Pitfalls of jackhmmer and psiblast

* 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

(eukaryotic) Tree of Life,
eukaryogenesis, LECA
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Crucial genomes fill gaps

Human Bony Fish S. cerevisiae

SHARKS! (Chondrichthyes)

3/10/2014

A very specific pitfall of jackhmmer

* 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

contents

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 gaps

Human Bony Fish S. cerevisiae

SHARKS! (Chondrichthyes)

Lamprey

Lancelet (amphioxus)
Allowed mapping vertebrate
WGD
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The Capsaspora genome reveals a complex
unicellular prehistory of animals
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Human Bony Fish
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“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

RAL evolution?

Animal RAS  Fungal RAS Animal RAL

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

—04

Ral subcluster of Ras tree

Other Ras-ins G-promsrss

B. dendrobatidis
R. oryzae
P. blakesleeanus

Other RasGEFs

Is the asymmetry (comb) real?

* Part is perspective (protostomes!)
* Partis sampling

* Partis real
.
& R
. >
& &
£ & &
7o
[
& o
& | 1
\2\ | | |

OPHISTOKONTS

EXCAVATA

JALVEOLATESE' o
(L) ]
| STRAMENOPILES

" J’ PLANTAE

} RHIZARIA

SLINOMINN

SINOMIg

3/10/2014

RAL evolution?

Early branching
Animal RAL  fyngi RAL

Animal RAS  Fungal RAS

Old duplication and loss. No more OR.

many 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)

~5 Supergroups

* 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
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MPS1 parallel

loss of TPR
domain

Early branching / key
genomes in
supergroups gives
beautiful stories

Tromer / kops in press

Animalia
&—mm \Vertebrata
o—mm Drosophilia

Choanoflagel @—mm Mbrevicolis

Fungi o= Ecuniculi
®—mm 5 punctatis

©-mm Other Fungi

I @ -mm Ttahens
L—¢ @mm simemolds
@—mm Cmerolae (Red Alga)
@—mm Green Algae

—mmm Plants

m Present

O Absent

% Loss of TPR
Group of proteins from

q a single taxon that share the same

@ Protein topology
AT

protein topology

TolL & 3 kingdoms

Bacteria

Eukarya Archaea

E
-]
2
£
2
2
)
o

Latest trees suggest eocyte

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.
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Eocyte hypothesis

A Three-domains tree B Eocyte tree

First Eukaryotic Common Ancestor
(FECA) / proto eukaryote

Timing of alpha-proteobacterial endosymbiosis
relative to bacterial radiations?

Bacteria Eukarya Archaea

Animalia

Source of mito
arrow is
incorrect

Crenarchacota

o
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Timing of alpha-proteobacterial endosymbiosis
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

s;rhims a"}“ & with eocyte than with 3
o f;ﬁ : ‘!i kingdoms
Rhin:biahs"{
Sphingomonadales o3

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?

The gene cluster of the Ub-like protein modifier system in C. subterraneum. ,
eukaryotic “type” ubiquitin

- mpniil —|ubl ezl eil sifp

operon-like gene cluster for eukaryotic ubl system

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

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

Nucleic Acids Research
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Ophistokont
tyrosyl-tRNA
synthetase falls
INSIDE a
bacterial genus!

Tl Minvirus
Pymobaculun

Nanvarchae

Ophistokonts

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

Novel archaea has operon with UBQ
system

« 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

— s Micrabiologs #0ldl 1052-1061 W

An actin-based cytoskeleton in archaea

Thifs J. G. Ettema.** Ann-Christin Lindas’ and ‘ments twistsd around one anciher to form a right-handed
Ralf Barnander double helix, which constitute wel-characterized cenral
Deparment of Molseular Evotution, Evolubonary Biology ~ components o  cyloskslslon-dependent  processes
‘Cnter, Uppsala University, Norbyvagan 18C, SE-752 {Pollard and Cooper, 2009; van den Ent ef af, 2001). As a
36, Uppsala, Sweden, result of the involvement in pivotal processes, the primary

siniciure of actin has been exiremely well conserved

Crenactin

P

L«:W‘%m.
T ParMiAL?
Mamk

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

In eukaryotic and bacterial cells, spatial organization is Examples of subpopulation of cells

dependent upon cytoskeletal filaments displaying centrally located band-
like structures.

Actin is a main eukaryotic cytoskeletal element, cell shape
determination, mechanical force generation and cytokinesis Cytokinesis?

Archaeal cytoskeleton of crenactin which forms helical
structures within Pyrobaculum calidifontis cells, as shown by in
situ immunostaining

REVIEW

An archaeal origin of eukaryotes supports
only two primary domains of life
Eukaryotic features in archaea are present in subclade of r G Foser’, ymon 1 Cox T N e

10 10mmane2778

archaea where also now the Tol places the eukaryotes a s A b Paraphyletic Archasa
Eukaryota Euryarchasota
Proto-eukaryote is getting more complex as more | Euryarchasota | Eukaryata
archaeal diversity is sequenced and bioinformatically and Eooytes/Crenarchacota ' Eocyles/Crenarchacota
biochemically characterized _ Thaumarchasota | ¢ Thaumarchaeota
K Pt
Bacteria Bacteria

Three-domains hypothesis Eocyte hypothesis

Eukaryogenesis: FECA to LECA

Cytosksbion

* Endosymbiosis

et

* Duplication

TACK

Euryarchascea

TTTTY
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Similarity in membrane “topology” between a DNA
mitochondria and a eukaryotic cell that eats a

bacterium: the double membrane topology Mitchondria have their own chromosome

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

prokaryotes eukaryotes
Circular chromosomes, Linear chromosomes
) no organelles organelles

“Theory of endosymbiosis”

“Theory of endosymbiosis”

http://en.wikipedia.org/wiki/Phagocytosis http://home.nc.rr.com/ambiient/site/mtdna.htm
Phylogenetic trees Identifying eukaryotic proteins with an alpha-
" proteobacterial origin based on their phylogeny
*Mitochondrial chromosome, —

genes, rRNA

*Similarity according to an
established model of sequence
change. Determine how
organisms / genes are related:
tree

B

Tree: eukaryotic mitochondria
cluster within bacteria, within
alpha -proteobacteria, next to

Eukaryotic + alpha-proteobacteria Alpha-proteobacterial proteins with

rickettsia, obligate intracellular in the same branch the rest of the bacteria and archaea
parasites of eukaryotic cells
Detecting eukaryotic genes of alpha-proteobacterial ancestry Be nc h ma rkl ng?

* 6 alpha-proteobacteria (22 500 genes)
6 alpha-proteobacteria
° T - 9 eukaryotes Species Proteins® NJ-Set®  ML-Set”

56 Bacteria+Archaea

Reclinomonas americana imitochondrion) 67 6 6270
Deinococus radiedurans. 3084 (A 003
SELECTION OF Agrabacterium tumefaciens (Cereon) 53902 1303 750
ETENOER =] Kabaceim ometocos Mahogon) 32 1an 1
Bradyrhirobium japonicum 8257 n18 825 1 ”a contro |"
y Brucella mefitensis 3186 161 1108 .
o Brucela suis 3247 1586 967
Caulobacter crecentus 3718 13.23 835 |
Magnetococeus magnetotacticum 4280 1136 874 2. ML works!
ALIGNMENTS AND Rhizobium loti 7259 1308 894
Rhizobium meliloti 6149 1367 217
TREE 2 Rickettsia conorii 1374 203 1659
TREE Rickettsia prowazekil 834 2508 1978
Total selected® 1026 842
SCANNING
“Number of protein-coding genes par genome,
\ “Percentage of selected proteins in each genome by each approach
“Total number of selected OGs.
An analysis that was based on six alpha-protecbacterial genomes [9) detected 630
proteins of ai arigin that were d the
R americana mitochondrial genes and 1.3% of D. rodiodurans, Increasing the number of
—{ E analyzed genomes has thus substantially increased the number of proteins and the
“completeness” of the prateome, g the number of por

0£10.1371/joural pcbi 09302191001



Reconstruction of the Proto-mitochondrial Cell
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From endosymbiont to organell, not only loss
and gain of proteins but also “retargeting”:

proteins
loss.
re-targeting
~65% of the alpha-
proteobacteria derived set is
Anchstor { not mitochondrial.
Modern mitochondria
16% of the mitochondrial
yeast proteins are of alpha-
ain proteobacterial origin.
t
duplications: e.g. small Small GTPases and the evolution
of the eukaryotic cell
GTPases Gaspar Jékely"*
z_=2
E Ll
EzEz

=

EE
=%
=&

MglA br
Myl Mx

MglA Aac

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,

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

566 Gabaldon & Huynen
Science 2003
alpha-prot.

Yeast mitochondrial proteome:

Eric Schon,
Methods Cell Biol 2001
(manually curated)

303

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

Human mitochondrial proteome: 755

Eric Schon,
Methods Cell Biol 2001

508

 A—— FECA/eocyte

o
o to LECA

Fukaryore-specific duplications

Eukaryoiic immovations

o Duplications

i clusters.
Separatinn berweea the Inventions
aukaryoiic lineage and it
prokaryosic sister grop

B LECA: 4137 (x1.92)

LUCA: 489 FECA: 2150

LACA: 1028 (x1.19)

Nucleic Acids Res. 2005 Aug 16;33(14):4626-38
Ancestral paralogs and pseudoparalogs and their
role in the emergence of the eukaryotic cell.
FACA: 861 R S A Makarova KS, Wolf Y1, Mekhedov SL, Mirkin BG,

Not just the gtpases, also their
activating proteins: Rap/Ral/RheB GAP
tree: events from before the LECA

RapGAP (animals(LSE), fungi, dicty)

S0J14061 Phytophthora sojae 142624
15173 Phytophthora infestans PITG 15173

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

RalGAPA (dicty, naegleria, fungi, animals)

20 RheBGAP (TSC2, oomycetes, diatorrs, red algea, animals, fungi, dicty, tetrahymena)
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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.

Neo or sub functionalization ... for
membrane identity?

) __ Spacinally madute

Monparatagous factar(s)

_— Endomembrane compartment

) Duplicaiion Sequence divergence
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Adaptor proteins arose via feca-2-leca

duplications
Complex | Largs chain 1 | Lage chain 2 | Medium chain Small chain
AP-1 v " » ol
AP f 4 wa | o
F.COPI COP pCoP scor | LcoP
Appendage

‘dormain

—_—

Cargo-binding
domain

a-helical solenoid

LECA “genome of eden”, “The Incredible
Expanding Ancestor of Eukaryotes
(Eugene V. Koonin)

~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.

Ancient eukaryotic
protein families

Animal protein
families
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Euk ToL / Orthology complications

HGT between eukaryotes
Parallel HGT from bacteria

* Serial / secondary endosymbiosis

(tertriary endosymbiosis)

Saccharomycatina
Pazizomycotina  [Fungi
other fungi®

Metazoa

Amoebozoa

Alveolata

hominis
Diatoms
Ectocarpus siliculosus

Saprolegnia parasitica
Albugo laibachii
Phytophthora ramorum
Phytophthora sojae
Phytophthora infestans

Parallel HGT from bacteria

A
—_—0 o Dictyostelium discoideum
%8

Cyanobacteria [Npun2340/2341]
— Cyancbacteria
i

Archaeal ATPases.

Hyaloperonospora parastica

Unikonts

@3 —-00303Im~~0

HGT between eukaryotes
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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.
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HGT from bacteria

Gene Transfer from Bacteria and Archaea Facilitated Evolu(ion ofan
Extremophilic Eukaryote
Gerald Schonknecht et al.
Science 339, 1207 (201 %
DOl: 10.1 12615c|eﬂne 1231707
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Serial / secondary endosymbiosis

Euglenids
Trimastix
Oxymonads

. Malawimonas
Jakobids

20

Ciliates
Dinoflagellates Alveolates

Apicomplexans

Oomycetes
Cryptophy
Haptophytes

Radiolarians
Foraminifera
Haplosporidians.
Plasmodiophorids
\ c i

Cercozoa
Cercomonads

Euglyphid smosbea

Brown algae
Diatoms Stramenopiles
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; PRIMARY ENDOSYMBIOSIS

SECONDARY ENDOSYMBIOSIS

Cyanobacterium IM
Peptidoglycan
Cyanobacterium OM

Phagosomal
membrane

Primary alga cytoplasmic

(phagosamal
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i yanobacterium OM
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L/ alaucophytes)
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& dinoflagellates.
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in cryptomonads &
chiorarachniophytes)
Cyanobacterium OM
Cyanobactarium IM

Signal Transit Mature
Peplide Peptide Protein
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Serial / secondary endosymbiosis e.g. Tree
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plastidic cytosolic
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Serial / secondary endosymbiosis (EGT,
gene transfer, protein re-targeting

Phagosomal

membrane
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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
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