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Shoot Formation in Populus Callus Tissues
precultured in vitro on Some Different Media

By

Akira SAITO® and Kimihiro KAWANOBE®

Summary : The effect of 4 kinds of synthetic media containing various inorganic and
organic compounds, and auxins subjected to an earlier subculture of callus tissues upon
the frequency of shoot regeneration in callus tissues derived from juvenile cambial parts
was investigated. Sixty-eight days after the callus tissues were subcultured to these
media, they were transferred to a medium already found to be effective for shoot regenera-
tion from Populus callus tissues, and incubated : (1) under a dark condition for 30 days
and subsequently under a fluorescent illumination of about 5,0001x for 16 hr daily for 57
days, and (2) under only the above mentioned illumination for 16 hr daily for 87 days
without a dark treatment. The frequency of shoot regeneration varied among test media
subjected to subculturing callus tissues and between illumination conditions of the medium.
Certain media (Medium-3 and -2) subjected to a subculture of callus tissues were found
to be effective for shoot formation. Moreover, the shoot formation frequency was increase
by dark treatment of the callus tissues. The pattern of analytical thin layer gel electro-
focusing of peroxidase extracted from callus tissue grown on synthetic media subjected
to an ealier subculture showed some quantitative and qualitative iso-enzyme differences
with the media.

I Introduction

The induction of shoots from somatic callus tissue has been attempted for a large number
of woody plants?. It has been demonstrated by numerous researchersV®9® that shoot forma-
tion from the callus tissues of various higher plants is controlled initially by the concentra-
tions of chemical factors, especially those of phytohormones in the medium applied to induce
shoots and by the variations of physical factors surrounding callus tissues. In the tissue
culture of higher plants, the cultural conditions and other nongenetical factors are obviously
also important because they facilitate or prevent the manifestation of genetical information.
The understanding of the physiological basis for successful regeneration from callus tissues
is now well known in this regard. However, some woody plants, except Populus, are extremely
difficult to regenerate from somatic callus tissues in spite of much effort.

In this paper, we report evidence that the frequency of shoot formation from callus tissues
of Populus deltoides grown on a synthetic medium found to be effective for shoot formation
varies among test media used for earlier subcultures, and then the pattern of thin layer gel
electrofocusing of peroxidase extracted from callus tissues subcultured on the test media

varies in the same manner,

II Materials and methods

1) Procedure of tissue culture
Pieces 10 cm in length were cut from newly elongated branches of 3 year old cuttings
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Table 1, Composition of nutrient media used for subculture of callus  (mg/l)
Components Medium-1 | Medium-2 | Medium-3 | Medium-4
KCl 130 130 130 130
NaHzPO,-2HgO 40 40 40 40
MgSO;-7 H:0 1,230 1,230 1,230 1,230
KI 0.8 0.8 0.8 0.8
Ca(NOg)s-4 H:O 710 710 710 710
KNOg 1,750 1,870 1,870 1,750
NagSO, | . o 426 426 426 426
etl'(llglee'xllieg}lgjril)me tetraacetic acid, iron salt 5.6 5.6 5.6 5.6
NiClg-6 HO 0,03 0,03 0,03 0,03
NH,NO, 400 220 220 400
ZnS0,-7 HO 6 6 6
H;3BO, 3.2 3.2 3.2
CoClyg-6 HgO 0.025 0,025 0,025
NagMoO,-2 HO 0,025 0,025 0,025
CuS0,-5 HO 0,03 0.03 0,03
MnSO;- 4-6 HO 18 18
NaNO; 1, 800 670 1, 800
urea 200
L-arginine 50 50 50 50
L-glutamic acid 10 10 10
L-phenylalanine 2 10
L-glycine 3 3 3
sodium citrate (3 Hy0) 4 4 4 4
adenine sulfate 1 1 1
adenosine-5-triphosphate, disodium salt 1 1
(ATP)

guanosine 10 10
succinic acid 11
maleic acid hydrazide 2 2
niacin 0.8 0.8 0.8 0.8
inositol 100 100 100 100
thiamine HCI 0.6 0.6 0.6 0.6
choline chloride 1 1 1 1
vitamin Bz (VByg) 0.0015 0. 0015 0.0015 0.0015
calcium pantothenate 0.1 0.1 0.1 0.1
biotin 0.1 0.1 0.1 0.1
riboflavin 0.1
pyridoxine HCl 0.1 0.1 0.1
L-ascorbic acid (vitamin C, VC) 1
DL-e-tocopherol (vitamin E, VE) 1 1
gibberellin (GAjy) 0.5 0.5 . 0.5
3-indolebutyric acid (IBA) 0.5 0.5 0.5 0.5
2, 4-dichlorophenoxy acetic acid (2, 4-D) 0,009 0. 009 0. 009 0. 009
e-naphthylacetic acid (NAA) 0. 16 0. 09
3-indoleacetic acid (IAA) 0,088 0. 088
p-naphthoxyacetic acid (NOAA) 0.02 0.02 0.02 0.02
6-benzylaminopurine (BAP) 0. 40 0. 40 0. 40 0. 40
sucrose 20, 000 20, 000 20, 000 20, 000
agar 8, 000 8, 000 8, 000 8, 000

Notes : pH was adjusted to 5.8 with HCl or NaOH before

adding the agar.
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of Populus deltoides Marsu. in June, 1977. The cut ends of these pieces were sealed tightly
with paraffin, surface-sterilized with 70% ethyl alcohol for 5 min and then rinsed twice with
sterile distilled water. These sterilized branch pieces were peeled aseptically with a surgical
knife which had been rinsed in 2% liquid sodium carbonate. The cambial part of the peeled
sections was cut into pieces about 5 mm square and incubated aseptically in 18 mm X 180 mm
test tubes containing 20 m!/ of the solid nutrient medium for inducing and subculturing callus
tissues as shown in Table 1 of the previous paper® and which was developed to encourage
the induction and growth of Populus callus. The test tubes were subjected continually to a
temperature of 25°C and a fluorescent illumination of about 5,000 1x for 16 hr daily.

The callus tissue derived from the explant after 12 weeks was cut into roughly rectangular
pieces each having an average weight of 40~50 mg. Ten pieces were placed in each test tube
containing fresh medium. The tissue obtained by subculturing in this manner for 10~12
weeks showed active growth. This subculturing was repeated numerous times,

In order to investigate the frequencies of shoot regeneration from somatic callus cultured
in vitro, the callus tissues were transferred to 4 kinds of media, as shown in Table 1, in
September 1980. Sixty-eight days after the inoculation, the callus tissues from each subcul-
tured medium were transferred to another nutrient medium for inducing shoots as shown in
a previous paper®, and incubated (1) under dark conditions for 30 days and subsequently a
fluorescent illumination of about 5,000 1x for 16 hr daily for 57 days, and (2) under a fluores-
cent illumination of about 5,0001x for 16 hr daily for 87 days throughout the culture period.

2) Procedure of analytical thin layer isoelectric focusing

Callus tissues obtained 82 days after inoculation with 4 kinds of media, as shown in Table
1, were utilized. The callus tissues corresponding to 0.5g were weighed and added to 5m!
of Tris buffer (1M, pH 7.5) including 12% sucrose, 1% Triton X-100, 0.58% ethylenediamine
tetraacetic acid (EDTA) and 10% insoluble polyvinyl pyrrolidone (PVP) and then homogenized
with a moter at high speed. The supernatants obtained after the homogenization were absorbed
by filter paper cut into 5mm X 10 mm pieces and subjected for electrophoretic separations.
Analytical thin layer gel electrofocusing was performed on prepared polyacrylamide gel plates
containing Ampholine carrier ampholytes in the pH range of 4.0~6.5 (L. K. B., Sweden). An
Model 2117 Multiphor (L. K. B., Sweden) apparatus was used for the isoelectric focusing. The
electrode buffer was as follows :

(=) 1M NaOH (+) 1M HgPO,
The isoelectric runs were made at 50 V, 10 mA for 30 min and then at 200V, 15 mA for 210
min just after the filter papers impregnated with the liquid extracts were plated.

In order to detect isoenzyme of peroxidase, the gels were stained with 2 mM 3-amino-9-
ethylcarbazole in 0.1 M Tris buffer pH 4.0 (mixed solution consists of 2 mM g-naphthol, 20%
acetone and 3% HO,) for 40 min. The gels were washed and fixed repeatedly with 7% acetic
acid solution.

The diagrammatic banding patterns consisting of broad dense (A), narrow dense (B),
linear (C) and dotted (D) bands were used to indicate various standards of the staining
portions of the gels. The A, B and C bands indicate visible bands on the gels, although the

D band is a less-dense band. The last D band indicates a non-visible, very fine band.
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Fig. 1 Juvenile shoot formations from callus tissues of Populus subcultured to

medium-1 (1a, b), -2 (2a, b), -3 (3a, b) and 4 (42, b) under dark con-
dition for 30 days, and subsequently under a fluorescent illumination of
about 5,0001x for 16 hr daily for 57 days. b; Close up view of shoots,
Test tube diameter; 18 mm,
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IIT Results and discussions

1) Frequency of shoot regeneration

All callus tissues transferred to 4 kinds of media, shown in Table 1, showed active growth.
When the callus tissues were transferred to another nutrient medium developed for successive
shoot regenenration, as described in a previous paper®, 68 days after the inoculation, greenish
shoots appeared on the slowly growing brown callus in about 40 days (Fig. 1, 2). The frequen-
cies of shoot regeneration from the somatic callus cultured in vitro are shown in Table 2. The
variations among media subjected to an earlier subculture were distinct. A greater amount
of shoot regeneration was induced in callus tissues subcultured with medium -3 and -2 in
which the elements of IAA, VE, ATP and maleic hydrazide were cut, while under a fluores-
cent illumination of about 5000 1x for 16 hr daily for 30 days after being cultured under the
dark condition.

These results suggest that in order to induce an embryogenic response of Populus callus,
the selection of a medium to be subjected to an earlier subculture is a most important problem,
although such physical conditions as the illumination factor mentioned above are necessary.

2) Pattern by isoelectric focusing

The diagrams of iso enzymes by analytical thin layer isoelectric focusing of peroxidase
carried out on callus tissues subcultured on 4 kinds of media (shown in Table 1) are shown

in Fig. 3. A comparison of the peroxidase patterns revealed that the number of A, B, C

Fig. 2 Juvenile shoot formations from callus tissues of Populus subcultured to
medium-3 under a fluorescent illumination of about 5,000 Ix for 16 hr daily
for 87 days. b; Close up view of shoots. Test tube diameter; 18 mm.

Table 2, The frequency of shoot regenerations in callus tissues of Populus
transferred on a medium for shoot establishment for 68 days after
an earlier subculture to test media shown in Table 1. The frequency
of shoot regeneration was presented by number of test tubes with
shoot differentiation among 10 test tubes

Medium

Optical condition

Dark treatment for 30 days and then illumination 6 8
for 16 hr daily for 57 days

Illumination for 16 hr daily for 87 days 8
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pH 4 0 visible and D faint bands varied

between callus tissues of each

medium. The presence of only one
A band found in the center area

of the gel was observed with cal-
lus tissues subcultured on medium
-3 and -2 in which the higher
frequencies of shoot regeneration
were obtained. This A band oc-
cured twice in medium-4 whereas
it was absent in medium-1.
Little attention has been paid
to the components of mediums
used in earlier subcultures in rela-

tion to shoot regeneration from

|
I L1 [

I
= = a callus. The results of the present
paper support the possibility that
embryogenesis in callus tissues is
pH 6.5 controlled by encouraging the

1 2 3 4 growth of a few proembryos car-

Fig. 3 Applications of isoelectric focusing (IF) ried over from earlier subcultures.

in polyacrylamide gel. Electrophoretic The electrophoretic patterns of

runs; 50V, 10 mA, 30 min, 200V, 15mA, peroxidase by isoelectric focusing
180 min. Electrode buffer; (—) 1 M NaOH,

(=) 1M H;PO, 1~4: medium, may be useful as indicators of
- 3 4 G .

shoot regenerative ability in callus
tissues derived from cambial tissues of woody plants.
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