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Altered lefty-2 Expression in kif3B-/- Embryos

S. Nonaka, Y. Tanaka, Y. Okada, S. Takeda, A. Harada, Y. Kanai, M. Kido, and N. Hirokawa.

Randomization of left-right asymmetry due to loss of nodal cilia generating leftward flow 

of extraembryonic fluid in mice lacking KIF3B motor protein. Cell 95(6): 829-37. 1998.

A wild-type embryo at 8.0 dpc 

expressing lefty-2 only in the left 

lateral plate mesoderm

A littermate null mutant embryo with 

bilateral expression. Some kif3B-/-

embryos gave no detectable signals
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Morphological Abnormalities in kif3B-/- Embryos



Nodal Flow Models for L-R Asymmetry Specification 

http://www.cell.com/content/vol95/issue6/images/large/CELL.95_6_829.8090.f7.jpeg
http://www.cell.com/content/vol95/issue6/images/large/CELL.95_6_829.8090.f7.jpeg
http://www.cell.com/content/vol95/issue6/images/large/CELL.95_6_829.8090.f3.jpeg
http://www.cell.com/content/vol95/issue6/images/large/CELL.95_6_829.8090.f3.jpeg


Shh: Sonic Hedgehog

Ihh: Indian Hedgehog 

Ptc: Patched (receptor for Sonic Hedgehog)

Smo: Smoothened (receptor for Sonic Hedgehog)



Pathways determining left-right asymmetry in the chick embryo



Molecules that control patterning 

in a vertebrate limb bud

Sonic hedgehog



Sonic Hedgehog as a morphogen in chick limb development



The Hedgehog–Patched Signaling Pathway
Neuron, Vol. 21, 1243–1257, 1998 Hedgehog and Patched in Neural Development and Disease
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Smo: Smoothened (receptor for Sonic Hedgehog)

Shh: Sonic Hedgehog

Ihh: Indian Hedgehog

Growth/ 

differentation 

factor-1



Nature Genet. (2000) Vol. 24:262-5



TGF-beta superfamily members
Lefty-1, Lefty-2,

Nodal, BMP2, and BMP4



TGF-beta superfamily members:
BMP: bone morphogenetic proteins (BMP2, BMP4)

Lefty-1, Lefty-2, and Nodal



Molecules that control patterning 

in a vertebrate limb bud

TGF-beta superfamily members:

BMP



TGF-beta signaling pathway
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lefty-1 Is Required for 

Left-Right Determination 

as a Regulator of lefty-2

and nodal
Cell, Vol. 94, 287–297, 1998

Bilateral Expression of 
lefty-2 and nodal in 
lefty-1 -/- Mutant 
Embryos 











Molecules that control patterning 

in a vertebrate limb bud:

FGF8



Science (1999) 285:403-406









Lefty-1, Lefty-2,

Nodal, BMP, etc.

Nodal expression 
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Summary

• Cytoskeletal protein KIF3 in nodal cilia

• Sonic hedgehog and its receptor Smoothened

• Growth/differentiation factor-1

• TGF-beta superfamily members

• Lefty-1, Lefty-2, Nodal, BMP2, BMP4, and Smad5

• FGF8

• Homeobox gene Pitx2


