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Polyploidie
a vznik novych druhu



Pires et al. 2004. American Journal of Botany 91, 1022
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Molecular cytogenetic analysis of recently evolved Tragopogon (Asteraceae)
allopolyploids reveal a karyotype that is additive of the diploid progenitors

Pires et al. Am. J. Bot. July 2004 vol. 91 no. 7 1022-1035

4C DNA TGP7,
Collection amount TPRMBO 18-26S
Species number Locality + SD (pg) and TRS and 58S
T. dubius 2613 Pullman, WA 10.83 = 0.65 X X
11.76 = 0.79
T. dubius 2614 Rosalia, WA 10.80 %= 0.96
T. dubius 2615 Spokane, WA na X X
T. porrifolius 2612 Potlatch, ID 13.17 = 0.83 TRS only X
T. porrifolius 2611 Pullman, WA 12.50 = 1.21 X 5S only
T. porrifolius 2607 Troy, ID na X 18S only
T. pratensis 2598 Colton, WA 11.59 = 1.13 X X
T. pratensis 2608 Moscow, ID 12.44 = 0.87 X X
T. pratensis 2609 Spangle, WA .60 X
T. mirus 2601 Finch’s * X
Pullman, WA #
i
T. mirus 2603 Rosalia, WA s X 5S only
-
=
T. mirus 2602 Palouse, WA na X
T. miscellus 2604 Moscow, 1D 20.30 = X 18S only
T. miscellus 2605 Pullman, WA 20.99 £ 1. X
T. miscellus 2606 Spangle, WA 21.76 = 0.8 X 5S only




Melampodium (Asteraceae)

Hybridizace stejnych rodicovskych druht ¢asto vede k odliSnym hybridim
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pojem ,,polyploidni® poprveé pouzil Strasburger E. (1908) pro oznaceni
rostliny s vetsim nez diploidnim poctem chromosomovych sadek
(Strasburger, E.; Noll, F.; Schenck, H.; Karsten, G. 1908. A Textbook of
botany, a translation by W. H. Lang of Lehrbuch der Botanik ftir
Hochschulen. Macmillan, London.)

Winckler (1916)
Vegetativni roubovani a chimeéry Solanum nigrum — regenerovany kalus
byl tetraploidni

Winge (1917) byl pravdépodobne prvni kdo odhalil rozdil mezi prostym
zdvojenim chromosomoveé sady jednoho jedince a hybridizaci spojenou s
polyploidizaci.

tetraploidi u Oenothera lamarckiana a amphidiploidi u Nicotiana

Studoval karyotyp Chenopodium a Chrysanthemum — nasobky
zakladniho poctu; navrhl také ze zdvojeni chromosonu obnovi fertilitu
hybridu

Zavedeni kolchicinové metody zdvojeni poCtu chromosomu Blakeslee
and Avery (1937)



Typy polyploidie

Podle konkrétniho po€tu chromozomovych sad se polyploidie oznacuje jako
triploidie (3), tetraploidie (4), hexaploidie (6), oktaploidie (8), dekaploidie
(10) a podobné.

Dale se rozlisuje, zda tyto sady pochazi od jednoho druhu, nebo od dvou a vice
druhu:

autopolyploidie — znasobeni chromozomovych sad u jednoho druhu; (produkty
intraspecificke polyploidizace)

alopolyploidie — znasobeni po€tu chromozomovych sad, ale ty pochazi od
dvou a vice druhu; (produkty interspecificke polyploidizace)
(Kihara & Ono 1926)

Pozn.

clovék - polyploidni buriky syntitiotrofoblastu, jaterni buriky, megakaryocyty, osteoklasty.
Krytosemenné rostliny — endosperm (3n), endoreduplikace -hlizky bobovitych az 4n,
délohy 4n- 8n



D-subgenome

Mitotic karyotypes of 10 T. miscellus
individuals from Oakesdale, WA.

GISH was carried out with total genomic DNA
probes of T. dubius (green) and T. pratensis
(red).

Arrows indicate the positions of translocation
breakpoints.

Diamond symbols are below aneuploid
chromosomes (i.e., those that are not
disomic).

(Scale bar: 5 um.)



Monoploidni €islo (x) udava pocet chromozomu v jedné sadé. Je stejné pro
kazdou bunku v urCitém organismu. U Cloveka plati x=23.

Euploidie znamena, ze se v dané burice nachazi celoCiselny nasobek
monoploidniho Cisla. Lidskeé bunky jsou euploidni, protoze obsahuji zpravidla 46
chromozomu (tedy 2 x 23). Stejne tak ¢lovék s 69 chromozomy by byl
povazovan za euploidniho.

Aneuploidie je opakem euploidie. Znamena, ze v jadre chybi nebo prebyva
chromozom (zpravidla 1).

Podle pocCtu kopii chromozomu se pouzivaji pojmy trisomie (1 chromozom
navic) nebo monosomie (o 1 chromozom méné).

Pozn.

Kapradina Ophioglossum coriaceum (2n = 360) nebo O. reticulatum (2n = 1440).
Krytosemenné rostliny 2n = 4 az 500

jednodélozné 2n=6 az 226

Symbol ,,2n“ oznacuje neredukovane diplofazicke nebo take zygoticke
chromosomove C¢islo. ,,n“ je oznaceni pro meioticky redukovany haplofazicky
pocet chromosomu



Parental genome divergence

Mechanismy vzniku polyploidie

Auto Allo
polyploidy polyploidy
Maternal Paternal
genome genome
~(@0)
| X | &
Somatic ‘," Homoploid Unilateral  Bilateral :L‘f
doubling} bridge patlmay pathway =
‘\
Neopolyploid
S
§
2
§, Tayale and Parisod, Cytogenet Genome Res 140: 2013
Paleopolyploid -
—

Natural Pathways to Polyploidy and Consequences for

Genome Organization and Genome Size

Cytogenet Genome Res 2013;140:79-96
DOI: 10.1159/000351318

Published online: June 8, 2013



Neredukované gamety a triploidni most

Pramérna frekvence tvorby neredukovanych gamet je odhadovana na 0,56 %
u diploidi a na 27,52 % u allopolyploidd.
Neredukované mohou byt oba typy gamet,tj. vajiCka i pylova zrna.

Unilateral polyploidization
(Harlan and De Wet 1975)

V ramci druhu vsak existuje variabilita, ovlivnéna i prostfedim.
Trifolium pratense (2n = 14 a 28) se produkce 2n pylu pohybuje v rozmezi 1%
az 84 % (Parrott & Smith 1984).

Jsou znamy pfipady, kdy se jejich produkce zvysila vlivem pusobeni nizkych
teplot, nutriéniho stresu nebo nasledkem napadeni parazitem. Stejné tak muze
byt frekvence neredukovanych gamet pod genetickou kontrolou (Levin 2002).



Obecné je produkce zivotaschopnych triploidi povazovana za vzacnou
udalost, nebot semena vznikla fuzi n a 2n gamet jsou ve vétsiné pfipadu
abortovana. PriCinou je pravdépodobné porucha ve vyvoji endospermu.
Tento jev je Casto popisovan jako tzv.“triploidni blok" (Marks 1966).

Lin (1984) u kukufice popisuje vyvoj
endospermu s riznou urovni ploidie (2x —
9x).

Zaveér. normalni vyvoj pouze v pfipade,
kdyz je triploidniho nebo tetraploidniho
charakteru. V ostatnich pfipadech je
endosperm abortovan.

pomér mezi davkou maternalniho a
paternalniho genomu 2 : 1.

Parentalni imprinting spole¢né s nestejnym
prispévkem genl od samciho rodi¢e vede k
odlisSnym hladinam genove exprese v
endospermu. Zména v davce maternalniho
a paternalniho genomu zpusobi poruseni
rovnhovahy v poctu aktivnich kopii
imprintovanych genu.

endosperm §

+ \ Chalazal

endosperm

2xfie-1 X 2x




Zmeény genomu po polyploidizaci

Chromosomal

rearrangements Genetic

changes

DNA loss
Activation of

transposable
elements

Chromatin PEplgenet\c
remodelling changes

Natural Pathways to Polyploidy and Consequences for
Genome Organization and Genome Size

Cytogenet Genome Res 2013;140:79-96 Published online: June 8, 2013
DOI: 10.1159/000351318



Polyploidii 1ze délit i dle casoveho horizontu

Paleopolyploidie a neopolyploid ie (Hilu 1993)
paleopolyploidni druhy :

ve sve evolucni historii prosly polyploidizaci, ale dnes se jevi jako
diploidni; dnes je takova udalost znama v evolucni historii vetsiny
organizmu vcetné Clovéka.
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Casovani genomove duplikace
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Ancestral polyploidy in seed plants and angiosperms

Jiao et al. Nature 473: 97-100, 2011

Estimated divergence time (Myr ago)
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Plants with double genomes might have had a better
chance to survive the Cretaceous—Tertiary
extinction event

Jeffrey A. Fawcett®®?, Steven Maere®P, and Yves Van de Peer®b2 FMAS | Aprl7.2009 | vol. 106 | no. 14 | 5737-5742
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The Plant Journal (2012) doi: 10.1111/tpj. 12026
The fate of duplicated genes in a polyploid plant genome

Anne Roulin'?, Paul L. Auer®*’, Marc Libault®>®, Jessica Schlueter'”-, Andrew Farmer®, Greg May®, Gary Stacey®,
Rebecca W. Doerge® and Scott A. Jackson'*
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Figure 1. Homeologous relationships between the 20 soybean chromosomes.
Homeologous relationships based on
{a) the 17 547 gene pairs, (b) the 8910 strictly duplicate gene pairs, and
ic) the 611 gene pairs over- or under-expressed in the same direction in the seven tissues. Red and green lines in front of genes (outside the circle) indicate
whether the gene is over or under-expressed, respectively.



Ancestralni genom — polyploidizace - reorganizace

Diploid
ancestor

- b0 1 1 [ 1
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Hexaploid
ancestor

|
SO LR U C U )

Structural shuffling

Bordat et al. 2011



Index to Plant Chromosome Numbers (IPCN)

http://www.tropicos.org/Project/IPCN .,*,_ £~ ;
563‘:; \: ey

Names 1,263,718 Specimens 4,109,014 ¥z=¥ A

Images 210,242, Publications 48,319 2 VAL

References 126,590, Common Names 58,518 3‘"& )

Nejvétsi poet chromozémii ;
Kapradina Ophioglossum reticulatum 1440

Nejmensi (2n=4)

Zingeria biebersteiniana (Pooideae)
Colpodium versicolor (Pooideae)
Haplopappus gracilis Compositae)
Brachycome dichromosomatica (Compositae)
Ornitogalum tenuifolium (Hyacinthaceae)



http://www.tropicos.org/Project/IPCN
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Genus
Lathyrus
Lathyrus
Lathyrus
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Extrémy ve velikosti genomu rostlin

Genlisea margaretae (Lentibulariaceae)
Madagascar, Tanzania, and Zambia

63,400,000 bp 63Mb
2n = 2x =40

M Genlisea
W Paris

Paris japonica (Melanthiaceae)

150,000,000,000 bp 150Gb
2n= 8x = 40 (alloploid of 4 sp.)




Distribuce velikosti genomu rostlin
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Pocet chromozomu u rostlin
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Distribuce velikosti genomu rostlin

Meritko - standard:
Pisum sativum (2n=2x=14)

9.09 pg DNA/2C
genome size (1C) of 4,45 Gbp



Polyploidy and genome evolution in plants
-—r——c=t=+c=+|| Keith L Adams' and Jonathan F Wendel®

Diploids +

e S e s Current Opinion in Plant Biology 2005, 8:135-141
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Dwplicate gene loss 1
i ) Conditions or cell types
T 11—
Gene 1A -— Gene 2A typ
—T . ALK Y
—T
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—E . Current Opinion in Plant Biology
— e
B T e L S— Schematic diagram illustrating the concept of concerted divergence.
— 1 — Double-headed arrows indicate interacting gene products.
I o I — Genes 1 and 2 are unrelated in sequence. Notice that multiple sets

of duplicated genes can diverge in function. For example, A copies
Duplicate gene loss } of genes 1 and 2 differ in expression patterns and/or function from
their homoeologous B copies of the same genes. Figure modified
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Metody detekce ploidie
a velikosti genomu



Metody detekce ploidie

« karyologicky pristup (pocitani chromosomu)
Index to Plant Chromosome Numbers (IPCN)
http://www.tropicos.org/Project/IPCN

« vyuziti korelace mezi ploidii a velikosti bunéek
(Cetnost a velikost pruduchu/svéracich bunék,
poCtu chloroplastu na svéraci bunku, velikost
pylovych zrn)

« Cytogeneticky pristup — prutokova cytometrie


http://www.tropicos.org/Project/IPCN

Prutokova cytometrie

» metoda umoznujici zmérit obsah DNA v jadre
» velmi presna
» nedestruktivni (stadi cca 0,5 cm? tkané)
» velmi rychla (desitky —stovky vzorkua / den)
» levna (kromé pofizeni pfistroje)

» 2z velikosti genomu lze (v ramci rodu) celkem dobre odhadovat ploidni

Stu pe ﬁ ; R. xbohemica
R. sachalinensis |
» nasobky 3'0
» nutna kalibrace pocitanim pod mikroskopem

R. japonica

2401

160+

Number of counts

80r

0 e Ty
0 250 500 750 1000

Channel of the peak

» velikosti genomu / pocet chromosomu je dobrym taxonomickym znakem
... a zaroven zakladni informace pro interpretaci vysledkd molekularnich metod



Prutokova cytometrie

meéreni intenzity fluorescence

jadra nasavana do kyvety

prachod v uzkém svazku, po
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Prutokova cytometrie

» vysledkem histogram fluorescence

— o0sa X — intenzita fluorescence,
odpovidajici obsahu DNA
— 0Ssay — pocet Castic
* méren vzdy standard o znamé
velikosti + neznamy vzorek
« velikost genomu vzorku dopocitana
Z poméru prumeérné intenzity (stred
piku) vzorku ku standardu
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— plati pro méreni s propidium jodidem (Pl)

— pfi méreni s DAPI jen relativni
velikost = pomér ke standardu

Centaurea 157.92
*Glycine  189.46

pomer 0.833

Glycine 2.50 pg
Centaurea =2.50*0.833

= 2.08 pg




Genomic in situ hybridization (GISH)

Fluorescencni oznaceni
jednoho genomu nebo jeho
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Vyskyt polyploidie

70-75% vsech krytosemennych rostlin.
95% kapradin

~ 5% nahosemennych rostlin

Mechorosty jsou z tohoto hlediska mene zname, ale
minimalné mechy zahrnuji mnoho polyploidnich druhd.

Masterson 1994: Stomatal size in fossil
plants: evidence for polyploidy in majority
of angiosperms.

Science 264: 421-424.




The frequency of polyploid speciation
in vascular plants

Troy E. Wood®"-!, Naoki Takebayashi, Michael S. Barker®4, Itay Mayrose®, Philip B. Greenspoon®,

and Loren H. Rieseberg®“

PNAS | August 18,2009 | vol. 106 | no.33 | 13875-13879

Infrageneric Palyploid
Polyploid Speciation
No. Species Incidence Frequency
Asterids 106,150 3505 1% 12.451%
Rosids 58,700 Mo 2% 20.63 2 2%
Basal Eudicots 24,950 3724 £ 2% 1411 2 2%
Higher Monocots 28,150 46.58 £ 3% 21.43 £ 5%
Basal Monocols 33,180 29.94 1 3% 25.74 4% 1 ﬁﬂn%
Basal Anglosperms 9,250 IT.5T £ 6% 1.64 £ 2%
Gymnosperms 830 4.04 £ 3% ==
Leptospor, Ferns 11,000 3286 % 2% 34.01 £ 4%
Eusporangiate Ferns 380 24.00 £ 7% 16.36 = 7%
Lycophytes 1,200 3361 £10% 3077 9%

i 1 | | | I I I |
400 300 200 100 0

Divergence Times (milllons of years)

31.37%



Zakladni chromosomova cCisla

60

50 4
Angiosperms
40
30

20

10 H

Infrageneric Polyploid Incidence (%)

2n=4-14 2n=16-18 2n=20-24 2n= 26—108
Generic Base Count Group

U jednodéeloznych rostlin jsou zakladni chromosomova Cisla v rozsahu x = 6 az 12
Pro dvoudélozné se tyto hodnoty déli do dvou skupin.
U bylin se s nejvétsi frekvenci vyskytuje x =7 az 9

a pro dreviny je nejCasteji zastoupeno x = 11 az 14
Grant (1982)



Nahosemenné rostliny
5% polyploidnich druht

nejvetsi zastoupeni maiji polyploidi v rodé Ephedra,
kde ma urcity stupen polyploidie pfiblizné 50 % druhd.
Zakladni poCetn =7

Welwitschia mirabilis (Gnetales) 2n =42 ,
mozny hexaploid

- Pinaceae - Taxaceae

o 7 4 H B Araucariaceae B Gretales
Ruzné cytotypy u Celedi Cupressaceae. RS — s,

l:l Cupressaceae |:| Cycadaceae
|:| Podocarpaceae - Stangeriaceae

Za prirodni polyploidy jsou povazovani napfiklad B Scadopityacese M Zamiaceae
SeqUOIa SemperVIrenS (2n — 6X — 66) Figure 1: Overview of the ML tree of 739 gymnosperm taxa;
Juniperus chinensis "Pfitzeriana” (2n = 4x = 44)

Fitzroya cupressoides (2n = 4x = 44)

Velky genom ~17,000 Mb Pinus banksiana az po 31,200 MB in Pinus
lambertiana, ale jen malo chromosomu, mozna se tak jedna o paleopolyploidii



Man-Pinaceas
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Journal of Botany
Volume 2012, Article ID 292857, 6 pages
doi:10.1155/2012/292857

Research Article

Exploring Diversification and Genome Size Evolution in
Extant Gymnosperms through Phylogenetic Synthesis

J. Gordon Burleigh,! W. Brad Barbazuk,' John M. Davis,?
Alison M. Morse,? and Pamela S. Soltis?

I Thom mstansmsns ol Dialanes Thalecameions ol Tawlda Maliaaadlla T 22711 TTOA

VI
Genome Size
B 225t05625 [ 22.5to 25.875
Bl 5.625t09.0 [ 25.875t029.25
B 9.0to12.375 [ ] 29.25t0 32.625
I 12375t0 1575 [] 32.625t0 36.0
[ 1575t019.125 [ 36.0to 39.375
[ 19.125t022.5

Ficure 3: Ancestral state reconstruction of genome size (in pg
DNA) on a chronogram 165 gymnosperm taxa. Different genome
sizes are represented by different colors, with the ancestral genome
sizes estimated with squared change parsimony.



Genetic regulation of meiosis in
polyploid species: new insights into a «

old question
New Phytologist (2010) 186: 29-36
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Vlastnosti polyploidi

Stebbins (1940) - buniky polyploidnich rostlin maji celkové vetsi velikost nez
buniky stejneho typu u jejich diploidnich pribuznych — nasledné i celé rostliny jsou
vetSi (ale nemusi tomu tak byt vzdy )




Polyploidie - casty stav genomu
kulturnich rostlin

3n: bandn, jablko, zazvor, repa

4n:  durum psSenice, kukurice, bavinik, brambor, zeli,
tabdk, podzemnice

6n:  chrysantéma, pSenice, oves

8n:  jahodnik, jiriny, cukr. trtina
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Amphidiploidie

6. oferacea,
2n=18
Cabbage
Cauliflower
Broccoli
Kale
Kohlrabi
Brusssls sprouts




20 0.32

(a) . (b
vlivem polyploidizace dochazi ke vzristu velikosti e oo :
semen a k poklesu jejich kli€ivosti (Levin 2002). -;; " : g'-m .
Polyploidi obvykle Iépe snaseji vodni stres, coz jim P o §
prinasi znacnou konkurencni vyhodu. } I I
Maji sice celkové vétSi bunky praduchu, ale jejich T sl @ 7 e :
pocet na jednotku plochy je mensi nez u diploidu, : o
coz ma negativni dopad na rychlost transpirace. g ) ® Lo "
Siln&jsi epidermis na obou stranach list(l rovnéz il ' | 2. i |
prispiva ke snizeni transpirace - Uzce souvisi s | . = :

£ ol

intenzitou vymeény CO2 a fotosyntetickou aktivitou. o e e Tt

nces in characteristics between progenitor and hybrid (tetraploid and hexaploid) species: |

Aegilops sp.

Stomala cells

\

Putative polyploid ‘ ;-

L §

Figure 2 - (a) Imprint of leaf showing stomata ina diploid plant and (b) in a tetraploid plant. Both photographs were taken at the 200X
magnification.

Polyploidy in Agathis robusta



zmnozeni poc¢tu chromosomu vede ke zpomaleni rlstu a ontogenetického
vyvoje, které midze mit za nasledek zménu v dobé nastupu a délce trvani
fenologickych fazi nebo dokonce zménu Zivotni formy

zpomaleni rastu polyploidl souvisi spiSe se vzristem mnozstvi 1C DNA vV
jadre (Francis et al. 2008) nez se vzestupem poc¢tu homolognich
chromosomu (Ramsey & Schemske 2002)

(B)Df ‘ | mh ” o =
o5, ¢ 5% |

2X

atev.n o
FAATT Tl el | Y

Diameter (mm): (.12 £0.013

| ué" | L..

Diameter (mm): .13 £0.0095

Yao et al. 2011, Plant Mol Biol 75; 237-251



zmnozeni poCtu chromosomu u polyploidu je provazeno cetnymi
poruchami v prubéhu meidzi a ¢asteCnou nebo uplnou sterilitou, coz
je jednim z podstatnych davodu, pro€ u nich dochazi tak Casto k
posunu od sexualniho rozmnozovani k apomixii.

Apomixie pFinasi polyploidim hned nékolik vyhod.

1). unik pred sterilitou.

2). dobra adaptace na nové nepfiliS priznive stanovisté.

3). vhodny zpusob pro rychlé osidleni nové lokality a zajisténi
produkce nové generace.

Polyploidizace muze u nékterych druhu prolomit efekt
autoinkompatibility a novi jedinci pak mohou vznikat cestou
samoopyleni. To jim umoznuje se rozmnozovat i pfi nedostatku
kompatibilniho pylu od ostatnich rostlin v populaci (Levin 2002).

Polyploidi nejsou ohrozeni inbredni depresi a vznikem
homozygotu tak, jako jejich diploidni rodi¢e. U tetraploid se uvadi,
Ze asi pouze 5,6 % potomku F1 generace je homozygotnich (Briggs &
Walters 2001).



Vyhody polyploidie

maskovani skodlivych alel
fixace heterozygozity — heteroze
Zmeny genoveé exprese

fenotypova plasticity polyploidu
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Polyploidie a fixace heterozygozity

autotetraploid heterozygote AAaa.
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Maternal Paternal

genome genome Evolutionary consequences of
~_ autopolyploidy

)

Triploid  Spontaneous e-step

bridge  doubling formation \
e L o e el Christian Parisod ', Rolf[[oldcrcggcrs and Christian Brochmann'
Autopolyploid I

formation

New Phytologist (2010) 186:5-17

. r""lllf - - Iy
O{;I QO_ Genetic & epigenetic Establishment /
changes
(O O) New phenotypes Lol }j
A ~ Dipiidizaton
o
S

Fig. 1 Evolutionary pathway of autopolyploidy. Top panel: cross-
fertilization between individuals leads to the origin of an autotetra-
ploid individual by genome doubling, either through the direct
fusion of two unreduced gametes (one-step formation) or as a two-
step process of cross-fertilization between an unreduced gamete
and a triploid intermediate (triploid bridge). Spontaneous doubling is
rare in natural populations. Central panel: genome doubling results
in genetic and epigenetic changes driving structural and functional
reorganization until full diploidization in the long term. In natural
populations, these genomic processes go along with the formation,
establishment and expansion of autopolyploid lineages.



Taxa Evidence for autopoly ploidy Cytoty pe distribution
Achillea millefolium Morphology (Clausen et al., 1948) W arious habitats (Ramsey et al., 2008)
Anthoxanthum alpinum Segregation (Zeroual-Humbert-Droz & 2= more cold-tolerant than 4x (Felber-Girard et al,, 1996)

Biscutella laevigata

Cardamine digitata agg.
Centaurea jacea

Chamerion angustifolium
Dactylis glomerata

Empetrum nigrum
Eragrostis cambessediana
Galax urceolata
Galivm anisophy!llum
Hepatica nobilis

var. pubescens
Heuchera grossulariifolia
Heuchera micrantha
FParnassia palustris
Plantago media

Santolina pectinata

Tolmiea menzies|

Felber, 1999)
Segregation (Tremetsbergeret al., 2002)

Morphology (Jorgensen et all, 2008)
Segregation (Hardy et al., 2000)

Segregation (Husband & Schemske, 1997)
Segregation (Lumaret et al_, 1987)

Morphology (Elvebakhk & Spjelkavik, 1995)
Morphology (Levin, 2002)
Morphology (Burton & Husband, 1999)
Morphology (Ehrendorfer, 1965)
Morphology (Mabuchi et al. | 2005)
Segregation (Segraves et al_, 1999)
Segregation (Soltis & Soltis, 1989)
Segregation (Borgen & Hultgard, 2003)
Morphology (VanDijk &

Bakx-Schotman, 19497)

Morphology (Rivero-Guerra, 2008)

Segregation (Soltis & Soltis, 1988)

2xin glacial refugia; 4= in previously glaciated
areas (Manton, 1937); 4= with broad ecological
tolerance, being active recolonizers and locally
adapted to environmental heteroge neity (Gasser, 1986;
Farisod & Besnard, 2007; Parisod & Bonwin, 2008; Parisod
& Christin, 2008)

2xin glacial refugia; 4= in previously glaciated areas
(Jorgensen et al., 2008)

2x more cold-tolerant than 4x (Hardy et al., 2000)

2% more cold-tolerant than 4= (Husband & Schemske, 2000)

2x confined to shaded woodland habitats ws 4 in high light
conditions; 2xin glacial refugia; 4= in previously
glaciated areas (Lumaret et al | 1989; Bretagnolle
& Thompson, 2001)

2 less cold-tolerant than 4« (Elvebakk & Spjelkavik, 1995)

2= occur inwet habitats; cytoty pes with increasing
ploidy levels occur in successively more xeric
habitats (Levin, 2002)

2 restricted to more xeric habitats than polyploids
(Johnson et al., 2003)

2xin glacial refugia; 4= in previously glaciated areas
(Ehrendarfer, 1965)

Sympatric 2x and 4x differ in pollinator assemblages
(Thompson & Merg, 2008)

2 are restricted to disjunct areas within the 4x range
(Soltis & Soltis, 1989)

2xin glacial refugia; 4= in previously glaciated areas
(Borgen & Hultgard, 2003)

2xin glacial refugia; 4= in previously glaciated areas
(VanDijk & Bakx-Schotman, 1997)

2w in different habitats; 4« restricted to disturbed habitats
(Rivero-Guerra, 2008)

2xin glacial refugia; 4= in previously glaciated areas
(Soltis & Soltis, 1989)



Plant Species Biology (2012) 27, 3-29

INVITED ARTICLE

Heterostyly and the possibility of its breakdow

polyploidization

AKIYO NAIKI

(a) Distyly
Stigma

_— Style

——— Anther

Short-styled Long-styled
(Thrum) (Pin)
(b) Tristyly
)]
i
Short-styled Mid-styled Long-styled

Table 2 Ploidy level and the occurrence of heterostyly
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Ploidy level and heterostyly

Family Genus or species 2x 4 6 8x 10x Reference
Boraginaceae Amsinckia D, H D,H — — — Schoen ef al. (1997)
Lythraceae Lythrumt TH H T.H H — Graham and Cavalcanti
(2001)
Lythrum salicariat — — T T T Graham and Cavalcanti
(2001)
Menyanthaceae Villarsia parnassiifoliat D D — — — Ornduff and Chuang
(1988)
Oncalidaceae Oxalis section Inoxalis DT D, T DT D — Weller and Denton (1976)
(excl. O. alpina)t
Onalis alpinat D DT D T — Weller and Denton (1976)
TPassifloraceae Piriqueta D, H D D — — Shore et al. (2006)
Turnera series Turnera D.H D H DLH — Shore ef al. (2006)
Turnera series Umbilicate D D — D — Shore ef al. (2006)
Turnera series Leiocarpae D.H D — — D, H Shore ef al. (2006)
(excl. T. sidoides)
Turnera sidoidest D, H D,H D, H DH — Shore ef al. (2006)
Polygonaceae Fagopyrum (excl. D H D,H — — — Yasui et al. (1998); Ohsako
F. esclentum) et al. (2002); Fesenko
(2005); Chen et al. (2007)
Fagopyrum esclentum D D, Hg — — — Adachi et al. (1982); Chen
et al. (2007)
Pontederiaceae Eichhorniat TM T. MY — — — Eckenwalder and Barrett
(1986); Ness ef al. (2011)
Pontederiat M T — — — Eckenwalder and Barrett

(1986); Ness et al. (2011)

rosids

eudicots

[ Non-heterostylous
E Distylous
Equivocal



Zmeéna ekologické tolerance polyploidu

Polyploidi jsou Casto Iépe adaptovani na extremnejSi teplotni Ci vihkostni
rezim nez jejich diploidni protéjsek.

V souCasné dobé prevazuje nazor, ze rozSifeni a zastoupeni polyploidu v
rostlinné risi je prevazné vysledkem pusobeni dramatickych klimatickych
zmeén v prubéhu Ctvrtohor a zvlasté pak posledni glacialni periody
(Brochman et al. 2004).

Velka klimaticka variabilita spojena i s pokracCujicim formovanim velkych
pohori vedla v téchto obdobich k rozsahlym zmenam v geografické
distribuci druhu a k vyvoji novych taxonu.

Tak je vysvétlovano vysoké zastoupeni polyploidi na severni polokouli.
Navic jejich procento stoupa s rostouci zemepisnou Sirkou.

Dukazem je velké procento polyploidu vyskytujicich se v arkticke flofe
(Dynesius & Jansson 2000; Brochmann et al. 2004).



Polyploidy in arctic plants

C. BROCHMANN'", A. K. BRYSTING', I. G. ALSOS?, L. BORGEN', H. H. GRUNDT",
A.-C. SCHEEN' and R. ELVEN!

Non-glaciated region
‘Beringian’

319% [

13% |

Diploids Polyploids

Glaciated region

‘Atlantic’ Biological Journal of the Linnean Society, 2004, 82, 521-536.



Senecio carniolicus

odliSny mikrohabitat
2n otevrené, skalnaté
4n severni svahy s
delSi snéhovou

pokryvkou

6n travnaté plochy

Cytogenet Genome Res 2013;140:137-150
DOI: 10.1159/000351727



Ekologické dusledky polyploidie

e Beest et al. The role of polyploidy in plant invasions Page / ot
‘ Ecological consequences of polyploidization ‘ ‘ Influence on life-history traits ‘
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Polyploidie a invazivni druhy
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Polyploidy: recurrent formation
and genome evolution

Douglas E. Soltis and Pamela S. Soltis

a . )
(@) Single origin (a) Traditional view
Diploid A Diploid B ; ;
8 E
AABB T
Polyploid Diploid A Diploid B
(b) Multiple origins g( g< U1
« S
Diploid A Diploid B 5 5
[AA] [ArA] | AZA{! B8] [B1B4] [B2B2| Maternal parent Paternal parent
__,’:-H :}E_____.-—“"-I
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Polyploids [AABB| [AABBs| [AABB| [AABB;]

(b)
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A,A,BB, A,A-BB, ’_, 41 -H-S 8

T

Trends in Ecology & Evolution

Trends in Ecology & Evolution

Fig. 1. Comparison of (a) traditional view of polyploid formation with (b) new or Revised view
revised view. The traditional view envisioned each polyploid species forming only
once, resulting in a new species that was genetically uniform (or nearly so). The new
view suggests that each polyploid species forms over and over again from different
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Available online at www.sciencedirect.com Current Opinion in
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Rarely successful polyploids and their legacy in plant genomes

Nils Arrigo and Michael S Barker

Phwyiogensiic history s Current Qpinion in Plant Biology 2012, 15:140-146
diplaid =
dpioid | &
e 5 .E 5 (a) Phylogeny of extant species
R
ol m — W |
polyploid o E' = g
w||lw ||w
Past » Presant * P X |
Unreduced gamete formation! / ] :
Minority cytotype disadvantage? s . ' - K , R N
cological niche differentiation s g i I il [N m—‘ _|_| | i AT ] ’JT 1{0,
T 1| || A n iy n : s IR - .
« Spatial heterogeneity P v LA A AT s LT L el MR [ Laln Salllmkim © dip.lmd : Lm;],lc:idl
» Interploidal reproductive isolation v (b) Real diversification stafistics
Small effective lation sizes® v
i 0.5 : 0.20 . 1
= Triploid bridge v A
- 0.4 7 %
= Multiple origins v ”E o 0.167 - .
= 5 .
Environmental change* | s § 03 g T 02
E S S 0107 ) = | ’——‘—‘ .
Reproductive biology® v § 02+ = g ]
w ) = 4 1 ——
Pairing behavior® s || v 04 —— ' ® 005 5 00 ) *
T
Increased mutation’ v 00 1 a 0.00 a4 .
Dominance of new mutations® v v - - inlai i - iloi i
diploid polyploid diploid polyploid diploid polyploid
Paralog evolution® v
Reciprocal Gene Loss'” v
Hybridization' v
Current Opinion in Plant Biclogy

Variables affecting polyploid establishment, speciation and extinction
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(c) Real phylogenetic history (d) Speciation events
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Simulated evolution of a two-state character (here: diploid versus polyploid)using DiversiTree [12] with the speciation and extinction rates of [10°7]. The
model assumes constant but distinct speciation and extinction rates for each character, with diploids having higher speciation and lower extinction
rates than polyploids (the fransition rate, from diploid to polyploid is constant, reversions are not allowed). (a) Extant phylogeny, as it would obtained
from an exhaustive sampling of extant species (gray: diploid, red and thick: polyploid). The diversification models typically infer the speciaton and
extinction rates from these phylogenies and the states of the current taxa. (b) Diversification estimates computed from the extant phnlogeny.
Expressed as the number of speciation or extinction events per lineage and per time unit (a time unit is 1/50 of the total tree length). The net
diversification rate is computed by subtracting the extinction to the speciation rate. (¢) Complete phylogeny, showing both extinct and still living taxa,
as well as the character status of each lineage. (d) Distribution of lineages ages (i.e. tracing back to the immediate common ancestor), as a function of
diploid versus polyploid status.



