 

140 

160 

24 36 48 

%
 R

el
at

iv
e 

ex
pr

es
si

on
 le

ve
ls
	

Hes1 NeuroD1 

***	
***	

*	

CAG-EGFP�

EGFP+ cells�

sort�

Real-time PCR�

VZ 

IZ 

0h� 48h� 36h� 24h�

sort� sort�

IUE�

MAZ�

SP�

CP�

Development 144: doi:10.1242/dev.136382: Supplementary information



D
ev

el
o

pm
en

t •
 S

up
pl

em
en

ta
ry

 in
fo

rm
at

io
n

Figure S6. Co-transfection of sh-NeuroD1 with Prdm16 GOF vectors increased mtDNA contents . 
(A) A schematic illustration summarizes the role of Prdm16 in the control of temporal NeuroD1 expression, 
correlated with appropriate layer formation in the neocortex. (B) qPCR analysis of EGFP-sorted primary 
neural progenitor cultures after the co-transfection of CAG-EGFP and Prdm16 overexpression vectors. *p 
< 0.01, **p < 0.001, ***p < 0.0001; independent experiments (n = 5). (C and D) Relative mtDNA contents 
were determined in neocortical primary cultures transfected with (C) sh-Prdm16 or (D) sh2-Prdm16, CAG-
Prdm16 in the presence or absence of (C) sh-NeuroD1 or (D) sh2-NeuroD1 ; *p < 0.01, ***p < 0.0001; 
independent experiments (n = 3).  
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� �=� 0338C8>=�� to test whether NeuroD1 exerts feedback regulation against Prdm16 at 

specific time points, GFP�?>B8C8E4 cell populations were isolated according to dissociation 

time points after IUE. Schematic illustration of the experimental method was shown in 

Figures 5F. Embryonic brains were harvested at 24, 36, and 48 h after the IUE of control 

GFP on E14.5, GFP-positive cells were sorted using FACS, and Prdm16 mRNA 

expression was determined (Figure 5F) at each time point�� =� �� �� 4G?4A8<4=CB� 1A08=B�
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Antibody Supplier Cat No. Dilution

Goat anti-Brn2 Santa Cruz sc-6029 1:100

Goat anti-NeuroD1 Santa Cruz sc-1084 1:100

Goat anti-Unc5D R&D systems AF1429 1:100

Rabbit anti-DsRed TaKaRa 632496 1:500

Rabbit anti-Fog2 Santa Cruz sc-10755 1:50

Rabbit anti-GFP Torrey Pines Biolabs TP401 1:200

Rabbit anti-Sox5 GenWay 18-003-42358 1:200

Rabbit anti-Tbr2 abcam ab23345 1:300

Rat anti-GFP nacalai tesque 04404-26 1:500

PE mouse anti-CD133 eBioscience 12-1331-82 1:1000

Donkey secondary antibodies
conjugated to Alexa
fluorophores A488, A594, A647

Invitrogen 1:500
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Gene Species Forward Primer Reverse Primer

Atp13a3 mouse GAATGGGGGAGGAGCAGT ATCCAATTCCAGCCACCA
GAPDH mouse AGCTTGTCATCAACGGGAAG TTTGATGTTAGTGGGGTCTCG
Hes1 mouse AAAGCCTATCATGGAGAAGAGGCG GGAATGCCGGGAGCTATCTTTCTT
Igf2 mouse AAAGCCATCTCCCCGTTC ACTGGGATCCCCATTGGT
Mgst1 mouse ACCTCAGGCAGCTCATGG TGGCATTCTCTCCCTTGC
mtDNA mouse CCCATTCCACTTCTGATTACC ATGATAGTAGAGTTGAGTAGCG
NeuroD1 mouse CTCAGCATCAATGGCAACTTCTC GACTCGCTCATGATGCGAATGCC
Ngn2 mouse TAGGATGTTCGTCAAATCTGAGAC CGCGCTGGAGGACATC
nucDNA mouse GTACCCACCTGTCGTCC GTCCACGAGACCAATGACTG
Pax6 mouse CCAGCATGCAGAACAGTCAC CATCTGCATGGGTCTGCAG
Pdk2 mouse AAAGACCCCGAGGACCAC TGGTGCTGCCATCAAAGA
PGC1a mouse GAAAGGGCCAAACAGAGAGA GTAAATCACACGGCGCTCTT
Prdm16 mouse AGGGCAAGAACCATTACACG AGAGGTGGTCGTGGGTACAG
Prmt8 mouse TGCCAGGGACAAGTGGTT TTGCTTTGGGTCCACGAT
Unc5D mouse CACCAGGGCTGACCATAAC TCCATTCACGTAGACCACC

)01;4�(���%A 8<4A�(4@D4=24B�DB43� 8=�A40;�C 8<4�%�'�
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