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Goals of the project
In flowering plants, hybridization and polyploidy are
Important evolutionary processes and are often connected
to changes in the reproductive system.

The aim of the project is to study effects of interspecific

hybridization and polyploidy on evolution of apomixis, the
asexual reproduction via seed (apomixis) in the
Ranunculus auricomus complex. We use comparative
transcriptomics, NGS technologies, flow cytometry,
microscopy and experimental tests.

We are further interested in phylogenetic distribution and
biogeography of apomixis in flowering plants.




The evolution of apomictic polyploid complexes

Apomixis arises in allopolyploid hybrids
Loss of genetic variation with higher ploid

Accumulation of deleterious mutations over time (Muller's ratchet)

Ploidy level

8x / \ / Apomictic
2> ‘@ (@

&

o \®

&

7

6X

-— Morphological or genetic divergence ——— Stebbins, Grant




The Ranunculus auricomus complex

Apospory
Pseudogamy
Heritable, genetic control

Highly facultative

Nogler 1984; Rutishauser 1954

aposporiq
embryo sac

Horandl et al. 1997




Natural and experimental hybrids

R. notabilis 2n = 16 R. carpaticola 2n = 16 R. cassubicifolius 2n = 32

lowland, early ecotype Slovak mountain range, late Pre-Alps, late ecotype
Begin April (8.9°C) ecotype, May May (10.8°C)

kk J Apomictic, 2n = 48 Paun et al. New Phytol 2006

Experimental
h Eﬁd enta 2n = 16, sexual or 2n = 24, sexual
y > apomictic? or apomictic?




Transcriptomics
(lllumina sequencing of RNA in flowering buds)

2 APO (6x): R.
carpaticola x
cassubicifolius

SEX (2x): R. SEX (4x): R. SEX (2x): R.

carpaticola cassubicifolius notabilis cDNA normalized

- o R. carpaticola as reference genome (108mer PE)

54
bp Assembly: CLC genomic workbench

S— contigs e s SNP calling using BWA

De Novo Assembling of contigs

Contigs annotation: gene
function

=== SNP ﬁmﬁ

All plant genomes
sequenced database

Pellino et al., Molec Ecol in press \ /

SNPs mapping and genomic
divergence of cytotypes / species




Ranunculus RNA Seq data

172.506 genes in 29.274 contigs
33.986 coding sequences

Overview SNP detection
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Gene annotation via BLAST. 1822 contigs (157 chloroplast)
6099 annotated SNPs (possible mutation sites)

1677 phylogenetically informative SNPs




SNP analysis and gene annotation

No genome-wide mutation accumulation in apomicts
Apomicts are less than 100,000 years old
Single hybrid origin

Genes related to meiosis and gametogenesis are under
diversifying selection

Pellino et al., submitted

Sexual species show teh genomic signature of allopatry;
autopolyploids differ only slightly from their diploid progenitors

Hojsgaard et al. subm.




SNP analysis: Evolutionary origin

Shared presences (in at least two taxa) of SNPs:
Matrix of 1677 phylogenetically informative sites — Nexus file

Hybridization Network R carpaticola (2x)

hybrid3528 (6x)

(Splitstree 4.0) T hybrid2915 (6x)
Huson & Bryant, 2006)

R. notabilis (2x)

R. cassubicifolius (4x)

Apomicts: max.
66,000 years old

Fit =100%

Rapid divergence of apomictic lineages after their hybrid origin

Pellino et al., Molec Ecol in press




SNP analysis: divergence and loci under selection

800 annotated genes
analyzed in an open
reading frame

ratio non-synon. /
synonymous
substitutions

Outlier genes are
under diversifying
selection

6X apo/6x apo 6X apo/2x sex  2X sex/2x sex

Functional shift Allopatry




Gene annotation: outliers in the dn/ds ratios

cellular process (23)

GO-id GO-term

G0:0051327 M phase of meiotic cell cycle

GO0:0000279 M phase

G0:0007128 meiotic prophase I

biological regulation (6) GO:0007127 meiosis I

GO:0007129  synapsis

G0:0051324 prophase

G0:0009554 megasporogenesis

G0:0070192 chromosome organization involved in meiosis

G0:0009556 _microsporogenesis
cellular component organization or \/

biogenesis (5) developmental process (4)

localization (2)

response to stimulus (4)
reproduction (1)

multicellular organismal process (4)

metabolic process (19)

Sex / apo comparison:
Nine genes associated to cell cycle are under diversifying selection

Pellino et al., Molec Ecol in press




Gene annotation: outliers in the dn/ds ratios

GO Term Biological function

GO-id GO-term

GO0:0051327 M phase of meiotic cell cycle

G0O:0000279 M phase

GO:0007128 meiotic prophase |

GO:0007127 meiosis |

GO:0007129 synapsis

G0:0051324 prophase

GO:0009554 megasporogenesis

GO:0070192 chromosome organisation
iInvolved in meiosis

GO:0009556 microsporogenesis

Sex / apo comparison:
Nine genes under diversifying selection are related to sex/apo shift

No overall genome-wide mutation accumulation in apomictic lineages




Key results

Embryological and developmental studies

Experimentally produced F1 hybrids show elements of
apomixis (apospory), but not yet functional apomictic
seeds

This change is related to asynchrony and shifts in timing
of developmental steps: hybrids have a delayed
development

Hojsgaard et al., subm.




Embryo sac in 2x and 3x F1 hybrids

Immature ES during anthesis
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2x hybrid genotypes

Percentages of ovules with
functional initial cells:

Flow cytometric seed screen:

Percentages of seeds of
meiotic or apomictic origin:

aborted
B aposporous

B meiotic

aborted
W apomict

B meiotic




Key results

Apomixis in angiosperms

Amborellales

» Nymphaeales

Austrobaileyales

=Piperales
= Canellales
= Magnoliales

\ = Laurales
\——= Chloranthales

= Commelinales
=Zingiberales
= Poales
= Arecales
= Dasypogonaceae
I—-As paragales

Ll ales

= Pandanales

= Dioscoreales
= Petrosaviales
Alismatales

\\== Acorales
Ceratophyllales

Ranunculales

Sabiaceae

Proteales

Buxales

Trochodendrales

core eudicots

|:| no apomixis
Il with apomixis

m equivocal

i

Gunnerales

= Cucurbitales

= Oxalidales
= Malpighiales

-Ezgggezllales

= Vitales
-Saxlfragales
Dilleniaceae

Berberidopsidales

Santalales

= Caryophyllales
= Cornales

asterids

= Boraginaceae
= Aquifoliales
————=Escalloniales
= Asterales

_Dlpsacales
=Paracryphiales
= Apiales
=Bruniales

= Brassicales

= Huerteales

= Sapindales

=Picramniales
Crossosomatales

-Myrta es

= Geraniales ]

commelinids magnoliids

fabids basal eudicots

malvids

lamiids

campanulids

Basal angio-
sperms

Monocots

Dicots

Hypericum perforatum

Hoérandl & Hojsgaard 2012, Plant Biosystems

Poa pratensis



Key results

Apomixis in angiosperms

A searchable internet database has been installed at

http://www.apomixis.uni-goettingen.de

Apomixis is widespread and scattered in the phylogeny

Apomixis is associated to diversity and large geographical
distribution areas

Horandl & Hojsgaard, Plant Biosystems, 2012

Hojsgaard et al., subm.




Further results

Facultative apomixis and environmental stress

« Apomixis is facultative and could be responsive to environmental
stress. We elaborated a theory that oxidative stress and
subsequent DNA lesions induce meiosis.

Horandl, 2013

Horandl & Hadacek subm.

We will test for the response of apomixis to light stress conditions
with 6x clones of the R. auricomus complex.

Klatt et al. in prep.




Further results

Evolution of apomictic hybrids

Experimental hybrids R. carpaticola x R. notabilis resemble
morphologically the natural 4x hybrid R. variabilis (widespread
In Austria)

ITS sequence polymorphisms and geometric morphometrics
support a hypothesis of hybrid origin of R. variabilis

Hodac et al., in prep.




Further results
Geographical parthenogenesis

Apomictic plants are better colonizers than related sexuals

Population genetic studies suggest that facultative apomixis

preserves genetic diversity, but allows for rapid expansion into
remote areas (Baker‘s law)

France
7

— Wiirm ice coverage

0 40 80

= Polyploid asexual K=3
O Diploid sexual (shaded area) K= 6

Cosendai et al. 2013

Germany

Austria

Horandl et al. 2011
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