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Origin and evolution of eukaryotic cellular 
processes

How new genomic data and new bioinformatic analyses have 
changed our view on the evolution of cellular complexity 

Prof. dr. Berend Snel
Theoretical Biology and Bioinformatics

Utrecht University

• Introduction: a complex ancestor and independent 
loss

• Developments that lead to this view: 
– new genomes
– sensitive homology searches
– analysis of large gene families

• A null model of genome evolution
– innovations

Eukaryotes: most of the visible biosphere Eukaryotic cell
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Protein complexes
Cellular processes

AGATTTGAATACTTCACTGAGGCGAGCCGGGCGTTGTGAGCGGACTGCTAGAGGCGGCTGTCTGTTTCCG
CTCTAAGGAAACTCAGAGCGTGTGGACCCCAAACAAGTCTGCGCAAAATTTGTCGAGGAGGTTTGCCGCG
GCAGGTAAAGAGAATGACTCTTTCGTTCTGGGCTTCAGGGAAGGCTTCGGGTTTTGTCTGGGCGCCCTGA
AGTTCCTGCGGTGGGAGGTAGGGTACGCTCCCTCAGCCTGGCGGCCTCCGTTAGCGCCGGGCCGAGTAGA
CGCCCCTGCCCCGGGCCGGGCACACTGTGCCCTTTTTCCCCTCCTCGGCCTGTACGTTGTGCCGCCTCCC
GCTTCCCTAACACTTCTCCGCCTGCACCTCGGCCCCTCCGGCCACCCGGCTCGGGTTGCTTGTCCGTCGC
TCTCTTGGCGTCCTCTTCCGCCCCGCCCTGCCGTCCTCTGTCAGGGCTCGCGGACTCTTCTTGCACCCCT
GCCGCTCTTCCCTAGGGACCTCTCGGCTGTTTGTATTTCTCACTTAAGCTTTTTTTGGCTCTAAATGAAG
TGACAGCAATGAGTGATTTTAAAATTCTCAGCTCTTCGTGGTTTAAGGTGTCTGCTCGGAGTGCTGGCCG
CACGTAACAGATTTTTCGTTTTCTGCAAGTATAATAACCTTAACAAATGAAGTCAATATTAGTACTGCGC
AAATTAGTTTTTAAAAATCCTCTTCTGTTCATTATTCCTCAGGATTTAAGCCCTTATTCTTCACGTTTAT
TTAAATACTCAAGTTTGAGGGAGGAAAAAGTATTGCCGATTGGAATTTTACAGATAGGTTTAATAGGCAT
TAACAGATAAAGGATGTGGATGAAGACCAAAGCAGAAGCTTATTCCAGTCTAGATATTAAAATTGATGTT
TTCACTTCCGTCGAATCCTGTAGATATTTATTGGGTTCCTTATCCTGTGATAGGGCCGGGGACAGATGAT
TCCCAAACCTAGAGGGGTTTACAAAGGGAAATAACTAATATACACAAATAACTAGAATACAAGACAGAAT
GTAAAAGATTATAGGACATTCTAAAGTGGTGTGGGAGCACGGAAAAGGGAGAGCTTATTTGATGCTTTTG
GTGATGGATTTGTGGAGAAGACCGCATTTGAGGTGGACGTTGGTTGGAGAGATGATTTACAGATGGGAGT
TAATATGTGGTAAAATTTTGGTAATTAAAGGTTAGGGTCAAAGCAGTATAATTCTTGACTTTGCGAATGG
CTGGAAATCTTTACAAGATGATAAATACATGTAAATTGAATTAAAATGTTTGGAATGGTAGTATTAATGA
TGTGTTCGATGTTAAATAATAGACTGTAAAAGATACTGACTCTAGATATTGCCAGTAAAGCAGTGCTGTC
CAACAGGGCTTCCTGTGAAAATGGTAATGTTTTATATGTGCACTCCAACATACTACCCATTAGCGACATG
GGACTATGGAGCACTTGAAATGTCATTATTGTGACCAAAGAACTGATTATTAAATTTTATTTTATTTTCA
TTAATTTAAATGTAAATAACTACTATATTGGACAGCACAGGTCTAGAGTCTCTGTCATTTCACTCTTATC
CTCCTACAATCCCGGAAAATACTAACTCTAGATATCGGTCGTATAAATGTAGGAGTGGGCAAAGAGCCAG

AGATTTGAATACTTCACTGAGGCGAGCCGGGCGTTGTGAGCGGACTGCTAGAGGCGGCTGTCTGTTTCCG
CTCTAAGGAAACTCAGAGCGTGTGGACCCCAAACAAGTCTGCGCAAAATTTGTCGAGGAGGTTTGCCGCG
GCAGGTAAAGAGAATGACTCTTTCGTTCTGGGCTTCAGGGAAGGCTTCGGGTTTTGTCTGGGCGCCCTGA
AGTTCCTGCGGTGGGAGGTAGGGTACGCTCCCTCAGCCTGGCGGCCTCCGTTAGCGCCGGGCCGAGTAGA
CGCCCCTGCCCCGGGCCGGGCACACTGTGCCCTTTTTCCCCTCCTCGGCCTGTACGTTGTGCCGCCTCCC
GCTTCCCTAACACTTCTCCGCCTGCACCTCGGCCCCTCCGGCCACCCGGCTCGGGTTGCTTGTCCGTCGC
TCTCTTGGCGTCCTCTTCCGCCCCGCCCTGCCGTCCTCTGTCAGGGCTCGCGGACTCTTCTTGCACCCCT
GCCGCTCTTCCCTAGGGACCTCTCGGCTGTTTGTATTTCTCACTTAAGCTTTTTTTGGCTCTAAATGAAG
TGACAGCAATGAGTGATTTTAAAATTCTCAGCTCTTCGTGGTTTAAGGTGTCTGCTCGGAGTGCTGGCCG
CACGTAACAGATTTTTCGTTTTCTGCAAGTATAATAACCTTAACAAATGAAGTCAATATTAGTACTGCGC
AAATTAGTTTTTAAAAATCCTCTTCTGTTCATTATTCCTCAGGATTTAAGCCCTTATTCTTCACGTTTAT
TTAAATACTCAAGTTTGAGGGAGGAAAAAGTATTGCCGATTGGAATTTTACAGATAGGTTTAATAGGCAT
TAACAGATAAAGGATGTGGATGAAGACCAAAGCAGAAGCTTATTCCAGTCTAGATATTAAAATTGATGTT
TTCACTTCCGTCGAATCCTGTAGATATTTATTGGGTTCCTTATCCTGTGATAGGGCCGGGGACAGATGAT
TCCCAAACCTAGAGGGGTTTACAAAGGGAAATAACTAATATACACAAATAACTAGAATACAAGACAGAAT
GTAAAAGATTATAGGACATTCTAAAGTGGTGTGGGAGCACGGAAAAGGGAGAGCTTATTTGATGCTTTTG
GTGATGGATTTGTGGAGAAGACCGCATTTGAGGTGGACGTTGGTTGGAGAGATGATTTACAGATGGGAGT
TAATATGTGGTAAAATTTTGGTAATTAAAGGTTAGGGTCAAAGCAGTATAATTCTTGACTTTGCGAATGG
CTGGAAATCTTTACAAGATGATAAATACATGTAAATTGAATTAAAATGTTTGGAATGGTAGTATTAATGA
TGTGTTCGATGTTAAATAATAGACTGTAAAAGATACTGACTCTAGATATTGCCAGTAAAGCAGTGCTGTC
CAACAGGGCTTCCTGTGAAAATGGTAATGTTTTATATGTGCACTCCAACATACTACCCATTAGCGACATG
GGACTATGGAGCACTTGAAATGTCATTATTGTGACCAAAGAACTGATTATTAAATTTTATTTTATTTTCA
TTAATTTAAATGTAAATAACTACTATATTGGACAGCACAGGTCTAGAGTCTCTGTCATTTCACTCTTATC
CTCCTACAATCCCGGAAAATACTAACTCTAGATATCGGTCGTATAAATGTAGGAGTGGGCAAAGAGCCAG

AGATTTGAATACTTCACTGAGGCGAGCCGGGCGTTGTGAGCGGACTGCTAGAGGCGGCTGTCTGTTTCCG
CTCTAAGGAAACTCAGAGCGTGTGGACCCCAAACAAGTCTGCGCAAAATTTGTCGAGGAGGTTTGCCGCG
GCAGGTAAAGAGAATGACTCTTTCGTTCTGGGCTTCAGGGAAGGCTTCGGGTTTTGTCTGGGCGCCCTGA
AGTTCCTGCGGTGGGAGGTAGGGTACGCTCCCTCAGCCTGGCGGCCTCCGTTAGCGCCGGGCCGAGTAGA
CGCCCCTGCCCCGGGCCGGGCACACTGTGCCCTTTTTCCCCTCCTCGGCCTGTACGTTGTGCCGCCTCCC
GCTTCCCTAACACTTCTCCGCCTGCACCTCGGCCCCTCCGGCCACCCGGCTCGGGTTGCTTGTCCGTCGC
TCTCTTGGCGTCCTCTTCCGCCCCGCCCTGCCGTCCTCTGTCAGGGCTCGCGGACTCTTCTTGCACCCCT
GCCGCTCTTCCCTAGGGACCTCTCGGCTGTTTGTATTTCTCACTTAAGCTTTTTTTGGCTCTAAATGAAG
TGACAGCAATGAGTGATTTTAAAATTCTCAGCTCTTCGTGGTTTAAGGTGTCTGCTCGGAGTGCTGGCCG
CACGTAACAGATTTTTCGTTTTCTGCAAGTATAATAACCTTAACAAATGAAGTCAATATTAGTACTGCGC
AAATTAGTTTTTAAAAATCCTCTTCTGTTCATTATTCCTCAGGATTTAAGCCCTTATTCTTCACGTTTAT
TTAAATACTCAAGTTTGAGGGAGGAAAAAGTATTGCCGATTGGAATTTTACAGATAGGTTTAATAGGCAT
TAACAGATAAAGGATGTGGATGAAGACCAAAGCAGAAGCTTATTCCAGTCTAGATATTAAAATTGATGTT
TTCACTTCCGTCGAATCCTGTAGATATTTATTGGGTTCCTTATCCTGTGATAGGGCCGGGGACAGATGAT
TCCCAAACCTAGAGGGGTTTACAAAGGGAAATAACTAATATACACAAATAACTAGAATACAAGACAGAAT
GTAAAAGATTATAGGACATTCTAAAGTGGTGTGGGAGCACGGAAAAGGGAGAGCTTATTTGATGCTTTTG
GTGATGGATTTGTGGAGAAGACCGCATTTGAGGTGGACGTTGGTTGGAGAGATGATTTACAGATGGGAGT
TAATATGTGGTAAAATTTTGGTAATTAAAGGTTAGGGTCAAAGCAGTATAATTCTTGACTTTGCGAATGG
CTGGAAATCTTTACAAGATGATAAATACATGTAAATTGAATTAAAATGTTTGGAATGGTAGTATTAATGA
TGTGTTCGATGTTAAATAATAGACTGTAAAAGATACTGACTCTAGATATTGCCAGTAAAGCAGTGCTGTC
CAACAGGGCTTCCTGTGAAAATGGTAATGTTTTATATGTGCACTCCAACATACTACCCATTAGCGACATG
GGACTATGGAGCACTTGAAATGTCATTATTGTGACCAAAGAACTGATTATTAAATTTTATTTTATTTTCA
TTAATTTAAATGTAAATAACTACTATATTGGACAGCACAGGTCTAGAGTCTCTGTCATTTCACTCTTATC
CTCCTACAATCCCGGAAAATACTAACTCTAGATATCGGTCGTATAAATGTAGGAGTGGGCAAAGAGCCAG

AGATTTGAATACTTCACTGAGGCGAGCCGGGCGTTGTGAGCGGACTGCTAGAGGCGGCTGTCTGTTTCCG
CTCTAAGGAAACTCAGAGCGTGTGGACCCCAAACAAGTCTGCGCAAAATTTGTCGAGGAGGTTTGCCGCG
GCAGGTAAAGAGAATGACTCTTTCGTTCTGGGCTTCAGGGAAGGCTTCGGGTTTTGTCTGGGCGCCCTGA
AGTTCCTGCGGTGGGAGGTAGGGTACGCTCCCTCAGCCTGGCGGCCTCCGTTAGCGCCGGGCCGAGTAGA
CGCCCCTGCCCCGGGCCGGGCACACTGTGCCCTTTTTCCCCTCCTCGGCCTGTACGTTGTGCCGCCTCCC
GCTTCCCTAACACTTCTCCGCCTGCACCTCGGCCCCTCCGGCCACCCGGCTCGGGTTGCTTGTCCGTCGC
TCTCTTGGCGTCCTCTTCCGCCCCGCCCTGCCGTCCTCTGTCAGGGCTCGCGGACTCTTCTTGCACCCCT
GCCGCTCTTCCCTAGGGACCTCTCGGCTGTTTGTATTTCTCACTTAAGCTTTTTTTGGCTCTAAATGAAG
TGACAGCAATGAGTGATTTTAAAATTCTCAGCTCTTCGTGGTTTAAGGTGTCTGCTCGGAGTGCTGGCCG
CACGTAACAGATTTTTCGTTTTCTGCAAGTATAATAACCTTAACAAATGAAGTCAATATTAGTACTGCGC
AAATTAGTTTTTAAAAATCCTCTTCTGTTCATTATTCCTCAGGATTTAAGCCCTTATTCTTCACGTTTAT
TTAAATACTCAAGTTTGAGGGAGGAAAAAGTATTGCCGATTGGAATTTTACAGATAGGTTTAATAGGCAT
TAACAGATAAAGGATGTGGATGAAGACCAAAGCAGAAGCTTATTCCAGTCTAGATATTAAAATTGATGTT
TTCACTTCCGTCGAATCCTGTAGATATTTATTGGGTTCCTTATCCTGTGATAGGGCCGGGGACAGATGAT
TCCCAAACCTAGAGGGGTTTACAAAGGGAAATAACTAATATACACAAATAACTAGAATACAAGACAGAAT
GTAAAAGATTATAGGACATTCTAAAGTGGTGTGGGAGCACGGAAAAGGGAGAGCTTATTTGATGCTTTTG
GTGATGGATTTGTGGAGAAGACCGCATTTGAGGTGGACGTTGGTTGGAGAGATGATTTACAGATGGGAGT
TAATATGTGGTAAAATTTTGGTAATTAAAGGTTAGGGTCAAAGCAGTATAATTCTTGACTTTGCGAATGG
CTGGAAATCTTTACAAGATGATAAATACATGTAAATTGAATTAAAATGTTTGGAATGGTAGTATTAATGA
TGTGTTCGATGTTAAATAATAGACTGTAAAAGATACTGACTCTAGATATTGCCAGTAAAGCAGTGCTGTC
CAACAGGGCTTCCTGTGAAAATGGTAATGTTTTATATGTGCACTCCAACATACTACCCATTAGCGACATG
GGACTATGGAGCACTTGAAATGTCATTATTGTGACCAAAGAACTGATTATTAAATTTTATTTTATTTTCA
TTAATTTAAATGTAAATAACTACTATATTGGACAGCACAGGTCTAGAGTCTCTGTCATTTCACTCTTATC
CTCCTACAATCCCGGAAAATACTAACTCTAGATATCGGTCGTATAAATGTAGGAGTGGGCAAAGAGCCAG

genomes (predicted proteomes)

complexes
pathways
“cellular processes”

How do we study evolution of cellular processes & complexes 

Eukaryotic tree of life

Hunt for 
orthologs
to create 

phylogenetic 
profiles to 
infer their 
evolution 

?

eukaryogenesis genomic diversity / recurrent lossgene rich LECA
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?

eukaryogenesis genomic diversity / recurrent lossgene rich LECA

1. Most eukaryotic processes / complexes were almost 
completely present in the common ancestor of all 
eukaryotes (LECA)
2. Differences between organisms are often due to 
differential loss (e.g. absence of RNAi in S. cerevisiae)
3. Most of this complexity arose during eukaryogenesis

?

eukaryogenesis genomic diversity / recurrent lossgene rich LECA

?

eukaryogenesis genomic diversity / recurrent lossgene rich LECA

Massive independent gene loss and 
gene rich ancestor are two sides of 
the same coin

• Introduc)on: a complex ancestor and independent loss
• Developments that lead to this view: 

– new genomes
– sensi)ve homology searches
– analysis of large gene families

• Eukaryogenesis:
– Endosymbiosis
– Gene duplica)ons
– Gene inven)ons
– Ancestral genes: new genomes

• A null model of genome evolu)on
– innova)ons
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How did we reveal the trend of  a complex ancestor and 
independent loss?

How we revealed the trend of  a complex ancestor and 
independent loss.

A combination of: 
• New genomes at crucial positions
• Improved sensitivity of sequence similarity searches 

(and homologs that are orthologs)
• Studying gene families with a lot of pre-LECA 

duplications

Eukaryotes: most of the visible biosphere Many ideas / analyses originally based on
human, mouse, fly, worm, yeast, Arabidopsis ….  
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Eukaryotes: most eukaryotes are not visible
Eukaryotes: quite some visible eukaryotes are not fungi, 

animals or plants

Much more eukaryotic evolutionary and cellular diversity 
than you might think …

Outline of eukaryotic 
tree of life
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Plants, animal, fungi 
are a minority

Recurrent loss of TPR repeat 
in  evolution in MPS1 
revealed by additional 

eukaryotic diversity
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Green Algae
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TPR
Kinase

Group of proteins f rom
a single taxon that share the same
protein topology
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h;p://jcb.rupress.org/content/201/2/217.long

First genome of a free living excavate
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How we revealed the trend of  a complex ancestor and 
independent loss

A combination of: 
• New genomes at crucial positions
• Improved sensitivity of sequence similarity searches 

(and homologs that are orthologs)
• Studying gene families with a lot of pre-LECA 

duplications

Animals Fungi other eukaryotes Animals Fungi other eukaryotes

Improved sensitivity of sequence similarity searches reveals lineage 
specific genes to be ancient with orthologs across eukaryotes

We conclude that the CKK domain binds microtubules 
and represents a domain that evolved with the metazoa.

Improved sensitivity of sequence similarity searches. 
Profile-based searches reveal ancient origins of CKK
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Yet …

Homo sapiens CAMSAP1
Mus musculus Camsap3
Drosophila melanogaster Patronin
Caenorhabditis elegans pqn-34
Nematostella vectensis
Salpingoeca rosetta
Allomyces macrogynus
Spizellomyces punctatus
Thecamonas trahens
Phytophthora infestans
Aureococcus anophagefferens
Tetrahymena thermophila
Plasmodiophora brassicae
Klebsormidium flaccidum
Micromonas species
Trichomonas vaginalis
Naegleria gruberi

1483 1493 1503 1513 1523 1533 1543 1553 1563 1573 1583 1593
GPKLFKEPSSKSNKPIIHNAISHCCLAGKVNEPHKNSILEELEKCDANHYIILFRDAGCQFRALYCYYPDTEEIYKLTGTGPKNITKKMIDKLYKYSSDRKQFNLIPAKTMSVSVDALTIHNHLWQPKRPAVPKK-AQTRK
GPRLYKEPSAKSNKFIIHNALSHCCLAGKVNEPQKNRILEEIEKSKANHFLILFRDSSCQFRALYTLSGETEELSRLAGYGPRTVTPAMVEGIYKYNSDRKRFTQIPAKTMSMSVDAFTIQGHLWQSKKPTTPKKGGGTPK
GPKLYKQPAAKSNRGIILNAVEYCVFPGVVNREAKQKVLEKIARSEAKHFLVLFRDAGCQFRALYSYQPETDQVTKLYGTGPSQVEEVMFDKFFKYNSGGKCFSQVHTKHLTVTIDAFTIHNSLWQGKRVQLPSK-KDMAL
THKLYAKTVTKSNRGLINNALQFSVFPGAVNNATRQATITQMASSSSKHFLILFRDQKCQYRGLYTWDEISDTAVKISGQGPPKCTEAMMNSMFKYDSGAKNFTNIATKHLSATIDGFAILDQYWQKARIPHSGTPAHKNN
GPQCYVKPSGKSNRKLIVNAISYVCLSGTVNKDAKERCLQAISESNGYHFMVLFKD-GLKFRGLYSFNPENEQLYKVFGIGPRVITAKMIDNLYKYSSGGKEFVKIHSKTLSISVDGLSIMKQYWQSSKPAVQSK-TMSNI
QAAAEKVLKLRSNVVICKNAIQSACLSGDINAKKRDAALRAIDSCDIPHLVIVLRTPHLKFRGVYAVVPA--GITKIYGAGPRTVTRDMVARYFRYDSGAKAFKQLPSRDFTV-CDAVALRAACWQKKD------------
----NSSASRRSNKKLIVNALN-MCLSGPVNEKTRTEVLEDLERSDQTNFVVLLRGPNHSFKGLYVHVVDQNQIIKLYGNGPLEIEQADVSEFFKYDSGSRSFKPIPTRSFSTFVHGVAVQATVKH---------------
IKRAI--IKVQSNRTLIKNALMHVCLAGSANESTKQEVMEDLHDSPAQHFVIIFKDVNFSFRGLYSWDAVLDQTLKVYALGRNVLDPSQVLEFYKYDSGARTFKPVATKSFGRSVHAVAVGRDFLM---------------
SAPLRVEPAPLSNAKKVRNAIVSRLLAGYSSAPQCQAVLAAMDKARYTSYLLLVVQHHISFRALYGYDVATGRVDKIVGKGPASLNFKHIGGFFKYETGSRSFVQLRTKHLAPTVDAVVIHPDYLRKRKPSHKRKRTSAAA
KEKLQRRPKKASNRQLIQNALEFTLLAGGSMEKERSLALQALAESTCDNFIVLLKSAELKFRALYESHVDRDFATRIFSLLPSNSSSDMISQFFKYSSAKKHFQSVPTRSFTVKTDACALTDQV--KGKSALARL-L----
APRRRDAPKRLSNRRALTNALTQICLAGPHCANQLNLALEALDRSHADNHLVVLKDDVHTFRGLYALRRGRADAEKIYGRGPARFGEEHVMKFLKFNSAARAFTPLPSKSFSFTTDAAVLALRPKQAY-------------
TTKPRIPFSKPSNKQLISQAITKVCLAGPTNSKEREIALKKIKDSQQEHFIVLFKGIRQDFKALYSMDSNTNEVKKIFGTAPTQIDLASVQAFYRYDSGSKEFKEILVKAFSNQVDAVLLKK-------------------
-PRPDSRMLPRSNRSIMRNALSRVCLAGGATELERMQALDALEQSPSDWFLVLLRKERHKFRGLYQVDACNDSLTRIYGDGPIHINGDTLDGVFKYDSANKCFEQLASRQLTATTDAVSIASKKFGSV-------------
VSPFYAAPPRMSNKKLVRNALSTVCLAGGALKLERERALMALDAFDGDNFVILFKDDGTKFKGLYVLSADGKEIDRIYGSGPESLRSDGVAHYLKYDSGAKEFKPLQTQQFTTSTCAVAPSNRA--PGK------------
DPRLFKAAPPLSNKKLVRNALRHVCLAGAAMRTQLDEALTALDAVAATVFVILFRENPHKYRALYALVSGDGVLVKIHGGGPARVGLQWVDATMKYDSGQREFKPLATGRLTPLTAAVTLVSKK-----------------
KKEITEHTSTVPNISTIANALKYHALPGPAHVDEYNNLMKILQDRFSNERILILMASTMKYKGIYILNND--VAKKIYGIGQDSIYQSDVSAFYKFVNGTKQYERILSKSFTQTTDGFSMKREKW----------------
MILKNMKQPNKTNKLLIKNALIHLTLAGEVNKKEREDVFEAMKEEDTNQMIILVREVVPAFRALYVVVTDSNLVKKIIGKGPKFLTEDVVDVFCRYDSGGKKLSKLSSRTFGVTTDVVVLKSAAIKKIK------------

Conservation

000020032227*313829*9202586*0222123425832923114214899743002399+9*321130015199281751142021731569939549272191642871062865621001----------------

ΔΔ 16131474

Metazoa
Choanoflagellatea
Capsaspora owczarzaki
Ichthyosporea
Dikarya
Zygomycota
Blastocladiomycota
Chytridiomycota
Microsporidia
Fonticula alba
Thecamonas trahens
Amoebozoa

Oomycota
Aureococcus anophagefferens
Phaeodactylum tricornutum
Blastocystis hominis
Alveolata
Plasmodiophora brassicae

Embryophyta
Klebsormidium flaccidum
Chlorophyceae
Mamiellales
Rhodophyceae
Cyanophora paradoxa

Metamonada
Kinetoplastida
Naegleria gruberi

LECA

Holozoa

Fungi

Archaeplastida

Stramenopila

Excavata

Rhizaria

Apusomonadida

Homo sapiens
Salpingoeca rosetta

Sphaeroforma arctica
Saccharomyces cereviseae
Rhizophagus irregularis
Allomyces macrogynus
Spizellomyces punctatus
Vavraia culicis

Dictyostelium discoideum
Arabidopsis thaliana

Chlamydomonas reinhardtii
Micromonas species
Galdieria sulphuraria

Phytophthora infestans

Tetrahymena thermophila

Trichomonas vaginalis
Trypanosoma brucei

CKK
loss of CKK

Improved sensitivity of sequence similarity searches. Homology 
modeling & crystal structure reveal ancient origins of DIX-domain

“We are about to submit the next 
paper in which we show the crystal 
structure and demonstrate that 
SOSEKI works in the same way as 
Dishevelled in animals.” Dolf Weijers



3/11/19

9

How we revealed the trend of a complex ancestor and 
independent loss

A combination of: 
• New genomes at crucial positions
• Improved sensitivity of sequence similarity searches 

(and homologs that are orthologs)
• Studying gene families with a lot of pre-LECA 

duplications

https://www.nature.com/articles/35052055/

Elias et al. http://jcs.biologists.org/content/125/10/2500.long

Endomembrane system 
/Rab animals fungi other eukaryotes
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These 23 LECA Rab’s were differentially retained in 
present-day eukaryotes -> massive loss • Introduction: a complex ancestor and independent 

loss
• Developments that lead to this view: 
– new genomes
– sensitive homology searches
– analysis of large gene families

• A null model of genome evolution
– innovations

What should you expect when studying a 
specific protein or a set of related genomes? 

“null model of gene family evolution”
Animals Fungi

Duplica.ons & 
inven.ons

Amoebozoa Archaeaplastida

Lineage specific (recurrent) loss & lineage specific duplications & 
some innovations & incidental horizontal gene transfer

LECA
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Elias et al. http://jcs.biologists.org/content/125/10/2500.long

wingless (Wnt) : a paradigma3c example of the pervasiveness of gene 
loss during metazoan evolu3on. (a=er gene duplica3on)

Duplication/Loss at different levels. e.g. origin of 
eukaryotes, origin of animals WNT (“scale invariant”?)
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eukaryogenesis origin of animals
Whole genome 

duplication at the base 
of vertebrates

• Introduction: a complex ancestor and independent 
loss

• Developments that lead to this view: 
– new genomes
– sensitive homology searches
– analysis of large gene families

• A null model of genome evolution
– innovations

Evolu&onary history 
of a protein: how to 

& results from

Insights into genome 
and network 

evolution

Methods for the 
large scale study of 

genome and 
network evolution

Literature discussion

Lectures

COO, pen&paper XX

✓
✓
✓

✓✓
✓ ✓
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