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Fig. 1.

Tuber formation and shoot elongation of shoot-tips on potato

stem segments cultured i/n vitro with or without gibberellic

acid.
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Fig. 2. Changes of cellwall constituents in shoot-tips on potato stem

segments cultured in vitro.
(A) Process of tuberformation, —GA.
(B) Process of shoot elongation, +GA.
The cellwall constituents were separated into cellulose (—0O—), hemicellulose

(—e—), and pectins {(—[]—).

AW (10 B H) & 2 fgommaiiZobh, ks
SEEEIIE T Lz, Hemicellulose, Pectins 4
it Cellulose 480 1/6~1/5 8¢l K i >3
winL o (Fig. 2-A), iERX cix (Fig. 2-B),
Hedevmiiaiiao Cellulose EE I E £ Rkt - T
MMUTchs, BB e & biw—Efia R Ui, Hemicel-
lulcse &8, MBFRAEWIICE E (1.2~1.8 #g/mg
) BRLER, TODOBEA Ui, Pectins &2
B AR 0.45 pg/mg A HCHAL L e »7e, Fig. 2
R T & 5 I RRIR & b BRBIAH 5~10 HH O cel-
lulose GiEDIHINAE L < EBMOERICHE 5 A %
O MR O LB R RE L T\ 5,
3) Hemicellulose 538D PS> DEE),
Hemicellulose ##+ 58 & L Tix, Rhamnose,
Arabinose, Xylose, Mannose, Galactose ¥ L O°
Glucose ##Hi L7 (Fig. 3), Table 1 (33K 3
LU REX o Hemicellulose #BES DA%
E S ERTIR L e JRTEAUR Tl ], TER M 22T
Glucose & Xylose 2ERS T, 5EHHHI 12 Arabinose
DREZ I MM B - Foe & MK LB RR R TrL, 4
R RS 25% U Glucose {(40~54%), Xylose (12~22%),
Galactose (11~16%) @ 3FEIORERE N5 % b7z,
COR T BRER S COH— AT TH D,
Hemicellulose # #§ % 3 A HEOMERIZ & B IL - 7o

17eh okee L UMBERRIR Cra ik IHET D M4
ErOHEMKA O £ FH OB L, Hemicel-
lulose %HRLT % BB OBE BB S his

4) fEREEE cellulose D%

PUEE D A R X TSN 5 mm DR X 9 4>
Bt L7e cellulose o 37~49% AT X - TMAK 2
RENTEoTce L LIEABHERRK C1, MEL
R < BTEm: cellulose o & & 234Ky (29~
379%) %, WAl # D EIG A3 MR 7 L 7o (Table 2),

iz Lo Cellulose # Cellulose LB L7234 4,
P D EARX TR 7 cellulose GEIUTIE—E
18 (56~68%) %R Licnd, MK Ci— K\
{8 (22~35%) %7K L7 (Table 3), i 12 Befy
#: Cellulose 458, Cellulase fitt: Cellulose 458 &
L, EFEROERCMIIEE cellulose o & &1k &
Al Ly SR R B, F o DRI
JIR AR A RE X DBk L 7 Cellulose # 5 % 25 pm
DOETH HI LTz & 25 25 pm LUF R T 1 BE T o
cellulose #338% ¢, 25um LI FoT Ci323% »iE
M TH » 7o S B OFEFIE K Bl fusen Cel-
lulose PIKBI AR I N, o ks Lie Cellulose
WX B HfEE O PR E L LR S h B,



238 ALHEE R SRR H15% W3 %

T Ls T
T + +
+ T ,
n T 1
> & :
9 , T
T
+
- S 5 = 3
L - T = o
- n 0 . <
= —= — i p——
(o Ty ; i —
36 5 = T T Gl
= + : ke = AY
= —F T ¥
T - T
T =
5 Ara =
T L =2
o T ——ft
b ——ft
) T : - -
= { e
o= 1 —F—
_8 b T i
'z : ! - T o T
(e s ra L
-} T i Tt T
T R o T
T ha — ; :
X -
Ay i 2 =t +
1t
X ' o T I
" in : 1 T
+ o 1 n
) i — + - i t
) 8 = : —= ===
T A : :
= i : 1
T T +- : t Al 1 T
=t - Va T T Lat T
A T N 1 T =1
) AW yrms e 3 u u
: =i - : e
+ = - . +
— H— + NS v & t
T i s = a T v ! f
T} 1 - + o i t
{  — -1 7 F—— X -
3 Nt X ——ManT=
 w———vi— 7 + T
s o s X4 :
= - -
: +
r - - - - T =
- 1 , s _ :
i n - . =10 — : : s - 20
TIme ()= - -

Fig. 3. Gas chromatogram of neutrla sugars from hemicellulose.

Rha: rhamnose, Ara: arabinose, xyl: xylose, Man : mannose,
Gal: galactose, Glu: glucose.

Table 1. Sugars constituting hemicellulose fractions isolated from the
apical 5-mm part of shoot-tips developed on potato stem-
segments cultured in vitro with or without gibberellic acid
The data are expressed as per cent of total sugar consti-
tuents in hemicellulose fraction isolated

Culture day Glucose Galactose Mannose Xylose Arabinose Rhamnose

A. (—GA Tuberization)

4. (Stolon) 38.4 3.4 11.0 26.0 114 9.8

7. (Swelling) 28.8 3.2 44 37.8 9.8 16.0
14. (Developing) 454 45 43 26.4 125 6.9
28. (Maturing tuber) 28.9 5.3 3.8 24.9 27.7 9.4

B. (+GA Shoot-elongation)

5. (Shoot-tip appeared) 54.3 15.6 10.8 11.5 3.8 4.0
10. (Developing) 43.5 10.9 9.2 21.8 5.9 8.7
16. (Elongating) 38.4 13.2 10.8 21.0 7.9 8.7
20. (Lateral shoot) 39.6 13.7 8.8 l 215 9.7 6.7
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Table 2.

The resistance to acid hydrolysis of cellulose fractions isolated
from the apical 5-mm part of shoot-tips developed on stem-
segments cultured in vitro with or without gibberellic acid
The data are expressed as per cent of cellulose contents before
and after acid hydrolysis of cellulose fractions isolated

A. (Tuber formation)

Culture day

Percent of cellulose left

B. (Elongation growth)

Culture day

Percent of cellulose left

31.0+1.3% 5 48.4--2.4%
375+1.0 10 491421
14 29.6+2.5 16 37.530.4
28 32.5+1.8 20 41.2+1.3
Table 3. The residual amounts of cellulose after cellulase digestion of

cellulose fractions isolated from the apical 5-mm part of shoot-
tips developed on potato stem-segments cultured in vitro with

or without gibberellic acid

The data are expressed as per cent of cellulose contents before
and after cellulase digestion of cellulose fractions isolated

A. (Tuber formation, —GA)

Culture day

Per cent of cellulose left

B. (Elongation growth, +GA)

Culture day

Per cent of cellulose left

30.8+25%
35.0£1.6
14 231£20

5 56.3+5.0%
10 68.6--1.1
16 64.4-05
20 67.940.8

28 21.8+0.4
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Summary

The changes in cellwall composition differenti-
ated from subapical part of potato stolon were
investigated during the tuberformation by means
of potato stem segment cultures, in vitro, while
gibberellic acid was used to promote elongation
growth of stolon as an inhibitor of tuber forma-
tion.

The isolated cellwall preparation was separated
into three fractions: pectins; hemicellulose; and
cellulose. Among the cellwall constituents, the
cellulose content increased prior to swelling in
stolon-tips. Since the cellulose isolated from the
stolon-tips at the swelling stage was the most
resistant to acid hydrolysis, it could be assumed
that the nature of the cellulose in this stage was
having crystallized with the minimal size of poly-
merization degree, suggesting that cellulose was
involved in a very active turnover during tuber
formation.

The main hemicellulosic sugars of the cellwall
from stolon-tips were rhamnose, arabinose, xylose,
mannose, galactose, and glucose, although their
relative proportions were different from those
found for GA-treated shoot-tips. The levels of
arabinose, galactose and mannose were influenced
by growth and differentiation of stolon-tips,
whereas those produced no significant effect on
the behaviour of xylose, rhamnose and glucose
contents.

It is possible to say that the first sign of tuber
formation appears to change in the cellwall con-
formation in the subapical region of potato stolon
probably by the action of a certain signal prior

to the swelling in the stolon-tips.



