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Life cycle of plants in space

- Optimization of plant cultivation conditions through evaluation of 3—dimensional morphology of
the root system architecture— (report of fiscal year 2022)
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Abstract: Plant cultivation is essential to secure a stable food supply in a long-term manned space
exploration as a component of bio-regenerative life support system. It is necessary to clarify
effects of different gravity conditions on the life cycle of plants because such effects on each
process of life cycle of plants is still largely unknown. Here we report our results of the Front
loading researches funded by JAXA ISAS Expert Committee for Space Environment Utilization
Science in the present fiscal year 2022. We have tested pre- and post-image processing in addition
to machine learning to improve automatic segmentation of rhizoids of Physcomitrium patens
observed by X-ray micro-CT. We also tested to grow sweet basil plants using the moon regolith
simulant. We have successfully improved cultivation conditions using the moon regolith simulant
to grow plants of Arabidopsis for a longer term until they bear flowers.
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Root system, Senna obtusifolia, X-ray micro-CT

1 [FL®HIZ B2 CH IR BT T8, Mo L P - TEHE
FHICBI DAL L, RIOA NTFHRFEL (CENNEZ DB OWTHLNI > TVHIE

R DAE B MMERF AT LO—FEL TR AR 3, FEEICEE 2.

THON, MEROENEREE T T LA 2 ek & HNDPHEDZRKIZL TOD LA LN T DL

BIpHE ) N CHIETH281070%. EAITEMOA (INA, HERO B ERBIIEN i & < SR 5H



HERBEICELZET, MO RMOBREEZ G S HL
BERESR LI D7l A2 HERL, EEDITFHERE
FIHEMEZEERIR =T —ICB WGl L e
STFHIC BT DM O EIEBR | F— L DTGB A-Hik
FEL T, Mo BT A mitha & TR E B8R
B R 2SI T, e a i kL Tz e
TH5b.

TR OIRIL, H LA SCFF - [ LB %
WIS % = & TR R AR DR L 72 5.
T DAETEBRA MK T DR B AR - AFEAR IS, 1R
DIEVRRELBIDL. Y AL OISR o7
DITNE, THEROBREEARN ZRE DAL ORI N
BEAAHETHD. EAHREROE N EMICEE A
5 2 BICIEE B TRE O K DA B E K IF
9. HREEETIIENOZZE LN L, HiHiC
VY REEMT 2 E0NiEE 0D, &2 T%
FHIL, JAXA FHB AT T i SR A Y
FER2022FFET7u s ha—F 4 VI HREICL
LRI AT, ARRO =R TTIEREO R A8 U7X
HEAEMFE RO R#E{LA BIEL, Tiiomstic
B0 AT, ATEBROBELLTL 3 G O E B
BNy aA XF XF (drabidopsis thaliana (L.)
Heynh.) D3 =— hDOJERER L OFEFRIZ L 2
HEBIIOWVWTHRE LN, ARETCHEH 7Y
fa—F ¢ TR > THET H.

2. RRD=ZRaAMEDTMZE C-EENEYRK
BEHOREILZEHIEL-MR

(MWEAY VTR I T RIBFD X #~A 27 v CT I
X % Ak

2021 4EEDIFIET, X B uCT 21772 n
A XF AT OB TFINT LD 3D FT MAELET
EFELRMESL LT D, IRREGOE T AT —
va OB EERT DI T —F YA AR
BEIeo TV, 22 Ta vy M RIRR %
SarEMIZERL, AV AT
(Physcomitrium patens (Hedw.) Bruch & Schimp.
subsp. patens) % 17251 F2BR Space Moss? T 15
ToARAR R AR 22 AN T, ARSRARAT (08 1 - 5 g
v AT a AL - T WD =ZROT
JEREfRIT D — 7 7o —sizqT7Ho Z L AR L
VAV Y TRATEIRREERTELRT T 4
(AL, X#fuCT ke T/ 3D 7 — 4 Tl
ARIIE R e v, NT77 0 o EHICL DA
LMD 318 DL L >TWe, Zhb
EOUEMICEEI TR AT —va AT,
Image] DM 7 7' A > Trainable WEKA
Segmentation (TWS)2S AN T o 72 +50. £ Z T,
FARDE 7 AT —va VHEE P57 0%E
Al » FRAIRARE L. EFIChi TR L,
fEA LicT — 2 2@ U T, R EEL KL

L, 3D Median filter & Unsharp Mask CEpijsL %
TV, WICHEWSE L BeE %, e L BT T
— X B CHRYIETZ ETCTRRREEER. F
BAFIZ B W R A MR RS, RY 2a—LFET L
AT 5 &, deimfhiE Tl S VT ARR 25
ML, 7 — & el OGN DNFRIE ST
Wiz Z OB TH AR ORIl 2 T o T2 &
Z A, BtkEEERT S FLELE ToU (XA LT
7-.
WIZEBMNT D047 P =7 MEDIABZDEHE
PRALEL 2 RS Uiz, FBI272 0 Bk DR D3R D
EARAR A BEE B ORRZED BRI D720,
Vesselness Score THE 5 7ML 0 IABFIIZ, ZEHA T
ARERAL, BYIABZIZATA A LHET D
T, R ETE AR TIRE L. R
2a—LNETNAVEMBT AL, RVIARKZTHED
% < DR ZPRFF L T, AR D Jeufilns & 5
HENZE T TD, ATA ADHIZVDOFT =T b
B (i) #7 vy b 5L, BT —X 08
BB TOMDTE N ) A XKD RARRE—7
X, AEIOTRICEY KRE KT L.

(2) 10 G O EHEREPEAEM = 2 7 DR
RIEREIC G 2 DR

FH M COKMED B A &I, E3K
VAL VOIFHEY) TH D~ AR DO R T

(Senna obtusifolia (L.) H. S. Irwin et Barneby) (Z%f9
%, BMENEENG R DL, EREM TORK
ERC RO~ ZoRER, 106G T30 HRAE
BESEEZEAZYICBWT, LC-MS/MS 12XV
Va— FRBIOIRBARD A X R o — L2117 -
el ZA, ZIRIHEM O BN O

7. WA EIRTHD LD LIZfsy o ing

<, Z9R /A4 NIZEBRTDHE, Y2—F %R
FRNTIUZENTHEIML7Zb0 L0 Lz
DDFTNRE -1, BNENRE T T, AH7%
A8 K0 EEINS D RTREMER B 2 b s 89 .

(3) FfEEH L AU AFRENAA — b NV TIEDRL
FECRBMAEICE 2 D%
FETIHRITHDLPMEM TH DAL — FNU )L
(Ocimum x africanum Lour.) OFEHEA L T Y X
(FIS-1g, IE/KEERR) TOFRE: & FERGREE & g L
7o FEHEEA LY AgEED 6 HilmiAEZ TlX, %€
RKAFE & g Lo mfE s/ & < AL
20, TEOREIFREIN TV, 5T, 1F
M E LCDOAFAFALT )=, 18- A —
NOEBIZONTIE, TEORENHE I
DENENDRGT OFRE BIIFHEEA L I U AFH;
TR LIb 00, ZNENORGOEREREST-




D OEBITIIRE R LITR LTV, fiflT
B A L COBFENE S LETHD.

4) A L3 Y RE AW a A X X5

WEAEFE 1T X R pCT TOREULD =D/ S 727
FNNATNVRE (¢10mm) ZHWTEEE Lz
ORERNZE LRWMER S - 7=, KEE IR
A= gnFa—7 ($25mm) [CATF—ILT v

7L, THWBEMARY HLEEOhR O B A iR
L7z, T Z0OERRTORESMEZHEIL,
AIFER L VITH 2 &, REIEXT v TETEIO
TlH e BRMEEZHET D ENRRNT ERbn
ST, JRXE LTORELEIZLIY R,
TOBIHTAERMEEE T £33 2 OR Y gk
BET., ZoFETOEET I8 HEHEE 52 &
DHKZOT, MREZK LUIZ/EER, L3R
P COROEEITRELLVES, RUILRBICE
HIROEEOHEDRITNT O I N TS A
v oTlo. M7, ZoiREStETIZ 18 AT
BRI EZ2FT TV =D T, Bes% 100 mL
RV ZF LKA (¢48mm) (TR —AT
7L, LYEMRETAIZEERAT. FORR
47 HIEFEE ° X, #ibdk - BAAEICETh L7z, [RIREIC
FRIUCEMT, ALICRmAPELZbD L, VA
FIREZRE- DO LRI 2 A, BALHD
O LR TRICREMEE S AT RO
Mo Tos, ek - BAfEICETh Lz, B 0
TIHEFDDT NI O THLINNHES N, 5%
b FHLME A2 RS L-oon | &t & BIE A o it
D 5.

3. Bt

JAXA FHRA e il R AN S E B
2022 EE T 1 b —F ¢ T WFFEEC K BBk
EZTTbDOTHSD. Xt CT B1%21% JASRT FIIHR
HH 2020A1264, 2021B1316, 2022B1143 TIF-7-.
JAXAD (X9 FIHZ 4P U T 4 AXT 4
DFEEZ T FEICBT 5 a Tl ORERE
EFEHAAARN—A - ER) | L LTEMMLT.

SE X

1) Kurogane, T., Tamaoki, D., Yano, S., Tanigaki, F.,
Shimazu, T., Kasahara, H., Yamauchi, D., Uesugi, K.,
Hoshino, M., Kamisaka, S., Mineyuki, Y., Karahara, I.
Visualization of Arabidopsis root system architecture
in 3D by refraction-contrast X-ray micro-computed
tomography. Microscopy, 70, 536-544 (2021).

2) Kume, A., Kamachi, H., Onoda, Y., Hanba, Y.T.,
Hiwatashi, Y., Karahara, 1., Fujita, T. How plants
grow under gravity conditions besides 1 g:
perspectives from hypergravity and space experiments

that employ bryophytes as a model organism. Plant
Mol Biol, 107, 279-291 (2021).

3) Karahara, 1., Yamaura, R., Kurogane, T., Tamaoki,
D., Yano, S., Tanigaki, F., Shimazu, T., Kasahara, H.,
Yamauchi, D., Uesugi, K., Hoshino, M., Mineyuki,
Y., Kamisaka, S.; Three-dimensional morphological
analysis of arabidopsis root systems grown in space by
x-ray micro-computed tomography, The 8th
International Symposium on Root Structure and
Function, High Tatras, Slovakia (2022).

4) Karahara, 1., Yamaura, R., Tamaoki, D., Kamachi,
H., Yamauchi, D., Mineyuki, Y., Hoshino, M.,
Uesugi, K., Shimazu, T., Kasahara, H., Kamada, M.,
Suzuki, T., Hanba, Y., Kume, A., Fujita, T., Three-
dimensional visualization of the rhizoid system
architecture of Physcomitrium patens grown in space
by X-ray micro-CT per- formed at SPring-8. The 44th
Scientific Assembly of the Committee on Space
Research (COSPAR), Athens, Greece (2022).

5) Yamaura, R., Tamaoki, D., Kamachi, H., Yamauchi,
D., Mineyuki, Y., Uesugi, K., Hoshino, M., Suzuki,
T., Shimazu, T., Kasahara, H., Kamada, M., Hanba,
Y.T., Kume, A., Fujita, T., Karahara, I. Three-
dimensionally visualized rhizoid system of moss,
Physcomitrium patens, by refraction-contrast X-ray
micro-computed tomography. Microscopy, 71, 364—
373 (2022).

6) ILHE S, BRI, Witige, P, e
FE, BEEAN, PAEOKE, WGEREL ARRAER,
RHTRE], $vARTZE, AOKEE, F0thF, EHEE
i, FRES B AU R AR R OXHR~
A 7 v CTIZ & 5 Al DFA A, SPring-83 7R
7 22022 SPring-873 2% AT LA D Y v —
>, T A% AR A BT SPring-8 (2022).

7) Karahara, 1., Yamaura, R., Tamaoki, D., Kamachi,
H., Yamauchi, D., Mineyuki, Y., Hoshino, M.,
Uesugi, K., Shimazu, T., Kasahara, H., Kamada, M.,
Suzuki, T., Hanba, Y., Kume, A., Fujita, T.,
Visualization of 3D architecture of the rhizoid system
of Physcomitrium patens grown in space by X-ray
micro-CT.The 13th Asian Microgravity Symposium
(2022)

8) Koide, M., Tamaoki, D., Kamachi, H., Takao, Y.,
Taura, F., Nishiuchi, T. , Karahara, I.; Effects of 10 G
hypergravity on the morphology and metabolites of
leguminous medicinal plant Senna obtusifolia (L.)
H.S.Irwin et Barneby, The 44th Scientific Assembly
of the Committee on Space Research (COSPAR),
Athens, Greece (2022).

9) IR Z2 T, EREIIr, M, BHHE—, &
RAE, AL, N, B 10 GOl
HABREE) ~ AR — © 2 75 ORI
MEBIOA XY R — A5 2588, HAFTH
EMRIERE36RIRE, 4l E (2022).



