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Fig S1. The primary QC (quality control) on the sequenced data by Cell Ranger
Cell Quality Assessment Violin Plot. nFeature RNA: Upper and lower thresholds for the number of genes detected per cell in filtered samples. nCount RNA: Maximum number of UMI sequences per cell in filtered samples. Percent.mito: Maximum percentage of mitochondrial gene expression in filtered samples. Percent.rb: Maximum percentage of ribosomal gene expression in filtered samples. Cell Quality Assessment Scatter Plot. The x-axis represents the count in each cell, while the y-axis shows the number of genes, the number of UMI sequences, and the proportion of UMI sequences from mitochondrial/ribosomal genes in that cell.
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Fig S2. PCA analysis of cell-type clusters.
Variable gene feature plot. The x-axis represents the geometric mean of gene expression levels, and the y-axis represents residual variance. Each point in the plot represents a specific gene, with red dots by default indicating the top 3000 highly variable genes in the sample, and black dots representing non-highly variable genes. Cluster correlation heatmap. The right and bottom panels display cluster names for this project. Different colored squares indicate the correlation strength between clusters. Higher values signify stronger correlation and closer proximity, reflecting greater similarity between clusters. 
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Fig S3. Go and KEGG analyses of differentially expressed genes in various cell types.
GO enrichment of differentially expressed genes in various cell types under natural and simulated microgravity growth conditions. KEGG pathway analyses of differentially expressed genes in various cell types under natural and simulated microgravity growth conditions.  
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Fig S4. GO enrichment analysis of LRC cells.
The vertical axis represents GO terms, while the horizontal axis indicates the Rich factor (the ratio of the number of enriched genes (Sample number) to the number of annotated genes (Background number) within a GO term. A higher Rich factor signifies greater enrichment). The size of the dot represents the number of genes in the GO term, and the color corresponds to different Padjust ranges. 
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Fig S5. GO enrichment analysis of non-hair cells.
The vertical axis represents GO terms, while the horizontal axis indicates the Rich factor (the ratio of the number of enriched genes (Sample number) to the number of annotated genes (Background number) within a GO term. A higher Rich factor signifies greater enrichment). The size of the dot represents the number of genes in the GO term, and the color corresponds to different Padjust ranges.
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Fig S6. GO enrichment analysis of the cell-type genes of LRC, epidermis, root cap, cortex, xylem, and endodermis cells in response to Simulated microgravity. 
Select the top 20 significantly enriched GO terms based on Padjust or P-value, and plot multidimensional enrichment circle diagrams according to differences and enrichment results. The diagram consists of four concentric circles from outer to inner: First circle: Enriched categories, with the outer circle showing the scale of GO ID counts. Different colors represent different categories, and the bars display GO ID numbers (e.g., GO: 0048018). Second circle: The number of genes in the background gene set for each category and the pathway P-value. The longer the bar, the higher the gene count, and the lower the enrichment P-value (indicating red color). Third circle: The proportion of annotated genes in the selected gene set for each GO term. For differential gene sets, red indicates up-regulated genes and green indicates down-regulated genes. For non-differential gene sets, red represents the total gene set count, with specific values displayed below. Fourth circle: The enrichment factor (Rich factor) for pathways under each GO term category. Pathways of the same category are grouped together, and the values are sorted from left to right by enrichment value. The central legend shows up-regulated and down-regulated genes. 
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Fig S7. KEGG pathways of the cell-type genes of LRC, epidermis, root cap, cortex, xylem, and endodermis cells in response to Simulated microgravity.
Select the top 20 significantly enriched pathways based on Padjust values or P-values, and plot multidimensional enrichment circle diagrams according to differences and enrichment results. The diagram consists of four concentric circles from outer to inner: First circle: Enriched categories, with the outer circle showing the scale of pathway ID numbers. Different colors represent different categories, and the bars display pathway IDs (e.g., map00780). Second circle: The number of genes in the background gene set for each category and the pathway's P-value. The longer the bar, the higher the gene count, and the lower the pathway enrichment P-value, the redder the color. Third circle: A bar chart showing the proportion of annotated genes in the selected gene set within the pathway. For differential gene sets, red indicates up-regulated genes and green indicates down-regulated genes. For non-differential gene sets, red represents the total gene set count, with specific values displayed below. Fourth circle: The enrichment factor (Rich factor) for each pathway category, with pathways of the same category grouped together and sorted from left to right by enrichment value. The central legend shows up-regulated and down-regulated pathways. 
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Fig S8. UMAP visualization of expression patterns of plant hormones in response to simulated microgravity.
Gene set scoring results Score visualization. Each dot in the image represents a cell. The darker the color, the higher the score value.
image5.tiff
GO enrichment analysis(Non_hair1) GO enrichment analysis(Non_hair2)

Number o genes Number o gnes
o s MEIEE 6 s s I L © 7w
[R——— e J— oo
J—— P —
o pesnodesna
ra—— ot ocon
- -
P — e
re— Pra——
— [A—
Jo— [TR————
E terpanod metabol process- E heme binding.
H ot H —
[OT—— [re—
[rea— [r—
Je— [ ———
[— ot
[pa— e —
tncie cnsecs el s [T ——
J— [m—
JE— [rVR—
— PEp—
[ R R S S R e R T TR ey
og10padiust ogtoeaciusy
GO enrichment analysis(Non_hair3) GO enrichment analysis(Non_hair4)
'R v i T SR BT RTe, ) | Nmber ot genes , R
g o s R fe— e
s spctc ONA by s g s
[ ——— T
e o sacic st [RRR—
oo o chmca [r—-—.
e sl [RC—
[————— I
J— e st
P —— —
epseto ot et
rasa— H Jr—
[R—— J A e——
repns o g st J—
espore omone [rT——
[——— gt o ot e
J T — o—
[IRR—— RST—
[P ——— PR —————
[ — [o—
[ ps— oo b

0% 01 0% 02 0% 03 0%
ogla

T 0 ok T G4 05 0s ¥ 2 74 1o {5 3 22 34 35 B
Paciusy) ogt0(Padiust)




image6.tiff
} ] boees
i e : frsi TR
fm:l: 5. m_hw:.f. U\fmwrlhm
R GPTERL, GET NG
R AR ¥ e N T, N
N\ | R E X\ |G AT RS ¥
1 QW N QW N LA, A
A 14Tk 1, ] vE G il .1 4%
e s LS T kS iS ME T S LS A
> /’ Cagp® \\~ i £+ /&f sy g ¢/.u. apd V&\ o~
! . . 5 . o3 = T 3 e '
INDaa L g R e I e
5 MmO 8 T e #5 o P e 70
2 (AL Fasire e E m Ticgish S SR
8 © o
i
y b ; wll_.
RWLLIIT wprw[mai
RV gl xA\ sr(ﬁ\ . &
P remn N \‘,Jﬁw

Trichoblast
e,
7
14
T
5
\
BN
¥
Pericycle
N
4
V3
'!
¥
-




image7.tiff
> .
’ ?\:}-:w = .
Endodermis j“ Protoxylem g ’
oty P TENINE, A e e
M’%;, " \\\\1 - {4 @’ > \\\ .
- : 8 \ i ' ~“‘." &N“\‘{L
e - N - B .
A , w4/ : I \X“‘\,'ll". 1ip- I
5’\\\—:/ > < R J/
Y e e X A
Columella .. . Protophoem Hf:{{;*
oL ool o e 1 5
PN . SN
L, WY e, W
gy Wl ST L
R 4 - m\‘“ o § e
,‘.l‘ , l I ﬁ\i‘ &\\'l‘.l‘ , l l{i’f I

g
Pericycle 5 .8 % =i Procambium_ . .§% ::
"% R ey L S o leb e i s o p

¢;0%=- \jw‘l&‘ ,%w/ -
N m:am% )

44444444




image8.tiff
cytokinin
Col_3D Col_CK Col_3D abscisic
10 1 10. 10:
o al N N
& o o
] E . e
> 0- > o 3 > >
Y o1 £ ’ 5 |t
2 ED 3 T 2
ECR— [ ETR— T
PINY UMAP.A UMAP 1 UMAP 1
PIN2
o i Col_CK — Col_3D pos Col_CK
A scone
2
; i
o s ° o 10 0
3\ EI ; ; “
H 5 H H
o ’ o 4 H H E
& 4 @v o & o &
-10- 10 0 10 2 o 10 0 10 20 10-
h h -10 0 : -10 0
UMAP_t UMAP_1 UmAp 1 AP 1
ARR1
I~ Col_3D Col_CK Col 3D ARR4 ol CK
SCoRE scorE]
) H
2
i H
o s ° 10 o 5
Al ’
Y ) 5 o o
g g ' i g
o o H 3 o 2
& @y &
10 E 0
o £ o ) ] 2 EN 3 w
UMAP_1 UMAP_1
Gol_3D ARR10 Col_cK ARR12 ol CK
SCoRE] 20 2 scope
2 3°
1 i
10 10 o o o g5
o o e ~ Ds)
E E E §
5. 5, & E El &
Py o 0 ¥
o -10 0 10 2 o o 0 20
UMAP_1 UMAP_1
2 ARE Col CK ARFS Col_CK
SCORE| 2 SCORE]
3 3
2
; H
o
1o 10 A 10 0 0
N & ~ ~ -1
El % o o
g g K4 <
s = = =
H 5
o o o 0
10 .
2 ED 3 o
UMAP_t
2 AR ARF18 Col_CK
ScoRE
25
%
is
i
10 10 10 10 Ig5
o~ o «I o D5
% %
E E E H
2 o 2 o < =l =l
¢ & ° 1 &)
10 10
o E En g 2 > = ™ o

3
UMAP_1

3
UMAP_1




image1.tiff
nFeature_RNA nCount_RNA percent.mito percent.rb

25000
6000
20000
15000
4000
10000
2000
5000
&
&7
nFeature_RNA nCount_RNA percent.rb
04
30
6000
03
20000
20
4000 02
10000
10
2000 01
. o 0.0 o
o o o )
6 6 6 5
&7 &7 &7 &7
0.96 -0.14 0.02 0.93 -0.04 0.02
0
6000
6000
)
o 20
z g 2 H g 2
4000 £ 2 ¢la000 : E
2 g g Identity 5 § g Identity.
8 g g2 colck § H g Col3D
' 8 £ 2
2000
2000
o
PN S & PN s © Y
S s S F S S o &S o & S

<
nCount_RNA nCount_RNA nCount_RNA nCount_RNA nCount_RNA nCount_RNA




image2.tiff
Standardized Variance

Standardized Variance

peRs
e

teos P2

_SATSG40020
owen 6122
107

+ Nonwvariable count: 21712
+ Variable count: 2000

10

01 Tetor
Average Expression

<venes

reos

TEp7 e

"2 ATSG40020
ATI629520 AT3G27200
ez

+ Nonariable count: 22133
* Veriable count: 2000

10

1501 TeTor
Average Expression

cluster0
cluster!
cluster2
clusterd

clusterd
cluster5
| cluster

cluster?

clusters

Bl cuusters

clusterto
clustert1
| ] clustert2
B clusterts
W clusterta

B | cluster15
[ | T clusterts
clustert?

clusterts

| cluster1y

H cluster20
cluster21
cluster22
cluster23
cluster24




image3.tiff
GO enrichment analysis

GO enrichment analysis

ibosomal suburit mLRCup ibosoma suburit 4 Non_hair_up
structurs constituent of rbosoma HLRC_dowm structural consitunt of rbosome Non_hair_down
ibosoma risosome
structural molecule activiy structursl moecule actviy
peptide biosyntheti process cytosolc rbosoms
ansiation pide biosyntheti process
cytosolc rbosomo "amide biosyntheic process
amide blosyntheti process vansiation
ibonucieoproten complex peptido metabolc process
poptida metabolc process colluar amide metabolic process.
] eytosolic arge ibosomal subunit
rbonucleoprotein complex
organonitrogen compound biosynthetic pocess
Targo ibosomsl suburit
ima i
intracalla organ
cytosol
erganonitrogen compound biosynthetic rocess organt
renires "l oncton non-membrane-bounded organele
cotl<ol junction intracelluar non-membrane.-bounded organele
rosponse to chemical response to chemical
o stimulus rosponse o simulus
sponse to strs: rosponse o biotc stimulus
rosponse o ablotc stimulus rosponsa to stress
Tesponse to norganic substance cytosol
eytosol response o inerganic substance
rosponso o oxygen-containing compound rosponse t oxygen-contining compound
rosponso o hyporia colliarresponse o hypoxia
responas o oxygen lvels Colluarresponse o decressed axygen evels
colllar response t oxygen levels
rosponse t hyporia
rosponse o decraased axygen evels
Coluar response to oxygen evels rosponse t oxygen lovls
coluar response to hypoxia cellutr response o chemical stimulus
colular response to chemical stimulus mombrane.boundod organlio
coluar respon to decrezsed axyoen evels intacelluar membrane-bounded organelle
responss to metalion vacuola
respiatory chain complex intacolluar organel
<ponse to cadmium fon organele
responss to organic substance response o temperature stimulus
R [ @ @ ke a0 40 40 4o ) % w0 w10
Iogipadiust) log(padjust)
KEGG enrichment analysis KEGG enrichment analysis
LRCup LRC_dowm Padjust Non_hair_up Non_hair_down | Padjust
Oxidative phosphorylation . L 0800 Glutathione metabolism . [ ) 0800
0600 o0
Glutathione metabolism . ° a0 Phenylpropanold biosynthesis . ) -
Citrate cycle (TCA cycie) . . 0200 Phagosome-{ ° . o200
000 it
Glycolysis / Gluconsogenesis . . Glycolysis / Gluconeogenesis- . °
Number
Pyruvate metabolism . . ot Oxidative phosphorylation . °
2
Protein processing in endoplasm.. . ° ® Protein processing in endopl ° °
>
Sulfur metabolism- o . on S aiphaLinolenic acid metabolism-{ . . @«
H
Phenylpropanoid biosynthesis . ° g Gitrate cyclo (TCA cycle) . .
>
g Phagosome: . . ] Arachidonic acid metabolism . .
H
E Cysteine and methionine metabo.... . . ] Cysteine and methionine meta.. ] °
I Fatty acid degradation . . Fatty acid degradation . .
a
1L Ascorbate and adarate metabli. . . Pyruvate metabolism ° .
Arginine and proline metabolism o . Plant-pathogen interaction . °
Carbon fixation in photosyntheti.. . . Tryptophan metabolism . .
Glyoxylate and dicarboxylate me... . . Nitrogan metabolism . .
alpha:Linolenic acid motabolism . . Sultur metabolism . .
Nitrogen metabolism . . Ascorbate and aldarate metab.. . .
Tyrosine metabolism . . Peroxisome-| . -
beta-Alanine metabolism . . Endocytosis- . L4
Stilbenoid, diarylheptanoid and g... . . Limonene and pinene degrad . .
O e 02 02 et 08 02 0 02 oa 02 04 06
Rich factor Rich factor Rizh factor

Rich factor





image4.tiff
nucecbase-contang compend calbol
hetrccycl cataol process

coir ogen compoundcaabol process-
camsa otoutcaton of methygyosal
Tesponse o mattygyoal
aromatcconpoundcaabole process-
organic cckc compennd calabol process-
Tesponse o kel caton

akalid mtabot process.-
esponse o ketone-

responsa to mrobal rytoen

GO term

eraogan sanescnce
oot dpnospnaecatabo process-
contrdetoctcsion o adanyse

RNA rosphodesto ond s, ondo
meinygoa mtaol pocess-
ONAcalbore proces

[ p——

ot opdton of o co o
ory o <han oy i sosyrhsc prcess

GO enrichment analysis(LRC1)

ospons o s posphst-
espors oty st

colar rosponse oty cd
it pening
esponse oot simits

o bosyrinee procoss-
P —

o moiaoteproces

ke bosyrinee procoss
P —

etyensbosyminetc process

moncsachands vansmentrans anspr-
espons o et s
pr——
ioam devoprent
[re———

ospons o s

cokcal sgnaing voved ot o com
matananc f oo mrstom ity

cotuar responso o 1ps

Number of genes.
o ! 2 g
ot
]
ogi0(Padjust)
GO enrichment analysis(LRC3)
Number of genes.
[T I M i} [T
= e

I3
-ogi0(Padjust)

GO enrichment analysis(LRC2)

Number of genes
0?1 morede

g b e
s contnng congna oo
[ERO———
[T —
Teaston ot mombranasomestiy
JR——
{okene cotamog compoundcatc
245 miouenecaoteprocess
okenscontang ampourd e
§ trindrofohsene catabolic process-
IR —
[rE—
esonse o e mene
[T p—
resons o
sy acd syt s
epaive epistonof el o vk
ot g oot o st
repor o e

response o stmuls-

Sogtopadusy

GO enrichment analysis(LRC4)

Nomber of genes
3 mogtopas)

ien e
[T—
[EOR—
JS—
T
[FP—
[S————
[E———
[PRES————
E celllar biosynthetic process
[ re—
[PS——
J—
[RPB——
[PR—
e bt ek e
JE—
[ET——
JU—
RR—

WWN





