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Key Genomes, (eukaryotic) Tree of 
Life, implications for expectation of 

patterns that can appear in gene 
phylogenies (and OGs)

contents

• Key Genomes: Counting back from human 
(and S. cerevisiae) “crucial” / “early branching” 
genomes

• Eukaryotic supergroups & Root
• After LECA: gene loss, secondary 

endosymbiosis

What is the evolutionary history of this protein? What 
happened in its evolution? Which other organisms 

have “it”? And when did it arise in evolution?

?

In order to answer these question: do sensitive homology searches, 
making and interpreting trees. But also: the right genomes & what 
can you expect. 

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
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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 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

Crucial genomes fill gaps
Human S. cerevisiaeBony Fish

SHARKS! (Chondrichthyes)

Lamprey

Crucial genomes fill gaps
Human S. cerevisiaeBony Fish

SHARKS! (Chondrichthyes)
Lamprey

Ciona

Lancelet (amphioxus) 
Allowed mapping vertebrate
WGD
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Human
S. cerevisiae

Bony Fish
SHARKS! (Chondrichthyes)

Lamprey
Ciona

Lancelet (amphioxus) WGD

Cnididaria, trichoplax

http://www.trichoplax.com/mediafiles/l15.jpg
http://genome.jgi-psf.org/Triad1/TrichoplaxSEM_Sagasser.jpg
http://upload.wikimedia.org/wikipedia/en/thumb/f/f7/Exodigestion_in_Trichoplax_adhaerens.jpg/380px-Exodigestion_in_Trichoplax_adhaerens.jpg

protostomes
hemichordates

Human
S. cerevisiae

Bony Fish
SHARKS! (Chondrichthyes)

Lamprey
Ciona

Lancelet (amphioxus) WGD

protostomes
Cnididaria, trichoplax

sponge

Monosiga (Choanozoa)

hemichordates

Monosiga brevicollis, choanoflagelates
single celled / colonial protists with a 

collar and flagellum to filter feed

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages/C/choanoflagellates.gif

Monosiga brevicolis

The genome of the choanoflagellate Monosiga brevicollis and the origin of metazoans.
King N, Westbrook MJ, Young SL, Kuo A, Abedin M, Chapman J, Fairclough S, Hellsten U, Isogai Y, Letunic I, Marr M, Pincus D, Putnam N, 
Rokas A, Wright KJ, Zuzow R, Dirks W, Good M, Goodstein D, Lemons D, Li W, Lyons JB, Morris A, Nichols S, Richter DJ, Salamov A, 
Sequencing JG, Bork P, Lim WA, Manning G, Miller WT, McGinnis W, Shapiro H, Tjian R, Grigoriev IV, Rokhsar D.
Nature. 2008 Feb 14;451(7180):783-8

http://www.trichoplax.com/mediafiles/l15.jpg
http://genome.jgi-psf.org/Triad1/TrichoplaxSEM_Sagasser.jpg
http://www.ncbi.nlm.nih.gov/pubmed/18273011
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Human
S. cerevisiae

Bony Fish
SHARKS! (Chondrichthyes)

Lamprey
Ciona

Lancelet (amphioxus) WGD

protostomes
Cnididaria, trichoplax

sponge

Capsaspora

hemichordates

“acquisition of metazoan-specific developmental 
systems and the co-option of pre-existing genes
drove the transition from unicellular protists to 
metazoans.” e.g. NFkappaB

Human
S. cerevisiaeBony Fish

SHARKS! (Chondrichthyes)
Lamprey

Ciona
Lancelet (amphioxus) WGD

protostomes
Cnididaria, trichoplax

sponge
monosiga

hemichordates

filasporea

nucleariidae

Chytridiomycota

Zygomycota
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However more data (better taxon sampling) >> tree 
reconciliation: the case of RAL evolution?

Animal RAS Fungal RAS Animal RAL

Animal invention and wrong tree ( “consensus” in the RAS field) OR old 
duplication and loss

RalGEF subcluster of RasGEF tree Ral subcluster of Ras tree 

B. dendrobatidis
R. oryzae

P. blakesleeanus

Animal RAS Fungal RAS Animal RAL

Old duplication and loss. The hypothesis of animal specific duplication 
and accelerated evolution & wrong gene tree can be rejected

Early branching fungi  
RAL

However more data (better taxon sampling) >> tree 
reconciliation: the case of RAL evolution?

Is the asymmetry (comb) real?

• Part is perspective (protostomes!)
• Part is sampling
• Part is real 
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http://link.springer.com/article/10.1007%2Fs00438-014-0889-2

Matter of perspective or not?
many genomes, many more underway

• Asgard archaea, tens of new bacterial phyla
• Diversity at many levels
• Allow / needed for different questions
• Reveals more old diversity re: duplicates or OGs

• Fun biology (not directly applicable but helps to 
remember the names and relationships of the 
weird beasties) (a good taxonomy button like in 
jackhmmer also helps)

contents

• Key Genomes: Counting back from human 
(and S. cerevisiae) “crucial” / “early branching” 
genomes

• Eukaryotic supergroups & Root
• After LECA: gene loss, secondary 

endosymbiosis

Outline of eukaryotic tree of life
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~5 Supergroups
• Current sampling hugely biased >> 1000 

opistokonts, 2 rhizaria, 10(?) excavates
• Phylogenetic/ cellular/ protein diversity 

staggering as compared to e.g. human-fruitfly
• Especially relevant for “evolutionary cell 

biology”
• Mini project: one of each (super)group, fungi, 

animals, plantae, alveolates, amoebozoa, 
stramenopiles

Early branching / key 
genomes in  
supergroups gives 
beautiful stories

MPS1 parallel 
loss of TPR 

domain

Tromer / kops in press
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LECALECA

New genomes = new phylogeney hemimastigophora



3/14/19

9

Events after LECA not loss/duplication

• HGT  between eukaryotes
• Parallel HGT from bacteria

• Serial / secondary endosymbiosis

• (tertriary endosymbiosis)

HGT  between eukaryotes
Proc Natl Acad Sci U S A. 2011 Sep 13;108(37):15258-63. Horizontal gene transfer facilitated the evolution of plant 
parasitic mechanisms in the oomycetes. Richards TA, Soanes DM, Jones MD, Vasieva O, Leonard G, Paszkiewicz K, 
Foster PG, Hall N, Talbot NJ.

HGT from bacteria
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Parallel HGT from bacteria

http://www.sciencedirect.com/science/article/pii/S0022519317300954

Serial / secondary endosymbiosis (EGT) and 
gene transfer to the nucleus 

http://www.amjbot.org/content/91/10/1481/F2.large.jpg
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Serial / secondary endosymbiosis (EGT, 
gene transfer, protein re-targeting

http://www.amjbot.org/content/91/10/1481/F2.large.jpg

Serial / secondary endosymbiosis e.g.  Tree of 1,6-
bisphosphatase

.

Secondary 
endosymbiosis 

explains position 
of diatoms in 

this tree


