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Ceska spoleénost pid analydice R cytometrd 2 /‘\\\\’

Jak pomoci cytometrie-odhalit, k cemu jsou rostlinam
holocentrické chromosomy

Petr Bures, Frantisek-Zedek) Jakub Smerda,-Pavel Vesely & Klara Pla¢kova

Ustav botaniky a zoologie, PFirodovédecka fakulta; Masarykova univerzita, Brno




Monocentrické Holocentr%é

Dvé strukturni alternativ kar@\
S

Kinetochor omezeny na malou KmetoclN okryvajici vétsinu ,hifbetniho”
oblast = centromeru povrchu chromosomi

%
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L1
Monocentrické Holocentr%é

V anafazi % N

bunéénébc)
déleni
Acentricky

‘ fragment l
=) ztracen ¢ O

Mikrotubuly tahnou ly rl/,,Vyztuiené“ chromatidy se

kinetochor, ,viaji ena <  rozestupuji paralelné, jsou
tazena p e (l/b( ©  _yzaprazeny” v celé své délce

-

zareni

Fragments
' kinetochorem
zachovan

L

s
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Holocentrické chromosomy u rostlin (a Zivocichu)

scorpions of family
Buthidae soo spp.

spider families of
Dysderidae &
” Segestriidae 600 spp.

»

& - Hydatellaceae Myristica
“:'\ ) 10 ssp.
basal e P Mpyristicaceae
angiosperms i o
§losp L§ 7 . 180 spp. Odonata = order of
dragonflies 5500 spp. Myriapoda -
1 . subphyllum of centipeds;
monocots Turnlaceae and millipedes 8 000 spp.
Ly i\ - v
———————=e Dioscoreales 4 ? | ’
———————————————e Myrtales ‘ . -
T et Lepidoptera =order
—1—————e Sapindales of butterflies 165 000 spp. e :
= coaen Juncaceae Cyperaceae Trichoptera = order of
Y T e 5430 spp. sedgeflies 8 000 spp.
o 430 spp.
— i Chionoghraphis
;e Melanthiaceae
. 4 Oxalidales 6 Spp
eudicots ey
s Auchenorrhyncha -
suborder of cicads
30 000 spp. Heteroptera Phthiraptera
=suborder of bugs = order of louses
Drosera 50000 spp. 4 000 spp.
Droseraceae

Asterales

————=® Boraginales

Il————=e Gentianales
Lamiales

e S

Garryales

Icacinales

Cuscuta

Convolvulaceae

subgen. Cuscuta,

subgen. Grammica
60 spp.

Ericales

———e Gum 3
nul les

X
w*
e

charophycean green algae cass Zygnematophyceae 4100 spp.

110'spp.

.

of roundworms 20 000 spp.
of wet tropics 80 spp.

~ il
Nematoda = phyllum Onychophora = archaic : )
primitive phyllum of velvet worms g

Sternorrhyncha = suborder
of scale insects and aphids 12 000 spp.
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pions of family spider families of
Dysderidae &

. ’ . ve ve o hidae 800spp.
Holocentrické chromosomy u rostlin (a Zzivo¢ichti) IR Scgestridac o

Holocentrismus vznika opakovane a nezavisle

angiosperms 180 AT ot
giosp [_{—. e SPP- Odonata - order of
= dragonflies 5500 spp. Myrlapoda
_ = Commelinales [ thnhullim of -

Kdyz ale néco vznika v evoluu opakovane

mélo by to byt k nécemu-dobré ...
j ‘ ‘E, \ Chionoghraphis

Melnanthinrene

K cemu jedobry chromosomalni
holocentrismus?

e v I o,

Sternorrhyncha = suborder
of scale insects and aphids 12 000 spp.

Nematoda = phyllum Onychophora = archaic

of roundworms 20 000 spp.  primitive phyllum of velvet worms
charophycean green algae c.ss Zygnematophyceae 4100 spp. of wet tropics 80 spp. S
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<\/\ Monocentrické Holocentrické
\ll \/ anafawi

=t Mohlo by to souviset sezarenim:-

ZVybuchy supernov?
Zmeny polarlty zemskeho magnetismu?

Sopecne erupce’

SOl G § W r“v.'llv

Co terestrializace?

I 11

/\Q" 1
A 7aroani

2
[0}

o

w

23

~

= \O'%
3 \
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ANNALS OF Ecdysozoa

éza: Holocentrici
e holo &3
ezivali pfi terestrializaci

Holocentne ¢ < I . : > - Trichoptera + Lepldopteras
oloventric chramesomes: Fevm tolerunce o fragmentation to coloniastion of . o
e e nez monocentrici?
. °

FrostiSek Zedeh™ amd Ieer "“hf . rest of Ufs'&a ,
o R | 2 1010 Pglg by se to testovat?
rachnica QS ECN] 0 Yo L6 fmmmm—mmm e mm e

I \¢  Buthidae

!L a— 'Co to zkusit cytometricky?!

i\ Wgp—— 2 0

I i—— holo: 9
iholo

L‘;"‘"Aw

Priapulida + Kinorhyncha + Lophotrochozoa

&@"
... mezi liniemi, které presly
z vody na sous napadné ()
prevazuje!

Prestoze je holocentrismus
chromosomu méné casty
nez monocentrismus ...

Fic. 2. Phylogenetic distribution of holocentric chromosomes and terreSy \
trialization events. The distribution of holocentric lineages (yellow) andger- ©

restrialization events (red sparks) in eukaryotes is shown on simplifiedfdaed --E

phylogenies of Viridiplantac and Ecdysozoa. The remaining lincagesfdepi€ied’ :___

in green in Viridiplantac and brown in Ecdysozoa, are citheggpocentric or

with unknown chromosomal structure, and the ancestral stafts offhese ®lades -

can be either monocentric or holocentric (see main text for further discussion). 600 500 400 300 200 100 Mya BP

The tree for Ecdysozoa and terrestrialization events was modified from Rota- CAM ORDSIL DEV CAR PER

Stabelli et al. (2013). The tree topology and node ages for Viridiplantae are Ediacaran Palaeazoic Mesozoic  Cenozoic

based on Wickett et al. (2014) and Kumar et al. (2017). Dashed branches in

the Viridiplantae tree indicate uncertainty in node ages (not in topology). The BB  Monocentric or unknown chromosomes * Terrestrializations

cyperid clade in Viridiplantac includes families Cyperaceae, Juncaceae and [0  Holocentric chromosomes P First forests *‘

Thurniaceac. é
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Flow-cytometricka detekce holocentrismu

P

Monocentricky druh Gamma rays {450 Gray) SCIENTIFIC REPLIRTS

Kalanc [ rim——

Flow cytometry may allow
microscope-independent detaction
of holocentric chromosomes in

oy i plants

ol Taded, Porel ey Losow M wed & Py Srsal

Ozarenym monocentrikuny-se zastavi déleni.v G2 fazi b

Holocentricky druh
Luzulg S==mrmmm———

Holocentrici'se i po ozareni déli vesele dal
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Flow-cytometricka detekce holocentrismu

Monocentrické Holocentrické PE——
SCIENTIFIE REPQRTS

Flow cytometry may allow
microscope-independent detaction

Narust podilu tetraploidnich bunék

et

“+ of holocentric chromosomes in
k . plants
20-0 N Vo mal ol T, P s | s e 6 P s
8 O L SAIRT COMIMRC AT I“
< Holecemtrke chromosemes may be an spomonghy of Droseocees
6_0 o P o’ ams Crmpetmt’ ‘t\'-l.n‘ Lucte Soeany’ - Aer Boabe’  Jww Towroon’
L oy dewn ' Tramwabh Joden
#] i ki
b "
4.0
]

(G2/G1 in irradiated) / (G2/G1 in control)

.
1.0} -
0.8}
0.6} : e
Monogentric Holocentric
(13 species) (10 species)
13 druh / 11 Eeledi 10 druht / 4 Celedi
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» AENRENRRREN
' ' f 44 | UV-B zafeni

. L
. 3 <

»
= |
-
L

o

SV
P

rostliny lesniho podrostu rostliny lesniho podrostu .

S
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Pokus 1: Les-neles qj SERRRRRRRRR
: ‘ | : UV-B zareni

[ ear & S : '} i -»" N "‘4
rostliny lesniho podrostu rostliny lesniho podrostulld Pasece S

S
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Pokus 1: Les-neles

stlihy lesniho podrostu

1

s L

5vers5

1nin I%I 1

Car, ata

" onrina
i

pilosa
\ +Luzula luzuloides

’Mono Alliaria petiolata

L Convallaria majalis

Galium odoratum
Melica nutans

Melica uniflora
Poa nemoralis
Primula veris
Urtica dioica

=% X

parovy design

rostli

lesriiho podrpst

g
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Pokus 1: Les-neles
Pro kazdy druh na kazdé lokalité

L A A

& G2 / (G1+GO) G2 / (G1+GO)
- Tl G2
J* G.‘ﬂ |

e :

oy TELTL LU EARER LERLT AL ]

IS

5x v sousednim lese 5X na pasece

Nakonec jsme pro kazdy druh nardGsty
G2 / (G1+G0) na pasece

Podoba se to sice patternu ktery jsme vidéli u gama zareni,

2.5

20

G2 / (G1+GO0) v sousednim lese

zpramérovali a porovnali jsme ...

1.5

10

.

1
e 5

Holocentriky s monocentriky

nicméne

gﬁ
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Podoba se to sice patternu ktery jsme vidéli u gama zareni,

Pokus 1: Les-neles N nicména
Mann—whitge peim(;‘;;);i-- | rOZdﬂ mEZi
Pro kazdy druh na kazdé lokalité e ! Holo
spo€itan narGst poméru g1 3
G2/ (G1+GO) a2 v Mono
na pasece GO N neni
= & signifikantni
oproti tomuto
pomeéru, naméreném ~ 2
G2 / (G1+GO0)
v sousednim lese i o e e
Nakonec jsme pro kazdy druh nar(isty . '
G2 / (G1+G0) na pasece |
G2 / (G1+G0) v sousednim lese ' "
holocentric manocentric
zprumeérovali a porovnali jsme ... Holocentriky s monocentriky

.
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Pokus 1: Les-neles

absorbance pfi 280-315 nm

G2/ (G1 + GO) QK

Fixed effects: log(g2.gl) ~ sqrc(UV.B) * HRomosomes
gfoo@.Error DF t-value p-value

nocentri{%@élz 0.0887724 905 3.025855 r0.00ZS
—————

o
QD ':!D':'
2

Q

{(Intercept) -3.80220% 145545 905 -7.7196%96 0.0000
sqgrt (UV.B) 0. 24 '0J.0788715 905 0.640586 0.5220
Chromosomesmonoc 913 0.6252829 10 1.460966 _Q.1747

V regresnim
modelu vysla
I signifikantni
interakce
mezi UV-B a
typem
struktury
chromosomli
(Holo nebo

— | Mono)

N =1009: sqrifLV.B)
314 holo, 695 mono

g
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Pokus 1: Les-neles

Monocentrici:

G2 /(GO + G1)
roste

v zavislosti na UV-B
protektivech
rychleji

Holocentrici: sklon rustu

G2 / (GO + G1) v zavislosti na
UV-B protektivech

se nelisi signifikantné

od nuly

(a2.91)

lgg

(Intercept)
sgrc (UV.B)

Fixed effects: log(g2.gl) ~ sqrt(UV.B)

chromosomesmonocemyfic
sqgrt (UV.B) : cafOmosopesfionocentrig

* £ %omosome s

ValuedStd.Errorxr
-3.872208 0.5145545
0.059524 U.0788715
0.6252829

. 9135%
0g68612

2 “halpeentric
o monocentric

DF t-value p-value
905 -7.7196%6 0.0000
905 0.640586 0.5220
10 3 EOGEE 0.1747
10 1.4609¢6¢6 L.;_.A._‘
0.0887724 905 3.025855 1 0.0025 ||
.‘ ----- >
a8
-
L=
0 [
L
o]
o
_—:'_:-—_ﬁ_
&
|
i |

gﬁ
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Pokus 2: Graminoidi na =

altitudinalnim gradientu
2900 m

- e ~ T
, )
o
L R
~ / s oy
(o] / . :
N .
& 7’
I Holo carex flacca
3
N
S Luzula nemorosa
! 3 A o, FERTE S Kobresia myosuroides
/ ¥ ¢ B s a 2 " : y : -
/2020 mEBTHRE . ShLael&lGl
/ Juncus compressus
1
) Carex digitata
) - ; N St Carex leporina
K 1480 m s S T AT SR R Luzula spicata
) )
! Mono Sesleria caerulea
N (g Stk Koeleria insubrica
920 b (4 ol i v S | E '%t- . Deschampsia cespitosa

Festuca filiformis
Festuca rubra ssp. juncea

Nardus stricta
gﬁ
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Made by O. Knapek = 21Epenvi

Pokus 2: Graminoidi na Ze stredni casti listu
altitudinalnim gradientu jsme odebrali2x \
stejnou délku

Odbeéry:

7.5.2018
6. 6. 2018
7.7.2018
6. 8. 2018
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Pokus 2: Graminoidi na
altitudinalnim gradientu

S rostouci nadmorskou vyskou
roste pomér G2 /(GO + G1)

V regresnim modelu je signifikantni
interakce chromosomalniho typu

(holo- nebo monocentricke) a
nadmorské vysky

Fixed sffects: ) ~ loglO ude) * chrgmoSem

Value Btd.EN

(Ir ept) 4. 2IFIN0 . GB4C
1o (altitude) ). 09NR 92 WY0849159

chr ome Smon( #MBa3 1R 46874

) (altitude) smonoce 1.0088650 252

CHEENN] O CEETE 00

(s SR e ] num*:m

827 hodnot pro G2 / (G0+G1)

2.8 .U 32 a4

iog10{altituda)

.
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Pokus 2: Graminoidi na
altitudinalnim gradientu

Monocentrici: G2 / (GO + G1) roste

s nadmorskou vyskou rychleji

Holocentrici: sklon rtastu
G2 / (GO + G1) v zavislosti na

nadmorské vysce
se nelisi signifikantné
od nuly

o
" o holacaniac _ & i
offmandegntric 5 a g E
= £ g 5
2 =
S E 5 : = o
E : i §> o it
5 T g
E jd—"_ s - :} .
= ol 3 5 8
g ; : : 8 8
- | £ €
E g 8 e
i
[
I T I | |
2.4 26 2.8 3.0 3.2 3.4
iog10{altituda)

827 hodnot G2/(G0+G1),
z toho 427 pro holo a 400 pro mono

.
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UVE3: Mean UV-B of Highast Month IR e Mol Ssising Minhs, Kot Kb, Lio Sangian A Libr Tl

Status and Dy ics of the Kobeesia pygmaea
Ecosystem Tibe meau

mly larger vegetation unit
y a closed vegetation cover of
stof K. pygrgea, the simallest

:
s " ? n ] W n
I T W W e o 3
™ O % % 0 2 m
* 4 2 + 1 1 "
- . - ‘ 4 - -
. ' ' | ' '
. - " » "
. : 2 ’ ]
e Bl HINTILTTI
Xm]nang\‘ e e
= e Lo, -
2 13> nce of the Total Emvironiment r_-— \
w o wwd wlppainn e e e s o
¥of the Tibetan highlands - Origin, L
—

2 whorld's largest pastosal .

aFEen Schlmss Spcher ', Wiligang Babel . Tobdas Blermanm . Martin Breendle ®,
Fila Chin™, Heinz Comers ', The n ", Tubias Gecken ', Hans-F. Gral *, Georg Gugrenbernger ',
Gilke Halnew ™, Madks BMobeaplel °, Johdnnes Ingreseh ™, Yalice Kugyasos™ "0 Zhingping G40, Lol et ©
Chrstaph Lewschner ', Mlaogang U °, angsan Lo ®, Shilin L ™, Yaoming Ma ', Satime Miehe *
Wolleer Moslvugsien ', Henry | Mol ™, Joackem Sclimids ™, Sandva Spiebvoged *, Sebastan Unbereg idshadler 7,
wian W ", Saredia Willinghfilor |, Klirgliamg Xu ™ Worggeivg Fang *, S Zhag
Lurs Opganoarih ™", Kasten Wesche

: T AN are stored in soils [0=0.75 m) of the Qinghai-Tibetan plateau for an es-
I MYANN AR J § \U . timated area of 1,627,000 km*, The Kobresia ecosystem (450,000 k)
/ ) I “',. L\ diapain {
.
Beckman et al. (2014) in Methods in Ecology and Evolution 5: 372-383. §
Miehe et al. (2008) in Ambio 37: 272-279.
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Hagboarn Piiroses Thedmet iy 058 Wal § 11 % d ppo@ct dni

»,Pokus 3“: Holo- a
. o ge o o :lil'“ﬂ'”f‘t"'j-l-'l'-\'IE?I;I.ITFfERII'.'ﬂ}{!1. :'|.m%1,-,,-
monograminoidi v kompetici et H-l%qme- N

Eurppear Ciommnisuos, Joni He eri baakd e dor 1 wl Prusisctini
I
il
syt o they - T T T re———
[ F TR e B R ¥ T e N gl TS, mihally

Via E Fermd 1 2050 lapraggiiis

e
R B T

o wsap etim A =i w e e asibin el AW cmag b vy U sl st s = s d
s LEE T  vihliggd iphey 008 u ke dilin % pimd 4 Bles i 1% The womin® lase
i by B 3 [ B Sy pisl e o B 56 RER by dilTAceT b iy glh [l o0 6 s ) i sl
et 0 =1 b o gl ik e W i aelecs 1 b radarkede 10 chadbaes aliiEs
Plot de in %0 x %0 km c=lis FEE I e il b alladiy e e ol ol 9 b a@ O W [ ]
: n
N o
~ '

e 00 10 20 30 40 50 60
( c Avgrage eryihemal daily dose [.,J/m')

v el o "Long term changes and climatology - o o
eV ." s W of UV radiation over Europe" sit: 0.05 ° x 0.05

Uv-B
kazdd pulhodina od
1.1.1984 do 31. 8.2003

700 GB dat

-

Excerpovany pramérné
denni davky z vegetacnich
sezon 1984-2003

I March 2018, EVA consisied of 74 databases and 1,596,364 mmﬁu&
Qetaénich snimk

324 146 georeferencovanych
bez stromového patra

s pritomnosti Poaceae + (Cyperaceae nebo Juncaceae) —

s
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,,Pokus 3“: Holo- a
monograminoidi v kompetici

pro kazdy snimek spocitan pomér pokryvnosti
(Cyper + Junc) / Poaceae

— pro kazdy snimek spocitan vazeny primeér

indikacnich hodnot pro vihkost

-

pro cely soubor spocitana regrese:
vihkost - (Cyper + Junc) / Poaceae = Holo/Mono

-

Analyzovana rezidua

DEG LAT

324 146 georeferencovanych vegetacnich snimkd
bez stromového patra

s pritomnosti Poaceae + (Cyperaceae nebo Juncaceae) .

S
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,,Pokus 3“: Holo- a
monograminoidi v kompetici

[E5

DEG LAT

324 146 georeferencovanych vegetacnich snimkd
bez stromového patra

Analyza rezidui (Cyper + Junc)./ Poaceae & UV-B

Estimate Std. Efxor tfvalPue Pr(>|t])
(Intexrcept) —dal . 61453 0.1F488 -92.93 el air)
log (UV.meteo.letq) 46456 R0 1575 92.96 | <2e-16 *=x |l
\L L LI L LT
*
Uy = o
7 1 Ny
4 -‘~
B !‘ ¢
N
= — § -1.-
1
{ FEEE
A'.-ﬂ’
J >
§
I r
]
Fii] B i 85
fog(UV meteo keto)

s pritomnosti Poaceae + (Cyperaceae nebo Juncaceae)

Excerovany priimérné
denni davky z vegetacnich
sezén (21.6.—23.9.)

1984-2003 %
9
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,,Pokus 3“: Holo- a
monograminoidi v kompetici

DEG LAT

324 146 snimkd bez stromového
patra s pritomnosti Poaceae +
(Cyperaceae nebo Juncaceae)

: S rostoucim
) Dyl UV-B
<~y B zaremmv
P se pomer
T r""ﬂ?% holo / mono
u graminoidd
"" zvysuje
s Elu 85

iUV meteobetna)

Excerovany priimérné
denni davky z vegetacnich
sezén (21.6.—23.9.)
1984-2003 e

sded

S
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Zavery:
- Také dnesni monocentrici mohou mit ve.vyssim UV-B vetsi problémy nez
holocentrici (les-neles, altitudinalni gradient).

- Mensi kompetitivhost dnesnich holocentrikii je o néco méné mala pokud
»ysoutézi” s monocentriky ve vyssim{UV-B zareni.

-V zadném pripadé necheceme rici, ze’je (z.dlouhodobého hlediska)
holocentrismus vyhodfiejsi nez monocentrismus !!!

- Rovnéz zkoumani«ele’sachorovitych a trav'v dnesnich ekosystémech
predmétem naseho vyzkumu opravdu nebylo !!!

Epdemgar= souie pred pi mefurdou E

- Jen jsme podpofili nasi hypotézu, ze terestrializace
pozemského zivota' mohla byt jednim z evolucnich ‘ VR SR '
kontextu, pfi kterych mohl byt holocentrismus ,k Ri

nécemu dobry“ a5

S
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