Biosystematika:
Il. Evoluce polyploidu



Co nas dneska ceka?

kontaktni zény cytotypl

koexistence cytotypu a jeji stabilita

evoluce v kontaktnich zonach: reinforcement
genovy tok pres ploidni bariéru

rychlost evolucni diverzifikace polyploidnich linii

jak se méni genomy polyploidl (diploidizace)



Kontaktni zdny cytotypu

= specialni typ hybridnich zon, jen velmi vzacné zde dochazi k

uspésné hybridizaci (kvali ploidni bariére)

* nejcastéjsi prilezitost ke koexistenci ruznych cytotypu (a k
jejimu studiu ;)

e naprostd vétsina z nich sekundarniho ptivodu

— napt. rekolonizace uzemi liniemi z rGznych refugii (pokud se lisi ploidii)
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Koexistence cytotypu je prekvapivé casta

* udruhu se znamou ploidni heterogenitou (N = 69):

- prumeérné 3,5 ruznych cytotypu (2 — 8)

- smiSené populace v pruméru 16,1 %
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Kolar et al. (2017)



Koexistence cytotypu je prekvapivé casta

* jake cytotypy spolu koexistuji v kontaktnich zonach nejcastéji?

Table 2. Ploidy Combinations Reported Among 69 Mixed-Ploidy Plant Species®

Dominant Number of % Mostly asexual % Species with % Species with % Species with Rare cytotypes present (number of cases)
cytotypes species species odd cytotype(s) intermediate rare cytotypes
cytotype(s)

3x 4x 5Bx 6x  Other cytotypes
(number of cases

if >1)
2x + 3x 4 100 100 0 25 L1 0 0
| Ox + 4x 42 | 2 62 62 67 | %6 - |5 |12 |
2 + 6x 2 0 50 0 50 1 s | - 7x, 8x, 9
2X+3x+4x 2 50 100 100 100 - - 2 0
2x+4x+6x 6 0 83 83 83 4 - 5 - 7x(2,8x (2, W
4x + Bx + 6x 2 100 100 100 100 1 - - - 7
4x + 6x 2 0 50 50 50 o - 1 -
4 + 8x 3 0 0 100 100 GO = Bg S B2
Others® 6 17 83 50 100 I NER 1 7x (2), 8x (2), 9,

10x (2), 11x, 12x,
14x

n all species included >100 plants were measured for ploidy. Assessments of rare, odd, and intermediate ploidy cytotypes are based on adult plants. Details on
individual systems are given in Table S1.

_ |ndicates that no information is available.

°Ploidy combinations (one case each): 2x + 4x + 5x + rare 3x; 2x + 4x + 6x + 12x + rare 3x; 4x + 6x + 8x + rare 3x, 5X, 7x; 4x + 12x + rare 6x, 10x, 14x; 6x + rare 8x, 9x,

10x, 11x, 12x; 6x + Ox + rare 7x, 8x. Kolar et al. (2017)



Mechanismy koexistence cytotypu

* nejvetsi vyznam:
- separace cytotypul v prostoru (rozdilné niky, kolonizacni
historie, ...)
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Mechanismy koexistence cytotypu

* nejvetsi vyznam:
- Casté nepohlavni rozmnozovani - Castéjsi smisené populace
(27 % vs. 15 %), vyssi frekvence lichych polyploidi
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Do jaké miry je koexistence cytotypu stabilni?

,minority cytotype exclusion” rada moznych stabilizacnich
(frekvencné zavisld selekce) € mechanismu

(napr. klonalita, odlisna fenologie)

* prostorova (ekologicka) izolace cytotypu prispiva stabilité
(napf. na urovni celych kontaktnich zén)

* jak je to ale v pripadé cytotypove smisenych populaci?

— teoretické modely: koexistence Casto mozna jen za specifickych
kombinaci podminek, modely ale poskytuji znacné zjednoduseny
pohled ...



Do jaké miry je koexistence cytotypu stabilni?

* empiricka data:

— u Andropogon gerardii 6x + 9x minimalni zmény za 4 roky

(dlouhovéky a vytrvaly druh)

— u Mercurialis annua se 2x — 6x kontaktni zona posunula za 40 let o
80 a 200 km (dvoudomi 2x produkuji vice pylu, 6x hybridni

potomky)
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Pripadova studie 1

Jak dlouho spolu mohou cytotypy
koexistovat na urovni populaci?
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Vyvoj smisenych populaci v case

tradicni komplikace: vétSina modelovych druht

(dlouhoveéke) trvalky

Tripleurospermum

- znacné fluktuace
frekvenci cytotypu

- 26 ze 36 pop. (72 %)
smisenych i po 1-5 letech
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Muze v kontaktnich zdnach cytotypu
dochazet k adaptivhim evolucnim zménam?

Jaké zde pusobi selekcni tlaky?



Postzygoticka reprodukcni izolace 2x a 4x

* triploid block

— pricinou Castych aborci 3x semen nejsou problémy s embryem, ale
kolaps vyvoje endospermu

* heteroploidni krizeni narusi 2 : 1 pomér rodicovskych
genomu v endospermu

 genomovy imprinting (parental conflict theory)

— epigenetické znaceni genll v gametdch méni jejich expresi, v
endospermu pak konflikt rodicovskych zajm{



Postzygoticka reprodukcni izolace 2x a 4x

 genomovy imprinting (parental conflict theory)
— P matka: mensi semena, I otec: vétsi semena

— zavisi na nacasovani celularizace endospermu
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Summary

e Whole genome duplication is considered to be a significant contributor to angiosperm
speciation due to accumulation of rapid, strong interploid reproductive isolation. However,
recent work suggests that interploid reproductive isolation may not be complete, especially
among higher order cytotypes. This study evaluates postzygotic reproductive isolation among
three cytotypes within a polyploid complex.

* We conducted reciprocal crosses using two diploid and two hexaploid populations each
crossed to tetraploid populations spanning the geographic and phylogenetic range of the
Campanula rotundifolia polyploid complex. Interploid and intrapopulation crosses were
scored for fruit set, seed number, germination propartion and pollen viability. Postzygotic iso-
lation was calculated for each cross as the product of these fitness components. A subset of
offspring was cytotyped via flow cytometry.

» Postzygotic isolation was significantly lower in tetraploid-hexaploid crosses than diploid-te-
traploid crosses, mostly due to substantially higher germination among tetraploid-hexaploid
crosses. Tetraploid-hexaploid crosses produced pentaploids exclusively, whereas diploid-te-
traploid crosses produced both triploids and tetraploids in high frequencies.

» Postzygotic isolation was weaker among higher order polyploids than between diploids and
tetraploids, and unreduced gametes may facilitate diploid-tetraploid reproduction. This
incomplete postzygotic isolation could allow ongoing interploid gene flow, especially among
higher order polyploids, which may slow divergence and speciation in polyploid complexes.



Postzygoticka reprodukcni izolace cytotypu
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Postzygoticka reprodukcni izolace cytotypu

* obecna pravidla:
— silngjsi Rl mezi 2x a 4x nez mezi polyploidy (4x a 6x)
— vysSi uspéch reciprokych krizeni kde matka ma vyssi ploidii

( obé vychazi z miry odchylky od 2 : 1 poméru rodicovskych genomd)

* do jaké miry vsak Ize genomic imbalance hypothesis
aplikovat i mimo Brassicaceae?



CCA 2 (0-10)

Reinforcement v kontaktnich zonach?

* krfizeni mezi cytotypy snizuje jejich fitness - selekce na vznik
prezygotickych reprodukcnich bariér?

— pokud ano, rozdily mezi cytotypy vetsi v sympatrii nez allopatrii

A) niche displacement of cytotypes (v KZ se vice liSi ekologicky)

Senecio carniolicus (Sonnleitner et al., 2016)
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Reinforcement v kontaktnich zonach?

B) vySSi mira autogamie v kontaktni zoné

Arrhenatherum elatius (Petit et al., 1997)

Multilocus outcrossing rate ()

Diploids
Parapatric 0.642 (0.108)
Allopatric 0.930 (0.087)
Tetraploids
Parapatric 0.541 (0.079)

Allopatric 0.701 (0.103)

scree slope zone (2x) |




Reinforcement v kontaktnich zonach?

C) nizsi prekryv doby kveteni cytotypt v KZ
Plantago media (Van Dijk & Bijlsma, 1994):
— Vv KZse 2x a 4x |lisi dobou kveteni

— pocet semen je silné korelovany s dobou
kveteni, selekce preferuje ¢asnéjsi 2x a
opozdéné 4x

— model evoluce doby kveteni (0, 100, 200
generaci) -

number of plants
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Genovy tok mezi cytotypy

s poctem cytotypU v populaci vyrazné
roste pocet moznych krizeni

nejcastéjsi pripad — 2x + (3x) + 4x:

jednosmeérny tok 2x - 4x je mozny vzdy
(neredukované gamety)

tok genu 2x € 4x je mozny pouze v
pripadé (alespon ¢astecne) fertilnich 3x,
ti ale zaroven prispivaji i k 2x - 4x



Percent

Genovy tok mezi cytotypy

 jaké gamety lze ocekavat od triploidu?

— hlavné aneuploidni (3x/2 nejcastéji)
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Genovy tok mezi cytotypy

* a co vyssi polyploidi s lichym poctem sad?

— nezfidka vyssi fertilita pylu (5x > 3x) 1.5x
— obecné mechanismy vsak stejné
1x 2X
fertilita pylu u Campanula rotundifolia: 3x
2x—4x cross 4x—6X cross
r triploid
7 | 5x
Z o7 2.5x
: - 3Ix 2X 3X
o
02 I 1x 4x
0.0 5X

3x 4x 5x

F, cytotype

Sutherland & Galloway (2017) pentaploid



Genovy tok mezi cytotypy

* Senecio carniolicus
— ve smisenych populacich 4x s 6x ¢asto 5x hybridi

— AFLP: asymetricky genovy tok 4x - 6x

1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
”° SRRER U 01 0§ CNERE ] ) H
Hilber et al. (2015)



Pripadova studie 3

Muze koexistence cytotypu zanechat
trvalé stopy v jejich evolucni historii?

LARGE-SCALE PARAPATRY

MOSAIC PARAPATRY

SYMPATRY




Co treba genovy tok mezi 2x a 4x?

Tripleurospermum inodorum

- mozaikovita struktura kontaktni zony

v

- Cas

/4

te sm

iSené populace (regionalné az 43 %)

- Castecné fertilni 3x hybridi (v pop. 8 %)

- znacné mnozstvi aneuploidnich semenacku (0 - 34%)

Relative genome size (sample : standard ratio)
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Manipulované prenosy pylu mezi cytotypy

e 3xjedinci generuji aneuploidy, ktefri

se dale ucastni reprodukcnich

interakci

* v potomstvu 3x a aneuploidu se
objevuji i 2x a 4x semenacky l

* teoreticky moznost obousmérného 4 ¢
genoveho toku, ale 2x - 4x se zda

byt pravdépodobnéjsi
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Intenzita genového toku mezi 2x a 4x

0.6

* mikrosatelity - PCoA

PCoA Axis 2 (4.2%)

-0.4

038 PCoA Axis 1 (13.9%) 08

* dobra separace 2x a 4x (v souladu s Cx)
* znamky hybridizace na 2x i 4x urovni

* chybi prostorova geneticka struktura



Intenzita genového toku mezi 2x a 4x

* mikrosatelity - Structure

* ke genovému toku dochazi ve vsech regionech

e asymetrie: vétsi mira admixture u 4x nez u 2x hybridd

Region MAR: 2x (n = 202) + 4x (n = 355)

Region RAK: 2x (n = 83) + 4x (n = 141) Region SOB: 2x (n =41) + 4x (n = 81)
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Intenzita genového toku mezi 2x a 4x

pilotni vysledky cpoDNA

nizSi haplotypova diverzita
2X

dve odlisné skupiny 4x
haplotypU

chloroplast capture jako \ —@Q——o

stopa davnych 2x-4x
hybridizaci?




A jak je to s evoluci polyploidnich linii v
jeste vetsim casovém meritku?



Maji polyploidni linie vyssi rychlost diverzifikace?

* co by to vlastné mélo znamenat:
— vznikaji v polyploidnich liniich castéji nové druhy?

— maji polyploidni druhy nizsi pravdépodobnost extinkce?

e Soltis et al. (2009): srovnani druhové bohatosti se sesterskou
skupinou, ktera neprosla WGD
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Maji polyploidni linie vyssi rychlost diverzifikace?
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Maji polyploidni linie vyssi rychlost diverzifikace?

 Wood et al. (2009): NE, diverzifikace diploidnich a
polyploidnich linii se nelisi

 Mayrose et al. (2011) + Arrigo & Barker (2012): NE, pravé
naopak!

— u kapradin a krytosemennych mély polyploidni linie vétsi
pravdépodobnost extinkce nez linie diploidni

— oznacili proto polyploidy za , evolutionary dead-ends”



Maji polyploidni linie vyssi rychlost diverzifikace?

e Soltis et al. (2014):
— celd rfada chyb a nedostatkd v Mayrose et al. (2011)

— zas az tak Spatné to s témi polyploidy nebude ;)

= NCVV
& Phytologist

Letters

Polyploidy is now viewed not as a mere side branch of evolution,

Are polyploids really evolutionary
dead-ends (again)? A critical

reappraisal of Mayrose et al. . | |
Based on analyses of ferns and angiosperms, Mayrose et 2. (2011)

(201 1 ) and Arrigo & Barker (2012) revived the concept of polyploids as
‘blind alleys’. Arrigo & Barker (2012, p. 140) refer to ‘rarely
successful polyploids’ and state that ‘despite leaving a substantial

but as a major mechanism of evolution and diversification.

Evolutionary dead-ends again?

legacy in plant genomes, only rare polyploids survive over the long
term and most are evolutionary dead-ends’. Mayrose ezal. (2011)
also refer to polyploids as ‘dead-ends’. However, these authors use
‘evolutionary dead-end’ in a sense that differs from the tradidonal

Background view of Stebbins (1950) and Wagner (1970). Whereas Stebbins

Introduction



Maji polyploidni linie vyssi rychlost diverzifikace?

* Landis et al. (2018):
— ohromny datovy soubor (106 WGDs, fylogeneze 32 tis. druh()

— tfi rlzné statistické pfistupy (MEDUSA, BAMM, MuSSE)

— jen 13 WGDs vedlo primo k radiaci, ¢astéji po lag-fazi (28 WGDs)

TABLE 2. The 13 WGD events that are simultaneously associated with an
upshift in diversification, including the type species for the event and the change
in diversification rate.

Event Type Species Shift Rate
Magnoliids
CANEa Canella winterana (L.) Gaertn +0.02
Proteales
HAKEa Hakea prostrata R.Br. +0.65
Caryophyllales
ALINB Allionia incarnata L. +0.04
POCNa Polygonum convolvulus L. +0.02
Saxifragales
SASTB Saxifraga stolonifera Curtis +0.07
Asterids
XASTB Xanthium strumarium L. +0.15
Rosids
SYMIa Syzygium micranthum +0.05
(Montrouz. ex Guillaumin)
ARTHa Arabidopsis thaliana (L) Heynh. +0.31
PHYLa Phyllanthus sp. +0.50
BRNIa Brassica nigra (L.) W.D.J.Koch +0.59
Monocots
ORSAa Oryza sativa L. +0.13
SALAa Sagittaria latifolia Willd. +0.03
ORSAy Oryza sativa L. +0.01
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FIGURE 2. Angiosperm-only phylogeny showing 106 whole-genome duplication events (green dots), 251 diversification rate upshifts (dark blue
dots), and 83 diversification downshifts (light blue dots) from the MEDUSA analysis.



Kam sméruje evoluce polyploidnich genomu?

po WGD nasleduje navrat k ,,diploidnimu stavu” - diploidizace
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Co se déje s polyploidnimi genomy?

neékteré zmeny behem par
generaci, jiné po miliony let
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Co se déje s polyploidnimi genomy?
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