
Growth and Morphogenesis of Plants in Space









-

(W. Pfeffer)



Zero-Gravity Instrument Project, United Nations Office for Outer Space Affairs

directed by T. Doi





-



( )

3-D

Automorphogenesis





STS-95 RICE 













Bremen Drop Tower

3-D(JAXA)





0

20

40

60

80

100

120

0 50 100 150 200 250 300
( )

(%
)



1



1



(h)

(m
m

)

0

2

4

6

8

10

12

14

16

60 84 108 132
0

2

4

6

8

10

12

14

16

60 84 108 132 60 84 108 132
0

2

4

6

8

10

12

14

16



(GN2)



Time (h)

Te
m

pe
ra

tu
re

 (o
C

)

0

5

10

15

20

25

30

0 2 4 6 8 10 12

Control
Space





Le
ng

th
 (m

m
)

0

5

10

15

20

25

30

35

40

0 1 2 3 4 5 6 7 8
Time (days after emergence)

Space g

Ground 1 g
Space 1 g





(h)

(
/g

)

60 84 108 132
0

10

20

30

40

50

0

0.5

1.0

1.5

2.0

60 84 108 132



1



pH



1

No !





0 20 40 60 80 100
Gravitropic Curvature (o)

0 10 20 30 40 50 60

Columbia

sgr1-1

pgm1

Cell wall strength (g/mm)

1 g
300 g



0 10 20 30 40 50 60

Control

Gd3+

La3+

Cell wall strength (g/mm)
0 20 40 60 80 100

Gravitropic Curvature (o)

1 g
300 g







(Gravity resistance)



(MCA)



(MCA)



TUA1 TUA2,4 TUA3,5 TUA6

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n 

0

2.0

1.5

0.5

1.0

2.5
1 g 300 gInitial

TUB1 TUB2,3 TUB4 TUB5 TUB6 TUB8TUB7 TUB9

R
el

at
iv

e 
ge

ne
 e

xp
re

ss
io

n

0

2.0

1.0

4.0

3.0

1 g 300 gInitial





1 g 300 gInitial

tua3

tua4

tua6

WT

80

60

40

20

0

-20

-40 **

*

Col tua3 tua4 tua6

1 g 300 gInitial

Al
ig

nm
en

t  
of

 m
ic

ro
tu

bu
le

s 
(d

eg
re

e)



H+-

MOR1
SPR2 RLK

Cal

TUBG
Ktn



H+-

MOR1
SPR2 RLK

Cal

TUBG
Ktn

1



1 g

JAXA

RResist Tubule

Mechanisms of Gravity Resistance in Plants -
From Signal Transformation and Transduction to Response



Run #1 On-site Analysis of Dynamics of Cellular Components
GFP Chamber A/V-MEU/CBEF

CB

Run #2 Analysis of Cellular Components on the Ground
Chamber B/V-MEU/CBEF
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Run #3 Quantitative evaluation of roles of cortical microtubules
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