Meiosis and mitosis
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Meiotic chromosome dance
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Meiotic prophase (diakinesis) in a sporocyte of
Ophioglossum reticulatum, showing about 630 bivalents.



Mitosis vs. Meiosis
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Meiosis |
(reductional division)
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Prophase |

leptotene
zygotene
pachytene
diplotene

diakinesis

Chiasmata-

Diplotene Diakinesis

Bivalent forming

Synaptonemal

complex
ﬂ ﬁwm
Duplicated Synapsis begins Synapsis complete; Synaptonemal complex Bivalent ready
chromosomes crossing over occurs  disappearing; chiasma for metaphase
start to condense visible

© 2012 Pearson Education, Inc.



Meiotic divisions | and Il in the rye (Secale cereale)

(a—f) prophase |

(a) early zygotene

(b - d) early to late pachytene
(e) diplotene
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Meiotic divisions | and Il in Arabidopsis thaliana

N
0
O
L
=

MEIOSIS

(A - H) prophase |
(A) leptotene

(B) zygotene

(C) pachytene
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(E) diakinesis

(F) metaphase |
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(I) prophase Il

(J) metaphase Il

(K) anaphase Il

(L) telophase Il

(M) four newly formed nuclei



Prophase | in Arabidopsis thaliana as revealed by
chromosome painting

139 clones of a BAC tiling path covering Arabidopsis chromosome 4 were divided into 11 pools of 8-18
BACs. Individual pools were labelled either by biotin-dUTP (red) or digoxigenin-dUTP (green) for
painting of either the long arm (113 BACSs) or the entire chromosome (139 BACS).
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Key events of meiosis |
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Homologous chromosome recognition and pairing




Homologous chromosome pairing facilitated by telomere
and centromere clustering/coupling/pairing

Centromere
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Schematic of centromere behavior in early meiotic prophase | in a hypothetical diploid

organism with two pairs of chromosomes



Homologous chromosome pairing facilitated by telomere
and centromere clustering

telomere bouquet

leptotene zygotene

(centromere pairing is prior to telomere clustering)



Arabidopsis: telomere clustering around nucleolus

Armstrong et al. 2001, JCS



Prophase | - pachytene (synapsis of homologous chromosomes)




Synaptonemal complex (SC)

Replicated Replicated
homologous homologous
chromosome chromosome
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- consists of two lateral elements (le) connected by
a central element (ce) [the lateral elements formed
as axial elements (AEs, also called the chromosome
axis) in leptotene]

- the central element assembles following
chromosome pairing during zygotene

- recombinational nodule (rn) - place of crossing-
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Recombination (crossing over) and chiasmata
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Prophase I: crossing over
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Recombination: double-strand breaks (DSBs) and their repair
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dHJ: double-Holliday junction; SDSA: synthesis-dependent strand annealing; COs: crossovers; NCOs: noncrossovers



Recombination (crossing over) and chiasmata
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Plants — male gametogenesis
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Plants — famale gametogenesis

Female gamete
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Plants — fertilization

3x endosperm
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