Circadian Clocks: What are They Telling Us Besides Time?
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Circadian clocks

» Endogenous

e Period ~24 hrs

e Entrainment

T - compensation




Ticking Genes of the Circadian Clock

7~ NUCLEUS N\ CYTOPLASM

Preradutivn

Sauman and Hashimi (1999)




Illuminating the Circadian Clock
in Monarch Butterfl
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Over-wintering grounds in Mexico
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Monarch navigation

? 2

Magnetic compass Sun compass




Monarch butterflies (Danaus plexippus L.) use a
magnetic compass for navigation

Jason A. Etheredge*, Sandra M, Perez™, Odey R, Taylor*¥, and Rudol Jander*

=Department uf Eatgmology, University of Kansas, Liwrenee, K5 68045 and Gepartrr ent of Ecalagy and Evalutionary Eialogy, University of Arizona,

Tucaen, AL 85721

Mag|_1etic compass orientation of monarch butlerflies
(Lepidopters : Danaidae : Danaus plexippus L.): Did
observer effects lead to false positive results?

Auther(el: Tayor D%, Azcheraach TA, Sshworth S, Ko 0, Spolis WY
Willirrsopn 5

Sourse: JOUSKMAL OF THE KANGAZ ENTOMOLOGICAL SOCIETY  Yoluma:
i lesues ? Pages: T1-TE  Published; 2000

FhASL Movgmbgr 33, 1998 | wal. 36 | ro. 24 | 13845-13846

RETRALCTION

ECOLOGY, For the artcle “Monarch butrertlics (Danrs plexipoprs
1.]) wie u magnelic compass for aavigation™ Ly Jason A, Bther-
edae, Sandrn M. Perez, Orley B, Taylor, and Ewdoll Tander,
which eppeared in nuinber 24, November 23, 1999, of #roc, Nad
Acad, Sel USA (96, 13845 138448), the anthors note (he Tollow-
g, Uhe posities responss to magnetic ficlds 1o two experiments
cannot b repoated. Further crperiments show the [ulss positives
in these tests resalt from a positive texds by the butrerflizs o the
light sellecied off the clothing of the obscrvers, Wao therefors
retroct our roport. We resrer the inconvenienee thal pubhcson
of s study anay have cavscd.™

Hetraction: Manarch Butterflies {banaos plexippus L) Lse o Magnetic Com pass

for Mavigation

Proceedinps of the Noticaa! Acodey of Soleroes of the Uniled Brates of Americag, Vol 97, o, 7,

(Mar. 28, 20000, p. 3782




Monarch navigation

?

Sun compass




Sun Compass

 Light receptors
 Time compensation

e Circadian clock?




Circadian clock Light requirements for navigation
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Compound eye




Compass has its own eyes .. polarized!!!
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Polarized UV light for Monarch navigation
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Compass - Clock connection




Clock-compass model
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Clock Gene Expression in Brain
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Periplaneta americana

in situ hybridization
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Fruitflies




‘and you can not see the smell...




Locomotor activity




Musca domestica - L:D 12:12, 25°C
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UAS/GAL4 binary system

GAL4 fly (homozygote) UAS fly (homozygote)
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The "GeneSwitch” system

GeneSwitch Driver UAS-Transgene
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dsRNA Interference

TTAS EWA0 e,

L 1IN e |

LeAl bp L339 bp

= L
el

TR ..:}

"Dominant -Negative”

CT.OCK




Recombinant Sindbis

Virus System




What is Sindbis virus ?

 Enveloped, single stranded plus-sense RNA virus
* Transmitted between birds and mosquitoes

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

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

_ CgPyvight £ 1895 Leonard E.
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Two CRYs of the butterfly

Fly
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Functional analysis of CRY1 and CRY2
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Photolyase/cryptochrome gene family
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Phylogenetic

analysis of pho/cry gene family
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Rescue of Drosophila cry mutant by monarch cryl transgene
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Three models of insect clockwork
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Circadian clock models

fruitfly monarch
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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
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Silkmoth per Expression in Drosophila




Locomotor Activity Rhythm
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in situ/RPA
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Class Insecta

Archaecognatha Lepismachilis y-signats

Zypenlinma
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Odonata

Orthoptera
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Drosoplila
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Musca domestica ICC




RPA - timeless RNA
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Chymomyza costata
(Drosophilidae)
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Conclusions & Future Prospectives

Drosophila vs. Insects?

Nuclear Translocation
Antisense RNA

Missing Geneticsl!

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)




Tribolium castaneum - a novel genetic model

controf GFP{RANAI)

» Easy breeding

* Short generation time
» Sequenced genome
Marek Jindra Lab

 Efficient transgenesis

* Larval/parental RNAi




Antheraea pernyi

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




Model of period regulation

Phosphorylation
{7)

\ =l " i Drosophila
~ melanogaster

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




Light requirements for circadian clock entrainment
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Location of a circadian clock in monarch brain
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CRY fibers

Coirz] Brar Stk loks

Dorsal rim axonal projections




Monarch cry2 - a homolog of mammalian cry Il

p.0s

Escherichia coli Photolyase

Danaus plexippus CRYZ
Bombyx mori CRY 2
Antheraea pernyi CRY2

— [ribolium castaneum CRY?2

Anopheles gambiae CRYZ

Apis mellifera CRY 2
Mus musculus CRY2
EEMUS musculus CRY1

Danaus plexippus CRY 1

Bombyx mori CRY 1

—— Antheraea pernyi CRY1
Drosophila melanogaster CRY
Anopheles gambiae CRY1




CRY?2 in monarch brain
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Cirkadianni biologické hodiny

e Endogenni

* Perioda ~24 hodin

e Entrainment

« Teplotni kompenzace




Clock Gene Regulation in Silkmoths

Differs from Drosophila Sauman and Reppert
1996




piggyBac transformation of the housefly




piggyBac Sindbis
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