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Chlamydomonas

Amherst MA 1942



Cilia in Eukaryotes  

X
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Comparative genomics to find genes for cilia

4,000



700

Arabidopsis

Comparative genomics identifies ~700 

proteins that are only in organisms with cilia



Human disease genes (BBS5, MKS1, LRRC6)

in the cilia comparative genomics list 

Meckelôs Syndrome

Li et al., 2004

Kyattala et al., 2013

Horani et al., 2013

Bardel Biedl Syndrome 

Central Obesity

Retinal Degeneration

Kidney Disease 

Mental Retardation 



700

Many proteins show th is cilia -specific pattern over 

40 species 

Kwan, Stormo, and Dutcher 2010 



Changing Technologies:

Single particle cyro -electron microscopy

Rui Zhang 

Biochemistry and Molecular Biophysics, Wash U

Ma et al., 2019

Dutcher et al., 1984

Wild-type      Mutant 



Microtubule Inner Proteins



Microtubule Inner Proteins ð-MIPS



Ma et al., 2019

Li et al., 2018

The fap166 mutant is missing only one 

protein:   FAP166

The rib72 mutant is missing four proteins: 

RIB72, FAP115, FAP222, and FAP252

Mutants in MIP genes 



Mutants in Microtubule Inner Proteins

ÅSperm

ÅThe node 

Genotype Low Light Hight Light 

Wild -type Swim (WT) Reverse 

Swimming 

fap53 Swim (WT) Immotile 

fap106 Swim (WT) Immotile 

fap127 Swim (WT) Immotile 

fap184 Swim (WT) Immotile 

fap166 Swim (WT) Slow

Reverse 

Swimming 
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The study of human biology as discussed in 

Nature, News and Views, 1986

The human species preserves its rare variants


