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proembryo

young plantlet

nodule like structure
magnitude of growth response

no response




INTRODUQEION <ai's o o'
MATERIALS AND METHODS.
RESULTS. o ¢"¢ o o » »
-DISCUSSION o ¢ o o o

CONCLUSION o e s & & -

LITERATURE CITED . +

TABLE

e e o
. LJ .
. L L
L ] . L]
L] L] .

OF CONTENTS




LIST OF TABLES

Table | Page
1. Hoaglénd SaltS o o o o o o s o s b o e s e e e e 0. 8
2e Murasahage & skoog S2ltS ¢ o o o o o o o o o o o o o o o 9
e Composition of Various Media Coed. & &« &« o & =.58 » » » 3 11

L, Growth Response of the Explant on Various Media Used . . 13
Se Response of Callus to First Sub-culturinge « o « « ¢ « o 14

6. Results of Continued Sub=-culture Second & Third
Sub-culture.........-............. 15




Figure

1.
2e

Se

9;

10.

11.
12.
13,

14,

LIST OF FIGURES

Tissues used in this investigation o« o o o o o o « o &
Cultivatedleaf....-.-..............

Enlargement of palisade parenchyma of cultivated leaf
in the medium containing 2,4=D « o« ¢ « o o o o o o o o

Callus tissue formed by cultivating carrot root tissue
Formation of cell suspension and callus colonies . . .

Callus colonies formed by sub-culture of callus tissue
on the solid mediume « o « o o o o o o o ¢ o o o o o o

Heart-shapedembryos.......-..-......

Young plants which have developed from heart-shaped
embryos L] L . . . L] . L] . L] L] . L] . L] L] L] . . L ] L] L] L] .

A series of developing young embryos found in the cell
SuspenSion . L] . Ld . L] . . o L] L] . L] L] . . . L] . . L] .
Isolated embryos from the cultivated cell suspension

and callus COloNieS. « « o o « ¢« o o o o o o o o o o o

A cross section of @ calluSe o« o o o o o o o o o o o o
A young plant formed from a cultivated carrot leaf . .
An older plant formed from a cultivated carrot leaf. .

The plants are transplanted into vermiculite where
they continue to grow to maturity. o« « o o o « o o« o &

Page

. 18

. 19

. 20

|

i 2P

. 23

. 24 i
?

" 25 %
|

s liog i

. 27 |

. 28

o e PG

i o

.31



INTRODUCTION

Studies of the totipotency of cells of various parts of carrot
tissues and organ formation by the cultivated carrot leaf cells have
been made in this invéstigation. >It is believed that each matured
cell, even though appearances differ from cell to cell, still con-
tains the whole set of genes as in the zygote. The differences in
appearance are due to the functional genes. Theoretically, if certain
stimuli were applied to force these nonfunctional genes to become
functional, all these cells may behave the same way as the zygotee
This potential of the matured cells to go back to the zygote stage is
called totipotency.

F. C. Steward has studied the totipotency of the carrot root
(34, 35, 36, 37, 38, 39). He started by cultivating a piece of
carrot root tissue in media containing plant stimuli. He found that
the tissue develops through several different stages and ends with an
entire carrot plant, indicating that the cells in the carrot root
tissues have totipotency. A question which may come to mind is
whether the totipotency exists only in root tissues or can be found
any place in the plant. If totipotency can be any place in a plant
it can be expected that cells from all other tissues should have the
ability to grow into a new plant. |

Plant tissue culture was introduced by Haber;andt in 1902,
Gautheret, who has summarized the work up to 1958, emphasized the

work of early pioneers as well as his own contributions,.



Within the plant kingdom, both gymnosperms and angiosperms have

been used for tissue culture. For instance, Ginkgo biloba and certain

species of conifers have been cultivated by E. Ball (3, 4), but
angiosperms have more often been used (2, 6, 9, 17, 20, 31, 33). In
the angiosperms most work is done with dicotyledonous plants,

Not all plants are easily culti;ated. For example, aroids are
difficult to cultivate as was mentioned by W. Tulecke (43).

There have been attempts to cultivate many parts of plant
tissues from different plants. Roots have been reported on by
William J. Robbins (27); P. R. White (45); Addison Lee (17); S. M.
Caplin and F. C. Steward (9), and by Nirmal Arora, F. Skoog and
0. N. Allen (2). Stems have been reported on by F. Skoog (29, 30).
Leaves have been reported on by D. M. Bonner (7); S. Kuraishi and
F. S. Okumura (16) and by T. A. Steeves, H. P. Gabriel and M. W,
Steeves (32). Pith tissues have been reported on by Klaus Patau,
Nirmal K. Des and F. Skoog (10, 25). Excised buds have been reported
on by G. Morel and R. He Wetmore (20) and by Khalil H. Al-Talib and
John Ge. Torrey (1). Tubers and cotyledons have been cultivated by
F. C. Steward, Marion Mapes and Joan Smith (37). Ovaries and ovules
have been reported on by J. P. Nitsch (22) and by Nirmala Maheshwari
(18). The excised portions of the embryo have been reported on by
Robert W, Howell and F. Skoog (12) and by J. van Overbeek, Marie E.
Conklin, and A. F. Blakeslee (23, 24). Endosperm and meristem tissues
have been reported on by Taiki Tamaoki and Arnold J. Ullstrup (40).

Tumorous tissues, as well as normal tissue, have been reported on by




A. Je Riker and Alice E. Gutsch (26) and by Denes De Torok and Kenneth
V. Thimann (42). All these cultures can either maintain the metabolic
activity in the media and enlarge cells or regain the dividing ac-
tivity and form callus tissues.

The cultivating media usually contain three major components;
carbohydrate, minerals and organic supﬁlements. Sucrose is the best
carbohydrate source for the tissue media. A concentration around 2%
will give the best result. ‘

There are several diffefent formulae for minerals supplied in
the media. Tukey's salts have been used for cultivating young
embryos of carrot by J. van Overbeek, Marie E. Conklin and A, F.

Blakeslee (23) and for young embryos of Ginkgo biloba by E. Ball (4).

Knop's salts have been used for cultivating the young embryos of

Ginkgo biloba (4). Modified Pfieffer's solution has been used by

Williem J. Robbins (27). T. A. Steeves, et al., (32) used Heller's
solution for leaf tissues cultivation. Nirmala Maheshwari (18) used
Nitsch's medium for ovules. Morel and Wetmore (20) used Gautheret's
medium for the cultivation of monocotyledons. However, modified
White's medium is the most popular of all the formulae used.

Three groups of organic supplements are usually added to the
medium for the purpose of stimulating cell metabolism. The first group
consists of auxins and kinetin. The second group consists of vitamins,
amino acids, organic acids and nucleic acids. The third group consists
of unpurified organic compounds extracted from plant tissues or from

other organisms.



IAA and 2,4=D are effective for the cultivating of carrot root
and are reported on by S. M. Caplin and F. C. Steward (9). Beyond -
these, NAA, IBA and MCPA also have the stimulating effect shown by
Khalil H. Al-Talib and John G. Torrey (1). Kinetin and gibberellic
acid were used by Nirmala Maheshwari, T. E. Fox, Carlos Miller (18, 11)
and many others. ‘

Glycine was the first amino acid discovered to be effective in
the tissue culture of tomato roots by P. R. White (45). Asparagine
and proline are effective in radish leaf cultivation and arginine is
effective in fobacco tissue as reported on by D. M. Bonner (7).
Alanine, aspartic acid and glutamic acid are effective in sunflower
culture reported on by L. G, Nickel and P. R. Burkholder (21),
cysteine hydrochloride by S. C. Wiggans (4l4) glutamine, asparagine by
A. C. Braum (8). Arginine, aspartic acid, glutamic acid, glycine,
histidine, isoleucine, leucine, lysine, methionine, phenylalanine,
threonine, tryptophane, tyrosine and valine as synthetic mixture ap=-
plied to tissue culture by Robert Sandstedt and F. Skoog (28) and
applied individually was also worked out in the same paper.,

Purines, pyrimidines and their derivatives with vitamins have
been used by D. M. Bonner (7), F. Skoog and Tsui (29), J. van Overbeek
(24), Morel and Wetmore (20), S. C. Wiggans (44), Nirmala Maheshwari
(18), Robert W. Howell and F. Skoog (12) and F. Bertossi, N. Bagni,

Ge. Moruzzi and C. M. Caldarera (5),
As far as the unpurified organic compounds are concerned, coco-

‘nut milk is believed to have powerful stimulating factors for young




“extract on bud expansion of Pseudotsuga taxifolia was pointed out by

carrot embryos and many other tissues (19, 23, 33, 34). Yeast extract

has been used by Robbins (27), Khalil H. Al-Talib, John Torrey (1), and
S. C. Wiggans (44). Casein hydrolysate has been reported on by A. J.
Riker and Alice E. Gutsch (26), and Khalil H. Al-Talib and John G.
Torrey (1). Malt extract, leaf extract, onion juice, watermelon juice
and corn steep water have been reporté& on by Blakeslee and S. Satina
(6), S. C. Wiggans (44), F. C. Steward and S. M. Caplin (33), Khalil

H. Al-Talib and John G. Torrey (1), J. E. Fox and Carlos Miller (11).
The effectiveness of these organic compounds to stimulate tissue growth

is either by stimulating the cells metabolism or by cell division. As

Bonner pointed out (7), arginine is very active in Nicotiana sylvestris
but inactive in Raphanus. Coconut milk is believed to be a very power=-
ful source of growth factors to most plants but is inactive in potato
tuber growth (33, 34). IAA, coconut milk; malt extract, and casein
hydrolysate are unsuccessful for Cocklebur tissue growth (11). In 1954
Wiggans (44) reported that yeast extract has no effect on the carrot
plant on both callus and root formation.

An organic supplement may benefit one plant's growth, but that
does not mean it would benefit all others. As a matter of fac#, some=
times it will act as an inhibitor or toxin to other plants. For
instance, glutamic acid is beneficial to tobacco tissue (28) but toxic
to radish leaf growth (7). The inhibition by casein hydrolysate,
peptone and yeast extract has been reported on by As. Je Riker and

Alice E. Gutsch (26). The inhibition by coconut milk and yeast




Al-Talib and Torrey (1). All auxins which will inhibit the leaf expan-

sion were also reported on the same paper.

The concentration of the organic supplement is very critical
even in the same plant. It will stimulate the tissue growth in one
concentration but act as an inhibitor in another. J. E. Fox and
Carlos Miller (11) reported that kinetin will stimulate tissue growth
at a lower concentration but inhibit it at a higher concentration.
Khalil H. Al-Talib and John G. Torrey (1) reported that casein hydro-
lysate and watermelon juice have the same function.

The activity of the organic supplements may be enhanced by
adding them as a mixture rather than separately. Coconut milk and
adenine have a greater effect when added together (12). Robert
Sandstedt and F. Skoog (28) also reported that some amino acids when
added singly will cause inhibition.

That the behavior of cultivated tissue to the same medium may
not be the same during different cultivating periods was reported on
by Syono Kunihiko (13, 14, 15).

The requirement of organic compounds is not very specific in
some plants. S. C. Wiggans (44) pointed out that IAA can be sub-
stituted for cysteine hydrochloride for callus formation of the carrot
plant. = Robert Sandstedt and F. Skoog (28) found that aspartic acid and
glutamic acid can be substituted for the entire amino acid mixture and
have the same result. He also found that if these two amino acids

were omitted singly from the mixture there resulted no very serious

loss of growth promoting activity. F. Bertossi, et al., (5) reported




that the ribonucleoprotein, spermine, can take the place of IAA in

causing cellular division,.

Organic compounds which can stimulate tissue growth have a com-
mon feature, as shown by Kenneth V., Thimann (41) to be a 6-membered
ring and one acetic side chain. The nature of the ring is important.
As a rule, a S5-membered ring does not confer the activity. The need of
unsaturation in the ring is characteristic and cannot be replaced by
unsaturation in the side chain. In 1950 F. Skoog (31) reported that
auxin has functions in carbohydrate metabolism. In 1954 S. C. Wiggans
(44) stated that IAA is effective in root and callus formation, NAA is
effective in callus formation but causes little root formation and IBA

has little effect on either.




MATERIAL AND METHODS

Roots of carrots, obtained from the market, and leaves of young

carrot seedlings were used in this investigation. Seeds obtained from

Northrup King & Co., were germinated in our laboratory and transplanted

in vermiculite.

Two kinds of mineral solutions, Hoagland; Murasahage and Skoog,

were used as shown in tables one and twoe.

Table One. Hoagland Salts

Chemical
Ca(N03)2

KNO3

KHZPOQ

Fe
Micrountrients
H_BO

373

MnCl, . & HZO

2

ZnCl2

> e H20

Na2M001+ v 2 H20

CuCl

Hoagland Stock Solution

820,00
505.00
240,00
135.00

5.00

5.72
3.62
0.22
0.10

0,05

bpm

ppm

bpm

ppm

bpm

bpm

ppm

ppm

ppm

bpm

Total

Culture Medium
41,0000 ppm
25.2500 ppm
12,0000 ppm

6.7500 ppm

042500 ppm

0.2860 ppm
01810 ppm
0.0110 ppm
00,0050 ppm

0.,0025 ppm

85.7355 ppm

Iwo percent sucrose added to the media supplied the energy required

for tissues metabolisme.




Table Two. Murasahage & Skoog Salts

Chemical

NHhNO3

KNO3

CaC12.2 H20
MgSOu. 7 H20
KH P04
NaFe.EDTA
HBBO3
4.
#.

4 H 0
L H 0
KI

4 e« 5 H (0]

00012 ) HZO

Murasahage & Skoog
Stock Solution

1650,000
1900,000
440,000
370,000
170,000
50,000
6.200
22,300
8.600
0.830
0.250
0.025

0,025

bpm

ppm

ppm

ppm

ppm

bpm

bpm

bpm

ppm

bpm

ppm

ppm

ppm

Culture Medium

82450000 ppm
95.00000 ppm
22,00000 ppm
18.50000 ppm
8.50000 ppm
250000 ppm
031000 ppm
1.11500 ppm
0.43000 ppm
0.04150 ppm
0.,01250 ppm
0.00125 ppm

0.00125 ppm

23%0.91150 ppm

After coconut milk, obtained from market, was boiled and

filtered, 10% was added to the media by volume.

Glycine at 300 mg, 10 mg thiamine hydrochloride, 10 mg

pyridoxine hydrochloride and 10 mg nicotinic acid were dissolved in

100 ml. of distilled water to give a stock solution 100 times more

concentrated than the vitamins and glycine required in tissue culture.




One hundred ppm 2,4=D, 2,4,5=-T, and 1000 ppm IAA solutions were

prepared separately as stock solutions.

Both solid and liquid media were used in this investigation.
All the media used through this investigation are shown in table three.
The liquid media are the same as the sdlid except that agar has been
eliminated. ‘

The primary culture used the media 1, 2, 3, 4, 7, 9, 10 and 11.
The primary sub-culture used the media 1, 2, 3, and L4, The second and
third sub-culture used media 1, 3, 5, 6, and 7.

For the solid culture 125 ml. Erlenmeyer flasks were used. Each
flask contained 40 ml. of 0.8% agar media. For the liquid culture,
both 125 ml. Erlenmeyer flask and T-tubes were used. Media were ad-
justed to pH épproximately 5.6 before being poured into the flask and
sterilized.

Microscopic studies of the callus colonies and leaf cells have
been made both on fresh and preserved material.

The embryos and rooting callus colonies were transferred into
solid media, and after a definite shoot was formed the plantlet was

transferred to normal plant growth substrate.
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Table Three. Composition of Various Media Used

Media H.S. MeS. C.Me 2,4-D. 2,4,5-T. TIAA. G. N, P. T. S.S,
No.
8 HeSe = C.M. 2,4=D, - - Ge No Po Toe S.S.
2 HeSe = - 2,4=D, ; - Ge No Po To S.S.
2 HeS. = C.M. - - - Ge Ne Po Te S.S,
L HeSe = C.M. 2,4-D. - - - = = = 8.8,
5 HeSe = - - - - Ge No Po Te S.S.
6 HeSe = C.M. - - IAA Ge¢ No Po Te S.Se
7 HeSe = C.Ms 2,4-D. - IAA G. N. Pe Tse S.S.
8 HeSe = - 2,4=D, - IAA Ge. Noe Po Te S.Se
9 H.Se = C.M. - 2,4,5-T, IAA G. N. P, Te S.S.
10 - M.S. C.M, - 2,4,5:0, -  G. N. P, T. S.S.
11 - MeS. CoMe 2,4-D, - - Ge No Po Toe S.Se

H.S. = 5% Hoagland solution
M.S. = 5% Murasahage & Skoog solution

C.M.

1}

10% coconut milk

2,4=D. = 2,4, Dichlorophenoxyacetic acid, 2 ppm
244,5=-T, = 2,4,5 Trichlorophenoxyacetic acid, 2 ppm
IAA = Indoleacetic acid, 50 ppm

o
1}

Glycine 30 ppm

=
.
H

Nicotinic acid, 1 ppm

)
°
]

Pyridoxine hydrochloride, 1 ppm
Te. = Thiamine hydrochloride, 1 ppm

S.S. = 2% sucrose solution




P e vy

-

RESULTS

The growth response and formation of callus tissue from
cultures of leaf and root tissues of carrots are shown in table four,
five and six. Fig. 1 shows tissueé used in this investigation.

Leaves grew or formed callus tissue better in the liquid media
(Fig. 2 and Fige. 3), but did poorly, and eventually died in solid media
in the primary culture. Root tissues formed callus tissues only in the
solid media (Fig. 4).

The sub-culture of single cell suspension can be maintained

only on the liquid media, but sub=culture of callus tissues can be Ch
grown on solid media as well as in liquid media (Fig. 5, and Fig. 6).

The increase of density of the cell suspension together with
the increase of the size and the population of small callus colonies
is greatly enhanced by the presence of 2,4=D or aggregated along the
flask wall but no further differentiation occurse

Heart-shaped embryo clusters were found in aggregated cell
masses in the medium in which 2,4=D had been completely used up or
where it had been eliminated from the medium (Fig. 7, and Fige 8).
Isolated embryos were found in the same medium. All types of embryos
will grow equally well in the same medium. Several isolated embryos
in different stages of development are shown in Fige 9 The traﬁsfer
of those embryos into a new medium is not necessary'until they become
young plantlets in which definite roots and shoots appear (Fige. 10).

Callus from root culture rarely form isolated cells no matter

whether it is transferred into a solid or a liquid media. It can




Table Four. Growth Response of the Explant on Various Media Used.

Media No. Tissues Used Expansion Cells Callus Formation
- S* r'* - +4+
1 L r - -
1 S 1l - -
E 1 L 1 +++
i 2 S r - -
: 2 L i - +
| > S r - B
| 3 L 1 - -
|
i L S r - +
i = L 1 - +
l,? 7 L 1 ++ +4++
& 7 S r - +++
&
9 s r = -
9 L 1 - =
: 10 S X ‘ - +4
| 10 L 1 - ++
11 S r - +++
11 L i - +++
* S = Solid (0.8% agar) media

L = liquid media

r = root tissue
1 = leaf tissue
+ = magnitude of growth response

no response

189476
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Table Five. Response of Callus to First Sub-culturing

i
|
:

Media No. Tissue Used* Callus TFormation
1 S YeCo +++
i3 L l.c. ’ Teuy
1 L TeCo e
1 L l.S.C. ERE
= S 0 e+
2 L l.c. ++
2 L l.seCo ++
> S T.Co +
3 L l.s.ce. -
3 L Lsts -
L S TeCe +
& L l.c. +
L L 1uEsCe -

* The tissues used in sub-culture are those which grew in media No. 1
for six weeks.

S = solid media

L = liquid media

r.c. = root callus tissue

l.ce = leaf callus tissue

l.s.c. = leaf single cells

-+ = magnitude of growth response

)

no response




Table Six.

Results of Continued Sub=-culture

Second and Third Sub-culture .

Media No. Tissues Used Results
L S TeCo Ce i
1 L reCo Ce +4+
1 L l.c. Ce & Se by **
1 ~ lesace Se e **
> S TeCo r.l. e
3 L TCeCe Tole e
> L lece rele. g FE
3 L leSeCe PeCo g KE
3 S Tole YePo
> S LG - Pl s 4 **
> L “PeCe YeDeo
5 S YeCo Ne +
5 L T'eCos Ne +
5 L l.c. n. +
S L les.Ce N -
6 S TeCoe & LleCe r.le. 4+
6 L reCo & lecCe r.l. +++
6 L l.5. pe.ce & €
7 S TeCo c. & n. ++
7 L l.c. Ce & Se¢ & poco™™
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Table Six. (continued)

Media No, Tissues Used Results
8 S Y0 B1els S +
8 L TeCeo & IOCO - Ce +

Sy, Ly recey lecey les.c., and + refer to same structure as stated in
table five,

c callus tissue

s = single cell suspension

re.le = root=like structure

Pe€e proembryos

young plantlet

YeDe
ne. = nodule-like structure :

* reCe & loc. oObtained from cultivated medium No, 1 to which several

transfers had been made before second and third sub-culture.

**Later those tissues developed into embryo and young plantlet even

through no further transfer has been mades

only increase the size or the population of callus colonies in the
medium containing 2,4-D. Sub-culture to a new medium which eliminates
2,4=D ié necessary for its differentiation. |

In the medium without 2,4=D the cells in the qenter of the colony
began to differentiate the vascular strands as shown in Fige. 1ll, and

later on nodule-like structures were observed in the surface of those
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colonies. Nodule bearing callus colonies were transferred into liquid
and solid media and did equally well in the formation of root-like
structures eventually on the opposite end a greenish shoot appeared
(Fige 12 and Fige 13).

The plantlets formed either from an embryo or from a nodule
bearing callus were transplanted to nor;al greenhouse conditions
(Fige 14).

This experiment has been run twice with five duplications for

each single treatment,




Figure 1. Carrot root tissue and leaf tissue
used in this investigation. Root
obtained from market, and leaf
from seedlings planted in our

laboratory.




Figure 2,

Cultivated leaf. Upper one shows the

uncultivated leaf preserved in acetic
acid and alcohol for six weeks, the
lower one was grown in a medium con-
taining 2 ppm 2,4-D. Callus tissues
can be seen along the margin and

midrib of the leaf,




Figure 3.

Enlargement of palisade parenchyma of
cultivated leaf in the medium contain=-
ing 2,4=D. A few cells in the lower
right corner already have been dis-

charged into the medium.




Figure 4. Callus tissue formed by cultivating
carrot root tissue. The proliferated

callus tissue is used for sub-culture.




ts of the aggregate cell

0

mass have fallen into the medium from

the flask wall. It contains callus
with heart-shaped embryos also.

Iso-
lated proembryos also can be seen in

this picture.




Figure 6.




Figure 7. Heart-shaped embryos.
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Figure 8., Young plants which have developed

from heart-shaped embryos.
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found in the cell suspension.




Figure 10.

Isolated embryos from the cultivated
cell suspension and callus colonies.
The branching root and young embryos
with cotyledons can be seen in this
picture. These embryos developed
from zygote-like cells. The upper
end shows a piece of root bearing

calluse




Figure 11l.

A cross section of a callus. It shows

the central part of the callus, in
vhich cells are beginning to differ-
entiate into vascular elements. The
further developument of this tissue

led to root formation.
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Figure 1l4. The plants are transplanted
into vermiculite where they

continue to grow to maturity.
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DISCUSSION

Due to its highly specialized function, the leaf tissue has been
considered to be most difficult part of a plant to cultivate. However,
some research work has been done with leaves resulting in a certain
degree of growth, either by enlarging the leaf area or by forming the
callus tissue. Little of the work carried on so far, however, has been
intended to test the totipotency of the leaf cellse

In this investigation, we started with carrot leaves and root
tissues, and the results were the formation of new plants. The de-
velopment of these cultivated cells may be classified into five differ-
ent stages. First of all, the matured cells lose their specificity and
the metabolic activity was increased. This was followed by the second
stage, the enlargement and division of the cells. The newly formed ch
cells can either be present in the media as callus colonies or as a
single cell suspension. The cultivated tissue will stay in this
unspecialized stage as long as 2,4~D is present in the medium. However,
most callus colonies are originally formed by the parenchyma cells
located in the root vascular tissue or from leaf vascular tissue.

The start of differentiation of cultivated tissue is considered
to be the third developing stage. In this stage, the two kinds of
tissues behaved a little differently. In the callus colonies, éach
colony acted as a developing unit. The cells in the central part of
the colonies began to differentiate as soon as the 2,4=D was elimi-

. nated from the cultivating media. These cells differentiated into

vascular elements. The differentiation began from the center of the




33

colonies and spread toward the outside regioh, forming nodule~like
structures. This was followed by the fourth developing stage in which
organs were formed. The root=like structure was formed at one end and
the shoot=-like structures on the other end of the callus. As far as
single cells are concerned, they appear either in the form of suspen=-
sions or aggregates as a mass of single cells, each single cell acting
as a unit. When 2,4-D was used up or eliminated from the cultivating
media many cells behaved like zygotes, each zygote forming an embryo
and each embryo developing into a young plant which was independent of
organic supplements,

The last developing stage is actually only a process of con-
tinued growth of the independent plant to maturity. All the further

growth of root and shoot-bearing callus colonies or the dicotyledon=-

&)

like embryos gave rise to a definite young plantlet, and those young
plantlets in most aspects were similar to the plant which were raised
from the seeds. The exception is that, in most cases, the tissue
culture embryos are genetically identicale.

The responses of cultivating tissues in various media are shown
in the results. As we compared the minerals we used in the cultivating
media, there were no distinguishable differences in responses. The
comparison of Murasahage & Skoog solution versus Hoagland solution
shows the following; K 39.20 ppm & 11.70 ppm gives difference of 27.50
ppme Ca 6,05 ppm & 5.00 ppm gives difference of 1.05 ppme Mg 1.84

ppm & 2.40 ppm gives difference of 0¢56 ppme P 1,92 ppm & 1.48 ppm




gives difference of O.44 ppme N 42,05 ppm & 10.50 ppm gives differ-

ence of 31,55 ppme

Each element has two different concentrations both of which work
equally well for cultivating tissues. The higher concentrations are
not toxic and the lower concentrations are not limiting factors for the
tissue growth. The range of mineral éoncentration for cultivating
tissues is wider than the range of organic supplements. However, the
nitrogen concentration shown in the above comparison refers to the
nitrogen contained in the inorganic media.

The reasons for the differences in responses existing between
the liquid and solid media to the primary cultivating of leaf and
root tissues in this investigation is not known. It may be due to the
fact that in cultivating leaves in the solid media there was only a
small area of tissues attached to the media compared with the size of
the tissues being cultivated. The absorbed water and nutrient from
the media were not enough to maintain the tissues metabolism and
evaporation requirement and resulted in the slower growth. However,
these differences vanished in the sub=-culture of both leaf and root
tissues,

,As we compare the effectiveness of various organic supplements
to the cultivated tissues, 2,4=D is considered to be the key substance
of dedifferentiation in matured cells of the carrot plant. Cultivated
tissues will remain in this undifferentiated stage as long as the 2,4=D
is present in the medium. Whether 2,4=D is metabolized or decomposed

" after long periods is not known. But the inhibition of the medium for
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differentiation will finally vanish as shown in the results of this
investigation. The transfer of a sub-culture of callus suspension to
the new medium in which 2,4-D is contained required a much longer
period if compared with the medium without 2,4=D for starting differ-
entiation. And if we keep changing the 2,4=D medium, and use a short
cultivating interval, tissues will remain in the undifferentiated stage
indefinitely.

2,4,5-T shows a greater effect than 2,4~D in radish leaf cul-
tivating but is not as powerful as 2,4=D for carrot tissues.

Vitamiﬁs and coconut milk can enhance the cell activity through-
out all the cultivating stages but is not essential. Both vitamins and
coconut milk have less effect on cell differentiation or dedifferen-
tiation than 2,4=D.

IAA was believed to have effectiveness for the callus formation
in root culture. However, in this investigation, it did not show any
better result in callus formation as we compared it with 2,4-D in both
root and leaf cultivating. It does effect the leaf expansion in the
primary culture, which was not the case as Al-Talib and Torrey mentioned -
in their paper (1).

IAA and 2,4=D do not have the same effect in the plant tissue
culture. One will enhance the differentiation, and the other will
stimulate the cell to dedifferentiation.

The development of cultivated tissues is a continuous process.
The end result of a former stage will be the cause of the later one.

' That the cultivated tissues respond differently to the same stimulus
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at different periods of cultivation was known by Kunihiko (13, 14, 15).
The tissues develop normally only with the right stimulus at the right
time, otherwise abnormality will occur. In this investigation, the
desire was to control and synchronize the culture and not end with
abnormal embryos. If a synchronized culture could be established, much
more detailed study of cell development and much more precise study of
the effectiveness of organic supplements could be carried oute.

Whether or not the totipotency generally exists in every plant
within the plant kingdom is not involved in this investigation, but
the assumption is greatly enhanced. If suitable media could be dis=-
covered, the media should contain the basic nutrients, both organic
and inorganic, but the most important of all would be to discover the
key substances.which would turn on all the nonfunctional genes in each
different plant. Those key substances miéht be, but do not have to be,
some of the auxins. If these requests are met the duplicate of this
experiment, i.e., starting with a matured cell and ending with an entire

plant, could be expected.
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CONCLUSION

a. The totipotency existing in the leaf and root cells of the
carrot plant was tested. After removing the specialiZation of the
matured cells by applied chemical-stimuli unfunctional genes become
functional. Many of these cells acted as zygotes. Theydeveloped
through the embryo stages and ended as an entire plant. 2,4=D is a
powerful tool, for dedifferentiation of matured carrot cells.

be The development of cultivated leaf cells went through the
following stages:

l. The matured cell lost its specialty and increased its
metabolic and division activitye

2. The dedifferentiated cell either formed single cells
or formed callus tissues.

3., Single cells acting as zygotes which developed into
young embryos and callus cells differentiated into organ bearing callus
coloniese.

L, Both young embryos and organs bearing callus colonies
developed into young plants.

ce The factors needed to bring about the change in each of the
stages in tissue culture are:

1. Minerals, sugar, vitamin mixture and coconut milk are
required through all cultivating stagese.

2. 2,4=D is necessary to induce the formation of callus

tissue of carrot plant. It is also a key substance for despecializa-

tion of matured carrot cells, and an inhibitor for differentiation of

A
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callus colonies into organ-bearing colonies, and an inhibitor which
prevents single cells from developing into young embryos;

3. IAA will enhance the differentiation of root-bearing
callus and also enhance the developing of embryos from a single cell
into a new plant.

4, The newly developed plants are independent of any

organic supplements.
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