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Arabidopsis thaliana — prvni sekvenovany rostlinny genom
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Floral dip, inzercni mutageneze, reportérové linie
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The Arabidopsis Information Resource — www.arabidopsis.org

Gene ~ Search

@
v tﬂff Home Help Contact AboutlUs Subscribe Login  Register

Search Browse Tools Portals Download Submit Mews Stocks
Locus: AT5G61850 What's new on this page Add a Comment
Representative
Gene Model @ AT5G61850.1
Gene Model rotein_codin
Type preEnenEnd

Other names:

Description 7]

Other Gene
Models @

Map Detail
Image

Annotations @

LEAFY, LEAFY 3, LFY, LFY3

Encodes tranzcriptional regulatar that promotes the transition to flowering Invalved in floral meristern development. LEY is
imvolved in the regulation of AP3 expression, and appears to bring the F-box protein UFO to the AP3 promoter. Amino acids 46-
120 define a praotein domain that mediates self-interaction.
ATEGE1850.2
(=splice variant)

Center on ATSGE1850 | Full-screen vigw

24,845 000 24 B4R 280
e o
Araport11-- Protein Coding Genes i
floral meristem identity control protein LEAFY [LFY)
I S -+

ATHGE1BE0.1 ) )
floral meristam identity cantral protein LEAFY [LFY]

category relationship type 9 keyword 7]

GO Biolagical acts upstrearn aof or floral meristerm determinacy, flower development, gibberellic acid mediated

Process withirn signaling pathway, maintenance of inflarescence meristem identity

GO Biolagical involved in regulation of transcription, ONA-templated

Frocess

GO Cellular located in nucleus

Component

GO Malecular enables DMA-binding transcription factor activity, chromatin DMNA binding, protein

Function hinding, protein homodimerization activity, protein self-association, sequence-
specific DMNA binding, transcription cis-regulatory region binding

Growth and expressed during floral argan differentiation stage, floral organ meristern development stage,

Developmental flowering stage, mature plant embryo stage, petal differentiation and expansion

Stages stage, plant embryo hilateral stage, plant embryo cotyledonary stage

collective leaf structure, flower, plant embryo, seed, shoot apex
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Arabidopsis — embryonalni vyvoj

Zygote 1-cell 2-cell 4-cell Octant Dermatogen Globular Transition Heart Seedling

Early Mid Late Early Late

Quter view

Cross-section

Key B Extra-embryonic [ Lower tier B Inner O Vascular tissue H QC O Initial
0 Embryonic [ Upper tier Protoderm B Hypophysis [ Ground tissue B Columella [@ Daughter




Vyvoj zygoty a casna embryogeneze
krytosemennych rostlin ...

terminalni
bunka
zaklad

o oa } embrya
— —» (2 —
o }' suspenzor

zygota bazalni
bunka

P‘ suspenzor




délozni
embryogeneze kofenovy prytovy listky

meristém meristém

hypofyza

globularni stadium stadium
stadium srdce torpéda




Geny embryonalniho vyvoje rostlin

(monopterous)

(gnom)




Geny embryonalniho vyvoje rostlin

EMS EMS
0 000
® ° ° (X}
00
CoL-0 0% coLo
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» ©’
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glabra1 -/- glabral +/+
Tallswap

Li- HapI0|d plant
glabra1 -

Doubling by
autofecundatlon
glabral /-

{gm, Final population Final population
M4 M5

(monopterous)




Geny embryonalniho
vyvoje rostlin :

mutace zpusobuji
delecni vyvojové typy
podél apikalné-bazalni
osy embrya

(analogie s geny
velkych mezer
u drozofily ?)

mutace ovliviujici tvorbu zakladni osy embrya

‘ <7 | Apical
N gurke (gk)

;5 ; Basal
| monopterous (mp)




,, Osudové

mapovani “ embrya: jiz od globularniho stadia

je mozné rozlisit tri hlavni oblasti podél A — B osy

oktant | globular srdce torpédo
»
semenacek -
kotyledony

hypokotyl -

koren—1

W prytovy meristém

/ > kofenovy meristém




Veskery postembryonalni rust rostlin pochazi z meristému

Leaf primordia

Terminal bud /A
The terminal bud contains

a shoot apical meristem. Shoot

apical
meristem

Axillary bud
primordium

In woody plants the vascular
cambium and cork cambium
thicken the stem and root.

Lateral meristems:
Cork cambium

_.L Vascular cambium 100 pm

Root apical
meristem

Root cap

24.7 upper: David McIntyre. lower: ©
James Solliday /Biological Photo Service.




Tvar vznikajicich struktur
je dan rtznou rychlosti déleni bunék

,Osudova mapa“
embryonalniho korenového
meristému Arabidopsis

- VYyVOj meristému je zavisly
na signalech z rostliny

- rostliny se vyznacuji vyraznym
regulativnim typem vyvoje

3 vascular bundie and pericycle A
Bl cortex initial C:

B
M cortex and endodermis HY
Bl epidermis SAM
Bl trichoblast (F]Ol
3 atrichoblast ER
] 1ateral root cap RM
3 columella RMI:

- quiescent centre

apical region

central region

basal region
hypophyseal cell
shoot apical meristem
cotyledons

hypocotyl
embryonic root

root meristem

root meristem initials




Veskery postembryonalni rust rostlin pochazi z meristému

Differentiation Elongation Meristematic
Zone Zone Zone

[ quiescent centre (QC)

. ggﬁgﬁ‘grr\ggﬁermis initials and
[ epidermis/iateral root cap initials
[ columella initials

[ pericycle initials

[] vasculature initials

B columella

[] rateral root cap

B epidermis
[ cortex

Bl endodermis
. pericycle

stele
vasculature :|

ground tissue




Apikalni
meristém (M)
a zaklady
lista (L)
Arabidopsis :

meristém ma
trojvrstevnou
strukturu,

vrstva L1 a L2 (tunica)
maji rovinu déleni
antiklinalni,

corpus L3 ma

roviny rizné

L2

L3

}tunica

corpus / ==

kolmé ekvatorialni
roviny déleni
bunék plasté
L1al2




Charakter (kmenovych) bunék prytového meristému

je ur€ovan antagonistickymi ucinky genu :

- Shootmeristemless a Wuschel potlacuji diferenciaci

a zajistuji proliferaci meristému
- Clavata3 naopak stimuluje diferenciaci

kmenové bunky
centralniho meristému

“

list list

” (W)

(Kathy Barton,
Stanford)

WT

mutace STM



odstranéni Spicky meristému vede k regeneraci

Rostlinne puvodniho meristému
meristémy
jSOU listové primordium

schopny

|
regulace V‘J\ f\>

odstranéni celého meristému vede ke tvorbé
nového meristému na novém miste

novy meristém

>




Regenerace u rostlin je POLARIZOVANA :
izolované casti stonku regeneruji vzdy

- kofeny z bazalni casti rezu a

- stonek z nejblizsiho pupene k apikalni casti




Tvar vznikajicich struktur
je dan ruznou rychlosti déleni bunék

,Osudova mapa“
embryonalniho prytového
meristému Arabidopsis

Vyvoj meristému je zavisly

na signalech z rostliny

rostliny se vyznacuji vyraznym
regulativnim typem vyvoje

()

kvéten-
stvi

vrstva
meristemu
|2

@@%
z




Prechod z vegetativni do generativni faze zivota rostliny

Reproductive ~ >¢€d Germination
growth and and vegetative
fertilization growth

A

Yy

\V7

Floral
transition

/




Prechod z vegetativni do generativni faze zivota rostliny

Flowering

Florigen

‘/A

Kvétni stimul — florigen (Cajlachjan 1936)




Kvetni stimul - Florigen

Arabidopsis

shoot apical
meristem (SAM)

short night @ j \ long night ®
— S FT/ Hd3a _g 4}
g -
— m
- 1
®eTe PHA3.®
& Clock genes clock genes
0 L < W 1
leaves —» L\_\‘ I End1 )
™~ Hd3a mRNA
FT mRNA f sl Bogtbitinsia
e
Arabidopsis Oryza (rice)
“Short-Night” plant /‘ “Long-Night” plant
{a.k.a., long-day plant) Tr/te— {(a.k.a., short-day plant)

© 2012 HowPlantsWork.com

Transport FT proteinu z listu do meristému



autonomous
pathway

Photoperiod

W
\ & “Q‘i“ ",,“,",:3‘,‘;” Vernalization

\\ / \/ @S rre2

ambient
temperature
pathway

Autonomous pathway

GA biosynthesis




Fotoperioda a kveteni

Vegetative phase Floral transition

Light signals Shoctepex

Light $wls 2 Shoot "

co A a7l ) D co
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FT protein iy
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Genetické rizeni procesu vyvinu kvétu

vegetativni meristém

krok 1
l kvétni geny

pr. Embryonic flower
meristém kvétenstvi

krok 2
l geny meristémove identity
pr Leafy
kvétni meristém
krok 3
l katastralni geny
pr. Superman

tvorba kvétnich
organovych primordii
krok 4
l homeotické geny
pl. Apetala 3
determinace kvétnich
organovych primordii




Embryonic Flower




Reproductive Development

Flowering is the default state

In Arabidopsis, the gene embryonic flower
(EMF) prevents early flowering

-emf mutants S
lacking a functional [
like ; 4

EMF protein flower striicture T
Immediately
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Genetické rizeni procesu vyvinu kvétu

vegetativni meristém

krok 1
l kvétni geny
pr. Embryonic flower
meristém kvétenstvi

krok 2
l geny meristémové identity
pr. Leafy
kvétni meristém
krok 3
l katastralni geny
pr. Superman

tvorba kvétnich
organovych primordii
krok 4
l homeotické geny
pl. Apetala 3
determinace kvétnich
organovych primordii




wild type leafy

Geny meristémove identity



Gen LEAFY Fidi tranzici vegetativniho rustu v kveteni

Snapdragon Arabidopsis Petunia

e I I o I T
[ I T R T

LEAFY LEAFY

wild type

vasy |

TRENDS in Plant Science
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Genetické rizeni procesu vyvinu kvétu
vegetativni meristém
krok 1
l kvétni geny
pr. Embryonic flower
meristém kvétenstvi

krok 2
l geny meristémove identity
pr Leafy
kvétni meristém
krok 3
l katastralni geny
pr. Superman

tvorba kvétnich
organovych primordii
krok 4
l homeotické geny
pl. Apetala 3
determinace kvétnich
organovych primordii




Arabidopsis thaliana

katastralni geny
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Genetické rizeni procesu vyvinu kvétu

vegetativni meristém

krok 1
l kvétni geny

pr. Embryonic flower
meristém kvétenstvi

krok 2
l geny meristémove identity
pr Leafy
kvétni meristém
krok 3
l katastralni geny
pr. Superman

tvorba kvétnich
organovych primordii
krok 4
l homeotické geny
pr. Apetala 3
determinace kvétnich
organovych primordii




KVET: komplex reprodukénich orgdni krytosemennych rostlin

blizha (G) — W4

koruna (C) = W2
cnélka

semenik
vajicka
kalich (K) = W1

kvétni luzko

pestik

tyCinka
koruna
kalich




Kvetni organy jsou usporadany v koncentrickych kruzich

1 Sepal
2 Petal

3 Stamen




ldentita kvétnich organu je determinovana na zakladeé
pusobeni tri skupin genu - ABC

A genes B genes C genes

1
2
3




ABC model

1 2 3 4

Sepal Petal Stamen Carpel
(kalich) (koruna) (tyCinka) (plodolist)




Homeotické geny s MADS-boxem Fidi specifitu
kvétnich organu:
model ABC u Arabidopsis thaliana

kalich koruna prasnik pestik

mutant skupiny B tFi skupiny transkripénich faktort ABC uréuji
SRR ' specifitu ¢tyr kvétnich kruhti
K (kalichu), C (koruny), A (tycCinek) a G(pestiku)

kalich kalich pestik pestik
mutant skupiny A

WT mutace A: apetala 2 mutace B: pistillata mutace C: agamous
KCAG (bisexualni) GAAG (hypersexualni) KKGG (samici) KCCK (asexudlni)

pestik prasnik prasnik pestik
mutant skupiny C

kalich koruna koruna kalich




MADS-boxové geny :
alternativni regulatory segmentace a vyvoje

Arabidopsis MADS-hox genes

MADS |

MADS - box ... konzervativni 5’-oblast
|... slabé konzervativni vmezerena oblast

K.. kodduje proteinovou doménu podobnou
civkové strukture keratinu
C ... karboxy-terminalni oblast (aktivator)

M ... MCM1 gen kvasinky
MADS [ K C

A ... agamous kvétni gen Arabidopsis

. o v , . . 20 40 60 80 100 120 140 160 180 200+
D ... deficiens kvétni gen Antirrhinum Amino acids
S ... serum response faktor clovéka



Domény ucinku homeotickych gent ABC
studované s pomoci GUS

&' ;~'

- 9 )

AP1::GUS AP3:GUS

zepal
paial

=laamen

St

APETALA 3
PISTILLATA

AGAMOUS
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Exprese genu tridy B




Can you guess the phenotype?

1 2 3 4
Sepal Petal Stamen Carpel



A Gene Mutations

-

1 2 3 4
Sepal Petal Stamen Carpel



A Gene Mutations

1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel 4 ? ? ?



A Gene Mutations

1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel Carpel Stamen Stamen Carpel



A Gene Mutations

1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel Carpel Stamen Stamen Carpel




B Gene Mutations

. —

1 2 3 4
Sepal Petal Stamen Carpel



B Gene Mutations

. —

1 2 3 4 1 2

Sepal Petal Stamen Carpel 4 ? ? ?



B Gene Mutations

[

1 2 3 4 1 2 3 4
Sepal Petal Stamen Carpel Sepal Sepal Carpel Carpel




C Gene Mutations

S

1 2 3 4
Sepal Petal Stamen Carpel




C Gene Mutations

1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel ? ? ? ?



C Gene Mutations

A

1
Sepal

2
Petal

3 4

Stamen Carpel

1
Sepal

2 3
Petal Petal

4
Sepal




AB Gene Mutations

1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel 4 ? ? ?



AB Gene Mutations

A e

1 2 3 4 1 2 3 4
Sepal Petal Stamen Carpel Carpel Carpel Carpel Carpel




BC Gene Mutations

B
C
1 2 3 4 1 2 3 4

Sepal Petal Stamen Carpel ? ? ? ?




BC Gene Mutations

c | AT

1 2 3 4 1 2 3 4
Sepal Petal Stamen Carpel Sepal Sepal Sepal Sepal




ABC Gene Mutations

A

L

C

1
Sepal

2
Petal

3 4 1 2

Stamen Carpel ? ?



ABC Gene Mutations

1 2 3

Sepal Petal Stamen




Geny tridy D a E se rovnéz uplatiuji v determinaci kvétnich organu

Gene E

‘A" genes control the sepals and activation of 'B' and 'C' genes

‘A" and 'B' genes in combination control the petals

'B' and 'C' genes in combination control the stamens

'C' genes control the carpels

'C' and 'D' genes control ovule identity and development

'E' genes establish a floral context in which the 'A’, 'B' and 'C' genes can function



Floral
quartet
model

ABCDE
model

Kvartetovy model

Stamens

Carpels

Petals Stamens Ovules

Sepals

Class A

A

Class E

1st whorl 2nd whorl 3rd whorl 4th whorl



Rostliny maji homeotické geny dvojiho typu

- MADS-boxové ... fidi identitu kvétnich kruhti
- homeoboxové ... uréuji architekturu vegetativnich casti

slozeny list slozeny list vyssiho radu transgenni rajce
wild-typu u transgenniho rajcete bushy
rajCete s chimérickym genem knotted1

fenotyp ( Petroselinum )



Samci a samici sporogeneze, gametogeneze a dvoji oplozeni
u Arabidopsis

- generative nucleus (n
1-
i vegetative nucleus (n
of
mitosis 1 mitosis 2 [ fertilization |
[ meiosis ]
sperm
—P Endosperm
female n central cell nucleus (2n) __| (3,8
® — A
@ — O o @ polar nuclel — Embryo
mitosis 1 A @
2n
mitosis 2 s

egg (n) _
mitosis 3



MEGASPOROGENEZE A

MEGAGAMETOGENEZE syncytium
programovany g . .
zénik t = v/

celularizace
megaspor migrace jader
antipody
megagametofyt 00CYt % il

Nentr. zar. vaku y~ oplozeni

synergidy




MIKROSPOROGENEZE

A MIKROGAMETOGENEZE
V S
D) (g
’
mutant: symetricka mutant :
mutant: kvartet  zralé pylové zrno pylova mitoza sidecar

- gametofyt je haploidni, vyzaduje specifickou genovou expresi

- predstavuje stridani zivotnich cykll, rodozménu

- model bunécné biologie, asymetricka prvni pylova mitoza

- generativni bunika je uvnitf bunky vegetativni (Bacillus subtilis!)
- fizeny rust a zanik bunky vegetativni (pylova lacka)

- vznik dvou funkcnich ,,souradnych” spermii (?)



Dvoji oplozeni u krytosemennych rostlin :
Sergej Gavrilovic Navasin 1898

centralni
bunka

L3

spermie

endozperm

Emhl_',lﬂ

_,"r .1p 1m

EPEII'I'IIE

:
vajecna
bunka




Maternalni ¢i paternalni exces vedou k naruseni
exprese imprintovanych genu v endospermu

Diploidni WT:
embryo 1:1 (M:P)
endosperm 2:1 (M:P)

vyvaZeny pomeér
maternalni : paternalni

zvySeny I zvySeny
ROd SCOtt ( maternalni paternalni l
(Bath 1998) prispévek prispévek
l 6n x 2n Z2n x 6n l
potlacgeny nadmérny
endosperm endosperm

el

Maternalni exces:
embryo 3:1 (M:P)
endosperm 6:1 (M:P)
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Proteiny skupiny POLYCOMB

- jsou antagonisty (represory) homeotickych
gent s homeoboxem ¢i MADS doménou

- specifikuji misto ucinku homeotickych
transkripcnich faktora

Arabidopsis CURLY LEAF versus AGAMOUS

Justin Goodrich
(Edinburgh)

listy
wild-typu

N ae

listy mutace clf :
ektopicka
exprese kvétniho
genu AG



w Cambridge Translations from Greek Drama
= 4 4 .
Recka tragédie

MEDEA Euripides

(431 p¥. Kr)) Medea
... Medea zabiji
své déti za
lasonovu zradu ...

Euripides
(480-406 p¥. Kr.)

DUKAZ TEORIE PARENTALNIHO
KONFLIKTU U ROSTLIN



Parentalni imprinting u rostlin : maternalni efekt genu

maternalni wt-alela: kontrola
@ (redukce) embryonalni proliferace

Ueli Grossniklaus
(Zurich 1998)




Fenotyp mutace medea

* '« embryo odvozené z vajicka
" medea nadmérné roste a
umira v prtibéhu desikace
semene

* letalita embrya je
nezavisla na paternalnim
prispévku a davce genu

* embryo vykazuje zvysSenou
bunécnou proliferaci na
ukor endospermu

Wild-type  Abofted

Wild type

ol — Patterning

identity




DEMETER ridi maternalni expresi genu MEDEA

Steve Jacobsen
(UCLA 2002)

exprese
DME

v centralni

bunce

samiciho
gametofytu

(DNA glykosylaza?)




udrzovaci metylace DNA

3 - ® ® @& |Paternal ® ® @ | Paternal spermie
e e e A A
® e 0 dvoji oplozeni
umléeny gen MEDEA "=, Vajecna bunka \ ! centralni burika (diploidni)
® & & | Maternal ® ® ®| Maternal | Samici
| gamety
vegetativni faze e
/VOI demetyldza
vyvoje ;
I Maternal

zalozeni exprese MEDEA v endospermu

see |

OO0 'f Maternal

embryo «— ® ® ®»  Paternal
o Endosperm

Irreversibilni demetylace genu MEDEA
v samic¢im gametofytu Arabidopsis
(konvergentni evoluce se savcim imprintingem)



Imprintované geny u rostlin

Gen

druh exprese mechanismus funkce
MEDEA Arabidopsis maternalni Polycomb remodelovani chromatinu
PHERES1 Arabidopsis paternalni Polycomb transkripcni faktor
FWA Arabidopsis maternalni  DNA-metyltransferaza transkripcni faktor
FIS2 Arabidopsis maternalni  DNA-metyltransferaza remodelovani chromatinu
FIE Arabidopsis maternalni ? remodelovani chromatinu
AGL80 Arabidopsis maternalni ? transkripcCni faktor
AtFH5 Arabidopsis maternalni ? regulace aktinu
FIEL kukurice maternalni DNA-metyltransferaza remodelovani chromatinu
FIE2 kukurice maternalni  DNA-metyltransferaza remodelovani chromatinu
R kukurice maternalni ? syntéza pigmentu
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