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Experimental evolutionary study of limb morphogenesis by a constitutive approach
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Interdigital webbing formation is a representative convergent feature found
in many different species such as bat wings and frogs and waterfowl webbing. In this study, we used
Hm mutant mice with interdigital webbing to elucidate the molecular mechanism of this convergent
trait development. As a result, in the Hm mutation, it was revealed that inter-chromosomal insertion

of an existing enhancer leads to formation of the interdigital webbing by acquisition of novel
expression domain of Shh and consequent suppression of the downstream BMP signaling. However, in
addition to the Hm mutation, overexpression of Fgf8 signaling failed to extend the phalange in mouse
embryos. Thus, it turned out that it is necessary to control these signal molecules appropriately
in order to change the skeletal pattern of the mouse limbs in a bat-like feature.

Hm Shh BMP FGF



al. Dev Cell, 2009 Hm

Shh
Sagai et al. Development, 2005, 2009; Amano et

Shh Hm Shh
Shh Hockman et al .,
PNAS, 2008  Shh
Shh
Shh
Hm
Hm
Hm Shh
Hm
Maurano et al. Science 2012
—EE (5K)
r EBE (1K)
1
Shh Fgf8 EERE
1
1
Hm Hm
Shh Hm Hm

(1) Hm



Hm

Shh
CRISPR/Cas9
&)
Hm Shh
(€)) LacZ
Hm
ChlP-Seq  ATAC-seq Shh
(3)Hm
Hm 12.5 mRNA
Hm
O
Hm Hm
Hm
Hm
Hm
Bmp2
Sears et al., PNAS, 2006
Fgf8 Hockman et al., PNAS, 2008
Fof
Sanz-Ezquerro et al., Curr. Biol. 2003
Bmp2  Fgf8 Hm
Colll Bmp2
Prx Fgf8
Shh
(D Hm
PCR Hm 14 5
Shh 150 kb
Hm Shh
Shh
14
BAC DNA
BAC DNA
Hm ATAC-Seq
Hm
3
CRISPR/Cas9 Hm 5 100 Kb

150 kb



(2)Hm
Hm total RNA
Chrd  Msx2 i
Chrd el Hm
Chrd i : Chrd
K14 e
y/ : Hm BMP
microCT =717
log2 Ratio (Hm/wild type) B I\I/IWSXZ
i Chrd
Shh Chrd
K14
Chrd
Hm
©)
colll Bmp2
Prrx1 Fgf8
Hm
18.5 Bmp2 Fgf8
Bmp2
1 Fgf8
Chrd 2 pPrrx1-Fgfs;
mp. «pColll-Bmp2
Fgr8 .
Bmp2  Fgf8

Mouri K, Sagai T, Maeno A, Amano T, Toyoda A and Shiroishi T. Enhancer adoption caused
by genomic insertion elicits interdigital Shh expression and syndactyly in mouse.
(2018) Proc. Natl. Acad. Sci. U. S. A. 115, 1021-1026. Peer-reviewed.
https://www.pnas.org/content/115/5/1021

0



¢y

@

AVMANO, takanori

MOURI, kousuke



