Key Genomes, (eukaryotic) Tree of
Life, implications for expectation of
patterns that can appear in gene
phylogenies (and OGs)

3/14/19 1

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?

C-lobe

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




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

The CKK Domain (DUF1781) Binds Microtubules and Defines the CAMSAP/
ssp4 Family of Animal Proteins

Anthony J. Baines,*t Paola A. Bignone,** Mikayala D.A. King,* Alison M. Maggs,

Pauline M. Bennett, Jennifer C. Pinder,i> and Gareth W. Phillips*$>

*Department of Biosciences, University of Kent, Canterbury, Kent, United Kingdom; $Centre for Biomedical Informatics, University
of Kent, Canterbury, Kent, United Kingdom; and $Randall Division of Cell and Molecular Biophysics, King's College London, New
Hunt’s House, London, United Kingdom

We describe a structural domain common to proteins related to human calmodulin-regulated spectrin-associated protein1
(CAMSAP1). Analysis of the sequence of CAMSAPI identified a domain near the C-terminus common to CAMSAP1

wo other mammalian proteins KIAA1078 and KIAA1543, which we term a CKK domain. This domain was also
present in invertebrate CAMSAPI homologues and was found in all available eumetazoan genomes (including cnidaria),
but not in the placozoan Trichoplax adherens, nor in any nonmetazoan organism. Analysis of codon alignments by the
sitewise likelihood ratio method gave evidence for strong purifying selection on all codons of mammalian CKK domains,
potentially indicating conserved function. Interestingly, the Drosophila homologue of the CAMSAP family is encoded
by the ssp4 gene, which is required for normal formation of mitotic spindles. To investigate function of the CKK domain,
human CAMSAP1-enhanced green fluorescent protein (EGFP) and fragments including the CKK domain were ex-

We conclude that the CKK domain binds microtubules

and represents a domain that evolved with the metazoa.

Mol. Biol. Evol. 26(9):2005-2014. 2000
doi:10.1093/molbev/msp115
Advance Access publication June 9, 2009
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A structural model for microtubule minus-end
recognition and protection by CAMSAP proteins
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Crucial genomes fill gaps

Human Bony Fish S. cerevisiae

SHARKS! (Chondrichthyes)
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Human Bony Fish
SHARKS! (Chondrichthyes)
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Monosiga (Choanozoa)

Monosiga brevicollis, choanoflagelates
single celled / colonial protists with a
collar and flagellum to filter feed

Monosiga Portion of the body wall of asponge
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The Capsaspora genome reveals a complex
unicellular prehistory of animals
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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

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

Early branching fung

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
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* Part is perspective (protostomes!)
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Matter of perspective or not?
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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)
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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
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An Alternative Root

Report

for the Eukaryote Tree of Life

Ding He,"? Omar Fiz-Palacios,"? Cheng-Jie Fu,’
Johanna Fehling,'* Chun-Chieh Tsai,’
and Sandra L. Baldauf'*

Two parallel protocols employing a combination of homolo-
gous clustering and phylogenetic screening were used to
identify proteins suitable for deep eukaryote phylogeny (see

Program in Biology, D: of O
Biology, Uppsala University, Norbyvagen 18D, 75236 Uppsala,
Sweden

Summary

The root of the eukaryote tree of life defines some of the most
fundamental relationships among species. It is also critical
for defining the last eukaryote common ancestor (LECA),
the shared heritage of all extant species. The unikont-bikont
root has been the reigning paradigm for eukaryotes for more
than 10 years [1] but is becoming increasingly controversial
[2-4]. W a dataset, isti

37 nuclear-encoded proteins of close bacterial ancestry
(euBacs) and their closest bacterial relatives, augmented
by deep sequencing of the Acrasis kona (Heterolobosea,
Discoba) transcriptome. Phylogenetic analysis of these
data produces a highly robust, fully resolved global phy-

and Figwe S1
available online). Screening identified genes that appear to
be (1) of bacterial origin, (2) present in the last eukaryote com-
mon ancestor (LECA) (universal or nearly universal among
eukaryotes), and (3) with strong phylogenetic signal (out-
paralog free and consistent with well-supported eukaryote
phylogeny [5). Of the 281 universal euBac proteins identified,
most failed the latter criteria, primarily due to early gene dupli-
cation and lineage-specific losses.

Thirty-seven euBacs survived all screening protocols, 33 of
which are known or predicted to function in the mitochondrion
(Table S1). To increase sampling for Excavata, we sequenced
the Acrasis kona ( Discoba) i
yielding a full set of 37 euBac proteins. Outgroup taxaincluded
the closest bacterial relatives of the 37 euBacs (Table S2). All
euBacs in the final data set reproduce eight or more of the
ten major eukaryote groups represented, and 36 euBacs
show >60% maximum-likelihood bootstrap (mIBP) support
for six or more of these major groups (Table S4).
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Bacterial proteins pinpoint a single eukaryotic root
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The large phylogenetic distance separating eukaryotic genes and

Tyne, United Kingdom, and accepted by the Editorial Board January 13,

constantly find fast evolving eukaryotes at the base of all other
12).

their archaeal orthologs has prevented i of the position
of the eukaryotic root in phylogenomic studies. Recently, an in-
novative approach has been proposed to drcumvent this issue: the
use as phylogenetic markers of proteins that have been transferred
from bacterial donor sources to eukaryotes, after their emergence
from Archaea. Using thi h, two studies

¥

In the absence of a close outgroup, rare cytological and ge-
nomic changes specific to some eukaryotic lineages have also
been considered for rooting of the eukaryotic tree. In this con-
text, the leading hypothesis used to be the Unikonta-Bikonta

have built phylogenomic datasets based on bacterial sequences,
leading to different predictions of the eukaryotic root. Taking advan-
of additional genome sequences from the jakobid Andalucia

in which unikonts and bikonts are ancestrally char-
acterized by (arguably) either a single or two flagella, respectively.
This subdivision seemed to be supported by the distribution of
certain gene fusions (13), and a specific myosin paralog (14), but

godoyi and the two known specles

and i these
two phylogeﬂoml( dataset, We show that both datasets pinpoint
the same phylogenetic position of the eukaryotic root that is be-
tween “Unikonta” and “Bikonta,” with malawimonad and collodic-

both later proved to have a more complex evolu-
tionary history (2). Furthermore, the idea of the “uniflagellate”
ancestry for unikonts became untenable (2). For this reason, the
concept of Unikonta has been recently superseded by proposing
swhich embraces upikonts as well as
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Hemimastigophora is a novel supra-kingdom-level

lineage of eukaryotes

Cardon Lax™¢, Yana Egtit™*, Laura Eme™4, Erin M. Bertrand’, Andrew ). Roger” & A lastair C. B. Simpson'
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Gene sequence. The partial small subunit ribosomal RNA (SSU
rRNA) gene of stratn BW2H has been deposted tn GenBank,
mn( Fea2191.

Comments. Cells are hrgs and have neveul more flagella than
He anly p y described species
(lwmbyhamdlbo&ylzﬂqdapamr)

Cells of H. kukwesfifk are oval 1n profile with a blunt astertor
projection (the captulum) and two rows of flagella along their
whnlelua?h( 1g- 1b, Extended Data Fig. 1). In culttvation as
strain BW2H, live cells were 16.5-20.5-um long by 7- 12.5-jum wide
(1831 pmx 9.9+ 1.2 um; n= 61), with 2 sub-central, roended
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fagella (mean 18.4; - 25) lay tn a channel between the two thick
thecal plates. The anteriormost 9 or 10 flagella were closdly spaced,
md&trﬂanﬁgudhnsqnﬂknﬂdiamlh:mtdeﬁymgph:
(Fig. 1, €). The ! by th lapping anterior
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Events after LECA not loss/duplication
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HGT between eukaryotes
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Parallel HGT from bacteria
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Parallel HGT from bacteria
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Serial / secondary endosymbiosis (EGT,
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