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Abstract Meiosis is a specialized cell division, essential in
most reproducing organisms to halve the number of chromo-
somes, thereby enabling the restoration of ploidy levels
during fertilization. A key step in meiosis is homologous
recombination, which promotes homologous pairing and
generates crossovers (COs) to connect homologous chromosomes
until their separation at anaphase I. These CO sites, seen
cytologically as chiasmata, represent a reciprocal exchange
of genetic information between two homologous non-sister
chromatids. RADS51, the eukaryotic homolog of the bacterial
RecA recombinase, plays a central role in homologous
recombination (HR) in yeast and animals. Loss of RAD51
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function causes lethality in the flowering plant, Arabidopsis
thaliana, suggesting that RADS51 has a meiotic stage-specific
function that is different from homologous pairing activity.
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Fig. 1 Diagram of mitosis and meiosis (Molecular Biology of the Gene FIFTH EDITION-Quotation). (A) Following DNA replication
in mitosis, each pair of paternal and maternal chromosomes is distributed equally to daughter cells. Therefore, two diploid daughter
cells are generated each of which inherits the genetic information of the parent cell. (B) In meiosis, two consecutive cell divisions
occur — the first and second meiotic divisions. Because of this, four haploid cells arise from one diploid cell in the first meiotic
phase, with homologous chromosomes. After pairing, homologous recombination is performed. Chiasma formed by homologous
recombination is a first reduction. It is essential for accurate chromosome partitioning in division. The synaptonema complex is a
meiotic stage-specific chromosome structure and has the role of adhering between homologous chromosomes
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Fig. 2 Model of meiotic recombination (Neale and Keeney, 2006; Krejci et al.,
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2012). Meiotic recombination is initiated by

introduction of DNA double strand break by SPO11. At the DNA double strand break after digestion, a DNA end is digested by
exonuclease, so that a 3'end protruding single-stranded DNA region is formed. Thereafter, a region homologous to the formed
single-stranded DNA region was searched from the intact double-stranded DNA and heteroduplex DNA is formed. Furthermore, a
single-stranded DNA polymerase invading double-stranded DNA by restructuring the lost genetic information by DNA synthesis using
the 3'end of DNA as a primer. In the SDSA pathway, newly synthesized single-stranded DNA is dissociated by a helicase and
annealed to make it such that non-crossover recombination occurs. In the repair path via the Holliday structure, after the Double
Holliday structure is formed, non-crossing recombinants or cross-recombinants are generated depending on the manner of dissociation
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%7} 8 A Fl th(Szostak et al. 1983) (Fig. 2 H). 7L &, Double
Holliday 7% += Holliday +% E0| 2 0 2 $~3)3}= FE25
opA| ol &fsff Lol = o] AAA 7} wAFSlH= WAL A 2 A
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A A 230 94 TEehe A A g e e 2
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RecA 7|54 o2 e o7 FAEo], 2P =of §lof
A As A2 A F Ao Tt (Aboussekhra et al. 1992;
Basile et al. 1992; Bishop et al. 1992; Shinohara et al. 1992, 1993;
Habu et al. 1996). RAD51-2 A A 32 W ZF4=E. & 7] A 32 0] A
2 == W DMC12 ZHpi- 9 7] ghof A wrdstal 75
S+h(Shinohara et al. 1992, 1993; Bishop et al. 1992; Habu et al.
1996).
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Fig. 3 Model of homologous pairing reaction process (Kagawa
et al. 2010). (A) A 3'end protruding single-stranded DNA
region is formed by exonuclease. (B) Formation of homologous
recombinant protein-single-stranded DNA complex. Homologous
recombination proteins including RecA, Rad 51, and DMC 1
form a right-handed filament structure in the presence of ATP
and becomes the active form. (C) Homologous recombinant
protein-single-stranded DNA complex binds to the double
stranded DNA of the template and forms a tripartite complex.
The tripartite complex finds a DNA sequence homologous to
single-stranded DNA from the template strand, an intermediate
for homologous chain search. (D) Homologous regions are found,
heteroduplex DNA regions are formed. At this time, the DNA
strand is also separated. This is called the D-loop structure

Formation of heteroduplex DNA regions
(D-loop structure)
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7}t DNAZF A3F £ 9= &4 715 DNAZL 2394 £ ¢
¢ 23 AZE 3l ¢ oh(Kurumizaka et al. 1996, 1999;
Renkawitz et al. 2014). o] A=} 2317 of| A] AFEH| ¢l A AH o]
o] Fof A AJE A el Fol IAEHH 54 g whg-of 9
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1992). 3T Q17O £ SHApoll A s A 23 &g o] A5}
¥ DMC19] &4 ¢17] o3 A o] ¥ = A §lof DMCI -4
2} k3 Bele] B4 o] 22| 1 )chMandon-Pépin
et al. 2002; Mandon-Pépin et al. 2008; Hikiba et al. 2008). DMC1
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DMCI12 8 A4 9] 125 P46, 11 427} ol %
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Passy etal. 1999). ®3F X A 274 -2 3 4 of] 93k 4] o A
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A} A 2 A| 5 ' SDSA 7 27} obd Holliday -5 & 3F H
ARl deEEs AL ANl Tk 2 BF). Bg
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