Hybridizace ve svétle
biosystematickych metod



Hybridizace - vznik vs. zanik taxonu

slepa ulicka (?)

25% flory Britskych ostrovu hybridizuje (Stace et al. 2015: The

Hybrid Flora of the British Isles)

primarni hybridi Casto sterilni
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Hybridizace - vznik vs. zanik taxonu

* zdroj variability a mechanismus speciace
 homoploidni vs. heteroploidni hybridizace, allopolyploidie
e reprodukeniizolace (vznik bariér, popr. apomixie)
Hybrid speciation
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G. L. Stebbins 1906-2000




Hybridizace - vznik vs. zanik taxonu

VIV

e zpétné krizeni = introgrese

e extrémni dlsledek introgrese "chloroplast capture"

* symetricka vs. asymetricka (jednosmeérna)

 "demographic swamping" vs. "genetic swamping" (Todesco et al. 2016)

* hybridizace vyrazné ovlivnéna pusobenim clovéka
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Hybridizace - "crop-to-wild"

"crop-to-wild" - antropohybridizace

plvodni druhy ohroZzené hybridizaci s uzitkovymi plodinami

ochranarsky a Slechtitelsky presah

genovy tok - potencidlni unik gent (rezistence, GMO...)

Triticum x Aegilops (Arrigo et al. 2011), Malus domestica x M. sylvestris (Coart et al.
2006), Vitis vinifera subsp. vinifera x V. vinifera subsp. sylvestris (De Andrés et al.
2012), Coffea arabica (Aerts et al. 2013)

potencialné mnoho dalSich Elymus, Hordeum, Populus nigra, Prunus avium, Prunus
spinosa, Pyrus pyraster, ... druhy travnich smési
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Fig. 91. Species intermediae H. florenting (sectionis Pracaltina).

Y .
Dauricula

Za hn 1923 Fig. 85. Species intermediae H. aurantiact (sectionis Pratensina).

612. H. erectum

613. H. substoloniflorum
644. H. Bryhnii-

615. H. chaunanthes
616. H. stolonifiorum

aurantiacum > Hoppeanum.
aurantiacam < Hoppeanum.
aurantiacum < Peleterianum.
aurantiacum > pilosella.
aurantiacum < pilosella.
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Pilosella

Hieracium iseranum - subendemit krkonosskych luk
H. floribundum > H. pilosella
H. floribundum (H. caespitosum > H. lactucella)



Pilosella

Andryala

A'Hieracium’ intybaceum

- Hispidella
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Fehrer et al. 2009



Pilosella

* hybridizace (v€etné heteroploidni), polyploidie (2x-9x), apomixie

* velké mnozstvi taxon( (zakladni a hybridogenni druhy)

| "poctivé" vznikly potomek (sexualita)

kopie mamky (apomixie)

~ polovi¢ni mamka (haploidni partenogeneze)

"poctivé" vznikly potomek (ALE 2 dily od tatky nebo
od mamky - neredukovana gameta)

"poctiveé" vznikly potomek (ALE samosprasena mamka
- mentor efekt autogamie)

kopie mamky (vegetativni)

i u uplné sterilnich rostlin funkcni pyl

Folia Geobot (2014) 49:223-238
DOI 10.1007/s12224-013-9179-8

GRAFIBLA, HIERACIUM PILOSELLA L

Hybridization within a Pilosella Population:
a Morphometric Analysis

Tomas Urfus « FrantiSek Krahulec -

Anna Krahuleava



Pilosella officinarum - cytogeografie
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Pilosella officinarum - cytogeografie
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* 1059 rostlin z 336 lokalit
* DNA ploidie pomoci priitokové cytometrie



Pilosella officinarum - cytogeografie
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Pilosella officinarum - cytogeografie
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Pilosella officinarum - morfometrika
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Diphasiastrum

Randy Moore, Denni Clark, Darrel Vodopich, Botany ibrary © 1998 The Inc. All ights reserved.

Life Cycle of a Lycopodiu
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* 3 hybridni kombinace
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D. complanatum

D. xzeilleri D. xissleri

D. tristachyum D. xoellgaardii D. alpinum

Moore et al. (1998)

@PLOS | ONE

OPEN a ACCESS Freely available online

Continuous Morphological Variation Correlated with
Genome Size Indicates Frequent Introgressive
Hybridization among Diphasiastrum Species
(Lycopodiaceae) in Central Europe

Kristyna Hanusova’, Libor Ekrt?, Petr Vit"3, Filip KolaF'?, Tomas Urfus
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Diphasiastrum
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A

Diphasiastrum

genome size (pg)

genome size (pg)

75

6.5

5.5

45

7.5

6,5

55

45

¢ D. tristachyum
D. xzeilleri

¢ D. complanatum

W D. xissleri

m D. xoellgaardii

¢ D. alpinum

4

100 200 pom
individuals

.0000000000.00000

®
00000000000000000000000
®

500 800

¢
0000000000000

* absolutni velikost genomu
* 584 rostlin z 83 lokalit

D. xzeilleri
# D. complanatum
@ D. alpinum

individuals

40

50 &0 70



&
S
|
‘o

iphasias

Dip




Diphasiastrum

* celkem zméreno 552 rostlin

* 24 znakud na prytu T

: 0
* PCA - loess model A

* vysvétlena variabilita
33,4% a 27,2%
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Diphasiastrum

e celkem zmeéreno 552 rostlin

* 37 landmarkd 0.3

* PLS
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Diphasiastrum

* celkem zméreno 552 rostlin

* 24 znakud na prytu T
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* PCA - loess model A
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Diphasiastrum
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Sorbus

j. mispulka
S. chamaemespilus

¢ l?

S. hybrida agg.

j. brek S. torminalis  |. ptaci S. aucuparia |S. sudetica agg.

skupina okolo
jerabu muku
S. aria agg.
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Sorbus

Cytogeografie - Sorbus aria agg.
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Sorbus

Repro systémy & vznik polyploidie
e 2x-100% sex vs. polyploidi - 94% apomixie

(3x-86%, 4x-91%, 5x-92%)
* prevlada pseudogamie

* 0,8% haploidni partenogeneze
e u 3x taxonu az 10% BIll hybridu
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Coordinate 2

Sorbus

Geneticka variabilita populaci S. aria agg.

— definice skupin podle SSR's pattern
S. collina (4x, 0,6 % sexuality) > S. danubialis (4x, 10 %)

4+ 2 3x O 4x

016 S. danubialis S. CO”inG

PCoA
1. 0sa 45,8 %,
2.05a12,0%




Sorbus

Experimentalni hybridizace

e 15 stredoevropskych druhu

* kontrolované krizeni (homoploidni, heteroploidni, mentor efekt)
* test reprodukcnich systému FCSS




Schéma hybridizacniho experimentu

r S. aria agg. ]

S. collina (S. graeca, 4x)

S. cucullifera (3x)

S. danubialis (4x) S. aria s. str. (2x)

S. latifolia agg. S. hybrida agg. S. sudetica agg.
S. alnifrons (3x) S. hybrida (4x) S. sudetica (4x)
S. eximia (3x) S. pauca (4x)

S. bohemica (3x) $

S. gemella (3x)

S. xtometella (2x) S. aucuparia (2x) ] [S. chamaemespilus (2x) ]

$ / (not in Dendrological garden)

[S. torminalis (2x) ]




Sorbus

jen 9 z 97 opyleni - uspésné mezidruhové krizeni
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Sorbus

* zpétné krizeni jen pokud diploidni materska rostlina

S. aria agg. S. hybrida agg.
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Sorbus

Induced autogamy/pseudogamy = mentor effect
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Prunus fruticosa

Prunus xeminens Prunus xmohacsyana
2n =4x =32 2n =3x =24

Prunus avium 2n =

e

2x = 16
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Prunus fruticosa

Crop-to-wild hybridization in cherries
Empirical evidence from Prunus fruticosa

* analyza ploidni Urovné a absolutni velikosti genomu (FCM)
* pocitdni chromozom? (kalibrace)

* morfometrika (distancni a Eliptickd Fourierova analyza)

* navaznost embryologie
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Prunus fruticosa

e distancni morfometrika (pca, 8 znakd, 1814 jedinc)
» elipticka Fourierova analalyza (pca, 1720 jedinca)
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Prunus fruticosa

A P. fruticosa ® P. xeminens ® P. xmohacsyana ® P. cerasus = P.avium

4

PC 2 (13.9 %)

00§




Prunus fruticosa
Zaver
* P fruticosa (4x) hybridizuje s tfeSnémi (2x) i viSnémi (4x)
* 39% hybridizujicich populaci

* heteroploidni (3x) hybridi sterilni, ale stale riziko "demographic swamping"
* homoploidni (4x) hybridi fertilni, zpétné krizeni "demographic + genetic swamping"




Take-home message

hybridizace konstrukcni i destrukéni sila evoluce

navaznost na polyploidii (a apomixii)

vyznamny presah pro konzervacni biologii

metodicka vyzva, nemoznost jednoznacné definovat skupiny



