
Supplemental Legends 

 

Supplemental Figure 1 

Schematic showing the method to quantify the migratory behavior. 

Positions of a migrating cell at each time point were plotted.  Translocation 

from one point to the next at a rate faster than 5 µm/hour was termed as 

“significant movement” (A, pink lines) and subjected to analysis.  Preferred 

direction of a migrating neuron (B, blue arrow) was then determined as the 

direction that connects the initial and the last points of the trajectory.  We then 

measured the angle of each step relative to the preferred direction (C, theta).  

The “deflection angle” for each step was then calculated as the product of theta 

and the rate of migration of the corresponding step divided by the average rate.  

Finally, the deflection angle for the entire trajectory was the average of all 

individual deflection angles.  In our deflection angle formula, deflection angles 

associated with relatively higher rate steps were rewarded while those of lower 

rate steps were penalized.  This is because relatively higher rate steps make a 

larger contribution to the migration toward the preferred direction (B). 

 

Supplemental Figure 2 

MZ interneurons express CXCR4, while meninges express its ligand CXCL12. 

(A-C) E17.5 coronal CXCL12-GFP section stained with laminin (magenta) 

showed strong expression of CXCL12-GFP in the meninges (arrowheads and 



inset).  Inset shows a higher magnification of the area indicated by the arrows. 

(D-F) E17.5 coronal GAD67-GFP section stained with laminin (light blue) and 

CXCR4 (white in E; magenta in F).  CXCR4 was expressed in most 

GAD67-GFP cells in the MZ (arrowheads) just under the meninges (light blue).  

Arrows indicate GFP-negative but CXCR4-positive cells, presumably 

Cajal-Retzius cells. 

Scale bars: 300 µm in A-C; 10 µm in insets in A-C; 20 µm in D-F. 

 

Supplemental Figure 3 

CXCL12 attracts MZ interneurons in vivo. 

Cxcl12 plasmids were co-electroporated with DsRed into the cortical epithelium 

of E14.0 GAD67-GFP embryos (A).  We found that almost all 

DsRed-expressing cells had already reached the CP by E19.5 (B).  At this stage, 

a far greater number of GAD67-GFP cells accumulated around the 

DsRed-expressing cells (B’’) compared to those in the contralateral hemisphere 

(B’).  Detailed analysis revealed that the density of GAD67-GFP cells in the 

MZ was reduced in Cxcl12-transfected hemispheres (n = 9 brains; P = 0.0003) 

(C,C’,D,D’,G), while that in the upper CP, the region between the MZ and 

DsRed-expressing cells, increased (P = 0.003) (C,C’,D,D’,G).  These 

GAD67-GFP cells are likely to have approached the region of 

DsRed-expressing cells between E17.5 and E19.5 since such a decrease in 

MZ-cell density was not observed at E17.5 when some DsRed-expressing cells 



had just reached the top of the CP (n = 6 or 7 brains for mock or Cxcl12, 

respectively; P = 0.568) (E,E’,F,F’,G).          

(A) Experimental paradigm used to test the attractant effect of CXCL12 for MZ 

interneurons in vivo.  Mock or Cxcl12 were transfected with DsRed into the 

cortical epithelium of E14.0 GAD67-GFP embryos using in utero 

electroporation.  By E17.5-19.5, CXCL12-expressing projection neurons were 

expected to reach and accumulate in the CP via radial migration.  If MZ 

interneurons were attracted to CXCL12, they would be pulled down toward the 

DsRed-expressing cells. 

(B) Five and half days (E19.5) after Cxcl12 and DsRed electroporation at E14.0.  

Numerous GAD67-GFP cells accumulated around the DsRed-expressing cells 

not only in the lateral neocortex (filled arrowheads) but also in the cingulate 

cortex in the contralateral hemisphere (open arrowheads). 

(B’, B’’) Higher magnification of the boxed areas in B.  Numerous 

GAD67-GFP cells accumulated around and under the DsRed-expressing cells 

(B’’) compared to that in the contralateral hemisphere (B’). 

(C-F) Five and half days (E19.5) (C,D) or three and half days (E17.5) (E,F) 

after mock (C,E) or Cxcl12 (D,F) was electroporated with DsRed at E14.0.  

The upper CP was defined as the region between the MZ and the area where 

many DsRed-expressing cells accumulated.  Transfected CP was defined as the 

lower part of the area where many DsRed-expressing cells accumulated. 

(C’-F’) GAD67-GFP expression in the same regions shown in C-F, respectively.  



(G) Quantification of the density of GAD67-GFP cells.  Average density of 

GAD67-GFP cells in each zone in mock-transfected controls was defined as 1.  

At E17.5, the density of GAD67-GFP cells in the MZ did not change (n = 385 

cells, 6 brains for mock; n = 581 cells, 7 brains for Cxcl12; P = 0.568).  At 

E19.5, however, the density in the MZ dramatically decreased (n = 1326 cells, 9 

brains for mock-transfected controls; n = 736 cells, 9 brains for Cxcl12; P = 

0.0003), while that in the upper or transfected CP increased (n = 491 cells, 9 

brains for mock; n = 682 cells, 9 brains for Cxcl12; P = 0.003). 

u-CP, upper CP; t-CP, transfected CP. 

** P = 0.0003, * P = 0.003; Mann-Whitney U-test. 

Scale bars: 500 µm for B; 100 µm for B’,B’’; 40 µm for C,C’,D,D’ and 

E,E’,F,F’. 

 

Supplemental Figure 4 

Interneurons were specifically labeled and recombined with GE-directed 

electroporation. 

We confirmed that GE-directed electroporation specifically labeled some 

cortical interneurons.  Six days after co-electroporation of mCherry and Cre 

plasmids into the GE of GAD67-GFP embryos (A), GFP was expressed in 

almost all cortical mCherry+ cells (~98% of mCherry+ cells have GFP, n = 

116/118 cells, 3 brains) (B,C), indicating successful transfection of mCherry 

into cortical interneurons.  Cre-mediated recombination in labeled cells was 



first tested by co-transfection of mCherry and Cre into the CAG-CAT-EGFP 

reporter embryos (A). GFP was expressed in almost all cortical mCherry+ cells 

(n = 56/58 cells, 2 brains at E15.0; n = 93/95 cells, 5 brains at E16.5) (D), 

suggesting successful recombination. 

(A) Experimental paradigm used to confirm whether GE-directed 

electroporation at E12.5 can label some cortical interneurons specifically in 

GAD67-GFP embryos (B,C) and confirm the occurrence of Cre-mediated 

recombination in labeled cells in CAG-CAT-EGFP embryos (D). 

(B) Distribution of mCherry+ cells in coronal section from GAD67-GFP 

telencephalon six days after electroporation (E18.5).  Medial is toward the right. 

(C) Higher magnification of a cell indicated by the arrowhead in B.  This 

mCherry+ cell was also positive for both Cre and GAD67-GFP. 

(D) GFP expression in a mCherry+ cell in a coronal section from the 

CAG-CAT-EGFP cortex two and half days after electroporation (E15.0).  This 

mCherry+ cell was also positive for both Cre and CAG-CAT-EGFP. 

Scale bars: 300 µm in B; 10 µm in C,D. 

 

Supplemental Figure 5 

Changes in the mode of interneuron migration during long-term imaging. 

(A) Time-lapse sequence of a GFP cell in the MZ.  While the GFP cell (arrow) 

frequently changed their direction of migration (double circles) in early stages of 

imaging (frame 0:00-32:00), the cell tended to migrate toward specific direction 



in late stages (frame 32:00-49:00).  Arrowheads indicate the leading process of 

the cell.  The numbers in the lower right corners indicate time. 

(A’) Track of the cell indicated by the arrows in A.  Each black dot illustrates 

the cell position plotted at 30-min intervals.  Circle or square illustrates the 

initial or final position, respectively.  Arrows indicate the direction of 

migration. 

R, rostral; L, lateral.  Scale bar: 50 µm. 

 

Supplemental Movie 1 

Multimodal behaviors of GFP cells in the MZ in a flat-mounted E12Ge:E15.5 

cortex. 

Red, light blue and green arrowheads indicate wandering, stationary and 

directed behavior, respectively.  A cell indicated by red arrowhead corresponds 

to a cell in Supplemental Fig. 5.  We sometimes observed that wandering cells 

disappeared from the imaging field, possibly diving into the CP (magenta), 

while initially stationary cells suddenly migrated in a horseshoe shape (orange), 

raising the possibility that some interneurons dramatically changed their 

behavioral mode in the MZ.  The movie was taken at 30-minute intervals for 

49 hours.  Lateral is downward and rostral is toward the left. 

 


