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Rozmnozovaci systemy rostlin
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General strategies in plant mating

= Perfect

Flowers
(hermaphroditic)

Selfing

Self-pollination
Cross-pollination
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Podil cizo- a samosprasnych druhu rostlin

Evoluce reproduktivnich systému rostlin
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l. Typy pohlavi - kvéty

Oboupohlavné (= hermafroditni). )
(75% krytosemennych)

SEPALS PETALS | STAMENS | CARPELS | OVULES
A+E A+B+E B+C+E C+E C+D+E

Jednopohlavné - Ty€inkové (samci)
Maji funkcni prasniky. Mohou obsahovat
i nefunkcni pestiky.

L _.q'
- Maize flowers
Ll palea 3 star/nenslenma pistil
A \7/ -
Jednopohlavné - Pestikové (samiéi) % %
Maji funkcni pestiky.
Mohou obsahovat i nefunkcni tyCinky . / .

Male (staminate flowers)  Female (pistillate flowers)

Adapted from Bortiri E, Hake S. Flowering and determinacy in maize.
J Exp Bot. 2007,58(5):909-16.



Il. Typy pohlavi - rostlina

Jednodomé (monoecicka). TyCinkové a pestikové kvéty na jedné rostliné:
Aglaonema, Fagus, Betula, Euphorbia, Zea

?d

Dvoudomé (dioecicka) — asi 7% vsech rostlin
TyCinkové a pestikové kvéty na odlisSnych rostlinach.
Silene latifolia, Humulus lupulus, Cannabis sativa
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Why be an Hermaphrodite?

Facultative selfing.
= If pollinators are not available.

Male/female shared investment
in attractants and rewards.

= Two for the price of one?

Attractants affect male and female
fitness gain curves differently.

llemporal separation of
iInvestment in male and female

function.
= Male today, female tomorrow.




Why not be an Hermaphrodite?

Interference of sexual
function.
s Mechanical interference.

Favors evolution of herkogamy
or dichogamy.

= Self pollination.

Problematic when physiological
self-incompatibility is lost and
genetic load is high.

= Evolution of dioecy on islands.

Decreased pollination for
fiemales.

= If pollen is a reward for
pollinators.




Pohlavni chromozomy u rostlin

Samci a samici kvéty (top) a pohlavni X and Y chromozémy (bottom) u Silene latifolia.

Meadows R (2012) Sex Chromosome Equality in Plants. PLoS Biol 10(4): €1001312. doi:10.1371/journal.pbio.1001312
http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001312

PLOS BioLoay


http://www.plosbiology.org/article/info:doi/10.1371/journal.pbio.1001312

Sex Lability

Many plant species change sex.

= Plant size (larger plants are female).
Sugar maples.
Jack in the pulpit.

= Environment (females grow in less

stressful microhabitats).
Salt bush.
Salt grass.
Mosses.




Evoluce pohlavnich chromozému
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Homomorphic sex chromosomes

Actinidiaceae

Amaranthaceae
Asparagaceae
Asteraceae
Caricaceae

Caryophyllaceae
Chenopodiaceae
Cucurbitaceae

Dioscoreaceae
Euphorbiaceae
Ranunculaceae
Rosaceae
Vitaceae

Actinidia deliciosa
A. chinensis

Acnida species
Asparagus officinalis
Antennaria dicica
Carica papava
Vasconcellea species
Silene otites
Spinacia oleracea
Bryonia multiflora
Ecballium elaterium
Dioscorea tokoro
Mercurialis annua
Thalictrum species
Fragaria species
Vitis species

Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Uncertain

Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Male heterozygous
Female heterozygous
Male heterozygous

Yes
Yes
Mo
Mo
Mo

Yes

Yes
Yes

Yes

Active Y system
Active Y system
Active Y system
Active Y system
Active Y system
Active Y system

Active Y system
Active Y system
Active Y system
Active Y system

Active Y system



McCrLung, C. E. 1901. Notes on the accessory chromosome. Anatomischer

Anzeiger 20): 220-226.

Viability of
Family Species Female sex chromosome Male sex chromosome Y'Y genotype Sex determination
Heteromorphic sex chromosomes
Cannabidaceae Cannabis sativa XX XY Yes X to autosome ratio
Humulus lupudus XX XY Yes X to autosome ratio
H. lupulus subsp. XiXiXaXo X1Y1X2Y2 — X to autosome ratio
cordifolius
H. japonicus XX YiYa Mo X to autosome ratio
Caryophyllaceae  Silene latifolia, S. XX XY No Active Y system
divica, §. diclinis
Cucurbitaceae Coccinia indica XX XY — Active Y system
Polygonaceae Rumex anglocarpus XX XY — —
R. tenuifolius (XX)XX (XX)XY — —
R. acetosella (XXXX)XX (XXXX)XY — Active Y system
R. graminifolius (XX XXX XXX (XXX XXX)XY — —
R. hastatulus XX XY or + XYY S— X to autosome ratio
R. acetosa XX XY1Y2 — X to autosome ratio
R. paucifolius (XX)XX (XX)XY — —

Sex chromosomes ol plants were hirst described 1in white
campion and hop (Blackburn, 1923; Winge, 1923), sorrel
1923), and Elodea (Santos, 1923).

(Kihara and Ono,



normAlnkvyvo) blokada
pohlavnich organu a gamet

vegetativni meristém

l

kvétni meristém

bazanka rocni
konopi

zakladani kvétnich organt

/\ kukufrice

zacatek vyvoje pestiku zacatek vyvoje tycinek

l knotovka bila

uplny vyvoj pestiku uplny vyvoj tyéinek

l l chrest

megasporogeneze mikrosporogeneze
l l plan§ druhy
révy
megagametogeneze mikrogametogeneze
l l jahodnik
truskavec
funkéni vajeéna burka funkéni pyl

Jednotlivé faze potlaceni vyvoje orgdnu urcitého pohlavi
u dvoudomych rostlin (Zdroj: Janousek, 1996)



Polygamni

Andromonoecicka. Druhy kde vSichni jedinci maji jak oboupohlavné tak jen
samci kvéty. Vyskytuje se u priblizné 1.7% krytosemennych rostlin.
Filipendula (Rosaceae), Veratrum album (Liliaceae).

Androdiecicka. Druhy kde nékteri jedinci maji samci a jini oboupohlavné kvéty.
Polygonum bistorta (Polygonaceae), Datisca (Datiscaceae). Vzacny pfripad.

Gynomonoecicka. Druhy kde vSichni jedinci maji samici a oboupohlavné kvéty.
Asteraceae, Silphium perfoliatum, Parietaria officinalis

Gynodiecicka. Druhy kde nékteri jedinci maji
samici a jini oboupohlavné kvéty.

Geranium sylvaticum (Geraniaceae),
Valeriana (Valerianaceae), Thymus vulgaris

FiG. 6 Subdioecy in Wurmbea dioica. Populations contain three sex morphs
(left-to-right): hermaphrodite, male and female. See Vaughton and Ramsey
(2012). Photograph by Glenda Vaughton and Mike Ramsey.


http://www.ecosystema.ru/08nature/flowers/039.jpg
http://www.ecosystema.ru/08nature/flowers/039.jpg
http://www.ecosystema.ru/08nature/flowers/039.jpg
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/9_2_07_2/SpainPlantsVsmall/0314datiscacannabina.jpg&squeeze=off&naked=on
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/7_25_06_5/CD72Csmall/silphiumperfoliatum7.jpg&squeeze=off&naked=on
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/7_25_06_5/CD72Csmall/silphiumperfoliatum7.jpg&squeeze=off&naked=on
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/7_25_06_5/CD72Csmall/silphiumperfoliatum7.jpg&squeeze=off&naked=on
http://upload.wikimedia.org/wikipedia/commons/b/b5/Geranium_sylvaticum.JPG
http://upload.wikimedia.org/wikipedia/commons/b/b5/Geranium_sylvaticum.JPG
http://upload.wikimedia.org/wikipedia/commons/b/b5/Geranium_sylvaticum.JPG
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/pelserpb/5_12_09/8May2009/valerianaofficinalis1.jpg&squeeze=off&naked=on
http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/7_3_07_5/PhotosTX5/thymussp2.jpg&squeeze=off&naked=on

lll. Typy pohlavi — populace

Polygamonoecie (= trimonoecicka)

Druhy s jedinci se samcimi, samicimi i oboupohlavnymi kvéty.
Aesculus hippocastanum, Gunnera, Saponaria ocimoides

(a) monoecy (b) / 14

subdioecy

Sagittaria latifolia
@ O 4o

dicecy H



Polygamodioecie

Druhy s jedinci se samcimi a samicimi kvéty, ale kde se také vyskytuji oboupohlavné
kvéty.

Cleome spinosa (Capparaceae)

Trioecie

Druhy, kde odlisni jedinci maji bud samici, samci nebo oboupohlavné kvéty.
Fraxinus (Oleaceae), Atriplex canescens (Chenopodiaceae, Silene acaulis
(Caryophyllaceae, Asparagus officinalis (Liliaceae)



Reprodukcni systémy rostlin

pollen donauon

same flower dnfferent flower
|. autogamy allogamy
selfing
same ramet different ramet
2. geitonogamy
selfing
A
same genet different genet
. geitonogamy & xenogamy
selfing Crossing
‘

FIGURE 22.4 Patlerns ol pollen lldmlcr within and between flowers and plants.
(From Richards 1986: 3), R
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Reprodukcni systémy rostlin

Cizosprasnost (= outcrossing, = xenogamie, = allogamie)

Vajicko a pyl pochdzeji z geneticky odlisnych jedincl

u zivoCichu bézné zajisténa oddélenym pohlavim,

u rostlin oddélené pohlavi je vyjimka (flora Evropy 3%, Hawaj 25%
Nova Kaledonie, NZ, Kostarika 23%)

Mechanismy branici samoopyleni :

1. Dichogamie. Prasniky a blizna v kvétu dozravaji v odlisny ¢as

A) Proterandrie, protandrie (prvoprasnost) — pyl dozrava drive nez vajicka —
Castéjsi pripad, napr. horec, chrastavec, kakost, netykavka, sléz, vrbovka, Celedé
hvézdnicovité, mirikovité, zvonkovité

B) Proterogynie, protogynie (prvobliznost) — vajicka dozravaiji dfiv nez pyl, napr.
bika, cemefrice, drnavec, jitrocel, plamének, prysec, psarka, tomka, zimolez.



Herkogamie

- je prostorové oddéleni samcich a samicich pohlavnich organu
v jednom kvétu.

- Je tojeden ze zpUsobu, kterymi se nékteré rostliny brani
samoopyleni.

Knautia arvensis

Kvét v samici etapé,
z kvétu vystupuiji
cnélky s bliznami

Kvét v samci etapé, z
kvétu vystupuji
tyCinky s prasniky

Dichogamie

- je vzajemné Casoveé posunuti dozravani vajicek a pylu v
oboupohlavném kvétu.



2. Self-Inkompatibilita Primua scoica

a homostyle species
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a. Heteromorfni systémy - odliSna kvétni morfologie.

Heterostylie - odlisna délka a uloZeni prasniku
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Figure 4. Reproductive assurance inseveral English natural populations of Primula vulgarisin which homostyle plants occur (data from [81]).

The figure compares the results for 1982 to 1984 from naturally pollinated flowers of the ‘pin’ (long styled, self-incompatible) morph with
flowers of the same morph experimentally pollinated to ensure excess pollen receipt (supplemented), and with naturally pollinated
flowers of homostyle plants. Only the long-styled morph supplementation results are shown, because supplementation of flowers
of the short-styled morph is difficult, but the few results were very similar to those shown. In 1982 and 1984, seed numbers per fruit
under natural pollination were slightly below those achieved by supplemented flowers (the grey bars are only slightly below 1), indicat-
ing good pollination levels. Homostyles nevertheless often had somewhat higher seed set per fruit (and per plant) than the self-incom-
patible long-styled morph (black bars often higher than 1). In 1983, the flowering season was unusually rainy. Pollination was evidently
poor, as pin plants’ seed numbers under natural pollination were low, relative to flowers with pollen added (grey bars often less than 1).
In that year, homostyle plants’ seed output greatly exceeded that of pin plants (black bars much higher than 1). Thus the homostyle
flowers benefited from reproductive assurance in 1983.




PHILOSOPHICAL

TRANSACTIONS

— OF

THE ROYAL Pial. Trans. R. Soc. B (2010) 365, 351-368
SOCIETY doi:10.1098/rstb.2009.0212

Darwin’s legacy: the forms, function

and sexual diversity of flowers

Spencer C. H. Barrett*

Narcissus

Hemimern's

Figure 1. Examples of species that exhibit the six reported stylar polymorphisms in flowenng plants: (a) distyly—Primula
beesiana (Promulaceae); (6) trstyly—Eichkhormia azurea (Pontederiaceae); (c) stugma-height dimorphism—Narcissus gaditanus
(Amaryllidaceae); (d) enandostyly— Wachendorfia paniculata (Haemodoraceae); (¢) flexistyly—dAlpimia murica ( Zingiberaceae);
(f) inversostyly—Hemimerts racemwosa (Scrophulariaceae), mmage courtesy of Anton Pauw. General features of these



Distylie

Dva odliSné kvétni morfotypy :

pin (dlouhd ¢nélka, kratké prasniky) a thrum (kratkd cnélka, dlouhé prasniky).
Uréeno jednim lokusem (S) se dvémi alelami (S and s). Produkuji také odlisny pyl.

Primula (Primulaceae). Poprvé popsano Darwinem (1877).

Pin=Spendlik (samici) X thrum=kartac (samci) méné fertilni nez thrum (samici) X pin
(samci), coz je dano velikosti vodivych pletiv ¢nélky jimiz musi pylova lacka prordst.
Thrum urcujici geny jsou dominantni a heterozygotni (Ss), pin jsou homozygotni recesivni
(ss). Genotyp SS genotype neexistuje, protoze by musel vzniknout jen k kombinace thrum
X thrum, cozZ je nekompatibilni. Nasledné tak geneticky systém garantuje 1:1 mix pin a
thrum rostlin. o N

Long-styled flower, A-type pollen “cob-web™ stigmas

chie - ———=starren

starren ——M=iyle

Short-styled flower,

Limonium vulgare (Plumbaginaceae).

Kvéty s dlouhou ¢nélkou (pins) produkuji A-typ pylovych zrn
a maji "cob-web” typ blizny.

Kvéty s kratkou ¢nélkou (thrum) produkuji B-typ pylovych
zrn a maji papilozni typ blizny.

Limonium vulgare (Baker 1966)


http://commons.wikimedia.org/wiki/Image:Limonium_vulgare.jpeg
http://commons.wikimedia.org/wiki/Image:Limonium_vulgare.jpeg
http://commons.wikimedia.org/wiki/Image:Limonium_vulgare.jpeg

2) Tristylie.
Tri kvétni morfotypy, kazdy se dvémi odlisnymi délkami ¢nélky.
Uréeno dvémi lokusy (S and M), kazdy se dvémi alelami

Lythrum salicaria (Lythraceae). Studovano jiz Darwinem (1877)

Tristyly in Lythrum

Eichhornia crassipes (Pontederiaceae)

style short, stamens
f mid and long

style mid, stamens
short and long

Yellow arrow
points to style

{ style long, stamens :
| short and mid in each flower


http://131.230.176.4/cgi-bin/dol/dol_image_win.pl?image_file=http://131.230.176.4/users/paraman1/9_2_07_2/SpainPlantsVsmall/0142lythrumsalicaria.jpg&squeeze=off&naked=on
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Eichhornia crassipes (Pontederiaceae)
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Eichhornia paniculata (Pontederiaceae)
Diploid (2n = 16) annual, aquatic species

Long

Tristylous (3 morphs) Mid

Long Mid Short
S5MMm ssMm Ssmim
= s5MM = S5sMm

* SsMM



Transition to monomorphic selfing populations

| trimorphic
| dimerphic

g ™o omorphic

Trimorphic Dimorphic Monomorphic
B C

— — —_—
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- drift selection




[JReduced selection efficacy in
selfers ?

Population genomics approach

E.paniculata

B selfer (Jamaique)

Bl outcrosser

E.paniculata
(Brazil)

E.paniculats
(Nicaragua)

E. paradoxa
(selfer)




Results: Tests of selection were consistent with purifying selection constraining evolution of the transcriptome.

However, we found an elevation in the proportion of non-synonymous sites that were potentially deleterious in the

E. paniculata selfers relative to the outcrosser. Measurements of codon usage in high versus low expression genes
Ness et al. BMC Genomics 2012, 13:611 demonstrated reduced bias in both E. paniculata selfers.

http://www.biomedcentral.com/1471-2164/13/611 . . . ) . . . .
P Conclusions: Our findings are consistent with a small reduction in the efficacy of selection on protein sequences

associated with transitions to selfing, and reduced selection in selfers on synonymous changes that influence
codon usage.

E. paniculata

E. paradoxa Jamaica Nicaragua Brazil

Del/NS = 0.171
Del =724
NS = 4222

Del/NS = 0.185 _
Del = 781 &l’fgga"-‘“

NS = 4218 NS = 4233

mmm Monomorphic (selfing)
I Trimorphic (outcrossing)

Figure 1 Counts of the number of deleterious (Del) non-synonymous sites and the total number of non-synonymous (NS) sites in
selfing and outcrossing genotypes of Eichhornia paniculata. Deleterious mutations were identified using the program MAPP, which uses
evolutionary constraint in homologous proteins to infer the potential fitness impact of non-synonymous changes. The colours along the branc
reflect the putative model of changes in mating system although the exact timing of the transition along each branch is not known. The bran
lengths are not to scale.

—
0350

E. paniculata

* 0!0 02 06

ARSCLU,

A E. paradoxa Nicaragua Jamaica Brazil
0259 *

-04 -0.2
ARSCU
Figure 2 Heat map of ARSCU values for four g ypes of
Eichhornia included in this study. fach column represents a single
genotype. Each row comesponds to one of the 61 codons
(excluding stop codons), where the value of ARSCU for each
015 : : - genotype is indicated. Codons are ordered by the mean value of
Saliers Brazil Eparadoxa  Jamaica Nicaragua ARSCU across all genotypes. Optimal codons identified as part of the
combined  cutcrosser salfer salfer aelfer consensus set of codons are marked with an asterisk. The figure was
generated with the software CIMMiner (http//discovernci.nihgov/

L cimminer).




Heteroantherie (= riiznoprasnikovost)

Figure 3. Examples of species that exhibit heteranthery: (a) Cassia fistula (Caesalpinioideae) being visited by a Carpenter bee
{ Xylocopa spp.). FA indicates the feeding anthers and PA the pollinatung anthers; (b) Solanum cirullifolium (Solanaceae),
image courtesy of Mario Vallejo-Mann; (¢) Heteranthera mulnflora (Pontedeniaceae) exhibits dimorphic enandostyly, a lefi-
handed flower 15 dlustrated (see §3¢); (d) Cyanefla alba (Tecophilacaceae) is reported to be dimorphically enanuostylous, a
left-handed flower is illusmrated. Image courtesy of Lawrence Harder.



Cite this article: Bamett SCH. 2013 The

evolution of plant reproductive systems: how
often are transitions imeversible? Proc R Soc B
280: 20130913.
http://dx.doi.org/10.1098/rspb.2013.0913

Figure 1. Examples of spedalized pollination systems discussed in this article: (a) Babiana ringens (Iridaceae) endemic to the Cape region of South Africa is polli-
nated exclusively by malachite sunbirds, which use the naked inflorescence axis as a perch when feeding on nectar; (b) Acampe rigida (Orchidaceae), a nectarless
species from southem Yunnan Province, China, exhibits structural adaptations to the flower fadlitating self-pollination by rain drops (ombrophily). Image courtesy of
Jiang-Yun Gao; () Tacca chantrieri (Dioscoreaceae) possesses several traits assumed to function in attracting carrion flies (sapromyiophily); however, populations in
southem Yunnan Province are highly self-pollinating; (d) unlike most members of the Juncaceae, which are predominantly wind pollinated, Juncus allioides (Jun-
caceae), a common species of wet grasslands of the Tibetan plateau, China, possesses showy floral displays and is visited by a wide range of generalist pollinators;
() Bombus lucorum visiting J. allioides. Image courtesy of Shuang-Quan Huang.
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Rostliny a atraktivita pro opylovace — generalizace/specializace




Molecular Ecology (2008) 17, 373-383 doi: 10.1111 /7.1365-294X 2007 .03500.x

Plant reproductive systems and evolution during biological
invasion

Fig. 2 Hiological invasion by water hyacinth
{Eichhornia crassipes). (a) water-dispersed
floating, plants along tributaries of the Rio

SPENCER C. H. BARRETT,*ROBERT 1. COLAUTTI*and CHRISTOPHER G. ECKERT*

Parana, Rosario, Argentina. In the introduced
range, these initiate new invasions and
also function in ‘mate-finding”, particularly
in the native range where all three floral
morphs occur; (b) severe river infestation
resulting from prolific clonal propagation
near Louisiana, USA. Flowering can be
=¥ e % infrequent in these primarily clonal popula-
e \ ;""”» ‘ tions; (c) the mid-styled morph illustrating
¥ ' the physical separation between female and
male sexual organs, which limits the
autonomous  self-pollination of flowers.
This morph dominates throughout the
introduced range; (d) blockage of a canal
in Florida, USA by clonal propagation.
MNote the band of flowering at the colony
edge, which is probably stimulated by
contact with the substrate. Although seed
is often produced in these circumstances it
rarely germinates owing to an absence of
safe sites; (e} selfing variant of the mid-
styled morph from Pale Verde Marsh,
Guanacaste Province, Costa Rica. Stigmas and
long-level anthers are adjacent resulting in
autonomous self-pollination of flowers;
if) mass flowering in Argentina stimulated
by receding water levels. Under these cir-
cumstances sexual reproduction is common,
especially if clones are destroyed by desicca-
tion. Sexual populations in the native range
often contain mixtures of floral morphs.

(1) Outcrossing and (11) selfing flowers of tristylous Eichhornia paniculata (Pontederiaceae)



Homomorfni systémy.

Morfologicky neodlisitelni jedinci. OdliSné rozmnozovaci typy geneticky
kontrolované "S" alelami. Kontrolované jednim lokusem s mnoha alelami.
Rodicovské S alely musi byt odliSné pro uspésnou reprodukci.

1) Gametofyticka Self-Inkompatibilita (GSI).

Selr-terunzancon or

Pylova lacka samciho gametofytu interaguje s croaass bopVeen parens Crossfacization
pletivy ¢nélky a blizny. Ur¢eno genotypem pylu s
a blizny. e

2) Sporofyticka Self-Inkompatibility (SSI).
Na povrchu pylu (exiny) je ulozen material
materského sporofytu (tapeta). Proteiny
kdodované S alelami pritomnymi v obou W g ’ !-:- 2
sporofytickych pletivech rodi¢ovskych rostlin, , = = T el e
vzajemné interaguiji.

Fully incompatible Semicompatible Fully compatible

Egg cells
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Gametofyticka S|

Solanaceae
zprostredkovana RNazou

Sporofyticka SI
Brasicaceae

Zprostredkovana
S-receptor kinazou blizny

Smith et al. Plant Biology 2010



Smith et al. Plant Biology 2010

Gametofyticka Sl Solanaceae
Zprostredkovana S-RNazou

Pistil determinant Pollen determinant
Si-RNase S4-SLFs

S locus

Pistil Anther
(Pollen)

= ’7"

Flower of Petunia v d/

S¢-RNase

[ s,i'[ ' [ Ssm . [ss Pii .



Brassica rapa Self Cross
SLG SP11/SCR SRK
S-locus S— p—— —
e — — rearesiesiese erm
o o0 o~ a ¥ |
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"o o g Q. Q
ﬂu O n
/ L T
anther tapetum O sSPN

Pollen
rejection

Sporofyticka Si

Brasicaceae
Zprostredkovana
S-receptor kinazou blizny



Samosprasnost - Autogamie RAL s i
(self-pollination, inbreeding) S AN

Pyl i vajeCna bunka pochazeji ze stejného jedince.

A. Autogamie. Pylivajecna bunka pochazeji ze stejného §ia ,
kvétu. Kvét se mlze, nebo nemusi otevrit. ' g below grom

\ (cleistogamous)
is\ flowers

B. Kleistogamie. Pyl i vajeCna bunka pochazeji ze
stejného kvétu, ktery se neotvira. Uplnd forma
autogamie. Mnoho druhl ma jak kleistogamické tak
chasmogamické (= oteviraci se) kvéty na stejné rostliné.

Viola sp. (Violaceae)

Polygala polygama (Polygalaceae)
Lamium amplexicaule (Lamiaceae)
Hordeum vulgare (Poaceae)

C. Geitonogamie. Pyl i vajecna burika
pochazeji z rGznych kvétu, ale stejného jedince.




Arabidopsis lyrata ssp. petraea A. thaliana
(self-incompatible) (highly inbreeding)

'."g’t ~

Advantages: gene transmission, reproductive assurance

Outcrossing, Inbreeding, for example
including self-incompatible by loss of self-incompatibility
<=
Current Biol 16, R726-R735, September 5, 2006 ©2006 Elsevier Ltd All rights reserved DOI 10.1016/j.cub.2006.07.068 Current BiOlogy

Evolution of Plant Breeding Systems Review

Deborah Charlesworth



Arabidopsis thaliana, a member of the Brassicaceae, is a highly
selfing plant that is separated from its closest relative, the self-
incompatible A. lyrata,by about 5 million years

In the Brassicaceae, the main components of * ffff g’j? fb fg \f\f \f
the S locus are the tightly linked S-locus -~ — — = s ‘Y:f—,w— —_
cysteine-rich protein (SCR) and S-locus receptor - w” - ﬂ | mr
kinase (SRK) genes, which encode male and czeve [N ”li I 1 | l i i 'T

female specificity determinants of self- . __F N ) - el .
incompatibility, respectively. Because A. o N AP

thaliana is self-compatible, the self-
incompatibility system must be inactive, and
both SCR and SRK are pseudogenes (WSCR and
WSRK).

It was found that the S locus of A. thaliana harbored considerable diversity, which is an
apparent remnant of polymorphism in the outcrossing ancestor. Thus, the fixation of a
single inactivated S-locus allele cannot have been a key step in the transition to selfing. An
analysis of the genome-wide pattern of linkage disequilibrium suggests that selfing most
likely evolved roughly a million years ago or more.



Selfing and Outcrossing

Why not self?
s Highilevels of hemozygesity.

Expression of deleterious recessive alleles (DRA's).

Heterozygous genotypes have high fitness because normal
alleles are dominant.

= Overdominance for fitness (Neterosis).

Heterozygous genotype is the most fit (e.g., sickle cell
anemia, spots on C/arkia petals [Vince Eckhart])

s | 0SS of segregation and recombination’ for the
generation of novel genetic variation.
Selfing populations less able to respond to environmental
change?
= e heterozygosity/ftness debate.

Are high levels of heterozygosity better because of
dominance or overdominance?
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Outcrossing rate

Selekce mezi samo- a cizosprasnosti je zavisla na
druhu a prostredi

Samosprasné druhy jsou vétsSinou jednoleté a
invazivni druhy.

Selekce na mensi kvéty

Redukce samicich casti

0.08 |-
007 @
0.06 [—
0.05 — °

0.04 —

0.03 \
®
o N

0.01 ' L
0 0.5 1.0

Selfing rate (S)

FIGURE 16.3. Resource allocation to male versus female function related 1o
the selfing rate (S), for several populations of Gilia achulleifolia. For levels
of inbreeding depression (8) in the range 0.35-0.65, we expect a negative,
lincar relationship (as in Fig. 14.7). The observed data are very close to the
theoretically expected results. Further discussion in text. (Data from
Scheen, 1981; see for measurement details).

Allocation to male function
Allocation to female function




Je samosprasnost evolucni ,,dead-end”“?
Samosprasnost je fylogeneticky odvozena
a vznikla mnohonasobné.
Samosprasné druhy jsou méné rozmanité.

Samosprasné linie (druhy) nejsou
fylogeneticky dlouhoveké.

Bonplandia geminiflora
Cobaea scandens

sl

Cantua buxifolia
E Cantua pyrifolia
i Cantua quercifolia

Acanthogilia gloriosa

W] Allophyllum glutinosum
I Allophyilum gilioides

I Allophyifum integrifolium
I Collomia linearis
W] Collomia grandiflora
W] Collomia rawsoniana
I Collomia tincioria
I Collomia heterophylia
{ I Navarretia squarrosa

W] Navarretia atractyloides
| X Gilia capillaris

W] Gilia leptalea bicolor

W] Gilia lepralea lepralea
pr——— W] Gilia angelensis

W] Gilia achilleifolia

(11 Gilia clivorum

W] Gilia tricolor

W] Gilia capitata abrotanifolia
e (1] Gilia stellata

W] Gilia brecciarum

W] Gilia tenuiflora

X1 Gilia sinuata

X1 Gilia transmontana
I Gilia inconspicua
s W] Gilia cana triceps
s W] Gilia leptantha purpusii

CI Gilia ophthaimoides

W] Giiia splendens
F: W] Gilia caruifolia

E——x 11 Gilia australis
e Gilia subnuda

X Gilia hutchinsifolia
E{FE X1 Gilia leptomeria
Gilia rigidula

Loeselia glandulosa
Ipamapsis aggregata
CX Ipomopsis polycladon
Ipomapsis congesia
——————— (1] Ipomapsis minutiflora

W] Langioisia punciata
1] Loeseliastrum schotiii
Eriastrum densifolium
X0 Ertastrum wilcoxii

W] Linanthus dianthiflorus
W] Linanthus dichotomus
W] Linanthus breviculus
W] Linanthus ciliatus

W] Phlox gracilis

Phlox hoodii
Phlox stansburyi
10 Gymnosteris parvula

4 Polemonium paucifliorum

B— Polemonium repians

From Barrett et al. 1997 self—{J=—perennial

cross —m—J—annual



# [ Tonella floribunda

| T tenella selfing rate (S )
*0.9Ma |—COHmsm linearis % > (.42
L ratan % = > 0.42 and 0.88
ey *1.2 Ma —C. grandiflora % Iﬂ > 0.30
¢ N :
.. — ; LE > 047
Collinsia verna C. parvifiora ‘58
¥)8Ma T C. verna % > 0.09
| | —C. violacea ‘3§ > 0.66
” *#6.7Ma C. torrevi var. torrevi %
10.2Ma _| : ) L fOrTe)
C. wrightii ‘B
] C. callosa %

1M Pl C. ‘meramo.;';nhica’ %
) a C. sparsiflora var. collina (“ ——> 0.999
*5.7TMa '
C.s. var. sparsiflora and var. arvensis > *—> (.51 and 0.22
*5.0Ma [
C. greenei % > 0.04
C. tinctoria _% > (.40
A | +0.6Ma .

3.8Ma C. bartsiifolia var. bartsiifolia —;ﬁ —> 0.15

*3.2 Ma 2 C. corymbosa  _ > (.33

C. multicolor > 035

2.8Ma C. heterophylla % > 0.54

* r
25Ma 3 C. antonina ‘g > 0.75
——C. concolor and C. parryi %ﬂﬂd% —> Oand 0.49

Collinsia parviflora 1.7Ma
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New Phytologist (2013) 198: 386397
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Vyvijeji se samosprasné druhy ?

Pfiklad Arabidopsis thaliana v Evropé

Po posledni dobé ledové se témeér
kompletné samosprasné linie rozsitili z
jiznich refigii.

Existence rekombinaci a mensi miry

cizosprasnosti je dostatecna pro variabilitu.

Jednotlivé linie postupné béhem 10,000 let
akumulovaly mutace vedouci az ke 30%
fenotypové variabilité.

Days to Bolting
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Ktera z nich je cizosprasna ?

Capsella grandiflora Capsella rubella



Cizosprasna Samosprasna

Capsella grandiflora Capsella rubella

2.0 <
1.8 = 60 | y

16 ‘ 50 ] .
14| |E—— | ——

1.2 : 40 | - [
1.0
0.8 ]
0.6 . 20 ‘
0.4 T
0.2
0.0 0

C.g C.r C.g C.r

B

@)

30 | i

DAS (mm)
"
POA (°)
ul

14

o

1.2

i

1.0

0.8 |

ratio

0.6 |
0.4

0.2 |

Stamen/gymnoceium



The selfing syndrome: a model for studying the genetic and evolutionary basis of
morphological adaptation in plants

Table 1.
Summary of quantitative—genetic studies of the selfing syndrome

Genus Crossed Mating system Traits Mo. of % of the total % of the total References
species/strains (outcrossing investigated QTLs phenotypic phenotypic
rate) found wvariance/phenotypic wvariance/ phenotypic
difference between difference between
parents explained by parents explained by
all the QTLs the strongest QTLs
Mimulus M. platycalyx Predominantly Flower width 0 Lin and Ritlznd
selfing (0-1-0-2) [1997)
Flower length 1 7-8 7-8
Pistil length 1 28-6 28-6
M. guttatus Predominantly Long stamen length 3 38-3 177
outcrossing Shart stamen 3 336 12:4
(0-6-0-9) length
Anther—stigma 2 21-2 10-7
separation
Solanum 5. esculentum Selfing Self-incompatibility 4 46-8 30 Bernacchi and
(Lycopersicon) Tanksley
[1997)
Unilateral 6 725 34-3
incongruity
5. hirsutum Self-incompatible  Bud type 7 95.7 17-5
obligate
outcrosser
Corolla indentation 2 23-2 12-3
Rachis length 3 622 37
Flower size 3 29:8 11-4
Inflorescence 2 17-9 3-7
vegetative
meristem
Flower number i 254 28-4
Stigma exsertion 1 19-7 19-7
Solanum 5. pimpinellifolium Selfer (0) Flowers per 3 553 29-8 Georgiady et
(Lycopersicon) LA1237 inflorescence al. (2002)
Petal length 2 34-5 22
Total anther length 3 g2-2 36-7
5. pimpineliifolium  Outcrossing Fertile anther 2 272 196
LA1581 (0-37) length
Sterile anther 5 42-8 31
length

Style length 3 66-1 42-2



Figure 1. Processes affecting maaoevolutionary diversification of outaossers (top panel) and selfers (bottom panel), and factors that may enhance rates of tran- (ite thi5 arti(IE: anh‘[‘ SI, HaIiS}_’ 5' SIU‘[‘['E T

sition. (a) Transitions from outcrossing to selfing are thought to be common, while the reverse is rare. (b) Selfing may often evolve as a spedation process, where
the ancestral outcrossing lineage persists. (c) Speciation rates within outcrossers can be enhanced by higher rates of sexual and genomic conflicts, whereas selfers 20] 3

may experience accelerated rates of speciation owing to greater mating isolation and more rapid post-zygotic isolation owing to underdominant alleles. (d) Extinc-

tion rates in outcrossers can be enhanced by the lack of available mates, whereas extinction rates in selfers may be inaeased by

the accumulation of deleterious mutations.

transmission advantage,
reproductive assurance

SAMO-
sprasnost

and empirically
thought to be rare

evolution of selfing at the edge
of range, increased prezygotic
and postzygotic isolation

theoretically
and empirically
thought to be rare

greater divergence related to
sexual and genome conflict

increased between-population
isolation, more rapid
postzygotic isolation owing to
underdominance

Evolutionary consequences of self-

reduced adaptve potental nd by frfiljzation in plants. Proc R Soc B 280:
20130133.
http://dx.doi.org/10.1098/rspb.2013.0133

lack of available mates

accumulation of deleterious
mutations, reduced adaptation,
demographic stochasticity




lll. Asexualni (nepohlavni) rozmnozovani (= Apomixie)
Casto spojena s polyplodii |

A. Vegetativni (= klonalni)

Nezahrnuje tvorbu semen.

B. Agamospermie.
Znamena ,semena bez gamet" (nebo bez oplozeni).
Taraxacum (Asteraceae).

1. Adventivni embryonie
a. bez gametofytického stadia
b. embryo vznika primo ze somatické buriky (megasporocytu) vajicka=s=em

2. Gametofyticka apomixie.

Gametofyt vznika, ale je diploidni (2N), ne haploidni
a. Diplosporie

b. Aposporie

c. Parthenogeneze
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Vyhody a nevyhody reprodukcnich systéma.

1. Typ rozmnozovani ovliviiuje/urcuje genetické slozeni populace — homo-
/heterozygotnost

inbredni deprese — recesivni alely v homozygotnim stavu mohou redukovat
zdatnost (,,cena za samosprasnost®)

outbredni deprese - zdatnost (fitnes) mUze byt snizena, jestlize nékteré geny jsou
adaptacni pro dané prostredi

Vyhody autogamie (samospraseni)
Jistéjsi rozmnozeni , nezavislost na opylovacich

Nevyhody
Vysoka homozygotnost — mensi variabilita, adaptabilita



Nevyhody allogamie (cizospraseni)

,Energeticka narocnost” — produkce napadnych kvétu a nektaru.
V pripadé osidleni novych uzemi, muze byt snizena produkce
semen.

Potreba opylovacu.

Diky cizospraseni se neustale meéni genetické slozeni, atoiv
pripadé vyhodnych adaptaci. Vyhodna je vsak heteroze.

Mnoho druh( proto kombinuje cizo- a samosprasnost v zavislosti
na podminkach.

A

100

o
=
T

oy}
=)

Vyhody allogamie (cizospraseni)

Seeds sired
by different males (%)
I
=}

M3
o
T

Generuje genetickou variabilitu
Umoznuje tak adaptaci na meénici se prostredi

o

Individual fruits



Evolucni zmeény v reprodukcnich systémech rostlin

hermaphroditism
animal pollination

outbreeding

/ | \

loss of SI spread of loss of adaptations
altered floral traits || sterility mutations ||for animal pollination

v v \

wind
pollination

selfing dioecy

Samosprasnost dvoudomost vétrosnubnost



Evoluce reprodukcénich systému

Autoinkompatibilita (cizosparsnost) u krytosemennych
— pravdépodobné ancestralni stav.

Vyznam uzavrenych plodolistu jako ochrana pred
opylenim vlastnim pylem.

Autokompatibilita (samosprasnost) vznikla az nasledne.

Diverzita reprodukcénich systému je rozhodujicim
faktorem vymeény genu v populaci.



