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Genetics

• From Greek „geneá“ or „geneticos“ (origin)

• Science of heredity and variation including 
structure and function of hereditary material 
and its fate through generations

• term introduced by William Bateson in 
1906 



  

• Alkmaion (500 BC): offspring by mixing 
paternal and maternal „semen“ (that is 
produced in the brain, migrating to gonads)

• Hippon, Anaxagoras (400 BC): only male 
contribution

• Anaxagoras: „preformation hypothesis“



  



  

• Aristoteles (300 BC ): „epigenesis“ 
successive formation of organs by 
contribution of „non-material“ principles in 
blood



  

Genetics of the ear



  

Hearing in insects 

• via legs
(Ensifera; since 
Jurassic)

• via trachea
 (grass hoppers) 

• via abdomen
(praying mantis)



  

• In sound-producers:

- detection of partners 
or competitors

• In mute insects:

 - detection of ultra-
sound (predators)



  

Sound reception in fishSound reception in fish

• Linea lateralis
- perception of water 
pressure

 - usually horizontal, in 
exception vertical 
(Rondeletia)



  

Sound reception in fishSound reception in fish

• In teleosts, a true
“inner ear” with 
macular otoliths is 
found

• Cyclostomes 
(lamprey) and 
elasmobranchs 
(sharks) with 
primitive labirynth 
(3 semicircular canals 
with statoliths)



  

Danio rerio mutants

• Gen orthologe



  

Danio rerio mutants

• Starmaker: Otopt
• Sputnik: CDH23 
• Gemini: Cav1.3
• Satellite: Myo6



  



  

Development of fish vestibular organ

• Univ. Hohenheim (2003): 30 fish with Columbia, all 
destroyed

• Univ. Hohenheim (2009): 
26 fish larvae in space shuttle,
about 180 rounds,
11 recovered, 
will be investigated 
for formation of otoliths    



  

Evolution in VertebratesEvolution in Vertebrates
• Fish: sacculus, 

utriculus, lagena
(developed from 
linea lateralis) 

• Amphibians: 
like in fish, in frogs 
a middle ear with 
tympanum and a 
columnela is found



  

Evolution in VertebratesEvolution in Vertebrates

• Reptiles: lagena 
elongated (the later 
cochlea), tympanum 
not external

In snakes, middle ear 
is lost
Gecos with best 
tonal discrimination



  

Hearing in ReptilesHearing in Reptiles

• Turtles are 
considered mute 
(only rare sounds 
like hissing)

• ... are considered 
deaf, or with hearing 
of low quality

• Snakes are mute 
(only hissing)

• do not register air 
waves

• May use their tongue 
for chemo- and 
mechanoreception 
(incl. hearing?)



  

Evolution in VertebratesEvolution in Vertebrates

• Birds: reptilian ear 
but longer, more 
sensitive cochlea



  

Evolution in VertebratesEvolution in Vertebrates

• Owls can localize 
prey without visual 
aid

• Some birds can use 
echolocation
(Colocallia, 
Steatornis) 



  

Auditory feed-back

• Androgens control 
development of the 
vocal chords

• Females remain 
mute (:-)

•

Zebra finch
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• Clavelina Clavelina 
lepadiformislepadiformis



  



  

Hereditary hearing impairmentHereditary hearing impairment

Defects in 1/1000 newborn, >60% hereditaryDefects in 1/1000 newborn, >60% hereditary

A) Non-syndromic HHIA) Non-syndromic HHI
              1. Dominant HHI (DFNA)1. Dominant HHI (DFNA)
              2. Recessive HHI (DFNB)2. Recessive HHI (DFNB)
              3. X-linked HHI (DFN)3. X-linked HHI (DFN)

B) Syndromic HHIB) Syndromic HHI



  

Known Loci & GenesKnown Loci & Genes
• Loci / Genes Inheritance

• 39   /  25 DFNA
• 60  /   28 DFNB
•   5  /   2 X-chromosomal
• 1(?)/  0 Y-chromosomal

• Hearing Impairment Homepage  (2009): 46 genes



  

Genes in HHIGenes in HHI
encoding products with functions inencoding products with functions in

• ion exchange processes ion exchange processes 
• cellular structurescellular structures
• transcriptional & developmental regulationtranscriptional & developmental regulation
• motor processesmotor processes
• unknown unknown 
• cooperation with modifierscooperation with modifiers
• mitochondrial processesmitochondrial processes



  

• Human patients:    linkage analysis,
   positional cloning,
   candidate genes, mutational 
   screening, allelic distribution

• Animal models:
Xenopus        functional assays
Rodents       expression patterns,

   co-localization & interaction,
   knock-out/knock-in models,
   physiology, pathology

• Cell lines    gene regulation (reporter assays,
   siRNA etc), 
   co-localization & interaction 

   



  
TFF1 (pS2)         TFF2 (SP)TFF1 (pS2)         TFF2 (SP)



  

Auditory evoked brainstem responses (ABR): 

- flat hearing loss below 10 kHz 

- intensified during progressing age
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OtoferlinOtoferlin

• first missense mutation
• first antibody
• intracranial expression patterns in rodents



  

OtoferlinOtoferlin

• in IHC/OHC <P12 mRNA & protein, all turnsin IHC/OHC <P12 mRNA & protein, all turns
• in IHC >P12 ongoing expressionin IHC >P12 ongoing expression
• in OHC >P12 ongoing expression in apical in OHC >P12 ongoing expression in apical 

turns (change from uniform to cell basis)turns (change from uniform to cell basis)
• shut-off in midbasal/basal turns (high freq.)shut-off in midbasal/basal turns (high freq.)



  

OtoferlinOtoferlin

• first missense mutation
• first antibody
• intracranial expression patterns in rodents
• first interacting partners
• cellular significance



  



  

Tools & MaterialsTools & Materials
• Protein interaction:  Yeast-2-Hybrid,   AP-MS



  

Tools & MaterialsTools & Materials
• Protein interaction:  Yeast-2-Hybrid,   AP-MS

cDNA protein

 P3-P15 P20-P30



  

Tools & MaterialsTools & Materials
• Protein interaction:  Yeast-2-Hybrid,            AP-MS



  



  



  



  

Otoferlin InteractomeOtoferlin Interactome

• Confirmed:   Rab8, Myo6, AP2

• Investigated:   Fkbp8, Rnd3, Tjp1, 
Coch5b2, Prot4.1G-like,
GPSN2, Ckap4, Sim-c-c

• Additional candidates



  

Otoferlin InteractomeOtoferlin Interactome

• Known partners (our investigations,  literature)

OTOF

RAB8, MYO6, AP2, ERGIC2, 
Syntaxin, SNAP25



  

Otoferlin InteractomeOtoferlin Interactome

• Known partners (our investigations,  literature)

OTOF

RAB8, MYO6, AP2, ERGIC2, 
Syntaxin, SNAP25



  



  

Co-localization of Ergic2 and OTOF 
in the IHC of the P17 mouse

Ergic2 shown in red (Cy3)
OTOF shown in green (Alexa green) 

The co-localization is marked in yellow (c)
Nuclei were stained with DAPI (blue)



  

Progress in gene therapy?



  

Izumikawa M, Minoda R, Kawamoto 
K, Abrashkin KA, Swiderski DL, 

Dolan DF, Brough DE, Raphael Y. 

Auditory hair cell replacement and 
hearing improvement by Atoh1 gene 

therapy in deaf mammals.

Nat Med. 2005 Mar;11(3):271-6.



  

MyoVIIa



  

Progress in gene therapy

• Leber‘s amaurose
• ADA-SCID
• adenoleukodystrophy
• Wiskott Aldrich syndrome
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