Genome duplications (polyploidy) / ancient genome
duplications (paleopolyploidy)/ ancient genome
hybridization (allo-paleopolyploidy)

Mechanism? e.g. a diploid cell undergoes
failed meiosis, producing diploid gametes,
which self-fertilize to produce a tetraploid
zygote.

Non-sequitur? How this lecture fits in the
course.

* Something to expect in gene trees.

— If I see two paralogs in human my first guess is that they duplicated at
base of vertebrares: provides scenario/search image

*  We want to detective What has happened, this is generally difficult:
here we are clear what happened because of synteny ....

* Some fringe / in extremis discussion of paralogy & orthology
*  Much more well defined exposition of

— Again importance of gene loss: provides nice example of expansion
contraction / biphasic model of genome evolution

— Changes in Speed of evolution
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Phylogenetic timing of duplicates hints are massive
duplications at the base of vertebrates

“Big bang”
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Paramecium genome duplications

Vol 443]9 November 2006| doi:10.1038/nature05230 nature
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Global trends of whole-genome
duplications revealed by the ciliate
Paramecium tetraurelia
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Comparison of two scaffolds originating from a
common ancestor at the recent WGD

s 10 15 20 25 30 3s 40 as 50 55 60 65 70

scaffold_8 D LT L R ¥ R e e T = ccpsarmas dsssso @
5 0 s 20 25 30 30 s 50
75 80 85 90 o5 100 105 110 125 130 135 140

scaflold_8 & @ o & < e ¢
23 ]
285 290
scaffold_1

360 365 370 375 380 385 390 395 400 405 410 a1s 420 425
scaffold_1

smﬂold,so-o-c-D.----%.’."--.’.".-c-D".--oo.’cl"---oco-u-qococoss’q‘;“d'

265 300 30 310 315 320 325 330 335 340

430 435 440 445 450 455
scaffold_1 .

scaffold o caarsaces o cacaenbaacadadbdo DD a
350 355 360 365 370 375

500 505 s10 515 520 525

scaffold_1

scaffold 8@ a® QO CP EP PP o AR dEd S P IP I P PO AR AAD D
220 ! 230 i 240 24

Whole genome (all
scaffolds) can be aligned
to itself

Saccharomyces cerevisiae o

® YURL/KTR2, TEF2/TIFL, GLG2/GLGL, RPS2SB/RES2SA

©p TLL34W/YRROSIC, HRSI/NRSS, TRKL/TRK2
o weas/umEl
@ YILL12H/CAPS, GZP3/DALBO

o, YILI0SH/¥KRO25C

# " CHS6/YKRO2TH, YILO9BH/SAP190

Molecular evidence for an 500 Block 41
ancient duplication of the
entire yeast genome

Kenneth H. Wolfe & Denis C. Shields
Deparmentof Generic, Uniersiy o Dubln, Tiiy Cllge, Db, Ireland

% 3
g PRYL/PRY2, PRYL/PRYI
YILOT6K/YROL0C

Gene duplication is an important source of evolutionary
novelty'2. Most duplications are of just a single gene, but Ohno'
that whole- dug

plication (polyploidy) s an
important evolutionary mechanism. Many duplicate genes have

" Here we

Kiuyveromyces. Only a small fraction of the genes were subse-
ces. Only o s s were subs

up 13% of al yeast proteins, and include pairs of transcription
factors, protein ‘myosins,cyclins and pheromones. Tetra-

200 oTPR1/¥ERL

Distance along chromosome XI (kb)

We searched
ol e y

d plotted Block 40, useiso/erss, vrasec/piaa
the results on dot matrices. Duplicate regions are visble as /- KSPA50/PIRL) YIL156C/PIRL
3 o In the

ploidy
tion in Saccharomyces.
systemat
o¥aL04SH/SDRL

ticaly fo duplicated regions” in the com-
ing BLASTP' imi-

ol st of 0 it e orienate * SRt s
example shown in Fig. 1, three separate dagonals ndicate
distinct regional duplications between chromosomes X and XI. 100 RPL20B/RPL20A

erz/emey
R iaRoctn/fhidorc
Block 42 \{'sass /aans

some! nt to the initial duplication of the whole region.
In the whole genome, 55 duplicate regions were identified

e Pubtshers L 557 NATURE|VOL 387 12 U 197

qrorisic/rri2is
o bmmorimezzee . . . . —dvomisac/mazse

TS e
0 100 200 300 400 500 600 700 YRISIC/IRLZZAC

Distance along chromosome X (kb)




Just before genome duplication
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Saccharomyces cerevisiae Problem reciprocal gene loss (illustrated with an extreme
case); how to solve?
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Problem reciprocal gene loss (illustrated with an extreme
case); how to solve?
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More time after genome duplication
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Problem reciprocal gene loss (illustrated with an extreme
case); how to solve?
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maybe it was not a whole genome
duplication but a hybridization?

PLOS ] BIOLOGY
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Beyond the Whole-Genome Duplication:
Phylogenetic Evidence for an Ancient
Interspecies Hybridization in the Baker's
Yeast Lineage

Marina Marcet-Houben'?, Toni Gabaldén™>*

1 Centre for Genomic Regulation (CRG), Barcelona, Spain, 2 Universitat Pompeu Fabra (UPF), Barcelona,
Spain, 3 Institucié Catalana de Recerca i Estudis Avanats (ICREA), Barcelona, Spain

* tgabaldon @crg.es

Abstract

‘Whole-genome duplications have shaped the genomes of several vertebrate, plant, and
fungal lineages. Earlier studies have focused on establishing when these events occurred

Clearer example of allopolyploidy (& genome dominance)

ARTICLE oPEN

0i:10.1038/nature 19840

Genome evolution in the allotetraploid
frog Xenopus laevis

‘Adam M. Session"?*, Yoshinobu Uno**, Taejoon Kwon***, Jarrod A. Chapman?, Atsushi Toyoda®, Shuji Takahashi’,
Akimasa Fukui®, Akira Hikosaka’, Atsushi Suzuki’, Mariko Kondo'?, Simon J. van Heeringen", Ian Quigley'?, Sven Heinz",
Hajime Ogino', Haruki Ochi®, Uffe Hellsten?, Jessica B. Lyons', Oleg Simakovi, Nicholas Putnam?, Jonathan Stites”,
Yoko Kuroki'®, Toshiaki Tanaka'®, Tatsuo Michiue?®, Minoru Watanabe?, Ozren , Ryan Lister?2, G giou®,
Sarita S. Paranjpe’, lla van Kruijsbergen"’, Shengquiang Shu?, Joseph Carlson?, Tsutomu Kinoshita?, Yuko Ohta®,

Shuuji Mawaribuchi®, Jerry Jenkins™%, Jane Grimwood>%, Jeremy Schmutz>%, Therese Mitros', Sahar V. Mozaffari?,
Yutaka Suzuki®, Yoshikazu Haramoto®, Takamasa S. Yamamoto®, Chiyo Takagi®, Rebecca Heald”, Kelly Miller”,
Christian Haudenschild*f, Jacob Kitzman™, Takuya Nakayama®, Yumi Izutsu™®, Jacques Robert*, Joshua Fortriede”

Kevin Burns”, Vaneet Lotay®, Kamran Karimi®®, Yuuri Yasuoka®, Darwin S. Dichmans, Martin F. FlajnikZ,
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To explore the origins and consequences of (etr.\pluldy in the African clawed frog, we sequenced the Xenopus laevis
genome and compares dX. origin of X. laevis
by partitioning its genome into two homoeologous suhgenomes ‘marked by distinct families of ‘fossil’ transposable
elements. On the basis of the activity of these elements and the age of hundreds of unitary pseudogenes, we estimate
that diploid progenitor around 34 million years ago (Ma) and combined to form an allotetraploid
around 17-18 Ma. More than 567% of all genes were retained in two homoeologous copies. Protein function, gene
expression, and the amount of conserved flanking sequence all correlte with retention rates. The subgenomes have
preserving
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Duplicated wnt “clusters” detected via

wingless (Wnt) : a paradigmatic example of the pervasiveness of gene

|a ncelet outg roup loss during metazoan evolution. (after gene duplication)
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Is it always genome duplication?
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Small Homologous Blocks in Phytophthora Genomes Do Not
Point to an Ancient Whole-Genome Duplication

Jolien J.E. van Hooff'*%, Berend Snel’?, and Michael F. Seidl'->3*

The hidden duplication past of the plant pathogen

Phytophthora and its consequences for infection
'Theoretical Biology and Bioinformatics, Department of Biology, Utrecht University, The Netherlands

Cindy Martens'2 and Yves Van de Peer*12

“Centre for BioSystems Genomics, Wageningen, The Netherlands

Abstract

Background: Oomycetes of the genus Phytophthora are pathogens that infect a wide range of plant species. For dicot
hosts such as tomato, potato and soybean, Phytophthorals even the most important pathogen. Previous analyses of

Phytophthora genomes uncovered many genes, large gene families and large genome sizes that can partially be
explained by significant repeat expansion patters.

Results: Analysis of the complete genomes of th

3Laboratory of Phytopathology, Wageningen University, Wageningen, The Netherlands

fes,using a
approzch, unvelled alarge number of small duplcated blocks, mainly consisting of two of three consecutive genes:

Further analysis of these duplicated genes and comparison with the known gene and genome duplication history of
ten other eukaryotes including parasites, algae, plants, fungi, vertebrates and invertebrates, suggests that the ancestor
of Rinfestans, P sojae and P ramorum most likely underwent a whole genome duplication (WGD). Genes that have
survived in duplicate are mainly genes that are known to be preferentially retained following WGDs, but also genes
important for pathogenicity and Infection of the different hosts seem to have been retained in excess. As a result, the
WGD might have contributed to the evolutionary and pathogenic success of Phytophthora.

“Present address: Department of Molecular Cancer Research and Cancer Genomics Centre, University Medical Center Utrecht, Utrecht,
The Netherlands

GENOME BrorLoGgy AND EvoLuTION

*Corresponding author: E-mail: michael.seidi@wur.nl.
Accepted: April 15, 2014

Concluslons: The fact that we find many small blocks of duplicated genes indicates that the genomes of Phytophthora
species have been heavily rearranged following the WGD. Most likely, the high repeat content in these genomes have
played an important role in this reamrangement process. As a consequence, the paucity of retained larger duplicated

blocks has greatly complicated previous attempts to detect remnants of a large-scale duplication event in

Abstract

Phytophthora. However, as we show here, our newly developed strategy to identify very small duplicated blocks might

Genomes of the plant-pathogenic genus Phytophthora are characterized by small duplicated blocks consisting of two consecutive
genes (2HOM blocks) and by an elevated abundance of similarly aged gene duplicates. Both properties, in particular the presence of
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Phytophthoras have many paralogous blocks
(HOM blocks)

2HOM block with conserved orientatio

2HOM block with unconserved orientation

(o WIS <n )
2HOM block being part of a 3HOM block

Adapted from: C Martens and Y van de Peer BMC Genomics (2010)

HOM block features do not point to a

WGD

2HOM blocks |TE-filtered
Full set > 2 copies |Same scaffold |2 copies,
different scaffolds

P. infestans PEX] 25 55

16 15
15 18

majority originated from recent species-
specific duplications

Supercontig 37

P. sojae (Ps_135349) P. sojae (Ps_108875)

Supercontig 14
P. ramorum (Pr_75624) (S P. ramorum (Pr_71361).
Supercontig 15
P. infestans (PITG_09579) (ﬁ P. infestans (PITG_09578)
Supercontig 15
P. infestans (PITG_09637) @ P. infestans (PITG_09636)

Supercontig 3
P. parasitica (PPTG_01708) m P. parasitica (PPTG_01707)
Contig 160
H. parasitica (811537) R O . parasitca (811536)
Supercontig 223

P. ultimum (PYU1_G013095) P. ultimum (PYU1_G013094)—————————

Family of CMGC/CDK protein kinases and riboflavin biosynthesis proteins Family of vesicle transporters

E.g: in P. infestans, 132 out of 146 (90%) blocks analysed is species-specific,
so cannot result from a WGD in the Phytophthora ancestor

Individual duplications are even more
often species-specific

P. infestans P. ramorum P. parasitica

W Species-specifc duplications

m Shared duplications
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Expansion of Signal Transduction Pathways
in Fungi by Extensive Genome Duplication
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Genome duplications turn out to be (much) more
frequent (than anticipated)
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Pre-WGD track  Post-WGD track A

0st-WGD track B

Reconstructed map of genome duplications allows unprecedented
mapping of evolutionary history of genes in genomes
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Multiple rounds of speciation associated with
reciprocal gene loss in polyploid yeasts

Devin R. Scannell'”, Kevin P. Byrme™, Jonathan L. Gordon', Simon Wong' & Kenneth H. Wolfe!
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Reconstruction of genome duplications allows unprecedented
mapping of evolutionary history of genes in genomes
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Reconstructed map of genome duplications allows
unprecedented mapping of evolutionary history of
genes in genomes: “pseudo-orthology”

Major fate is gene loss
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Global trends of whole-genome
duplications revealed by the ciliate
Paramecium tetraurelia
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Comparison of two scaffolds originating from a
common ancestor at the recent WGD

s 10 15 20 25 30 35 40 as so 55 &0 65 70
scaffold_1 . s ’ s
PoesssmrccesesecsarosBaD SO aaS sessccsacnas ddss s o«
0 s 26 25 30 36 s 50
50 o5 100 105 110 115 120 125 130 135 140

210

scaffold Sas ccaes et dcaabcc aaaasab aaacobbcac acb ach s ab aab oD ab acaaEman
230 235 240 245 250 258 260 265 276 275 280 >
380 365 370 375 380 385 390 395 400 405 410 a1s 420 425

s csaanan
55 250

scaffold_1

scaffold omoaaschads s e ceer e OO EPPaCCEOB eeP eCCQdn dacdadasaaae
295 300 305 310 315 320 325 330 335 340 345

430 a3s5 440 aas 450 as5 460 465 470 475 480 a8s 490 495

scaffold_1
scafiold oo ears aes s caaanbaaab abboobsaassss e acoEOBOBEEBEDBRODCRaCBEEDcEacaD DO
358 355 360 365 370 375 380 385 355 363 G00 %05 o] e
500 s05 s10 s1s s20 s25 530 s35 s40 sa5 ss0 sss s60
scaffold_1 -

Scaffold_ 8 OB OO Ch Eb b PO A A PP G PO OD SOD D
220 3. 230 S5 340 34




In paramecium 3
or 4 WGD
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- Massive gene loss
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WGD’s sometimes correlate to (adaptive)
radiation?
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Correlation to (adaptive) radiation? Explanations for adaptive radiation?
Ttatymana thrmostie Incompatibility at essential loci

P. bursaria

A
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P. nephridiatum

* Teleosti most
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P. jenningsi of vertebrates
P. sexaurelia * Yeasts
P. pentaurelia

P. caudatum
P. multimicronucleatum

P. novaurelia P aurelia
P. primaurelia complex

to RGL a
- i >
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by in
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Intermediary WGD P. octaurelia
P. quadecaurelia

P. tredecaurelia
P. tetraurelia
Recent WGD

Explanations for
adaptive radiation?
Regulatory innovations

==-———1 | Non-sequitur? How this lecture fits in the
= course.

* Something to expect in gene trees.

— If I see two paralogs in human my first guess is that they duplicated at
base of vertebrares: provides scenario/search image

*  We want to detective What has happened, this is generally difficult:
here we are clear what happened because of synteny ....

* Some fringe / in extremis discussion of paralogy & orthology
*  Much more well defined exposition of

— Again importance of gene loss: provides nice example of expansion
contraction / biphasic model of genome evolution

— Changes in Speed of evolution
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