
the Reln1/2; Efnb32/2 compoundmice and suggest that these lamina-
tion defects are in fact a result of an impaired neuronal migration.
Hippocampal laminated structures were also found to be abnormal

inReln1/2;Efnb32/2 compoundmice. In thesemice, theCA1 regionof
the hippocampus showed significant increase in thickness and invasion
of pyramidal cells into the stratum oriens (Supplementary Fig. 7a, b).
Moreover, the abnormalities observed in Reln1/2; Efnb32/2 com-
pound mice in the dendritic branching of pyramidal neurons of the
CA1 region strikingly resembled theones observed in the reelermutants
(Fig. 1d, e and Supplementary Fig. 8). Reelin also controls differenti-
ation and position of GFAP1 radial glial cells for the proper migration
of newly generated granule cells22. In Reln1/2; Efnb32/2 compound
mice this radial glial scaffold network was severely affected (Sup-
plementary Fig. 9) and this also resulted in a loose organization of
the granule cell layers in the dentate gyrus (Supplementary Fig. 10).
We have also observed defects in the cortex and hippocampus of

compound Reln1/2; Efnb22/2 mice (data not shown) indicating that
both ephrin B2 and ephrin B3 might be involved and be redundant in
their function to control Reelin signalling during neuronalmigration in
both brain structures.
Ataxia in reeler mice results from a severe disorganization of the

cerebella in those mutants7. Interestingly, in Reln1/2; Efnb32/2 com-
pound mice we found only mild defects in the cerebellar structures
(Supplementary Fig. 11a–d, g). Instead, ephrin B2 is highly expressed
in the Purkinje cells in the cerebellum23 and although nomajor defects
on themigration of these cellswere observed (Supplementary Fig. 11h),
Efnb22/2mice showed striking defects in the arborization of Purkinje
cells analysed by electroporation of GFP in acute cerebellar slices
(Fig. 1f, g) as well as by using calbindin staining (Supplementary Fig.
11e, f). Importantly, arborization defects thatwere already visible in the
single ephrin B2 mutants (Efnb22/2) were significantly increased in
the Reln1/2; Efnb22/2 compound mice (Supplementary Fig. 11e, f),

c

MZ

II

V

SP

IZ

Reln+/– ; 
Efnb3–/–WT Reln+/–

Reln+/+ ; 
Efnb3–/– Reln–/– 

Brn1

a

La
ye

r V
I

V

III

IV

II

Reln+/– ;  
Efnb3–/–WT

MZ

Tbr1

Reln+/–
Reln+/+ ;
Efnb3–/–

WT Reln+/– ; Efnb3–/–

b

P
er

ce
nt

ag
e 

of
 c

el
ls

Bins

0
5

10
15
20
25
30
35

1 2 3 4 5 6 7 8 9 10

Reln+/+ ; Efnb3–/–

Reln+/– ; Efnb3–/–

WT
Reln+/–

***

***
***

d

Reln+/– ; Efnb3–/– 

Reln+/+ ; 
Efnb3–/–

Reln+/+ ;
Efnb3–/–

SR

SLM

SPy

WT

0
1
2
3
4
5
6
7
8
9

10 20 30 40 50 60 70 80 90

Reln+/+ ; Efnb3–/–

Reln+/– ; Efnb3–/–

N
o.

 o
f b

ra
nc

he
s

Distance from cell body (μm)

**
WT
Reln+/–

e

20 40 60 80

Distance from cell body (μm)

N
o.

  o
f b

ra
nc

he
s

0

2

4

6

8

10

12

100120 140

Efnb2–/–

WT

**g

f

Efnb2–/–

WT

PCL

PCL

ML

ML

Figure 1 | Ephrin B3 and ephrin B2 deficiency differentially phenocopy
reeler-like defects. a, Tbr1 staining of cerebral cortex of adultmice. Tbr11 cells
accumulated in the upper cortical layers (II–III, dashed lines) of the compound
mice (Reln1/2; Efnb32/2) compared to wild-type (WT), heterozygous reeler
(Reln1/2) and ephrin B3 knockout (Efnb32/2) mice. Magnification pictures
show accumulation of cells in layer II–III of Reln1/2; Efnb32/2 compound
mice compared to control littermates (WT). b, Quantification based on the
distribution of the Tbr11 cells in the cerebral cortex (s.e.m., n5 10–30).
c, Immunostaining for Brn1 of E17.5 mice cortex showed late born neurons
accumulated in lower layers in ephrin B3 compound mice similar to reeler
cortex. d, Pyramidal neurons projecting towards the stratum locunosum

moleculare (SLM) showmisorientation and branching defects in the ephrin B3
compound mice (Reln1/2; Efnb32/2, Thy1–GFP1). e, Sholl analysis showed
increased branching close to the cell body (s.e.m., n5 90–120). f, g, Dendrite
structure of Purkinje cells in the Purkinje cell layer was visualized by GFP
electroporation of P6 organotypic cerebellar cultures and analysed by Sholl
analysis. Increased arborization was observed in the single ephrin B2 knockout
mice (Efnb22/2) (s.e.m., n5 30–40). Scale bars, 100mm(f); 75mm (a, c); 50mm
(higher magnifications in f), 25mm (d, higher magnifications of a). IZ,
intermediate zone;ML, molecular layer;MZ,marginal zone; PCL, Purkinje cell
layer; SLM, stratum lacunosum moleculare; SP, sub-plate, SPy, stratum
pyramidale; SR, stratum radiatum. **P, 0.01; ***P, 0.001.
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