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meiOza

Redukcni deleni jadra




historie
© 1883: Edouard Van Beneden
- belgicky zoolog

* Odhalil rozdily v poc¢tu chromozomu u /
gamet a Zngty u Skrkavek (r' ASCGI‘iS). htt:p://upléga.wikimedia.org/

wikipedia/commons/c/c0/

® 1890 . August Weismann Edouard_van_Beneden.jpg

- némecky biolog

- Popsal vyznam meiozy pro reprodukci
a dedicnost.

*,, pro zachovani diploidniho poctu p——
chromozomu po splynuti gamet je http://powerofthegene.com/
’ oy v vv 7 joomla/images/
nezbytny prubeh dvou bunecnych, po augustweismann.jpg
sobé nasledujicich, pricemz z jednée
diploidni bunky vznikaiji ¢tyri haploidni




historie
®1911: Thomas Hunt Morgan

- americky genetik

* pozoroval proces rekombinace
,Crossing over“ u octomilky obecné
Drosophila melanogaster v prabéhu [ e medxineacreates:
m e.i (’)Zy 1933/morgan_postcard.jpg

- Jako prvni vyslovil predpoklad, ze geny jsou
prenaseny na chromozomech.

©® 1905: John Edmund Sharrock Moore
+ J.B. Farmer

- Zavedli nazev meioza pro redukcni
déleni jadra.



Charakteristika meiozy f[\

3
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® Typ jaderného
deleni (karyokineze), -
které je typicke pro

Interphase

vznik pohlavnich bunék (gamet)

* Homologous Meiosis II
Chromosomes

=

® NUtnOSt pl’] VZI’]lkU Zngty http://upload.wikimedia.org/wikipedia/commons/t

Iy e . o go umb/9/9a/Meiosis_Overview.svg/500px-
docilit diploidie (2n) 2

Meiosis_Overview.svg.png

® Meidza patri i k dulezitym prostredkum zvyseni
variability genomu (viz. mutace)? proces
REKOMBINACE (Crossing over) 2 vznik genovych

kombinaci, které by nevznikly principem volné
kombinovatelnosti vloh (viz Vazba vioh).




Princip meidzy
®V prubéhu meiodzy bunka podléha dvéma po
sobée tésnée nasledujicim delenim.

prvni redukéni (HETEROTYPICKE) déleni

(prvni zraci deleni)

druhé ekvaéni (HOMEOTYPICKE) déleni

(druhé zraci déleni)

© Meiozou vznikaji z jednoho diploidniho jadra

(2n) 4 dc

chromozg

rina iadra s hanlmdmm poctem

http://www.synevo.ro/wp-
34| content/uploads/2010/05/me

¥ | joza.jpg




Meioza - prehled

Homologous pair of chromosomes

- in dlplnld arent cell
~Matefské jadro obsahuje 2n l.\

chromozomi. Vzdy dva HOMOLOGNI I

nesou stejné geny. Jeden chromozom w

z paru pochazi od otce a druhy od Chromosomes
rep

\@(y' Homologous pair of Ilmted chromosemes
N'S-fazi dochazi k replikaci dsDNA, ‘

kazdy chromozom tvofen dvéma — -S{
sesterskymi chromatidami. Kazda chromatids \—(/{ Diploid cell with

replicated
chromosomes

obsahuje identickou dsDNA.
\Chromozomy dvouchromatidové. Meiosis 1

Po meidze I. Dochazi k segregaci celyct
dvouchromatidovych chromozomd.
Pocet chromozomu se redukuje v
kazdém jadre na n. Kazdy tvoren
‘dvéma sesterskymi chromatidami. Hahsis 1t

Hapluld cells with
replicated chromosomes

GOR00

Haploid cells with unreplicated chromosomes

PFi meidze Il. Se chromozomy podélné
déli a rozchazeji se jednochromatidové
chromozomy. Kazda ze dvojice
sesterskych chromatid putuje do
\je@ ho dcefFiného Jé dra Fopyright @ Pearson Education, Inc., publishing as Benjamin Cummings.




Meib6za - faze

® Heterotypické déeleni ||©® Homeotypické déleni
meiozy meiozy

[_1_)_E|;oié_ze |l (1) Profaze N

2) Metafaze
3) Anafaze

1. Leptotene

2. Lygotene

\4) Telofaze J
3. Pachytene s
~ 4. Diplotene Daugher

5. Diakineze
\2)__Metafaze /

http://y loadAn 'ﬁézgﬁkipedia/commons/th

umb/9/9a/Meiosis_Overview.svg/500px- Homologous
Meiosis_Overview.svg.png Chromosomes
- —— 7

)
o
\ Meiosis | e

Meiosis |l

Interphase

==




Faze Meiozy

PROFAZE |I.

_-'-'\-\.h_‘\-:'
; |
{d) Dipl::tleﬂg_u_______._._f.‘.::i}

e

® _“ﬁh T - M N

(il Telophase | (|} Inlerphase (k) Prophasa || (1 Melapha&e_llﬂ___.;-f-'ﬁ

im} Anaphase || in} Telophase I {o) The tefrad {p) Young pollen grains
http://www.bio.miami.edu/dana/pix/meiosis.jpg




Meidza - profaze i.

leptotene

® Chromozomy malo spiralizované -
zacatek kondenzace.

® Pocet chromozomu diploidni,
usporadany polarné, smeruji svymi
konci k polum jaderné membrany, kde se naléza dosud
nerozdéleny centrozom.

ZYGotene

® Pokracuje spiralizace.

® Homologické chromozomy, se k sobé
paralelné prikladaji a sroubovite
se kolem sebe otaceji. Vytvareji
vlaknity utvar oznacovany jako i

biva le nt . http://www.mun.ca/biology/desmid/brian
BIOL2060/BIOL2060-20/20_06.jpg

Leptotene o




Meidza - profaze i.

ZYGotene

® Homologni chromozomy v bivalentu drzeny
synaptonemalnim komplexem. Ten je tvoren
proteinovou kostrou, ke které je z kazde strany
prilozen jeden z homolognich chromozomu.

. Bk FEEETIEE: | OT N ,Homologous
Y. h“_'?«, TARREES e chromosomes SYN;‘OPJEES(WAL
P Synaptonemal A

' !
./ complex Lateral Central Lateral
element element element

Homologous
chromosomes
(each with two
sister chromatids)

e http://www.mun.ca/biology/desmid/brian/BIOL2060/BIOL2060-20/20_07.jpg



Meidza - profaze i.

Crossing over (rekombinace)

® Proces pri kterém muze byt ¢ast maternalni
chromatidy zameénéna za odpovidajici fragment
homologni paternalni chromatidy.

® Proces zvysujici genetickou variabilitu u sexualné
se rozmnozuiicich organizmd.

Tetrad

dguplcated  duplcated
matermal patemal
chromasoma chromosome

Ssher
chromalics

http://www.biologyexams4u.com/2012/09/crossing-
over-process-behind-our.html#.U40l1nJ_u8A



Meidza - profaze i.

pachytene »
© Bivalent se dale pokracujici f
spiralizaci chromozomu zkracujea | o
stlustuje. )
W

® Lze pozorovat dvouchromatidovou

strukturu chromozomt v bialentech. 2™

® Bivalent tvoren ctyrmi chromatidami - chromatidova
tetrada. Dve vzdy sesterské (patii k témuz chromozomu a jsou

v v

® Nesesterské chromatidy synaptovanych chromozomtu se
kolem se obtaceji a propletaji se mezi sebou.




Meidza - profaze i.

diplotene )
-
® Odpuzovani chromozomu L
v bivalentu mimo mista,
kde jsou vlakna DNA \\"
vzajemne prekrizena. Tato
mista se nazyvaji chiasmata ;e

(podle pismene Fecké abecedy s nazvem chil ).

® Kazdy par chromozomu muze &
byt prekrizen jednou nebo | a‘?
vicekrat. Bivalenty nyni v 47
jadre zaujimaji co \
nejvzdalenéjsi postaveni —H
blizko jadernée blany.
Ly

http://www.cell.com/cms/attachment/
584046/4417525/gr1.jpg




chiasmata

http://users.rcn.com/jkimball.ma.ultranet/BiologyPages
/C/Chiasmata013.jpg

http://o0.quizlet.com/
zdQID.a-oL50Bu-x965H8w_m.jpg

http://www.specialneedsdigest.com/2012/11/short-dna-strands-in-genome-may-be-key.html



Meidza - profaze i.

DIAKINEZE

< %
X
® Postupne se oddaluji -
centromerické oblasti 1@\ ‘Efg%
Y ”
. 'h

homolognich chromozomu,
chiazmata se posouvaji ke
koncum chromatid - Diakinesis
terminalizace chiazmat.

© Bivalenty s maximalné terminalizovanymi chiazmaty
se rozchazeji ze stredu k okraji jadra.

® Jadérka mizi, jaderna membrana se rozpada do vacku
ER a vytvari se meiotické délici vreténko.




. - souhrn

Profaze

"ﬂc

Zygotene

-

X ™A

-4 o~
Chiasmata- £5 /d‘
) ~
i A

Diplotene

’

Diakinesis

Bivalent forming

Synaptonemal
complex
forming

Duplicated
chromosomes
start to condense

Synapsis begins

@ 2012 Pearson Education, Inc.

Synapsis complete;
Ccrossing over occurs

Synaptonemal complex
disappearing; chiasma
visible

Nuclear envelope
fragmenting

/>\r:=_- .

Bivalent ready
for metaphase




DAPI-Stained, Formaldehyde-Fixed Maize Male Meiotic Nuclei.

P roféze I Single Optical Sections After 3-D Deconvolution
-_—— e TR fmw 28

Premeiotic Zygotene

- SO u h rn Interphase

@x ™
L]
n ‘4

P v
.

X

Leptotene, o4

C .
http://preuniversity.grkraj.org/html/ Prezygotene Diplotene

Hank W. Bass & R. Kelly Dawe

2_CELL_DIVISION.htm Sedat & Cande Lahs




Mei6za - metafaze i.

® Chromozomy jsou serazeny v ekvatorialni
rovineé, homologni chromozomy stale v
bivalentech.

® Kinetochorové mikrotubuly jednoho centrozomu
jsou napojeny ke kinetochoru jednoho z
homolognich chromozomu, mikrotubuly druhého
centrozomu jsou pripevnény ke kinetochoru

e Microtubule “h ry y

asterien
\: Microtubule

Centrioles

Membrane
plasmigque

Centromére

kinétochorien

Microtubule
polaire

Cytoplasme

,_..:z’l\“':-._.-— @ Georges Diolisi i
g

Les chromosomes homologues restent
assembles etse placent de fagon que leur centromeére soit sur le plan eéguatorial

Meétaphase |

©Carolina Biological Supply Company

https://c1.staticflickr.com/7/6236/6241440040_
http://www.bio-top.net/Transmission_vie/4_meiose.htm 0ae4067044_z.jpg




Meidza - ANAfaze i.
® Dvouchromatidové homologni chromozomy v

bivalentech, napojené na kinetochorove mikrotubuly, se
uvolni.

® Jednotlivé chromozomy se podélné nerozdéluji (rozdil od

mitézy). Celé chromozomy se rozestupuji k protilehlym
polum déliciho vreténka.

® U kazdého polu se tedy shromazd’ LI]e polov1cm pocet
chromozomu. Nastala redukce poc
alcpnlommno haploidni

tricles e Yicrotubule

astérien

Membrane rAiCrotubule
plasrmicgue kinetochorien

rlicrotutbule
polaire
Kinetochore
Cytoplasme

Anaphase I = Gearges Doaolisi

Les chromosomes homologues sont separes,
un vers chagque pdle, ad hasard. C'est I'ascension polaire

https://c1. statlcfhckr com/7/6152
/

L ISANAOAD AQOCLE DACL AZLOAOC A o o

http://www.bio-top.net/Transmission_vie/4_meiose.htm



Meidza - telofaze i.

® Chromozomy se castecneé despiralizuji, objevi se
jadérko i jaderna membrana.

® Vznikaji dvé jadra, a tim i dvé bunky s haploidnim
poctem chromozomu. Vétsinou na pozdni anafazi
navazuje primo profaze homeotypickéeho déleni. Nékdy

jsou obé faze oddéleny interfazi-(nikdy-nenastava-uplna—

despiralizace chromosomul. enorre ool
microtubule

kinetochorien

Four plus de

details surla

cytodiergse, Wicrotubule

woir e polaire

schema

telophase

dans la

partie 3: 13 Cvionlasime

mitose. viop

Centriales

, @ Gearges Dolisi

Télophase |

Reconstitution des membranes nucléaires et debut de
cytodierese.

http: //www blologycs com/wp content/uploads/2012/
10/90271_telophase_6241443278_ddec11d907.jpg  http://www.bio-top.net/Transmission_vie/4_meiose.htm




meiOza | - souhrn

MEIOSIS I:
Separates homologous chromosomes

INTERPHASE PROPHASE | METAPHASE | ANAPHASE |

Centrosomes Chiasmata Microtubule Sister chromatids
(with centriole attached to  Metaphase  omain attached
pairs) Spindle  kinetochore plate

Nuclear Chromatin Sister Tetrad Centromere Homologous
envelope chromatids (with kinetochore) chromosomes separate
Homologous
Chromosomes chromosomes Tetrads line up Pairs of homologous
duplicate pair and exchange chromosomes
segments split up

http://3.bp.blogspot.com/-17dsts51AeM/TZEEcQGKqlI/AAAAAAAAACE/wS3BVudgbOl/s400/meiosis%2Bl.jpg



Meidza - profaze il.

® Mizi jadérka i jaderné membrany.

® Spiralizace chromozomu - zkraceni a
ztlustovani chromatid.

® Centrioly se presunuji k opacnym
polim bunky, tvorba déliciho
vieténka pro druhe meiogicke deleni. l N ..

Me10za - metafaze il. gy mcnaccnos

jrg

® Centromery dvouchromatido-
vych chromozomu obsahuji dva
kinetochory, ktere se napojuji k
kinetochorovym mikrotubulim
déliciho vreténka.

® Radi se v ekvatorialni roviné,
ktera je otocena o 90= stupnu h

srovhani s meiozou |. https://c1.staticflickr.com/7/6214/
6241444992_6f1beeb3bb_z.jpg




Meioza - ANAfaze il.

® Chromozomy se v oblasti centromer
podélné deli.

® Kinetochorove mikrotubuly
napojené ke kinetochorum tahnou
sesterske chromatidy od sebe.

© Sesterské chromatidy, nyni uz e
sestle[ské cv:h,rc?mozgmy Se rozChazejl §oiricane acssamaoon v ome
K polum deliciho vretenka.

Meioza - telofaze il.

® Despiralizace chromozomu, zanik
déliciho vreténka.

© Novotvorba jaderné membrany.

® Cytokinezi vznik celkem ctyr
dcerinych bunék, kazda s haploidni

chromozomalni V)’/baVOU . https://c1.staticflickr.com/7/6093
/

D OB AP 4 o wm o4 ml A ;e em a4




C. A, Hasenkampf/Biological Photo Service

anafaze |.

C. &, Hasenkampf/Biological Photo Servics

#

C. A, Hasenkampf/Biol ogical Photo Service

C. A, Hasenkampf/Biological Photo Service

tps://smartsite.
tcdavis.edu/acce
ss/content/user/0
0002950/bis10v/
week4/13meiosis
events.html

y
. A, Hasenkampf/Biological Photo Service te lofaze I °




. &, Hasenkampf/Biological Phota Service . &. Hasenkampf/Biological Photo Service

“

C. &. Hasenkampf/Biological Photo Service



meiOza |l - souhrn

MEIOSIS II:
Separates sister chromatids

TELOPHASE | PROPHASE |1 METAPHASE I1 ANAPHASE 11 TELOPHASE 11
AND CYTOKINESIS AND CYTOKINESIS

Cleavage
furrow

Sister chromatids
separate

Haploid daughter
cells forming

Two haploid cells

form; chromosomes " . . L
are still double During another round of cell division, the sister chromatids finally

separate; four haploid daughter cells resuit, containing single
chromosomes

http://2.bp.blogspot.com/-oakmji2D12w/TZEEKPjS_cl/AAAAAAAAACM/QuUIKES1k75A/s1600/meiosis%2BIl.jpg




Srovnani mitozy a meiozy

Parent cell Chiasma (site of
{before chromosome replication)  crossing over) MEIOSIS |

Prophase e e Prophase |
Ehrnmna:nm Chromosorma / Tetrad formed by
D e T e R e
Metaphase c“’;‘““"““” align LT‘;‘I ,: the Metaphase 1
the meta
o Phaae pata metaphase plate
Anaphase Anaphase |
z y Homologous chro-
Telophase Emm'f:mmﬂ mosomes sep- Telophase I
nnq:lhnu arate during :
anaphase I; Haplowd
sister n=2
chromatids
remain together
£n = MEIOSIS II
Daughter cells
of mitosis

mcﬂh of I'Illﬂllll l]
MNo further chromosomal replication;
sister chromatids separate during anaphase I1

Copyrighl & Pearscn Educalicn, lnc.. publishing as Benjamin Cummings.

http://www.stmary.ws/highschool/science/APBIO/Heredity/heredity%20images/c13x8meiosis-comparison.jpg



