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Evo-devo



Evo-devo
Evolutionary developmental biology

…probeert de genetische en

ontwikkelingsbiologische basis 

van evolutionaire veranderingen

te achterhalen



Evolution and development

1. Embryo’s vertellen je iets over evolutie.

2. Evo-devo onthult diepe homolgieën.

3. Evo-devo zoekt de genetische en 

ontwikkelingsbiologische basis van 

evolutionaire veranderingen.

4. Evo-devo bestudeert de oorsprong van novelties

5. Embryonale ontwikkeling kan de evolutie in 

bepaalde richtingen sturen.



Ernst Haeckel: 1834-1919: De ontogenie herhaalt de fylogenie
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The search for homologous genes is quite futile 
except in very close relatives. 

Ernst Mayr,  1963
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Ogen in Arthropoden, Mollusken and gewervelden zijn nie t homoloog…



…maar staan allemaal onder controle van Pax6

Pax6 mutants in mice and flies



Ectopische expressie van Pax6 leidt tot ectopische ogen



Distalless expressie in protostomen and deuterostomen
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Grimaldi & Engel 2005
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cis-regulatory evolution



Tribolium castaneum





cis-regulatory evolution





Abzahnov et al.  Science 2004



Leal & Cohen, 2014 Kvon et al., 2014
ZPA Regulatory Sequence



Adulte lactose-tolerantie in mensen







Chromosome Conformation Capture



Chromosome Conformation Capture









>NP_835221.2 homeobox protein DLX-1 isoform 1 [Homo sapiens]
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

Maak er een handige naam van:

>MensDistalless
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP

PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

unique identifier













>NP_835221.2 homeobox protein DLX-1 isoform 1 [Homo sapiens]
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>XP_009442039.1 homeobox protein DLX-1 [Pan troglodytes]
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

Of, met handige namen:

>MensDistalless
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>ChimpanseeDistalless
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYP
YVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSP
PVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM



Gewervelden (bijvoorbeeld):

Koe: Bos taurus

Kip: Gallus gallus

Kikker: Xenopus laevis

Zebravis: Danio rerio

>Mens
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLAQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQLQALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAG
SPPVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>Chimpansee
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLAQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQLQALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAG
SPPVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>Koe
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLTQSRLEDP
GADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQLQALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAG
SPPVPPGWNPNSSSGKGSGGSAGSYIPSYTSWYPSAHQEALQQPQLM

>Kip
MTMTTMPESLNSPVSGKAVFMEFGPPGQQMSPSPMSHGHYSMHCLHSAGHSQPDSAYSTASSFSRPLGYPYVNSVSSHSGNPYISSVQPYPNSSGLAQPRLEET
GAESEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQLQALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALESGALSNGRALSGG
SPPVPAVWNTSSASGKASSGSAGTYIPSYTSWYPSAHQEAMQQPQLM

>Kikker
MMTMTTMADGLEAQDSSKSAFMEFGQQQSHSQQSSPVMAAGHYPSLHCLHSGSHHHPQHQHDTNYSGSNSYSRSLAAYPYMSHSQHSPYLQSCNSNTTTQSRAE
EPDQQKTTVIENGEIRFNGKGKKIRKPRTIYSSLQLQALNHRFQQTQYLALPERAELAASLGVTQTQVKIWFQNKRSKYKKLIKQGNNPLEIDQLAGTVALSPR
SPAIPPVWDVSASKGVSMAPNSYMPGYSHWYSSPHQDTMQRSQMM

>Zebravis
MTMSTIPESLNSPVSGKSVFMEFGPPSQQMSPSSMTHGHYSMHCLHSSGHPQHDSAYSPAPSFPRSLPYPYVNSVGSHSSSPYLSTVQTYPNNSALAQTRLEDP
APESEKNTVVEGGEVRFNGKGKKIRKPRTIYSSLQLQALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGGTIDTNALANGRGLSTG
SPSVAPVWNTTATVKTSTPTSYIPSYTSWYPTAHQDTMQQPQLM
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Lophotrochozoa Ecdysozoa

Vlieg Drosophila melanogaster

Oester Pinctada fucataAnnelide Platynereis dumerilliiZeester Pisaster ochraceus





>Mens
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSPPVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>Chimpansee
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLAQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSPPVPPGWNPNSSSGKGSGGNAGSYIPSYTSWYPSAHQEAMQQPQLM

>Koe
MTMTTMPESLNSPVSGKAVFMEFGPPNQQMSPSPMSHGHYSMHCLHSAGHSQPDGAYSSASSFSRPLGYPYVNSVSSHASSPYISSVQSYPGSASLTQSRLEDPGADSEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALEGSALANGRALSAGSPPVPPGWNPNSSSGKGSGGSAGSYIPSYTSWYPSAHQEALQQPQLM

>Kip
MTMTTMPESLNSPVSGKAVFMEFGPPGQQMSPSPMSHGHYSMHCLHSAGHSQPDSAYSTASSFSRPLGYPYVNSVSSHSGNPYISSVQPYPNSSGLAQPRLEETGAESEKSTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGAALESGALSNGRALSGGSPPVPAVWNTSSASGKASSGSAGTYIPSYTSWYPSAHQEAMQQPQLM

>Kikker
MMTMTTMADGLEAQDSSKSAFMEFGQQQSHSQQSSPVMAAGHYPSLHCLHSGSHHHPQHQHDTNYSGSNSYSRSLAAYPYMSHSQHSPYLQSCNSNTTTQSRAEEPDQQKTTVIENGEIRFNGKGKKIRKPRTIYSSLQL
QALNHRFQQTQYLALPERAELAASLGVTQTQVKIWFQNKRSKYKKLIKQGNNPLEIDQLAGTVALSPRSPAIPPVWDVSASKGVSMAPNSYMPGYSHWYSSPHQDTMQRSQMM

>Zebravis
MTMSTIPESLNSPVSGKSVFMEFGPPSQQMSPSSMTHGHYSMHCLHSSGHPQHDSAYSPAPSFPRSLPYPYVNSVGSHSSSPYLSTVQTYPNNSALAQTRLEDPAPESEKNTVVEGGEVRFNGKGKKIRKPRTIYSSLQL
QALNRRFQQTQYLALPERAELAASLGLTQTQVKIWFQNKRSKFKKLMKQGGGTIDTNALANGRGLSTGSPSVAPVWNTTATVKTSTPTSYIPSYTSWYPTAHQDTMQQPQLM

>Zeester
GKKLRKPRTIYSSLQLQKLNHRFTKTQYLALPERADLAASLGLTQTQVKIWFQNRRSKYKKILKQHGSTPTSSTGSQDPEQDPPQSHTPASQQGSLSPAPPPTSAPHPQGTPTMSGPSSTGLGSACYSSQQHVPSHHHHH
HHPHHQMPTDGSSTHSSPVPPWDYVGDIFTPPAVRSSSGTVDNNYPFHQQHYQHHHYPWFGGQDGTSGMSAQQHMLASAPSVDKTILQLAKECDFLELKNAFHTNA

>Annelide
MTLEKGYSMLNMAGSGEGLGPDQDVSKSAFMEIQQQQMNASMNPYAIRGGYPGNAGQMEGFPGQQTRGHIGYPFSMTPMGSHGTYNPTSYHHFSAPGYQTSAPSVTPPTSRESMYDLPNYYSSYDKLENKYIYRKGLFED
SPPNSDEKPSMDELRVNGKGKKMRKPRTIYSSLQLQQLNKRFQRTQYLALPERAELAASLGLTQTQVKIWFQNRRSKYKKLMKQNPGIGGPGGAQNGPPMDQGGMSPPPTHTPTSTGQAPTPSPQGAQGPPPXNGQPNGP
HHGHAGAHGAGHGANPATPSMMGGPPPNSMSPPVSWGAASDFQLKSEINCSSNSTNSTPTPTHNTYMSQYPWYSQNPLAAQQHSLLT

>Oester
MLNVGSVEGMEQEMAGKSAFMELQQSGGMPMGHPAYPMRSSYQPPHHGGQHGESVFSNPQGRGPLAGYPFHMNAMSPTAYNPSSGHHFSMPPYQSPSPTRDDKSQMDELRINGKGKKMRKPRTIYSSLQLQQLNRRFQRT
QYLALPERAELAASLGLTQTQVKIWFQNRRSKAKKIMKQGGTPPGPNQQPPTPVTSPPANQQMQPPSSPVQHSPPTSNTHAHTPHQQLPPNGLKMEAPEQQHNLMVSPSSSASPEPENHWNDHMSGMTSSHHAHASQPYM
SMPSMPPSSSMMPSGMPMSYYHSAWYSQPMVNQQSCLT

>Fruitvlieg
MDAPDAPHTPKYMDGGNTAASVTPGINIPGKSAFVELQQHAAAGYGGIRSTYQHFGPQGGQDSGFPSPRSALGYPFPPMHQNSYSGYHLGSYAPPCASPPKDDFSISDKCEDSGLRVNGKGKKMRKPRTIYSSLQLQQLN
RRFQRTQYLALPERAELAASLGLTQTQVKIWFQNRRSKYKKMMKAAQGPGTNSGMPLGGGGPNPGQHSPNQMHSGGNNGGGSNSGSPSHYLPPGHSPTPSSTPVSELSPEFPPTGLSPPTQAPWDQKPHWIDHKPPPQMT
PQPPHPAATLHPQTHHHNPPPQMGGYVPQYWYQPETNPSLVTVWPAV

>Kwal
MIEMKMSPHQQAVLSQQVPNMSSFLPPSKAPEAYRPLNYTPTSFVTNFKEMSQQIDSNNNNNNNNNPHESEGKFSPRPATQFSPMGDLRSHPSTQDTHPFKTFDDSKSFLNNNTPNGSMPEQDSISSSLQSFHSSGLPTS
YTSSYNNNSMQTTLSSPSSITSNMSRSFSSSSYVKQESDEEDEGDLTQSKNGKGGKLPRKPRTIFTSQQLRELNRAFERTHYLSLPERAELAHALGLTQTQIKIWFQNKRSKFKKIIKANGGQMPPPSSLVSGGNPGLWP
SGYGEKSFGGPPMPHLSPFSPPPSSHSSVPGDSWYYRMQSAGGYGSHETMFPYGGTSGTDVRTTRPNFSYHM

De uiteindelijke fasta-file:















Met dit knopje…

…kun je op deze tak

klikken om daar de 

boom te wortelen
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Lophotrochozoa (Spiralia)

Boom gebaseerd op Distalless:
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gewervelden

Lophotrochozoa (Spiralia)

Boom gebaseerd op Pax6:



Waarom?

• Brengt leerlingen in contact met bioinformatica (databases, 

fasta-files, etc.)

• Laat zien hoe eiwitten in elkaar zitten (functionele domeinen)

• Doordringt leerlingen van de diepe verbondenheid van alle 

levende dieren die alleen maar door evolutie verklaard kan 

worden

• Laat een belangrijke fylogenetische methode zien (genetische 

afstand)

• Laat de taxonomische indeling van de dieren zien
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The origin of insect wings









Ng et al., Development 1995

Nubbin (pdm) is required for wing development



Apterous is required for wing development

Cohen et al., Genes & Development, 1992



Averof & Cohen, Nature 1997

Nubbin and Apterous is expressed in the 
epipods in the shrimp Artemia fransiscana

As well as in the crayfish 
Pacifastacus leniusculus



Wings evolved from epipodites…

..that might have had a gill function









Insecten hebben massaal de stap naar het land gemaakt







reproductie



reproduction

amniote ei



Tribolium castaneum



The serosa

embryo
serosa



A

B

C D

Development 
of the serosa

SEM: Handel et al., 2000



Development of the serosa

Tania Vazquez Faci



The serosa is an evolutionary innovation of the insects



Drosophila does not have a serosa

Hartenstein, 1993

Drosophila melanogaster



Drosophila eggs are very sensitive to desiccation

Al-Saffar et al., 1995



The serosa is an evolutionary innovation of the insects



Tribolium

zerknüllt (zen) specificeert de serosa



wild-type Tc-zen RNAi

Tc-zen RNAi schakelt de serosa uit



Ontwikkeling na Tc-zen RNAi



Setup

5%, 20%, 50%, 65%, 75% and 90% Relative Humidity

All experiments were repeated 2 to 9 times.

-Wild type

-Control (non-
targeting ds RNA)

-Tc-zen1 RNAi

Chris Jacobs



Serosa-loze kevereieren drogen snel uit

Jacobs, Rezende, Lamers and Van der Zee, Proc R. Soc B. 2013



De serosa scheidt een cuticula af



chitin synthase1 komt tot expressie in de serosa

Gustavo Rezende

Draq5

(nuclei)

chs1

in situ



Tc-chs1 RNAi schakelt de cuticula uit



De cuticula beschermt tegen uitdroging

Chris Jacobs



Op hoge luchtvochtigheid, zijn de cellen van de serosa 
nodig voor dorsale sluiting.



• De serosa beschermt tegen uitdroging



RNA sequencing

Wildtype
non-treated

Control RNAi
non-treated

Tc-zen1 RNAi
non-treated

Wildtype
sterile injury

Control RNAi
sterile injury

Tc-zen1 RNAi
sterile injury

Wildtype
septic injury

Control RNAi
septic injury

Tc-zen1 RNAi
septic injury

kind of eggs tested

treatm
ents



Significantly overrepresented categories after septic 
injury in wild-type eggs



Genes significantly (p<0.01) upregulated after septic injury



Upregulation of antimicrobial peptides upon septic injury

Chris Jacobs



TriboliumDrosophila

Upregulation of antimicrobial peptides upon septic injury



Antimicrobial peptides are expressed in the serosa upon septic injury



• De serosa beschermt tegen uitdroging en

bacterien en zou wel eens een belangrijke rol

kunnen hebben gespeeld bij de verovering van 

het land.
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• Variation is isotropic (random and in every 

direction)

Darwin:



Beldade et al., Nature 2002

Variation and selection seems to be possible in every direction



Beldade et al., Nature 2002

…but not for eyespot color!



Arthur, Heredity, 2002
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Pleiotropy

Human embryos lacking a cervical vertebrum

Galis



Facilitated variation = positive bias

(Kirschner and Gerhart)

-compartmentation/uncoupling/modularity



Arthur, 2004
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https://www.youtube.com/playlist?list=PLzugOrS2Z8ooypVJNuUxp5xelqATlhp3i

Evolution Today



https://www.youtube.com/watch?v=ydqReeTV_vk





En met dit knopje…

…kun je bijvoorbeeld deze

tak omdraaien door erop

te klikken. 



En onder deze optie kun je 

“Tree” selecteren en daar

bijvoorbeeld het aantal

pixels van de branch 

lengths verhogen, om de 

boom wat uit elkaar te 

trekken als de taxa te 

dicht op elkaar staan.



Arthur


