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Abstract

Different concentrations (0, 0.2, 0.5, 1.0 and 2. 0 mg/L) of 2,4-D and kinetin (25
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combinations of them) in the media were studied for inducing embryogenesis and organogenesis
from young panicle of rice. When the medium contained both 2,4-D and kinetin, the plantlets
were regenerated via somatic embryogenesis. When the medium contained 2, 4-D only or kinetin
only, plantlets were regenerated via organogenesis but the former was adventitious bud from
organogenic callus and the later, from the explant directly. In subculture condition, the medium
containing botht 2,4-D and kinetin could maintain the culture keeping a high frequency for em-
bryogenesis and the medium with 2, 4-D only, for organogenesis. Frequency of plant regenera-
tion, duration of keeping the capacity for plant regeneration and number of regenerated plant per
callus in embryogenesis were higher, longer and more than those in organogenesis respectively.
Embryogenic callus consisted of embryoids, which was made up coleoptile, coleorhiza and squtel—
lum, possessed the structure of distinct and polylayers. The organogenic callus did not possess this
organlets and friable in structure.
Key words, Somatic embryogenesis; Organogenesis; Plant regeneration; Somatic cell ’

culture; Indica rice
Introduction

Somatic embryogenesis (E) and organogenesis (O) are the two major pathways of plant regener-
ation in in vidro culture®®®. Somatic embryogenesis mimics zygotic embryogenesis in origin, structure
and developmental process. Like zygote embryo, the origin of somatic embryos derives from single
cells+ 1222 and develops through the regular stages; globular, heart shape, torpedo shape in dicoty! and
globular, scutellum’and mature in monocotyl respectively. For organogenesis, buds or roots are regener-
ated neither regular stage nor usually synchronous by adventitious way.

These two pathways of plant regeneration of in witro culture were demonstrated in many
speciest!*?% but it seems to be special relationship to some species. It is well known for example, that
embryogenesis occurs easily in carrot, while organogenesis occurs preferentially in tobacco. In i viro
culture of rice, plantlets can be regenerated via both ways, O and E, although each way, of O or E,
was not so typical and easy to be induced as tobacco and carrot. Researches of E and O were reported
numerously in many species, however, few investigations on comparison of these two pathways from
the same explant were reported and none in rice. Here, we report the results obtained from comparative

study between somatic embryogenesis and organogenesis in Indica rice.
Materials and Methods

Plant Materials
Young panicles from three varieties of Iadica rice, Hunan Zhao, Qin Er-ai and Gui Chao, were
used as explants. The developmental stage of young panicles used for inoculation was the initial of the

2nd branch to be initiated (1—2 cm in length of the inflorescence).
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Media

Media for primary culture were MS basic medium supplement with 3% sucrose, 3 % mannitol and
300 mg/L casein hydrolysate (CH), and one of 25 combinations of different concentrations 0, 0.2,
0.5, 1.0 and 2. 0 mg/L) of 2,4-D and kinetin (Kt). Media for subculture were selected 2 from the
25 media mentioned above. One was MS supplemented with only 2mg/L 2,4-D (Medium No. 21)
which used for subculture of organogenic cell line. The other was MS supplemented with 1mg/L Kt and
1mg/L 2,4-D (Medium No. 19) which used for the subculture of embryogenic cell line. Media were
solidified with 0. 8% agar. The cultures were inggpbated at 27°C in the dark subcultured every four

weeks.

Criteria of embryogenesis and organogenesis

To identify the culture belonging to embryogenic or organogenic, the criteria is as follows.

Embryogenesis; embryogenic callus is made §f embryoids which consist of scutellum, coleoptile
and colebfhiza. Thus, embryogenic callus is compact and granulate with polylayers in structure.

'Organogenesis, adventitious buds and roots form directly from explants of indirecfly from
organogenic callus which is friable and has no embryogenic structure. To calculate the frequency of E

and O in the cultures, stereomicroscop was used or sometimes naked eye only.

Plant regeneration

MS basic medium supplemented with BAP 1mg/L, Kt 0. 1mg/L, NAA 2mg/L and solidified with
0. 8% agar. Fifteen pieées of calli per petri dish (9 cm) were used and at Jeast three dishes were repeat-
ed for each experiment. Plant regeneration frequency (%) =No. of regenerated plant/No. of calli
transferred X 100.

Plant regeneration in liquid condition from suspension culture

For direct regeneration in liquid condition, the cell lines, which were well established in suspen-
sion culture for 4 months,wefe first passed through nylon cell sieve with pore size of 290 um and
washing medium (the regeneration medium or basic medium without hormone )by Komagome pipe. And
then, the cell clusters in the washing medium were collected on the nylon sieve with pore size of 80
um. One drop of the cell cluster from the 80 um cell sieve was transferred to the liquid regenerated
medium in a 6 cm petri dish. The cultures for plant regeneration were kept under the light condition in

a growth chamber.
The Experimental Results
1. The relationship between E/O and phytohormones in primary culture

In order to understand the relationship between E/O and hormones in the medium, five concentra-
tions (0, 0.2, 0.5, 1. 0 and 2. Omg/L) of both 2,4-D and Kt (all together 25 different combination
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media) were studied. From Fig. 1 (only 15 of them were showed), some regulations on E or O in the
primary cultures could be observed.

(@) Whex_'l the medium was 2, 4-D free and contained Kt only (A1, Bl and El in Plate I ), no
E was observed. In this case, plantlets were directly regenerated from the explants.via O by adventi-
tious buds. The effect of concentration of Kt in the medium on formation of adventitious bud was obvi-
ous. When no Kt was comaihed (without any phytohormone) in the medium, no response of the ex-
plants was observed (Al in Plate I ). When 1 mg/L Kt was used, few adventitious buds (O) were
observed but the growth speed of the buds was slow (D1 in Plate [ ). When 2 mg/L Kt, many adven-
titious buds were formed from young panicles and the speed of the bud shooting was fast.

(2) When the medium was Kt free and 2, 4-D contained only (A1—AS5 in Plate 1), non-
e_mbryogénic callus was formed and the way of plant regeneration was organogenesis. Different from
the case (1) mentioned above, the adventitious buds were formed from organogenic callus and not
from the explant directly (B and D in Plate I). The photos A1—AS5 in Plate 1 also showed the effects
of diferent concentration of 2, 4-D in the medium on organogenesis. When 2, 4-D was O in the medi-
um, no response of the explants was observed (Aliin Plate I ). When the 2, 4-D concentration was
higher (1. 0 and 2. Omg/L), the friable non embryogenic callus was formed (A4 and A5 in Plate I).
When the concentration of 2,4-D was lower (0. 2 and 0. 5 mg/L), the intermediate case between ad-
ventitious bud and callus could be observed (A2 and A3 in Plate I ). ‘

(3) When both 2, 4-D and Kt were contained , E-callus was formed from which plantlets were re-
generated via somatic embryogenesis. The effect of the ra;io of Kt; 2,4-D in the medium on the qua-
lity and frequency of E-callus was very notable. When the concentration of them was low (0. 2mg/L)
and the ratio was larger than 1 the explants developed both adventitious bud aﬁd E-callus. Although
this kind of callus could regenerate into plant when they were transferred to regenerated medium, they
lost their capacity of plant regeneration very fast during the subculture passages. In other words, the
callus from the medium, in which the ratio of Kt; 2, 4-D was larger than 1 and the content of the hor-
mones was low, was very difficult to keep the capacity of plém regeneration for a long duration even
though they had*embryogenic structure. When the ratio of Kt: 2, 4-D was balance and their ;:ontent
was appropriate (1 or 2 mg/L) in the medium, the callus would possess good embryogenic structure
(D4 and E5 in Plate I and 2A in Plate I ) and could keep the capacity of plant regeneration for a
long duration (Table 1).

From this results, we concluded that E - callus was developed when the media contained both
2,4-D and Kt and in this case, plants were régenerated via somatic embryogenesis. When the media
contained 2,4-D or Kt only, plants were regenerated via organogenesis, but the former was adventi-

tious bud from organogenic callus and the later, from explants directly (Plate I ).
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Table 1 Comparison of capacity for plant regeneration during subculture passages

in agar/liquid medium between embryogencsis and organogencsis #

Subculture passages Medium 1st 2nd 3ed " 4th 5th 6th 7th

% of regeneration Agar |45.8+1.5/67.5+6.8({82.147.9]85. 0%9. 4B0. 04:10. 5P3. 6+11.186.5+12.8

Embryo-{ No. of plant/callus | medium {12.822.3{13.6+3.5[10.5+3. 4|11. 8+ 4. 2|13, 242.6} 1.6+0.4]9.4£1.5
genesis 94 of regeneration Liquid |21.4+3.5{18.3+2.9} 4.5+1.3 0 0 — —_
No. of plant/callus | medium | 8.5+2.6 [11.6+£3.3] 2.8+0.8 0 0 —_ —_
s & of regeneration Agar — —_ — 55.04+6.5} 2.7+0.4] 3.3+0.8 0
Organo-| No. of plant/callus | medium — _ s — 6.5+1.8]3.5+0.3] 2.5+£0.2 0
genesis 4 of regeneration Liquid |25.6+4.1}13.5+2.5 0 0 — — -—
No. of plant/callus | medium | 4.540.5] 3.6+0.4 0 0 — —_ -

» Each data in the table is the average of three repeat experiments and each experiment from more than 75 calli in 5 petri dishies.
Passage duration; For each passage, one monih tor solid culture in agar medium and one week for suspension culture in liquid

medium.
' [ 4
2. The subculture condition ’

In order to keep the plant reger;eration through the pathways of O or E in the condition of subcul-
ture, and according to the results from the experiment of 25 different media for the primary culture
mentioned above, two media, No. 21 (MS with 2mg/L 2,4-D) and No. 19 (MS with 1mg/L each
of 2,4-D and Kt), were selected and used as subculture medium for O and”E respectively. According
to the criteria of O and E, calli were strictly selected before they were transferred to a new medium for
each subculture passage. The capacity for plant regeneration of O and E callus during the subculture
passages was shown in Table 1. In order to test the effect of the two media on maintaining ability of
plant regeneration from O ahd E callus in each subculture passage, the callus formed in each medium
was transferred to the two different media (No. 19 and 21) and at the same time the frequency of O
and E callus was réspectively calculated. The results in Table 2 showed the maintenance of ability of
embryogenesis and organogenesis from E and O callus of different cell lines in the two media. The for-
mation and maintenance of E and O callus in some callus lines was mainly affected by the medium. For
example, the callus lines No. 2 and 3 formed O callus completely of mainly when they were subcul-
tured in medium 21 whereas, they formed E callus when they were subcultured in medium 19. The
frequencies of E-and O-callus from cell line No. 2 in the medium 21 were O and 100% respectively -
and the ones in medium 19 were 46. 7% and 5. 6% respectively. The three E callus lines in Table 2
also showed the similar relationship between the callus type and medium, namely, the frequency of E-
callus was higher in medium 19 (containing 2,4-D and Kt) and the frequency of O-callus was higher
in the medium 21 (containing 2,B4-D only). But in the condition of subculture, E-callus formed not
only E but also O in medium 19 and the O callus formed not only O but also E or mixture one in the
medium 21. Besides, among 8 callus lines tested (Table 2), three of them (No. 4, 5 and 8) did not

form embryogenic callus in any medium.
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Table 2 The capacity of maintaining for embryogenesis and organogenesis of E and O

callus in subculture condition

No. and The frequency of E/O callus making up the total no. of callus
type of
Variety ype o Medium The 4th passage The 5th passage
callus E-type O-type E-type O-type
line callus line callus line E+0O callus line callus line E+40
e 19 65.2+13.5 0 34.8+8.0 | 8.6+12.9 0 0
e 21 5.641.8 64.74+15.0 20.4+7.2 | 7.1+2.3  10.742.1 46.015.1
QiEi | 2oy 19 46.7£9.8  5.6£1.5 46.76.5 | 25.548.7 70.0%8.3 0
21 0 100 0 0 100 0
3 on 19 39.344.5 3.640.8 57.1+11 | 14.3+5.8 28.04£6.9 42.9+13.4
e 21 3.640.6 42.8+7.5 53.146.8 0 100 0
‘o 19 0 100 0 0 100 0
“ype 21 0 100 0 0 100 0
‘Hunan, . 19 0 100 0 0 100 0
5 O-type
Zhao 21 Q 100 0 - 0 100 0
19 . 292447 0 70.8+15.6 0 0 0
6 E-type
: 21 0 100 0 0 100 0
T 19 100 0 o 24.0%8.3 0 64.0%12.3
-1
‘ P 21 125421 25.3£3.6 62.5318.2| 5.6+1.5 55.6%11.2 0
Gui Chao 19 0 100 0 0 100 0
8 O-type .
21 0 100 0 0 0 0

Medium; 19=MS + BAP lmg/L + 2,4-D lmg/L; 21=MS + 2,4-D 2mg/L

* The original callus line which was used for subculture.
E and O show callusines in which embryogenesis or organogenesis occurs when transferred to differentiation medium respective-
ly.

E 4 O shows that callus line in which both embryogenesis and organogenesis occur.

3. The comparison of morphology and the capacity for plant regeneration between embryogenic
and organogenic callus

From a embryogenic callus, the differentiation of scutellum, coleoptile and colcorhiza were clear-
ly observed (2A and 2C in Plate 1 ), indicating the distinctly polylayer and polarity structure. On the
other hand, the organogenic callus did not show the structure of differentiated polarity and polylayer
(2B and 2D in Plate 1 ). In regenerated medium, E was progressed and the structure of embryoid,be-
came much clear. Plate I (2 C) shows a developing embryo at 7 days after the callus was transferred
to regeneration medium. From the photo, coleoptile and coleorhiza were observed on the same embryo-
axile. In the case of O, buds and roots were separately regenerated neither at the same time nor at the
same axile (2D in Plate T ). In this case,neither embryogenic organs nor suspensor-like structure were
observed.

More than 10 plantlets per callus could be regenerated via E in solid medium, the frequency of
plant regeneration was more than 80% (2E in Plate I and Table 1) and the capacity for plant regen-
eration was maintained in subculture condition for seven months (Table 1). But for O, number of

plantlet per callus was less than six (2E in Plate 1 and Table 1), the frequency of plant regeneration
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was less than 20% and the duration of keeping the capacity for plant regeneration was only two

months in liquid condition (Table 1).
DISCUSSION

1. The factors influencing embryogenesis and organogenesis in rice

Phytohormones are important factors in somatic embryogenesis of plant tissue culture®:'”. But
different species has quite different requirement to phytohormone for their developing of E®*®. In
some species, .the requirement was simple, for example, in éarrot, only 2, 4-D tould induce E®¥. In
other species, the condition for E was rather strict, for example, in Pennisetum americanumn L., the E
required the definite concentrations of 2,4-D and Kt®". In Cucumis melo L. , low concentration of aux-
in (2,4-D,NAA and IAA) induced O and high concentration of them, induced E®®2. In rice, the rela-
tionship between phytohormones and E/O was more complex. As we reported here that both E and O
could be induced by different condition. O could be induced by kinetin (adventitious bud from explant
directly ) and 2, 4-D (adventitious bud from callus) respectively and E was induced by definite concen-
tration of both 2,4-D and Kt. Thus, 2,4-D and Kt are the essential factors for in‘ducing somatic em-
bryogenesis. The same results were also reported in rice and Pennisetum®-®2"+?%,

Among the factors for inducing E/O, 2.4-D was thought to be the most important one. "Evans
et al. © calculated the conditions for inducing E in literatures and pointed out that among all of the
factors induced E, 2.4-D as an essential one made up 57. 1%. The result of our experimerit demon-

strated this point as well.

2. The pathway of. plant regeneration in vitro culture

Somatic embryogenesis and organogenesis are two pathways of regeneratioﬁ in plant tissue cul-
ture®®2, Most of plants take one of them and the famous example is carrot and tobacco. Carrot takes
the pathway of embryogenesis and tobacco does the one of organogenesis preferably. But some species
possess both E and O as the pathway of regeneration, for example, Asparagus of ficinalis L. *°, Solanum
melongena L. 0%, Autirrhinum majus L. %, Medicago sativa L. 9% and so on. In rice, the plantlets not only
can regenerate via both ways, the two pathways can be induced from the same explant as well. From
young panicle of rice, E or/and O could be controlled to develop by adjusting different kind and con-
centration of plant hormones (Plate [ ). So rice might be a good material for studying the differences,

gene expression between E and O through phytohormone regulation.

3. The capacity for plant regeneratipn of embryogenesis and organogenesis

In the normal condition, the capacity for plant regeneration in the way of E in vifro culture could
be kept in 5 high frequency for a long duration because somatic embryo had the similar structure to zy-
gotic embryo. This character was demonstrated in rice'®® and in other crops® !, Although Table 1

showed that the yield of plantlets (No. of regenerated plant per callus) was higher in E than that in O,
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it was also observed in both solid and liquid culture conditions that plenty of embryoids could not
developed into whole plants. During the subculture passages, the capacity for plant regeneration was
gradually' decreased. This was because some somatic embryos were abnormal in structure (lack some
embryo organ) or in developmental stage (immature, over-mature and pre-mature) and so on®% 1823,
On the other hand, it was shown in suspension cultures of Cucumis sativa L. that the capacity for plant
regeneration in O was higher than that in E. By controlling the culture condition, Bergervoet et al. e
obtained the regenerated plants through the two regenerated ways of E and O. They found that not only
the frequency of plant regeneration was higher but also the duration of keeping the capacity for plant
regeneration was longer in O than that in E. They found that in the culture of E, there were plenty of
abnormal structure and immature embryoids. In rice, Abe and Futsuhara'’ established a system of
keeping high frequency of plant regeneration for a long duration by in vitro screening using 2, 4-D. This
was a typical example of organogenesis. From these examples and resuits obtained here, it could be con-

cluded that if the culture conditions were well established, high frequency and long duration of plant

regeneration could be obtained via any of the regeneration way, embryogenesis or organogenesis.
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Explanation of plates

Plate I

The effect of different concentrations (0, 0. 2, 0. 5, 1. 0 and 2. Omg/L) of 2, 4-D and kinetin on inducing E and O in the young

panicle culture of rice. In the photoes. 1. 2. 3, 4 and 5 represent the five concentrations of 2. 4-D and A, B, C. D and E, kinetin.

The two concentration. 0.2 and 0.5 (B and C) of kinetin were not showed.

Plate 1

2A. Variety ; Qin Erai. Embryogenic callus consists of many embryoids. The embryogenic calius possessed distinct layer structure
derived from differentiation of embryoids; X 35

2B. Varicty, Qin Erai. The organogenic callus does not possess the differentiation in tissue, like E, and has no léyer structure;
X 35

2C. Variety: Qin E'rai. A mature embryoid is germinating which possessed the typical structure of the zygote embryo in rice; X
100 ‘
S: scutellum; cl; coleoptile; cr: coleorhiza; coleaptile and coleorhiza are on the same embryo axis. ,

2D. Variety ; QinErai. The plantlet is regenerating by the pass way of organogenesis. The adventitious bud and roots were derived
from different space of the O callus and not on the same axis; X 35

2E. Comparison of the capacity for plant regeneration between E—type(left)and O—type (right)callus showing that the regenerat-

ed plants from each E-callus were much ‘more than.that from O type of callus.
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