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Pitfalls of Pitfalls of jackhmmerjackhmmer  and and psiblastpsiblast  

• Danger: the inclusion of one error means your 
iterations spin out of control. 

 

•  most common: coiled coil, or low complexity 

 

• Jackhmmer seems more prone to this than 
psi-blast 

A very specific pitfall of A very specific pitfall of jackhmmerjackhmmer  

 

 

• Many insignificant domain hits make a signifcant 
protein hit; if your query has a a vague and 
insignificant hit to a protein with almost identical 
repeats 

3/6/2014 3 

(eukaryotic) Tree of Life, (eukaryotic) Tree of Life, 
eukaryogenesiseukaryogenesis, LECA, LECA  

contentscontents  

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

• Eukaryotic supergroups (quick) 

• Three kingdoms or two?, nature of the first 
eukaryote 

• From FECA to LECA: duplications 

• From FECA to LECA: enodsymbiosis 

 

 

 

Crucial genomes fill gapsCrucial genomes fill gaps  

Human 
S. cerevisiae Bony Fish 

SHARKS! (Chondrichthyes) 

Lamprey 

Crucial genomes fill gapsCrucial genomes fill gaps  

Human 
S. cerevisiae Bony Fish 

SHARKS! (Chondrichthyes) 

Lamprey 

Ciona 

Lancelet (amphioxus)  
Allowed mapping vertebrate 
WGD 

Lancelet (amphioxus)  
Allowed mapping vertebrate 
WGD 

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=pY7T14yzNHrPkM&tbnid=4V6AZ8flDdGqDM:&ved=0CAUQjRw&url=http://www.toptenz.net/top-10-vampiric-creatures.php/lampreys&ei=fUs3UaTPHan60gXB7IDwBw&bvm=bv.43287494,d.ZWU&psig=AFQjCNEsEdztewkiED27QDJI13W__U9Xqg&ust=1362664692086077
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Human 
S. cerevisiae 

Bony Fish 

SHARKS! (Chondrichthyes) 

Lamprey 

Ciona 
Lancelet (amphioxus) WGD 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 
hemicorhdates 

Human 
S. cerevisiae 

Bony Fish 

SHARKS! (Chondrichthyes) 

Lamprey 

Ciona 
Lancelet (amphioxus) WGD Lancelet (amphioxus) WGD 

protostomes 

Cnididaria, trichoplax  

sponge 

Capsaspora Capsaspora 

hemicorhdates 

“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. cerevisiae 

Bony Fish 

SHARKS! (Chondrichthyes) 

Lamprey 

Ciona 
Lancelet (amphioxus) WGD Lancelet (amphioxus) WGD 

protostomes 

Cnididaria, trichoplax  

sponge 

monosiga 

hemichordates 

filasporea 

nucleariidae 

Chytridiomycota Chytridiomycota 

Zygomycota Zygomycota 

RAL evolution?RAL evolution?  

Animal RAS Fungal RAS Animal RAL 

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

http://www.google.nl/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=d1w68vs6YEfX0M&tbnid=kYewQeUwNnzziM:&ved=0CAUQjRw&url=http://www.trichoplax.com/pages/page_15.html&ei=fU03UcWRA8rJ0QWXuYGICQ&bvm=bv.43287494,d.ZWU&psig=AFQjCNFhEr9vi-VVxNklvSHBKu3l5z-YYw&ust=1362665180796413
http://www.trichoplax.com/mediafiles/l15.jpg
http://genome.jgi-psf.org/Triad1/TrichoplaxSEM_Sagasser.jpg
http://genome.jgi-psf.org/Triad1/TrichoplaxSEM_Sagasser.jpg
http://genome.jgi-psf.org/Triad1/TrichoplaxSEM_Sagasser.jpg
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RalGEF subcluster  of RasGEF tree  RalGEF subcluster  of RasGEF tree  Ral subcluster of Ras tree  Ral subcluster of Ras tree  

B. dendrobatidis  
R. oryzae 

P. blakesleeanus 

RAL evolution?RAL evolution?  

Animal RAS Fungal RAS Animal RAL 

Old duplication and loss. No more OR. 

Early branching 
fungi  RAL 

Is the asymmetry (comb) real?Is the asymmetry (comb) real?  

• Part is perspective (protostomes!) 

• Part is sampling 

• Part is real  

many genomes, many more underwaymany genomes, many more underway  

• 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) 

U
N

IKO
N

TS 

OPHISTOKONTS 

AMOEBOZOA 

EXCAVATA 

B
IKO

N
TS 

ALVEOLATES 

STRAMENOPILES 

PLANTAE 

RHIZARIA 

~5 ~5 SupergroupsSupergroups  

• Current sampling hugely biased >> 500 
opistokonts, 1 rhizaria, 5(?) 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 

http://www.sciencedirect.com/science?_ob=MiamiCaptionURL&_method=retrieve&_udi=B6T2M-4WMM7DV-1&_image=B6T2M-4WMM7DV-1-9&_ba=&_user=3021451&_rdoc=1&_fmt=full&_orig=search&_cdi=4922&view=c&_isHiQual=Y&_acct=C000021878&_version=1&_urlVersion=0&_userid=3021451&md5=a0427ca68fc1ef360804f59fda09dc02
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Early branching / key 
genomes in  
supergroups gives 
beautiful stories 

MPS1 parallel MPS1 parallel 
loss of TPR loss of TPR 

domaindomain  

Tromer / kops in press 

UNIKONTS 

OPHISTOONTS 

AMOEBOZOA 

EXCAVATA 

BIKONTS 

ALVEOLATES 

STRAMENOPILES 

PLANTAE 

RHIZARIA 

ROOT UNKNOWN 

ToLToL  & 3 kingdoms& 3 kingdoms  EocyteEocyte  hypothesishypothesis  

First Eukaryotic Common Ancestor 
(FECA) / proto eukaryote 

Proc Natl Acad Sci U S A. 2008 Dec 
23;105(51):20356-61. Epub 2008 Dec 10. 
The archaebacterial origin of eukaryotes. 
Cox CJ, Foster PG, Hirt RP, Harris SR, Embley TM. 
 

Latest trees suggest Latest trees suggest eocyteeocyte  
Timing of alphaTiming of alpha--proteobacterialproteobacterial  endosymbiosisendosymbiosis  

relative to bacterial radiations?relative to bacterial radiations?  

 

Source of mito 
arrow is 
incorrect 

http://www.pnas.org/content/105/51/20356/F1.large.jpg
http://www.ncbi.nlm.nih.gov/pubmed?term="Cox CJ"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Foster PG"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hirt RP"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hirt RP"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Hirt RP"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Harris SR"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Embley TM"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Embley TM"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Embley TM"[Author]
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Timing of alphaTiming of alpha--proteobacterialproteobacterial  endosymbiosisendosymbiosis  
relative to bacterial radiations?relative to bacterial radiations?  

 First came: Emergence 
of proteobacteria, 
emergence of alpha 
proteobacteria within 
the proteobacteria and 
many speciations within 
the alpha-
proteobacteria 
 
I think this fits better 
with eocyte than with 3 
kingdoms  

Mol Biol Evol. 2005 Nov;22(11):2142-
6.  
The presence of a haloarchaeal type 
tyrosyl-tRNA synthetase marks the 
opisthokonts as monophyletic. 
Huang J, Xu Y, Gogarten JP. 
 

OphistokontOphistokont  
tyrosyltyrosyl--tRNAtRNA  

synthetasesynthetase  falls falls 
INSIDE a INSIDE a 

bacterial genus!bacterial genus!  

Ophistokonts 

Late origin of eukaryotes?Late origin of eukaryotes?  

• Proto eukaryote not ancient as bacterial and 
archael radiations, endosymbiosis was after 
many bacterial radiations, leca was thus also 
after these radiations, supported by 
ophistokonts (supposedly “short” after LECA) 
being within archaeal genus 

• Proto-eukaryote still seems to have had a long 
way to go to a eukaryote:, “feca-2-leca” 

• Nature of proto-eukaryote? 

 
  

 

Novel Novel archaeaarchaea  has has operonoperon  with UBQ with UBQ 
systemsystem  

• Insights into the evolution of Archaea and eukaryotic protein modifier 
systems revealed by the genome of a novel archaeal group. Nunoura T, 
Takaki Y, Kakuta J, Nishi S, Sugahara J, Kazama H, Chee GJ, Hattori M, Kanai 
A, Atomi H, Takai K, Takami H.  Nucleic Acids Res. 2011 Apr;39(8):3204-23 

 

The gene cluster of the Ub-like protein modifier system in C. subterraneum. , 

eukaryotic “type” ubiquitin 

Nunoura T et al. Nucl. Acids Res. 2011;39:3204-3223 

© The Author(s) 2010. Published by Oxford University Press. 

1:1 Orthologous to eukaryotic actin with limited phylogenetic 
dsitrubution in archaea  

http://www.ncbi.nlm.nih.gov/pubmed?term="Huang J"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Xu Y"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Xu Y"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Xu Y"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Gogarten JP"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Gogarten JP"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Gogarten JP"[Author]
http://mbe.oxfordjournals.org/content/22/11/2142/F2.large.jpg
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
http://www.ncbi.nlm.nih.gov/pubmed/21169198
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In eukaryotic and bacterial cells, spatial organization is 
dependent upon cytoskeletal filaments 
 
Actin is a main eukaryotic cytoskeletal element, cell shape 
determination, mechanical force generation and cytokinesis  
 
Archaeal cytoskeleton of crenactin which forms helical 
structures within Pyrobaculum calidifontis cells, as shown by in 
situ immunostaining  

Examples of subpopulation of cells 
displaying centrally located band-
like structures. 
 
Cytokinesis? 

Eukaryotic features in Eukaryotic features in archaeaarchaea  are present in are present in subcladesubclade  of of 
archaeaarchaea  where also now the where also now the ToLToL  places the eukaryotesplaces the eukaryotes  

  
ProtoProto--eukaryote is getting more complex as more eukaryote is getting more complex as more 

archaealarchaeal  diversity is sequenced and diversity is sequenced and bioinformaticallybioinformatically  and and 
biochemically characterizedbiochemically characterized  

EukaryogenesisEukaryogenesis: FECA to LECA : FECA to LECA   

• Endosymbiosis 

 

• Duplication 
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http://en.wikipedia.org/wiki/Phagocytosis 

“Theory of “Theory of endosymbiosisendosymbiosis””  

Similarity in membrane “topology” between a Similarity in membrane “topology” between a 
mitochondria and a eukaryotic cell that eats a mitochondria and a eukaryotic cell that eats a 
bacterium: the double membrane topologybacterium: the double membrane topology  
 

DNADNA  

Mitchondria have their own chromosome 

… but this chromosome is circular and not  
enveloped in a “nucleus” 

prokaryotes eukaryotes 

Circular chromosomes, 
no organelles 

Linear chromosomes 
organelles 

“Theory of endosymbiosis” 

http://home.nc.rr.com/ambiient/site/mtdna.htm 

PhylogeneticPhylogenetic  treestrees  

•Mitochondrial chromosome, 
genes, rRNA 
 
•Similarity according to an 
established model of sequence 
change. Determine how 
organisms / genes are related: 
tree 
 
•Tree: eukaryotic mitochondria 
cluster within bacteria, within 
alpha -proteobacteria, next to 
rickettsia, obligate intracellular 
parasites of eukaryotic cells  
 

 
 

Alpha-proteobacterial proteins with 

the rest of the bacteria and archaea 

Eukaryotic + alpha-proteobacteria 

        in the same branch 

Identifying Identifying eukaryoticeukaryotic  proteins with an proteins with an alphaalpha--

proteobacterialproteobacterial  origin based on their phylogenyorigin based on their phylogeny 

PHYLOME 

SELECTION OF 
HOMOLOGS
SELECTION OF 
HOMOLOGS 

ALIGNMENTS AND 
TREE
ALIGNMENTS AND 
TREE 

GENOME 

GENOMES 

TREE 
SCANNING
TREE 
SCANNING 

LIST 

Detecting eukaryotic genes of alpha-proteobacterial ancestry 

6 alpha-proteobacteria 
9 eukaryotes 
56 Bacteria+Archaea 

6 alpha-proteobacteria (22 500 genes) 
Benchmarking? Benchmarking?   

1. “a control” 

2. ML works! 



3/10/2014 

8 

Reconstruction of the ProtoReconstruction of the Proto--mitochondrial Cellmitochondrial Cell  

Eric Schon,  
Methods Cell Biol 2001 
(manually curated) 

Huh et al., Nature 2003Huh et al., Nature 2003  
(green fluorescent genomics)(green fluorescent genomics)  

566 

527 

303 

Gabaldon & Huynen 
Science 2003 
alpha-prot. 

10 

59 

35 

293 

Yeast mitochondrial proteome:Yeast mitochondrial proteome:  

Human mitochondrial proteome:Human mitochondrial proteome:  

Eric Schon,  
Methods Cell Biol 2001 

755 

508 

The majority of the protoThe majority of the proto--mitochondrial proteome is not mitochondrial (anymore)mitochondrial proteome is not mitochondrial (anymore)  

113 

t 

proteins 
loss 

gain 

 re-targeting 

Ancestor 

Modern mitochondria 

From From endosymbiontendosymbiont  to to organellorganell, not only loss , not only loss 

and gain of proteins but also “retargeting”:and gain of proteins but also “retargeting”:  

~16% of the mitochondrial 
yeast proteins are of alpha-
proteobacterial origin.  

~65% of the alpha-
proteobacteria derived set is 
not mitochondrial. 

Gabaldon and Huynen, Science 2004 

FECA/FECA/eocyteeocyte  
to LECAto LECA  

 

Nucleic Acids Res. 2005 Aug 16;33(14):4626-38 
Ancestral paralogs and pseudoparalogs and their 
role in the emergence of the eukaryotic cell. 
Makarova KS, Wolf YI, Mekhedov SL, Mirkin BG, 
Koonin EV. 
 

Duplications 
 
 
Inventions 

duplications: e.g. small duplications: e.g. small 
GTPasesGTPases  

bacteria 

Dupl of RAS superfamily gave rise to 
families of Rho, Ras, Rab and ARF which 
in turn gave rise to e.g. in the case of 
RAS, RheB, Ral, RasA RasB etc, 

Not just the Not just the gtpasesgtpases, also their , also their 
activating proteins: Rap/activating proteins: Rap/RalRal//RheBRheB  GAP GAP 

tree: events from before the LECAtree: events from before the LECA  

 RapGAP (animals(LSE), fungi, dicty)

 PHYSOJ14061 Phytophthora sojae 142624
 PHYINF15173 Phytophthora infestans PITG 15173

 RalGAPB (oomycetes, dicty, naegleria, fungi, animals))

 RalGAPA (dicty, naegleria, fungi, animals)

 RheBGAP (TSC2, oomycetes, diatoms, red algea, animals, fungi, dicty, tetrahymena)

99

13

8

23

31

100

24

0.5

http://www.ncbi.nlm.nih.gov/pubmed?term="Makarova KS"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Makarova KS"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Makarova KS"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Wolf YI"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mekhedov SL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mekhedov SL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mekhedov SL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mirkin BG"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mirkin BG"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Mirkin BG"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Koonin EV"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Koonin EV"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Koonin EV"[Author]
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• Adaptor protein (AP) complexes sort cargo 
into vesicles for transport from one 
membrane compartment of the cell to 
another 

• Evolution of specificity in the eukaryotic 
endomembrane system.Dacks JB, Peden AA, 
Field MC. Int J Biochem Cell Biol. 2009 
Feb;41(2):330-40. 

 

Adaptor proteins arose via fecaAdaptor proteins arose via feca--22--leca leca 
duplicationsduplications  

Fig. 3   Organelle evolution driven by gene duplication of the identity-encoding machinery. (A) An initial endomembraneous compartment is 
shown, with an as-yet undifferentiated set of identity-encoding machinery shown. The segmented circle indicate... 

Neo or sub Neo or sub functionalizationfunctionalization  … for … for 
membrane identity?membrane identity?  

Parallels 
discussion 
for protein  
Complexes,  
e.g. zipper 
model 
 

LECA “genome of LECA “genome of edeneden”, “The Incredible ”, “The Incredible 
Expanding Ancestor of EukaryotesExpanding Ancestor of Eukaryotes  

(Eugene V. (Eugene V. KooninKoonin))  
  

~4000 genes 
 
 
The genome of Naegleria gruberi illuminates early eukaryotic versatility. 
Fritz-Laylin LK, Prochnik SE, Ginger ML, Dacks JB, Carpenter ML, Field MC, Kuo A, 
Paredez A, Chapman J, Pham J, Shu S, Neupane R, Cipriano M, Mancuso J, Tu H, 
Salamov A, Lindquist E, Shapiro H, Lucas S, Grigoriev IV, Cande WZ, Fulton C, 
Rokhsar DS, Dawson SC. 
Cell. 2010 Mar 5;140(5):631-42.  
 

SignallingSignalling  complexitycomplexity  

 

http://www.ncbi.nlm.nih.gov/pubmed/18835459
http://www.ncbi.nlm.nih.gov/pubmed/18835459
http://www.ncbi.nlm.nih.gov/pubmed/18835459
http://www.ncbi.nlm.nih.gov/pubmed/18835459
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
http://www.ncbi.nlm.nih.gov/pubmed/20211133
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EukEuk  ToLToL  / / OrthologyOrthology  complicationscomplications  

• HGT  between eukaryotes 

• Parallel HGT from bacteria 

 

• Serial / secondary endosymbiosis  

 

• (tertriary endosymbiosis) 

HGT  between eukaryotesHGT  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 bacteriaHGT from bacteria  
  

 

Parallel HGT from bacteriaParallel HGT from bacteria  
  

 

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

  
 

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

Serial / secondary Serial / secondary endosymbiosisendosymbiosis  (EGT, (EGT, 
gene transfer, protein regene transfer, protein re--targetingtargeting  

  
 

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

Serial / secondary Serial / secondary endosymbiosisendosymbiosis  e.g.  Tree e.g.  Tree 
of 1,6of 1,6--bisphosphatasebisphosphatase  

  
 

. 
A good KOG database would???A good KOG database would???  

• How should it relate to COG’s,;  
– to endosymbiosis origin vs archael origin 

– Fusions and duplications (Big bang) during feca to leca 

 

 

• (How) should it deal with serial endosymbiosis 

• (How) should it deal with HGT between euks 

• (How) should it deal with parallel HGT from bacs 
to euks 


