
  

Circadian Clocks: What are They Telling Us Besides Time?



  

Circadian clocks

• Endogenous
• Period ~24 hrs
• Entrainment
• T - compensation



  

Ticking Genes of the Circadian Clock

Sauman and Hashimi (1999)



  

Illuminating the Circadian Clock
in Monarch Butterfly Migration



  

Monarch spectacular migration



  



  

Over-wintering grounds in Mexico



  

Monarch navigation

Magnetic compass Sun compass

? ?



  



  

Monarch navigation

Magnetic compass Sun compass

?



  

Sun Compass

• Light receptors

• Time compensation

• Circadian clock?



  

Circadian clock Light requirements for navigation



  

Compound eye Opsins



  

Compass has its own eyes … polarized!!!



  

Polarized UV light for Monarch navigation



  

Compass – Clock connection

Dorsal rim axonal projections



  

Clock-compass model
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Clock Gene Expression in Brain

       Silkmoth       Drosophila
PER

cell #   8 >>8
nucleus   -    +
axons   +    -
rhythms   +    +

per mRNA rhythm   +    +

phase PER/per       synchronous       phase delay

per antisense RNA   +    -

TIM
co-localize   +    +
nucleus   -    +
axons   +    -



  

Periplaneta americana 

ICC                           in situ hybridization



  

RPA
per                      tim



  



  

Fruitflies



  and you can not see the smell...

Houseflies



  

FOOD

WATER

Locomotor activity



Musca domestica – L:D 12:12, L:L; 250 C

Musca domestica – L:D 12:12, 250 C 



  

UAS/GAL4 binary system



  

The “GeneSwitch” system



  

RNAi

“Dominant-Negative”



  

Recombinant Sindbis 
Virus System  



  

• Enveloped, single stranded plus-sense RNA virus

What is Sindbis virus ?

• A second viral promoter enables expression of any transgene in vivo

• Non-cytopathic, persistent infection in mosquitoes, broad host range

• Transmitted between birds and mosquitoes
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piggyBac piggyBac 

Two CRYs of the butterfly



  

Functional analysis of CRY1 and CRY2



  

Photolyase/cryptochrome gene family



  

Phylogenetic analysis of pho/cry gene family



  

Rescue of Drosophila cry mutant by monarch cry1 transgene



  

Three models of insect clockwork



  

Circadian clock models

fruitfly monarch



  

History

• Genetic bases of circadian clocks: 1971

• Molecular dissection of circadian clock: 1984

• Premier species: the fruitfly, Drosophila

• Molecular mechanism: negative feedback loop

• Conserved features = conserved mechanism???

• Cloning of per homolog outside Drosophila: 10 years



  

Cloning of Clock Gene period from Silkmoth

transgenic fly

Reppert, Tsai, Roca and Sauman
Neuron 1994, 13:1167-1176



  

Silkmoth per Expression in Drosophila 

ZT0 ZT12



  

Locomotor Activity Rhythm

transgenic fly

per0 sibling



  

ICC in situ/RPA



  

Class Insecta



  

PER localization



  



  

PER TIM

CLK CRY

Musca domestica ICC



  
LD   DD      LL

RPA - timeless RNA



  

Chymomyza costata
(Drosophilidae)

Vladimir Kostal Lab



  

TIM Immunocytochemistry



  

Conclusions & Future Prospectives

Drosophila vs. Insects?

Nuclear Translocation
Antisense RNA

Missing Genetics!

Transgenic Studies
RNA Interference
Sindbis virus



  

The major aim
development of new methods 

that would allow functional genetic studies 
in insects other than Drosophila

(P-element does not work outside Drosophila)

Reject intuitive assumptions on gene function 
based on its homology, get hardcore genetic 
data. 



  

Tribolium castaneum – a novel genetic model

Marek Jindra Lab

• Easy breeding

• Short generation time

• Sequenced genome

• Efficient transgenesis

• Larval/parental RNAi



  

Sauman and Reppert
                    Neuron 1996, 17:889-900
Sauman, Tsai, Roca and Reppert  

Neuron 1996, 17:901-909
Sauman and Reppert   

Neuron 1998, 20:741-748

Antheraea pernyi



  

Model of period regulation

fruitfly

silkmoth

Sassone-Corsi, P. (1996), Nature 348:613-614



  

Light requirements for circadian clock entrainment

No UV (>394 nm)



  

Location of a circadian clock in monarch brain

PER CRY



  

CRY fibers

Dorsal rim axonal projections



  

piggyBac piggyBac 

Monarch cry2 – a homolog of mammalian cry !!!



  

CRY2 in monarch brain



  

CRY2 fibers Central body



  

Cirkadiánní biologické hodiny

• Endogenní
• Perioda ~24 hodin
• Entrainment
• Teplotní kompenzace



  Sauman and Reppert
1996



  

piggyBac transformation of the housefly



  

   piggyBac         Sindbis

Marek Jindra Lab


