2019 2020

ZFRAP ROSI

Identification the cause of and improvement of the low developmental potential
of ROSI-derived zygotes
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The formation mechanism of abnormal chromatin structure in ROSI zygotes was

clarified. It was found that sperm cause a compaction of chromatin structure in the zygotes, whereas
round spermatids do not have this ability. Interestingly, sperm had resistance to this effect,
causing a difference in the looseness level of the chromatin structure between male and female
pronuclei. However, the round spermatids did not have this resistance and therefore could not form a
difference in the looseness of the chromatin structure between the male and female pronuclei,
unlike the case when the sperm fertilized the oocytes. Thus, male germ cells acquired the specific
ability to condense chromatin structure during spermiogenesis.

In order to get a complete overview of the abnormalities in loose chromatin structure in ROSI
zygotes, we also performed ATAC-seq and clarified the differences in open chromatin between ICSI and
ROSI embryos.

ROSI



(cst )

ROSI
D
ICSI ROSI
-~ . = 1ROSI  ICSI
) mp R (round spermatid)
Rt iyl Dot sovanithd i ROSI (Round spermatid injection)
ICSI (Intracytoplasmic
_ ROSIEE < ICSIEE : sperm injection)
nex: g 30% fﬁ[]%@%

ROSIEDEEFEORRAIL ?

ES
ES
iPS
ES
(eGFP-H2B) FRAP ES
(Ooga et al 2016) 1
1 FRAP
ROSI
(male PN: mPN) (female PN: fPN)
ROSI
ROSI
ROSI
1
zFRAP ROSI
Fluorescence recovery after photobleaching (FRAP)
eGFP
(mobility, mobile fraction(MF%) )
H2B  eGFP (eGFP-H2B)

( 2 FRAP 1
zygotic FRAP (zFRAP: Ooga et al 2018)
(pronuclei:PN)
ROSI (NGS)
ATAC-seq
RNA-seq NGS



eGFP-H2BE M\ 7FRAP

j? ?00 2 FRAP
o0 ﬂ tD O
o9 pd
O 0 0 o
FRAPIZZOSFF-MEnEX ERHTES,
Mo 0 eGFP
(H2B)
000 = 900 = 0@0
eGFP eGFh
O W K N
T3 eGF P-H2E 0w :=‘ B «0FF ok
1.
(1) ROSI
ROSI mRNA
eGFP-H2B
ROSI ELSI ticsi
ICSI (Ooga et al 2017, 2018) zFRAP
(male PN: mPN or ¢ )
(female PN: fPN or ¢ ) (ROSI
¢ :21.3% ¢ :19.0% ELSI ¢ :18.9% ¢ :15.8%  tICSI ¢ :18.9% ¢ :13.5% ICSI
¢ :21.0% ¢ :15.5%) ROSI
FRAP fPN
ROSI fPN ICSI fPN
(fPN1:22.3% fPN2:21.5%) ROSI fPN
ROSI
mPN fPN
ROSI
(2) 1
Q) fPN
fPN mPN
ROSI ICSI FRAP ICSI
ROSI
(3
2 ICSI mPN
mPN fPN
mPN ( 4
ROSI
1PN 1

SHELR '—@z ICSI » @
PN ZFRAP
T ICSI

eGFP H28B 2357 -
mRNA injection B J_@ ROS| » @



4 ICSI
2¥%F ICSI 1 28F) 25 (2¥8F) mPN
ICSI
ICSI
( ) ( )
3) mPN
ICSI
ICSI mPN  fPN
ICSI
mPN
(2) ICSI 2
ICSI ZFRAP (
5) mPN fPN
parental asymmetry (< :20.4% vs. ¢ :13.2%) 2
fPN 1 (¢ :11.4%) mPN
fPN (¢1:9.9%and < 2:10.0%) fPN
2
mPN
fPN mPN
fPN
mPN (rs-mPN) mPN (sp-mPN)
rs-mPN  sp-mPN rs: 9.6% vs. sp:14.2%
24+1%
A - E 5 ICSI
) fPN 1
fPN
4
CHD9
(Oogaetal 2018)
(Ooga et al 2016)
( 6) FRAP
(12:30% 29 :22% 42 :15%)
7 sp-mPN fPN 8,
10, 11 FRAP fPN
sp-mPN 16.1,17.4,20.9% mPN
fPN 14.2, 10.3, 11.3%
sp-mPN 1,2
(1 ¢ 9.8%: vs. ¢ :16.0% ) (2 ¢ 1 8.7%vs.
¢ :20.9%)
sp-mPN
ROSI
rs-mPN sp-mPN




fPN

fPN

61 2 4
ZFRAP
eGFP-H2B gy fPN
mRNA injection
&
Spindle -
Transfer.
®)
RNA (IVF) ZFRAP
RNA pol 11
RNA pol | i D
(4) sp-mPN
ZFRAP eGFP-H2B
(6) ROSI ICSI ATAC-seq RNA-seq
ATAC-seq B6
ATAC-seq ICR ICR
400-450
ICSI ATAC-seq library
B6N
50
ATAC-seq, RNA-seq
ATAC-seq ROSI
chromatin peak ICSI MAnorm
peak ROSI peak 34,365
peak 10,778 peak 31,577
ZFRAP
peak
RNA-seq RNA-seq
(DEGs) 400 DEGs
ROSI open chromatin

PN

RNA pol 111 inhibitor

RNA
rRNA  tRNA

ICR

ROSI
RNA-seq

ROSI
zZFRAP

ICSI

open

ICSI
ROSI



7 7 0 4

Wakayama S, Ito D, Kamada Y, Yonemura S, Ooga M, Kishigami S, Wakayama T.

Tolerance of the freeze-dried mouse sperm nucleus to temperatures ranging from -196 ° C to 150 2019
°C
Scientific Reports -
DOI
10.1038/s41598-019-42062-8
to D, Wakayama S, Kamada Y, Shibasaki I, Kamimura S, Ooga M, Wakayama T. 65
Effect of trehalose on the preservation of freeze-dried mice spermatozoa at room temperature 2019
Journal of Reproduction and Development 353-359
DOI
10.1262/jrd.2019-058
Yamamoto Y, Hirose N, Kamimura S, Wakayama S, Ito J, Ooga M, Wakayama T. 66
Production of mouse offspring from inactivated spermatozoa using hours PLC{ mRNA 2020
Journal of Reproduction and Development 67-73
DOI
10.1262/jrd.2019-043
Inoue R, Harada K, Wakayama S, Ooga M, Wakayama T. 66
Improvement of a twice collection method of mouse oocytes by surgical operation 2020
Journal of Reproduction and Development 427-433

DOl
10.1262/jrd.2020-059




Hirose N, Wakayama S, Inoue R, Ito J, Ooga M, Wakayama T. 160

Birth of offspring from spermatid or somatic cell by-co-injection of PLC{ mRNA 2020

Reproduction 319-330
DOl

10.1530/REP-20-0054

Konno S, Wakayama S, Ito D, Kazama K, Hirose N, Ooga M, Wakayama T. 147

Removal of remodeling/reprogramming factors from oocytes and the impact on the full-term 2020

development of cloned embryos

Development -
DOl

10.1242/dev.190777.

Wakayama S, Ito D, Kamada Y,,,,, Kishigami S, Kohda T,0oga M, Wakayama T. ( 32 -

)
Evaluating the long-term effect of space radiation on the reproductive normality of mammalian 2021

sperm preserved on the International Space Station

Science Advances

DOl
10.1126/sciadv.abg5554

4 2 1

Masatoshi Ooga, Satoshi Kamimura and Teruhiko Wakayama

Mechanisms of the establishment for parental asymmetric chromatin structure in mouse zygotes

The second international conference on cell reprogramming and reproductive biotechnology

2019 2020




Parental asymmetry

2019 2020
2019 2020
2021

0







