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Introduction

There are only a few papers reporting success of shoot formation from
tomato tissue and callus cultured in vitro, although we have heard that tomato
plant is comparatively easier to induce organs, shoot and root. NorTON et al
(1954) obtained complete plant from callus culture of root in Lycopersicon peru-
vianum, but did not indicate the culture procedures in detail. GrREssHorr & Doy
(1972) also obtained haploid plantlet originating from male gamete in anther
culture, but the rate in obtaining a haploid plantlet was very low. YAxuwa et
al (1973) investigated in detail the effect of auxin (NAA) and cytokinin (BA) on
callus and organ induction from segments of cotyledon, hypocotyl and primary
root of young seedling in tomato. They reported that the three parts of seedl-
ing easily induced callus and root, but no shoot was formed from root or callus
from root in spite of a successful formation of shoot from cotyledon and hypocotyl.
Furthermore, their data showed that several combinations of auxin and cyto-
kinin favoured callus growth but did not induce shoot organ. In this study, shoot
formation from the callus with no indication of shoot organogenesis during pro-
longed culture on the same medium with callus induction was attempted as a
main purpose.

Materials and methods

Five cultivars of tomato, Lycopersicon esculentum L. cv. Hikari, Fukuju No.
2, Toko K, Kyoryokushahé and BF Okitsu No. 101, were used as materials in
this study.

Aseptical germination : In order to obtain segments of hypocotyl in young
seedling, sterile seeds were germinated on an agar medium containing 3% of
sucrose in 200 ml Erlenmyer flask.

Hypocotyl culture for dedifferentiation : The media used in the present
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experiments contained defined inorganic salts and organic constituents, various
amounts of plant growth substances, 3 % of sucrose and 1% of agar. The pH
was adjusted to 5.8 with IN NaOH and 1IN HCI prior to the addition of agar. The
solution containing agar, after preliminary heating, were distributed 20 ml in
each 100 ml Erlenmyer flask or 10 ml in each Pyrex culture tube and then
autoclaved for 15 min. at 1.2 kg/cm? pressure. Excised segments of hypocotyl
(1cm) were planted on the media, either one explant in a Pyrex culture tube or
two in an Erlenmyer flask. ,

Callus culture for redifferentiation : The media were prepafed by the same
procedure with the preparation in the hypocotyl ‘culture. The calluses induced by
the hypocotyl culture were excised about 50 mg in fresh weight and planted
three pieces in a 100 Erlenmyer flask,

The plant growth substances added to the media were the auxin a-naphthalene
acetic acid (NAA) and the cytokinin 6-benzyladenine (BA). Another substance,

Table 1. Composition of basal medium, (mg/!)

e I B I
Constituent

Ca (NOg), » 4H,0 ' © 300 300
Na;SO4 ‘ 200 200
KNO, 1900 . 640 80 640
KCl . %5 - 65
NaH,PO; » 21,0 , , 16.5 16,5
MgSO, » TH;0 370 370 720 720
ZnS0; » 4H,0 8.6 8.6 3- 3
H4BO; 6.2 6.2 15 15
KI 0.83 0.83 0.75 0.75
MnSO;, « 4H,0 22.3 22.3 7
Na;MoO, » 2H,0 0.25 0.25 ,
CuS0, « 5H;,0 0.025 0.025 (
CoCl, » 6H,0 0.025 0.025 "
KH,PO, 170 170
NH4NO; 1650 550 .5b0 toi
CaCl + 2H,0 440 440
FeSO; + TH,0 278 |' 218 27.8 27.8
Na,-EDTA 37.3 37.3 37.3 373
Glycine ' 2 2 2 | e
Nicotinic acid 0.5 0.5 05 ‘ 0.5
Pyridoxine-HCI 0.5 0.5 0.5 0.5
Thiamine-HCl ' 0,1 0l 0.1 ol 0.1
Myo-inositol . 100 00 - 100 ©100-

Note : MS medium : Murashige & Skoog (1962).
White medium : White (1963)..
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adeh‘ine, was used ‘as nitrogen base in the callus culture,

‘Organ induction was checked by visual observation through the present
experiments, Together with shoot itself, shoot-like organ with chlorophyl was
intluded in shoot formation. : '

Results.

1. HYPOCOTYL CULTURE FOR DEDIFFERENTIATION

Difference of basal media in callus and organ induction

In order to know the effect of basal medium on callus and organ induction
from hypocotyl, four kinds of basal media, MS medium (MuraAsHIGE & Sko00G,
1962), modified MS medium (Concentrations of NH,NO; were reduced to one third
of MS medium). White medium (WHITE, 1963) and modified White medium (550
mg/l of NH,NO,; was added to White medium and KNO; was augmented to 640
mg/l), were employed, as shown in Table 1. The concentrations of auxin and
cytokinin combined with each basal medium -in this experiment were all
combinations of 0.1 and 1.0 ppm NAA and BA. Three cultivars, Hikari, Fukuju
No. .2, and Toko K, were used as materials, Conditions of culture were about
25°C in temperature and natural light in a room.

The. results of callus and root induction in the four basal media are compared
in Table 2. Best development of callus growth was observed in the modified MS
medium, and the MS and modified White media followed in ordér and no callus

Table 2, Callus and root inductioxll in four basal media.

Concentration of ingredient ‘
Basal :medium - Callus Root
o : NAA (ppm) BA (ppm) B
.. MS r‘nedium 1 1 ekl _
do. 1 0.1 Ffeprtte ++
do. 0.1 i 1+ =
do. 0.1 Co0d e+ A+
Modified MS 1 1 ++++ -
medium
do. S A A (A +4+4+ 4+
do. 0.1 1 +++++ 4
do. 0.1 0.1 + 4+ + +4+++
White medium 1 1 —_ —
do. 1 ‘ 0.1 — e
do. 0.1 1 — i
do. 0.1 0.1 ' + +
. Modified white 1 1 + -
medium
~ do. 1 ' 0.1 4odfe 2.
do. 0,1 1 ++ .
do. , 0.1 0.1 +++ +++
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tissues were visible in the White medium, Similar observation was obtained in
root induction. The difference of callus and root growth between the rodified
MS and MS media was observed during two or three weeks after planting of
hypocotyl, and gradually disappeared. There was basically no interaction between
the four levels of NAA and BA concentration and the four basal media on root
formation from hypocotyl. On the other hand, shoot formation was not observed
in any 16 media.

Difference of cultivars in callus and organ induction

Four cultivars, Hikari, Fukuju No. 2, Toké K and BF Okitsu No. 101, were
examined on callus and organ induction in the four levels of NAA and BA
concentration that consisted of all combinations of 0.025 and 0.25 ppm NAA and
BA and were combined with the MS medium. One explant of hypocotyl (1cm)
was planted onto the slant agar medium in a Pyrex culture tube. Conditions of
culture were about 25°C in temperature and 16 hr, photoperiod in illumination
from fluorescent lamps for plant culture giving about 2000 lux.

Difference of the cultivars in callus and root growth was enough small to
ignore (Table 3). Rate of shoot formation at 6 weeks after planting of hypocotyl

Table 3. Veriety difference of callus growth in hypocoty! culture of tomato.

NAA (ppm) 0 0.025 0.025 0.25 0.25
~
~. BA (ppm)

e 0 0,025 0.25 0,025 0.25
Fukuju No.2 0.5 2.1 2.5 2.3 3.5
Toks K 1.2 2.4 2.7 2.5 3.4
Hikari 0.8 1.8 2.5 2.0 4.0
BF Okitsu No. 101 1.2 2.0 2.7 2.4 3.9

Note 1: Callus growth was recorded at 4 weeks after planting.
Note 2 : Standard of callus size is as follows ; 1: Rice seed, 2: Azuki bean, 3: Soybean,
4 : Horsebean,

Table 4, Variety difference of shoot formation in hypocotyl culture of tomato,

NAA (ppm) 0 0.025 0.25
~
Bﬁpn?)‘”tivar F T H B F T H B F T H B
0 0 50 10 50 ~- ~
0.025 ~_ 30 70 30 30 0 0 0 0
0.25 S 20 20 40 50 60 40 30 10

Note 1 : Rate of shoot formation (%) was recorded at 6 weeks after planting.
Note 2 : F: Fukuju No. 2, T : Tokdé K, H : Hikari, B : BF Okitsu No. 101,
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is presented in Table 4, Remarkable observation was no shoot formation at all
of the four cultivars on the media with lower BA concentration than NAA (0.25
ppm NAA and 0.025 ppm BA), In comparison between the cultivars, interaction
between cultivar and plant growth substance on shoot formation was observed,
that is, the rate of shoot formation of Fukuju No. 2 increased at higher
concentration of NAA and BA (0—30—609%), but that of BF Okitsu No. 101
conversely decreased (50—30—109%). 3

Effect of NAA and BA on root and shoot formation

Effects of various levels of NAA and BA concentration on 1root and shoot
formation are presented in Table 5. Root formation was promoted by higher
NAA concentration than BA, or eqaul with (for example, 0.1 ppm NAA and BA,
15 ppm NAA and 0.1 ppm BA), and conversely suppressed by higher BA
concentration than NAA (for example, 0.1 ppm NAA and 1.0 ppm BA, 0.01 ppm
NAA and 5.0 ppm BA). By way of exception, root formation was also observed
at higher BA concentration than NAA at the lower levels (0.025 ppm NAA and
0.25 ppm BA)

Shoot formation was not observed at any combinations of NAA and BA
concentration within a range of higher NAA than BA (for example, 1.0 ppm NAA

Table 5, Effects of NAA and BA on root and shoot formation in hypocotyl
culture of tomato.

mlz?isiilm Light (I;ﬁn% (gﬁ)ﬁx) Cultivar h}Ir\LOc;cgzyl Root Shoot
MS, MS', W, W’ N 0.1 0.1 H, F 60 +++ —
do. N 0.1 1 do. 60 + -
do., N 1 0.1 H, F, T 120 ++4 —
do. N 1 1 do. 150 + —
MS, W L, N 0 0 |HF T B 8 4
do. L 1 0 H 40 + —
MS L 1.5 0.1 S 20 + -
do. L 2 0.1 do. 20 44 e
do. N 0 5 F 10 = +
do. N 0.01 1 do. 10 - - -
do. N 0.01 5 do. 10 — + 4
do. N 0.01 10 do. 10 - +
do. L 0.025 0025 H,F, T.B 40 + | ++++
do. L 0.025 0.25 do. 40 + + 44
do. L 0.25 0.025 do. 40 + —
do, L 0.25 0.25 do. 40 - 4+ +

Note 1 : Basal medium ; MS : Murashige & Skoog (1962), W : White (1963), MS’ : Modified
MS, W’ : Modified white, ;

Note 2 : Light condition ; N : Natural light in a room, L : Artificial light.

Note 3 : Cultivar ; H : Hikari, F : Fukuju No. 2, T :Toko K, S: Kyd6ryokushuhd. B : BF
Okitsu No. 101.
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Table 6. Organ induction from callus derived from hypocotyl of tomato.

e Origth duction Shoot formation woot | 1o
NAA | BA | NAA | BA | AD | Noof | No ot | ,, |ormation| TEE
(ppm) | (ppm) | (ppm) | (ppm) | (ppm) | Calluses | shoots @

0.1 0.1 0.01 1 0 40 1 3 — N
0.1 0.1 0.01 10 0 40 0 0 - do.
0.1 1 0.01 1 0 40 3 8 + do
0.1 1 0,01 10 0 40 6 15 — do
1 0.1 0.01 1 0 40 0 0 e do
1 0.1 | 001 10 0 40 0 0 - do.
-1 1 0.01 1 0 40 7 18 - do
1 1 0.01 10 0 40 5 13 — do
1 1 0 0 0 8 0 0 | +++ | L
1 1 0 10 0 8 6 75 - do
1 1 0 15-20 0 16 5 47 - do
1 1 0 10 1-15 32 20 63 - do
1 0.1 0 0 0 8 0 0 ++ do.
1 0.1 0 10 0 8 0 0 - do.
1 0.1 0 15-20 0 20 3 15 - do.
1 0.1 0 10 1-15 49 15 31 — do.
1.5-2 0.1 0 0 0 7 0 oot do.
1.5-2 0.1 0 10-20 0 21 1 o do.
1.5-2 0.1 0 10 1-15 24 2 = do.
1 1 0 0 0 3 0 0 + do
1 1 0 10-20 | 0 9 5 56 — | do
1 1 0 10 1-15 13 3 23 - do.
1 1% 0 0 0 6 0 + do,
1 1# 0 10-20 0 18 0 - do.
1 1* 0 10 1-15 24 0 — do,

Note 1 : AD : Adenine
Note 2 : % : One subculture, .
Note 3 : Light condition ; N : Natural light in a room, L : Artificial light.

and 0.1 ppm BA, 0.25 ppm NAA and 0.025 ppm BA). In the culture under natural
light in a room, no media with eqaul, or small difference of, NAA and BA
concentration regenerated shoots (1.0 ppm NAA and 1.0 ppm BA), but media with
lower NAA and higher BA concentration regenerated shoot organs (for example,
0.01 ppm NAA and 10.0 ppm BA). On the other hand, the culture under artificial
light favoured the rate of shoot formation, as shoot was formed at 0.25 ppm NAA
and BA,

2. CULTURE OF REDIFFERENTIATION (CALLUS CULTURE FROM

HYPOCOTYL) .
Callus tissues planted onto the media for redifferentiation were distinguished
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from each other by the derivation of the hypocotyl culture. Concentrations of
NAA and BA in the hypocotyl culture, culture conditions for redifferentiation
and results of organ induction are presented in Table 6. The culture of this
experiment was carried out under two conditions of culture, that is, one was
about 25°C in temperature and natural light in a room and the other the same
temperature and 16 hr, photoperiod with about 1500 lux from the fluorescent
lamps. ‘

Root formation

In the culture under natural light, root formation was poorly observed only
in the culture condition in which callus induction was carried out on the media
containing 0.1 ppm NAA and 1.0 ppm BA and 1.0 ppm NAA and 0.1 ppm BA
and redifferentiation culture followed on the medium containing 0.01 ppm NAA
and 1.0 ppm BA. In the culture under artificial light, root formation was observed
only at the culture on media in the absence of NAA, BA and adenine, regardless
of any combinations of NAA and BA concentration in the culture for callus
induction,

Shoot formation ‘ ;.

In the culture under natural light, shoot formation was observed on the callus
from the callus induction with lower NAA concentration than BA, or eqaul with
at the high level of NAA and BA (0.1 ppm NAA and 1.0 ppm BA, 1.0 ppm NAA
and BA), but not induced from the callus induction with higher NAA concentration
than BA, or eqaul with at the low level of NAA and BA (0.1 ppm NAA and BA,
1.0 ppm NAA and 0.1 ppm BA). In the culture under artificial light, shoot formation
was generally promoted when compared with the culture under natural light and
observed even on the media with higher NAA concentration than BA in the
callus induction. However, the rate of shoot formation was evidently higher in
from the callus induction containing 1.0 ppm NAA and BA than 1.0 ppm NAA
and 0.1 ppm BA. ,

- Addition of adenine to the medium for organ induction seemed to give a
little favour for shoot formation.
~ Shoot formation from the callus obtained by the subculture was not successful.

in spite of the addition of BA and adenine.

Discussions

!

We should first examine the effect of various basal media and -varieties in.
a species, when a plant tissue is used for an attempt of dedifferentiation and
redifferentiation in vitro. The present experiment suggested that the basal
medium of MURASHIGE & Sk00G (1962) was superior to that of WuIrTE (1963) ini
the culture for dedifferentiation and redifferentiation from hypocotyl. of tomato

and basal medium did not interact with combination of auxin and cytokinin, From
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this result, the basal medium of MurAsHIGE & Sko0G (1962) was employed for
the following experiments. Also, we have a knowledge that dedifferentiation and
redifferentiation might be influenced by variety in a species. GREssHOFF & Doy
(1972) reported that successful organ induction to complete plantlet in anther cul-
ture of tomato was possible only from two out of fourty-three varieties used as
materials. Variety difference of callus and root induction was very small in this
experiment. But in shoot formation an observation was obtained that the rate of
shoot formation was a little influenced by the interaction of variety with concentra-
tion of auxin and cytokinin. However, no shoots were formed from the four
varieties used on a medium containing 0.25 ppm NAA and 0.025 ppm BA. This
fact suggests that at least the four varieties are generally controlled by a general
rule mentioned below.

Skooc & MILLER (1957) first pointed out that the two plant growth substances,
auxin and cytokinin, determined not only whether plant tissue grows or not, but
also how it grows, in callus tissues derived from the pith parenchyma of tobacco
shoots, On an agar medium containing 2 mg/l of auxin and 0.1 mg/l of kinetin
only an undifferentiated callus resulted. However, the kinetin concentration was
lowered to 0.02 mg/l without changing the auxin level, roots were formed in the
cultures. Higher concentrations of kinetin led, conversely, to shoot formation and
root formation was then suppressed. Such a general trend is considered to apply
to the hypocotyl tissue of tomato. This conclusion is unhesitatingly affirmed by
the relative relationship of auxin and cytokinin on callus induction, root and shoot
formation which was observed in the present experiments and by the results
reported by YAkuwa et al (1973).

The second conclusion will be led from the present experiments and the
results of Yakuwa et al (1973) also that hypocotyl culture, even if continued over
prolonged periods, will fail to form shoot on media containing NAA and BA with
combinations of 0.1 and 1.0 ppm, although callus grows successfully. In the culture
for redifferentiation, shoot formation was attempted from such a callus mentioned
above. The concentration of auxin and cytokinin in the media of redifferentiation
consisted of the combinations of low NAA (0 and 0.1 ppm) and high BA (1.0 and
10.0 ppm) concentration, as referred to the results of YAkuwa et al (1973). As the
result, shoot formation was successful both under the culture conditions of natural
light and artificial light. Furthermore, the most prominent observation was
obtained that whether callus cultures regenerated shoot or not was destined by
the medium for callus induction. It will be very difficult for shoot formation to
be induced on the callus derived from medium containing higher NAA concentra-
tion than BA. This indicates that researcher’s attention should be paid on not only
medium for redifferentiation but also for dedifferentiation in an attempt for

shoot induction from callus tissue,.
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MurasHIGE & NAKANO (1968), NEBEL & NAYHOR (1968) pointed out the necessity
of light for shoot formation in tissue cultured in vitro. Shoot formation seems
to be positively correlated with light intensity within untill an optimum light
intensity, However, researches for light quality have not yet arrived to indicate
which portion of light spectrum is the most effective for-shoot formation, although
light quality definitely holds the key for organogenesis. In the present experiments,
the culture under artificial light showed a higher rate of shoot formation than
the culture under natural light, probably, because of the increase of light int-
ensity.,

The effective result of the addition of adénine on shoot formation was reported
by Skooc & Tsur (1948) and NrrscH et al (1967). However, further tests will be
necessary to point out whether adenine is important for shoot induction from
redifferentiation culture in tomato or not.

MurasHIGE & NAKANO (1965) obtained an evidence of change in the totipotency
of plant tissue and callus, In tobacco, the ability to form root was lost within
one and a half years and that to regenerate shoot gradually diminished within
from one and a half years to three years after the beginning of culture, In tomato,
the callus from subculture clearly reduced the capacity to form root and at all
lost that to form shoot. REINERT & BaAcks (1968), however, showed that carrot
cultures retained the capacity to produce root for years, Our unpublished data
also showed the ability to produce complete plant from the callus of subculture
for three months in tomato, It may be to recognize that the loss of the capacity
for organogenesis in cultures can be reversible.

Summary

The purpose of the present experiments was, at first, to know the effects of
basal medium and cultivar on callus and organ induction in hypocotyl culture of
tomato, Lycopersicon esculentum L., and, secondly, to confirm the results reported
by Yakuwa et al (1973) which described the effects of auxin and cytokinin on
callus and organ formation from tissue cultures in vitro in tomato and, thirdly,
also ﬁsing hypocotyls of tomato, to examine culture conditions on the relationship
between dedifferentiation and redifferentiation.

The culture procedures were arbitrarily divided into two steps : hypocotyl
culture for dedifferentiation and callus culture for redifferentiation,

Hypocotyl culture for dedifferentiation

In the hypocotyl culture, segments of hypocotyl (1 cm) in young seedling were
cultured in vitro on the agar media containing various concentrations of auxin
(NAA) and cytokinin (BA).

The results were as follows ;

1. The basal medium of MurAsHIGE & SkooG (1962) was superior to that
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of WHITE (1963) in callus and root induction.

2, Shoot formation seemed to be influenced by interaction between variety
and concentration of NAA and BA, but this was not beyond the general rule first
pointed out by Sxooe & MILLER (1957) that root and shoot induction was basically
regulated by interaction between auxin and cytokinin.

3. Root formation was more induced on media with higher NAA concentra-
tion than BA, and shoot was favourably regenerated on media with lower NAA
and higher BA concentration.

4, On the media containing NAA and BA with all combinations of 0.1 and
1.0 ppm, callus grew favourably but shoot was not at all formed in spite of
prolonged culture.

5. The results of 3 and 4 coincided with those reported by Yakuwa et al
(1973).

Callus culture for redifferentiation

In the callus culture, callus from each combination of NAA and BA concentra-
tion in the hypocotyl culture was differentially planted on medium for redifferen-
tiation. The results were as follows ;

1. Whether shoot was induced from callus or not was destined by the
medium for callus induction, that is, shoot formation was very difficult on the
callus derived from medium containing higher NAA concentration than BA.

2. Increase of light intensity in the culture under artificial light gave a
higher rate of shoot formation than the culture under natural light in a room.

3. Callus derived from subculture clearly reduced the capacity to form root
and showed no ability to regenerate shoot.
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