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Molecular Pathway on Controlling Plant Flowering Time under
Microgravity in Space by Using Flowering Genes

B LERAMENFHTHERE (FT) REKFNES , KT HENFIEFENXBERIBIE
7o GCC- #1 CAGTG-box, NE¥IMFFEIMFREIHRTRIEE. CIHIEMN = EIF R AVEYH mitie

HTEREMARAER.
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953 (ERFFIE. WAERIRAE) ML SR 7E 22 I T RedamEAEE, BREEREE
BN TRIHE AL 5T (B 2-1) o KRR AERRT AL B IR, FRAEIR A1 5
FFIRE ARG TSR ge bR, R1G T AR RITTAE SCEL Y R HAE, UERATE S Rk &k A KA A
FIF TF] 4 A 17 M ol B 13 ) 2Rt Ao 8 S LR TRAWGOMEIERET), MXBIFRE T 2023
EREBERUEE, BRI TMENZRAET FE BTSSR ZFR,

USRI (B2 ) S 6 59 TR GI-CO-FT
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BES il SBP Kk M ) , i@id Gee-fil  WEM Jamontt) R EVERT e s R,

2E B
CAGTG- W ZHe Az TT A R R R I I o 20 BIHIIE BT 2 TRV 2R RO AL 3 A2
BRI (B 2-2) o ZIRFFEAUR BEMIEREN, X T45 T2 AT A ) 7 sk
NTAT T REA) SR VA BT AL N [ 2 ) ol B R, SR A A B B R
T FHLEE, A A SRR SR P TT IR FE TR T (25 T B B HE R AT AT R,
N5 FIT RAZ 22 (AP T AE IR B, AR A RSB TR 2 IR PR B A Sz A = P 45
A RERAS RGN RE YY), R R T ERSRE A EAL,

FIsR SR BE 1HTHN&E,
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‘i, [1] Chaoxian Jia, Weibo Zheng , Fangwu Liu , et al. Biological culture module for plant research from seed-to-seed on the
512974l Chinese Space Station [J]. Life Science in Space Research. 2024, 42:47-52. DOI:10.1016/j.1ss1.2024.04.005.
[2] Junyan Xie, Lihua Wang, Huiqiong Zheng. Molecular basis to integrate microgravity signals into the photoperiodic
flowering pathway in Arabidopsis thaliana under spaceflight condition [J]. International Journal of Molecular Sciences. 2022,
23:63. DOI:10.3390/ijms23010063.
[3] Lihua Wang, Junyan Xie, Chenghong Mou, et al. Transcriptomic analysis of the interaction between FLOWERING LOCUS
T induction and photoperiodic signaling in response to spaceflight [J]. Frontiers in Cell and Developmental Biology. 2022, 9:
813246. DOI:10.3389/fcell.2021.813246.
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On-Orbit Stable Operation of Closed Aquatic Ecosystem(CAES) and
Zebrafish Culture in China Space Station

ARARARNTEKEESRAET AR EESIT 43 X, LR T REETEGEFIDEAIR

W, KT T ERLEEKREESRATNETHERER.

B S FH B 5 0 < A 5 2 3 P K AR A3

A5 R (H23) , BETEA MR AT S
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BT (E2-4) o s R AT, 2 RKAE
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T8 il 77 TH D BUS AR P RO VAR 2R . FHORIRR
gE G R1E (The Innovation) FHAT], FruiHr
At A LA B 2 RIE,

AU ElE ; BRSBTS R Tk

efeizsl), HEFEMBITARENRLR, & fErE) AUFONESR B 1y S YR T
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(i, [1] Maobin Xie, Qing Tian, Gaohong Wang, et al. Breakthrough in enclosed aquatic ecosystems in space: Supporting zebrafish
si297d survival for 43 days [J]. The Innovation. 2024, 5(6): 100711. DOI:10.1016/j.xinn.2024.100711.
[2] Peifan Gu, Xianyuan Zhang, Anji Chen, et al. Microbes and nutrient shift in a Closed Aquatic Ecosystem (CAES) during
four weeks of operation [J]. Life Sciences in Space Research. 2024, 42(1):91-98. DOI:10.1016/j.1ssr.2024.06.001.
[3] Caiyan Li, Xianyuan Zhang, Tong Ye, et al. Protection and damage repair mechanisms contributed to the survival of
Chroococcidiopsis sp. exposed to a Mars-like near space environment [J]. Microbiology Spectrum. 2022, 10(6): 03440-22.
DOI:10.1128/spectrum. 03440-22.

T (1] 2/, T, XIPKGE . — AR 7 BRI RN TR . ZIAE A . TAIS « Z1.202010699616.8. X H
e 202156 H29H .
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Early Hematopoietic Differentiation of Human Embryonic Stem Cells
under Space Microgravity Conditions

BRKRI T = AR TARS SN T / sifAdlE, SRHENBIZMESRESKie#H

BERSM DRI FHE], AERME A Z 8T ARG M 7 ARV R BHR A B,

@E YA KRRAETT R 722 R E S AR BT BRER AN O HE— T Jf K2 RIS I AT 5
JEY RATAIM RS MR (8 2-54) , HR TRELEICFIBARMKAE.

RSB ZRE T AR M E HOE M T40A / Al
AT 5 A S G0 T PR SR, A T A

gfE, FREC T AR T AMIESAE RAMEIN S foF

HANMERAR, SRoTdifysEpus s fe, 7 _‘_,_&E AR, REZEETARSEM T /540
LRI AR IS A (& 2-5B & 2-5C, ks AR, D g R T T 41 AR 058 1M 7
BRI TR EBRITR) o 8 R S5, RUERATCH [RREER fE 1 5 SRR, O IR AR
WUk 7AERU M E B AN IS I T / BRI REBCEAMEIIRIT 715, A BRI
(B 2-6) , RPN IR ER T RSN A BB et B IR R

MIERG TR AnE LT / AR AR LR,

ABEERAAR

Lawt.4 [1] Chiyuan Ma, Yue Xiong, Xiaohua Lei, et al. simulated microgravity potentiates hematopoietic differentiation of human
012974 pluripotent stem cells and supports formation of 3D hematopoietic cluster [J]. Frontiers in Cell and Developmental Biology.
2022, 9: 797060. DOI:10.3389/fcell.2021.797060.
[2] Chiyuan Ma, Xianglong Duan, Xiaohua Lei. 3D cell culture model: from ground experiment to microgravity study [J].
Frontiers in Bioengineering and Biotechnology. 2023, 11:1136583. DOI:10.3389/fbioe.2023.1136583.
[3] Xiaohua Lei, Chiyuan Ma, Yujing Cao, et al. High-efficiency differentiation of human pluripotent stem cells to hematopoietic
stem/progenitor cells in random positioning machine bioreactors [J]. Methods in Molecular Biology. 2022, 2436:55-66.
DOI:10.1007/7651_2021 412.

T (1] &BEhE, ki, SR, . —F0iE S 2 BT AIM A S M AT R o L IE FR S DAR T 38 RIRE A T A5
EF Z1202110396567.5. $2RCHHE: 2023 4 4 A 18 H
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The Mechanism Underlying Spatial Microgravity-Induced Dysfunction of
the Osteogenic Differentiation of Stem Cells

BRBT T HMEET DNA BRENEITSEARAHERE. BISESERFEERERFD LR

NG, NREMERADIPIRMINER; A& T ETKEIFRIG RNA NERS FARGETTRA,
HREEEHRGEEF IR A,

@ FAAYERSE AT & T A& fEH 52 5 T4 RNA AC WIEEREIT 7714, NEhiBEMEnR

53 A S ML, TR R AT T KPR AL T HHIEORTF B, R R E T
B Al B 1] 72 5T T 4 RSB o3 A O 2 L {Cellular and Molecular of Life Sciences) =¥ [F
EALE (B 2-7) o i KA 2 g, R B T T

T E @S P DNA FEL B, %
SRR ERE, SETHMREEERE [oa:) EAME N SBE RN 2 FREE, AT
B TR, FHREEERA N AR AN A A 1 B T I D S T R R /1N 5

=)

A=
P (& 2-8) , &R TR RERBIKER D RITANZ, R R R T R
STHAERRKAOELREA, fEHFRIET PN

10 RMBAED TR TPR T HET KEEFY

ABEERRAN

(iwt.4 [1] Fangwu Liu, Shali Wu, Weibo Zheng, et al. Research and development of cell culture devices aboard the Chinese Space
ti29vdl Station [J]. Microgravity Science and Technology. 2024, 36(1). DOI:10.1007/512217-023-10081-w.
[2] Cui Zhang, Shali Wu, luyang Yu, et al. ALX1-transcribed LncRNA AC132217.4 promotes osteogenesis and bone healing via
IGF-AKT signaling in mesenchymal stem cells [J]. Cell and Molecular Life Sciences. 2022, 79(6):328. DOI:10.1007/s00018-
022-04338-7.
[3] Chen Qiu, Yuan Sun, Jinying Li, et al. A 3d-printed dual driving forces scaffold with self-promoted cell absorption for spinal
cord injury repair [J]. Advanced Science (Weinh). 2023, 10(33): €2301639. DOI:10.1002/advs.202301639.
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Mechanism by Which Microgravity Affects Cell Autophagy
Leading to Muscle Atrophy

Efr EBERSEI T S ERANAME BRI SERTAN, &M T TREIMESIFRR DAL B A2 E

FAMNEI, MeLEBRARNAE XA ERERE 7RG .

e AMAAEYERKLRARRID R TN B o] AWTFRRAB@EE R, HRIKRL
SIS e TR S L (1 2:9), WLEREI T 4 AN BB RS T BOR VAR R, T A

yis

A EFAVE R ENR, (EERR L E XA EE = KR FER I, BEFTAER AT HE B A T i
RE LA B MR AR & Rt (& 2-10), EE R AIALMIE B3 RASHIENARIR A, xS LN ZE
i BRI A R BT 4 (R AR ) B SE R  iAUL o0 7] IR (AT B AR R 7T 3o

20 B WAL, M el U RS T
BRI AL R FOK R 1, T 2 R EE
PRI R B T BUTLZE 45 T REN L S8
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(a) FEBUIEIR 48 /NI (b) TERUIEFF 84 /N
2-9 BERAARTEM D LSRR A

(iwt.4  [1] Hui Wang, Mei Ma, Yuying Li, et al. miR-183 and miR-96 orchestrate both glucose and fat utilization in skeletal muscle [J].
;12974 EMBO Report. 2021, 22(9): €52247. DOI:10.15252/embr.202052247.
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Microfluidic System for Automatic Tracking and Monitoring of
Caenorhabditis elegans at the Single-Worm Level in Space Environment

WETZRTESEIREER |, AT TELROFHRIERGHBRINENIIE, BERKIUTE
MARZmA. BAIKTEDUKIERSERLABRED FRITEREN, NRERAUSEHES

PR ITHENEZIPARRM TR KR F Ko

EE TR R N AN R SR AR 22 IR I 23 R PS5 2 RS TAER — SRS A b, HEAT 4 FOR

S5 gy, MR T A R G B b R R S (7l i B R 2N B Sh BR8]
AL R T Y SR AT AR LA DNA MERAERK T, B3 NIOLEBREYET
MBS RN EZMFER R, HR 7 X HEN, AW CR AR I S &2 R AE (Lab on a
FERLN N 25 DNA B E AT H) miRNAs, chip) £ (B 2-12)

BB NEZ G T RIS AR (Scott
etal, 2023. iScience) o MR KI T  fFE] KBV RGAARRRAEALE N EK
R TRV AR S AR IMA KT 22 73 i ) SR 2 VSR ST TR S R O 0 A A T

*fE!
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R RS R B R B P 25 e 2, 4R T
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(iwt.4 [1] Lei Zhao, Ge Zhang, Aiping Tang, et al. Microgravity alters the expressions of DNA repair genes and their regulatory
012974l miRNAs in space-flown Caenorhabditis elegans [J]. Life Sciences in Space Research. 2023, 37: 25-38. DOI:10.1016/
j.1ss1.2023.02.002.
[2] Xinye He, Lei Zhao, Aiping Tang, et al. Integrated analysis of miRNAome and transcriptome reveals that microgravity
induces the alterations of critical functional gene modules via the regulation of miRNAs in short-term space-flown C. elegans [J].
Life Sciences in Space Research. 2024, 42: 117-132. DOI:10.1016/j.1ss1.2024.07.001.
[3] Qiangian Yang, Runtao Zhong, Wenbo Chang, et al. WormSpace U-TAS enabling automated on-chip multi-strain culturing
and multi-function imaging of Caenorhabditis elegans at the single-worm level on the China Space Station [J]. Lab on a Chip.
2024, 24: 3388-3402. DOI:10.1039/d41c00210e.

ITEA [1] B, 6, XITEE , 5. —AEEX LR HFT o RS R RHERITE ZAEH . TFS
c 3l ZL201911286519.X. fZAXHM: 2024 £ 1 H 26 H .
[2] B0 , MG, XNETE , 5 —FEFEOMRERAN R R AR B L FER L RIATH . TFE
Z1.201911285621.8. #ZAXHIA: 2023 4 11 H 24 H .
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Showcasing research from Prof. Runtao Zhong and . Y
Prof. Yeqing Sun’s research group, Institute of As featured in:
Environmental Systems Biology, University of Dalian

Maritime University, Dalian, China.
WormSpace p-TAS enabling automated on-chip multi-strain Labona Chlp
culturing and multi-function imaging of Caenorhabditis -

elegans at the single-worm level on the China Space Station

This work introduces the WormSpace p-7TAS, a fully
integrated microfluidic system designed for automated
on-chip multi-strain culturing and multi-function imaging of
C. elegans at the single-worm level aboard the China Space
Station (CSS). The system has been successfully applied to
the CSS, from launch of the WormChip cartridge through
in-orbit operation and automated 30-day experiment, to
return of the fixed samples to Earth. It will provide a novel See Yeqing Sun et al.,
experimental platform for studying the biological effects Lab Chip, 2024, 24, 3388.
of space radiation and microgravity, and for developing
protective drugs.
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Research on the Coordinated Regulation of Skeletal-Related Physiology
Systems and Countermeasures for Space Bone Loss
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[1] Wenhui Xing, Bo O Zhou, Weiguo Zou, et al. Identification of a periosteal Itm2a-expressing skeletal stem cell contributing
to bone fracture healing [J]. Journal of Clinical Investigation. 2024, 134(17): e176528. DOI:10.1172/JC1176528.

[2] Zihan Xu, Chao Yang, Feng Wu, et al. Triple-gene deletion for osteocalcin significantly impairs the alignment of
hydroxyapatite crystals and collagen in mice [J]. Frontiers in Physiology. 2023, 14:1136561. DOI:10.3389/fphys.2023.1136561.
[3] Lijun W, Xiuling Y, Weiguo Z, et al. Mechanical sensing protein PIEZO1 regulates bone homeostasis via osteoblast-
osteoclast crosstalk [J]. Nature Communications. 2020, 11:282. DOI:10.1038/s41467-019-14146-6.
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Research on the Molecular Mechanism of Metabolic Remodeling in

Regulating Microgravity Effects on Cardiomyocytes
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[1] Xinglong Han, Lina Qu, Miao Yu, et al. Thiamine-modified metabolic reprogramming of human pluripotent stem cell-
derived cardiomyocyte under space microgravity [J]. Signal Transduction Target Therapy. 2024, 9(1):86. DOI:10.1038/s41392-

024-01791-7.

[2] Zhuangzhuang Yang, Miao Yu, Xuechun Li, et al. Retinoic acid inhibits the angiogenesis of human embryonic stem cell-
derived endothelial cells by activating FBP1-mediated gluconeogenesis [J]. Stem Cell Research Therapy. 2022, 13(1):239.

DOI:10.1186/513287-022-02908-x.

[3] Yong Wang, Wei Lei, Jingsi Yang et al. The updated view on induced pluripotent stem cells for cardiovascular precision
medicine [J]. Pfliigers Archiv - European Journal of Physiology. 2021, 473(7):1137-1149. DOI:10.1007/s00424-021-02530-5.
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Research on the Prevention of the Mechanism of Weightlessness and
Cardiovascular Function Change Based on Organ-on-a-Chip
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[1] Qiwei Li, Chunyan Wang, Xiaoran Li, et al. Epidermis-on-a-chip system to develop skin barrier and melanin mimicking
model. [J] Journal of Tissue Engineering. 2023, 14:1-13. DOI:10.1177/20417314231168529.

[2] Xuan Du, Zaozao Chen, Qiwei Li, et al. Organoids revealed: morphological analysis of the profound next generation in-vitro
model with artificial intelligence [J]. Bio-Design and Manufacturing. 2023, 6(3):319-339. DOI:10.1007/s42242-022-00226-y.
[3] Liang Wang, Zaozao Chen, Zuoyue Xu, et al. A new approach of using organ-on-a-chip and fluid-structure interaction
modeling to investigate biomechanical characteristics in tissue-engineered blood vessels. [J] Frontiers Physiology. 2023,

14:1210826. DOI:10.3389/fphys.2023. 1210826.
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Research on Brain Function Assessment and Regulation Technology for
Astronauts in Spaceflight
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[1] Peng Zhang, Zhongqi Liu, Honggiang Yu, et al. Extreme conditions affect neuronal oscillations of cerebral cortices in
humans in the China Space Station and on earth [J]. Communications Biology. 2022, 5: 1041. DOI:0.1038/542003-022-04018-z.
[2] Yufeng Ke, Tao Jiang, Shuang Liu, et al. Cross-task consistency of electroencephalography-based mental workload
indicators: comparisons between power spectral density and task-irrelevant auditory event-related potentials [J]. Frontiers in
Neuroscience. 2021, 15: 703139. DOI:10.3389/fnins.2021.703139.
[3] Ying Yin, Shufang Chen, Tao Song, et al. Cognitive load moderates the effects of total sleep deprivation on working
memory: evidence from event-related potentials [J]. Brain Sciences. 2023, 13(6): 898. DOI:10.3390/brainscil3060898.
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Research on New Technologies for Astronaut Health Evaluation and
Protection with Traditional Chinese Medicine Characteristics
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Mechanisms of Muscle Function Adaptation to Long Term Space Flight
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Development and In-orbit Application
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Rapid Solidification Coupled With Structure Regulation of Refractory
Alloys under Microgravity
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Formation Mechanisms of Core/Shell Structure, Dispersed Microstructure
under Microgravity and Control Methods
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Research on InSe Semiconductor Crystal Growth under Microgravity and
Fabrication of High-performance Transistors
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Research on the Microstructure Design and Service Behavior of High-
Performance Magnesium Alloys Resistant to Space Radiation
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Intruder Dynamics within Vibrated Granular Media in Low Gravity
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Droplet Evaporation Heat Transfer via Pure Diffusion and
Thermalcapillary Convection in Space
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Liftoff and Blowoff Characteristics of Partially Premixed Flame
under Microgravity
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Research on Space-Based Cold Atom Gyroscope Technology
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(a4 [1] Meng He, Xi Chen, Jie Fang, et al. The space cold atom interferometer for testing the equivalence principle in the China Space
si2pva  Station [J]. NPJ Microgravity. 2023, 9(58): 1-10. DOI:10.1038/s41526-023-00306-y.
[2] Jinting Li, Xi Chen, Danfang Zhang, et al. Realization of cold atom gyroscope in space. arXiv:2405.20659. 2024.
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Research on Long-Life Radiation-resistant Optical Fiber and
Hermetic Seal Technology
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T (1] A, HE, RES S0 P14 SRR C TR 1 R0 B AT (7). YELF SOt8ER H R R . 2021(5):6-
15974 9.25.DOL:10.19467/j.cnki.1006-1908.2021.05. 002.
[2] FA g g . AT K 2% FH I 4R 5 22 BEOK £F IO WR D (30, e &F 5 M 88 R H O A £OK . 2022(1): 20-23.DOI:10.19467/
j.cnki.1006-1908.2022.01.006.
[3] Tk, IR, 7S . — AR SO SRR A RN EIS 75 28 [7]. JeilfEHoR . 2022,46(6):82-85.D01:10.13921/
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Research on Membrane Diffractive Optical Imaging Technology Based on
Micro-Nano Structures
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(iw.4 [1]Jiajia Yin, Danbo Mao and Bin Fan, Polyimide membrane with low CTE and CME for potential space optical applications [J].
01974 Polymers. 2021, 13: 1001. DOI:10.3390/polym13071001.
[2]Qian Luo, Guohan Gao, Dun Liu, et al., Wavefront measurement of a large aperture high image quality off-axis fresnel lens [J].
OPTICS EXPRESS.2023, 31,2:1249-1257. DOI:10.1364/0OE.479611.
[3]Heng Shi, Junfeng Du, Lihua Wang, et al., A high-precision real-time pose measurement method for the primary lens of large
aperture space telescope based on laser ranging [J]. Sensors. 2023, 23:4833. DOI:10.3390/523104833.
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Experimental Achievements of Liquid Metal Thermal Management

Techniques in Space and Related Industrial Utilization
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(1] XAk, PR d et , 3 ARVUOEREIGS SR i R AR S EE D S8 (0], FIAR , AT .
[2] Guilin Liu. Thermal Properties of Liquid Metal(Book Chapter). In:Liu,J.,Rao,W.(eds) Handbook of Liquid Metals. Springer,

Singapore. 2024. DOI:10.1007/978-981-19-2797-3_11-1.

[3] Mengwen Qiao, Yixin Zhou, Guilin Liu, et al. Optimization and testing of DC electromagnetic pump for liquid metal space
use [J]. Journal of Propulsion and Power. 2024. DOI1:10.2514/1.B39203.
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In-orbit Experimental Study of Free Piston Stirling Thermoelectric

Conversion Technology on the Tiangong Space Station
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[1] Xinkui Luo, Xiaojun Wang, Chunjie Yan, et al. Performance prediction and parametric optimization of y-type free piston
Stirling engine [J]. Thermal Science. 2024, 28(1A):269-281. DOI1:10.2298/TSCI1230709232L.
(2] FE], 5K% , #R0m , 3F. SEETRAA R REAERIRAR 1] | #H5AR 2024, 45 (1) @ 123-132. DOL:10.3873/

j-1ssn.1000-1328.2024.01.013.
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Verification and Engineering Application of Microbial Control Technology
System in China space Station
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[1] Wende Zhang, Nana Chen, Hong Yin, et al. Initial attempt: Design and application of microorganism-material interaction
test on on-orbit space microgravity conditions [J]. Acta Astronautica. 2024. DOI:10.1016/j.actaastro.2024.12.006.

[2] Qiangian Liu, Wende Zhang, Hong Yin, et al. Study on biodegradation of polyurethane coating on PCB by Aspergillus
brasiliensis in space [J]. Chemical Engineering Journal. 2024, 490:151514. DOI:490. 151514. 10.1016/j.cej.2024.151514.

[3] Qiangian Liu, Qin Zhang, Junxia Yuan, et al. The interaction between Aspergillus brasiliensis and exposed copper circuits in
the space microgravity environment [J]. Corrosion Science. 2024, 234:112132. DOI:10.1016/J.CORSCI1.2024.112132.
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Research of Controlled Cultivation and Microwave Processing of
Microalgae in Space
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[1]Jian Zhang, Huayu Yang, Yuying Sun, et al. The potential use of microalgae for nutrient supply and health enhancement
in isolated and confined environments [J]. Comprehensive Reviews in Food Science and Food Safety.2024, 23(4):e13418.

DOI:10.1111/1541-4337.13418.

[2]Jian Zhang, Yingying Zou, Bowen Yan, et al. Microwave treatment on structure and digestibility characteristics Spirulina
platensis protein [J]. Current Research in Food Science. 2023,7:100581. DOI:10.1016/j.crfs.2023.100581.
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