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Outline

T. Paradox sexudlntho rozmnozovani
(.Paradox of sex")

II. Apomixie

ITTI. Taraxacum jako model pro studium
apomixie



Rozmnozovani u
rostlin

I.Sexudlni rozmnozovani
- alogamie
- autogamie

IT. Klondlni rozmnoZovdni
(= apomixie)
- vegetativni
- apomixie s.str.
- (prechodné)




Paradox
of sex":

"cost of males”

Albrecht Diirer, Adam a Eva
(Museo del Prado, Madrid)




"cost of males”

John Maynard Smith 1971

DVOINASOBNA CENA SEXU

vytvoreni druhého pohlavi (které se navic
vibec nerozmnozuje)
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van Dijk, van Damme 2000




~vangled Bank Hypothesis"
Michael Ghiselin, 1974




.Muller's

ratchet "

Hermann Joseph Muller, 1964
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.Kondrashov's Hatchet"
Leigh van Valen, 1973

fitness

no. of mutations




.Red Queen Hypothesis"

Leigh van Valen, 1973

"It takes all the
running you can do,
to keep in the
same place."

constant ‘arms race'




.Red Queen Hypothesis"




Apomixie
Klondlni rozmnoZovani pomoci semen

Nedplny sex: nedokon¢ena megasporogeneze

Raunkiaer, 1903




Apomixie u Krytosemennych

Ve 140 rodech

- diroce rozsirenada
+ presto vzacna

Rosaceae
Poaceae
Asteraceae

Vazana na polyploidii
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Hlavni typy apomixie

a) diplosporie
b) aposporie

c) (embryonie)

Bicknell & Koltunow 2004
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/' Primordium

Ovule &
Q gametophyte

Meiosis

Stamen &
o’ gametophyte

Double
Fertilization

Floral
Initiation

Zyote &
Pro-endosperm

Germination

Figure 1. Initiation and Progression of Apomictic Mechanisms Relative
to Events in the Sexual Life Cycle of Angiosperms.



Aposporie

Meiotickad diplosporie

2 geny regulujici apospori
- Diplosporie (DIP)
- Partenogeneze (PAR)

SEXUAL Gametophytic and embryo and
@ program differentiation endosperm
& —_— —— —{—>
Meiotic A
program 1) ] Double
Embryo fertilization
Sac
ovule (® Somatic cell
MMC \ 2
Aposporous Fertilization-
o initial independent
Meiotic G’ ? . development
program T—— o —_—
=
S o
APOMIXIS
Aposporous
embryo sac

I:I Sexual . Apomictic

Predevsim Rosaceae a
Asteraceae

.Gametofyt tvoren z
vegetativnich bunek
sporangia”

- analogicky nékteré
severoamerické kapradiny

Cell specification Post-fertilization




Diplosporie
a) Mitotickad diplosporie
Antennaria, Hieracium, Trisetum, Arabis
b) Meioticka diplosporie
Taraxacum, Chondrilla, Youngia

3 geny regulujici apospori
- Diplosporie (DIP)
- Partenogeneze (PAR)
- ?(AUT??)

Typ nejbliZzsi meiéze () (; Q O

Polygonum: reduction

2DE ﬁ

, Q0%
Taraxacum: restitution -
; / YA

\/ \;t'._"./'//

Antennaria: omission (after Rutishauser 1969)




Segregace apomixie ( Taraxacum)

Diplosporicka apomixie - priklad pampeliSek
Diplosporie DIP (microsatellites)
Partenogeneze PAR (Nomarski DIC mic)

3¢ Apomicts (3x)

| BCc .Recombinants"

Geny nejsou ve vazbé, mohou vznikat rostliny, které dane
rostliny nesouci jen urcité geny. V prirode extrémne
vzdacné.
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\ éénické disledky apomixie
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Geneticky uniformni potomstvo
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Rodokmen Lucemburkd Eliska Premyslovna Apomikticka




Variabilita apomiktu
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Dusledky pro taxonomomii

* Reprodukéni izolace
*  Morfologicka stdlost
*  Obvykle dobry geograficky aredl

' > Dobry biologicky druh

Taraxacum prunicolor Schmid, Vasut et Oosterveld



AT ~ .
o o )] .
- p )
¢ 1.8 . i 7
R A 14 . a2 2 3
- AL | & d W/ ,
NN == = )
—_ oy v
= Ry
T 3
\ |
e S :
:
X ¥
4 ¥ .
9 ] ”
- e T
\’ L3 N .
L5 e, 24 3 »
N et X
. b

kwwﬁ}’ - \ k“‘%&» ,E

'Apomlk’rlcke dr'uhy jsou neprehledné

Urcit je mohou pouze specialisté

Jejich zavddéni (alespon v nékterych
skupindch) neni uzitecné
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0.1

amp{

Variabilita apomiktu

e\

74

Geneticka variabilita apomiktii
(Taraxacum amplum z okruhu
T. officinale agg.)

Mikrodruhy geneticky diskrétni
Jsou tvoreny shlukem

. podobnych genotypl -
Jo .genetickych kamarddd" (tzv.
© .Clone mates")

Majesky et al. 2012 Plos One 7: e41868



Rodokmen Lucemburkd Eliska Premyslovna Apomikticka
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SEX : APO cyklus (Zx 3x cyklus\
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Pool of Diploid sexuals

Random diploid sexual Random diploid sexual
from the population from the population
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Mutation accumulation
A 4 v

Purely apomictic pc




Pool of Diploid sexuals

3 Random diploid sexual Random diploid sexual
from the population from the population

. A A A

! Mixed sexual-apomictic population - Triploid apomicts
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Hybridization recombination
—> Hybridization recom_blnatlon crossing-over;
crossing-over under natural
selection
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Purely apomictic population - Triploid apomicts
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A) Lokalizace DIPv genomu

A2-E40M62-335

| | AA2-E32M60-520

A1-E36M52-150
| 1{A1-E36M52-140
A1-E35M52-525

A2-F40M62-620
\|A2-E46M52-435
W A2-FA0M52-310
A3-E42M54-295

DIp
| A4-E45M53-090

[A4-E38M48-215

~

A5-E37M59-135

L~ A6-E35M61-515
A6-E46M60-340
A6-E41M57-085
A6-E35M61-085

1 |

A6-E35M57-135
A6-E31M61-185
[~ A6-E45M57-085

A8-E45M62-215
A8-E35M52-295

A8-E4A2M49-325

A9-E40M53-450

A9-E32M53-195

18.6 cM

A1-E32M53-390
A1-E41M61-310
A1-E32M57-385

A1-E40M60-505
A2-E46M51-090
A3-E42M50-440

A3-E37TM51-495

A4-E35M52-235

A6-Mst53b

A6-Mst78a
A6-E37M62-200

AT-E32M59-185

[S3]

E - s
[S8]

[%]

[S11]

[S12]

[S16]
[S14]

Vijverberg et a/. TAG 2004




DIPBACs obsahuji repetitivni sekvence
* BACs close to DIPare highly repetitive

S4-BAC No. 83

S4-BAC No. 857 STBACTo0.37 o, BN
“SA-BAC No. XXX S7-BAC No. xx 'S10-BAC No. 56?

Vijverberg & Vasut et a/ Plant Reprod subm.



DIPBACs obsahuji repetitivni sekvence,
kondenzovany do urcitych segmenttd

* = NOR Chromosome

‘,
25

Vijverberg & Vasut et a/ Plant Reprod subm.




DIP je na NOR chromozému

AS68 (3x) \ PAX (4x) ‘
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Vijverberg & Vasut et a/ Plant Reprod subm.



B) Segregace mikrosatelitt

Microsatellites analysed in order to see how the
chromosomes segregates in male meiosis

Diploid Sexual

gametes

DD

- Two SSR markers are linked to DIP one to PAR
- DIP and PAR belong to different linkage groups

- Significant absence of alleles linked to DIP and PAR has
been observed in haploid pollen grains



B) Segregace mikrosatelitt

distribution of single alleles in haploid pollen grains of triploid apomict

mstab3  msta67 Mmsta64 mstal05 msta78 msta74 msta131 msta44b e"rf’:t‘ized

DODDDIIDI

distribution of single alleles in diploid pollen grains of triploid apomict

msta53  msta67 Mstag4 mstal05 msta78 msta74 msta131 msta44b e"r?:f‘iged

9dIIIIIII




C) Detekce hybridizace v prirozenych
populacich
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C_KAS2-Cp 18

C_KAS3

cp 18 -Ps. EUR C_GA4

ps_TO

C.6as. Co1a

Majesky, Vasut & Kitner, unpublished.



Paralela APO regionu s
Y-chromozomem

Determinace Sexu

Rekombinaéni suprese
Akumulace mutaci

Absence funkcnich gent
Delsi fylogenetické star



Apomixie v rodu Taraxacum

Meioticka diplosporie

3 geny regulujici apomixii
- Diplosporie (DIP)
- Partenogeneze (PAR)
- ?

ca. 55 sekci - vétsinou
apomikteé




Segregace apomixie u pampelisek

DIP (2x) PAR (2x) END (2x)



Kde lezi DIPregion?

Neprimy dikaz, Ze ) ( LV (¢

‘DIPJZHGNOR 7)}{{(<(~
chromozomu: ,

- absence 1 NOR 7)(({l<c(
chromozdm | (I

- Slaba vazba s 45S rDNA . Dm

(Sorensen, van Dijk) mstas3 )

(2 ) (allloxo)




Evoluce apomixie

Dominantni gen (prevazujici ndzor)
Recesivni gen (Mogie, Richards)
Hybridizace (Carman)

Apomixis
coordination of:

bypass of meiosis+
unfertilized egg cell+
overcoming genomic
imprinting (??, > 1 gen.)
Polyploidization

unreduced gametes
one-step model (1 gen.)
or triploid bridge (2 gen.),

breakdown of repro- ' R e R R
.- ductive barriers ;
Horandl (internallexternal); diploid hybrids diploid

2006 (1gen.) sexual sexual
species 1 species 2
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Parvula

Scariosa

" Tibetanal

Antarctica




2n = 3x

T. sect. Erythrosperma

(str. Evropa)

T sect. Leucantha YR
(LCldeh, India) Leucantha

DIPlocus - pribuzné taxony

2n = 4x

T. sect. Stenoloba
(Ladakh, India)

I .,-

\
l‘h

\"'

T. sect. Scariosa
(Malta)



Jsou samecci hepotrebni?

Male apomixis - Androgenesis Cupressus dupreziana
(AlZirsko)

Jadro vajicka je po splynuti gamet
nahrazeno vajickem z pylové
lacky

Nava et al. 2010, Heredity 104
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