Biosystematika:
|. Polyploidni speciace



Co nas dneska ceka?

predstaveni polyploidd, jejich typy
jak casti jsou polyploidi

vyhody a nevyhody polyploidizace
zpusoby vzniku polyploidQ

problémy s uchycovanim polyploidu a jejich studium



Co jsou to polyploidi?
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Co jsou to polyploidi?
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Speclatlm

Diploid specles A >

2N + 1N gametes

~

(AAAA)

neopO|Vp|0ld - '." gametes
(recentni polyploid) ! %
:: Autotetrapoloid

Diploidization

0000

:' m 2N gamete
/ e .
;'l Ry 2N ganiete
': & / Duplication
Triploidt (AAA) 7 = \
N + 2N

l Partially diploidized tetraploids

paleopolyploid
(po diploidizaci, 2x predci *= Sl >
obvykle neznami) o

2N gamete

(0000 )

Allotetrapoloid

l (AABB)

s

.
.. 5 \ Diploid /

©o

Diploidy

\ Diploid species BB
60

Polyploidy

Diploidy



Jak casti jsou polyploidi?

* mezi krytosemennymi rostlinami
— odhady na zakladé pocétu chromozdému:

20-40 % (Stebbins 1938), 47 % (Grant 1963), 70-80 %

(Goldblatt 1980, Lewis 1980), 33 % (jen neopolyploidi, Rice et
al. 2019)
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Jak casti jsou polyploidi?

 mezi krytosemennymi rostlinami
— sekvenovani rostlinnych genomu: vSechny!

Estimated divergence time (Myr ago)
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Jak casti jsou polyploidi?

* mezi nahosemennymi rostlinami
— velmi vzacné, v nekterych skupinach chybi

Sequoia sempervirens (2n = 6x = 66)
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Jak casti jsou polyplo

Inami

mezi vytrusnymi rostli

— 90-95 % zastupcu

1440)

Ophioglossum reticulatum (2n = 96x



Jak casti jsou polyploidi?

* mezi jinymi skupinami rostlin
— u mechu (? 20-80 %), jatrovek (8 %)




Jak casti jsou polyploidi?

* u ZivoCichl zpravidla vzacni
— chromozomalné urcené pohlavi

— nukleotypovy efekt (zvétSeni bunék a télni plan)

— roztrouseny vyskyt v nékterych skupinach bezobratlych:

| Cuullonidae Cladocera Sphaeriidae Turbellaria



Jak casti jsou polyploidi?

* u zivocCichu zpravidla vzacni
— chromozomalné urcené pohlavi

— nukleotypovy efekt (zvétseni bunék a télni plan)

— mezi obratlovci prekvapivé ¢asto u ryb a obojzivelniku:
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Jak casti jsou polyploidi?

— 2R hypotéza: dvé davné polyploidiza¢ni udalosti v rané
evoluci obratlovcl

nardst poctu genu + paralogy v genomu + aRcEo samEm-m mo
homeobox geny kopinatcl (1) vs.

éelistnatCC‘ (4) —H—e 10—+



Jak casta je polyploidni speciace?

* Chce to mit dobrou databazi chromozomovych poctd,
predstavu o fylogenetickych vztazich a idealné umeéet dobre
programovat ;)
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Jak casta je polyploidni speciace?

krytosemennérr. vytrusnér.

2-4 % 7 % (Otto & Whitton, 2000)
15 % 31 % (Wood et al., 2009)
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Polyploid Speciation
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Jak casta je polyploidni speciace?

krytosemennérr. vytrusnér.
7 %

2-4 %
15 %

u krytosemennych jsou na
polyploidy nejbohatsi rody
s nizkym zakladnim
chromozomovym cislem

u vytrusnych zadny takovy
vztah neplati

Infrageneric Polyploid Incidence (%)

60

50

40 4

30 4

20 4

10 -

(Otto & Whitton, 2000)
31 % (Wood et al., 2009)

I Angiosperms
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Generic Base Count Group



Proc zalezi na zakladnim chromozomovém cislu?

u rostlin velky rozsah somatickych poctl (2n = 4 — 1440)

mit hodné chromozému ale neni Uplné vyhodné
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Ophioglossum reticulatum (2n = 1440)



Proc zalezi na zakladnim chromozomovém cislu?
e vétsSina rostlin ma nizsi pocty chromozom?
* po polyploidizacnich cyklech tak zpravidla diploidizace

e vyjimkou vytrusnér.
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Zakladni typy polyploidu

« autopolyploidie vs. allopolyploidie

— v ramci druhu x mezi druhy
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Zakladni typy polyploidu

« autopolyploidie vs. allopolyploidie

a Meiosis

Gametes ~ Meiosis | Gametes
//\\ (early anaphase) 7|\
o\ \ // NN

A nA—(N YO
vyy TNSAAY

\ T\ /;x Y \\1\\ ‘////”//
Diploid (AA) Diploid (BB)

— parovani chromozému
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Zakladni typy polyploidu

e cCasteji vSak néco mezi obéma extremy — tzv.
segmentalni allopolyploidie
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Prevladaji auto- Ci allopolyploidi?

rozsahlé debaty po celé 20. stoleti

zprvu auto (Muintzing, 1936), pak dlouho allo (Clausen et al.,
1945) a ted opét auto (Soltis et al., 2007)

neddavna metaanalyza dostupnych dat (Barker et al., 2016):

Overall prevalence (c)  Prevalence of allo - vs autopolyploids

(9]
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\y— Diploids (76%)

Allopolyploids (11%)

Number of genera
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Proportion of autopolyploids per genus

Autopolyploids (13%)

Autopolyploidi a allopolyploidi jsou zhruba stejné casti



Prevladaji auto- Ci allopolyploidi?

neddavna metaanalyza dostupnych dat (Barker et al., 2016):

vetsina allo popsana jako nezavislé

druhy, u auto je to naopak (b) Taxonomic representation

Undescribed allo. (6%) Described auto. (7%)

morfologicky vs. biologicky
koncept druhu

autopolyploidi vyrazne prispivaji
ke kryptické diverzité u rostlin
(Soltis et al., 2007)

Described allo. (40%) Undescribed auto. (47%)



Prevladaji auto- Ci allopolyploidi?

* neddvna metaanalyza dostupnych dat (Barker et al., 2016):

e autopolyploidi zrejme vznikaji podstatné Casteji
- allopolyploid potrebuje kontakt a kfizeni rodicu

- autopolyploid muaze vzniknout kdykoliv a kdekoliv

* maji tedy allopolyploidi vétsi Sanci se uchytit?
- Casto jiné ekologické naroky nez jejich rodice

- dva genomy = veétsi flexibilita genové exprese



Proc je vyhodné stat se polyploidem?

* vysSSi heterozygozita

— heterdzni efekt (u allopolyploidtd fixovana heterozyg.)

*VvVvV/

diploid Aa: 1/4 potomk( aa
autodx AAaa: 1/34-1/22 potomk( aaaa
allodx AaAa: 1/16 potomku aaaa

* vlivdavky genu, nadbytecné kopie genu
— maskovani recesivnich alel (i gametofyt)

— moznost ménit sekvence i u nezbytnych gen(
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Proc je vyhodné stat se polyploidem?

e vétsi bunky a potazmo organy / téla

&
— tzv. ,gigas effect” (Stebbins 1971) ) - /:‘,. .
P ‘jlo By
"S%\i‘} g ﬁ’ﬁ,.' 'k's ’
* vysSi produkce sekundarnich metabolitd v ‘ﬁ

— efektivnéjsi obrana rostlin

— vynosnegjsi plodiny




Proc je vyhodné stat se polyploidem?

* instantni mechanismus vzniku novych druht (1 generace!)

e Soltis et al. (2009): polyploidizace spustila diverzifikaci
nékterych rostlinnych skupin

— napt. Poaceae, Brassicaceae, Fabaceae, Solanaceae
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zdém kroku

i na ka

Polyploid
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* 71 % péstovanych druh

, partenokarpie

3x endosperm




Ma polyploidizace i stinné stranky?

 vseho moc skodi

— existuje ,,optimalni ploidni droven“:

* jeCmen 4x (6x zakrsli), pSenice 6x (9x malo zdatni)
— naruseni (epi)genetické regulace genomu

— nepravidelna meidza autopolyploidt
(multivalenty) - omezeni fertility

— prilis mnoho DNA v bunce (velké genomy)
prodluzuje dobu nezbytnou k ristu
* rostliny nemohou byt efemery ani jednoletky
* u hmyzu nizSi pocCet generaci, nedokonala proména



Lze predikovat vyskyt polyploidu?

Polyploid frequency

[ S
<20%

Rice et al. (2019)

* napadny latitudinalni gradient: frekvence polyploidd u
krytosemennych roste od rovniku k polim



Lze predikovat vyskyt polyploidu?

* tropy a subtropy chudé na polyploidy, nejbohatsi tundra (51 %),
tajga (47 %) a mirny pas (39 %)

* vice polyploidl také hory a oblasti dfivéjsiho zalednéni (LGM)

* nejlepsim prediktorem teplota, ale pUsobi zfrejmé neprimo pres
rastové formy (vytrvalé byliny > jednoletky > dreviny)

a R?=50% b R? = 45% c R? = 44%

e 3 - 80 1.
’ ‘\
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Latitude (°) Annual mean temperature (°C) Perennial herbs (%)

Rice et al. (2019)




Prvni znami rostlinni polyploidi

e objev u Oenothera (Lutz 1907) Y
* termin ,polyploid” (Strasburger 1910) f’;
N

* polyploidizace v kvetinaci: Primula kewensis £«§

— Primula floribunda x verticillata (Digby 1912)
— diploidni hybrid oblibeny ale sterilni, mnozena vyhradné veget.

— nezavisle spontanni polyploidizace - vyvinuta semena (1905, 1923, 1926)

tzv. somatickd
- polyploidizace

Primads Plucibends P




Jak vznikaji polyploidi v prirode?

* chyby v meidéze - neredukované gamety
— primo splynutim dvou neredukovanych gamet o
2X
— pres triploidni mezistupen, tzv. triploidni most
B A ’ 2x C i
2X) x [2x 2x) x [ 1x
4x 4x 3XIB < G
| . . ,
% S e
AR Mo 4 4x
. -~ i ‘r)—-
fuze neredukovanych X e “,'7:,"( o
& - triploidni most

gamet
pylova zrna Achillea borealis



Jak vznikaji polyploidi v prirode?

* chyby v meidéze - neredukované gamety

— prumeérna frekvence tvorby neredukovanych gamet u
krytosemennych (Ramsey & Schemske, 1998): 0,56 % (nehybridi) vs.
27,5% (hybridi)

— znacna variabilita v populacich

— mozZnost zvySeni ve stresu (kolisani teplot, nedostatek Zivin)

Levin (2002) 2-10 % 0,5 % (0,1-14 %) 0,06 % (1-84 %)



— detailni prazkum (60 pop. 24 druh( Brassicaceae): 2n pyl zpravidla < 2 %,

Frequency
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pink, mixed-mating; green, predominantly selfing; orange, predominantly asexual). The Cardamine concatenata 20x inset shows the full range of the

Jak vznikaji polyploidi v prirode?

napadné zvysena frekvence u prevazneé asexualnich druht
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Polyploidizace v prirodé
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polyploidi vznikaji v a to pfimo v populacich svych 2x rodicu

* reprodukcni interakce mezi polyploidem a diploidy
* kompeticni vylouceni polyploida

 demograficka stochasticita



Co komplikuje uchyceni polyploidu?

*l

erneé nizsi fithess

- méné Cetny cytotyp (nové vznikly

e ,minority cytotype disadvantage”
polyploid) ma um



Mechanismy koexistence cytotypu

e problém: zajima ndas uchycovani polyploidl, ale mizeme
studovat jen ty, kterym se to uspésné podarilo

* navrzena rada moznych mechanismu, ale chybi empiricka data
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T REPEATED
T POLYPLOID FORMATION
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DISTURBANCE GROUPS OF ORGANISMS
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Mechanismy koexistence cytotypu
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Mechanismy koexistence cytotypu

mozna reseni:

— umeéld indukce polyploidd,
srovnani s rodici

— FCM screening polyploidnich
mutant( v populacich / v
potomstvu z 2x x 2x krizeni

— studium 2x a 4x v primarnich
kontaktnich zonach
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Pripadova studie 1

Jak casto vznikaji novi polyploidi v
prirodeé a jaky je jejich osud?

REPEATED
POLYPLOID FORMATION



Spontanni polyploidizace v prirode

» tradic¢ni komplikace: migrace cytotypd, jejich vznik hybridizaci

e Tripleurospermum
- ca 19% rozdil v Cx mezi 2x a 4x
= snadna identifikace novych polyploid

* neopolyploidi (4x, 6x):
0,04 % mezi 11 018 jedinci

4.62

Certner et al. (2017)



Spontanni polyploidizace v prirode

* frekvence neopolyploidi podobna u obou modelovych druht

0,05 % (3x, 6x) 0,04 % (4x, 6x)

e o rad vyssi pravdépodobnost nez pro autopolyploidy udavaji
Ramsey & Schemske (1998)

e zadné znamky jejich uspésného uchycovani



Pripadova studie 2

Jaké jsou primé dusledky duplikace
genomu? Mohou ovlivnit uspésnost
uchyceni novych polyploidu?

W =
P



Fenotypové dusledky polyploidizace

tradicni komplikace: srovnavani nepfribuznych cytotypd,
laboratorni studium uméle indukovanych polyploid(

Knautia
- nedavny lokalni vznik 4x z 2x

- 2x a 4x geneticky nerozlisitelni

>

Substrate (S)

serpentine (S+) common-garden (S-) § \

2x | 4x 2x § 4x :-
(28) B (28) §N (28) § (28) W \?

2x § 4x 2x | 4x 4 Y i
(27) § (27) |4 (27) @ (27) \

with competitor (C+)

Interspecific competition (C)

control (C-)




Fenotypové dusledky polyploidizace

e 4x vice biomasy, nadzemni b. Ize pfipsat vétSim listim 4x rostlin,

patrné uz mezi semenac

Belowground biomass
Aboveground biomass

S+ S-
Substrate

© ©
o N

o 90«
>~ o

Largest leaf size (log)
oo
oo

S+ S-

Certner et al. (2019) Substrate

ky = ,gigas effect” (Stebbins 1971)

Total biomass

S+ S-
Substrate Substrate

13.5
13.0 |
125 |
12.0 |
11.5
11.0 |
10.5

No. of leaf rosettes

No. of leaf pairs

S+ S- S+ S-
Substrate Substrate



Fenotypové dusledky polyploidizace

Ve

* pokud maji dostatek zivin, jsou 4x uspesnéjsi v tolerovani
mezidruhové kompetice

A Ploidy (P) x Substrate (S) C Ploidy (P) x Substrate (S) x Interspecific competition (C)
® 30F o) C+ C- —_ C+ C-
é g &5 g s ! g, -
S 25¢ N § 4 | \:
= @ = B
3 U0 3 g 8
=4 -~ 5 2 1 =
> o o 1 1 =
l®) = *% - *kk o _ S _ ”
2 10l p . 0.003 L | S 70t p <. 0.001 L < . 0<: p = 0.056 o p=0.024
S# S - S+ S - §+ 8- S8+ §- S+ S- S+ S-
Substrate Substrate Treatment Treatment
i : Certner et al. (2019
I diploids (mean + SE) Experimental treatments: ( )
C + with competitor
I tetraploids (mean + SE) C - control

S + serpentine soill
S - common-garden soil

* Unik pred 2x rodic¢i do sekundarnich lest na hadcovém télese?



N\
\

g WL
X Y '(i A

\‘l‘lw

- /‘M;‘EuL"—' nl‘r

el §§«.’”5§‘\

5

2/

1%
//./,

W27
vy
0 W, Y

l..
AR

MICANE )
_--_1‘.\1| E;»_ 0 o

7 ",

I}
LA

PR \',j.‘\&" WD _‘_ %f/ . '® 2572
AR T
- N 0) ‘\‘ AT A== @ @\ \\/. 7
e @ ciel ORI N7 & : oz
VO 7/ @ PR \ ) ; ‘
NS o’

PRt e
PRes |
0 R

4 NN R 7 A N
% TSI g ; w‘&?ﬁé:ﬁ{gﬁr i,
o il
1114817,

s ;
oy il 5 \.\\ I#r;' 5
i

TS ;

2, R
i (TN

B9

W i

Wi
"W(‘," 4

\|
N
Ry

L

e

N gl

” SR Ou .\‘.

N
A
P
i

>

et

N

77

r

N

s
—

\

0V
"y, :::i/—*
Gt

%)
%,
[

s




ENAS

Pripadova studie 3

Polyploidy and ecological adaptation in wild yarrow

Justin Ramsey’

Department of Biology, University of Rochester, Rochester, NY 14627

Edited by Douglas Futuyma, State University of New York, Stony Brook, NY, and approved February 18, 2011 (received for review November 4, 2010)

Chromosome evolution in flowering plants is often punctuated by
polyploidy, genome duplication events that fundamentally alter
DMNA content, chromaosome number, and gene dosage. Polyploidy
confers postzygotic reproductive isolation and is thought to drive
ecological divergence and range expansion. The adaptive value of
polyploidy, however, remains uncertain; ecologists have tradition-
ally relied on observational methods that cannot distinguish
effects of polyploidy per se from genic differences that accumulate
after genome duplication. Here | use an experimental approach to
test how polyploidy mediates ecological divergence in Achillea
borealis (Asteraceae), a widespread tetraploid plant with localized
hexaploid populations. In coastal California, tetraploids and hex-
aploids occupy mesic grassland and xeric dune habitats, respec-
tively. Using field transplant experiments with wild-collected
plants, | show that hexaploids have a fivefold fitness advantage
over tetraploids in dune habitats. Parallel experiments with neo-
hexaploids—first-generation mutants screened from a tetraploid
genetic background—reveal that a 70% fitness advantage is
achieved via genome duplication per se. These results suggest that
genome duplication transforms features of A. borealis in a manner
that confers adaptation to a novel environment.
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and hexaploid (2n = fw = 54) populations that is endemic to
MNorth America (28-30). These cytotypes are reproductively
isolated by partial inviability and sterility of pentaploid (2n =
S¢ = 45) hybrids (31, 32). Hexaploids reside in Mediterranean
environments (winter wet, summer dry) on the western coast of
North America, including sand dunes and oak woodlands, but
tetraploids inhabit more mesic environments, like coastal grass-
lands, coniferous forest, and alpine meadows (28, 33). The two
cytotypes occur in dose proximity in paris of California, Oregon,
and Washington state (Fig. 1L4) (30, 32, 34).

My studies were conducted on a 200-km stretch of California’s
north coast and had three primary components. First, to provide an
ecological context for field experiments, [ characterized the spatial
distributions and habitat associations of tetraploid and hexaploid
A. borealis. Second, I compared suwvivorship of wild-collected tet-
raploids and hexaploids that were experimentally transplanted
to a dune environment normally inhabited only by hexaploids. Fi-
nally, I transplanted related tetraploid and neohexaploid plants
to the dune environment previously used to compare wild-collected
tetraploids and hexaploids. This research tests the contributions
of polyploidy per se to ecological divergence, although it does
not evaluate the performance of neohexaploids in the grassland
environments from which they originate.
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