FCM, Cytotaxonomie, karyologie, cytogenetika

S vyuzitim prezentaci Honzy Sudy



> pocet chromozomli

> morfologie chromozomu

> velikost chromozéml (velikost genomu)
> barvitelnost chromozomii

> ,,chovani‘ chromozom

» molekularni cytogenetika



» 1882: Strassburger - Lilium 2n = 24
» dodnes - ca 25% krytosemennych
> nerovnomérné pokryti
» chromozomové atlasy (W3TROPICQOS, Taxon,
CCDB database)
» pozadavky:
- prirodni material
- herbarova polozka
- opakovani (bunky, jedinci)

| somatické polyploidie, mozaiky



Superlativy
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Ophioglossum reticulatum

2n = 96x = 1440

Voanioala gerardii
2n = 50x = ca. 600

-
Sedum suaveolens
2n = 80x = 640

Gymnodinium
2n =c. 1028



Zakladni chromozomoveé cislo
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Zakladni chromozomoveé cislo



» vymezeni druhti / poddruht

» krypticka speciace

» zdroje problému (polyploidni komplexy)
» hybridizace

» predikce (reprodukcni zplisob)



Velilkost genomu

Angiosperms ——moouo— . $.3(0.06 -127.4)
GYMNOSPerms =—e— 17.0(2.3-32.2)
Monilophytes 13.6{0.8-72.7)

Lycophytes o= 3.8(0.2-12.0)

Bryophytes o 0.5(0.09-6.4)

Chlorophyta e— 1.8(0.1-19.6)
Phacophyta o 0.4(0.1-0.9)
Rhodophyta 0.4(0.1-1.4)
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Morfologie chromozémau

-
(a) Telocentric (b) Acrocentric (c) Metacentric Chromosome classification

Centromeric
fusion

T Robertsonian
Duplication chromosomes translocation




» symetricky x asymetricky

> bimodalni

» evolucéni vztahy (Ranunculaceae s.l.)

» hledani rodicu (Fallopia, Triticum)
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Barvitelnost chromoz




» In situ hybridization, FISH, GISH
FISH — lokalizace znacené DNA na
chromozomech

GISH — determinuje mezidruhovou
distribuci opakujicich se sekvenci na
chromozomech

> hledani rodicu

> puvod polyploidu

» hybridizace a introgrese




» parovani v mei6ze
» homologni x homoeologni chromozomy

> bivalenty x polyvalenty

> typ polyploidu (auto x allo)
> evolucni pribuznost

» hybridizace a introgrese



What Is flow cytometry?
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Instrumentation

ample
Sheath fluid

Sample
needle

Flow cell




Challenges with plant material

ribosome

Golgi apparatus

microfilament

cytoplasm

vacucle

cell membrane

cilium




> intact cells (pollen, sperm cells)

» protoplasts

> protoplast-derived nuclei

> nuclei from intact tissues




Methodology
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DNA content distribution
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> high speed

> statistically representative

» convenient sample preparation
> non-destructiveness

> range of tissue types

> mitotically inactive cells

> mixed samples detection

> reasonable price

» lack of visual control

» secondary metabolites
» detection of aneuploidy
> price of instruments

» (use of non-fresh material)



> increased number of characters

> increased number of individuals (population level)

!

» improved detection and delineation of taxa
> larger spatial and temporal scales

>» more robust inference of phylogenetic relationships

!

>» new research questions



Determination of closely related taxa —» different ploidy level

T~

same ploidy level

Determination of hybrid plants —> heteroploid crosses
homoploid crosses
Screening for rare cytotypes

Cytotype distribution pattern at various spatial scales
Dynamics of mixed-ploidy populations

Detection of aneuploid individuals
Detection of sex in dioecious plants
Detection of endopolyploidy
Detection of agmatoploidy

Breeding mode detection

Genome composition in allopolyploid taxa
Base composition (AT / GC ratio)

C- and Cx-values determination



Heteroploid groups
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Rare cytotypes

250 500 750
Relative fluorescence

”~
Number of nuclei

w
o
o

250 500 750
Relative fluorescence

Number of nuclei
S
o

250 500 750
Relative fluorescence




3
=]
S
=
—
15}
=
)
o
=
5
=z

Rare cytotypes

400 600 800
Relative fluorescence

1000

01 Ox

®10x,12x
@6x

° ml2x
6x,10x.0

SK




Ploidy variation
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Invasion biology

Number of nuclei
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R. sachalinesis, 2n=88
R. japonica, 2n:
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Invasion biology

Mean cv

. Peak FL DI (%)
1 4049 0810 2.50

2 499.7 1.000 2.21
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Heteroploid hybridization
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Ploidy dynamics
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Ploidy dynamics

Number of nuclei
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Homoploid hybridization
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Homoploid hybridization

Genome size

Analyzed plant

C. alsinifolium
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Cryptic diversity
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> putative parents in allopolyploids

A. puberula A. adfinis

Androsace brigantiaca




Evolutionary
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» 6 different ploidy levels

» 3 genome size (Cx-values) groups

(correlation with geography)

= —
A i 5 B 14 >
% I
/e 15-ploid PO
y e |7~ ) " %
US| o~ n
[l Y _F 5 —
5 ef 12-ploid 95’1\ > ) i 3§> —
" g & o < o YT
’ ®o @ ) ¥ g ° ® ol
,_ J

Group | Group I
c 5 D
e
) £ % : £
~ P, r—t "
74 5 4 fa W
Y L
e e
= -
SE ; % 2
- v,
§ e 1 S
..J..,
o | \
R ST
--.‘ Group Il | )




Links to other techniques
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Resolving phylogeny
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Cytotype distribution

Ploidy levels
eo diploid
& triploid
oo tetraploid
iy hexaploid




Cytotype distribution




Sympatric occurrence




Objectives

» life history dynamics and demographic parameters
» mechanisms of reproductive isolation

» inter- and intra- cytotype interactions

» interactions with other trophic levels

» ecological and functional aspects of polyploidy
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2X + 4X Pimpinella saxifraga Anthoxanthum Vicia cracca
2X + 4X 2X + 4X 2X + 4X

Campanula patula : e, )

Common phenomenon of high evolutionary significance

Galeobdolon Hieracium Gymnadenia

2% + 3X + 4X echioides 2X + 4X + 5X + 6x 4x + 6x + 8x + 10x +12x

2X + 3X + 4x + 5x



Trophic Interactions

2N = diploid
4N = tetraploid

g M = mixed ploidy
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Pollinator Diploid mean  Tetraploid mean '
::- : Hymenoptera
3 Andrena buckelli 0.90 0.80
A. nigrocaerulea 0.60 040
Bomibus spp. 0.40 0.80
Bombus bifarious nearticus 0.25 3
B. centralis queens 0.44
B. centralis workers
; Dolichogenidea spp.
'__- Lasioglossin spp.
§ Nomada spp.
Lepidoprera
Greya politella
L .' \ ; o Diptera

#: o Al I - Bombyllius major




Reproductive pathways

refluced embryo sacs unreduced embryo sacs
(Polygonum type) ( acium type)

eutonomous fertitization autonomous

DNA values
of endesperms

DNA values
of embryos

fertitization

endosperm §is endosperm
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Base composition

H. cymosum H. cymosum
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Sex determination
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Agmatoploidy

2n=24, 36
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How to store the samples?




Other directions
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carcdarnine fle

(G

C. flexuosa C. occulta

C. scutata ‘ C. occulta

C. kokaiensis

Slenker et al., 2018, Botanical Journal of the Linnean Society, 187: 456-482.
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Relative genome size
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Cormnparative chrormosorne painiing

Arabidopsis thaliana BACs —— BAC contigs ——  multicolor fluorescence in situ
hybridization on meiotic

AE1 Atz A3 A4 At
i (pachytene) chromosomes

=

9.5 Mb







At1 A2 A3 A4






Prezentujúci
Poznámky prezentácie
We used the Ancestral Crucifer Karyotype (ACK; n=8) consisting of eight ancestral chromosomes and 24 conserved chromosomal blocks as a basis for the reconstruction of karyotype evolution in eight x=8 genera from the tribe Cardamineae (Brassicaceae) (Armoratia, Barbarea, Cardamine, Dentaria, Leavenworthia, Nasturtium, Rorippa and Sisymbrella). 

Comparative chromosome painting with Arabidopsis painting probes arranged according to the 24 ancestral chromosomal blocks revealed:
hight level of chromosome colinearity between analysed species and the ACK karyotype
tribal-specific reciprocal translocation between AK6 and AK8 chromosomes shared by all analysed Cardamineae species. 

Two Cardamineae-specific translocation chromosomes AK6/8 and AK8/6 represent evolutionary significant karyotype alterations which should be used as phylogenetic demarcation of the tribe. 


t(ch4) ‘” -

t(CA4)



(a) Cardamine amara Cardamine hirsuta
CA1 CA2 CA3 CA4 CA5 CAB CA7 CA8 CH1 CH2 CH3 CH4 CH5 CHB CH7 CHS

Cardamine flexuosa

CA1 CH1 CA2 CH2 CA3 CH3 CA5 CH5 CA6 CH6 CA7 CH7 CA8 CHS8
» »

intergenomic
translocation
(Figs 3, 4)




Parenial-specific cnrornosorne signaiures uncovered
ine origin of Cardarnineg scutata (2n = 4 = 32)

C. parviflora C. amara
PP
C. scutata

PP




C. parviflora
PP

l

C. kokaiensis
PPPP




C. scutata (2n = 32)

P C. scutata C. kokaiensis

:3 i‘i«s i“‘-' & BN & PPPP
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C. occulta
PPAAPP

C. kokaiensis (2n = 32)
-




Cardamine oceufia (2n = 8x = §4)

Fine-scale rearrangements investigated on pachytene
(meiotic) chromosomes:

PP AP




2n =2x=16 .....

2n =4x=32 .....
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