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The Impact of Polyploidy on Genome
Evolution in Poales and Other Monocots

“l don’t have to emphasize that gene
duplications are the fabric of evolution
in plants.”

-Jan Dvorak (as quickly written down
by a person with poor hearing...me)

Michael R. McKain
The University of Alabama

@mrmckain @mrmckain

Poales Diversity Grass genomes: the choose your own adventure of genome evolution

* ~22,800 species
+ ~11,088 species in
Poaceae « Transposons (McClintock, Wessler)
* GC content bias (Carels and Bernardi 2000)
* Three WGD events
* rho (Peterson et al. 2004)
* sigma (Tang et al. 2010)
* tau (Tang et al. 2010, Jiao et al. 2014)

Givnish et al. 201
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Zeroing in on WGD placement

Banana genome Pineapple genome
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How has ancient polyploidy altered the genomic -
landscape in grasses and other Poales?
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Phylotranscriptomic approach

* Sampling 27 transcriptomes and 7 genomes
* Representation for all families (except Thurniaceae) in

Poales

* RNA from young leaf or apical meristem, a combination of

Moncot Tree of Life and 1KP
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Coalescence-based Phylogeny of 234 Single-copy genes

g um bicolor
g . . .

wBoaocaimis s+ Phylogeny consistent with previous
gé,‘g/,{ﬂ,:g;v:,wgus,,m,,s nuclear gene results
q—Ecdeiocolea monostachya . .

b ndens « Conflicting topology with
chloroplast genome tree:

* Ecdeiocolea/Joinvillea sister instead of

* General steps: agrade
 Trinity assembly Ja‘i’,!n,a‘?.?q‘?is"fn’s * Typha sister to Poales, not
N - . juncus . "
* Orthogroup circumscription using a curated 22-genome dataset ﬁfgﬁéﬁ?ﬂi'ﬁ;’,‘é/ﬂ;ﬁ Bromeliaceae
+ Aligned amino acids with MUSCLE and created codon alignments Grocchina reducta
with PALZNAL  Foiber officinale
ssa acumina
* Gene tree reconstruction using RAXML phoonix aachiiera
Yucca filamentosa
Streptochaeta angustifolia liosta venusta
Picture by: Jerry Davis -Amborella trichopoda
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Placement of WGD Using PUG How we identify putative paralogs matters § § %
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Synteny-derived Paralogs

‘Sorghum bicolor
Avistida stricta

Total LCAS
a sativa

oinviliea ascendens.

nocaulon anceps
yris jupicai

‘epidosperma gibsonii
Perus papyris
fapania palusiris
Juncus

Stegolepis ferruginea
Neoregalia carolinae

lusa acuminata,
Elaies guineensis
Phoenix dactylifera

Hosta venusta
Yucca filamentosa
Vit vinfera
Amborela trichopoda.
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Dendrocalamus latiforus.
Brachypodium distachyon

Streptochaeta angustifolia
cdéiocolea monostachya

Ks frequency plot-derived Paralogs

Synteny from rice and sorghum genomes

Eodeioctea monostachys
Ecdeiocolea Streptochaeta Other Grasses

Identification of

« 8,267 putative rho paralog pairs

« 3,680 putative sigma + tau paralog pairs i
Included 2,248 putative tau paralog pairs from % .
Jiao et al. 2014 H

'S\nmumm angustolia

After filtering for outgroups, the PUG species tree 00 05 10 15 20 25 30 00 05 10 18 20 25 30
topology, and bootstrap values (80 cutoff) h X Typha atifolia EBrocchina reducta
Typha  Brocchina  Other Poales
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411 rho LCA nodes
26 sigma LCA nodes
50 tau LCA nodes
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https://github.com/mrmckain/PUG

Ks frequency plot-derived Paralogs

Sorghum bicolor

Total LCAS 0
Brachypodum distachyon

Slremochaela angustolia
Ecdeiocolea hya
Joinvilea ascen dens

Ks frequency plots of all taxa

Identification of 20,900 putative paralog pairs

Lepmusperma givsoni
e papyri, After filtering: 667 map to 343 unique LCA
Juncus "
$ei8ns torugnes nodes

n

Viis
Amborelia irichopoda
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Summary of Gene Tree Polyploidy Support

tho (grass) 411 610
sigma (Poales) 26 22 235
tau (monocot) 88 [} 410
Restionaceae [ 102 499
Centrolepidaceae [} [} 200
Restiid 0 15 184
Juncus 0 29 423
Cyperus 0 0 463
Zingiberales [ [ 377
Palms 0 0 345
Agavoideae 0 0 615
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How has ancient polyploidy altered the genomic
landscape in grasses and other Poales?

Is there a connection between polyploidy and the
grass bimodal GC distribution?
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Gene tree-derived Paralogs

Sorghum bicolor

Avistida

Dendmca\amus latiforus
achypodium distachyon
2a sativa

Sueptochaeta angustiola

Eabioooien monasiachya All possible pairs from multilabeled gene
Soinvlca ascandens trees

Total LCAS

L(

Identification of 1,870,214 putative paralog

Leuldwsperma givson ;
Cyperus papym pairs
iavata e )
Rl * Most of these are isoforms/alleles

iGeieis femuginea

Neoregalia caroimac

8
F

After filtering: 36,567 map to 5,455 unique
Elaies guneensis LCA nodes

Amborell trichopoda
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GC Content Evolution in Grasses

Bimodal distribution of genic GC content

5’ -> 3’ decreasing GC content gradient
* Positive correlation with recombination rate
* Negative correlation with DNA methylation

GC biased gene conversion
* Recombination driven

—
GC3 bias/codon usage bias e -
Gene length (longer more GC)

Increased expression
Gléminet al. 2014
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GC contentacross

13,798 orthogroups

- } Poaceae

4~ Aphelia, Centrolepediaceae

4= Lochnocaulon, Eriocaulaceae
Xyris, Xyridaceae

<——— Stegolepis, Rapateaceae
Neoregalia, Bromeliaceae

* Position normalized across
s s alignment to 1% alignment
g —— length increments

@mrmckain Normalize Position Across All Orthogroups
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Percent Genes

GC contentacross
13,798 orthogroups

Patterns of GC:
* Unimodal-tight distribution

*  Unimodal-broad distribution
* Bimodal

Percent GC
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Classification of Orthogroups by GC Content

* High GC—75% or more of transcripts for a given taxon in an
orthogroup are clustered as high GC (63.7%)
* 3,662 orthogroups

* Low GC—75% or more of transcripts for a given taxon in an
orthogroups are clustered as low GC (46.7%)
* 6,770 orthogroups

* Mixed GC—remaining orthogroups that do not fall into other classes
* 2,595 orthogroups
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Comparison of paralog retention across WGD and high/low GC
orthogroups

Paralog Source Event High G Low GE Mixed G sq F value
Synneny ftho retained duplicate ] 7 % 06502 000001
Syrteny Rh dupiicate lost 367 a9 2508

Synieny Sigma retained duplicats o 2 4 14838 0000716
Synteny Sigma duplicate Lost 3662 6746 2581

Syrieny Tau retained duplicate s 53 ) 82002 oo00107
Syrneny Tau duplicate lost 3687 a7 2575

Gene trees Rha retained duplicate 51 385 m 1093626 000001
Gene trees Rho duplicate lost 361 6385 2,482

Gene irees Sigma retained duplicate 15 163 1 559048 000001
Gene trees Sigma duplicate lost 3647 6607 2547

Gene wees Tau retained duplicate 7 235 % 19256 0000065
Gene trees Tau duplicate lost 3587 6535 2500

High %GC orthogroups more likely to lose duplicated genes
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Identification of GC bimodality

* Reject null hypothesis of Hartigan’s dip test
for unimodality for seven taxa

* Kmeans clustering used to identify the high
and low means for these taxa

Species Low Mean High Mean
Aphelia sp. 0.472 0633 )
Aristida stricta 0.460 0.651 Combined GC Kmeans Results:
Brachypodium distachyon 0.500 0.659 Low: 46.7%
Dendrocalamus latiflorus 0.460 0.632
H . 0,
Lachnocaulon anceps 0.466 05616 High: 63.7%
Oryza sativa 0.483 0661
Sorghum bicolor 0.491 0.659
@mrmckain

High/Low GC Orthogroup Distributions

Al Taxa Juncus effusus Brachypodium distachyon
44.8% Mean GC 56.3% Mean GC
@mrmckain

Summary

* Polyploid events likely occurred prior to the diversification of Poaceae
(rho) and Poales (sigma)

* Gene tree-derived paralogs more abundant and useful in identifying
WGD than synteny or Ks frequency plots

* Bimodal GC distribution result of high and low GC gene families

* Maintenance of high/low GC gene families in Poales regardless of
overall GC content

* Paralogs more likely to be lost in high GC gene families

@mrmckain
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Identification of rho, the grass WGD event

Dot-plot of rice genome syntenic regions Timing of grass WGD event

’ rho event described as predating Poaceae divergence
@mrmckain Paterson et al. 2004

Polyploidy is prevalent in flowering
plants

Fine-Scale Placement Requires Strategic Taxonomic Sampling

graminids.

* Sampling each lineage off =
of the backbone
* Streptochaeta e
. i B L —
First brancfj in grasses e
* Typha (eattait corn dog . - T
grass) cyperids * S
« Contender with pineapple Ppmes
for first branch in Poales
Givnish et al. 2010 g Tetraploidy (genome doubling}
HHexaploidy (genome tripling) == Fublished Genome
Fgpolyploidy (details unclear) = Unpublished Genome:

mrmckain
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