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Summary (Abstract) of doctoral thesis contents

Meiosis is special cell division that halves chromosome numbers from diploid into haploid. To
achieve this drastic change, meiocytes express various meiotic chromosomal proteins in addition
to mitotic chromosomal proteins. By these meiotic chromosomal proteins, chromosomes in
meiosis show meiosis-specific architectures, telomere bouquet on inner nuclear membrane (INM),
chromosome axis between sister chromatids, and synaptonemal complexes (SCs) between
homologous chromosomes. Although the meiotic chromosomal proteins are divergent between
vertebrates and invertebrates, defects in these proteins result in disruption of meiotic
chromosomal architecture and sterility. Additionally, chromosomal proteins among vertebrates
are conserved. So, the study of meiotic chromosomal protein in vertebrate has clinical
importance for human. However, despite many studies of meiotic chromosomal proteins, detail
structural role of those proteins in meiotic chromosome architecture remain to be elucidated.

In this study, | analyzed a zebrafish meiotic mutant derived from N-ethyl-N-nitrosourea (ENU)
mutagenesis, which shows defects in meiotic chromosome architecture, ietsugu (its). Previous
study in our laboratory identified that the mutation of its mutant is linked to a locus of
chromosome 23 which contain meiotic chromosomal genes synaptonemal complex protein2
(sycp2) and smclal, however, no mutation was found in those ORFs. Both Sycp2 and Smclal are
structural protein related to SCs. RT-qPCR of these genes revealed that the amount of sycp2
transcripts in its mutant was 80 % lower than in WT sibling while that of smclal was same as WT.
Knockout (KO) of sycp2 by TALEN resulted in sterility due to meiotic arrest at prophase | as
same as its mutant. By the complementation test using sycp2 KO and its mutant revealed that
sycp2 KO did not complement the sterility of its mutant. Furthermore, immunohistochemistry
and fluorescence in situ hybridization (FISH) of telomeres revealed that synapsis from telomere
bouquet by Sycpl protein was completely disrupted in sycp2 KO while it was maintained in its
mutant. Sycp3 showed large aggregate in nucleus in both mutants. These indicate that the
disruption of meiotic chromosomal architecture in its mutant is less severe than sycp2 KO. cDNA
cloning revealed that its mutant has normal and aberrant transcripts of sycp2 mRNA that contain
5bp insertion containing termination codon. The ratio of normal sycp2 mRNA was only 10% in
the sycp2 transcripts of its mutant while it was 100% in WT. Genomic sequencing revealed that
intron 8 of its mutant contains T to A replacement that can work as aberrant 3’-splice site. This
mutation cause mis-splicing in minigene containing genomic locus spanning exon8 to exon9 of
its mutant even in WT background. Immunohistochemistry and western blotting analysis
followed by immunoprecipitation of Sycp2 could not detect the Sycp2 protein in its mutant testes.
These indicate that in its mutant, the amount of Sycp2 protein is extremely low. Thus, its mutant
is hypomorphic mutant of sycp2 caused by aberrant splicing in intron8. Additionally, analysis of
localization of Sycp2 using WT by immunohistochemistry revealed that Sycp2 did not
co-localize as aggregate with Sycp3 in preleptotene while these protein begin to co-localize from

leptotene. These indicate that Sycp2 is required for re-localization of Sycp3 from aggregate to
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SCs.

Synapsis from telomere bouquet in its mutant could be resulted from low amount of Sycp2 and
self-assemble property of Sycpl that can form SCs-like structure even in sycp2 KO.

Therefore, | conclude that its mutant is hypomorphic mutant of sycp2 that show maintenance of
the association of the tips of SCs and telomeres. Also, using its mutant, | revealed that
association of the tips of SCs with telomere on INM requires specific meiotic chromosomal
protein Sycp2. This clearly indicates the new aspect of meiotic chromosome architecture in
vertebrates and that is association of telomere and the tips of SCs is different phenomenon with
attachment of telomeres on INM. This also indicates the new role of Sycp2, which was thought to

be just a component of SCs, to associate the tips of SCs and telomeres.



(aiEA = 3)
(Separate Form 3)

Wi CFEAMROEE
Summary of the results of the doctoral thesis screening

WEL oy I FE & B 2 CORAF S LT B A B e B 00 7o M 4y A T b D TUE oy AR LD
IR T O IIEERC~ Y A TEL OMRBIEH D0, REWPHREIITZEIA T
%, MMARS AL, ENU mutagenesis THEESNT=ET 77 4 v ¥ o O HERAK
ietsugu(its) DR IRNBIE T OREZE B L TR ZFME LT, Z O its BRAKIT, By #
MOV b T U HICBWTT TR HEZR L, TRUBOMBE Y HOMEITITEE IR
W, ARSI AIE, BITHRICE s Ty 7SN EHAICH D Syep2 &Y Smelal O3 Bl i
MrEBRIZEY, its ERIKRT mRNA LRXARGEICH D LTS Syep2 % 1IN B T DF
1M E LT, TORREMEZBFT LI, £ TALEN 2H W74 ) AREICL Y, Syep2
BRREAER L T ORBTN 1ts BREFRICHBOHEFICLDRIETHDZ & its
EREL CEOMMHERBREIT TR R., ¥ T NVEREKIRBRCATEORBE M Z R LD
b, dts ODRKEMRTIEL Syep2 Th D EfEmft T2, LaL, mERERaIlc X552
FENTIC KV | 1ts BERAKTIX., Syep2 ERETHEESBEINR T B ATHICE T 2
Sycpl DREIDLIZY T T MR~ HBEORBENBIEI N, ZO/ENDL its ERKRIX
Sycp2 OWRER TERETIERVWNEEZE XL, IHIT, its FRIFTWHRE D Syep2 i
5 cDNA Z i L, = ORI & T U 7ol 2R | 1ts ZRAKIT 10% & W 5 RWEIS TH 5 28,
EWREEENE LSO L, L LAERLIEEALOBEEWIT, AT T4 TORE
WXV A hrr 803 KD bfikaza 2L, SHIT,. £ Fr Y 8D
BLHNIZ, T A~DRERPNH D EICIVBRERATIART 7872 —BINDET
L2 EHLRMBLE, ZOWGEMNT, 5 WROBMEYICHRKEBEa ROnAEL, ok
B, T AERELF mRNA SR IC LY REZEENDZ 22K, Syep2 D3
LW BZsEEE2bNT, SHIL, TOEEREZLEODN T VAV —VEERKRL, BE
BMOBT T 74y vallBALLEHR, BRZFEONI VAV TRENIZ, X7 T4
VUTHEENFEINTL, INODORRNO | MRS AT, its BRRIIAERICIDZ AT
TA VT REIZELD Syep2 N7 EOFELWEK T 252U, ZO/RE., BEHH
DEREIZED LRSI, ZOMREIE, AT T4 TORE &S HO R LOAR
2B 7208, £ dts BRIV TT v A THAEE,S O AN EITT 2 BEN
RO, T RADOETHETRENTWIZHRAIG ARG OFRRBEICONTOED & X
BRI LWT —H bR T ZENTERLRAREET 77 4 v ¥ a OIHERF DB ZIED
LEBERTENRE G, MARSAVOMARRIIASHOBESHOF RO LT, AT T
AT ERNTHREICERTL2EROMSTOET LV ELTHEBRT 5 &G S 4L, AL
WEDOREERTT L, FEZBERE THW L,



