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Meiosis

Meiosis
Myths and truths

Impossible to memorize the whole process!
Too many names, phases, stages, events, mechanisms ...

Still some obscure phenomena and unresolved points.

Too many papers on yeast!

Gender particularities to make it more difficult!
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Learning objectives

«To get an updated overview of mammalian meiosis.

«To review crucial meiotic events playing strategically
roles to drive the process.

«To highlight the consequences of meiotic anomalies in
male and female gametogenesis.

o To underline issues that are still in the dark side and that
hopefully will see the light in the next future.
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1. An overview

Essential process for sexually reproducing eukaryotic

. MEIOSIS
organisms.
Termed by Farmer and More (1905): “reduction”. e
Embedded in the process of mammalian "y N
gametogenesis, producing haploid gametes from
diploid precursor cells. VR
gy
Specialized cell division program. v =
o RN EET
Correct execution of meiosis is essential for fertility.

Meiotic anomalies could result in an impairment of
gamete production and to abnormalities in the
integrity of the genome.
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Extended Prophase |
Substages:

Leptotene, Zygotene, Pachytene,

1. An overview

5 phase Diplotene, Diakinesis
Two chromatids
Two chromatids Anaphase |
Chiasma
Haploid
gametes l

Telophase |

o o e e e, P e e e g

Most features are
conserved from
fungi to human

Adapted from Handel and Schimenti, 2010
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Crucial events
Prophase |

Leptotene  Zygotene Pachytene Diplotene Diakinesis

Find your homologue! You must first pair to achieve a correct separation

*Synapsis
sRecombination

‘ Essential for meiotic success
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Crucial events

*Synapsis
‘Recombination

Chromosome pairing
Homologue chromosome recognition

Gametogenesis: the process of meiosis

a DNA replication b Leptotene ¢ Zygotene d Pachytene e Diplotene f Diakinesis/
metaphase |
transition

Paternal
Synaptonemal ’ erﬁ_m%q KT

b ] l‘rl..":'u
complexes (SCs) Mol G (e __
strands i 'I"LI""'E"-‘-L.IEIl,llIJlllll:r:lrfl|lfl|-';|.ri|'|‘rl"'l'.""‘"il rrrrr i I TR i1 i M
b e
Transient structures. L IO T 101 LT
) X N ATV EYER s s -
Link the axes of the || e T
aligned chromosomes Maternal e (1
} ' Synaptonemal Crossover  Sister
complex chromati
o DNA DSBs @ Crossovers | Transverse filaments = Axial elements O Centromeres @ Cohesin

Adapted from Burgoyne et al., 2010




W1 Universitat
. Autonoma
| deBarcelona

Crucial events

Recombination

Chromosome pairing
Homologue chromosome recognition

Gametogenesis: the process of meiosis

Double-strand breaks (DBs)
Crossovers

Chiasmata
a DNA replication b Leptotene ¢ Zygotene d Pachytene e Diplotene f Diakinesis/
metaphase |
transition
Paternal
Synaptonemal mm%q }
complexes (SCs) ol 1 U S o |
strands Lt u':l;lﬂ;l|rllrrllr'-""r"‘r'r'.'-.-..-- ---------------------------------------------- i i
s ) f | ”” ] [} | LA R T
e s
| 'IT‘F‘"‘“.' __._-_P."-""'" - By R ruulll | - ’
Maternal | m M i """ 'r/ ‘
II[II[[I% } w\é\g/ ' Synaptonemal Crossover  Sister
complex chromati
pl h
o DNA DSBs @ Crossovers | Transverse filaments = Axial elements O Centromeres @ Cohesin

Adapted from Burgoyne et al., 2010
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Crucial events

*Synapsis i . .
-Rico?nbination‘ Essential for meiotic success
d o
ﬂ ° °
® /0 Chiasma and arm cohesion
ao g
| N ; ‘ .
chiaSTE g e . '
romologs B g . > . g
Meiosis | v v
4 L |
Bivalent Metaphase | bivalents from human

spermatocytes. Arrows point to chiasmata

“Added value” of recombination

Petronczki et al., 2003
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Crucial events

*Synapsis : . L.
-R);colranbinationq Essential for meiotic success
R N ‘
o o . .
o\ 0 / Chiasma and arm cohesion
e S
R %
N
chiasm2 : I .
m“""g chromosomal arm cohesion Meiotic cohesin
hornd distal to chiasma holds
Meiosis | homologues together

Chromatid cohesion is
established during
premeiotic DNA
replication Metoric cohesin

Bivalent

@ meiotic cohesin complex

Petronczki et al., 2003
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The way to segregation

Gametogenesis: the process of meiosis

Chiasma and arm cohesion promote proper disjunction

at meiosis |

.
D. b

=0 - =)

E ° monopolins
<]
Metaphase |

Syntelic attachment of sister kinetochores
Bi-orientation of homologues

Cohesion + Chiasmata

Spindle microtubule tension

n
n
L)
0 L4
=g, _Ii |
e n M=
N i y o
(a) (b)
Anaphase |

Cleavage of cohesins

Centromeric cohesion protection

Petronczki et al., 2003
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The way to segregation

Chiasma and arm cohesion promote proper disjunction
at meiosis |

If not ...

CO absent Nondisjunction

-

Adapted from Székvélgyi and Nicolas 2010
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The way to segregation

Second division: Persisting cohesion at pericentromeric
regions is essential for correct segregation in meiosis Il

Meiosis Il
&
—q > g "
——— ¢ T | -
o — N
(a)
Metaphase Il Anaphase i

Mechanism responsible for
protecting centromeric cohesin

cleavage until Anaphase Il ?

Amphitelic attachment of kinetochores
Cohesion
Spindle microtubule tension

Petronczki et al., 2003
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3. The way to segregation

Second division: Persisting cohesion at pericentromeric
regions is essential for correct segregation in meiosis Il

If not ...

Precocious chromatid separation
Predivision of chromatids

No proper spindle position
Erratic chromatids
Gains/losses chromatids

Human oocyte MIl showing a single chromatid
(arrowhead). Garcia-Cruz et al. 2010
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4. Quality control

Meiotic cell cycle checkpoints
Proposed meiotic checkpoints

Meiosis | Meiosis I

Telo 11

gametes

-

Spindle assembly
checkpoint

Synapsis /recombination
Y, checkpoint

A
Persistence of DSBs /Asynapsed chromosome segments

Adapted from Morelli and Cohen, 2005
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5. Consequences when things go wrong ...

*Checkpoint activation

U

Meiotic arrrest Compromised
Apoptosis ‘ gamete production

*Checkpoint escape (attenuated)

Chromosome abnormalities ‘ Transmission
Mutations (integrity of the genome)

Burgoyne et al., 2009; Handel and Schimenti, 2010 ; Morelli and Cohen , 2005; Petronczki et al., 2003



Burgoyne et al., 2009 “The
consequences of asynapsis
for mammalian meiosis”

For example, mutations
in recombination or

synapsis genes
[
| —

S

N\

d

oy

For example, mutations
in recombination or
synapsis genes

Pachytene Metaphase | Post-meiosis
Rearrangements m
For example,
TIEH hets, . s
¢ » DSB Meiotic —pmnaaa Transmission
T70H/TIWa Nen-homologous repair 1 exit _[ -
double hets synapsis
ilenci Silencing of
rs,;l;g?i??c?i;ca[ Chromosome pIo(:?—c;rrl]ggsisfcritical
s univalence—arrest genes—arrest
+apoptosis apeRiels + apoptosis
Additional
chromosomes 2 : 3 DSB. J ..... > MEIOtIC mmememmmmma——- + Transmission
For example, Silencing of extra chromosome  repair exit
trisomy 21
I MSUC failure
MSCI failure
—arrest
+ apoptosis
Monosomy —p DSB e MEIOTIC  ————— Transmission
For example XO J Self-synapsis repair exit
Silencing of
rneiosis-critical ’;;,t:(;'l:ated
genes—arrest checkpoint?
Rearrangements 1 Non-homologous
%)r::;]ample, Synapsis » DSB »  Meiotic ey Transmission
éH hets, repair exit
T70H/TIWa P
double hets
Attenuated
spindle
Additional checkpoint?
chromosomes Silencing of extra
For example, chromosome - -
trisorny 21 P DB e—— MEIOTIC  —.  Transmission
repair exit
Attenuated
spindle
checkpoint?
MSUC failure N — > MeiOtic smsmmmssmemanns Transmission
* repair ﬁ exit
Unrepairable Extensive
DSBs, for example Univalence
Dmcl mutant _sarrest
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6. Gender specific differences

Temporal aspects
*Progression of meiosis
Recombination events
Check-points efficiency
Cell division, final result

‘Age effect

Burgoyne et al., 2009; Handel and Schimenti, 2010 ; Morelli and Cohen , 2005; Petronczki et al., 2003
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7. Issues still in the dark side

*Onset of meiosis

Complexity of the meiotic machinery
*Uncover roles of specific proteins
*Meiotic silencing

*Novel meiotic mutations
‘Interindividual variations

‘Impact on fertility, ... and ART
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7. Issues still in the dark side

Onset of meiosis

-Complexity of the meiotic machinery —_p
‘Uncover roles of specific proteins D f};ﬁ?
N LK
Meiotic silencing o T
S =

Novel meiotic mutations
eInterindividual variations

‘Impact on fertility, ... and ART L & o

Meiotic disorders are present in about 8% of infertile male patients | | _
and this percentage may grow to the 17.5% in severe OA patients , # il d
(Egozcue et al., 2005) e '




Thank you very much '
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