Prirozena mezidruhova
hybridizace




Hybridizace nastava

Il mezi blizce pribuznymi druhy
Il mezi druhy jednoho rodu

| mezi blizce pribuznymi rody

mezi blizce pribuznymi celedémi
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KALTISTEL, CIRSIUM OLERACEUM SCOP.

@ Cirsium oleraceum x palustre herb.
O Cirsium oleraceum x palustre liter.
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KALTISTEL, CIRSIUM OLERACEUM SCOP.

@ Cirsium oleraceum x C. vulgare herb.




Cirsium acaule Cirsium heterophyl/lum

Cirsium acaule x C. heterophyllum = C. x




cirsium palustre

cirsium

Cirsium heterophyllum

@ Cirsium heterophyllum x palustre - herb.
O Cirsium heterophyllum x palustre - liter.

heterophyllum = C. palustre = C. » wankelii
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@ Cirsium heterophyllum x oleraceum - herb.
O Cirsium heterophyllum x oleraceum - liter.
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C. oleraceum = C. x




cirsium acaule cirsium oleraceum
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@ Cirsium acaule x oleraceum - herb.
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Cirsium acaule x C. oleraceum = C. x rigens




Diky klondIni reprodukci pomoci
vétvicich se oddenkl vytvdreji
hybridi po uréité dobé na
lokalité  viceméné uzavrenou
skupinku

cirsium x rigens

= C. acaule x C. oleraceum
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Chromosome numbers

2n=68 2n=16 30 32
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European Cirsium species

The most of species have the same
chromosome number 2n = 34




Hybridization is homoploid

cirsium canum

W AU/

No alloploids have been observed among studied
hybrids




Trojnasobni hybridi:
1. Salix
2. Cirsium

C. acaule x C. canum x C. oleraceum = C. x trigeneum
Bornm.

C. canum x C. oleraceum x C. palustre = C. x wettsteinii
Petrak

C. canum x C. oleraceum x C. rivulare = C. x podperae
Fleischer

3. Viola
V. collina x V. hirta x V. odorata = V. poelliana

4. Crataegus




Mezirodovi krizenci
Festuca pratensis
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Lolium perenne

X Festulolium loliaceum (= Festuca pratensis x Lolium perenne)

Festuca x Vulpia




x Triticosecale rimpaui Wittm .

[ Triticum aestivum x Secale cereale ] - triticale

LY

Triticum aestivum

kulturni hybrid

Secale cereale




Dactylorhiza fuchsii Gymnadenia conopsea

x Dactylodenia st-quintinii

(Dactylorhiza fuchsii subsp. fuchsii x Gymnadenia conopsea subsp. conopsea




Coeloglossum viride Dactylorhiza fuchsii

(= Coeloglossum viride x Dactylorhiza fuchsii)

Anacamptis x Gymnadenia = X Gymnanacamptis
Dactylorhiza x Orchis = x Orchidactyla
Dactylorhiza x Pseudorchis = x Pseudorhiza

Gymnadenia x Pseudorchis = x Pseudadenia




x Sorbopyrus auricularis = Pyrus communis x Sorbus aria

POIRIER COTONNEUX

mezirodovy hybrid vytvoreny zahradniky




Fatsia japonica  Hedera helix  Fatshedera lizei
(Japanese Aralia) (English lvy) (Bigeneric Hybrid)

(@©W.P. Armstrong 2002|

mezirodovy hybrid vytvoreny zahradniky




Aster ptarmicoides Solidago canadensis
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Conyza x Erigeron,
Anthemis x Chrysanthemum,
Anthemis x Matricaria,
Centaurea x Serratula




Nejcastéji nademe mezirodové krizence v celedich

1. Poaceae

2. Asteraceae (Anthemis, Chrysanthemum, Matricaria)
3. Orchidaceae (mnoho)

4. Caryophyllaceae (Lychnis, Melandrium, Silene)

5. Rosaceae (Fragaria x Potentilla, Sorbus x Aronig,
Crataegus

6. Crassulaceae a

/. Cactaceae,

jinde vzdcné




U vsech skupin vyssich rostlin je mezidruhova hybridizace
rozsirenym fenoménem;

Natural interspecific hybridization in pines
(Pinus): A. Coulter Pine (Pinus coulteri), with
large seed cones composed of thick, hooklike

scales; B. Coulter-Jeffrey Hybrid, with
intermediate-sized cones composed of thick
scales without conspicuous hooks; C. Jeffrey
Pine (P. jeffreyi), with slightly smaller cones
bearing scales with slender, downwardly-pointed
prickles. In general growth aspect the Coulter-
Jeffrey hybrid (B) resembles a Jeffrey pine.

The bark even has the faint vanilla odor typical
of Jeffrey pines.




Dryopteris Dryopteris
cristata Dryopteris x /hfe/"me/'a
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Celkovy poCet zndmych mezidruhovych hybridu
kvetoucich rostlin je odhadovan na zhruba 30 000 (Arnold
1997, Rieseberg 1997).

Pomér mezi po¢tem hybridl a po¢tem druhi je priblizné
1:10
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V CR bylo zaznamendno 621 ezidruhovych a mezirodovych
hybridt na celkem asi 3 186 volné rostoucich puvodnich a
bézné zplafiujicich ¢i péstovanych druhd.

Pro srovnani Velka Britdnie (647 hybr. / 3 405 spec.),
Neémecko (797 hybr. / 3 383 spec.)

Oigerburg g, Lineburg
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U ZivoCichl neni mezidruhova hybridizace tak ¢astd a
mezi jednotlivymi systematickymi skupinami existuji v jeji
frekvenci znac¢né rozdily.

The liger is a hybrid between a
male lion and female tiger. The
hybrid between a male tiger and
"% female lion is a tigon. [from slides
~.& /1| donated to the Life Sciences

| Department at Palomar College.]

Parmicky: In’rer'specn‘lc hybr'lds cross be’rween female
Labeo rohitaand male L. calbasu

4 a. L. rohita

Bi¢ochvosti: The asexual whiptail species C'nem/a’aphorus
neomexicanus (center) with the sexual species that
hybridized to form it, €. inornatus (left) and . tigris (right).
(c) A. J. Cullum




Mezi ¢eledémi kvetoucich rostlin je frekvence rodu s
mezidruhovou hybridizaci rozloZzena velmi nerovnomérneé,
vedle ¢eledi s vysokou presenci rodu s mezidruhovymi
hybridy, je vétsina takovych, které neobsahuji zadny
takovy rod (viz Ellstrand et al. 1996)

Proc. Natl. Acad. Sci. USA
Vol. 93, pp. 5090-5093, May 1996
Evolution

Distribution of spontaneous plant hybrids

NORMAN C. ELLSTRAND*T, RICHARD WHITKUS*, AND LOREN H. RIESEBERGH

*Department of Botany and Plant Saiences and Program in Genetics, University of California, Riverside, CA 92521-0124; and $Rancho Santa Ana Botanic
Gardens, 1500 North College Avenue, Claremont, CA 91711

Communicated by Wyatt W. Anderson, University of Georgia, Athens, GA, December 22, 1995

Obecné plati, Ze vyssi afinitu k tvorbé hybridu maji
rostliny:

-s prevazujici cizosprasnosti

-se Castou klondlni reprodukci




Proc, Natl, Acad, Sci. USA
Vol. 93, pp. 5090-5093, May 1996
Evolution

Distribution of spontancous plant hybrids

Norgman C. ELLstranp®T, RiIcHARD WHITRUS®, anp Loges H. RiEsEBERGE

*Department of Batany and Plant Sclences and Program in Genetics, University of California, Riverside, CA 42521001 24; and FRancho Santa Ana Botanic
Gardens, 1500 North College Avenue, Claremont, CA 91711

Communicated by Wyalt W. Anderson, University of Georgia, Athens, GA, December 22, TYW3
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Je nesporne, ze
rostliny se krizi Casteji
nez zivocichoveé.

Je hybridizace
obecnou obecnou
vlastnosti vSech
rostlin?

Just 6-16 % of

angiosperm genera
contain hybrids |l




The frequence of Cirsium hybrids is

- variable in the nature
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Vétsi celedi (sensu APG) zcela bez

hybridizace (u nés):

Solanaceae
Alliaceae
Crassulaceae

Geraniaceae

(32 druhi)
(25 druhi)
(23 druhi)
(23 druhi)

Liliaceae
Iridaceae

Convolvulaceae

Valerianaceae

(16 druht)
(15 druhi)
(13 druhi)
(11 druhi)




Taraxacum (319 druhi)
Hieracium (115 druhd)
Alchemilla (25 druh)
Vicia (24 druht)
Trifolium s.|. (23 druht)
Sedum (19 druhi)
Lathyrus (18 druht)
Geranium (18 druhd)
Artemisia (17 druhu)
Orobanche (16 druhi)
Solanum (16 druhi)




Vétsi Celedi (sensu APG) s malym poctem hybr'ldu vuci
poctu druhu (u nas): S

Apiaceae (2 hybridi / 87 druh)
Fabaceae (4 hybridi / 142 druhi)
Rubiaceae (1 hybrid / 34 druhi)
Hyacinthaceae (1 hybrid / 16 druhi)
Brassicaceae (10 hybridt / 134 druhi)
Plantaginaceae (6 hybridl / 74 druhu)
Ericaceae (2 hybridi / 24 druhi)
Primulaceae (2 hybridi / 24 druht)
Saxifragaceae (2 hybridi / 19 druht)
Malvaceae (3 hybridi / 27 druhi)

Caryophyllaceae (13 hybridt / 113 druh)




Vétsi rody s malym poctem hybridu vuci poétu druhu
(u nas):

Rubus (1 hybrid / 90 druh)
Galium s.I. (1 hybrid / 25 druh)
Silene s.|. (1 hybrid / 18 druht)
Sorbus (1 hybrid / 17 druhi)




Celedi (sensu APG) s relativné nejvétsim poctem
hybridu vaéi poétu druhd (u nas):

Scrophulariaceae (27 hybridt / 16 druh)
Onagraceae (54 hybridt / 36 druht)
Salicaceae (38 hybridt / 33 druht)
Polygonaceae (38 hybridu / 42 druht)
Fagaceae (10 hybridt / 13 druhi)
Orchidaceae (29 hybridt / 58 druht)
Nymphaeaceae (2 hybridi / 4 druhy)
Dipsaaceae (6 hybridt / 15 druh)
Betulaceae (5 hybridt / 13 druh)
Cyperaceae (39 hybridu / 110 druhi)

Lamiaceae (35 hybridd / 99 druht)




Rody s nejvétsim poétem hybridu na polet
druht (u nas):

Verbascum (27 hybridt / 9 druhi)
Cirsium (33 hybridt / 11 druhi)
Epilobium s.I. (46 hybridt / 18 druh)
Mentha (8 hybridt / 5 druht)
Arctium (6 hybridl / 4 druhy)
Thymus (11 hybridt / 8 druht)

Crataegus (11 hybridt / 8 druht)
Dactylorhiza (11 hybridd / 8 druhi)
Rumex (27 hybridl / 20 druht)
Salix (35 hybridu / 27 druht)
Viola (29 hybridu / 23 druh)
Carduus (5 hybridt / 4 druhy)




Epilobium s.I. (46 hybridi)
Carex s.|. (35 hybridi)
Salix (35 hybridu)
Cirsium (33 hybridi)
Viola (29 hybridu)
Verbascum (27 hybridi)
Rumex (27 hybridi)
Potentilla (21 hybridu)
Thymus (11 hybrida)
Crataequs (11 hybrida)

Dactylorhiza

Quercus

(11 hybridu)
(10 hybridu)




-hahodna

-hybridni roje

-hybridni zény

Examples of natural variation in a hybrid
zone between Aguilegia formosaand A.
pubescens in the Sierra Nevada
Mountains of California - Justen Whittall
, University of California, Santa Barbara




Disledky hybridizace 1:
speciace,
allopolyploidie,

apomixie




Vznik polyploidie - 3 zdkladni zpusoby (v priroz. podm.)
(i) na pocdtku F1 splynutim neredukovanych gamet,

neredukované vaji¢ ko + redukovany pyl = triploidni
zygota, nejCastéjsi pripad

redukované vajic¢ ko + neredukovany pyl = triploidni
zygota,

neredukované vaji¢ ko + neredukovany pyl = tetraploidni
zygota

75 A
\ W/ C e fﬁ?} ‘é’ﬁ e
“ Takto vznikd autopolyploidie i
i allopolyploidie

méné Easty piipad




(ii) homoploidni hybrid v dusledku meiotickych
disturbanci vytvori pri meiozi neredukované gamety,
tj. polyploidie se projevi az v ndsledujici generaci

F2 (= F1 x F1), BC1 (F1 x P1 nebo F1 x P2), nebo
F1 x jiny druh ~ .
S )

casty pripad
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Alternativni homoploidni
hybridizace

morfotypy diploidniho 2n = 12
hybrida

T. xmirabilis

od Roudnice nad Labem

Krahulec et al.: An old hybnd Tragopogon population in Central Bohemia

Preslia 772 207=306, 2005
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(iii) k chromosomalnimu zdvojeni dojde v somatické burice
béhem mitozy,

pravdépodobné nejméné frekventovany zpusob,

prokdzdno jen velmi vzacné napr. u homoploidniho hybrida
Primula kewensis, u néhoz vedlo k odstranéni sterility,
ddle také u Nicotiana digluta, nebo diploidniho hybrida
mezi Mimulus nelsonia M. lewisii

terminal bud

Colchicine applied

to terminal bud of
7 J 1/ | _this branch. The
- cells are tetraploid
(4n) and the leaves
and fruit are larger.

Normal diploid
(2n) branch.

Cuttings of the 4n branch
will produce 4n plants with
{ 4n flowers, fruits & seeds. | |

vzacny pripad




Kdy vznikaji neredukované gamety?

1. vétsi afinita tvorit neredukované oosféry Castéji nez
neredukovany pyl, ktery je také méné zivotaschopny nez
pyl redukovany

2. tendence tvorit neredukované gamety stoupad s rostouci
drovni ploidie, také u populaci s fakultativni apomixii nebo
inbrednich populaci je tvorba neredukovanych gamet vyssi.

3. u hybridl byla prokdzana az 50x vétsi frekvence
neredukovanych gamet nez u nehybridnich jedinc
(Ramsey & Schemske 1998).

4. vliv riznych abiotickych faktort na vznik diploidnich
gamet byl také prokazan (McHalle 1983).




Potencialni dusledky polyploidizace

Restrukturalizace genomu polyploida, ktera eliminuje sterilitu
hybridu s rekombinovanym genomem, generuje novou genetickou
variabilitu

ta muZe zpUsobit:
- vyssi adaptabilitu

- vétsi schopnost invadovat do novych dzemi a obsazovat jiné
ekologické niky

- vyssi toleranci ke stresu vyvolanému zménami prostredi, jakymi
muze byt nutri¢ni deficience, sucho, chlad ¢i tlak parazitt nebo
patogent

- vy$S§i toleranci vuci inbredni depresi




Hybridization as a stimulus for the evolution of
invasiveness in plants?

Norman C. Ellstrand ** and Kristina A. Schierenbeck*® PMAS | June 20, 2000 | wol. 97 | ne. 13 | 7043-7050

*Department of Botany and Plant Sciences and Center for Conservation Biology, University of California, Riverside, CA 92521-0124; and *Department of
Bioloay, California State University, Chico, CA 93740

Circaea alpina x C. lutetiana - klondlné stabilizovany hybrid
Reynoutria japonica x R. sachalinensis - klonalné stabilizovany
Mentha aquatica x M. arvensis - klondlné stabilizovany
Spartina alternifolia x S. maritima - S. anglica allopolyploid
Viola reichenbachiana x V. riviniana

Elytrigia intermedia x E. repens




Annals of Botany 92: 265-272, 2003
dor: 101093/ aob/meg 141, avalable online at www.aob.oupjournals.org

Variation in DNA-ploidy Levels of Reynoutria Taxa in the Czech Republic

BOHUMIL MANDAK'"*, PETR PYSEK!, MARTIN LYSAK2, JAN SUDA!3,
ANNA KRAHULCOVA' and KATERINA BIMOVA'#
nstitute of Botany, Academy of Sciences of the Czech Republic, CZ-252 43 Prithonice, Czech Republic, zLd:‘?c:-.rﬂ:'fJ-"}’
of Molecular Cytogenetics and Cytometry, Institute of Experimental Botany, Sokolovska 6, CZ-772 00, Olomouc,
Czech Republic, *Department of Botany, Charles University, Bendtskd 2, CZ-128 01, Prague, Czech Republic and
“nstitute of Applied Ecology, Czech Agricultural University Prague, CZ-281 63 Kostelec nad Cernymi lesy, Czech

Republic
Mandak et al. — Variation in DNA-ploidy levels of Reynoutria Taxa 269
R. japonica var. japonica R. japenica var. compacia i sachalinesis
In="48¥ In=4 =44

R. sachalinensis
2n=06

R xhohemica
In=44

R =hohemica
2n=06

v v v
R shohemica K. xhohemica R sachalinensiy
2n=88 In=4848 Zn=88

Fia. 4. Schema of hybridizaton and polyplowization within the genus Reynowiria in the Czech Republic, More frequent plady levels are indicated

by wider frames: those with 6-20 localities have mtermmediate frames, those with more than 20 locahties have wide frames. Sohid lines indicate origin

pf particular taxa by hybridization, dashed lines indicate expected fusion of reduced and unreduced gametes, and dot-and-dashed lines indicate
autopolyploidization.




Senecio aethnensis
2n = 20 = 2x

Astragalus
siculus na
lavovych
svazich Etny
=hybridni zéna
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In, Helf-Ine ompati e 2, gelf-incompatible

Senecio sguialidis
2, selFincompatibie

Senecio chrysanthemifolius 1
» .

2n = 20 = 2x



2 ca 1690 byl hybrid Senecio squalidus privezen do
e Anglie a péstovan v botanické zahradé v Oxfordu,

Oxford ragwort distribution
in the United Kingdom

17qu g_il';;_

Herbdrovy doklad Senecio
\ | squalidus od Oxfordského pENy =3
1. zahradnika Jacoba Bobarta 53 didd

Z Oxfordu se béhem prumyslové |
revoluce Senecio squalidus %,
rozsiril podél komunikaci na celé %~
Uzemi britskych ostrovi




3.

Senecio squalidus

2n = 2x = 20

Seneco squaolidis Semecio wilgaris
2n, self-incompatible 4n, self-compatible

R

Sameacky x baterd

3:1‘ sterile

Senecio x baxteri
2n = 3x = 30
sterilni hybrid

Senecio vulgaris
2n = 4x

= 40




4 Senecio cambrensis; 2n=6x = 60; P A
® nalezen poprvé na Zeleznicnich naspech 1948 v severnim o
Walesu *

fertilni, schopen se rychle Sirit pomoci generativnich diaspor

Senedo eovrdrensis
fin, =ell-conypaibhle




large hybrid
populations?




Dusledky polyploidizace - vys$i heterozygozita

Prezence vice kopii rtuznych genomt u allopolyploid
podmifiuje vyrazné vyssi alelickou diverzitu a diky
disomické dédi¢nosti fixovanou heterozygositu, stejné
jako zvysuje moznost vzniku novych genovych kombinaci v
dusledku pripadné dalsi hybridizace (Samuel et al. 1990,
Wolf et al. 1990, Brochmann et al. 1992, Bretagnolle et
al. 1998, Soltis & Soltis 2000);

také u autopolyploidi hetereozygosita vyssi nez u diploidu
diky polysomické dédicnosti (Soltis & Soltis 2000).




Polyploidie mize zplsobovat eliminaci genovych duplikaci
vedouci k dbytku mnozstvi DNA, jak bylo prokazano napr.
srovndnim mnozstvi DNA u prirozenych a nové
indukovanych autotetraploidi napt. u Cochlearia
pyreneica (Gupta 1981) nebo u Plantago media (van Dijk &

van Delden 1990).




Frekvence polyploidie

Na zdkladé studia pruducht na listech fosilnich rostlin
predpoklddd Masterson (1994), Ze 40-70% druh
kvetoucich rostlin proslo minimdlné jedenkrat ve své
historii polyploidizaci, jini autori uvddéji rozmezi 30-80%
(Stebbins 1971, Grant 1981, Wendel 2000).
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Frekvence polyploidie

Mnoho kvetoucich rostlin
povazovanych za typické diploidy,
napr. Arabidopsis thaliana, jsou ve
skutecnosti velmi stari polyploidi
(paleopolyploids).

V minulosti podstoupili jednou
nebo vicekrdt zdvojeni
chromosomové sady, prestoze se
dnes chromosomalné jevi jako
diploidni.

=2

A

TN
i N
-

Centromeric
fusion

Normal Robertsonian
chromosomes translocation A




Frekvence polyploidie

Vsechny kvetouci rostliny prosly minimalné 3x
paleopolyploidizaci:

prvni pred 225-300 miliony lety,
druhou pred 150-170 miliony lety a
treti pred 25 miliony let.




U rostlin poprvé polyploidii pozoroval a
popsal holandsky botanik a
znovuob jevitel Mendelovych zdkond

| Hugo de Vries (1905) u Oenothera

lamarckiana, kdyz vedle normalniho 2n =
14 zaznamenal také tetraploidni 2n =
28; nositele této vlastnosti pojmenoval
jako novy druh Oenothera gigas.

Termin polyploidie pak zaved| Eduard
Strassburger (1910).

Prvni experimenty s umélym vyvoldnim
allopolyploidizace (pri hybridizaci
Solanum lycopersicon a S. nigrum)
uskutecnil Hans Winkler (1916).

Vyznam autopolyploidniho vzniku taxont
pak shrnul Miintzing (1936), ktery uvadi
celkem 58 prikladt autopolyploidné
vzniklych taxond.




~ Homoploidni [
2N hybridogenni
. “*L«  speciace

Helianthus
petiolaris
2n=34
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Homoploidni speciace v rodu Encelia v poustnich pohorich a v
Mohavské a Sonorské pousti

California \ Sonora
Y b1

li 1
R

Encella ac’rom Encel ia vurgmensus Encel ia fru‘rescens

Encelia virginensis instead typifies hybrid speciation with external barriers.
Encelia species are obligate outcrossers, and ordinarily form fertile F 1
interspecific hybrids, but there is strong selection against backcross progeny in
the natural environment. Encelia virginensis appears to have originated on the
periphery of the ranges of its parent species; selection for the adapted F 1
phenotype allowed it to expand its range to the east as it stabilized its

genotype.




Circaea lutetiana
2n=22

Circaea intermedia

Circaea alpina
2n=22




Heteroploidni hybridogenni speciace

\Widan i Symphytum
Symphy’rum asper'um ) W officinale

2n = 32 on = 48

'.}. S s 4 ¥ i . e
{:--ti" "'f"':: £ eI 4

© " Symphytum uplandicum
2n = 40

Symphytum officinale




Potentilla inclinata ,
Potentilla recta

Potentilla argentea

2n =14
suché travniky
antropicky
ovlivnéné
Eurasie

stepni druh
Evropa, S. Afrika,
L Asie

2n=14,28, 35,42, 84

Evropa az J Sibir ¢asto na sekunddrnich stanovistich




Puetta Rico GIAL

—

[ Ipistrict of Columbia:
[ Hauwail

[ —

[ —

Virgin |

Gil}wcsx aliqguanta 2n = 18 g

Gilia minor
2n =18

Alloploidni
hybridogenni speciace N
- Gilia malior 2n = 36
(Polemoniaceae)

[ Ipistrict of Columbiz
[ IHawaii

[ JPuento Rico GIMA
[ Ivirgin Islancs

&

G afguanra Tl o

III -iI

Chromesormds

Ilononecidncenn.
AUNRNIREE R
o
Chigmastais
Figure 40-8 INSTANT SPECIATION: POLYPLOIDY IM
Gilla.
Flants can form “instant specos” throogh polvploidistion,
the duplication of an entire set of chromosomes,
Coilia wraelior, Tor example, occasionally undergoss
allopalvpdoidizstion, the doubling of chromosomes from two
parent plants of different spocies, The 15 chromosomes in
L omalior are no longer exact copies of the 9 from each
parent species, reflecting changes in the clivomosones
sithseguent to the "speciation” evenl.




Bx

fx

bx

5%

4

Ix

2x

P. octoploideum

F.

interjectum

A
v
P. x shivasiae
A

P. cambricum

Evropa

— = P. x font-queri #+———

F

v
P. x mantoniae
A

P. vulgare

Dusledky
hybridizace:

retikularni evoluce

pr. Polypodium

P. wvirginianum

P. glycyrrhiza

P.

s1b1 ricum

Evropa & Asie

P. appalachianum

Amerika




Dusledky 0-0-0-0-0

ot IXTXTXIXT -0-0-0-0
hybridizace 2: IR /0”/:’_(2_(,’.“.‘,1',
introgrese znakii g;(?g?;{?g? K‘“‘;@ 0 0 0 0 e
-O-0-0-0 Q L XTI XX X

: : % & > it
Euphrasia stricta ?Qgézcg(# e : i ><I><T><‘.'
lyse listy a listeny — QC0r0-0-0 ogé;fé;é;@ ;x‘x‘xzi:
) IXTIXTXT X o9 -0-
. 285900 @) Q-0O-0O-0- L XIXIX X0

E. tatarica - ELEEEXE OXEXE OO
ViV, v ’ E O_(D_O“Q_O ._.’\5‘)_{‘?_(‘

stétinate chlupaté Druh 1 Ustaleny Druh 2

u

V teplejsim obdobi se E.
tatarica dostala do vyssich
poloh, kde se setkala s E.
stricta, dnes nékteré
populace E. stricta maji
stétinaté chlupy




The nrDNA repeat

open reading frame intergenic
spacer

5.8s
ITS1 ITS2

region sequenced




Dusledky hybridizace: ? zmenSovani
genomu




The frequence of Cirsium hybrids is

- variable in the nature

«

arvense

™
|
e

~ G

heterophyllum

- 4

Data from the Czech
Republic based on | |
1136 herbarium
specimens [

brachycephalum

r‘fw :

W%} herbarium spe-
. 4 Cimens




Nuclear DNA amount differs among species
in diploid level

ffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff =,
Maximum difference 57 %
i
e |
——————————————————— o
———————————— D e T
(e |

i

——y average
7777777777777777777777777777777777777777777777777777777777777777 + stand. dev. |

Relative DNA

content in A.U.

0,38 0,43 0,48 0,53 0,58 0,63

Based on 738 DAPI flow-cytometry measurements of 11 species represented by 66 populations / 220
individuals; internal standard: the same plant of tetraploid Cirsium vugare = 1 A.U. in all measurements




Hybrid promiscuity of species is variable

Number of herbarium specimens of hybrids

oleleraceum x 290 146 176 102 3 23 5
canum X 78 11 45 21 1

palustre x 137 4 1 20
rivulare x 1 8

acaule x 29
pannonicum X

heterophyllum x

arvense X

wulgare x

eriophorum x

brachycephalum x

O~ OO0 O WwO -
w O OO O OO0 Oo0OOo

O OO OO0OO0OO0OO0OOoOOo

X ole xcan x pal X riv X aca x pan x het x arv X vul x eri X bra
UM 746 447 395 340 194 62 54 17 14 3 0

Hybrid
promiscuity
of Cirsium
species

0

ole can pal riv aca pan het arv wl eri bra
Data from the Czech herbaria based on revision of 1136 herbarium specimens




Genome size vers. hybrid promiscuity: Species
with smaller genomes hybridize more frequently

Genome size Hybrid promiscuity

v/
erio
large s few.or'
genome ary no hybrids
small ded many
pal .
genome o hybrids

riv
ole
can
het

Pspearman = ~

p = 0.013

g 0.8 0.6 relative genome size

Relative DNA content of Cirsium species is negatively
correlated with intensity of hybridization.

herb. specimens of hybrids 400 (616]6] 800

Based on 738 DAPI flow-cytometry measurements of 11 Data from the Czech herbaria based on revision of 1136
species represented by 66 populations / 220 individuals; herbarium specimens

internal standard: the same plant of tetraploid Cirsium

vugare = 1 A.U. in all measurements




Do Cirsium hybrids have the mid-parent
genome size ?




Genome size of
parental species

acaule
palustre
rivulare
erisithales

canum
oleraceum
heterophyllum

Expected genome
size of hybrids

heterophyllum x rivu/are | s

palustre x rivulare “

oleraceum x rivulare expected genome size of hybrid

heterophyllum x oleraceum
erisithales x palustre
acaule x oleraceum
oleraceum x palustre
erisithales x oleraceum
canum x palustre

= average of parental genomes

canum x oleraceum
heterophyllum x palustre
erisithales x heterophyllum

relative genome size 4.0 4.2 44 4.6 4.8

Expected genome size of hybrid lies in the
middle of parental taxa genomes




Genome size of
parental species

acaule
palustre
rivulare
erisithales
canum
oleraceum
heterophyllum

Expected genome
size of hybrids

heterophyllum x rivulare
palustre x rivulare
oleraceum x rivulare
heterophyllum x oleraceum
erisithales x palustre

acaule x oleraceum
oleraceum x palustre
erisithales x oleraceum
canum X palustre

canum x oleraceum
heterophyllum x palustre
erisithales x heterophyllum

relative genome size 4.0

Genome size of parental species is based on 436 DAPI flow-cytometry measurements of 7 species represented by 43
populations / 163 individuals; internal standard: the same plant of tetraploid Cirsium vugare = 1 A.U. in all measurements




Genome size of
parental species

acaule
palustre
rivulare
erisithales
canum
oleraceum
heterophyllum

Expected genome
size of hybrids

heterophyllum x rivulare
palustre x rivulare
oleraceum x rivulare
heterophyllum x oleraceum
erisithales x palustre
acaule x oleraceum
oleraceum x palustre
erisithales x oleraceum
canum x palustre

canum x oleraceum
heterophyllum x palustre
erisithales x heterophyllum

relative genome size 4.0

€ = real genome size of hybrid




Cirsium hybrids have a smaller genome size
than the average of parental genomes

mean of genome size of parent with
smaller genome

i O | mean of genome size of parent
with larger genome

v

real genome size of/ ™~ average of parental genomes (expected
hybrid genome size of hybrid)

heterophyllum x rivulare 4t . -

palustre x rivulare | ot
oleraceum x rivulare |JEEEEEEEEEEEEEEEEEEEEEE OB
heterophyllum x oleraceun [N ‘. b
erisithales x palustre |[IEEEEEEEEEE R R l—"- -
acaule x oleraceun [IEEEEEEEEEEEEEEEEEEE I
oleraceum x palustre |[IEEEEEEEEEEEEEEEEEEEEEE }
erisithales x oleraceum |[IEEEEEEEEEEEEEEES ‘ -
canum x palusire [EEEEEEEEEEEEEEEEEE I—‘ | -
canum X oleraceum REEEEEEEEEEEES ‘ -
heterophyllum x palustre -4 H -
erisithales x heterophyllum BESSS —oO—1 A

relative genome size 4.0 4.2 4.4 4.6 4.8

Genome size of hybrids is based on 202 DAPI flow-cytometry measurements of 12 hybrids represented by 24 populations /
53 individuals; internal standard: the same plant of tetraploid Cirsium vugare = 1 A.U. in all measurements

Genome size of parental species is based on 436 DAPI flow-cytometry measurements of 7 species represented by 43
populations / 163 individuals; internal standard: the same plant of tetraploid Cirsium vugare = 1 A.U. in all measurements




ave genera with frequent
hybridization smaller genome ?
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Hybrid potence of genus = No. hybrids /
No. species iS negative correlated
with average genome size of genus
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0,2

’

16
0,15789
0.1

0,142857
04
0,25

0,111111
0,25

0,2
0,375
0,2

0.1
0,857143
&l 0,333333
4l 0,454545
0,038462
0,333333
¢l 0,333333
2 0,333333
0,25
03

0,36
0,37
04
04
0,42
0,45
0,48
0,55
0,59
0,62
0,65
0,7
0,7
0,74
0,78
0,81
0,86
0,88
1,09
11
1,12
1,21
1,23
1,26
1,27
1,31
1,32
1,35
1,41
1,49

2,2
2,26
2,31
2,53
2,65
2,74
2,83
2,94
3.15
341
3,62
3,93
3,94
5,67
6,03
6,57
6,95
8,91
919




Is genome size in families with frequent
hybridization smaller ?

20y 4,00
.é Q

g £ 350
-

- 3,00

g 2.50

g 2.00

|
&) 1,50

81 1,00

S

Q 0,50

>
< 0,00

’b ‘b ’b
o‘z’ (o4 & c}” oe’ &
(S > > > > QU
2 %‘0@ S S & N 9‘3\% ©
N & 0 P &L 2 §
&

Four families with the most  Four largest families with
frequent hybridization no or a few hybrids




Have families with
frequent hybridization
smaller genome
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Pspearman = ~ 0.47
p = 0.004

Hybrid potence of family = No. hybrids /
No. species iS negative correlated
with average genome size of family
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families

No.spec

16
16
17
26
27
32
40
90
34
146
23
18
142
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20
25
199
59
20
94
271
558
81
105
20
28
31
19
44
97
58
104
32
43
42
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5
7
9
6
14
33
21
39
33
47
55

hybr/spec

0
0
0
0
0
0

0
0,022222
0,029412
0,034247
0,043478
0,055556
0,056338
0,090909

01

0,12
0,120603
0,135593
0,15
0,159574
0,166052
0,166667
0,17284
0,219048
0,25

0,25
0,290323
0,315789
0,318182
0,340206
0,362069
0,375
1,03125
1,093023
1,309524

aver(c-val)

46,39
6,10
3,01

19,78
1,82
2,84
3,16
2,58
1,11
2,44
3,95
13,88
0,93
1,68
1,49
3,36
7,76
0,89
1,38
1,70
0,72
4,30
8,77
157
0,51
472
1,18
1,43
176
1,38
7,68
0,58
0,59
1,33
1,32




Kromé dvoudomého Cirsium arvense maji gynodioecii vsechny
evropskeé pchace u nichz byla reprodukéni strategie zkoumana

As ; ,

L3N : o e ¥ b

Clrsmm acaule C. brachycephalum C. carniolicum
3 1 ¥ = 'b‘ » /r . " g | 3 1 e 5

™ fc) TERRA Fi

C. pannonicum C. rivulare

22 druhu gynodioecickych
pchacu v Evropé. Ostatnich
ca 40 druhti nebylo zatim
zkoumano. V Japonsku 28
gynodioecickych pchaci

C. spinosissimum C. tuberosum C. vulgare C. waldsteinii




Detekce pohlavi pchacu: Preparaci prasnikovych trubic¢ek (samice bez pylu)

F .|':?n[.!' T
Floret ent vertically {
ghowing the anther-tnhe
traversad by the style,

C. oleraceum: hermaphrodite florets C. canum x C. oleraceum: female florets







2 mm




can x ole

eris x ol

e
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Frekvence samic

Jak je to s frekvenci samic u hybrid(?

A 80,00 -

70,00 +
60,00
50,00
40,00
30,00
20,00 +

10,00 +--

0,00 -

ACAxCAN ACAxXOLE ACAxPAN CANxOLE CANxPAL ERISxHET ERISXOLE ERISxSPI JHETxOLE | HETxPAL HETxRIV  OLExPAL § OLExRIV PALxRIV

) ) a H } ) H -
ACAxCAN = Cirsium acaule = C. canum; ACAxXOLE = C. acaule = C. oleraceum,; ACAXPAN = C. acaule = C. pannonicum;, CANxOLE =

C. canum » C. oleraceum, ERISXHET = C. erisithales = C. heterophyllum, ERISXOLE = C. erisithales ~ C. oleraceum, ERISxSPI = C.
erisithales » C. spinosissimum; HETXOLE = C. heterophyllum ~ C. oleraceum; HETXPAL = C. heterophyllum » C. palustre; HETXRIV = C.
heterophyllum ~ C. rivulare; OLEXPAL = C. oleraceum = C. palustre; OLEXRIV = C. oleraceum » C. rivilare: PALXRIV = C. palustre »
C. rivulare.

hybrid

rodic 1\ odiz 2 Hybrid ma vic samic nez je priimér samic
w O '

u rodicu !

prumérna frekvence samic




Vorlaufige Nachricht
von einigen das
Geschlecht der
Pflanzen
betreffenden
Versuchen und
Beobachtungen

Predbézna zprava

0 nekterych
SRR " pokusech a
. Reipgis, o e , .,
Blevitfdifden Handlung, peLaeliOnel ich,
B o tykajicich se
| A pohlavi rostlin

Joseph Gottlieb Koelreuter
(1733-1806)

Ao 4

Umeélé mezidruhové krizeni vede casto k samci sterilite !
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Male sterility and gynodioecy in Japanese Cirsium

NOBUMITSU KAWAKUBO

Department of Biology, Faculty of Education, Kagoshima University, Kohrimoto, Kagoshima 890,
Japan
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TasLE 1. Occurrence of male sterility in Japanese Cirsium

£ Taxa in which male sterility was found.

1* Number of specimens on which male sterility was found.

2* Number of specimens examined.

3* frequency of specimens with male sterility (%).

Taxon

Japanese name
(-Azami)

%
Fa¥

PN

anNnNNnn0anNnNnnnnn

fonnnAnn

. aidzuense Nakai
. amplexifolium Kitam.
var. muraii Kitam.
. babanum Koidz,
var. otayae Kitam.
. bitchuense Nakai
. boninense Koidz.
. borealinipponense Kitam.
. brevicaule A.Gray
var. irumtiense Kitam,
. buergeri Mig.
. chikushiense Koidz.

. confertissimum Nakai
var. herbicola Nakai
congestissimum Kitam.

connexum Kitam.
diabolicum Kitam.
dipsacolepis Matsum.
effusum Matsum,
furusei Kitam.
ganjuense Kitam.
gratiosum Kitam.
grayanuwm Nakai
gyojanum Kitam.
hachijoense Nakai
hanamakiense Kitam,
. hefianum Koidz.
. hidaense Kitam.
hida-paldosum Kadota et Nagase
hilgendorfin Makino
hosakawai Kitam,
iburiense Kitam.
inconptum Nakai
indefensum Kitam.
inundatum Makino
ssp. alpicola Kitam.
ssp. homelepis Kitam.

&, japonicum DC.

var, horridum Nakai
var. ibukiense

var. okiense H.Koyama et Murata

var. vestifum
. kagamontanum Nakai

Aizuhime-
Dakibahime-
Kinka-
Dainichi-
Tateyama-
Bicchu-
Ogasawara-
Oni-, Omnino-
Shima-
Iriomote-
Hime-, Himeyama-
Noma-
Choukai-
Koibuki-
Ibuki-
Kasugai-
Onioono-
Mori-, Yabu-
Hosoeno-
Urajirokagano-
Ganju-

Houki-
Marubahireno-
Gyouja-
Hachijou-
Hnamaki-
Ezoyama-, Touno-
Hida-
Hidakiseru-

Female frequency (%)

Hybridizing species; N = 20 Species without hybrids; N = 48

o Medlian
[125%-75%

T Non-outliers
o Qutliers

# Extremes
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Department of Biology, Faculty of Education, Kagoshima University, Kohrimoto, Kagoshima 890,
Japan

Souvisi kauzalné hybridizace a

gynodioecie ?

Hybridizujici druhy maji vice samic nez

nehybridizujici !
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Hodnoty plati pro Evropu v tropickych destnych lesich stoupa podil
dvoudomych drevin a klesa podil gynodioecickych druht
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Spontanni hybridizace a gynodioecie napric rostlinami

6-16 % rodu s hybridy 7.5 % gynodioecickych druhu
(6% rodu)

Kauzalni souvislost ?




Rody s nejvétsim poétem hybridu na pocet
druhu (u nas):

27 hybridu / 9 druhu)
33 hybridd / 11 druht)

Verbascum
Cirsium

Epilobium Sll/ 46 hybridu / 18 druht)

Menthc'ii/ 8 hybridu / 5 druht)
Arctium 6 hybridu / 4 druhy)
ThymLis/ 11 hybridu / 8 druhu)
Dactylorhiza 11 hybridt / 8 druht)
Rumelx/ 27 hybridti / 20 druhu)
Salii(/ 35 hybridl / 27 druht)

29 hybridti / 23 druht)
5 hybridu / 4 druhy)

Viola V
Carduus
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(
(
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Publikoval v roce 1906 také poprvé Mendelovu korespondenci s Carlem
Wilhelmem von Nagelim, ve které si psali o kifizencich pchaci, kterymi se
vedle jiného oba zabyvali.
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Seed-set being inspected by H. A. Jones
(Photo Seedmen’s Digest)

Jones HA, Clarke AE. 1943. Inheritance of male
sterility in the onion and the production of hybrid
seed. Proceedings of the American Society for
Horticulture Science 43: 189-194.
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Springer NM, Stupar RM. 2007. Allelic variation and heterosis in
maize: How do two halves make more than a whole? Genome

Res. 17: 264-275

Davod ?
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Detekce hybridogeneze




Detekce

hybridogeneze
1. morfologicka
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Detekce hybridogeneze 1-3.

1. morfologickd intermediarita (problémy: F1, F2
vystépovani, introgresivni hybridizace vers. rizena
genovd exprese - gene silencing)

2. snizend vitalita, fertilita, pylova viabilita (absence
pylu, pylové disturbance)

3. zvlastni projevy - druhy rodu Epilobium zaviraji
kvéty pri zamraceném pocasi a za Sera; kriZzenci
vrbovek maji kvé’ry i za Sera o’revF'ené
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Plant Species Biology (2001) 16, 39-47

Natural hybridization between Pseudostellaria davidii
and Pseudostellaria palibiniana (Caryophyllaceae)

KYUNG CHOL* JUNG SUNG KIMt and JAE-HONG PAKf

*Department of Biology, College of Natural Science, Kyungpook National University, Taegu, Korea, tDepartment of Botany,
Kyoto University, Kyoto, Japan and $Department of Biology, Yeungnam University, Kyongsan 712-749, Korea (Email:

_H-fpak@kn w.ac.kr)

Table2 Comparison of three Pseudostellaria species for 19 morphological characters

Characters

Pseudostellaria davidii (N=13)
Mean 5D (range)

Unidentified taxon (N=5)
Mean+5D (range)

Pseudostellaria palibiniana (N=20)
Mean £ 5D (range)

No. chasmogamic flowers
No. root

Root length (mm)

Root width (mm)

Pedicel length (mm)

No. hairs on sepals

Sepal length (mm)

Sepal width (mm)

No. petals

Petal length {mm)

Petal width (mm)

Stamen length (mm)

No. styles

Gynoecium length (mm)
Ovary length (mm)
Position of chasmogamic flowers
Pedicel hair

Hair on sepals

Marginal shape of petals

1.2+£04(1-2)
1.2+04" (1-2)
8.03£2.50" (5.00-13.30)
2921089 (2.10-5.30)
29.05+6.94" (19.40-40.90)
51.5+16.5" (20-75)
447 +0.46% (3.80-5.30)
1.58 £0.20°" (1.20-1.80)
50000
5.97+1.12" (4.20-7.80)
2.25+0.387 (1.80-2.90)
5.01 £0.74" (3.00-6.10)
26105 (2-3)
6.20+0.78" (4.80-7.30)
1.38 +£0.20° (1.00-1.70)
Axillary
1 line
Entire
Obtuse

1.0£0.0°
20+£1.7% (1-5)
20,14 £10.23* (9.40-30.80)
2.98+£0.63" (2.50-4.00)
28.4449.59° (18.50-39.80)
22.4+£12.9(1345)
3.82+0.33" (3.504.30)
1.92+1.51" (1.10-4.60)
LO0t0.0
4.54+0.69" (4.00-5.70)
1.70+0.51° (1.10-2.40)
2.94+1.36"° (1.104.30)
3.6x0.6" (3-4)
4.76+0.75" (4.00-6.00)
1.66+0.30" (1.30-2.10)
Terminal or axillary
1 line
Partially distributed
Emarginate

1.0+0.00
2.9+1.7° (1-6)

40.56 £16.61° (9.80-84.40)
1.99 £0.64" (0.80-3.50)
24.18 +4.76" (15.60-31.90)

0\!
5.50£1.16" (3.50-7.80)
1.19+0.24" {0.80-1.80)
6.3 +0.6°5-7)
5.91£0.71" (4.50-7.20)
1.46+0.26" (1.00-2.00)
3.94 +0.86" (1.30-5.50)
3.6+0.8" (2-5)
7.51+1.01° (5.80-9.50)
2.76+0.82" (1.50-4.30)
Terminal
Glabrous
Absent
Acute

Species with the same superscript letters do not differ significantly for that character (across rows; P <0.05), Tukey H5D multiple com-

parison tests.

Detekce hybridogeneze 1,2.

______ - -y

Pseudostellaria davidii

15 P. palibiniana

0.0

Principal component 1
)
(%]

25 hybrid \"

" P +-

-15 1.0 -05 0.0 05 1.0 1.5
Principal component 2

Fig.2 Principal components plot (first two components) of (&)
Pseudostellaria davidii; (l) an unidentified taxon; and (@) P. pali-
biniana based on morphological variables.

-
(+]

b
®  hybrid e .
. P. palibiniana

morfologickd intfermediarita o %

Pseudostellaria o :

sterilita pYIU davidii : g _

Fig.4. Pollen grains of three Pseudostellaria species stained with aniline blue-lactophenol solution (Bar=50pm). (a) P. davidfi; (b) an
unidentified taxon; (c) P. palibiniana.
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T.W.J. Gadella

Gadella, T.W.1. 1990. Hybridization in Symphytwm: pattern and process. - Sommerfeltia 11:
79-96. Oslo. ISBN 82-7420-009-8. ISSN 0800-6865.
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Pyrrolizidine alkaloids | S. asperum

Echimidine + + -
Lycopsamine — 4 +
Ac.-lycopsamine - + +
Intermedine — e +
Ac.-intermedine — + +
Symlandine fe o+ -+
Symphytine + + +
Echiumine E 3 +
Myoscorpine + + 4

Fig. 3. The distribution of pyrrolizidine alkaloids in S. officinale, S, asperum and S. x

X uplandicum NYMAN e :
yermann ' . upiﬂnd;cm,




Metody chemické v taxonomii cévnatych rostlin

délime je na mikromolekuldrni a makromolekuldrni
Vétsina metod spociva zpravidla ve 3 zdkladnich krocich
1. extrakce nebo izolace

2. separace

3. detekce




Mikromolekularni metody studuji mensi molekuly
sekunddrnich metabolitl - nejéastéji fenolickych
slou€enin, z nichz mnohé maji funkci barviv nebo silic

flavonoidy (napr. u Cel. Asteraceae, - flavon, flavanon, flavanonol, malvidin, betanidin
nebo chalkon)

a jim podobné latky jako katechiny, anthokyany (kvétni barviva), kumariny (Apiaceae,
Fabaceae) terpenoidy a jejich derivdty - napr. seskviterpenoidni laktony (u Cel.
Asteraceae - adenostylon, petasitin, Lamiaceae - mentol)

hebo chinony (benzochinon, naftochinon, ubichinon, fyllochinon, anthrachinon,
plastochinon atd. - napr. u ¢el. Caesalpiniaceae, Resedaceae)

stilbeny (napr. pinosylvin - ve drevé gymnosperm a v tropickych drevin - produkované ve
zvysené mire hlavné pri poranéni - plni baktericidni funkci)

aldoximy (vznikaji z aromatickych aminokyselin)

VVvev

rady Celedi - napr. u zdstupct Cel. Fabaceae, Asteraceae)
karotenoidy
saponiny

alkaloidy (Papaveraceae, Ranunculaceae, Liliaceae, Amaryllidaceae - zndmy stovky -
napr. morfin, papaverin, thebain, atd.)




Mnohé tyto latky predstavuji selektivné pozitivni
kompeticni vlastnosti rostlin at’ uz jde o

barviva (ochranna ¢i atraktanty),
silice (atraktanty)

toxiny a odpuzovace (proti hmyzu, houbam, bakteriim
nebo jinym vyssim rostlindm)

Zdakladni separacni technikou téchto metod je
chromatografie




Fewciniom myrtillus L.

Frost, S & Ising, G, (1968). Ao investigation into the phenolic compounds in
(Bilberries), Vaceinimm vitis-idaea L. (Cowberries),

aned the hybrid between them V. intermedinm Ruthe employing thin layer

chromatography. Hereditas, 6l 72 6,

(a) (1)
g ] e 1
A .
e . @@ e
@ G
- F@F @
@I’cﬂ LA & © o -
i ¥ & -
()

6" 3,72

g 11.16.
Chromatograms ol
Vacceinminm (o) V.
vifis-telaea. () 1V,
myetitlus, ) The almost
completely sterile hybrid,
I = intermedinm, Note
the Targely additive elfect
in the hybrid pattern.
(From Frost & lsing,
1968.)




Detekce hybridogeneze 5. - Experimentdlni hybridizace

Vyznamnymi byly také pokusy opakovat experimentdlné
vznik hybridogennich druhi spojené s testy krizitelnosti
- viz klasické pokusy Miintzinga zamérené na vysvétleni
hybridniho plvodu Galeopsis tetrahit.

Galeopsis tetrahit
2n=4x =32

—_—

Galedpsis pubescens
2n=2x=16

Galeopsis speciosa
2n=2x =16




Experimentadlni dukaz alloploidni speciace Galeopsis tetrahit

Miintzing A. Hereditas, 13: 185-341, 14: 153-172, 1930

zkrizil materskou rostlinu Galeopsis pubescens (PP) s
otcovskou G. speciosa (SS)

obdrzel homoploidniho hybrida F1 (PS)

kriZenim jedinct F1 dostal triploida F2 (zfejmé PSS)
toho pak zkrizil zpétné s 6. pubescens = PP x PSS

obdzel tetraploida (zrejmé PPSS)

tetraploid se

velmi podobal 6. tetrahit a dal se s ni bez problému krizit




Pires JC, J Zhao, ME Schranz, EJ Leon, PA Quijada, LN Lukens, and TC Osborn. 2004,
Flowering time divergence and genomic rearrangements in resynthesized Brassica
polyploids (Brassicaceae). Biological Journal of the Linnean Society 82: 675-688.

s

B. oleracea B. napus
(SC, DH) (resynthesized) (SC, DH)




Preslia, Praha, 75: 293-310, 2003

Occurrence of Polypodium xmantoniae and new localities for
P. interjectum in the Czech Republic confirmed using flow cytometry

Polypodium xmantoniae a nové lokality P. interjectum v Ceské republice, potvrzené pomoci pritokové
cytometrie

Petr Bured', Lubomir Tichy', Yi-FengWang’&JanBarto§®

'Masaryk University, Faculty of Science, Department of Botany, Kotldiskd 2, CZ-611 37
Brno, Czech Republic, e-mail: bures@scimuni.cz, tichy@ sci.muni.cz; *North-west Nor-
mal University, Department of Biology, Anning East Road 805, Lanzhou 730070, Gansu
Province, China, e-mail wangyifeng6481@ yahoo.com.cn; *Institute of Experimental Bot-
any, Academy of Sciences of the Czech Republic, Sokolovskd 6, CZ-772 00 Olomouc,
Czech Republic, e-mail: bartos@ueb.cas.cz

100 200 300 400

Fig. 2. — Fig. 2. — Flow cytometry histogram based on DAPI staining, x axis — relative fluorescence channel;
y axis — number of nuclei; peak 1 = Polypodium vulgare, loc. Sloup (mean = 86.11; CV = 0.87%); peak 2 =
P. xmantoniae, loc. Javoiifské jeskyné (mean= 115.74: CV = 1.08%); peak 3 = P. interjectum, loc. Adamov: By&i
skila (mean = 144.54; CV = 1.56 %).

Spore length (in pm) Stoma length (in pm) Mumber of anulus cells

P x mantoniae
P interjectum
P x mantoniae
P interfjectum

P x mantoniae
P interjectum

Fig. 3. — Box and whisker plots of three main diagnostic micromorphological features of Polypodiwm vulgare
agg., measured on plants determined by flow cytometry. Symbols: square = median, box = 25-75%, whisker =
non-outlier min.—non-outlier max.. circle = outlier. Samples: P, vulgare = localities Sloup and Punkevni jeskyneé,
P. xmantoniae = localities JavofiZské jeskyné and Suchy Zleb, P interjectum = localities By¢i skila and Kostelik.
Number of measurements: spores of 3 species x 2 samples % 30 measurements, stomata 3 x 2 x 30, anulus cells
3 % 2 x 250. Only well developed spores were measured.




Detekce hybridogeneze 6b: FCM

cor Appl Genet (2000) 101:690-696 O Springer-Verlag 2000

J. Kato - M. Mii

Differences in ploidy levels of inter-specific hybrids obtained
by reciprocal crosses between Primula sieboldii and P. kisoana

Fig. 4A-E Characteristics of the hvbnds oblained by recips uc.ll (fe/i) used as a maternal parent, inter-specific diplowd hyvbad with
crosses between P, bisoane and P sieboldii. A Flowering plants of  pale vellow eye (cenfer) and & u."ra-c" ev. Qoasahi (right) used as
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GENOME SIZE DISCRIMINATES BETWEEN CLOSELY
RELATED TAXA ELYTRIGIA REPENS AND E. INTERMEDIA
(POACEAE: TRITICEAE) AND THEIR HYBRID

Vielav Mahelka®, Jan Suda'?, Vlasta Jarolimova', Pavel Travnidek'? & Frantiek
Krahulec"

1) Institute of Botany, Academy of Sciences of the Czech Republic, Prithonice 1, CZ-252 43, Czech Republic, fax
+420 2 6775 0031, e-mail mahelka@ibot.cas.cz
2) Department of Botany, Charles University, Bendiskd 2, CZ-128 01, Prague, Czech Republic
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Fig. 3. Box plots illustrating relative fluorescences of nuclel

Fig. 2. Histogram of relative DNA content of Elytrigia repens (DAPI-stained) for hexaploid plants of Elvtrigia repens (101
(r), putative hybrid (x), and E. intermedia (i). Nuclei of the three individuals), ~putative hybrids (38 individuals), and
plants were isolated, stained with DAPI and analyzed E. intermedia (90 individuals). Triticum aestivim was used as
internal standard and its genome size was considered as unit

simultancously.
value.




Detekce hybridogeneze 7. Meiotické synapse

analyza pdrovani chromosomt (synapsi) v meiotické metafazi I, ¢ili tvorba bivalentd,
multivalentl popr. univalentd.

Poprvé tvorbu bivalentl a univalentl v meiézi pozoroval Otto Rosenberg (1903) u hybrida
Drosera xobovata (2n = 30; 10IT + 10I) mezi Drosera rotundifolia (2n = 20) a Drosera
anglica (2n = 40).

Drosera xobovata
(2n = 30; 10II + 101)
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Detekce hybridogeneze 7. Meiotické synapse

Tato deduktivni metoda vychdzela z predpokladu, Ze rozdily v chromosomadlni
architekture rodicovskych druhi jsou primdrni pri¢inou chyb v pdrovani chromosomi pri
tvorbé bivalentl u jejich hybridu.

Tyto rozdily ve strukturdlnim uspordddni chromosomi jsou stejné jako neschopnost
tvorit meiotické bivalenty obvykle pricinou sterility hybridi (Stebbins 1950, 1971).

Tvorba univalentl v meioze u hybridl je uréovdna spise specifickymi geny nez pribuznosti
genom, coz jako prvni predpoklddal jiz Darlington (1937). Gen PhI zodpovédny za
pdrovdni meiotickych chromosomi u hybrida byl objeven napr. u penice (Riley & Chapman
1958, Benavente et al. 1998) nebo u jecmene (Zhang et al. 1999) a dalsich druht (Briggs
& Walters 1997).
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Detekce hybridogeneze /.
Occurrence of numerically unreduced (2n) gametes in Alstroemeria ) ) P
interspecific hybrids and their significance for sexual polyploidisation M e / 0 f- / C ke Syn a p Se

M.S. Ramanna, A.G.J. Kuipers® & E. Jacobsen

Laboratory of Plant Breeding, Wageningen University and Research Center, P.O. Box 380, 0700 AJ Wageningen,
The Netherlands; (*author for corvespondence: e-mail: Anja. Kuipers@wurnl)

Meiosis in the sexual polyploids of A.

inodora x A. pelegrina B, metaphase I
stage in showing one ring quadrivalent
and 14 bivalents.




Kvadrivalenty u
autotetraploidni
ropuchy 2n=4x=44

B

Figure 2. A, Three specimens of Odontophrynus: O, americanus, o, 4n = 44 (a); artificial hybrid (3n), young, 3n = 33 (b);
. cultripes, @, 2n = 22 (g). 8, Melotic interphase showing 11 quadrivalenis (0. americamus, 4n, o, har = 5 pm).




Nepravidelnosti v synapsich

Lolium temulentum a L. perenne se lis$i genomové o 60 %,
presto se ale jejich chromosomy regulérné paruji, to se
ale méni pokud jsou pritomny B-chromosomy

FISH painted
B chromosomes
(u mysi)




Isoenzymy

Predmétem studia jsou bilkoviny - proteiny - sloZzené z
aminokyselin

je jich vic jak 100 (molek. hmotnost vic jak 10.000)
spojené peptidickou vazbou

Primdrni struktura je dana sekvenci aminokyselin a je
urcena geneticky.




Samotné aminokyseliny maji ruzné molekuly

ty mohou byt neutrdlni, ¢i mohou mit kladny nebo zaporny
ndboj,

sou¢asné muze byt aminokyselinovy radikdl bud’ hydrofilni
nebo naopak hydrofdébni povahy

tyto 3 vlastnosti

velikost,

naboj

stupen hydrofility

ovliviuji tvar - sekundarni a terciérni strukturu bilkoviny.




casto je funkéni enzym slozen z vice podjednotek
tvorenych polypeptidickymi retézci pak hovorime o
kvartérni strukture

podle poctu podjednotek hovorime
monomerech,

dimerech,

trimerech,

tetramerech, ...




mutace v molekule DNA muze rezultovat ve zménu
sekvence aminokyselin, jenz se muze odrazit v

Zmeéne
ndboje
velikosti
tvaru

aktivité Ci substrdtové specifité enzymu




enzymovou specifitu chdpeme ve dvou smyslech:
- katalyza pouze jednoho typu premény dané latky

- schopnost katalyzovat jediny typ substratu (jiny byt
velice podobny - napr. opticky izomer nikoli)

rozsah této specifity muze vsak byt u riznych enzyma
rdzny




isoenzymy katalyzuji stejnou reakci ale strukturné se lisi
velikosti nebo sekvenci aminokyselin

i velmi drobné takové rozdily se mohou vyraznéji
promitnout do

zmeény naboje a konformace molekuly

allozymy jsou isozymy kddované ruznymi alelami téhoz
genu tj. v rdmci jednoho lokusu




ab aa bb

, — 3 patterns
Monomerni enzym 2x,2 alely —_— parrer

aaaa aaab aabb abbb bbbb

Monomerni enzym 4x, 2 alely e e ——
5 patterns
Monomerni enzym 4X, 3 Cl|€|y abbc abcc bbcc aaac ccec
(n+k-1)!
kl.(n-1)! k=4, n=3 6!/41.21 = 5.3 = 15 patterns

Monomerni enzym 6x, 4 alely - 84 patterns




Dimerni enzym 2x, 2 alely
Dimerni enzym 4x, 2 alely
Dimerni enzym 4x, 3 alely

splyva 4x homodimer pp + 2x heterodimer ay

ab

aa bb

aaab aabb abbb bbbb

Stejny pattern
1:4:6:4:1 md
tetramerni enzym

pri 2 aleldach
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homodimer a-a

homodimer b-b —— i, hil .
heterodimer b-c *ug
homodimer c-c :

Fig. 1. Pgi svmogram showing the @ and & alleles in Phlomis composita (rows 1-5), the ¢ allele in . purpurea (rows 16-19) and the be heterozygous
phenotype in .« margaritae (rows 6-15).

Zymogram pro dimericky enzym fosfoglukoizomerazu (PGT)
v g |

|

| ki ;, . A .
Phlomis composita Phlomis x margaritae
2n=30 2n=30 2n=28
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The arctic-alpine polyploids Cerastium alpinum ‘MdR-2'| — — —
and C. nigrescens (Caryophyllaceae) in a sympatric situation: : — — |\ — — |
breakdown of species integrity? Mdh.3’ -
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TPI - triozofosfdtizomerdza - dimericky enzym
na 3 lokusech po jedné az péti alelach

Fig. 4. lsozyme multilocus phenotypes observed
288 plants of C. alpimum, C. nigrescens, and putative
hybrids from Leirtjornkollen, southem Norway.
Supposedly homomeric enzyme bands are numberad
sequentially with the most anodally migrating band
labeled “17. Dosage intensities are not scored. N —
number of plants

Ea

Cerastium qipi ' N ssp. alpinum
Foto: Gunnar Burgid

Cerastium alpinum 2n=72 C. nigrescens 2n=108
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Isozyme evidence for hybridization between
Potamogeton natans and P. nodosus
(Potamogetonaceae) in Britain

PETER M HOLLINGSWORTH

[.B.L.5., Betary Building, Unwersity of Glasgow, Glasgow, 5712 8OO
CHRISTOPHER D. PRESTON

Institute of Terrestrial Ecology. Monks Weod, Abbots Ripton, Huntingdon, PE17 218
AND

RICHARD J. GORNALL, FLLS.

Botarry Department, University of Leicaster, Leicester, LE1 TRH

Potamogeton
nodosus

Potamogeton x
fluitans §

Detekce hybridogeneze 8.

isozymové patterns

CAAT
T B D e

-. ==
-.-.--
A B o (0] E F G

H
NO WO MO SC MA NA FL LU

NO S5C NA HNA NA

1OF

FL LU

F G

NO SC WA HNA NA Na FL FL

PN
T i) GiNEE < GEEE S 0ENR [EEE

A B & B B A
WO SC WA HNA FL FL

A
Lu

©M. Hassler

Potamogeton
natans

Figure 1. Isozyme phenotypes for AAT, PGD, IDH, SKD and PGM, Letters of the alphabet
designate individual phenotypes for each isozyme. FL = Polamegeton x fluitans, LU = P. |ucens, NA = P

natans, NO = P, nodosus, SC = P x schreberi,

Potamogeton
lucens




Detekce hybridogeneze 8. isozymové patterns

- ddle také u krizenct a allopolyploidt v rodu Iris (Arnold
et al. 1990a)

Photo: Rodney Barton

Iris fulva

Iris nelsonir
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EVIDENCE FOR THE HYBRID ORIGIN OF
NUPHAR < RUBRODISCA (NYMPHAEACEAL)'

DonaLD J. PARGETT. DonaLD H. LES.? AND GARRETT E, CrOW?

*Department of Biology, Southwest Missoun State Umiversity, Springfield, Missourn 658040095,
‘Department of Ecology and Evolutionary Biology, University of Connecticut, Storrs, Connecticut 06269-3042; and

Department of Plant Biology, University of New Hampshire, Durham, New Hampshire 03824 BE H Nu p harl x r‘u b r‘od isca

Nuphar variegata

Fig. 3. Amplified bands of Nuphar DNA with three different 10-
mer primers. Lanes C, F and | are M variegate (DNA templates from
Fadgers 491, 485, and 497, respectively). Lanes B, E, and H are N,
rubrodivea (Padgei 481, 481, and 479, respectively). Lanes A, D, and
Gioare N micropinila (Padgen 397), Refer to Appendix 3 for infor-
mation regarding collection numbers. Bands in lanes A-C were pro-
duced from primer OPF-4, lanes D-F from primer OPF-3, and G-I from
primer OPF-2. Arrows indicate species-spectfic bands of either A vaie-

; r ; , - -
Fig. 1. Distribution of Nupfiar micropivila (dashed line), N. % rubrodisca (circles), and M variegara (solid line). Iﬂgafﬂ or h mﬂ:rﬂ'f}h_}.lr.lrﬂ' pIE:SE.m n N = rH&ME'#"‘ cd.




Detekce hybridogeneze 10. nukleotidovy polymorflsmus ITS

huclear ribosomal DNA
Internal Transcribed Spacer
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MOLECULAR EVIDENCE FOR ALLOPOLYPLOID
SPECIATION AND A SINGLE ORIGIN OF THE NARROW
ENDEMIC DRABA LADINA (BRASSICACEAE) !
ALEX WIDMER? AND MATTHIAS BALTISBERGER

Geobotanisches Institut ETH, Zollikerstr: 107, CH-8008 Zinch, Switzerland
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MOLECULAR EVIDENCE FOR ALLOPOLYPLOID
SPECIATION AND A SINGLE ORIGIN OF THE NARROW
ENDEMIC DRABA LADINA (BRASSICACEAE) !

ALEX WIDMER?> AND MATTHIAS BALTISBERGER

Sampling:

Draba aizoides: 54 individuals / 17 populations
Draba ladina: 10 individuals / 2 populations
Draba tomentosa: 10 individuals / 2 populations
Draba dubia: 7 individuals / 2 populations

Izolace DNA:
z herbdrového materidlu nebo z materidlu v silikagelu

Sekvenovani opakované (napt. D. ladina: 20 klont)
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TasLe 2. Matrix of variable sites (30) for ITS 1, SSSrDNA,lndITSISETJmcestD ladma(gmotypeﬁDLAmdDLB) D mzom‘es D
dubia, and D. fomentosa (genotypes DT-A and DT-B). Seq d from to the D
(GenBank accession number AF120721). Qﬂym.lcleuﬁd.esﬂ:aldlﬂ'erﬁumtheﬂ mzmdﬁgetx:ltype:reshﬂwn Duls()mdlmlathltﬂm
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Fig. 2. Single most-parsimonious tree derived fiom the analysis of
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Fiz. 3. One out of four most-parsimonious trees based on 813
cpDNA characters (including indels) of D). aizoides, D. dubia, D. ladina,
and D. fomentosa. The tree is rooted at the midpoint. Numbers above
branches indicate the number of base substitutions. Bootstrap support
15 given as percentages based on 1000 bootstrap replications below
branches if support is over 30%. Tree length = 61, consistency index
=082 g, = —038 (P < 0.01).
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THE USE OF DNA SEQUENCING (ITS AND 7TRNL-F), De.rekce hYbr'ldogeneze 10
AFLP, AND FLUORESCENT IN SITU HYBRIDIZATION TO nukleofldovy polymorlflsmus ITS

STUDY ALLOPOLYPLOID MISCANTHUS (POACEAE)'

TREVOR R. HODKINSON.>** MARK W. CHASE.? CHIGUSA TAKAHASHL? a) M. xgiganteus
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Dublin 2. Treland: and *Faculty of Education and Regional Sciences, Tottorn University, Tottor1 680-8551 Japan
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Fig. 3. Internal manscrbed spacer sequences of M. > giganfens (23) and
its putative parental species. (a) Sequence of M. <gganiens showing g num-
ber of polymorphic sites. (b—) The corresponding sites 1n the two putative
parental species (M sfmensis [5] and M saccharifforss [61], respectively) are
shown by arrows. In cach case where there 1s sequence heterogeneity n A
Aggantens, the vanation can be explaned by examiming the sequence of the

parental species.
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Molecular confirmation of Potamogeton x botinicus AH 10 b . R FLP = I TS

(P. pectinatus x P. vaginatus, Potamogetonaceae) in
Britain

R. A KING', R. J. GORNALL', C. D. PRESTON? and J. M. CROFT®

' Department of Biology, University of Leicester, Leicester, LE1 TRH; ® Centre for Ecology & Hydrology,
Monks Wood, Abbols Riplon, Huntingdon, PE28 2LS

Metoda: ITS sekvenovdni rodi¢ovskych druhd,
volba druhové specifické restriktdazy, PCR-RFLP
amplifikovanych ITS hybrida a rodi¢t

1 2 13 14 15 16 17 18 19 20 1 2

te Herbariu
L W. Freckmann

Figure 1. Restriction digest showing interspecific variation for the ITS F-ITS 4 PCR product digested with Cfol for
three Potamogeton taxa. Lanes 1 and 22: 1 Kb DNA Ladder (Gibco); lanes 2-3: P. pectinatus (Sweden, Tindered); lanes
4-5: P. pectinatus (Sweden, Hudiksvall); lanes 6-7: P. pectinatus (England, River Tweed); lanes 8-10: P. vaginatus
(Sweden, Ridhillen); lane 11: P. vaginatus (Finland, Raahe); lanes 12-16: P. x bottnicus (England, River Till); lanes
17-21: P x bottnicus (England, River Tweed).




Recent natural hybridization between two allopolyploid

wheatgrasses (Elytrigia, Poaceae): ecological and D k h b . d

evolutionary implications 61'6 Ce y r'l Ogeneze
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Fig. 2 Smal ITS-RFLP of hexaploid E. repens » E. intermedia hybrids. Samples are ordered according to their
genome size. Letters r and 1 refer to reference samples of E. repens and E. intermedia. Approximate lengths of
the fragments are 650, 470, and 180 bp.
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Recent natural hybridization between two allopolyploid
wheatgrasses (Elytrigia, Poaceae): ecological and
evolutionary implications

Viaclav Mahelka, Judith Fehrer, FrantiSek Krahulec, Vlasta Jarolimova

Institute of Botany, Acadenmy of Sciences of the Czech Republic, 25243 Prithonice, Czech
Republic

H63 M1 M2 M3

Fig. 3 Smal ITS-RFLP of artificial PCR muxtures and hybrid H-63. From left: PCR products of both parents
mixed in different ratios (numbers indicate proportion (percent) of E. repens i each sample; letters r and 1 refer
to reference samples of E. repens and E. intermedia). hexaploid hybrid H-63;: M-1 — M-3: Smal ITS-RFLP of
PCR amplifications with equal amounts of mixed parental DNAs. For arrows see text (Results). Approximate
lengths of the fragments are 650, 470, and 180 bp.
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(=ISH in an
all otetrapl oid
grass (2n=28)
*  protensis
(AAAA) using
probe from
autotetraploid
A. genicilatis
(AAAA).
Sequences with
homology to A
stain yvellow
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x Festulolium loliaceum

Festuca chromosomy: Zluté
Lolium chromosomy: zelené
(Thomas et al., 1994).

Festuca pratensis

Lolium multiflorum
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Annals of Bowany 84: 39458, 1999 )
Article No. anbo. 1999 0893, available online at http:/ fwww.idealibrary com on ||][h..|"-’ @

Confirmation of Ancient Polyploidy in Dahlia (Asteraceae) Species using Genomic
In Situ Hybridization

MELANIE GATT* KEITH HAMMETTY and BRIAN MURRAY*}

*School of Biological Sciences, The University of Auckland, Private Bag 92019, Auckland, New Zealand and
Y Hammett Plant Breeding Lid., 4885C Don Buck Road, Massey, Auckland 8, New Zealand

Dahlia diSS@TG Dahlia sherffii
2n=34 2n=32
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- GISH of hybrid = 17 red
h hli
. T chromosomes of Dahlia
Fra. 3. Analysis of the two interspecific hvbrids. A, Mitotic spread of 96 /41 with 2n = 33, B, Mitotic spread of 96,89 with 2n = 35, C, Meiotic d N -|- 16 bl
metaphase T in 96,41 showing a heteromorphic bivalent (arrow) and a trivalent (double arrow head). I, Meiotic metaphase T in 96,89 showing Issec a x ue
a quadrivalent (arrow) and the non-chiasmate association between a bivalent and a univalent (double arrow head). E. Meiotic metaphase T in

Q6,89 showing a trivalent (arrow). Bar = 10 um. Chr'omosomes Of D, Sher'ffii
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P. Barre - M. Layssac -
A. Charrier - S. Hamon -

A. D’Hont - J. Louarn
M. Noirot

Relationship between parental chromosomic contribution and nuclear DNA content
in the coffee interspecific hybrid C. pseudozanguebariae X C. liberica var ‘dewevrei’
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Detekce hybridogeneze 11:
GISH

Coffea
liberica

Analyza 62 hybridt (F1 hybridi méli po 11
chromosomech od kazdého z rodi¢i s
2n=22

Fig. 1 aIn situ hybndisation of the tDNA probe i pTA 71 detected
with FITC to metaphase of Coffen pseudozanguebariae counter-
statned with DAPL b Genomic m situ hybridisation to metaphase o
the Iy hybnd between C. preudozanguebariae (luoresced m red | and
L. liberica var ‘dewevrel (luoresced m vellow). e d GISH to meta-
phase of G2 hybnds with 17 and 3 chromosomes of O, pseudozan-

guebariae, respectively, Arrows indicate rDNA sites, Bar: 10 pm. b,

¢ and d° Schematic representation of Fig. I, © and d. respectively,
showing the spacific ongin of the chromosomes, alter correction [or
statning of TDNA sites. The black and white chromosomes corres-
pond to chromosomes of O, presdozanguebariae and C. liberica var
‘dewevrel’, respectively




Detekce hybridogeneze 13. RFLP (polymorfismus délky
restrikénich fragment)
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HYBRIDIZATION AMONG SYMPATRIC SPECIES OF De'rekce hYbr‘idogeneze

RiropobENDRON (ERICACEAE) IN TURKEY:

MORPHOLOGICAL AND MOLECULAR EVIDENCE' 1 3 R FLP
L[]

RicHarp 1. MILNE2* RICHARD J. ABBOTT.? KIRSTEN WOLFF.>® AND
Davip F. CHAMBERLAIN?

*School of Environmental and Evolutionary Biology, University of St Andrews, St Andrews, Fife KY 16 9TH, UK: and
Roval Botanic Garden, Inverleith Row, Edinburgh EH20 LR, UK

Rhododendron ponticum Rhododendron caucasicum

Rhododendron ungernii Rhododendr‘on_smqr‘novu

Rhododendren ungernii

Federal Way, WA

l'apLE 4. Ribosomal DMNA restriction fragment profiles produced following digestion of extracts with Sl and probing with pTa7l. + indicates
the presence of a band.

Fraginentl size (kb

Riwadadendvon spocies Codes .50 40 4. T 4.51 A2 230
JRMIECHNT 1
CEICASTCNM L
LR R e
SHAEROVE S
PENITCHENT T OO asicum® o -
PR CHN 1’ L
e [ L 5
EREFROvE] H camicariciim S C

" These letters represent this RFLP profile in Table
th fragment 15 replaced by one of 484 kb in a -~|'Iq_~_1|1h_l'l of & cavcavicum from K B .G, Edinburgh,
An identical fragment |‘.uu[||l_ might also be produced by a dernvative of & ponicun = R smirnovii if the 2.50-Kb fragment is no longer visible
[see fext).




Detekce hybridogeneze 14. AFLP (polymorfismus délky
amplifikovanych fragment)

- napr. pri dikazu hybridity v populacich u rodt Sa/ix
(Beismann et al. Mol. Ecol., 6: 989-993, 1997),

Taraxacum (van der Hulst et al. Mol. Ecol., 9: 1-8, 2000),
Quercus (Ishida et al. Am. J. Bot., 90: 769-776, 2003).

cardamine (Marhold et al. Bot. J. Linn. Soc., 139: 275-
294,2002),




Detekce hybridogeneze 14. AFLP (polymorfismus délky
GmP| ifi kovanych fr'agmen-ru) Nokolr oy (01 105525

SHORT COMMUNICATION
Identification of interspecific hybrids by amplified fragment
length polymorphism: the case of sturgeon

L. CONGIU,* 1. DUPANLOUP,* T. PATARNELLO,t} F. FONTANA,* R. ROSSI,* G. ARLATIS§ and
L. ZANEt

*Dipartimento di Biologia — Universita di Ferrara, Via L. Borsari 46, 1-44100 Fervara, Italy, Y Dipartimento di Biologia, Universita di
Padova, Via Ugo Bassi 58/B, 35121, Padova, Italy, $Agripolis/Facolta di Veterinaria, Universita di Padova 35020, Legnara (Pd), Italy,
§Regione Lombardia, Ufficio Pesca, P.zza IV Novembre 5, 20124 Milano, Italy

Acipenser- naccarii A. fransmontanus

A. naccarii A — A. tramsmontanus | ADAM | A. nacearii
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Fig. 2 Neighbour joining tree based on
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band sharing of 27 sturgeon analysed: seven
Acipenser naccarii, 15 AL transmontanus and
five ADAM (hybrids). Numbers are
bootstra P values resulting from 1000 Fig.1 Amplified fragment length polymorphism band patterns of ADAM hybrids and their parental species. F = examples of putative
fixed bands.
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Natural hybridization in Cardamine (Brassicaceae)
in the Pyrenees: evidence from morphological and
molecular data

KAROL MARHOLD FLs'?*, JUDITA LIHOVA!, MARIAN PERNY', RUDI GRUPE? and
BARBARA NEUFFER?

Unstitute of Botany, Slovak Academy of Sciences, Diibravskd cesta 14, SK-842 23 Bratislava,
Slovak Republic

*Department of Botany, Charles University, Bendtskd 2, CZ-128 01 Praha 2, Czech Republic
*Department of Systematic Botany, University of Osnabriick, Barbarastrasse 11, D-49076
Osnabriick, Germany

Cardamine amara

Cardamine raphanifolia
Sampling AFLP:

crassifolia 6 individuals / 2 populations
amara subsp. pyrenaica 7 individ. / 5 popul.
amara subsp. amara 5 individ. / 5 populat.
amara subsp. austriaca 3 indvid. / 3 populat.
amara subsp. olotensis 3 individ. / 3 populat.
. raphanifolia 3 individividuals / 3 populations
C. x enriquei 5 individuals / 1 populations

SN WaN oW oW

Detekce hybridogeneze 14. AFLP

hybrid: Cardamine x enriquei
(2n=2x=16) - methods: AFLP, pollen
viability, morphological analysis

Figure 1. Map of distribution of sample sites of Cardamine amara s=p. amara (O, C. omara ssp. austricca (&),
C. raphanifolia (€0, C. amara ssp. olofensis (8, C. amara szp. pyrenaeq (A), C. crassifolia 00), and C. xenriquei (%) ifor
sample site details see Table 1)
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Natural hybridization in Cardamine (Brassicaceae)
in the Pyrenees: evidence from morphological and
molecular data

KAROL MARHOLD FLs"**, JUDITA LIHOVA!, MARIAN PERNY', RUDI GRUPE® and
BARBARA NEUFFER®

Unstitute of Botany, Slovak Academy of Sciences, Diibravskd cesta 14, SK-842 23 Bratislava,
Slovak Republic

*Department of Botany, Charles University, Bendtskd 2, CZ-128 01 Praha 2, Czech Republic
*Department of Systematic Botany, University of Osnabriick, Barbarastrasse 11, D-49076
Osnabriick, Germany

eins crassifolia pyrenaica,
2n=16
2,88 4
a.048 4

Prin2

-0.531

Prinl
4 g —E-08
Figure 4. Principal component analysis based on 18 morphological characters of individuals of C. crassifalia (dp, ¥ = 157),
C. amara ssp. pyrenaea (<%, N = 141), and their hybrid C. xenriquei (53, N = 58).

Detekce hybridogeneze 14. AFLP
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Figure 5. Canonical discriminant analysis based on 18 morphological characters of individuals of C. crassifolia (+,

N = 187), C. amara ==p. pyrengea (A, N = 141), and their hybrid C. =enrigquei (0, N = 58).

Results: morfometricka analyza
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PCR-RFLP cpDNA
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Fig. 1. Sequences of a portion of PCR-amplified fral region in chloroplast
genome compared between Devopieris intermedia (1) and . cartfsiana (C)
Mse 1 restriction sites are in boldface type; the base-pair
sible for the diagnostic RFLP is underlined.

substitution respor

analyza hybrida mezi Dryopteris intermedia a

Am. J. Bot., 87: 1175-1180, 2000). Stépeni
restriktdzy - u kapradin se cpDNA nemusi dédit jen matroklinné, ale také
po obou rodicovskych liniich (Soltis & Soltis 1989, Am. J. Bot., 50: 952-
958). Analyza cpDNA pomaha detekovat asymetrickou hybridizaci a
asymetrickou introgresi tam, kde je hybrid prokazan jinymi markery

of Botany 87(8): 1175-1180. 2000

POPULATION-SPECIFIC GENDER-BIASED HYBRIDIZATION
BETWEEN [DRYOPTERIS INTERMEDIA AND D). CARTHUSIANA:
EVIDENCE FROM CHLOROPLAST DNA'

LiLiNy X1anG.? CHARLES R, WERTH.? STACIE N. EMERY.? AND

Davip E. McCaurpy

Department of Biological Sciences, Texas Tech University, Lubbock, Texas 79400 1SA; and
Department of Biology, Vanderbilt University, Nashville, Tennessee 37235 USA

X X X

X

Fig. 2. RFLP band patterns resulting from Mse | digestion of PCR-am
plified tral. Mote the three-banded pattern in Devopreris carthusiana (c) that
results from the presence of two restriction sites, in confrast to the two-banded
pattern of [ imiermedia (1) resulting from a single restriction site. Interspecific
hvbrids [ Miviploidea (X)) exhibit either £ cavthusiana or DL intermedia
patters.

D. carthusiana (Xiang et al.
trnL Gseku pomoci MseI

(Burges et al., Mol. Ecol. 14:3471-3483, 2005)




Praktické aspekty hybridizace 1: mira evolucni pi"il:jqznsfi

”.‘!.w

Obr.11.8. Plodnost kiizenci generace | mezi riznymi hexaploidnimi druhy kuklik
(Gewm). Silné Edry zndzoriuji plodné hybridy, dvojité ¢iry Estednt ple
Cary sterilni hybridy. (Gajewski, 1957)

wing !1}-hrid}'. lenke




Praktické aspekty hybridizace 1: alopatricka speciace
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&Q, San Lucas
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F, pin& fertilni, F, Zivotné
F, plné fertilni, F, se sniZenou Zivotnosti
F, ¢asteéné sterilni, F, se snienou Zivotnosti

SRR

dmEEiEe Hranice poddruhd

Obr.11.1. Diagram vnitrodruhové kifZitelnosti 14ji Zlaznaté (Layia glandulosa). 7, knihy
Clausen (1951): Stages in the evolution of plant species. Pouito se svolenim vydavatelt
Cornell University Press, @ 1951, Cornell University Press.




Musa acuminata Musa balbisiana _ Musa X paradisiaca
(Asian Banana) (Asian Banana) = (Hybrid Banana)

AA BB AAB or ABB (etc.)
(fertile) (fertile) (sterile)

Origin Of Triploid Banana From Asian Parents

A = one haploid set of chromosomes from M. acuminata
B = one haploid set of chromosomes from M. balbisiana

Y T, monccacouT

II { (alnkonn]

W
i:?j
I|
|Ir

YEars ago

3 4 14
2 ! aa =

b AB hybiid olfsgeing arg sledile but self-ferlilizing; an
inferbresdng population of AR plarts amsds by asaosal
reproductan. Albout 5,000 yeans 8go, By unknoaen avenls,
polyploidy arises in the population. Some plame (T, g
are {elraploid (AA58), with & chromosome number of £3 (two
sets of 14), Thay ang fartile. (A chromesomies can pair with
each allar, and &3 can B ehromdmes, durindg msicsis)

. & About 11,000 years o, hurnans
stan cultivating wild wheats. Tha
Bpecies TItioLam momococeun has
diploid rumber 14 {teo sets of ¥

¢ chromosomes, shown as 14 44), I8

_ hybridizes with andther spacies that
Fas e Sare chPOOaSOme Mumber.

Flgure 15.6 Prasurmed sympatis specisgtion in wheat through
polyplaidy and hybridizalions, Wheat grains 11,000 yaars old have
B dound in the Near East, Diptosd wild whaats sHll grder thene,

; }"' T. anstivum
R < 4 (& comman
il i g braad wheat)

& Later, an AAEE plant hybridizes
with T, favsehi, a wild rolatve with &
diphsid ruriber of 14 (ba sats of 7
Oy Today, popdlaticns of (e bybid
descendants (T, aesiasm) provide
wheat for beaad, Thair chromaosoms
nmibar is 42 (six sats of 7 AABB0,




Praktické aspekty hybridizace 2:

- krizeni GMO s divoce rostoucimi druhy, unik
modifikovanych genu do prirozenych populaci

- ochranarska praxe, geneticka koroze druhu




Geneticky modifikovana repka

Brassica napus L. ssp. napus
@Thomas Schoepke
www.plant-pictures.com

Gen pro herbicidni
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Sinapis arvensis

Brassica rapa
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Elytrigia repens




Limity prirozené mezidruhové
hybridizace

Mezidruhové reprodukéni bariéry




|zolacCni bariéry - udrzuji genetickou integritu druhu

prezygoticke (prepolynacni &
postpolinaéni)

geograficka distribuce

opylovaci vzdalenost
fenologicky prekryv
specifita opylovacu

pylova kompetice

postzygoticke
(postpolinacni)
zygoticka mortalita

shizena zivotaschopnost
hybridl geneticka

snizena zivotaschopnost
hybridu ekologicka

snizena fertilita nebo
sterilita hybridu




Dulezitym faktorem
pro mezidruhovou
hybridizaci mohou
byt take rozdily v
rozsireni rodicov-
skych druhu

Cirsium heterophyllum

Cirsium rivulare




Mista spolecného
vyskytu

Cirsium
heterophyllum

d

C. rivulare

Jen v techto uzemich mohou vznikat krizenci mezi

Cirsium heterophyllum a C. rivulare
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no. co - occurences (natural distrib. simil.)

no. co - occurences (random. distrib. simil.)

iaibl.
(4,B)=1- =l
Z (p(phyt,))?
d(A)d(B)

geo ar

ACl = RI1
AC2 = RI2 (1- AC1)

AC3 = RI3 (1-(ACl + AC2))
ACn = RIn (1 - suma (i=1..n-1)ACi)
Total bariere = T = suma ACi
Relative contribution RCn = ACn/T




F1 hybrid fitness
Rl postzygotic = 1 -

mean parental fitness




Fenologické limity prirozene
mezidruhové hybridizace




Ubor zavieny, barva kvét neni
vidét

Ubor pootev-tfeny,
a barva kvétu je vidét

Ubor napul otevieny, zaviené kvéty
tvori plosku

Ploska uboru s nékolika prvnimi otevienymi
a obvodovymi kvéty

Zhruba polovina kvétli po obvodu uboru oteviena, stiredni kvéty
3 b zaviené (zbytek plosky)

VSechny nebo skoro vSechny kvéty
3 otevieny = ubor zcela nebo témér zcela

otevieny

Ubor se zavira, kvéty
4 zasychaji, vznika chmyr,
barva kvétu jesté patrna

Ubor se otvira, kvéty (koruny) jsou zaschlé, hnédé nebo
opadané, chmyr s nazkami je vytlacovan z uboru




Kejbaly 2005

. pannonicum

. palustre

. vulgare
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. canum

- C. oleraceum

=1 C. arvense

“lc vulgare
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=1 C. palustre

| C. acaule

. eriophorum

=1 C. canum

. C. oleraceum
C. arvense

C. vulgare
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Vortova 2005

A C. heterophyllum

. acaule

. eriophorum ‘ I

A C. rivulare

. canum

. oleraceum

. darvense

. vulgare




Phenological overlap of parental species

Table values are based on average weighted by the numbers of flowering plants in each
species pairs in nine replications (three vegetation seasons in three climatically different
gardens where all 11 species were cultivated together, each species represented by at least

nine plants in each garden or season respectively).

bi

. ai
me — )

{ max b max

Z”:max( ai | bi )

= A max b max

a_. orb_ resp.=maximum number of a, or b, for i = 1...n; i.e., maximum number of
flowering capitula of species 4 or B resp. in n estimations during one vegetation season.

a, or b, resp. = number of flowering capitula of species 4 or B resp. in i measurement during

the season.




