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BRIZERFEVWESNHEHLN G-, FELERATAEERICIE. HOHLLHRBEL
COEBER KU pH DREICLTEMNZFNIELEDALN,

ZIT . RIZED S EHER-TEERDOEARET o=,

b CO, incubator

g7 errorbar SEM [ $

S 4 )
— . 78
=== £ 3 ot
— X 76
BN 327
- g‘ 1 4 — O, partial pressuse (% 74

8 0 I —a—pH L 79

0 6 12 18 24 30 36 42 48
Time (h)

e Anaero pouch

g error bar ;SEM [ 8

e 10 78

=

2 76

£ =

:g 5 a—— O, gartial presure (%) | 74

& e L 12

8 0 - 7

0 6 12 18_24 30 36 42 48
Time (h)

X3. CZB i&E#hd CO, 9 EE pH DZEAE

AT—YTCHEATIREEMEED-HOIC, EHES mLERICAN, EFEHT-IRET
CO M FarR—E—Z AN (K3a)48BFEIETHEL . REFHICHERNCOEEH K UpH
ZRIFELT-(H3b) , ZDFER. 2485BICO M FarR—3—RHIZWET H_ET. 4% L ED
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CORERLUpHISIRENDEBEIEBFHICEL -, SBBER L DREIZHFIh T
fzo RIZCNODIFMEFEST, ERICEGREMRZERARR CIEELTH - BERE

COMUFaAR—EB—CANTHERLI-EE. 13% LA KBIEANFREELLEA S1=HY, 2455/
HBDUNEA8EER . 1B ECO M FaR—F— AN THLFERITNIL, 88%dH5HLVE92%
DENEERAREL: (R1), COEMERAVNILISSOREREAIEEICLESER bz,
HRIEZDCO, FH{LiEthZOptCigtthem 4 L1,

SHIZEHARIE, HLISSTCO MU FaR—E—HATELRVVKRICH>TIARAT—IEE
TTEDESICT B0, COERETH7RANDF (E3c)FAL=RiFEiTo1=. BD
RICEET RO/ FE AN (K3d) | FFRFRIZIFADCO.DEYAAHZERELIZED
A, HT BRI TRIBCOIREICHEAZEN DM oT=(K3e), CDAHETIE-IIEHEH L
T.ERRBANTREEELIZECA, REFTRTORELSFEREAFREL:,

1. OptC FthE ALV RIERMBIE D BRI~ D RAE R

H val Partial No. of No. (%) of emb
Equilibration pri value artia o0 No. (%) of embryos 0. () of embryos
iod (h) after pressure embryos tri q developed to
erio retrieve
P equilibration of CO, vitrified blastocyst
0 8.018 1.41 18 15 (83.3) 2 (13.3)a
24 7.403 457 40 40 (100) 35 (87.5)b
48 7374 492 40 38 (95) 35 (92.1)b

C
¢
8

i g
. & [=%
& &
i i
. o

g A 2
R

offspring rate (%)

— (2] ¥ e LA

OptCIEMZERALNS LT HRBBM DG NEABRRNTEEL T, RITEBRAA~FH
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HETERH (Bba—c), TNODEBENN BREZ T THBREELEELRONARDIBLEN
Hb. T TAERTHON-HRIaZRZELEEL. NERHAZEE (ICM) B LURENIEE
(TE) N~ L EEELT-(H4d) , F: DNA(DAPI) ., 7~: TEHER (Cdx2). #&: ICMHH
f8 (Nanog) . £f-HA% L BIE LT=(K4e), Cdx2[51E (F=. TE) . Nanogl& 14 (k. ICM) #Hfa
D, OptCIEMZALV-IHE . BERRR CEEL THRKETHS I rO—ILLERIFRD £
8% =L, ICM(Nanoglath) #iRa %k & TE (Cdx2f5 14 ) A% & L ICMD BELEE >
=M, RUWLBEMTIES LI5S, £RBIETE HEBEIZICMETELE REUE T L=(H4e,
o

FREOEDBLELZHIET HE 20610V AEIE. TAOORBHENEFARET
ZEEMEINTHD, T TARAEZTEHEONT-EBRIEELIETUMEICBIEL-HER. 23
DEFE/DHIENHFE=(R4g, h), EFIFEEFELGRAARETE, RURKZELELT
St ChoDEER L. OptCiEthERA LWL, f=& X Frozebaghi E N ZFARB/TEI T2
R—A—H#FAVSRFELRLERELEDHIEEFELRLTILNS,

V—tube

ﬁes

1R
§§1ho.r .U' ti-

Gg lvvw T

=

0.75M S-PBI  0.25M S-PBI eCZB CZR

5. 1SS 'Cﬁﬁﬁ_fﬁ'éf&/if‘*ﬂz-ﬂ)ﬁﬂp/ii”‘%v'/\ffZ Embryo Thawmg and CuIturlng device
(ETC) MEAH
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NETOFHERT, AP ad—rEFRIEHEDEVERRERTHO>TEREDR
HEBELEHNSRIIMATEEARC L. OptC 1EihE ALVNILTO—X N\ A TR E CLE
BARELGCEREN M TE = LHOLAYY 2 —FTEEL - AV 2\ VI TIEHEMN
[SERRBAHEEN STz, 7A—X N\ I DKR—FDABIZ AV 2D FryTEDITT
H1= (& 52) o ENCDAETIHEDRENZh o=z, LKOMDERITEIRD K., Ay
A—bhERRIZTO—XN\VIRIZEEFT5HEERAELIZ(R 5b), COHEERALS
CET,EEREERE 4 BHREIES 5L THRBIEBDIZEITHRIILE=A (K 5¢) . EEER
DxFENTEETIFEL RERF LUV RBOEIXEN o=, T T BEEFETH-0IC
FERLIIZMFAFa—TDLEEUML. ZR/ODF1—T (VFa—7) &L (K
5d) o, COAEICKY FIERER DR ENDEITEDLSIZHS1=(K 5e) R IEZDT
/N1 X% Embryo Thawing and Culturing device (ETC) &8 L71=. ETC ZRLVTHRAELI-T-
SADEEERE (B 5F)  CNLDEBERZEBHE T NISEFL/OND(K 50, FIHERZR
HEAISHN 10 EDOFZAZELEA. DWW, BIZ—fah 312, fE., kFFLTEE
MATEER T /A RTETCIASERLLT= 2,

A B~
in vr'vo — (1) = 9 i —®
' 15:00 = 80 *
=\ ==\ <
vE ()" mmp (1) mmp D 8w
i 17:00 g 40
= z 20
1cst (= == () = 5
17:00 C R e
_ IVF ICSI
C 100 ) <
=
B a
s 60 b
2 40 T
= — 1 ViVO L\
2 20 IVF =
R ol=icst ‘ = . 3'
2C 4-8C Mo Bla i
. [nvivo-GFP IVF F2 ,;’ \ :
Mix —Y P (i &N & 7 P )
Vitrification A (D = D ) Ve e J-) ,.) /‘1':;'4’ ol I
i VEGE gy Y 9@ g O
et CD (D = G : A
Vitrification (| )/ 100pm /‘?«y\ 100um
G Vitrification Hioo- . &

Collection

o~
iy =)
oy @ —(D» vies] & 50
0T %o - = cation| £ 60
9:00  10:00 =

lf:‘:g éﬂo’)—»@ —— D % 40

o 19:00 = 20
9:00 Collection : E 0
Laty % ) I
Short CD ‘D v Early Early Late Early Late
Vitrification & in vivo IVF

ve O)m (D
Short = Vitrifi

10:00 cation

19:00

6. ISS TOHOEERICHKEAL 2 MR DIER
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SRR, ZRAE. RERH., ARINSORINBILEE LT, BEEOE
FRORERICEENHIIENHMONTIND, ECTHT/NARETC TOHIERRIZR
LB 2 MR EIRE DR E LRI T AILIZL-, ZHEIRE 3 DDELSAZ (KARZ
#5 (in vivo) . AN ZRAVRE KU EEMIZHS (ICSI) ) THERIL = (K 6A) o in vivo ZFEIEIE 2
MR DIREMNSEREL, 15 BIEKEL =, X 17 BIEHE L. ThETADORIZEITS
RERDIEDEFRE.IVF EXUVICSI IEIE 30—40%FRETHY. in vivoe BEREEIZE
Mo71=(60%) (K 6B) , TNODIEEIEELI-LZA, BBEADHELEZRE n vivo BHR—F
E{. RWNTIVF B->71-(® 6C. D), 2C: 2 #fIEA, 4 —8C:4—8 fHRAHA, Mo:EHA,
Bla:[L#8Ra ,

LA UEBRER LI SAAFa—TZLITEMBEDEZEN L S1-0. EHS5F1—TM
THERREORERFUBETIEFHLLN, ZSTARDIFAFFa—TITTgYIR
(GFP #RIR) KD in vivo ZFEREE Wild T XHED ARSI SZHEE (GFP fEH) . H 50
XZDFEDHEAEHE T, 2 BEOKEREE CRIEMAEZ T (B 6E), BI—F21—TA
TEHEIERMAELI-RD GFP [FIELIEMHD 2 MiEIE. &V 3 BREEELTREL-IEiER
(K 6F), COEERICKYFHMNLBFZETIIHL,. ZRMODENEDEFRS IUFHEE(C
HELTIV-CENERTET,

=&Z&IZ, in vivo 2FEREDIGE . ARASERT SEHAEOEICFET HHREENH
BIEND, 2 HIBIED R BRI, FRETORBHBZANLZEIZLE (K
6G), TDFER. KEL=-Z B D 18 B 2 ML FRIRL., 1| BREURNIZEZE LD
SEEHN—BE(H 6H) . BHETNIXKSADBELEFLEENEIEN DM oT-
(R 6D, AMEIZKY . AT—ITHERT S 2 MBRHEEL. ARZHET. XENDEHF#
6 BFICEIURL . 7 BFICRFEEEZITOSEITIRELZ Y,

Thawing solution Washing solution
(0.75M S-PB1) (0.25M S-PB1)

R

-

After y-Ray

Before y-Ray : After y-Ray Before y-Ray

1
exposure ! exposure exposure ! exposure
(pH 6.89) (pH 6.36) (pH 6.95) (pH 6.48)

B7.1SS THERATHHRRDAVTHEBREDOTE

ISS ANDEHEIZIX, TRTOAFBEEEDRENDBETH D, LMLIEERIET ILE—
BRAFETHENHELD, FRERIIIEDH DO T EI—RBETELNo>I==H. H
UEREE (£ 5000Gy) FITH &I o=, AVYRBRENHKR. MERIVTIEEE
L.pHAMETFL:=A . SEZDREDREIZIZZELLEI T,
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8. #wEFDEREEFEZHCT-O, A\ T ZRAFELE:

BHEREZE AN ETC (T BRABRTHEAENTZRF 5442 9/8—TT0Y S D NASA |28
BESNT=N ITE LIFFBIUERNITHNLSETISS AT-95CHHEEIZRESINDS,
SEAVEEREEATSRIEETE (High Osmolarity Vitrification: HOV) i%1%-80°C TE#E T
FRETAHENTESLD ., EREITLEEN LR THETRTOEABLTLES, £
T-95CUTTHY IR TR T VWTIILIBHEREBL-REA/\WIZRK LIz, CORE
NYTIEBRABRDPTELEREMUNH SO BRARBERT TETCZ/N\VJITHEATLHIEN
TE, CORBNYIERANSDILT.ISS TERETORIC.ETC & A EEMNSEERE(C

BEITORLRELLIERZHIFTHIENTES LSO,

: g ety e g v
e L [ T

1=

9. 59544 Fa—TOMFDE ETC IS AN TERBOERERHL

ETC TREMERZITILE BHRMICKYRD L THEET D, BELKED=H. &
HERARRICETC M oERLI-EOMFBNENTLEIEN I N> TES, EZTHEA
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DEENENEADNS>TNBISAAF1—TE N IRE. FE—#IZETC DHIZA
NTHI=. TOHR . BREANLGWGS X EELREDIEIEREIL 54% = >=DIZXL
T.HWEEAN-BEXERBRBBOE|IEMN 81%IZETHESNT-(X 2),

K2 VIAFFa—TOMNTLZEETCICANSIET, EESNI-ERIID DSBS
R BIVETCZ 2HENCETIELROEGEEDEE

No. (%) of No. (%) of
No.of  No. (%) of o. (k) o No. (%) of o- (%) o
) collected relatively
Experiment embryos embryos flattened
trified tri q blastocysts blast ¢ normal
itrifi retri
v © etrieve from ETC astocys blastocysts
Control 142 69 (49) 48 (70) 22 (46) 26 (54)
Small pieces in ETC 202 146 (72) 97 (66) 18 (19) 79 (81)
Mimic the i t of
mic the impact © 24 10 (42) 10 (100) 1(10) 9(90)
landing on Earth

R, REMDE KT DEEDEETETC NENSATRESEAS., NERD RN TS0
BEMNEZONT, T T. INFTELRILAETETC D% EL. 4 HEIZPFA[E
EL-IRED ETCEZMRED 2 M %HELTHI=, LML ETC (FENT, NEFDITEHERE
LIEBELGREEMHFLTL (X 2),

& 3. BAETOFILDOESBEICKIFERITEOEEFBIOKRRE

Waiting ti No. (%) of emb
arting |me. No. of embryos  No. (%) of embryos 0. (%) of embryos
between thawing g ) developed to blastocyst
. vitrified retrieved
solution 1 and 2
4.5 min 200 106 (53) 48 (45.3)
8.5 min 160 67 (41.9) 29 (43.3)

ETC (&, BRICHAN T ICHRR, SERIVEBATRES, TN END TR TSETFEL
FLRELNH D, RFTIIFERITLIZSED ETC DRELIKIET 5=, MEYDF
BEEELEETHLICHD, ECT.BER 1 L20BOHKRLRVVFLRMETHS 85 57
Z A5 FITELLTHRERDEFREIVEBRADRERICEENGVDAS=. £
DFER. FoRMEZRLTIRBERADRERICEEN GV IENHLI ELOT= (R
3)o
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A

1 month preservation 3 months preservation

X10.0.99%PFA TEEL. 1~3MNARREFELE-ROMBROGELE

ISS TEREF{To-%. IFEMIHIKIZEFETHETECT 1 A, BElITh(L 3 M A#EH
b, FDFE. FAELI-E%E PFA TEEL. ISS TABREFELAZITAIELZ DAL, LAL. ISS
TlX 4%PFA DFEAICIERZRE LDOHIFNKENIEMNS, 0.99%PFA ZFEHTHEEL-
1= FCT. ZODEETHEZEEL. 3y AE THABRGEL THRERITICEENLULNERETL
T=. (X 10A)0.99%PFA TEEL-ILHEia%E 1-2 B2 PBS [Z3ZH#aL. 1 # ABIAER
FL-LD, (K 10B) EHkIZ 3y AMISERFLI-LD, ThoDR ez Rz Eal.,
ICM & TE OEREMNAIREMNFEFEL = CDRERIZKY. 0.99% LWLV ERED PFAZRLNT
H.FEEER INARABRELTLRERNAEBICEETLGNIENHALIN LT,

| B |
De-crosslink | De-crosslink De-crosslink ! De-crosslink
s} [+] [+] [+]
at 70°C I ata2°C at 70°C I ata2°c
500 I 600 I
0O
Pttgl Rpl4
1 205 I
U
300 I I
| 300 |
200 : I ! i [ i
: I : 200 Il I :
I I I ]
- I : : :I I - : I: :
1 I 1 1
I ]
oon= Bl R _ '
1 Blastmmgl: 1 Blast lomsl 1 Blast lOTasl 1 Blast lOTast 1 Blast P ‘I oBm 1 BlaStIU Blastt 1 Blast 10 BTt
]
Fixed 1 Intact | Fixed j Intact Fixed ! Intact I Fixed ! Intact

E11. PFABIEL-EBRZAVTERFREBNEITILODEHRIOR) VI HEDIR
&t

PFA EEL:-HEERZAVTHEZENEGFRBMBNEZTILOICE, BERINIZEST
RSNz RILLT L TEREAV NV EOREHEEEHMBELE T NIEESRE0, BEIFN
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BICE-TITHONED . R T—ITHOLNDIHABITEETHS L. TEEHRYIERTITOZ
ETABRLEEETITFOoNEIE, BLUISS MSEIUNT BEH O EE A=A 5% (L
i) THHZEMD ., RBEERIOR I FEDRIFFEIT o=

ISS THXEERZEFEL. 0.99%PFA TEIEL. 1 Yy ARSEREL-IEER%E. 42 CEf:
(& 70 CTHRIBRYL V%, RBIETRIELTWSIENSNOTLND 2 DDIELEF.
Pttgl KU Rpld [2DWT, RIREFRHTEDIL TR, (KI11A)Pttgl BEF (K11B)
Rpld EIEF. EBLMDEELEFTH, 42°CThHREEBZITo-15E. X 10 BDEEEER
WTH PFA BEELI-IEBRNDERFRRITHEETEGM oz, LHL. 70°CTREERE
F17E NRERTHAHIEBEERBEREOBEEBETODOETLTLESD ., PFA BEELIHE
B 1 Eh ot EGFRERENEEINT,

AEERIZKY.ISS THON-EELHBICHLT. BEICEGFREBITETSIEN
AlREIZAEof= 7,

(2) ISAMFEREFI—IABITEE
2019 £ 2 A.5 AIZHMEREE(l. NERETEEZEZEL. 72— XBITET T LIz, S ERETE4E
B&*TiEITRY,

2014FSA 7Y AT AERAET—V
MNENRIE T TOMFLEDRAEDFREREIZONT)
(RRUIEE IURHKFE FLURE)

EBET—VIZBALT. SA 7Y/ IV AEBRAET VR ELBICEHIh-RRERR
HERERFXAT, F-AERTENMEESh, IREMOERELHLLHHTES,
DEBREICEVEEROMTEHFIIOVTIIE RSN,

E:a*s‘ UTOXFERD. Q) EBEEEH Q@) ARELDD., SEORBERELEDS

D 1ZBEILTERELRITA AR LBTRMTOMREIZEET L,
@ HHERHSATITEERITIIL,
@ TELTHHLEHMOZHEINOER MERINEREITLIE,

TRE314E2H22H
ZFSFRT—<EEAMEES
(ETmERME £BR)

ha A

(3) 7S5AMEERE(E

B KRZIZEWNT. 2 MDY IR ZFEINE FEL. ETC NICANBREREEIR
BT CTREFLI-,ISS TOXERER(X. 2D ETC 2MU/NE HIRET4E. AT 1gRET4E M
B350, 85t 8 EZI T EF5, O ybDITE EIFNEHIZL--15E. FOEDIE
TEEITDE0. RABRTRELTBWV=/\vI7yTDETC EX#T 5, i TH EITH4
BIEH o= EICEA. \vIT7vTH4E D (8 EBDETCHE1yrEL T4 YR fERL
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Ltzo FSAO9R—ZFAVTRERERBEETNASA TR TAFHEEA—IZEHEL. ITLE
ATIZ-95°CD A EEIZFEL T Dragon EMIMRTISS ITHT B EIF 7=,

Lot checki Lot check . X Ground control : % 3@;
<‘|l.> ‘Cg ﬂiﬂiﬁ C1rI-)JAXA
Select best V tube :@; di best ETCs 3@ Space-1G
» v"" - » i
.. Space-uG
Collect 2-cell X 44 :;é%:

J NASA
embryos Freezmg A P .

mblin ac
30 embryos in each V-tube 3 V-tubes in each ETC 4ETCsin each Boxes Shlpplng

. W

Ground control e 77 Differentiation
mw . o \h »%ﬁ \TE/ICM
A== ‘ =t Cell number

arth DNA d

Space-1G QICM amage

‘ x » E@ Cell number

w é
<
SPace-uG & » ‘ 9 ﬁ
NGS
Return to froer
’ » - the Earth .

o i

‘ ‘ Th J h‘ Fixati Collect Examine Analvsi
awed on the Itur 4 ixation emb

‘ IS8 by astronaut Culture 4 days ) 38%PFA oM ErGs development nalysis

®12. 75 EIF# R EEUR. BITORN
ERIIFHMDERNGITE LIFET, TRIZFHTORERRKRERBIR., FITET
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4. REBRBIUAR

HMELEEBROERFED
IEH ot S iB%E
DIEEEOEIRE | MINEATERBRARERRELIE | 2R TELELEE
RO TSN EEST, NEhot-,
DEURL-FEERED | MUNEHRTRAEL-ERBIIESE BB E (pg1g) (it E
R HT XTRRIZEE R T
MEAREE MINEHBEA ICM ADDEB LY
BIEICEEE 5 Z I
DNA & A—2 WNEHBETESELTL EICHE | AT 1gRIX, FiE
R DNA B A= M2 BT EIEALY D EFHEREAKREL
PERn
BEERIR MINEHDO uegXTIE, BFFEREA | AT1GRIEO
25%& %Motz
NMEMBELFHR | FHUTHEHENICRRICZEOH - |HOREELDIERE
IRfRAT BiZFFEETRLE Bomsiahof-

HERDERELUTITRY,
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1) R o> [E] 4R R

X13.ISSDM/NEATIZHIT5 2 MDD EBIEADFELEIZDONT

ETOEHHNEL, ISS TEERZRAIE L=, (B 13A) EHEHID 2 MEHARE, (K 13B) i
(XI5 AAF2—T NV FFa—7  KRE) DETEESIN., RAZEZRFTETCIZAN, ETC
CERABRREBEET TR YMIBA AL BERIETRET S, (B 13C)ETC IZIE., BER
BADIARKDIVI D LERBRRADI) OO ERIND, (B 13D)M/NEHN T TOFEHER
TEICKBBEEEDHTF., (K 13E-G) #th E(ZEYNE, ETC MsEIURL-EHERE, th o
ohO—)L (B 13E) . ISS D AT-1g(E 13F) . ISS D#/MNEH (K 13G) . UNEATHLIE
AL RRELGCEAN YO THLMNEE ST,

R4 ISSOBNEHEBETCTEELE-IYIRAYEREOIEEAA~DHE G
R F 4 &=

mif Eh B EIEE
H2ERE 2—cell 3-4-cell 8-cell fE#ERE

Hh Bk 1g 360 134 (37.2)a 26(19.4) 11(82a 9(6.7) 6(45) 82(61.2)a

AIL1g 360 61(169b 5(82) 29(475b 6(9.8) 2(4.9) 19(31.1)b
FH
ug 360 72(20.0b 8(11.1) 32(444)b 10(13.9) 5(6.9) 17 (23.6)b

avs.b:p<0.01
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ISS TIT2=-M/NENR THIE BT AETEELIENETEIN(236%) . TOHRER
FEIXISSOAIIG X (31.1%) IKERPPEMNT=N, BEEF G o, LOALREKIC
Tot=th EarbO—)L(61.2%) [THERISS TITo-EBRR /N EHRHLALIG RS
BEIZETLTUL =, ETC hioEURLI-EEFANDE, FHTHRAELEEIXZ, AT1gRE
INEARY 2 M TRAEFFIELTVLSELAZ M S=(K 14),

X14. ETC hoiFBL-EREFE-IZEER
ISS THEELI- ETC MSEURLFEFZ. AT 1gTHH/INENRTH. 2 MBI THRE %
FILELTWBIEAENE M oT=h(44-48%) , (K 14A) /NEH, (K 14B) AI-1g,
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2) | L= RE B2 R 0D R AT

Ground control | B Artificial-1g | C
- P s

Ground control

Nanog vH2AX
a3
e Earth Space § 36‘ Earth Space K
80 758 MICM W TE®mTotal @ o 0.5
- 69.9 ok Eé S .
- 58.0
g 60 g2 5520 <
5 40 5% '
g 20 %‘%10
=0 cf i
- — < 1 L R e g =
g 3 9 g aig ) J y
n=15 Dish  ETC 05 00 05

K15.1SS DM/NEHIRETRAL-KREORE

RIZ.ISS DWUNENRETTRELEZERBEA ARSIV ENICEELZOIERL
f=o (B 15A-D) IEHERE D ICM B LU TE ZZNF N Nanog HAE KU Cdx2 HifAZRALVT
REZELE-LOD, (B 15A)# EarkO—)L, (K 15B)ISS AT, @D LYEYHLE=A
T-1gRIETHEREL-BD., (K 15C, D)ISS DHMU/NEHRIBETTEEL-LD, (K 15D)
NANOG M EFFEFK IR L - 28, NANOG [S1EHIAE (ICM) (7R . CDX2 [GiE#EAR (TE)
(i, (K 151) fEEERE D ICM R % (FR#%) . TE MR E (Fki%) . £HEK(FH) . (A
15E-H) IE8RRA D v -H2Ax [GiEMIfE L ICM Ml Zz R ZEEEL-1 0, BBROEHEF L
FLERICTH S, (B 15H)NANOG A ERTHHIZLF-IEAERE, #%I& DAPI(F) . NANOG &%
MAEIEFRE, ¥-H2AX BFEMREHEE ., (B 15J)NANOG D EFTEHRIREH T 5L

& . XEH(Z#H 5 Dish [FHEFEETIToM E 1gRDavbO—)L(n=135) ETC D 1g
X ETETC ZFE>TITo=a>bA—)L(n=146) .ETC M alg RILISS D ATI-1g(n
=12) . ETC D u gX(F 1SS TEMELI-M/NEHNEK (n=9) , K1 TN FTNDEBRX DA
129D, At 5 EERENECFRIEEN (RNA-seq) L. RIBETOT7MIILE XS
4 #rL71=, Ground control [&i#th £ T{To71=1g. Artificial—1gl& ISS T{ToF-AI—1g. ug
(X ISS TITo=MU/MNEHRX, 1 A1 DO EREEZRL, REIH Lo O—)L, FITA
T-1g. FIXTFHEDUg ugRIFMDRDFIDIZAEL TNV =CEML, DR EELGDHE
EJPYTAST YA o) =

hoDFEEIS BNE AR THEALEZERBRBIIEELZEEZONS,
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7 5. B ICM & TE DT %L

Place Gravity No. of Average no.  Average no. of Average no. of
examined of DAPI Nanog positive CcdX2 positive
blastocysts positive cells = SE (%) cells = SE (%)
Cells

Earth Ground-1 g 15 75.8 59+0.9 (8) 69.9+6.2 (92)
Artificial-1 g 8 55.5 3.1%0.7 (6) 495+7.6 (89)

Space
ug 7 65.7 5.9+0.9 (9) 58.0+8.3 (88)

PRz REEEL.ICM B5&U TE OHBEHEEH LT, #h £ 1gX D ICM(Nanog 5
ML 59 BET.MNEID ug D 5.9 HERILCEoT=z, LIzA > T, UNE HIRIEAH ICM
ANDOMEB FUIEIBICHEEF S I BN EN D ofz. LML TE O#MfaI E1gX D
ADFHUgRYPOZ Moz, —AFEHETITo>I AT 1gRILICM, TE EB 3D 1E<k->
1=

6. FBR®D v H2AX [EMEHIEE ICM O F Mk

Place Gravity No. of Average no. of  Average no. of Average no. of
examined DAPI Nanog positive Y H2AX
Blastocysts positive cells (%) positive
cell cells=SE (%)
Earth  Ground-1 g 18 50.7 4(8) 221+ (44)
Space Artificial-1 g 4 24.7 1.8(7) 7+1.8 (28)
ueg 5 40.2 2.6(6) 18.4£4.0 (46)

R % ¥ H2AXIUAE KU Nanog A THIELE L. DNA BI5E L ICM D %%E
KO-, i E1gXD vy H2Ax[SHEMAEIL 22 BT, FHugRD 18 BAEREERE>T-.
ICM et £ 1gEXM 4@, BUNEHD ugED 2.6 BTEIEDEMoT=, LIz
T HNEHEETIESLTH M EICLERXDNASA—UD R B EIEHENENSTEMN
Dotz —AFETIT>EAL1gR T, BRED S HAEHBARESHEI LTIV,
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#F71. MNENTTREL-IEBREIZEITS NANOG HIANRFIERBFOFH LR

No. of No. of blastocyst
Culture ) ) No. normal i i
Place thod Gravity examined blast ¢ with ectopic
metne blastocysts astocysts expression of NANOG
Earth ETC Ground-1 g 157 146 (93.0) 11 (7.0)
Space ETC Artificial-1 g 12 12 (100) 0
Space ETC ug 12 9 (75) 3 (25)
Earth Dish 1g 144 135 9(6.2)

FEHERE D Nanog (514 (ICM) D BEZ ATz, Ta4yaTEEL LoV O—ILE K
UVETCZALV= E1gR(E,. KEBH D ICM MERERED D 1 AFFIZEE->TLV=H. 6
—7% D RS Tl Nanog BEE D ERMERENR o, FETT2 AT 1gRIZ(E 1
DHEM DTz, ECHDBNEID X TIE, BFFERIEA 12 3E25%) LR DM

OT:O

8. 2#RAEESIY/RAEVET 3 BE -3 4 BEIEEL-LZ2D. BEREBOMBAKLES

gl ICM ZFOERROEE&
Average Average no. of Average no. of No. of
No. of .
. no. of Nanog positive CcdX2 blastocyst
Freeze— Culture examined . i )
tha eriods blastocvst DAPI cells = SE positive cells with ectopic
w i c
P . 4 positive (%)% + SE (%)* expression of
Cells NANOG
1g 59 51.6 7.2+04 (14)b 44.4+26 (86) 4 (6.8)
Yes 4 days Artificial
! ";'a 69 469  6.8+03 (15 40.1+£23(85)  5(7.2)
u
1g 39 45.2 55+0.5(12) 39.7+1.8(88) 2(5.1)
No 3 days Artificial
! ";'a 50 39.8 44+03(11) 353%19(89)  2(4.3)
u

Nanog [5 1% (ICM) N AR BERAD h TEAMERBRLIIERZRAS 518, ')/ A59+ &R
W=HBLUBUNENTICM OEMMERRDOREREZRA -, FTEBLPEMMERRORE
THAHUREEZRAND-O, BREDHETHR L LMLV / RV MUEOFE, B&
VERBOFEICEFRLE EORBRR TH1IRE TIEMEBIMA T Nanog [514D EFTE S

RIFFEAERONGEN DT,
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K9 BMBRZEMITERETSELED ICM OHE

Repetition number

Position of
Total
ICM 1 2 3 4 5 6 7 8 9 10
Bottom 9 9 9 9 8 9 9 9 9 9 89
Middle T 1 1 1 2 1 1 1 1 1 11
Upper O 0 0 0 0 0 0 0 0 © 0

ISS M#/INE X TZ1TT Nanog IEGHEDEFTERIEMNERIN-ZEMND.ICM HY 1 HFRF
[CEFBDFTENIZEDEDTHAAIEESEMRENT=, LMLICM £ TE ARILESTHN
FEHDEENH>TEHICM N—HIFFICEFREBHICESEL, 22T 10 BADOKERE
TNEN10E, BERDLICZLEEZEAREZTIE. T4V 1DEICEL-BOIEE
fER®D ICM DI EZE L&, FE. BLUTED 3 HATIZH T THRARTHIz, ZDFER. 10
B _XTORERET, 10 BIDEKAH 9 BFEEDEIE TICM [EEEREO TRICAEELT
Wz COFERITICM (FFEBIO P THENEN 0. EAICKYTED 1 hFICEE
S>-AlBEMERLTLVS,

X 16. RNA-seq fE#TIC ALV & RE

AEEERE%E RNA-seq ST IR HRTICEREGZ#E Lz, Cho DB Fon =
DRNLEELITERL . LB E1g, PET-FEHOAL1g, TER:FH U,
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Up regulated genes
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[ R

il

BTRAL-EBRTRESh-EREREGTF

LU= 15k TRU-MBEMEEFREEMCHOT. FHUsTHEMICRTIZE
DH--EBEFEETRL=,
#h FtEB(C) . AI-1g(aG) . B&LU UG, 1 DD/N—[F1DDIEEAERT , LD 5D
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DT IRELRERF. TO 8 DDI IV EHRRTREGFERT .

AR EAEICAST-F R
HKAHBAFELIZETCIE. R EMDTIY ORI EZM/NE N TR ELKRRIBETEST
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AR ER R T B=DICIETENMNE S LT REMEA RSN,
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HBLOMEICHERY FHREEFEOIRBRIDELL S,
BHAFSEDOHMETFEHERT NARFARD /21 0%/{ =, ChEbElTRREETAL I
BRHEEIZRDT NS ADFARTESESS, MIALEDFHTOLEREMAREIL, T2 AEM
HRFECKEICEXRTELIONETHOMNCTIEELGHAR THYBGEL AT IXGSA

LY,
B OERIFATIT DERE
YIOEX B
s HS54FYT EEE
~
HET HHE ) 55 \ .
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5. #a

AREIZKY . BEFEO WML ISS HOM/NMNEHIRET CHIRBIRMETRETE,
RUIDEBEHRETHDICM & TE ANELLAETEDZENELHON -, MIEIETTF
HIRMEATH,. FHOG ROMEBBIIEELELEFREZLTCLSIELAEMDLNT. L
MAYICEBTRBETHIZEFARNLE=OIZIE. BREANSEFEEFERTNIE
BB FFRMICIE, ISS THRAEL-IEHEI%E ISS ATHERKL., th LIZHBIRY.LVE
IVMEDFENBELTCFREEFTFEIMERIITOILNELH D,
—A.SEIOMETIE. ICM M 2 HhFFIZHEEL TOSIEERAM/NE IR THRAELEZRE
D 25% TEHREIN., —INENEROHBRBENS TS AEEIAREINT -, LOLEESEDL
SAMETIL, ETC hSEIURTE-EBBO KN DL, BHEENBRESNT=, 2D
. XYZLDIE%F ISS THBEARKAESE, TOREEXZZEMICHARIVELH S,
COHEDI=HIZHFKELI- ETC (I, FRIC— U T [CHETERDBELIEENTEHME
LGB OTNARATHS GEFFIE) . LML, #h ETOY/N—H )L TEH 100% D%
BT B EIETHELENVEDRENH D, TR TOREFRINTE, BBA~FKEIEELE
MTESTNAREHFETHENEENIL, SEDFHEBRTIYZLDIEBREZES
N EEMOSWENERE T IENTEEICLE S, T, RBSN=TNAREFESIET. &
ENBHFTITHONTOSZRBENBIEC. ERBMER CTELGFRETIVREERHT HLEE
(2. BEORNRINTE TEREZEISTITIRIZENTEDR LSS, SHITHBHIEAT
EAREV = ITHRINDKSICENIE. SELGEMEH RIEELTLEDAMTRE
EHADEIIBIENHFINS,
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Babies in Space? Scientists Grow Mice Embryos
4,00 Miles Above Earth

Forbes

Can Humans Get Pregnant In Space?
Scientists One Step Closer To
Fmﬂlng()ul
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sproduction in space one step closer
[ mouse embryos on 1SS
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Scientists grow mouse embryos in space. Can hum{
be pregnant outside Earth?

with the
pregnant mice, which were then frozen and transported to the 1SS aboard a S
rockat.

Japan successfully grew mouse embryos
in space

ther News:

Mouse embryos grown in space for

A first time 7|/_.7/7
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Summary report of the ISS-Kibo utilization mission,
” Early mammalian embryogenesis under uG in space (Space Embryo)”
Principal Investigator, Teruhiko Wakayama (Univ. Yamanashi)
2024/May

[Introduction] If a lunar base or space colony is built and humans live permanently in space
in a future day, it will be necessary to reproduce not only humans but also livestock and
pets, but it is not known whether mammals can reproduce in the microgravity environment
of space. Because it is difficult to keep mammals such as mice on the ISS for long periods
of time, and because preimplantation embryos are very small and difficult to handle,
medaka and newts have been used in space reproductive experiments so far. However, since
mammals use a unique reproductive method in which the placenta is produced from the
embryo and the fetus develops within the uterus of the mother, studies in mammals are
essential to investigate space reproduction in mammals.

In addition, three to four days after fertilization, embryos differentiate into two types: a
trophectoderm (TE), which will become the placenta later, and an inner cell mass (ICM),
which will develop into a fetus. There are still many unknowns, such as how this initial
differentiation is determined and what the mechanism is for the ICM to gather in one place.
If Earth's gravity is involved in the initial differentiation and localization of the ICM, it may
be impossible for early embryos to develop normally in the microgravity of space. In this
study, we developed a new device “ETC” that can freeze and preserve mouse 2-cell
embryos at -80°C and thaw and culture embryos without special training and then launched
it to the ISS to conduct an embryo
culture experiment in
microgravity.

[Method] Eight ETCs were
thawed on the ISS, four were
cultured in microgravity (Space
micro-G), and the remaining four
were cultured in the artificial 1G

- G generator installed in the Japanese
Artificial-1g G : ‘ gyg "Kibo" experiment Module

@ f@ (e (space 1G). At about the same
: (e, /,‘}.“".', 4 time, four ETCs were also thawed
e an |Gk and cultured at the Tsukuba Space

%@4 e Center (ground 1G). Four days

i 2 after the start of culture, 0.99%
Figure 1. Mouse 2-cell stage embryos cultured to blastocyst on ISS. (A) 2- .. .
cell stage embryo before freezing. (B-D) Embryos thawed and cultured in PFA was 11j ected into the ETC:s to

space using ETC. (E-G) Blastocyst developed in ETC. (E) 1G on ground. fix the embryos, and they were
(F) 1G in space. (G) Microgravity in space.



Ground control | B Artificial-1g | C
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stored in a refrigerator for
about three weeks before
being returned to Earth.

[Results] In the ISS
experiment, not only 19
(31.1%) embryos
developed into blastocysts

in the space 1G, but also
Jo gaih spacs . K| — Ground|| 17 (23.6%) embryos
. _ || developed into blastocysts

cells =i Space
4357 TU7 [38 W ICM = TE W Total

N
[=]

in the space micro-G (Fig.
1). In 12 of the blastocysts

. “Artficial-1 g/ || developed in the Space
1g 1g alg Mg =

n=8  n=7 Dish  ETC 05 ga 05 micro-G, we examined

Figure 2. Normality of blastocysts developed in space. (A-D) Immunostaining| Jifferentiation into ICM
of ICM and TE. (E-H) Cells examined for DNA damage. (I) ICM and TE cell

counts. (J) Percentage of blastocysts with separated ICM. (K) Principal and TE and DNA damage
component analysis of NGS analysis. and found no difference in

blastocyst quality compared to the results from the Space 1G and ground 1G (Fig. 2). The
remaining 5 blastocysts from the space micro-G were subjected to next generation sequence
analysis, which showed no significant difference in gene expression between the space 1G
and ground 1G. On the other hand, space micro-G revealed 3 out of 12 (25%) blastocysts
with the ICM separated in two places. In contrast, in the space 1G and ground 1G, 6 to 7%
of the blastocysts had separated ICMs.

-
o
L

62 B

Rate of embryos with ectopic
expression of NANOG

o

[Discussion] For this study, we have developed the world's first device, ETC, which allows
anyone to thaw and culture embryos without touching them at all. In the future, when all
embryos can be retrieved from ETCs and developed into blastocysts, even inexperienced
technicians will be able to handle embryos, and this ETC will be used in fertility clinic,
laboratory animal facilities in research institutions, and even in the livestock breeding.

This study clearly demonstrates that gravity is not necessary for early mammalian
embryos to develop into blastocysts and differentiate correctly into ICMs and TEs.
However, when the embryo developed in microgravity, the percentage of blastocysts that
separated into two ICMs was slightly higher. It is generally believed that when ICM
separate in a blastocyst, they become identical twins. Therefore, it was shown that when
embryos develop in the microgravity of space, the likelihood of them becoming identical
twins increases. Unfortunately, the number of blastocysts retrieved from ETCs in this study
was small, limiting the analyses that could be performed. In the future, we would like to
improve the ETC and develop more embryos into blastocysts on the ISS to clarify whether
humans can have healthy children in space.
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FICREYDRRAEGD, RAEICE ITHREFMOEMEEEYT LT, HiERRMEEER
BOFMTREMRAL HRABEROFARIZROFRETHD,
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EMIEELL, HERROEEMHMEFICENT ADZAILRMNRZELREAL ., BHEE©H
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BOBIRFENARICETLTVNAC L. ESAF - REFOHEENHEITETLTNSILE
BAG MLz, BHEE SUHBBOEREBT GO VICHBBPNBITERELIER. 754
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Summary report of the ISS-Kibo utilization mission
“Elucidating the underlying mechanism of age-related musculoskeletal disorders
from the viewpoint of inter-organ communication network”
Principal Investigator: Shingo Sato, Institute of Science Tokyo
December, 2024

(Background and Objectives)

Japan has become a hyper-aged society, and the number of patients with age-related
diseases is increasing markedly. Age-related diseases such as osteoporosis and sarcopenia
are rapidly increasing in the musculoskeletal system, an important support organ of the body.
The musculoskeletal system is an important organ that accounts for 40-50% of the adult body
weight, and dysfunction of this system leads to a marked decline in physical activity,
sometimes causing bedridden. In order to extend healthy life expectancy in Japan,
elucidating the underlying mechanism of age-related musculoskeletal disorders and
developing new therapeutic agents are urgent issues.

Influence of space microgravity environment on neurovascular system of musculoskeletal
tissue

The space microgravity environment accelerates age-related changes on the ground,
especially bone loss and skeletal muscle atrophy. In order to maintain homeostasis of the
musculoskeletal system, it is important to correctly sense mechanical stress and transmit
signals to bone and muscle tissues, but the details of this mechanism have not yet been
clarified. Our group has advanced studies focusing on the regulatory mechanisms of bone
metabolism by the nervous system and neuropeptides (Sato et al. Nat Med 2007, Fujita &
Ochi et al. Nat Med 2012). In 2013, we also reported that the projection of sensory nerves
into bone tissue is important for the maintenance of bone mass (Fukuda, Ochi, et al. Nature
2013). This finding was the first in the world to demonstrate that sensory nerves play an
important role in bone homeostasis at the individual level. Furthermore, we have recently
found that a decrease in mechanical stress induces quantitative and qualitative changes in
the nervous and vascular systems of bone tissue, suggesting that the neural and vascular
systems play an important role in the mechanism of musculoskeletal homeostasis regulated
by mechanical stress. The first objective of this study is to investigate the effects of space
microgravity on the nervous and vascular systems of musculoskeletal tissues using
histological and molecular biological analyses, and to clarify the role of the neurovascular
system in mechanical stress-regulated musculoskeletal homeostasis and in the onset and
progression of musculoskeletal aging-related diseases. In order to analyze the detailed three-
dimensional structure of the neurovasculature, we used a novel musculoskeletal tissue
clearing technique, which was originally established in our group (Sato, Ochi, et al. Sci Rep.
2023).

Influence of space microgravity environment on blood-circulating secretory microRNAs

It has recently become clear that bone and muscle tissues, as endocrine organs, form a
metabolic network with other organs in the body. In fact, patients with age-related diseases
of the musculoskeletal system often suffer from systemic age-related disorders such as
dementia and cardiovascular diseases. These facts suggest that some blood-circulating
factors related to aging or senescence may be involved in the onset and progression of
musculoskeletal or systemic age-related diseases. In recent years, it has been successively
reported that microRNAs (miRNAs), small RNA molecules that do not encode proteins, are
secreted from cells into the blood in the form of exosomes and regulate the functions of other
organs as an inter-organ signaling factor. We have also been conducting research on
miRNAs and have reported that miRNAs regulate osteoblast differentiation at the individual




level (Inose, Sato, et al. PNAS 2009) and that miRNAs secreted from cancer cells regulate
osteoblast or osteoclast differentiation in the bone metastasis microenvironment (Hashimoto,
Sato, Ochi et al. PNAS 2018). So far, there have been few reports regarding the identification
of miRNAs associated with gravity and mechanical stress. The second objective of this study
is to identify blood-circulating secreted miRNAs whose expression was altered by changes
in the gravitational environment through comprehensive expression analysis of blood
samples obtained from the space experiment, and to clarify the influence of the identified
miRNAs on the function of musculoskeletal tissues or systemic organs from the viewpoint of
inter-organ network.

(Outline of the space experiment)

Six Sox10-Venus mice, genetically modified mice whose nerve fibers were labeled with
Venus green fluorescence, were launched to the ISS and bred in the space microgravity
environment. All mice were bred without any health problems. After 3 weeks of breeding,
cardiac blood sampling and dissection were performed in the international collaboration with
NASA, and chemical fixation of unilateral hindlimbs was also successfully performed. All
samples were frozen and returned to the ground.

(Research results)

Influence of space microgravity environment on neurovascular system of musculoskeletal
tissue

As the result of the analyses of bone mass and muscle weight, we revealed significantly
lower trabecular bone mass in the femur and tibia and significantly lower muscle weight in
the soleus and plantaris in the flight group compared to the ground control group. Tissue
clearing and histological analyses revealed a decrease in nerves inside bone in the flight
group compared to the ground control group. On the other hand, no quantitative changes
were observed for blood vessels inside bone.

To further elucidate the role of nerves inside bone in mechanical stress-regulated bone
homeostasis, additional experiments were also conducted in the ground, and we
demonstrated that continuous administration of CGRP suppressed tail suspension-induced
bone loss, and that surgical denervation or sensory nerve inactivation suppressed the
recovery of bone mass after reloading. These results suggest that nerves inside bone may
sense external stimuli such as gravity and mechanical stress and regulate bone homeostasis.

Influence of space microgravity environment on blood-circulating secretory microRNAs

We performed a comprehensive expression analysis of secreted miRNAs using blood
samples and detected 25 types of miRNAs whose expression was altered with changes in
the gravitational environment. Furthermore, we compared the expression profiles of miRNAs
in the blood between old and young mice groups and succeeded in identifying 5 types of
miRNAs that may also be involved in aging and senescence.

We investigated the physiological effects of the identified miRNAs and found that two types
of miRNAs suppress osteoblast and myoblast differentiation through the modulation of target
gene expression. In addition, we clarify the relationship between the identified miRNAs and
aging and senescence in the literature. Furthermore, one of the identified miRNAs is a liver-
specific miRNA, suggesting that the secretion of the miRNA into the blood is enhanced in
space microgravity and may act on musculoskeletal tissues to suppress bone and muscle
differentiation. Although further validation is needed, this study clarified a novel liver-bone
linkage, which has not been reported before.
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Understanding the physical properties of SiO,-poor and Fe-rich peridotitic silicate melts is
fundamental in discussing the nature and dynamics of magma ocean in the early Earth and planets, and
magmas in the current planetary interiors. Silicate melt is considered to be composed of polymer-like
network structure, and the degree of polymerization decreases with decreasing SiO, content. As a result,
physical properties such as density and viscosity significantly change with varying SiO; content.
Previous Earth science studies have investigated density and viscosity of SiO-rich polymerized silicate
melts, and constructed density and viscosity models. However, density and viscosity of SiO,-poor
depolymerized silicate melts have not been well investigated mainly due to two experimental
difficulties. One is temperature limitation in common high-temperature furnace up to ~1600 °C. The
temperature range is enough high to melt SiO»-rich silicate compositions, while SiO-poor silicate
compositions have liquidus temperature higher than 1600 °C. Therefore, it is difficult to conduct melt
experiment for SiO,-poor silicate melts. Another experimental difficulty is high reactivity of iron in
silicate melt with container material such as platinum crucible. Container material is essential to keep
molten sample in common high-temperature furnace, while it is challenging to avoid chemical reaction
between iron-rich silicate melt and container material at high temperature conditions.

In order to overcome these experimental difficulties, we utilize electrostatic levitation furnace (ELF)
at the International Space Station (ISS). The ELF is capable of high temperature experiment above 2000
°C by laser heating, which enables us to melt SiO2-poor peridotitic silicate melts and to investigate
temperature dependence of the density and viscosity of the SiO,-poor silicate melts at wide range of
temperatures. In addition, containerless experiment by electrostatic levitation under the microgravity
environment in the ISS overcomes the problem of chemical reaction between the melt and container
material at high temperature conditions. Therefore, the ELF opens new way to experimentally
investigate density and viscosity of SiOz-poor and Fe-rich silicate melts at high temperatures.

In this study, we investigated density and viscosity of four SiO»-poor and iron-rich peridotitic silicate
melts with MgogFeo2SiOs, MgigFe02Si0s4, MgosFe12Si04, and MgooFei6SiOss5 compositions
(Fe/(Mg+Fe) ratio = 0.10-0.63, (Mg+Fe)/Si ratio = 1.00-2.52), which enable us to model the effects of
composition (FeO and SiO; contents) and temperature on the density and viscosity of peridotitic silicate
melts. In addition, in order to investigate effect of iron valence state (Fe?*, Fe**) on the density, we
conducted density measurements in Ar gas and air environment. Density of melt was determined from
the mass and the volume. The volume of the melt sample at high temperature condition was determined
from the sample image acquired with ultraviolet black light, and the mass of the recovered sample was
weighed on the ground. Viscosity measurement was conducted by using the drop oscillation method.
Sinusoidal voltages excite an oscillatory deformation on the melt sample. When the excitation voltage
is stopped, the sample oscillation gradually weakens due to its viscosity. The viscosity of melt was
calculated by the decay time with the density and radius of the sample. After the density and viscosity
measurement, the sample was returned in the sample holder, and the recovered samples were brought
back to the Earth. The recovered samples were analyzed by 3D X-ray tomography, scanning electron
microscope (SEM) with energy dispersive spectrometer (EDS), and X-ray absorption near edge
structure measurement.

We succeeded to obtain density results of all four samples at wide range of temperature conditions
between 1235 and 2465 K. Our experimentally obtained density of MgosFeo2SiO3; melt, which has



relatively high SiO» content, is similar to that calculated by the previous density model based on SiO»-
rich silicate melts data. In contrast, there are marked differences in the densities of SiO,-poor
Mg sFeo2Si04, Mgo7Fe125104, and MgooFe1 651045 melts between our experimental results and the
previous density model. The density differences increase with decreasing SiO, content, which is
considered to be due to uncertainty caused by extrapolation of the previous density model for SiO,-rich
basaltic melt to SiO;-poor peridotitic melts. In addition, we found significant differences in the
temperature dependences of the densities of Mgy sFeo2Si03;, Mg sFeo2Si0s, MgosFe;2Si04, and
MgooFei6Si045 melts between our experimental results and those calculated by the previous density
model, indicating that thermal expansivities of SiO»-poor peridotitic silicate melts are much smaller
than those of SiO»-rich silicate melts. Furthermore, our obtained densities of MgosFeo.SiO3; melt at
2,000-2,200 K were 7.1-7.5 % higher than those calculated by first principles simulation.

Our new experimental density data and the determined density model for SiO,-poor peridotitic melt
provide important constraints on the gravitational stability of iron-rich peridotitic melt at the core-
mantle boundary of Mars. In order to discuss the effect iron content on the density crossover between
peridotite melt and Mars’s mantle, we modelled density of a peridotitic melt composition with varying
x=Fe/(Mg+Fe) ratio. Our determined density model suggests that the peridotitic melts with the
Fe/(Mg+Fe) ratio more than 0.4-0.5 have higher densities than those of the solid mantle at the base of
the Mars’s mantle, which indicates gravitational stability of the iron-rich peridotitic melt at the core-
mantle boundary in Mars.

In addition, we conducted density measurements for MgosFeo.Si0s, MgosFe;2Si0s, and
MgooFe1 631045 melts under air environment. The recovered samples show higher ratio of Fe** relative
to total Fe (Fe**/ZFe) after the experiments of air environment (Fe**/ZFe =0.55-0.71) compared to those
after the experiments of Ar gas environment (Fe*/ZFe =0.22-0.31). On the other hand, the results show
similar density values in both Ar gas and air environments, which imply no marked influence of Fe**
on the density of iron-rich peridotitic silicate melts.

In addition to the density measurements, we succeeded to determine viscosities of Mg gFe2SiOs,
Mgo.7Fe12Si104, and MgooFe1 6Si04 s melts at the temperature conditions of 1980-2569 K. The viscosity
increases with increasing Fe content, while decreases with decreasing SiO, content. Our obtained
viscosity results of the SiO;-poor and iron-rich peridotitic melts are compared with the previous
viscosity model based on the data of SiO,-rich silicate melts. We found marked difference in the
temperature dependence of the viscosities. Our results show markedly lower temperature dependences
of the viscosities of the Mg gFe2Si04, Mg 7Fe1 25104, and Mgo oFe1 65104 5 melts than those calculated
by the previous viscosity model. In addition, our results show marked difference in the viscosity of the
(Mg,Fe),Si04 melt calculated by first principles simulation.

In summary, we succeeded to obtain density results of all four samples under Ar gas environment
and three samples under air environment. In addition, we succeeded to obtain viscosity results of three
samples under Ar gas environment. By using these obtained density and viscosity results, we
successfully determined density and viscosity models of SiO»-poor and Fe-rich peridotitic silicate melts
at functions of composition and temperature. These achievements satisfy criteria of the Minimum
Success and Full Success. Our determined density and viscosity models show marked difference in the
density and viscosity of SiO»-poor peridotitic silicate melts compared to previous density and viscosity
models based on SiO,-rich silicate melts and calculation by first principles simulation. These results
indicate that the density and viscosity results obtained in this study provide valuable data to increase
the accuracy of the density and viscosity models of SiO»-poor peridotitic silicate melts. Our determined
density and viscosity models for SiO»-poor peridotitic silicate melts provide valuable information in the
discussion of the nature and dynamics of magmas in the Earth and planets.
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