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PREFACE
 

The use of cell and tissue culture for the identification and selection of useful 
variants at a cellular level has become one of the most powerful tools in modern plant
breeding. Already some varieties and lines of major food crops which have been bred 
using these techniques are being released to farmers. This book is the Proceedings of 
the international seminar "Cell and Tissue Culture in FieldCrop Improvement", sponsored
by the Food and Fertilizer Technology Center for the ASPAC Region and co-sponsored
by the National Institute of Agrobiological Resources, and the Food and Agriculture Research 
and )evelopment Association of' Japan. I should like to express my gratitude to the 
staff of the Institute, who were so generou; with their cooperation and support during 
the work of' preparing the seminar, which was held in Tsukuba. 

The breeding of' improved varieties is one of the most effective ways to help 
the small-scale farmer achieve higher and more stable yields. Not only do improved
varieties make more efficient use of soil nutrients, they are often more resistant to disease, 
and give effectix e disease control without any increase in inputs such as chemical pesticides.
Cell and tissue culture is likely to prove of great benefit, therefore, to farmers who cannot 
afford heavy investment into farm inputs, and who must make intensive use of a small 
area of land. The papers in this Proceedings bring together recent research by tissue 
culture specialists from the Asian and Pacific region and the United States. They cover 
such important topics as the in vitro selection of resistant cells which can be regenerated
into resistant plants, the use of' haploidy, embryo culture, and the production of hybrids 
by protoplast fusion. 

oiice, as one seminar participant pointed out during the discussion, tissue culture 
)roceeds mainly by trial and error, the exchange of information is very useful in promoting
further discoveries and avoiding duplicated research. In view of the rapid progress of 
research in this field, and the important practical implications of this research, there seems 
no doubt that cell and tissue culture will play a major role in tile future development 
of crop production in the Asian and Pacific region. We hope that this book will make 
a useful contribution to the work of those who are already engaged in cell and tissue 
culture, and will also be of value to those who are now preparing to incorporate these 
techniques for the first time into their national plant breeding programs. 

Cheng-Hwa Huang
 
Director, FFTC
 

L/C
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HIGH FREQUENCY AND SYNCHRONOUS SOMATIC
 
EMBRYOGENESIS: A USEFUL SYSTEM FOR
 

CROP IMPROVEMENT
 

A. Komamine
 
Biological Institute, Faculty of Science
 

Tohoku University
 
Aramaki, Aoba, Sendai 980, Japan
 

ABSTRACT
 

A high frequency and synchronous embryogenesis system from single cells was established in 
carrot suspension cultures. We attempted to transform single cells by the introduction of foreign 
DNA, using microinjection techniques, inte the carrot system. A DNA fragment front the Ti plasmid, 
on which the ocs gene w.as located, could be introduced to selected single cells by microinjection. 
About 50% of microinjected single cells could differentiate into whole plats via eirbryogenesis. 
Transformation occurred at a frequency of 20% in regeneratedplants, and expression of introduced 
foreign DNA was observed in 50% of transformnants. Thus, overall frequency of expression offoreign 
DNA in regeneratedplantsfron single cells was abou" '7. The results indicate that e high-frequency 
embryogenesissystem from single cells amid microinjectiontechniques areusefulfor obtainingtransgenic 
clotted plants at a high frequency. 

INTRODUCTION 

During recent years, higher plants have been 
the subject of investigations to establish efficient 
methods of in vitro gene manipulation. Vectors 
have received relatively more attention than their 
hosts, and in many cases, protoplasts of cells of 
host plants have been the primary targets in attempts 
to transfoml plants. However, effective vectors 
and efficient methods of transformation remain 
elusive for most investigators. In addition, 
pratoplasts have proved to be difficult to culture, 
and the frequency of regeneration from transformed 
protoplasts is still quite low. In the present study, 
we demonstrate that a high incidence of genetic 
transformation can be accomplished in carrot cells 
by using (I) a cell culture with a high frequency 
of embryogenesis, and (2) an improved microin-
jection technique. 

A HIGH FREQUENCY AND SYNCHRONOUS 

EMBRYOGENESIS SYSTEM 


Fujimura and Komaminel established a 

system in which embryogenesis occurred synchro­
nously at high frequency from selected cell clusters 
in a carrot suspension culture derived from 
hypocotyls of seedlings of Daucis carota cv. 
Kurodagosun. 

Before the induction of embryogenesis, cell 
clusters were selected by sieving and by density 
gradient centrifugation. Cells were sieved through 
a nylon screen, and cells of the size range 31­
47 ptM were collected. The collected cells were 
subsequently subjected to Ficoll density gradient 
centrifugation, and those sedimented in the heaviest 
fraction (18% Ficoll solution) were transferred to 
auxin-free medium for the induction of embryo­
genesis. Most of these differentiated to the globular 
stage of embryos six days after transfer. Thirteen 
days after transfer, more than 90% of cell clusters 
differentiated into torpedo shaped embryos and 
plantlets. The time course of embryo formation 
in this system indicated that embryogenesis 
occurred synchronously at ahigh freque ncy. This 
system provides a good source of material for 
artificial seeds, because a lot of embryos at differen 
stages can be collected. 
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Lsnig this system. \ inestigtel theif 
nurrlhitioL tlcphysiolouical antd ilIlectlar 
ilecliallisill if ctInbrvoe n,.,is ii blv(yt cm'i C 
cell clUin.is. The r.,1ulis are nunlIarized as 'ollo \\s: 

Three phases. Phase 1.II anrtdI11Lcold Ie 
reote!iizei in tileearly stage of' enhl vogenesis. 

Il 'hase I. invll hich apparentl,, undiflerentiated 
cell dtvisiol occurred at a Slo\\er rale. the active 
tnrnlo r of+ RNA and pttein \\cre ohser\ed. In 
Phase II. \cr\ acti\e cell di\ision occureit. and 

aCtive )N:\ s\tllesis \\s obsel\ed ill this phase. 

(fle to tile reduction it repiicon size to ore third 

of the control. P)rini II.
Phase syinthesis of a 
lie% species of l-lNAiRand a otu\species ofprotein 
tccuiirret indicatite Illt ellbr ellnesis \\Is 

ree-ulated at a trantscriptilmal le\el. IHigh Iteiplate 

ofAii. Mid clinges in the relative composition 

lliston. \were Obser\d ill the chronlatin level.
As tresull ofIcti\e cell ii\isiot inl
Phase 1. ellnrvos 
reached tile1lobuhlar st;Itg ald de\elopecLl to form 

heart- and torlpCdo-shaped elbryos in PlIse Il. 


Ilhoever, the initial material of the 
 system 
tmentioned above was cell clusters. riot single cells. 
These embrvogenic clusters are called State I cells. 
and it s tild seem that dif'erentiatio into emiib ryos 

\ as ;ireadl detertiuttc 
 d i State I cells. because 

they differtntiateC itto enibmyos a!it
aIhigh frequency 

ill time Mlxiti-frCe iiiLliuii \without ilfl trigger. 

Therefore. the procCss 'fformtion of State I cells 

trot slltiel ltost important process in
cells is the 
MhicI the deteminatiot of eimryogt.urlesis may 

occttr. iI order to inve.stiattc this process, which 

is called Phase 0. a sstem in v hich enbrvo.,enesis 

ctI be inLuced rlomsingle cells svrlclronously 

at ;t high lreqLletlcy nlusi be established, 


Firstly. we attempted to collect single cells2 .
 
Cells were Sieved through a nylion :,croen. and those 

inaI size rnge of 10-16 pm were stLbjected to 

density Lradient ceritrilfugation in Percoli Solution. 

Cells sedinented on 10(' 
 Percoll were collected. 

Ninety-eight percent of collctd cells 
 were 
coinposed otfsingle cells. However. iftlese single 
cells were transferred directly to the aitxin-free 
medium, no embryo formed, indicating that totipit-
tency w\ vet expressed in these single cells,\as not 
We then examinted the eflfect 01' various treatments 
of single cells for ( to 8 days. and treated cells 
were transferred to the auxin-fie inediunli col-
tirilg zeathil, that is,the embryo ihdLIctive medium 
from cell clisters. The number of forimed embryos 
was counted seven days after transfer. 

Auxin treatment was foIlnd to be essential 
for induction of embryogenesis from single cells. 
No embryo was fortied inl the auxii-free medium, 

2I 

sile cells were treatli with auxin, elryos 
aoredl
;ltier
tranIsier to the aUxin-free tileLliill. 

Tiini[he (IptiilLll; COnditio(illS 01' pretreatmilent t'f 
inldlUtion of enhr'yoCIeesis from singLle cells can 
be sLItum asarized follows: 

Auxin (2.4-1) at 5 x I10MNI) was essential. 
Cell density (5 x I(P cells/w/) s\.as also an iortant 
flacltor. Cytokinin (Ieatt I (" . nilannitol 10 N/1) 
and a high cocenation of o)xygen (4)'i"),\ere
 
protmtotiv e. Il,M ,\'er.ev'ent leroptilnlll 
conditions. the frequency of elbryvogenesis from 
sitngle cells rem;ined otnly 301,; . We then examined 
what t.,pe of single cells cmlddifferentiate into 
ellbryos tnder these conditiotis. b\ serial obser­
vation of tileprocess oi etbryoceiesis fron sid1le 
cells. 

cells. 

rounnd cytoplastrt-ricli cells COuld difieretilti:te 


We fouid three types ol sillUi S1nmll. 
intoetIbryos at a ale of illore Ihain 9)01; . From oval v 

shaped cells, otl\ 1I0; of etlibrvi)s were formed. 
lolgated Cells did 1ot differentiate at all. We 

therelwre collected the small. rtond cells, called 
State 0) cells, by picking them op mantually under 
;itinverted microscope. 

Fig. I sh ws the whole procedure ofiid[lCttin 
of t high Ifrecluency embryoenesis sy tem from 
sitgle cells. Preculture in the mnediuml containing 
2,4-D. zeatin, and thigh concntration of CaCI,
 
\\as effective in increasing the relative ttLtnLber of
 
State () cells. Cells in the suspension cuLire were
 
sie veL, and fractiona tel bv at density gradient
 
centrifttatimi. Fractionated cells Were cultiredl
 
in a tiediul cortaining 2.4-I). zeatin and manntitol
 
for seven days. atd then transferred to an auxin­
free med i tin conItaiiint zeattin. The fireluercy of
 
embryogenesis Ifron single cells was 85-9i01' 
 vhen 
this system \ us.ed.was 

Using this systetm. wc ;nvestigated which
 
events 
 occur illPhase (0,taItt is the process of
 
development from 
 single cells to State I cell clusters. 

It was revealed that unequal cell division 
occLirs first, together with the polarized localization 
of DNA synthesis. RNA synthesis, especially in-
RNA synthesis, and free calcium also appeared 
during Phase 0. These biochemical polarities may 
play illinportant role in molecular mlechanisms 
olfenbryovenesis. because they did tiot OCCUIr unuder 
non-embryogeic conditionis. 

The system established here is useful, not 
only for the investigaititm of the moleculat 
mechanisms of somatic enibryogenesis but also 
because it iiay provide i useful system for crop 
improvenment. If,for example, ftreign DNA can 
be introduced into single cells by iicroinjectioll. 

http:clUin.is
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PrecultureConditions Fractionation Culture Conditions 

000 

" 2.4-0 5xlO M Sieving Density :Manual 2.4-D 5x1O' M~zeatin 10 - M 
zeatin 10 ­1M with gradient Picking zeatin 10 - M, 
CaCI2 1.5x10 ­3 M nylon :centrifugatlon up 0.2 M, 

screen In Percell 
(10-16,m) (20-25%) 

Fig. 1. Establishment of a high-frequency, synchronous embryogene,)-is system incarrot suspension cultures 

a high frequency of genetically manipulated single 
cells can differentiate into a transformed whole 
plant. Thus, we can produce transgenic cloned 
plants at a high frcquency. 

MICROINJECTION 

Microinjection was performed by using an 
invertd microscope with a hydraulic micromanipu-
lator'. A single cell was held with a holding pipette, 
with a coating of soft Gella; Gum as a cohesive 
agent on the bottom of a Petri dish. Nuclei of 
single cells could be microinjected with a Lucifer 
Yellow CH. Seventy percent of injected cells could 
(fivide. Microinjected cells could differentiate into 
embryos at a frequency of 50%. We then tried 
to introduce foreign DNA into single cells by 
microinj,,ction, and examined replication and 
express;on of the introduced foreign DNA during 
em bryogencsis. 

The DNA fragments used in this experiment 
were Hlind Ill No. I fragment from Ti plasmid 
PTiAch5, which was digested by Sma I. The 
fragments were cloned using vector YIP5. The 
ocs gene, which encodes lysopine dehydrogenase 
responsible for octopine biosynthesis, is located 
on this !'ragnent. 

DNA replicated during embryogenesis was 
detected by Southern hybridization, using a DNA 
chemiprobe kit made by Orgenics Ltd. Cytosine 
residues ofthe probe were sulfonated and hybridized 
with the DNA from regenerated plants via 
embryogenesis. The monoclonal antibody against 

sulfonated DNA was conjugated with the hybridized 
probe. 'rhe alkaline phosphatase, labelled secondary 
antibody, was conjugated with the primmary 
monoclonal antibody, and the activity of alkaline 
phosphatase was detected. 

We could detect alkaline phosphatase activity 
in the sample of DNA from regenerated plants 
differentiated from microiniected single cells. 
These results show that the injected foreign DNA 
was replicated in regenerated plants via embryo­
genesis. 

We then tried to detect lysopine dehydro­
genase activity, by analyzing the reaction products 
of crude enzymes from transformants or non­
transformants incubated with arginine, the precursor 
of octopine, using high voltage electrophoresis. 

In the sample of transformants, formed 
octopine was clearly detected on electrophoreto­
grams. The results were confirmed by using labelled 
arginine, indicating that the introduced foreign DNA 
was expressed in regenerated plants via embryo­
genesis. 

The frequency of transfornmation was 20% 
in regenerated plants, and expression of foreign 
DNA was observed in 50% of transformants. Since 
microinjected single cells differentiated into 
embryos at a frequency of 50%, the overall 
frequency of expression of introduced foreign DNA 
was about 5% in plants regenerated from single 
cells. 

The high-frequency embryogenesis system 
and microinjection techniques reported here ,.re 
Useful, not only for the investigation of molecular 

3 
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mechanisms of somatic embryogenesis, but also REFERENCES 
tar crop improvement. If we cart introduce useful

foreign DNA, such as cytoplasinic male sterile I. 
 Fujimura, T. and A. Komamine. 1979. Plantgenetic factors, and if this can be expressed during Physiol. 64: 162-164.differentiation, we could obtain useful transgenic 2. Nomura, K. and A. Komamine. 1985. Plantcloned plants at a high frequency. Physiol. 79: 988-991. 

3. 	 Nomura, K. and A. Komamine. 1986. Plant 
Science 44: 54-58. 

DISCUSSION 

Q. 	 (A.N. Rao)
 
Can the system you describe be used for plants other than 
 carrots? 

A. 	 As you know, it is relatively easy to induce embryogenesis in carrots, which is why we beganwith this plant. We are now trying to apply the system to other plants, such 'as rice. We have 
not succeeded as yet, but 	 it should be possible. 

Comment: (A.N. Rao)

In our 
work 	with tree tissue we didn't separate out the cells according to size and shape as youhave 	done, but we did try to select smaller cells, 	 and tried them with different concentrationsand 	applied hormones. However, it didn't work. Small globular bodies formed, but these didn'tdifferentiate. Perhaps the timing is important, as in your experiments. 

A. If you want to apply the system to other plants, it has to be modified, and different hormones 
and media must be used. 

Q. 	 (F.J. Zapata)
After the whole plant was regenerated, did you find any variation? In theory, there should notbe any variation with somatic regeneration. 

A. 	 Unfortunately, we haven't studied this. 

Comment: (F.J. Zapata)
If there is no somaclonal variation, this will be a splendid technique for plant breeding, sinceit will be a means of creating identical plants (clones). 

4.
 



PRODUCTION OF DISEASE RESISTANT PLANTS USING
 
SOMACLONAL VARIATIONS
 

I. Furusawa
 
Laboratory of Plant Pathology, Faculty of Agriculture
 

Kyoto University
 
Sakyo-ku, Kyoto 606, Japan
 

ABSTRACT
 

Traditionally, the breeding of disease resistant crops has been achieved by crossing cultivars 
with resistant wild varieties. Cell and fissue culture has now made possible the more rapid breeding 
of resistant plants, by exposing calli derived from plant materials to a series of stresses, including 
pathogens, or the toxins produced by pathogens. 
resistant to Alternaria and Cercospora by cell 

INTRODUCTION 

So far, the breeding of disease resistant crops 
has been achieved by crossing cultivars with wild 
plants which have disease resistant traits. Recently, 
biotechnology, which includes cell breeding, cell 
fusion and gene manipulation, has been developed 
as a means of expanding the gene source, thus 
enabling us to produce new disease resistant plants. 

In this paper, I should like to describe the 
cell breeding ofdisease resistance, using sonaclonal 
variations. The success of regeneration from a 
proloplast' has contributed greatly to cell breeding 
techniques. In 1973, using this technique, Carlson 2 

succeeded in producing a tobacco resistant to 
wildfire disease, selecting tobacco mesophyll 
protoplasts by the use of chemical stress. A 'er 
this achievement, further disease resistant plants 
were produced by selecting calli derived from a 
single cell using various stress materials, the 
pathogens themselves, pathotoxins, chemical 
substances and culture filtrates (Table I ). 

Inour laboratory, tie production ofAlternaria 
and CeO.t' Ypuia disease resistant tobacco has 
recently been accomplished. Atternaria and Cer­
cospora secrete during spore germination an AT 
toxin (host specific toxin)' and a cercosporin (non-

'specific toxin) 2 , respectively. Calli originating 
from a mesophyll protoplast of tobacco were 
selected by AT toxin and paraquat (similar to cer-

This paper describes the selection of tobacco plants 
culture. 

Table 1. 	 Disease resistant plants obtained by screening 
through conventional invitro procedures 

Pathogen Plant Ref. No. 

Helmintnosporium maydis Zea mays 3 
Helminthosporium sacchari Saccharum ofticinarum 4 
Alternaria alternata Nicotiana tabacum 5 
Helminthosporium vicloriae Avena saliva 6 
Fusarium oxysporum 
Fusarium oxysporum 
Fusarium oxysporum 

Fusarium oxysporum 
Pseudomonus syringae 
Phoma lingam 
Helminthosporium oryzae 
Rhizoctonia solani 
Sclerosporasacchari 
Ustilago scitaninea 
Fiji disease 
Phytophthora intestans 
Tobacco mosaic virus 
Verticillium albo-atrum 

Diantus caryophyllus 7
 
Medicago saliva 8
 
Lycopersicon esculentum 9
 
Solanum tuberosum 10
 
Nicotiana tabacum 5
 
Brassica naps 11
 
Oryzae saiva 12
 
Solanum tuberosum 13
 
Saccharumoficinarum 4
 
Saccharum officinarum 14
 
Saccharum oft/cinarum 15
 
So/anum tuberosum 16
 
Lycopersicon esculetum 17
 
Medicago saliva 18
 

cosporin)21 . Some of these plants resistant to AT 
toxin and paraquat were also resistant toAlternaria5 

and Cercospora2 disease. The properties of these 
plants are discussed below. 

5 
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MATERIALS AND METHODS 

Protoplast Isolation and 	 Cuilture 

Fully expanded leaves of tobacco plants
(Nicotiu tabacium L. cv. Sarusun), which had 
been grown in a greenhouse in natural daylight 
at 25'C, were used for protoplast isolation. The 
leaf surface was initially sterilized will 701. ethanol
for 15s. and then with 0.24 mercuric chloride for 
15s. After rinsing the leaf three times with sterilewater, the Ioss er epidermiss as removed and pieces

of the leal were fIoatcd (treated side do wnward) 
Oil a prOt)laSi ilst,0olion solution Lontaining 9.1%)
niannitol. 1; celltlase aid 0.05; Maccrozyme. 
The pilof tile toenzyme solution was adjusted
5.8 with 0.2 N KO1, prior to slerilization through 
a Millex-GS filter. All subsequent operations wvere 
carried Out aseptically in a lani nar flow cabinet. 
L[eaf materials \\ere kept in the enzyme solution 
;t3(FC for 3 hrs withot agitation until a niesophyll
protoplast suspension foirmed. This Suspension was 
filtrated th.,Mghl four layers ofctton cheesecloth,
The filtrate was then placed in atcentrifuge andi 
Spun at 1(0(0 x1g for 2) iin. After removal of the 
supernatant, the pellet was washed four times with 
sterilized (.5 MImannitol solution containing 0.1 
inN1 (a(l. aMid suspendcd ill a si all amo iunt of 
the same solution to give the desired protoplast
concentration (approximately 5 x 10" cells/mI). 

I'rotoplasts were cultured at a concentration 
of about I x I(0cells /m in plastic Petri dishes 
9 cm in d ameter, containing 5 ml of Nagata and 
Takehe's nedi umIi SUlpplemented with 3 ing/m/
napht\ l acetic acid (NAA) and I mg/m/
hentylaminoprine (B/AP). and 0.8 ,,i agar. These 
dishes were sealed with Parafilin Ni and incubated. 
first in ile dark for seven days and thetn in diffu, c 
light 	of 7(0 lux at 26'C for 5 weeks, 

Plant Regeneration from Calli 

Cell colonies (0.3-0.8 nim )that appeared onthe Nagta and Takehe medium after 4-6 weeks 
of incubation were transf'erred to Linsmaier and 
Skoog2

l basal medium containing 2 mg/I NAA,
0.2 tug/I BAP and 1-1.511( agar (LS- I mediuml)
for callus diffcrentiation. The transferred calli were 
maintained at 260 C tuder Continuous illumiiationi 
of 800 lux. After two weeks of incubation. each 
callus was cut into pieces of c.2.5 mim. The LS-
2 agar mediuiiui (Liiismaier and Skoog basal medium 
supplemented with 0.1 ing NAA and 5 lmg BAP/
1) was used for plant regeneration. Calli were 

transferred to this niedium and incubated in agrowth 
chamber adjusted to 26°C and 50% relative humidity
under a 16 hr/day of' 13,000 lux. Three to six 
weeks later, the shoots which had developed were 
transferred to LS-3 medium (Linsmaier and Skoog
basal nedium containing 0. 1 mg NAA and 0.5 
rug BAP/l) for further shoot development and root 
initiation. 

Pathogen and Toxin Preparation 

Alternaria allcrnata pathotype tobacco was
 
supplied by I)r. Nishimura of Nagoya University,
Japan. This fungus was maintained on PSA (potato 
sucrose agar) mledilm it28'C. and Was subcultured 
at two-week intervals. 

To prepare the toxin, we cultured the fungus
in Richards medium (10 g KNO4, 5 g KI-P0 4, 
2.5 g MgSO,1 50 g sucrose and I g yeast extract/
1) and kept the culture stationary for three weeks 
at 	 28'C.
 

Mycelial 
 mats from 5 / of the culture fluid 
were removed by passing the fluid through
WIlatinan No. 2 filter paper. The toxic filtrate 
was absorbed by 0.5% activated charcoal for 30 
min. The charcoal was then washed twice with 
distilled water, and collected on Whatman No. 2 
filter paper by filtration. The toxin was extracted 
from 	 the charcoal by 70% acetone, which weas 
removed l'rom 	the toxin extract by evaporation at 
40'C. The remaining water solution was adjusted 
to pl] 4.0 with I N HCI. This acidified solution 
was treated with ethylacetate to remove any
admixtures in the water (Fig. I). 

The crude toxin was partially purified by
eluting it with I N Ni140H from a Dowex 50 x 
8 column. Ammonia was removed by evaporation,
and the volume of the crude toxin was then reduced 
to 50 ml (a 100-fold concentration of' the content 
of the original solution). The toxin samples werefiltrated before use through a Millex-GS filter, in
 
order to sterilize them.
 

Selection of' Toxin and Paraquat Resistant 
Calli 

Calli werecut intopiecesc. 2.5cm in diameter, 
and placed in Petri dishes (9 cm in diameter) 
containing 15 ml LS-1 medium, to which 0.7% 
A. alternvai toxin (v/\') was added aseptically as 
the selective agent. At this concentration, the toxin 
produced modest growth inhioition. The dishes 
were sealed with Parafilm M, and kept under a 
dirn light of' 400 lux at 26°C lor 3-6 weeks. 

6 
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Culture filtrate of A,alternaria 
pathotype tobacco 

absorb with activated charcoal 
extract with 700%0' acetone 
evaporate at 40"C in vacua 
adjust to pH 4.0 with HCI 
separate with othylacetate 

Ethylacetate layer 	 Water layer 

concentrate at 400C in vacuo 
pass through Dowex 50x8H 
elute with 1 N NHOH 
concentrate at 400C invacua 

Partially purified toxin 

Fig. 1. Preparption ol Alternatia allernala pathotype tobacco toxin 

The resullinc calIli wre then irarnsfl.rrCd to Protoplasts 4, 
Peleri dishes ()cm in diamnclt) containioC nl15 m/ OPM PQ 
of the lS-I medium. which contained 125 .IM Calli 4 
IMrAtuIt IWQ). The dishe. \werCscaled with P1arafiim 1 mM PQ 

Mland kept at 26 '('for 2-3 \.ceks inder i light 125 pM PQ 
ol I3.0(t0 ht Int 16 hr a day. ('alli WIich survived 2 mM PQ 

-,nIlte PQ ldiumn \\crc transferred io the LS- 250 pM PQ 	 4 
11mediun1 I IIC~il~lPICI]lililL'25IQMII 	 Shooting mediummtll\i\L: 	 lICINtel25(Ol tM PQ. and incuallted 20 	 ShQoting medium

250I!.M PQ containing 500 pM PQ 
orw2-3 ssecks unader tllesame1L c.onditions. Calli ,4, $ 

that surivei~d onltllescond l,.\ me.dit w+,ere 0 1aM PQ Rooting medium 
c.'elttr,.dac',in in the_ I.S-I IledliumI ,,ontatitnirn 250) , containing 500 pM P0 

p.tl for thrce' \,ceks .\,, sho\\n in T"lable 2,PIQ 250 pM PQ 4 
coneclitrtiolm \\ as imreIid 4 RegeneraisIC radually. amId finally 
the a rscitant evel 500 pM PQvmmItat calli sur'vived in the 4 
presence of 2 mIN PQ. 1 Seeds 

The O'Q_esi'ait calli \were then tnlsferred 500 LtM PQ , 

to 1,S-.,InditmIi 1ol shoot and rot formation in 0.5-2 mM PQ 

tihe PQ.presence of 251 pNi 

Fig. 2. Selection of paraquat (P0) resistant tobacco plants 

Testing Phlant Resistance to Pathogens 

A. 	 Alternala I'ailhoype Tobacco shown by tilenumber of siaill i necrotic flecks 
W,,hichllappeared Ot the inoclIateI leaf (Fig. 3). 

Le aves were detaclhed and tested by spraying Resistant leaves (R)were indicated by 0-I( necrotic 
them uniformily with a spore suspension (( flecks/cmn:. intermediate (1) Inecrotic fl.cks/:spores! 	 by I1-50 

2nm/i and maintainino these at 28'C' Inder I0.00)O coy . and susceptible (S). by more than 50 flecks/ 
lux for 3-4 days. StscCptibiitv to the fungtUs was cn-2. 
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Table 2. Number of regenerated plants showing adifferent reaction to infection with A.altemata pathotype tobacco 
No. selection No. calli No. regenerated plants'

cycles isolated R I 
 S
 
1 36 U (0.0) 74 (10.6) 621 (89.4) 
2 5 5 (21.7) 7 (30.4) 11 (47.0) 

z R: resistant. I: internediime, S: susceptiile 

Fig. 3. Paraquat resistant tobacco plant. Left: resistant; Right: susceptible 

C. Nicotiana on the culture plates, 700 were chosen at random, 
and transferred to :nLS-I medium containing 0.7%Paraquat resistant tobacco leaves were toxin. Results of our selection of calli resistantdetached, injured by a razor blade, and inoculated 

with an 
to thi ; toxin thr6ugh two cycles of selection areagar block of cultured mycelial mat. The given in Table 2. Calli that survived after thesamples were incubated at 28'C under 10,000 lux second transfer to medium containing toxin were 

for 3-4 days. allowed to regenerate into plants. The number
of plants regenerated ranged from four to 30 perRESULTS callus. 

In Vitro Selection for Plants Resistant to Paraquat
'Toxin and Paraquat 

AT Toxin About 3,000 calli were used to select plantsresistant to paraquat. When calli 0.3-0.8 mm in 
diameter were transferredFrom the large numberof cell colonies formed to the LS-1 mediumcontaining 125 ptM paraquat, 1-5% ofcalli survived. 

8 
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The concentration of paraquat was increased 
gradually, and paraquat resistant calli were selected, 
Finally, calli that survived on the medium in the 
presenze of 2 mM paraquat were allowed to 
regenerate into plants. 

The regenerated plants were tested by 
spraying them with 500 iM paraquat solution, and 
paraquat resistant plants vere selected (Fig. 3). 

Disease 	 Resistance of Regenerated Plants 

Alternaria Disease 

ResultS of the response of regenerated plants 
to the pathogen are given in Table 2. Plants 
regenerated from calli which were not treated with 
a pathogenic toxin were all as susceplible as the 
stock of cv. Samsun. Calli which survived one 
selection cycle produced large numbers of plants, 
but 80-9014 of these were susceptible to the 
pathogon. No resistant plants were obtained from 
these calli. 

The number of regencraled plants wts greatly 
reduced after the passage of t\ o cycles. Of the 
plants regeneratcd, five were resistant to 4. alter­
nata, while the percentage of plants susceptible 
to the pathogen was greatly reduced. This clearly 
show+Vs that the use of two cycles of selection to 
select resistant calli is \,cry effective in obtaining 
resistant plants from callus. 

To determine whether plants regenerated from 
a single callus vary, all regenerated plants were 
classified according to their susceptibility to disease, 
The results are shown in Table 3, and show that 
variation in reaction to disease does in fact exist 
in different plants regenerated from a single toxin 
resistant callus. Plants resistant to A. alternata 

Table 3 	 Variation in response to A.allernata pathotype 
tobacco in plants regenerated from individual 
toxin-resistant calli 

Isolation No. of No. regenerated Disease reaction' 

original calli plants R I S 

48 10 3 5 2 
293 5 1 2 2 

458 5 2 1 2 
496 5 - - 5 

500 3 - 1 2 

R: resistant, I: intermediate, S: susceptible 

which had been produced from callus No. 48 had 
a normal morphology and showed vigorous growth. 
The offspring of these plants were given a progeny 
test. Approximately 9.3% of the progeny of48R 
plants were resistant to AIternaria leaf spot. Our 
results clearly indicate that the trait is heritable, 
and can be transmitted to offspring through sexual 
reproduction (Table 4). 

Table 4. 	 Segregation ratio of progenies of 48R plant 
showing symptoms of brownspot disease from 
A.alternala pathotype tobacco 

No. plants Reaction to pathogen % 
Generation tested R S resistance 

R 461 43 418 9.3 

R2 187 130 57 74.8 
Samsun 60 0 60 0.0 

/ R: resistant, S: susceptible 

CercosporaDisease 

Results of the response of regenerated plants 
to Cercosporinand Cercospor'afungus are shown 
in Figs. 4 and 5. Paraquat resistant plants were 
also resistant to Cercospora, the action of which 
is similar to that of paraquat, and resulted in 
resistance to Cercospora disease. 

DISCUSSION 

All published results, and those obtained in 
our laboratory, indicate that the variability in various 
characters, including disease resistance, found 
among regenerates might be present beforehand 
in the cells from which the plants are derived. It 
is also possible that cell or callus cultures, or both, 
might cause genetic alterations to occur in the cells 
of callus or in regenerated plants. 

In fact, variants do exist in plants regenerated 
from callus of single cell origin (Table 3). In such 
cases, genetic differences are probably generated 
during cell division in vitro. Nevertheless, toxin­selected calli do yield a high percentage of disease 

resistant plants. 
Our results indicate that if the mode of action 

of stress materials is similar to that of pathotoxins, 
disease resistant plants can be selected by using 
these stress materials. 
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Fig. 4. Effect ofcorcosponon paraquat resistant tobacco leafand susceptible leafLeft: resistant Right susceptible 

Fig. 5. Effect of Cercosoora fungus on paraquat resistant and susceptible tobacco leaf. Left: resistant: Right: susceptible 
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DISCUSSION 

Q. 	 (F.J. Zapata) 
lave you studied the genetics of plant resistance to paraquat? Is it monogenetic or polygenctic'? 

A. 	 No. not vet. Brownspot resistance is probably polygenetic. Paraquat resistance is probably 
monogenetic. 

Q. 	 (M. Vajrabhaya) 
When you culture (issue to induce callus, you generally find two types of cell, one a compact 
type, long and tubular, and the other a loose type. Have you studied ny material from the loose 
type? 

A. 	 Sometimes one can observe long tubular cells in Indica cultivars. However, after culturing Indica 
long cells, some of the nieristematic region then differentiates into long cells. 

Q. 	 (J.D. Chung) 
Do you think your method of inducing disease resistance can be used for other crop species'? 

A. 	 Many crops are already being selected by this method, on the basis of their resistance to herbicides. 

Comment: (D.A. Somers) 
We have recently initiated a project with a new herbicide called sethoxydim. Initially we didn't 
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know the mechanism of action of this herbicide, but we have now learned that it works by inhibitingAcetyl-Coenzyme A Carboxylase (ACCase), which is a regulatory enzyme in the fatty acid synthesispathway. This is a grass herbicide, used to control grass weeds in soybeans, which corn also killstissue cultures. Specific sethoxydim-tolerant callus lines have an elevated level of ACCase,which is exactly the same pattern as is seen in Dr. Furusawa's experiments. We are now analyzingthe enzyme in the mutants to determine whether there is a change in the enzyme protein or if gene amplific ation causes elevated expiession of ACCase. 
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ABSTRACT
 

Studies of plant cell diffrentiation haie been carried out in our laboratory for the past two 
decades. Rice scutellar epithelium exhibits varioustypes ofactivity underdifferent conditions. Epithelial 
cells cease activity fr a short period during germination. They retain their haustorialnature for 
a long period in the root culture system, and divide to forin callus masses when cultured on 2,4-
D nuediumn. Microtopography of the callus surface alter it is transferred to a shoot-forming medium 
is important in the successful induction of shoot buds. Surfoce stabilization of the callus is essential 
for shoot-bud formation. 

INTRODUCTION weeks of germination. Inthe root culture system, 
on the other hand, the scutellar cells remained 

Culturino of rice (OrN-v:, sativa) seeds on a healthy for a long period, for more than three 
ledium containing a high concentration of 2.4- months' culturing. The vacuoles were small in 

D induccs callus masses to forni mainly from the size, while lipid droplets and starch grains remained 
epithelial layer of the scotclh ur. It is well-known abundant. A highly developed endoplasmic 
that the scutellar epitheliurn in rice seed is a mature reticulum was often present. 
and non-dividine ti.ssue, which is however a The second approach in our work was to 
haustorium for endosperin materials. Callus study the emergence of callus from the epithelial 
formation thus allowed uIs to study the scutellar cells, and the factors inducing its formation. 
tissue in two tlite different ways. Furthermore, our study exteided to the mechanism 

The first was to identify the ultrastructulral by which callus gave rise to shoot buds, and the 
changes in the scutellar tissue, under conditions factors controlling di fferentiation. The results 
similar to those of the germinated seed. The excised revealed that the callus cultures gradually exhibited 
root with attached ScItclhI urn, after the excision of' a number of' different morphological features on 
endosperm and pltimule, was culu.cd underaseptic the callus surface, which varied temporally and 
conditions using two separate media. A sucrose spatially. Scanning electron microscopy at early 
concentration of' 12.5% \as usually supplied via stages of callus growth provided a detailed picture 
the scutel!Ium. while the root tip was immersed of these sequential events, which finally iesulted 
ilthe inorganic nutrients of Murashige and Skoog's in shoot-bud formation. The fragile nature of the 

1 .
medium 2 The ultrastructure of the scutellar tissue external materials coating the superficial cells was 
was studied. using a transmission electron micro- most apparent in the callus which did not differ­
scope, after various incubation periods. These entiate into shoots. In shoot-forming callus, on 
results were compared to those from normally the other hand, a stabilized epicuticular layer seemed 
germinated seeds " 

. The ultrastructural changes to develop gradually on the outer surface of the 
in each were quite different. In the normally superficial cells. In the regenerated epidermis-like 
germinated seeds, the cellular constituents of the layer, the cells were slhghtly elongated and arranged 
epithelial cells were almost consumed within two with a single orientation. These observations 
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sui!12estd that itecliaiie,, in the topoiaphical
lealures 01 callus culiures take place in ofder to
iicaxinie plalntle lormation. 

This resul ;'.%eals tMt the scutellar tissue, 
\khich is a m,at1ie and non-dividing tisSSLtic in 
norially erminat deileal,is able to Showd, a raine 
ol dilfereiltiaiom pattnC, Und'r diffCrCnt ph siO-
hlical con0di(itions. A tho0roug1h uCI ,lsadiIiio of 
tle pliilns of, diflferelntialioln, and the lIclors 
controlling it', d\elopment. llcina\ eivable I1sto 
iiipr\lehele freqncic\ hoo-bnd Iiflecentiation, 

We thIe'refocrcltc'rihC, lirl tile flne st rue ­
tIire of* tIle shcClellmiiii. \%hiChi had I dilTere_,nt
aIppearance, in aseic C
clls, 'lir,,S id root 
culltrs',. Seuoidl. ,C oTfer a short oVcl\iew of 
the e\erimc,ntal re"ults concerned \with the struc-
lurI'es cIiuergi1ni On tiehe. snrfacc of, shoot1-forinclille 
callu,, 

CALLUS CULTURE 


As earl\ 90. ss ,s&,Ia it deiunstrated in our
laboratr\ thal epithelial cells give rise to CI]ILIs 
masss, b sCeUlUc'itAl di\iicci in mediutIctitlning 
I hiuh cccIimtraitioll o1' 2.4-I)'"" There is also 
C\ ideuce thlItcell divisiccn iInrice epithelium cal 
be inducedI the alpplicaitm cl'.\I..\ '. I lowev,.r.callus iitluction oiccurs at the iuter lia\er of, the 
cenlral c'slinder ill excised clinal roots (Figs. I;iid 2). and althe cutt end cof excised colecpliles 
i the 2"-li)nidiuiiFigs..~aid4). Callu,,indut.ed 

Iron the c\'i.sCed rccts ltake,, a ',luricalshape. with 

stratifitd ceullular lavers arising l'tm ,pecili 
 sites 

Ocithe cCntrl cylindrI i iCh are claime d
CN to be 

the sites, 01f litrC'al rcct priniordia (Figs. 1 and 2).

Ilhc\kc\vr, it is inltCesting 
 thai cllu, 'crilaion is 

abutil tMi en tile extreme tip of' tile
root is u.sedl 
:i,_. Ill2). \,ie\of the Iipotillesis " thai lateral 


['c1t, deIcip 
a\sa 'from tileet\lremlle illof rice 
scliiiiiil riot". Iho\\\er.,a high rate ol callus 

tcurintlinlli urred 
 si li s'ltell ar elpit heliuin frinii 

intact seeds was inioculated in the mnediunli (Fig,.
5i. Ileciion deiise naiterials acCunliulated rapidly
ill time v',ctiolc, of' the cells. Important events 
associated wilh i l dediffk'rentialion "and prolif ­
eralicn of sculellar cells ilthus seemed Io result in 
a slc\er ralteof digestion of the starchy
citIcS-er i. 

The ulirastlrUctUre, ccf1tileepithelial cells ill 
tileillus inductiomn prccess is sliarply
Ihai ttLinnllri iiiinat ed seeds and tle root s. stem. 
(Conseueluntly,. it slioultl be eniplslsi.ed that tihe 
ctilellar cells of rice seeds are particularly inter-

eslii g ltr the e thcclu ical stdvt f' dedii'ferentia-

At this stage, lipid droplets have already
inigrated away from the cell wall to [lie inner par
of the cytopllaSinl. Vacuoles are clearly present.
Small vacuoles occasionally appear close to the 
sites where lheimaterials in linid droplets have 

titcs
and rediftereiliation of' plant cells. 
Recently, several reports ha\V sugCested that 

plantlet formation occurs tlirough somatic embryo­
genesis in cereal callus Cultures. 'hese papers have 
indi caled t1,ha lhe scLutellin struct ire de yelps frtm 
calmIs lmasses, ind tllItSLuCh SIItellmtlI development.Il
is an important criterion in identifyin somatic 
elubr\oeenesi.s lHowever. tle cvtolo-icial nature 
of 'eiener"ltld sCuteluim hais hardly een deon­
strated. Comiprehensive studies on the sculellar 
ultrastructure must be carried otl[,in order to 
determine whether somatic elbryos aire actua lly
present in cal callus cultlure,. Flurtrll-1ore, I
comparison o earl vevents illsomatic and ivotic 
enuibryogenesis is airLiVgent need, to clarify tle 
problem of soimatic eilnbrv'ogenesis illrice callus 
CIl]II.I'eS.Frolll anotlel aSpeIC. it wculdbe ofI1ereal 
interest to determine the devtelopmental stage at 
wlhiclh tileuppermost layer of scuLtell starts todifferentiate as an ephhelium, !ecaLsC this would 
I'acililate tIleinduction of'callus from tle epitheliulm1
ol an aseptic medil. Diffei'enti:ion of" tile
epithelium has been revealed 15 to 23 days after 
anthesis in barley, rye. toats and \leatc1 and has 
been clearly demonstrated in \\h at 51 days after
 
anlesisc.
 

SEED GERMINATION 

The epithelium ald parenchyma ofscutellum
 
i mature dry seeds are shown in Fig. 6. In this
 

state. tlhe
development of'te mitochondrial cristae
 
in the epithelial cells is very poor, suggesting that
 
the cell is relatively inactive. 
 Well developed 
niloihondria are never seei belore gernlination.

A high concentration of' lipid droplets ire present.

making 
acomplete cover to the epithelial cell wall. 
Flctron dense materials are abundantly preset in 
contact with the cell wall at the distal end of,
epithelial cells. We performed a thin filn analysis, 
sii, an X-ray electron icroscope, of these 

electron dense deposits inl seeds four days after 
gernination commenced. This analysis showed
 
ii accumulaition of phosphorus aid other elements
 

in the deposits. which were confirmed as phosphate­
containing particles. 

As germination proceeds, the nitochondria 
heome more colspicLuOLs. After tine week of 
.erilliollion, they are in contact with tlie epithelial 

, different c'roii cell wall. 
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Or!O 

U:p) F-ig 5 Vigorous ivislori ofscutellar epithetial cells in a rice seed uultured for 6days on callus induction medium 
(bar 50 petS 

(Bottom) Fir; 6 lInactive state ofbo Ihstarchy endosperm and scuteltum in a mature rice seed (bar 100 pm). Anarrow 
indecates an unir eltulafed layer of the epithetium 
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CCl lular Ditferentiation ald Morphonge.'nesis illPlant Tissue Culture 

dissolved. This suggests Ihat small v-cuoles may 
somethnes be the result ot lilid digestiOll. Relative' 
large vacules are resenlt in the prlOximal halt' of 
somne epithelial cells. By, the second week of 
oerll.ilatlioll, all the epithelial cells conltail t large 
vacutole., leaving a narrow cvtoplasinlic layer aloill 
the cell wall. After this. the epithelial cells of 
rice seedIs proptil tICv'Cnerate,absorbiligstuar 
materials colverted floll the' starchy' cndosperl. 
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THE ROOT CULTURE SYSTEM
 

Ri:e rn ktc sterili/ed and geunlilated's 
Ifor three da\ S. "le1e tr- adlt votnlgl blud 
were thenI eX cisd 'lot the SCUl ICIhl, thetilld 
relllhlilli! selllinal Ioo0t \wiih the scuLItelhiii was 
in.lct inito a small iube and issed llhrotugh I 

IPoiC illthe distal eld of' the tuC, leaving only 
the scu tCll uin ilidle tile 1111be. T'the iie plre was 
sltled wvitllii:.,ltiue ofilleltCd gtlti p~ercha, lanolina 

and r-osil. The tuh" wa, f'illed with olle Mi/ 0f 
',ucItse, 01la11IlloItre ofS Suc alldt11h1vloholrnens. 
The tube! yeas held in colttloll\ol ilside! t 100 
m/I rlenincvr flask containing I(m/ of one-l'ouIth 
Stieii,,tl NIS inlor.,_alic lediul. The cultures were 

.icul.Ihated 	 at ari ti d 27 'Cin darkness i 

Growth of, tIe sclninal root was significaitly 
a Tected by the sucr ine citiice ntraltion. Atier four 
weeks' culture. the f'resh weight. tiledry weight, 
the total root length anid the diameter of the root 
base t1 iIcieaS.d with a1hitIer suciose cIncen-
Iratioln. tI)to an (iptllliu tl0f' I2.5', . Auxins 
acceleraled root growth 'or a period ol' nore than 
fLur weeks. 

\kler one week Ifcu ItLi . there was no 
detectable difTerence ill mitochondria and lipid 
droplets in the excised roots, conlpared to seeds 
germinated norml!lv foron~e week. Ilowever, rough 
endoplasnlic reticulni was well develoled, and 
no extensive vactlilatioin was present al'ter two 
weeks or evetn lour weeks f 'ulluring. This pattern 
is strikingl v diffTerent I'lout that Iotlill in normial 

germination. 
Rough endoplasnlic relicila generally devel-

oped near tiledital portion of epithelial cells. This 
stigg1ests t high level of' protein synthesis in this 
re¢gion, which is dretly, supplied with sugar and 

phytolllirtlniones. lhe epithelium of' seeds gerni-
niated for Iwo weeks lost most of' its internal 
constilLtits. IHowever, even at tI'our weeks of 
culturing, there was no marked degeneration of' 
the cells. 

Stacks of thle rough endoplasmlic reticulun 
sonletines surroUllded a large lipid droplet atd a 

inalformned plastid. as in Fig. 7. This Figutrc shows 
allinteresting structure of ilivalillatiOn, which 
Cxtenled from the cell ,all to the vicinily of tle 
stack. '[he'cultured root ,as able tOCOlltilue growth 
otrniorelthan three nonths (Table I 

This clear dilTerence illfhe structure and 
behavior of' the epithelial cells dcnolstrale,; the 
suitability of' the root cultui method to Stld, tile 
taclors controlling ultrastructlt'al changes in 

epithelial cells. 

Table 1. 	 Effect of different incubation periods on the 
growth of excised, cultured rice seminal root 

.with attached scutellum 

Incubation period Fresh weight Primary root 
(months) (rg) length (cm) 

1 75 24 
2 116 31 

3 188 37 

ANTHER CULTURE
 

Factors in the sutccessf'ul culture of'rice anthers 
have been examined by several researchers. The 
f'requency of' cilluls ildutc'tion from microspores 

depends greatly oil the culltivars used for anther 
culture, as well as on tileculture conditions. Cold 
pretreatnent of1palnicles has been shown to have 
a flavorahle effect in rice anther cultuire. When 
young ears with nicrospores+at the uninu<,'leate stage 
are treated at I O'C for about 10 days. the frequency 
of callus formation certainly increases. 

On the other hand, the seed ripening of cold­
sensitive cuItivars is greatly influenced by low 
teplleraturC treatment, which restllts in illincrease 
in the number of Unripened seeds. Many abnornal 

microspores associated with tapetal hypertrophy are 
fouind, together with ;idecrease in the number of 
llatlUre pollen grains, when panicles at the young 

nlicrospore stage are kept uider cool conditions1' . 
i, Va.rietal differences illcallus formiation can 

thus he expected to correlale with tilesLsceptibility 
of cultivars to t cold environment. Fig. 8 shows 
that calIus forIlatiotn in atiher cuLtture tends to 
increase if cold sensitive cultivars are used2. It 
seens reasonable to Slggest that a high f'requency 
of abnornal p1ollen in cold sensitive cultivars leads 
to vigoroLs calius induction. We still to not have 
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Fig. 8. Frequency of callus formation inthe anthers of different cold resistant citiivars'. Degree of cold resistance: 
1and 2,cold sensitive, 3,4 and 5, interediate; 6 and 7,cold-tolerant cultivars 

enItuLt~l iittOrnlation about1 thle eXact cNyto-histologi- This gross morphology canl easily bc iden­
cal sign i icanice t rice inlicrospores. especially with tif'ied. Unflortunlately, however, little isknown about 
relationl to a hight frequeICIIn 01' calus induILction thle cytological properties of' thle calluIs surtace at 
inl anther culture. variOLIS developmental stages. We cannot have 

a1comp1lete Un(Ierstading" of* shoot-bud( formation, 
RED IFFERENTIATI ON without1 adetlailed de ot1"CCIIol Fsulace topography 

inl calluIs clturIes. Trhe vziriations inl Callus; surfIac 
A series of, additionlal experiments was were thuLs f'ollowedl xsith thle aidI of light andI scaniiing 

Liit1(lc ia ken ott [lhe red ilieeitiat ioi of' rice callus elect ron iiiictoscopN. 

c.,ltures. all concerned with tile cy'tological chianges Prolif'eratedl calluIs masses have a globular 
(luringt earlyv culture inl a shoot-formIling mledliuml surface which lacks a1epicuticular layer. This 
Whten tile prIol iterated calInIs cultures were trns- surt'ace seems to lie cotnpose(l of' polysaccharide 
ferredI to thlis Mnidinn., ntaiV dIistinlctive IeatLireS membrane. %vhicltgives thle appearance of' a wall 
tlIC 'ettCd Onl thle calluISSUrlace as pail o'a sequence mat. This lias a positive 13AS reaction. Thle wall 

of (I v el opitte ni at Steps. leadlin to shoot -budt brl- inat is so It and( Unstable inl nlatoiC. It iscoi6LtiiOLi sly 
Illation' . The kcalltn' suirlace gradulally exhibited(I )Iiedl by thle surface cells, which chaznge inl 
1,01,j1d knobs. green pa: 1ies. ilky white regiotns, appearance ill a gr-OWitig callLis t Fig. 9). SometCimels 
itec-ol ic reCirta1s. sitillI protulLheraitees. laittinated( Or- thtis mat partly breaks dlown to formi fibritlar 
c\ylindrical leat* pllr(liai. Shoot apices. roots, root imaterials. Or evLen a1bundlle ol' fibrilIs. T[his untstable 
Ita its, anitI rt~ cilusteris. 1the teal er. shoot bIClS state is pro~baly t ie ito a (Iise repattcy bet weeni 
LICe tIpeIC ill a ittiii-sv iItIIOl ton 'ashti on Itotil e pol ysacc haride piWod Lti onl lt1(1growth of' thIe 
call Lis surface. ilVi(dual surfa11ce Cells. Etnlargement anld n11Ltlti­
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plicatlion of the surface cells tends to produce a 
break in the (INysaccha rie nat. The wail mal 
may he Lcc'sioiiall\ repaired through polysacchla-
ride produclion b\ tilesurface cells themselves, 
in an actively, growing calluii s. "]'ts, tileilat is 
itself a continuioius surface. ill fact tilefunctionalsurface covering the callus mass. It usually has 

a moist itpearaInceC ,,uggesti it , 
Iiiedituinl as a litrien Sitplv. rh0 wall inat probably 

tiat Liusethe 

supports the movement of nutricutIs throt.1h [lihe 
callus surface. 

Complete repair of the callus surface and more 
advanced stabili/atio at tie early growth stage 
are tihe first signls of the regeneration of anepidermis-like layer. Consisting of isodiametric 
cells. Aflter [his early event, the cells become 
slightly elongated, aiL aligned in parallel, and 
appear to ofbe a stabillied epicuticular nature. 
By the time tle epidermal layer is producei by 

systemlinside. At this sta. the callus SlttLire 

iscovered parltiall. or Completely with epidermal 

cells, which are lCoated wi th water-inipermeable 

materials. The .allus masses 
accordingly begins 

to show a marked Iredction 
iln tiheloss of water 

frotn itssLif acc. 


The early developmelit of tileepicitiLiular 
surface isaissutmed to take place atparticular sites, 
ill
viewo'tlle occurrence of localized green patches. 
These are usually' located on tilecallus neriphery, 
and are inphysical Contact with tileshoot-formling 
nmediun. Th'ey occUr as early as three days after 
transfer. The relevance of greening as a predictor
for slloot-Ibud forMli n hIas already b en Ipro,elVd. 


Fig. 9. 

Microtopography of the callus surface in 
rice anther culture at an early stage (bar 
400 pm)2 . A: surface of growing callus, 
B: surface with signs of differentiation 

The sites at which green patches appear differs 
in various cultivars, and is also influenced by tile 
cuture conditions used. hi some cases, the patches
 
appear on tileupper portion of a callus culture
 
but not on the periphery. It is postufated that the
 
appearance sites are regulated by a close interactionbetween [he nature tf the callus aissues
ind tile 

ILutrien ts supplied. Maeda and Thorpe" showed 
that the earliest shoot primordia which appeared

in tobacco callus came 
from tle protruisioins which 
had developed close to tiletissle-medhium interface. 

Since [lie physiological balance producing the 
green patches seenis to be regulated by the niutrient 
supply, and is controlled by the microenvironnentsurrounding tilepartictilar es of the callus, itis 
probable thal callhs masses with epicuticular cells 
aid a vascular system are in a favorable state for 
or'ganizing a shoot aplex. Callus masses, finally, 
are able to organize themselves into a miniature

surface cells, the callus mass already has aiascula1,1r
of a whole plant.
 
These results show clearly that changes in 

the calts surface nust be analyzed, if'we are to 
maximize shoot-bud formation. With more basic 
infornation of this kind, it should be possible to 
obtain a 
higher frequency of' shoot differentiation. 
We hope thal one of tileattractive aspects of in 
vitro inorplogenesis isthat stirface topography is 
closely correlated with callus growth, ultimately
leading to shoot-bud formation. In this respect, 
it is very important to reveal the cytological
 
differentiation of the inner cells intimately asso­
ciated with surface topography. Surface micro­
topography and cell cytology of rice callus cultures 
are now inprogress iilour laboratory, iii order 
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to elucidate the consecutive events associated with 
shoot -hud formation. 

In conclsion, it seems that the epithelial cells 
of rice SctLtellum are ohlied to diverge in their 
act .t'',Ider diffelernt circumstalces, and may. 
for e,,imple, degenerate promptly, maintain their 
hatistorial nature, or actively proliferate. The cells 
have a chl'rcteriStic structure anId function inl ice 
plants, and l)roablv also in oilier cereal species. 
Much additional work remains to he done on the 
interaction between nlicroto pogral),hy :and t 
internal st ructuore OfIcallus Ctilturies. 
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DISCUSSION
 

Q. 	 (11. Uclimiya
I know that some years 	ago. you discovered the eflect of ABA on the regeneration of rice. Flowdh0 You explAin this el'tfect, in terms of the molrJhalogical changes? 

A. 	 A3A does seem to he 	el'ctive in encouraging a high frequency of shoot lormation. I think thisefl'fect can Ie considered I'ron tw,.o aspects: cytokinin metabolism and water stress. As far as cytokininmetabolism is concerned. one series of experiments on sweet potato showed that a high concentrationof' ABA lowered -a high cylokinin level. The water stre!.s 	 may be the result of a high sucrose 
concentration. 

Q. 	 (M.T. Senim i)
Could Noll plIase comment on the interaction between genotype and basal 	 media, with respectto mlorphogence.sis? This is a great problem in our work on Indica species. 

A. 	 Indica species produce a very diflerent tpe of callus than Japonica ones. For example, "Raikei"cultivars develop elongated cells, but give rise to shoot buds from meristematic tissue occurring
in these elongated cells. 

Comment: (F.I. Zapata)

At IRRI, we havel found 
 that callus induction is a recessive character, governed by four orgenes. 	 fiveWe crossed Japonica and Indica rices, and produced some Indica types which have a sli hitlyhigher regeneratlion rate than most Indicas. However, since the character is recessive, it is difficultto transfer it. We are trying to do this by back-crossing, but every time we cross, we lose 50%of the genes. It may be necessary to study 	the different genotypes among the Indicas, and tryand find Varieties with a different genoine for plant 	 differentiation. 

Q. 	 (H. Uchimiya)
Generally speaking, cultures which are cultured over many' years cannot be regenerated into plants.As 'out point out in your paper. this can now be done using chemicals such as ABA. Are thereany other malerials which can create regeneration ability in long-term cell cultures? 

A. 	 One of my students is now working on this, examining the application of ABA. It seems thatit call regenerate very long-term rice cultures. The work is for a Ph.D. thesis, and has not yet
been written up. 

Q. 	 (A. Komamine)

We have never succeeded in regenerating long-term cultures of' carrot, although Dr. Ojima of Tehoku
Universily has succeeded 
 in doing this. He prepared a protoplast from a long-term culture whichcould divide and differentiate. It seen-; possible that some cell-to-cell interaction is involved indidfcrentiation, but I have no idea what it is. 

Comment: (F. Maeda)
I have read some papers by a group of' Indian scientists working with ABA and wheat. Theywere 	able to take a long-term callus and regenerate it, using ABA. This medium seems to beapplicable to a Inmber of species. 

Comument: (J.). Chunlg)
A similar phen.omenon is seen with cultures of woody plants, and also some vegetables. I understandthat Dr. Nagashima some years ago worked with sweet potato and tried the induction of morphogenesis
with ABA. 
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Comment: (K. Oosawa) 
A heavy concentration of sucrose gives a high level (if'normal embryos. We were able to produce 
embryos by several methods, but could not regenerate a viable plant. When we added 0.5 mg 
ABA, no emhryos were normal. 

Comment: (K. Ohyama) 
We have been working on long-terim1 cltur1'es of the Japonica cultivar Tainan 5. Another line 
has now bcen jintroduced frol Mainhlnd ?hi '.a which is an Indica type, called "Hai-Nan-Tsou". 
This is a highly differentiale'. line, and abotL 90'/ of cultures regenerate at the first stage. After 
subeullturillg this percCntage decreases. hut there is still a very high regeneration rate. 

In contrast, Tainan 5 has a very poor regeneration rate. However, after nearly one year of culturing, 
if the cultures are subjected to even modc1e stress, such as changing the agai' concentration from 
0.81;( to 0.7( . the receneration rate increases. 
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ABSTRACT
 

Zygotic and somatic embryos (embrvoids) from entirely different origins have a strikingly similar 
sequence of embryo formation: a globular stage, a heart stage and a torpedo stage. The origin of 
a somatic embryo may be a single cell or even a protoplast, but it can also develop from multiple
cells derived from the same origin. 

Somatic embryos can be initiatedin a wide rangeof inorganicmacro- andinicro.elements,provided
that the concentration of potassium ions ranges between 12 and 40 mnM, and a level of ammonium 
ions not lower than 10 mM is maintained. Organic supplements such as casein hydrolysate, glutamine
and alanine are reported to have a beneficial effect on somatic embryogenesis. Generally, auxin 
is not required.fr initiation of the embryo, but it is needed for the growth of callus prior to this 
stage if entbryogenesis cannot be induced directly fron the tissue of the explant. Even the physical
environment is not generally criticalforsomatic embryogenesis, but some conditionsare said to promote 
better growth and developmnent than ohers. 

Sonatic embryos are likely to become a very useful plant material in the future, if initiation 
development and synchronization can be regulated successfully. Using this type of material yields 
a large number of uniform embryoids per volume of medium, which means that they are amenab!e 
to mechanical handling. 

INTRODUCTION Somatic embryogenesis is of great potential 
value to biology as well as agriculture since it

Embryogenesis in vivo has been studied for provides an important tool for the study and analysis
several decades, but Illaberlandt realized that one of molecular and biochemical events. Some 
could succcssfully cultivate artificial embryos from examples are the study of the tonnation and
somatic cells as early as 1902. The concept of developmr.nt of mutants in carrot culture by Breton
embryogenesis was accepted a long time ago, but and Sung', and of somatic embryos of Brassica 
the first practr al results occurring in vitro were napuIs with embryo-specific storage proteins. In 
not oblained until 56 years later (On 1958) by agriculture, it can be used for the clonal propagation
Steward, when he was studying the behavior of of inherently difficult groups of plant such as
!-hloem explants excised from carrot roots in a orchids. some ornamental cultivars and even some 
suspension culture supplemented with coccnut species used in reforestation. Somatic embryos
water (liquid endosperm). Subsequent studies by of some clones can be obtained in large numbers 
Reinert showed that tile voting plants enierging from (e.g. 60,000 embryoids per liter of medium') at 
carrot callus had a size and shape similar to zVgotic nominal cost. These can be subjected to any
embryos. At piesent. detailed studies ofother plants subsequent manipulation, such as scaled-up
by many scientists show that under certain embryogenesis or artificial seed production, for
condtiions, callus and cell suspensions obtained convenience of handling. Other uses of somatic 
from different sources of the explant can be induced embryogenesis could be to establish pathogen-free
to forni rools, shoots and embryo-like structure planting stock, genetic crop improvement, and for
(generally called embryoids). germplasm storage and dissemination. 
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Embryogenesis 

In this paper, the emphasis is placed on type of aggregate could be expected te 
somatic embryogenesis occurring in in vitroculture. have the potentir' to differentiate into 

embryoids, or at lea,. shoot primodium, 
THE CELLULAR ORIGIN OF SOMATIC in a suitable environinent. 

EMBRYOS In conclusion, it is certain that either isolated 
s;iigie somatic cells or cell initial can be called 

Somatic embryogenesis may arise directly totipotent, but even in the most suitable environment 
frorn explants or through an intermediary callus, only an extremely small proportion of these 
but some observations have revealed that organo- differentiate into embryoids which can go through 
genesis occurs in place of embryogenesis. There all stages of development to become a complete 
have been some studies concerned with the origin plant. 
of organs or enlbrvoids that pinpointed whether 
all tile cells originated fron a single cell or not. SOMATIC EMBRYOGENESIS 
There have also been studies Oil tile site of 
organogenesis which ascertained whether this could Two categories of embryos have been 
arise independently, or must be restricted to classified by Kohlenbach T. These embryos may 
preexisting organ initials-1 , arise normally, or occasionally in vivo, or under 

The development of somatic embryos or a controlled environment in vitro. 
org,,ans does not generally proceed directly from • Zyg,)tic embryos, formed from a zygote 
a single cell, although the single cell origin of callus resulting from regular fusion of the egg. 
embryo has been documented for many species. . Non-zygotic embryos, formed by cells 
In several cereal callus cultures, the differentiation other than the zygote. 
of embryoids and adventitious shoots is confined Parthenogenetic embryos, formed from 
to partially organized regions. Such regions were unfertilized eggs, or a fertilized egg 
carried over from embryo explants, or w,:re without karyogamy. 
associated with aberrant roots that differentiated Androgenetic embryos, those formed 
in vitro-" ". In orchids, Kanchanapoomi'" studying from microspores, microgametophytes 
tissue of Vand revealed that a single-cell origin or sperm. 
occurred in callus induced from the lateral buds Somatic embryos (embryoids), formed 
of the Mature plant. The same pattern of devel- by somatic cells either in vivo or in 
opment was found in earlier work on dicotyledonous vitro. 
plants such as carrot, endive and Ranuncu5u 	 Somatic embryos formed in cultures have 

.gle cells or even sole protoplasts have been generally been called "embryoid", but other names 
induced to grow and form embryosK '".These studies such as accessory embryos, adventitious embryos, 
enable uIs to study embryogenesis in vitro, by and supernumerary embryos ate also found in the 
following the detailed development patterns of a literature. The first case of somatic embryogenesis 
particular species. 	 was reported by Steward and co-workers in 1958, 

Variation in the cell morphology of celE a green carrot plant emerging from a torpedo-shaped 
aggregates derived 'ron callus in suspension embryo among groups of aggregates in a suspension 
cultures has also been studied2 4. 

31, Two major culture. A more detailed study was carried OUt 27' 

types of cell are regularly obsfcrved in OrY'a saliva, 2 on embryos arising from callus grown on agar 
Sau'hari o£.fihinaru and R,ioofia serpentina. medium. Since then, many species have been 
These are: studied in some detail, including Ranunculus 

" the non-embryogenic type, which are long, sceleratus6 , Citrus reticulata3" aid Nicotiuna 
tubular ceLs, with large vacuoles occu- tahacuimi '. Up to now, over 30 families have 
pying most of the space within the been used in experiments on somatic 
cytoplasm: this type of aggregate would embryogenesis., _, see also Table I. 

not differentiate into cmbryoids or shoot 
priinodiuml. Development of Zygotic Embryos 

• 	 the ernbryogenic type, which has a 
proportionately large nucleus and dense The pathway of zygotic embryo development 
cytoplasm, and is similar to cells in the found in many plant species is shown in Fig. 1. 
shoot primodium or in the natural The following section deals with zygotic 
embryogenic cells at an early stage. This ernbryogenesis of the carrot. The stages of 
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Table 1. Some examples of plants inwhich somatic embryogenesis has been induced under invitroconditions 

Plant species 

Anagallis arvensis L. 

Asclepias curassav ca L. 

Asparagus officinais L. 


Atropa belladonnaL. 
Brassica oieracea var. Borytis 
Carum carv L. 
Citrus sine:is var. "Shamonti" orange 
Coriandrumsativum L. 
Cofea arabic L. 

Daucus carota L. 

Foeniculum vulgare Goert. 
Lotus corniculatus L, 

Macleaya cordata R.Br. 

IV':tianum tabacum 
var. Samsun 
Petunia inflata
R.Fries 
Pinus ponderosa Dougl. 
Rananculus sceleratus L. 
Solanum melongena L. 
Vanda xMiss Joaquim 

A B 

Reference 

Baiaj and Mader (1974)
 
Prabhudesai and Narayanaswamy (1973)
 
Wilmar and Hellendoorn (1968)
 
Takatori etaL. (1968)
 
Konar et al. (1972)
 
Pareek and Chandra (1978)
 
Ammirato (1974)
 
Kochba and Button (1974)
 
Steward eta!. (1970) 
Sdndah anid Sharp (1977)
 
Steward et al.(1958)
 
Reinert (1959)
 
Halperin and Wetherell (1964)
 
tomes (1967)

Maheshwari and Gupta (1965) 
Nizeki and Grant (1971) 
Kohlenbach (1965)
 
Lorz etal.(1977) 
Handro etaL.(1973)
 
Moore (1976)
 
Nataraja and Konar (1970)
 
Yamada L (1967)
 
Kanchanahoomi (1976)
 

DE 

Fig. 1. Key stages inzygotic embryogenesis in carrot 
(A) globular proembryo 
(B)heart-shaped stages with initiation of cotyledonary primordia
(C) torpedo stage with shoot and root meristem and procambium
(D)mature seed with small embryo surrounded by cellular endosperm
(E) germinating seed alabout live days 
(Modified from Ammirato 1987) 
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Einhryogenes is 

oemhryogenesis beein \\ith most of the ceIls (iVidi\in dif'ferentiated cells. 
activelh and increasine ill size. )ut retainine their 
spherical Shape (tile elohular iproenhlbryo ,, this )evelopment of Somatic Embryo 
staue. lilt prinillr\ ierisliiln (proltodriln, ground 
merisli and IroC:1-hiill) becoimes visible. Incarrot and other plant species, (he induction 
Il'olo ilg tis slal. the callus Contlinues to divide of cillbryogenic growth can be done inone of Iwo 
and diferCniatC inlo 'IhCart-shapIed Site elbryo,. ways. Certain cells may only need placement ol 
kilh iliti:dion of col\Iledoin priinordia. As the I sinlplC basal lediilil to bin lnbrogl enesis,
col\ ]cdIn, dcvehllo, tile nlibrvo passCs into the while others iIav req lire a inore Coml cx illcdiuilltrpdo-shapd stagT. [he cells inside the with an cxogenous auiin supply4 . Somatic emhr'ns 
coidChlnary flu di\idC 1to r'11 shoot alld ioot aiV initiated in callis lr'misperficial clumps of' 
apical meriStCin, 'and iprtocainbiuinl differentiation cells associated with hiehlV vacuolated cells which 
takes place. At this poinl. Ihe carrol eilnbrvo becoimes do not take part in emihlbrvoULc1c;:. In Carlt, the 
qui'>Ceuii. \\ i a cessailit of if litolic division enihroid-ormlin cells are characterized by their 
iccOmanid b\ a declC, ill wtelle'r C0ctent :an1d dense cytoplasnmic conllent. lare starch _raimls and 
olther evCll, associalted %il tilhe formation of tihe reltively large itnucleis. These pthleloimna are very
llaltillC 'ed. t\ lltliirit\ the emryolt' is small simliar to those fotlid in suc(lcn',1 Off//inarlilflt
lild Ililroilitl-d b\ a111as o1 ce llllar persistcnl and RAui'u//II .Vwrpc'mt(. Stlaining techniques 

clidopennii'. In ciarllrot aiid Olher uilibellifers. tIle reveal lhalt lh Cah otlllbr)vollnic cells have a high
lolil aiou o t1e maturillell)br\() is c ractri/td iprotein and RNA content. These ce,'lls also exhibit 
b\ c\tCisi\C cell diviion \\illiLil sibltalial cell hith dehIlo''1eneiIisC activiy\\with teIravoliant staili­enlargeiemt o: cell dilTerenliation' ';. The cells ill,, .. .ach proenlbry'idcell iscapmableof passing 
of tihe 11at111.rC Cibrso alr thu ar lllhaler through S11W smaill ta l tesaeile seqlence als /volic embryo
tho0s, of the ubSqnCti sedlimn and have f-w If1rmation (efobular staee heatl' stage and torpedo
of tihe strutuC1.13i features associated %\ith slige (see Fig. 2). 

A B C D EF 

Fig. 2. Stages of somatic embryogotiesis 
(A) single cell stage 
(B) small cell aggregate 
(C) globular stage 
(D) heail-shaped stage 
(E) torpedo stage 
(F) young plantlet 

Thev expression of tolipotency ill single cells eibrvoerensis. and :le embryoids appear to 
\UaS stiidiel inl detail in RrnnIcii%.s' b'-le'al.s hy orig inale fromn both peripheral and deep-seated cells 
Kotiar and Nalariaja"'. They cultured various floral of lthe callus (see Fig. 3). Each cell in a given 
parts as w\ell as somnatic tissuC itt a nediuim emtbryoid is said to inlerit front a single cell, and
colainine 101;fcoconut \waelr. vilhior wilhll IAA. the developing pattern takes a course similar io 

ellnlcl cnimsv\,midm:i~ppeared otilte callus withill Zyotic eltibryogenesis. A characteritic feature 
tirce eeks. An ultrastructural coinlparonin has of the einbrvo nic cells of different ori-!in is tlhat 
been Imade ol'epiderimial and callus cells undcreoiit tihe' ctontain large ltlunther of vesicles inl their 
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Fig. 3, Stages inthe development of embryoids from epidermal cells of the hypocotyl of Ranunculus sceleratus 

cytoplasm, adjacent to the cell wall. In cells of 
developing epidermal embryoids, there may be so 
many as to give the cytoplasm a honeycomb 
appearance. It has been suggested that these vesicles 
contain lipid reserves important for the growth of 
embryoids into plantlets, or that they may be 
important in the transport of substances from the 
cell surface into the cell. After protoplasmic 
continuity is served, such a metabolism could 
provide a means of transporting essential metab-
olites from the stem or from the callus aggregate 
into the developing embryoids. 

Zygotic embryogenesis of orchids is worth 
noting, hecause the embryo itself is not fully 
developed when the seed matures: it comprises only 
a mass of parenchymatous cells without any 
perceived difierentiation. Development of the 
embryo takes place where the seed falls on the 
bark of a tree or on the soil surface. Typically, 
the developing embryo takes the form of a 
protocorm, which initiates shoot apex and continues 
to form stems and leaves, but not roots. If a 
protocorm is cultured in a medium supplemented 
with coconut water, or in a combination of coconut 
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water and auxin, it divides and forms a cluster is not involved in the development of embryoids 
of protocomis, and occasionally callus arises from from callus, although it is needed for callus growth. 
this structure. Embryoids will generally form when the callus is 

Somatic embryogenesis seems to follow the transferred from an auxin-supplemented medium 
pattern of' zygotic embryogenesis, except in the to another with a lower concentration or even one 
initial stages. When an axillary bud of Vanda x without auxin. Nomura and Komamine : have 
Miss loaquil was ,ultUred in a medium supple- suggested a useful model of pathways and con­
mented x% ditions leading to various developmental stages inith 0. 1ppm NAA, a cell in the epidermis 
or hvpodennis of leaf primodia began to divide, carrot culture. This model is summarized sche­
fortning a tissue mass similar to that of a zygotic matically in Fig.4. Embryonic developmcnt appears 
embryo". The development thereafter followed to be initiated by culturing 12 p.il cells in a medium 
the vattern o! zygotic embryogenesis. In a study with a low auxin level, where these cells divide 
of othc, genera of orchids iii our laboratory, we to generate proembryogenic masses (PEMs). When
 
found that proliferation of the protocorm could be PEMs are transferred to an auxin-free medium,
 
regulated by the level of auxi:l in the presence active somatic embryogenesis results.
 
of 101'; coconut water. At a suitable level, pro- Gibberellins are found to have a negative
 
liferation seemed to go on indefinitely. Separation effect on both embryogenesis and organogenesis
 
of the prolocorms into smaller clusters encouraged cf carrot and other plants 2 , 11 

.
 

more proliferation. Some, protocorms developed Besides auxins, the forms of nitrogen
 
further in the presence of auxin, into complete compound present in the medium have a significant
 
seedlings with leaf. stern and root. When a cluster effect on somatic embryogenesis. Wetherell and
 
of protoconns were transferred onto .i medium void Dougall 3' reported that in the culture of wild carrot,
 
of auxin, most of protocorms developed into the addition of 10 mM NH 4CI to an embryogenic
 
secd:igs, but some still proliferated further for medium already containing KNO, (12-40 mM)
 
several subcultures, (Lie to their ability to syn- produced a near-optimal number of embryoids.
 
thesize endogenous auxin. An anatomical study Glutamine may replace NH.4C1 as a supplement
 
of the callus that arose occasionally in the culture to KNO. Halperin and Wetherell"s demonstrated
 
was made, and we found that small cells with large that the presence of reduced nitrogen was critical
 
nuclei and dense cytoplasm were fonning among only in the induction medium, so that if callus
 
loose parcnchymatos cells. These groups of cells were raised on a medium with KNO + NH 4CI,
 
later formed a shoot apex, and subsequently it would form embryoids irrespective ofthe presence
 
became a protocorm. of NH 4CI in the differentiation medium.
 

The rapid clonal propagation of orchids is For embryogenesis to occur in cultured cells 
based on tie behavior of somatic embryog-nesis of carrot, the presence of a minimal amount of 
described above, which was first suggested by Morel NH4' is essential. However, if it is not convenient 
in 1963. to use NH 4 in combination with NOJ for 

embryogenesis, casein hydrolysate, glutamine and 
REGULATION OF SOMATIC alanine may serve as reliable substitutes37 . 

EMBRYOGENESIS Brown and co-workers ' have reported that 
high potassium (20 raM) is required for maximum 

The chemical and physical environment has yield in the embryogenesis of carrot, whereas a 
a profound effect on somatic embryogenesis. J mM level is sufficient for cell proliferation. 
Somatic embryos have been grown on a wide range There have been some reports that several 
of media, from the relatively dilute White's medium substances are released by tissue culture which 
to the more concentrated formulae of Murashige inhibit morphogenetic activity as well ascell growth. 
and Skoog or Schenk and lHildebrandt -2-"- 3. The One example is tile release in citron cells ofethylene 
most important chemical factors involved in the and ethanol, which are both potential repressors 
induction of somatic embryogenesis are the of somatic embryogenesis. However, it is possible 
exogenous auxin content of the medium, and the to reduce the effects of some inhibitors by adding 
composition of nitrogen compounds added as activated charcoal to the medium2 . 
nutrients. Reinert2' suggested that induction Physical factors, such as temperature, light 
required the presence of' auxin and an increased intensity, photoperiod, gas, vessel, state of the 
ratio of nitrogen to auxin. medium and speed of the slaker, have also been 

At present, it is widely accepted that auxin reported to affect somatic embryogenesis. The 
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Fig. 4. Schematic pathways and conditions leading to embryogenic and non-embryogenic states incarrot cultures 
Source. Nomura 3indKomamine, 198525 

optimum temperature may he specific for various 
species and stages of development. Heat or cold 
treatment at certain stages may improve embryo-
genesis and the germination of somatic embryos
and other propagules to complete development, 

POSSIBLE APPLICATIONS OF SOMATIC 
EMBRYOGENESIS 

Embrvoids derived from cell cultures have 
many distinctive features, some of which are useful 
and may be ofgreat value in the future. An embrvoid 
is a complete plant in itself. It has both shoot 
and root, and little effort is required to induce the
seed to germinate and grow. In contrast, an 
organogenetic plant, which produces only a shoot 
at the early stages, needs considerable work inchanging tilemedia to suit each stage of devel-
opnent before it becomes a plantlet. If synchroni-
zation of grvth can be readily controlled, somatic
emhrvogenesis will be amenable to mechanical 
handling, since it usually produces a large number 
of embryoids per volunm of medium which float 
freely, 

Doi-nncy occurs in the zygotic embryos of
sonie groups of plants. If this could be induced 
in soiatic embryos, the possibility arises that they
could be incorporated into artificial seeds, either 
by coating or encapsulation. These artificial seeds 

could be handled like natural seeds, but could be
expected to be more unifonn genetically. If the 
cost of production could be made comparable to 
that of natural seeds. this would be a very worth­
while subject for future research. 

Soiie secondary metabolites normally foundin 0'ivo are reported to be absent in actively dividing
cells incallus or suspension culture. Through 
mutation selection, one might obtain such chemi­cals, or even new chemicals which never appear
in vivo. Alternatively, the synthesis of such a
metabolite might begin again in early embryogene­
sis so that the mature embryo ends Lipcontaining 
a high level of it'.The discovery of this possibility 
seems certain to lead to tilefuture improvement
of techniques for obtaining secondary metabolites 
in vitro. 

At present, the frequency of somatic 
embryogenesis still varies appreciably from variety 
to variety, clone to clone or even from experiment
to experinen 2. These variations may be largely
due to our lack of a complete understanding of 
the controlling factors, but itmakes it difficult to
apply somatic embryogenesis to industry. Research 
oi the factors controlling synchronization of
embryogene,,is, dormancy and the synthesis of 
secondary metabolites are needed in due course, 
but one should not overlook the value of basic
research ingrowth, differentiation and developnment. 
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DISCUSSION 

Q. (M.T. Senawi)
I am curious about the effect of shaking tissue cultures on the embryogenesis of protocorms.
it improve the aeration? Does it help with 

Does 
the 	 problem of vitrification? 

A. Yes, it may, but in some plant species a low concentration of oxygen stimulates a high regenerationrate. It has to be tested for each species, and in the majority of cases this has not yet been 
done. 



PROTOPLAST TECHNIQUES IN TISSUE CULTURE 

J.D. Chung
 
Department of Horticulture
 

Kyungpook National University
 
Taegu, 702-701 Korea
 

ABSTRACT
 

Protoplasttechniques have developed rapidly during the last decade. Enzymes of good quality, 
such as cellulase Onozuka R-1O, macerozyme R-1O, driselase, cellulysin and pectolyase Y-23, are 
commercially available, and highly viable protoplasts can isolated withbe them.
 

More efficient culture methods, such 
as the liquid drop culture, nurse culture, microchamber 
culture and scmisolid agarose plating culture, have been devised in order to increasethe rate of cell 
division and cell colony formation. 

Various fusion methods have been suggested and improved. Of these, the PEG-high pH-high
Ca** method has been the most widely used. An interface of sucrose-glucose PEG method which 
has recently been modified is expected to give even more efficient protoplast fusion. 

Electrofusion and microinjection method are also believed to be useful for protoplastfusion, 
but the equipment for these is very cxpensive. 

Visual selection through a microscope, using a micromanipulator,is the most accurate way to 
select hybrid cells fused between foreign protoplasts on a J:1 basis, but it is inefficient. Mechanical 
selection with FACS is a highly efficient method, if better equipment becones available. Because 
other methods such as complementation and drug resistance are limited to hybrid cell lines which 
have specific characteristics,it is difficult to apply them if a wide range of genetic resources is to 
be selected. 

Compositions and concentrationsof media, 8p-KM, V-KiMl, NT, Bs and MS are formulated, and 
revised.for the culture of protoplasts. Phytohornones to supplement the basal media are identified, 
in accordance with culture stage, cell division, callus formation amid organogenesisfront protoplast 
culture. Of these media, 8p-KM medium containingNAA, 2,4-D and BA is best for initialprotoplast 
culture, amid MS medium with 2ip amid/or zeatin, for organogenesis. 

Petunia, Lycopersicon, Solanum and Brassica species are easily regeneratedfrom protoplasts.
Somatic hybridization has been achieved through inter- amid intra-specificfusion of species or genera 
belonging to the Solanaceaeand Brassicaceae. Of the woody species, Prunus,Citrus, Hibiscus,Malus 
and cherry protopiasts have been cultured. Of these, plantlets were regeneratedfrom cultures of 
Citrus, amidfusion products between Citrus sinensis amid Poncirustrifoliate were culturedand somatic 
hybrid produced. 

INTRODUCTION culture; 
the establishment of triploid plants through

The in vitro breeding system can introduce endosperm culture, and 
a broad range of desirable genetic material into . the production of selfing seeds from in 
field crop species, and can solve various problems vitro production of haploids, to shorten 
which are impossible to solve by conventional the time ne:ded for plant bieeding. 
breeding systems. These are: However, none of these suggest the 

the development of hybrid plants of possibility of obtaining hybrids from cross 
distantly related species through embryo incompatible plant species'. 
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Cell aitl lissIe ('uiture, inl Field ('Iop ImIprovement 

Since I97(), Itle have ennI avll atteltIPts 
1t iitroldutce deCiilC Ubltic 'Mlerial into prow-
plass,. At ir,[ [li.te selection lt,illltst ',rolltro'nl 
jirotoplatI cltlure,'. and the production If' ollilic 
h\britls IrltOli ftlso ell-Ii-Clted p-itloplasts,. w\c 
studied. ThI plat proltlla" ishad thile enlrakable 
priert>l tl bcing able' to take tip \ariou tirganelles
antil lpecit ii' ct'ic material uch ais )NA. 
iiliholr11nti;. cLtttrol)lat. ani llirinoon0liie_'s. 
'urtliniore. there \ ,s the I'ulineC plospect of 

-iilllOdtIL'in < lh1'C,11 biolliC nli-tO C,-f" \il rhdCltIuiullim 
"/u4-olmm". and Iree nilrttCui-l'i\ in bactCriasnl-h 
asI -<lhlthi-'. pit pro!yii Th.l the-selitn 1 ,' 

Of li-lIniid 01 i u,,,'/ t,; , ,i ';o\ ctIor 

11e 'C'C'Mi nia ilOrimiatioln ol! plant proloplasi b\ 
upMaf, tl ,rnbpoltoplasI b t l,itn. wis 

,Illihis papierU I .limi ld like to sti et_'sl basic 
itlleor\ (t)'prlthll I isolatioll. tisloi anI Culture, 
and ollit po , ai Ipplicaioilns to liorticultualttcrop

illipruncillent otf plailt proltoplast culture. 


PROTOPLAST ISOLATION 

Soitirtc o Protolat,,s 

I'rotollasts ca';n be isolated frtoill arioti, kinds 
of lis usnes and orcall' s ill horticultlrall plants. 
inclttliu the 
0Il+iIT~ l c't.'ll ' 'llal~ 

sti iit' _iibiVO 
,proloplai hras 

aid stlnl)ci, iI 

let'al"' shoot , shootl lip l
i 
. 

, l oiiHe, i tn l el' otlh.\-otft\ l l doli. l, :-
'. stinM ' iilltIliil''. Illaddition. 
also bcniislaed I'loi calltLs' 

' cells' I" "' 131th c1allis and 
stispeltliti cells have certain advaitagcs. in Ihlat 
the, irjiliir-ICi,'ii, IOr iteir grosttImh an( inlorpliogetlle-
sis arc atread\ kill 
cat-eaiare. im\ntev, 

sourl.ce o1' Ip)Rloplasts, 
" bisc' .,',it/,.' 

or inl'ff'ctiv lo i"olit 

ii e.. 

. NI'esophvll tissues tr-on 
tile most conilnitll>\ used 

apartltroI 'llho e plaits. Ii-
10it-which it is impossibleICr 

prooplasis 'lom esoplill 

'n %ironimtlli l (_ondit ions 

sincetel lt siligical condition ofI tie 
source tissue inlluic'nCes the yield and \iabilil oft 
isolated prolopkrltis. stinget control of tile I t l 
id plll material assists ill opltiliillg release and 
ilias iiitiig P,nit ll last grt wl tirinl, subsettleit 
cuilture-'. ( 'aiill p-clte tlICt AicTiiilas 
espe)Cciall in the i,,ue' iu p1lantS gr'ossl tiltler htigt 
hiliperaitlr". A a restil, cll \all (le'gradatiiOl 
iS ditfictil aii lihealth\ prtuitutlastS cIanllo be re-
eased' 

It0 

Controlled elvironmnlt chablers alleviate 
somel0 tihe \'arilation associated with ficld and 

htnis gI'oVI pla)n11tS i' fSOhiin, 1 tld/wrO+'111 
and tl,. mcSa" ". L.ikewise. Sink and Nie/tl' 
repo;lt t ileteil lii.'_ce (d envilolilientllal pit.ol ­

ditillg I'ltlrs of plaiitiig efticienvC (PE) in the 
tontiato. Plantlinil etticitec' \Yas realv increased 
when cultillurd'tl prtlop1last,, \%Ce islated f'rolll CI, 
plant at 27' C D_' +"C NTI'relcine. Inceasilile 
the Itntpeiiratire-, it 32'C' DT/27,C NT did not 
inICrlease P , bt, d 'i'ereaSille, tile tellperalture 
decreased the PF. This resull indicates that tile 
physiolotgical stattlos 1l"the material hassource i 
lirked Cffct Oi tile survival of cellS an1d cell 
(livisiOn Cal)abilitv in ctiilLn'e ('Tibl I 

Table 1. The influence of environmental preconditioning 
factors on plating efficiency of L.esculenlunf '& 

Treatmeni Plaling efficiency(%) 

Greon house 

C[C: 22 C/16 CNiDTDT 27 C/22 CNT 

DT 32 C/27 CNT 

"lati'rIt: ThC kis!Lc,'tl4-5kceeksold ptlai 

22.6 

35.5 
50.4 
49.7 

gieeti hotse lo 29) 
d s-otld pilait ill a Colntrotlled e %ironlt.llitll C.alihLr (CEC'). 
t : Da,

• Ittlinrttl-c. NT': Nigtil i eitsa'aillre 

PIreferried ellVironlnlll1 condilions such a.s
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Cell division 

Cell colony formation 

50 50 60 60 Fig. 1. 
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protoplasts in Solanuln rnelongena 
"fructualbo" (left) and Brassica 

20 20 
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ltowth of 1 
is 11st CaMSih achieved xxitl Ctiltuired cells, 
Sluspelnsiol c(ilitire-, have been uised routinely hy 

Sanv v,orkers' wwithoi:iinal lprotoplast 
loritiat ol illthe 'arl log phase o fthe rovlh1 c.'C le 
froin batch ptqulopatd StIspeillsios''. 

elidotlbliate lillIe the species, 

('tutrol of the the SOtlrCe material 

dependl', tlpoll 
but lt,. release of proltoplastsoptillmal lillie for cas 
and improved \ iabilit\ ol"prtOlopla)lts is SCen to 

"ten) day's alter silhcnlttlure' . 
"tFrends in cell division and cell colony 

folrma1,1tionlIaccor-ldillto0 theC IltumbejCr 0if days of, 

16 16r 

12 12-

4 - 4 . 

o_____ "___ ....__ __ 
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subcultlur arC shown in Fig. 2. Inllih,'.scuss*yricuos, 
cell division and cell colony lornIation increased 
sli htly ol the 10th day alter sulbIculttre, but 
sIibsequ e tl.\ \V'hi le iliSi'S Ios(I­decriCeased. in 
,siiunsi.s, hoth incteased oi the 7th day ahiter 
SIbIILIrIeC and StLIbSetlueitlV decreasedl rapidly. 
htievfr o ,lifterence illprotoplast vieil ind 

vilbility dtur'ine the subhculhtu period was observed 
in either species. The periid of sbculth,.ure scems 
to have muchIII111o"'1e ect ol cell divisiol caplbilityv 
tllhilnprotoplast yield.on 

Fig. 2.
 
Effect of no. days subculture on cell division


"88-(o-o) and cell colony formation (o--o) from 
callus derived protoplast of Hibiscussyriacus 

.. (left) Verticaland H.rosa-sinensis(right). 

20 25 bars represent the standard error" 
Subculture days Subculture days 

Mechniical Maceration of Sou-ce Plants Pretreat meti of Source Materia! 

To assist the petletrition of entzmes into leaf All plant lissLues are physiologically stressed 
tissues, tile .. o", (lirin. incubation in enzy1me solution. Tominimizelower epidermis is peeled ofl' 
the ICavs, arC sliced longitudinily or nan s',ls-physiological stress, p)relasmolysis, orstabilizalion 

.'2 

itcedle'''. ltiushite'. or hrushine and slicin the 
leaves"'. po'tts rvclease plt)1 asts. 

versekh '' Soiietimes. pricking leaves with 

re tl hiie 
and Isa p+om't~ yield increase duringreult. t 

:Ishort period of enivinc digestion. Methods 
best suited 1t the cliaritrCl'iStics Of the matrlial 
Iued should lie Chosen or iIllaxilltillllprotoplasl 

release. 

oftlle Source material prior to envnllatnic digestion, 
is required, to force lprotoplihsts to shrink and to 
seal the plasmade smata collecling adiacenl cells. 

"'h is lrL ye it s spoilt alnet iis f'usion, and re duces 

tile tip into the cytOlasmMo101unt of lnzvni take 
by eIdocytosis durin tle initial period olp'rottoplast 
Lontractioll. Sealing the ptasmadusmat also 
prevents leakage of' the cell contents, particularly 

of riloticlease which Call initiate scnescence and 
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protoplast lysis (for a detailed description, see 
Pottykts 0i at. 1983)'. Since stabilization at room 
temperature followed by cold temperature treatment 
decreases the rate ofaccuuhlation of starch grains,
it helps to produce healthy protoplasts and stimulates 

.cell dlivision,, The effect of preplasmolysis or 

~20 .2.25 

16 . 2.0 

12 X 

"1.5 
•~, 


a1.0 
Q 

pre-cold treatment on protoplast yield is shown in 
Fig. 3. When leaf tissues of Solanum melongena 
var. fructualbo were pre-plasmolyzed after peeling 
in 0.7 M mannitol solution containing CPW 
inorganic salts at room temperature for one hour, 
protoplast yield increased markedly. 

Fig. 3. 
Effect of preplasmolysis in Solanum melongena 
"fructualbo" (left) and pre-cold treatment of Nico­
tiana sanderae (right) on protoplast yield 25 
man.:mannitol 

Control 0.7M man. Control 4'C 
+ CPW 16 hrs. 

Protoplast yield also increased tremendously Enzyme mixtures useful for the isolation ofwhen sliced leaf tissue of Nicotiana sanderae was protoplasts in several horticultural plants are
placed in a solution containing 1.0 mg/I NAA and shown in Table 2. Cellulase Onozuka R-10,BA, I mM CaC,21l1O. and 1mM NH 4NO, for macerozyme R-10 and driselase are good hydrolytic16 hirs at 4"C. enzymes for isolating protoplasts from the meso­

phyll tissue of Solanuln melongena var. fructualbo,
Enzy'matic Digestion the cotyledon of Amaranthus tricolor, the stem 

Cocking-: first used enzymes to release plant 
tissue of tomato "Tiny Tim" and the callus ofHibiscus syriacus. However, different materials

lIrotoplasts by applying extractan of hydrolytic require different optimal combinations andenzymes isolated from tomato root tips. The most concentrations of enzymes and incubation time infreqcuently used are hydrolytic enzymes such as the enzyme solution. Similarly, methods suitablecellulase, heinicellulase and pectinase, which are for isolating viable protoplasts from one particular
partially purified from microorganisms and now type of plant may be unsuitable for another genus
conminercially available, or species.
 

Table 2. 
 ,. 2Enzyme mixtures for the isolation of protoplasts inseveral horticultural plants 2
2 3 51 

Species
S.melongena var. truclualbo Tomafo "Tiny Tim" Hibiscus syriscus Amaranthus tricolor 

Source 
mesophyll stem callus cotyledon 

Growing conditionEnzyme mixture Invivo In vitro In vitro In vitro Invitro 
Macerozyrne R-10 (%) 0.2 0.2 0.5 0.5 0.3Cellulase R-10(o ) 1.5 1.0 2.0 6.0 2.0Driselase (%) - 0.3 -0.3
Mannifol (M) 0.6 0.4 0.4 0.6 0.3MES (mM) 0.01 0.01 0.01 0.01 0.01BSA (%) 0.2 0.2 0.2 0.2 0.2Inorganic salts CPW CPW CPW CPW CPWpH 6.3 6.3 6.3 5.8 5.8 
Digestion time (hrs) 3-4 2 3 4 2.5Temperature (°C) 28 30 30 29 28 
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Osmotic Regulation 	 color Hort. (Fig. 4). The molarity of osmotica 
varies 	 in different tissues or organs. Optimizing 

Mannitol can be used in enzyme solutions the osmotic condition is very important in obtaining 
as an osmotic regulator. Optimal concentrations viable protoplasts. In general, this is easily 
are 0.6 M for callus tissue of Hibiscusrosa-sinensis, accomplished by the inclusion of an osmotica 
0.4 M 	 for the stem tissue of tomato "Tiny Tim", stabilizer, such as 0.3-0.8 M mannitol and/or 
0.3 M for the cotyledon of Amarantbus tricolor, sorbitol, glucose or sucrose in the solution, or by 
and 0.5 M for in virro cultured mesophyll tissue a combination of ionic as well as nonionic osmotical . 

of Brassicaoleracea var. acephala DC. foirma tri- . 

20 6 22 

6 0 1.6 10 
12 4 1.2 

0 0.8 

2 0.44 

0 
0 

0.3 0.4 0.5 0.6 0.7 
0 

0.5 0.6 0.7 0.8 
0 L---.. 

0.3 0.4 0.5 
0 

0.4 0.5 0.6 

It Mannitol concentration (M) Mannitol concentration (M) Mannitol concentration (M) Mannitol concentration (M) 

Fig. 4. 	Effect of mannitol concentration inenzyme solution as osmoticum on healthy protoplast yield of tomato "Tiny Tim" (A),
Hibiscus syriacus (B), Amaranthus tricolor(C) and B.uleracea(D). Healthy protoplast yield (m, xl 01/g [w)2 .23.26

,
51 

The hydrogen ion concentration in the enzyme 
solution is also critical, and optimal values range 
from 5.8 to 6.322.3. 20.51 6 	 80 

As with concentration and combinations of 14 
enzymes and osmoticum regulators, digestion time 

0 
12 60 

also influences protoplast yield and viability. , 10 
In Brassica oleracea L. var. acephala DC." 8 40 = 

J'ormatricolorHort., total protoplast yield increased 6 
S4 .0: Total 20continuously for 6 hours, but healthy protoplast 4 7 	 ao 

0 2 "0: Healthyyield increased linearly for only 5 hours After 2 0: Vibllty 0 
this, the viability ofthe protoplasts began to decrease 2 3 4 5 6 7 
rapidly. It is considered that enzymatic digestion Incubation time (thrs) 
for 5 hours is suitable for obtaining viable proto­
plasts (Fig. 5). Fig. 5. Effect of incubation time in enzyme solution on 

protoplast yield and viability of Brassica oleraceaL. 
The Addition of Organic or Inorganic var. acephalaDC. formatricolorHort 6 

Compounds to the Enzyme Solution 

Various kinds of compounds, alone or in syriacus51 , DTT added to the enzyme solution led 
combination, can be added to the enzyme solution, to the release of many more protoplasts compared 
They help in obtaining healthy and viable proto- with other solutions (Fig. 6). 
plasts by stabilizing them, and prevent deteriolation 
in isolated protoplasts. The addition of such PURIFICATION OF PROTOPLASTS 
compounds to the enzyme solution has a marked 
influence on protoplast yield and viability. In tomato As soon as enzymatic digestion of the material 
"Tiny Tim", when stem tissue was digested in is completed, the protoplasts must be removed from 
enzyme solution containing BSA, MES and PVP, the enzyme solution. In most cases, the debris 
alone and/or in combination, protoplast yield in- can be satisfactorily eliminated by filtering it 
creased noticeably. In callus tissue of Hibiscus through a stainless steel sieve or nylon filters (40­
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10 5 

hprotoplast 	 4 

o 6 3 

4 2 

3, 


a 0 ..0 0__ 
o (.on. BSA BSA BSA BSA Con. CA DTT DTT+CA 
a. 	 MES I MES IMES 


PDS I PDS 
 Treatment 
-PVP 

100 Pill pore size), followed by a short period (3-
10 ramin)of low-speed cen:ril'u 	 ation (40-80 g) to 
yiel life 	 .
protoplasts.... .. The concentraLion 
of sucrose varies between 0.3 NI to 0.6 M sucrose 
and/or nIannilol l.' ". 

Tire sucrose flolat ion method results in less 
protopLast breakage, but may in ,one cases damage
proloplasts due to osmotic shock. The most critical
v'ariables for protoplast 	isolation when this methcd 
is used are the concentration of sucrose, nannitol 
or sorbitol, and the speed of centritugation: ".oth 
al'fect the stability of 	 fragile protoplasts. 

Ficoll', percoll2, the dextran-polyethylene 
glycol two-phase systerm5 and Shepharose J-539 
beads'_ are also used fOr pur'ification of protoplasts 
(for handbook, see E~vans and BravoS). 

Table 3. Chemicals to check for protoplast viability' 

Chemicals Final concris 

Fluoresceine diaceatate (FDA) 0.01% 
Phenosafranine 0.01% 
Evans'Blue 
 0.1% 

Calcoflour White (CFW) 0.1% 


Subprotoplasts 

Subprotoplasts can be obtained by X-ray
irradiation. plasmolutic induction and centrifuga-

1tion, or may form spontaneously ', . 
Microplasts, surrounded by an inner ner-

brane of the cell (probably derived frorn the 
tonoplast) can be readily isolated in a number of 
plant species by rupturing auxin-induced highly 
vacuolated thin-walled callus cells". Even if 
fragmenlation of nuclear material cannot readily 
be achieved, the transmission of useful genes might 
be possible in such enucleate subprotoplasts and 

Protoplast 

Fig. 6. 

Effect of additives to enzyme solution on 
yield of tomato "Tiny Tim"

(left) cultured in vivo and Hibiscus syri­

acus(right), Healthy protoplastyield (m, 
x 0',/xlOIw)'/g 

BSA: Bovine Serum Albumin 
MES. (N-Morpholino) elhanesUllonic acidPDS: Potassiumi Dextran Sultale,PVP: Potasi lrlSae 
PVP: Polyvinylpyrrolidone

CA: Citric acid 
DTT: Dithiothreitol 

Viability 

The viability ofllhe freshIy isolated protoplasts 
can be checked by a number of' methods: 

• observation of 
streaming, as 

metabolism, 
• oxygen uptake, 

electrode, to 
metabolism, 

* photosynthetic 

cyclosis or cytoplasmic 
an indication of active 

measured by an oxygen
indicate the respiratory 

activity7 . 
Methods mentioned above are physiological ways
of determining protoplast viability. The most 
lrequently used staining methods for chemically 
assessing protoplast viability are shown in Table 
3. 

Response 	 Check after staining 

yellow, green :viable 5min. 
red :inviable 30 min. 
blue : inviable 5min. 
fluorescent: viable 

microplasts, in order to transfer a range of cyto­
plasmic factors by fusion with nucleated proto­
plasts. 

A diagram of' the transfer of cytoplasmic­
based male sterility and herbicide resistance 
between sexually incompatible species is given in 
Fig. 7.
 

Fusion studies with subprotoplasts have been 
carried out on Brassica napus'"3 , Allium cepa 15, 
petunia nuclei and tobacco subprotoplasts, and 
petunia protoplasts with tomato subp otoplasts'". 
Cell division and segregation of plastids were 
observed in petunia and tobacco fusion products. 
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$pe,:les A Species A 

Centrifugation Somatic 

(Cytoplasmic male sterility 
a herbicide resistance 

factors) 

Species
Species B 

0AA 
n 

Enucleate Subprotoplasts 

0 

0 0 


000 

J 

_ Enucleate 
Mlcroplasts 

Fusion 

Species with 

Cytoplasmic Factors 

Fig. 7. Transfer of cytoplasmic factors by fusion" 

PROTOPLAST FUSION AND SOMATIC 

HYBRIDIZATION 


Spontaneous Fusion 

During the enzymatic degradation of cell 
walls, some of the adjacent protoplasvts fuse together, 
forminig hlonokaryons. This type of protoplast 
fusion, called "S;pontaileouIs fusion, is generally 
ascribed to expansion and subsequent coalescence 
of thc plasniadestnatal connections between the 
cells" "' . Enzymatically isolated meiotic protoplasts 
of Lilim hoginfloi'ni and Trilliunkatischaticiun 

.show one or more nuclei by spontaneous ftIsionv 

5". Spontaneous fusion has also taken place in 
protoplasts of Daruiainno.xia'. A longer treatment 
or increased concentration of the enzyme dramati-
cally decreased their ability to fuse spontaneously. 

llnduced Fusion 

The fusion of mechanically isolated 
protoplasts was reported as early as 1909 by 
Mister . lie tested several chemicals for their ability 
to induce fusiOn, and b'ound calcium nitrate to be 

tile most effective fusion agent, eveni thotigh the 
frequency of' used protoplasts was low. During 

the last decade, a variety of lusogens have been 
tested: NaNO,, artificial sea water, lysozyme,
mechanicallv induced adhesion, gehltin, high p-­
hihC" 
high Ca , antibodies, plant lectin Concanavalin 

Polyethylene glycol,. Polvinl alcohol and 
phospholipid, 1,2 -0-depenta-decyl-methylidine­
glycertol-3-1plosplory l- N -ethyl amino)­
ethanolamine. PEG-Ca"'. PEG-high Ca-high pH 
under high temperature, dextran and PLG-ipid( l­
tocopherol). Of these, PIlG-high pl-l-high Ca" 
methods have been mlloSt Stlccessfull (for a review 
see VisilS5 ). Recently. Kao" has improved the PEG 
nmlthod, and propoL'ed a revised fusion method, 

using the interface of* a glucose and sucrose-PEG 
solution. Several methods which have been 
routinely used for photoplast fusion were tested 
with Petunia hvhrida and Solmni nigrn, Datura 
straioni,in or ,Solanirn iewonteia. The PEG­
high pH-high Ca- method was identified as the 
preferred fIsion method for all fusion partners 
(Table 4). Optimal conditions for efficient fusion 
between Petunia hvbrida and Solanum nigion were 
investigated. Fusion frequency increased as the 
PEG concentration became higher, while when other 
factors were tested, fusion frequencies increased 
markedly only when optimal conditions obtained 
kFig. 8). Hlowever, conditions under which the 
ftisogen was effecti le were approximately similar 
to already established routine conditions. A slight 
modification of fusion condition will generally be 
enough to get good fusion efficiency, regardless 
of fusion partners. 

The electrofusion method was first demon­
strated by Senda et al.", and subsequently by 

Table 4. Percentage of fusion frequency at different fusion methods inseveral combinations24 

Percentage of fusion frequency (%) 

Chemical 

PEG-high pH-high Ca-

Dextran 
PVA 

Conc. 

MW 6000 30% 

MW 154030% 

10% 
15% 

Solanum nigrum 

16.8 ±2.0 
14.3±2.5 
9.3 ±1.1 

17.1 ±0.2 

Petuniahybrida
 
Datura stramonium 


15.8 ±1.9 
17.2±0.2 

7.8±2.1 
15.8 ±4.2 

S.melongena 

16.8±1.0 
10.1 ±1.2 
7.4 ±1.5 

15.9 ±1.7 
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Vertical bars represent standard error 
PEG: Polyethyleneglycol 

Zimmermann and Scheurich l". Recently, a more
efficient electrolusion method has been proposed
by Spangebery". 

Narton e a/i. "2 assayed the integrity of
interspecific hybrid. obtained by the electrofusion 
of vacuolate and evacuolate protoplasts (Table 5).
About 90(-.% ofvacuolatc and evacuolate protoplasts
show the presence of fluorescein diacetate. Less
than 80% of hyhrids retained the ability to produce
it (production depends on an intact plasmarnem-
brane and the activity of cytosolic esterase). In 
contrast, assay on the basis ofphotosynthetic oxygen 
evolution generally showed lowera level of 
integrity. 

Table 5. Integrity of vacuolate and evacuolate protoplasts 
of tobacco mesophyll and of interspecific hy-
brids obtained by electrofusion72 

Cell and Tissue Culture in Field Crop Improvement 

1 --- PEG 6,000 15 	 ii 
15122 

12 ,2 

'20 30P 0 0 
00 1 0230

0 	 - -0 00 0
PEG €onc.,,trs o0PE0 30cn t a on (%)5 0) . 5l.P E G 1n (m 0n 	

0
Tirol of PEG irlsItnlnt Imini 1 5 2 0 3 . 5 0 . 5 M 1 . Temp. of PEG treatment |(C) 	 1 2 .1 30 4 0 0 60 70PH of eluting solution CaII 2H:O Concentra-ion of 

.luting solutlon (nM) 

Fig. 8. Factors affecting fusion between two kinds of mesophyll protoplasts, Petunia hybrida and Solanum nigruO7. 

Type of protoplast 

Vacuolate protoplast 
Evacuolate protoplast 
Interspecific hybrids 

Integrity (%) According toFDA bacterial assay 

90.0 ±5.7 77.4 ±3.3 
85.6 ± 12.4 64.5 ±4.9 
76.5 ±9.2 59.4 ±13.3 

-'eeeare 


More recently, methods of immobilizing plantprotoplasts for microinjection have been demon-
strated by several workers29 .44 ,2. ,.,9. 97 However, 
the efficient transformation of plant cells bymicroinjection has yet to be demonstrated. If 
microinjection techniques become more advanced,and as reliable as techniques of gene transmission,
it will become a promising method for the trans-
formation of expected gene sources into plant cells.
Usually, a high percentage of karyoplasts survive 
after microinjection. In one series of experiments, 

a number of microinjected karyoplasts were
electrofused with cytopla!,ts, and approximately
30% of the fusion products survived (Table 6).
More recently it has been found that survival does 
not depend completely on fusing the microinjected
karyoplast with a cytoplast. In fact, the micro­
injected karyoplast is capable of regenerating
cytoplasm and a cell wall rather soon after
microinjection, and also undergoing cell division. 
It therefore behaves like a microinjected protoplast.
The major difference is that intranuclear micro­
injection into a karyoplast is much easier than into 
a protoplast. 

Table 6. 	 Microinjection of individually selected proto­plasts karyoplasts and cell reconstructions with 
microinjected karyoplasts" 4 

Microinjecod cell or !raoment %Survivors,
 

Protoplast 
 82 ±6 

Karyoplasl 83±8
Karyoplast + cytoplast 22±9 

Mean values 	 ±standard error from 8 independent experiments 

given 

Cell division and callus formation have also
been observed in microinjected protoplast cultures
 
of Nicotiana tabacum62­and Medicago saliva". 

Selection of Somatic Hybrids 

A variety of different products, including
homokaryotic and heterokaryotic fusion products,
may be formed in fusion experiments involving
protoplasts from two different species. The selection 
of true somatic hybrid products is therefore a key 
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problem in SoiaiiiC hybridization. At the present 
time, one of the n ...difficult problems is to identfy 
and promote the ,,rowth of the desired fusion 
product. 

Some selec-ion nrc:hcids have been devel-
oped'- ". These include: 

" visual ,s.'lection through a microscope, 
using a micromaniplatorC4 , 

" complementation selection, as for chlo-
rophyll symhesis or auxotroph mnutants2' , 

6h, N' 

drug or nutritional resistance, including 
resistance to antihiotics and herbicides, and 
nutrition such as amino acid analogues and 
nitrate reductase deficient cell lines' ,5. 
7. 	 ll. 1,7 

" 	 growth patterns", K4.9, 
.
 " morphological differences' 2 40 , 4 7, and1	 )
 

" 	 mechanical selection with fluorescence 
activated cell sorting"l. 

PROTOPLAST CULTURE 


Culture Methods 

Methods used for protoplast culture are 
basically the same as those empioyed for tissue 
and cell culture, but the fragility of protoplasts, 
and the need to adjust ossmolarity. should he 
considered khen protoplasts are cultured in a liquid 
or semisolid medium. Cultural methods should 
also be devised to improve planting efficiency. 
Prtoplast culture methods developed so far 
comprise: 

" 	 culture in liquid media, including liquid 
culture, drop culture, microchamber 
culture, multiple drop arr!y technique and 
microdroplet culture, 

" 	 culture on semisolid media, including 
agar, agarose, and alginate as gelling 
agents, 

60 	 60 

r 40 40 

0 


20 20 
U 

0 0 
NT V-KM 8p-KM NT V-KM 

* 	 a combination of liquid and solid media, 
including gel-embedded protoplast culture 
and semisolid media for liquification, and 

0 	 various feeder techniques, including feeder 
layers, nurse cultures, reservoir media, 
filter paper discs on agar media and agar 
drop techniques. 

Of these methods, liquid and drop culture methods 
are most commonly used for protoplast culture. 
Agarose as agelling agent has given the best results, 
in terms of retention of viability and secondary 
product production-'. 

Basal Medium 

As the nutritional requirements of cultured 
cells and protoplasts are very similar, modified cell 
culture media are usually employed for protoplast 
culture. Modified MS7' , 8p-KM5 

1, V-KM14, B5 8 

and NT 7 media have all been used for protoplast 
culture. Characteristically, the formulations of these 
media have alow concentration of ammonium ions, 
and a low concentration of iron and zinc, while 
they tend to contain a higher concentration of 
calcium ions than cell culture media (two to four 
times higher). In ",ddition, protoplast media are 
abundantly enriched with sugars, sugar alcohols 
and vitamins. 

When protoplasts of Petunia hybrida, 
Solanim melongena var. fructualbo and Hibiscus 
svriacus were cultured in three media, NT, V-KM 
and 8p-KM, cell division and cell colony formation 
were found to be stimulated most by the 8p-KM 
medium (Fig. 9). 

Glucose seems to be the best carbon source 
added to the initial culture media for most proto­
plasts37 , although other carbon sources may be 

.preferred for the initial culture of some species" 
Sucrose is suggested as the best carbon source for 
protoplast-derived callus culture, and for organo­

' ­genesis as in tissue or cell culture 2. S1 

15 

122 
9 
9
 

3 

)t --


8p-KM Op-KM V-KM MS NT 

Fig. 9. Effect of culture media on cell division and cell colony formation from mesophyll protoplasts of Petuniahybrida(left), 
Solanum melongena "fructualbo" (middle) and Hibiscus syriacus (right)" . 5' E cIll 0 colony formationdivision cell 
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When iroloplasts of' Ilibisil..% T.'jicu.s \ere flrniation increased with a Iligher glucose conceti­cultured in 8p-KM tuediuni stpplenmented hbv tration. This indicates that glucose is effectivevarious cotubinatiotis 01' sugars. such as l! Ut )se, inl promoting Cell division and cell coloin forniationsucrose and Inlianlitol. cell di\ isioli and cell colony in protoplast cultures (Fig. I0). 

16 
 16 Fig. 10.
 

Effect of sugar concentrations incullure 
[ 1 -68. media on cell division (o-o) and cell 
0 .. colony formation (o--o) from callus de-

Y -~ ~ 0 rived prooplasis of Hibscus svriaclys
20 0 (left) and H.rosa-sinnsi
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Ilo\cvcr. enost proloplast culture Inedia CONCLUSION 
Coniaii I Ili\ttlle of carbon sources. IFor tlalto.

aI ill t I' Sucrose ald gilcose in) I 2:1 ratio


' Ihlorricultiral plant breeders appearis uscd -I'' In to beman\y c'aseS. lionl-.1ielabolizible skeptical of the potential f'or crop ilprwvetllent byosniotica such is inian itol and sorbi ol IaV he ge e ic mn ipulaio nlhrou g he useo f'rolo last. 
Ilece"-11IN The possibility nost f'rquenlly referred to ill

proloplast researchChanges in the Nutrlitional Requireients is to produce somatic hybridsbetween different plant Species which cannot beof i'oioplasil Cultures hx'bridized h\ conventional means. 

li terms ol methodology, various techniquesThe successfll culture ol protoplasts denands for the isolation, culture and fusion of proloplastsregular dihllioll of the initial iiediuli. ill order to have been developed, but these techniques havereduce gra dually ih' ICel ofl'oslIIoliclni and ensure been largely obtained f'ron systens usingmodelai contitluous upply of nutrienis ikr a,:tive growth. solanaceaouis ilatis such as Nicoliui . Pctunia, Da­lhis is a tv'pical scheli e: l)roop a slwXba.at(ill and .Solanum. However protop lastm1l ifl'nlediun1:1 wv/nanlitol /ero time) 2",k,> 
research\\/ has also been extended to include a numnber ofaddition of 2 fInil niediun wilh 6, iannilol different plant gelera, includilg legunes, cereals 

-A->addit;ioi of 2 ml of inediutin withlantiilol 2 
3/ and tree species.> addition o0'2 tnil ofmediul Some ne\% plant types from fusion productwith (f1"' nitllilitoll, 

cultures of both closely and distantly related speciesSillultatlOUSly, a chllie, in the exogeieILlS have been produced, but no somatic hybrids with
hormone regie may he advantageous to promote 
 a;iyadvatiIgesor superior-charitcteristicscomlpared
maximal cell division. In S,4,'/tWll l tl/('/oslli. with existing cultivars.
phytohoriune concentriion is changed accord-
ing t In order to tise protoplasts for crop improve­theilk'lowinji procedure: NiurashieC- mient. sotle problems must first be solved.Skoog's inedium with 2 nigl1 NAA and 0.5 img// Firstly, how call \e inprove the regenerationBAP and 2 mng/I ,4-){i.' > addition of* newly abilit\ f'roin cultures 0f protophsms in a wide rangeprepared NIS medium with onl 5 ug!! NAA in of economic crops? Secondly, how call wea 1:3 lessen> iransfer to ().2( awar niediunl the freqluincy of anphidipluds induced by> IS ineduitlll u//IBA iulti­and110.2 Ilg/( cell fusion? ]hirdiy, is ihere al\, w, to prevent
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Table 7. Procedures lor protoplasl culture of several horticultural crops 

Hibiscus Hibiscus Brassi&? B.oleraceaw 
Petun, hybridj Soln nelongend' rosa-sinensirs syriacusy oleraced& +B.napus 

/11vL'O 	 /) Vivo /n vitro /i1vitro In vitro 
Procedure mesop'iyll mesoptlyll callus 	 mesophyll 

, "I! f 	 Oit'1, 


,4D 2.[ ' 

NAA10" ,' ; 
P, 0 
q (0 4Al 
wl 0 1M 
pHi58 

t 

I days Anl ifi 	 ml rIo 0 1M glucose 0 1M 

l'eI: TeGLT Iorj down 
12dis 

14dils 	 MS.2,4-D 0 2rg!/ 

IJAA 1 0mg/l 
BA 0 5nio// 
sjrcse 30g//

1 	 pil58 

21days 

SpH 
25days 

5 weeks Re.eneraiomn MS-NAA 0 01mg// 

I mflimm 	 21p2 5ag./ MS21p ding/I 
Su'OSe 30;i sucrose 30g// 
a!}a,'q'' agar7g// 
ph 58 pH5 8 

8 .,
6 

and I.e, 9021 
- Jr,. It," 1r 

( rhunL 
5 

,C dil t]Jec, I0e 	
2 

I 1r[rihInisheI 

possibility of introducing cytoplasmic genetic 
inlormation such as CMS, flower color and 
resistance into protoplasts? In addition, the 
nlechanisni of specific gene expression introduced 
into proroplasts should he identified. If protoplasts 
are fused with protoplasts, the cells become 
genetically unstable because they include two nuclei 
and two kinds of cytoplasmic genetic information, 
and they exhibit chromosomal and phenotypic 
variation as a result. Chromosomal e imination 
and disturbance of specific gene expression may 
fIllow, 

In this respect. the availability of genetic 

So KM 8jy-KM 8p-KM 

24 0 , 24-D 02mg/I2rng// 2,4-3 Oilig/1 
NAA1.Omg// NAA2 51ng/t NAA 1 0mgll 
BA 0 5mg// BA10 1or2,p 40'llg/) BA 0 5mg/I 
gliucose 0 M GA 0 5rg// glucose 0 2M 
pH5 8 glu s050 4M maemro 0 3M 

nIannitol 0 1M ph 58 
pH 5 8 

manniol 0 1M 

down 
glucose 0 IM oown 

MS,2,4-D 0.2mg/I 

NAA1.0mg/ 
BA0.5mg/I 
sucrose 30g// 

58 
MS+2 4-D 0.3mg// 

NAA2.5mg/I 
BA1.0mg/I 
GA 0 5mg// 
sucrose 30g/I 
pH58 

MS~zealin 40mg/I MSNAA O,.01mg/I 
sucrose 30gl/ zeatin 4.0mg/ 
agar7g/l sucrose 30g// 
pH5 8 agar 79//

pH 5 8 

variability in somatic plant hybrids also offers the 
opportunity of fusing protoplast-cytoplast, nuclear­
cytoplast and protoplast-cell organelles, to help in 
the expression of specific desired genes. 

I feel that the outlook for the use of protoplast 
technology, and concepts for gene transfer in crop 
improvement is very promlis;,i especially for 
horticultural crops, once the problems indicated 
above are solved, which is likely to happen in the 
near future. This is tile reason why there are so 
many scientists working in this field to make it 
possible to produce new and wonderful horticultural 
crops from protoplasts for tile benefit of mankind. 
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ABSTRACT
 

Protoplast fusion has been used in an attemipt to transfer valuable genes from Nicotiana wild 
species to tobacco. Sontatic hybrids between tobacco and N. repanda, a wild species with valuable 
disease resistances, were produced, but incorporation of the resistance into the tobacco genotne in 
the backcross generationtswas not successful. Utilization of these sonatic hybrids ,'ir practicalbreeding 
requires]urther study. Protoplastfusion has also been used Jor producing cytoplasmnic male sterile 
(iS) tobaccos within a short period of time. ills tobacco lines with a given nuclear genotype can 
be produced within only t o generationsby cytoplasm substitution,fbilowing protoplast fusion between 
tobacco and a X-irradiatedcyloplasm donor parent. This imethod is inuch more efficient than the 
conventionalbackcross miethod,fr nwhich several yearsare required. Stable transmissionof agronomic 
characteristicsand male sterility of such 11S lines have been confirmned in later generations. Production 
of lS lines by this method can therefire be incorporatedinto a practicalF, hybrid breedingprogram. 

INT'..DUCTION 

lobacco (Nihiotiaa Iabalaclt) is a crop of 
consilderable econon ic importance. It has also 
played an important role iii ma'ny advances in 
botanical research, because of its advantages as 
-an experimental plant. Tobacco crows Ifast, iseasy 
to ctlture, and flowers within a relatively short 
period. It is also e:lsy to produce crosses of tobacco, 
and obtain a nunlber of seeds from a single capsule. 
In recent \,ears, tobacco has been the most 
loteworthy crop in sttdies of plant tissue and cell 
cuIlture, and oenetic tralsforination. 1]aploid plants 
can be obtained at a highi frequencV. and plants 
can be efficiently regenerated from protoplasts. 
Most of the techni,.ues developed in plant cell 
culture have arisen from studies of N. tabacion 
or one of the wild Nicotiana species, and these 
techniqles have also been applied to tobacco 
breeding. 

PROTOPLAST FUSION 

Protoplasts are plant material of ,;ingle cells 
which are used for mutant isolation, production 
of soniatic hybrids and incorporation of foreign 
DNA. Plant regeneration from protoplasts was first 

demonstrated in N. tiacionby Nagata and Takebe". 
They cultured protoplasts isolated from leaf 
mesophyll cells by enzyme treatment, and suc­
ceeded in obtaining numerous calli. Shoots were 
differentiated from the calli, and whole plants were 
regenerated after rooting. The protocol for plant 
regeneration from tobacco protoplasts is now well 
established. Leaves and cell suspen:;itl cultures 
are mainly used as the source of protoplasts. 

Protoplast fusion is considered a possible 
method of overcoming barriers to hybridization, 
and can supply valuable germplasm in the forn 
of' somatic hybrids between species normally cross 
incompatible. The first somatic hybrid in higher 
plants was produced in the genus Nicotiana by 
protoplast fusion between N. glauca and N. 

j 3langsdoli' . Since then, various hybrids between 
tobacco and related species have been reported'. 

SOMATIC HYBRID OF N. TABACUM
 
AND N. REPAVDA
 

N. repaldais a valable source of germplasm 
because of its resistance to nine diseases of tobacco. 
Resistance to Meloidogymwja'anica is particularly 
important, because N. repanda is more resistant 
than any other Nicotiana species"'. Breeders have 
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lone been interested in this species, and attempis
\\'ere made to utilize its resistance in !obacco 
breedine by prod uc in a bridge cross with N. 
S./vestri.%, or by direct hybridization Of atotetra-
ploids ofN. eiflida and tobacco. The resistance,
howe'er. has never been incorporated into a tobacco 
ge ntu c. 

Nagao isolated leaf nesophyll protoplasts
Iron N. ln/wdld and a chlIorophy Il de fici en t Inutan t 
AurCa of,V. tahc 'onMcv. Bright Yellow, and fused 
them Mith IW( ireatmentl. After two months in 
cullurc, nine culli \w.ere observed, greenish white
in C(lor1 and wili a compact appearance. Their 
color was inherited froill the parental type calli,
which are .[hite or ureein, respectively. These were 
selected as putative somatic hybrid calli. Shoots 
dillrentiated from these nine calIi. but root 
Ifnination occutrrC in only three cases to result 
in tile reCeneration of Mhole plants. 

The somatic h brids appeared intermediate 
for nuiiMeris characteristics such as flower color, 
flower sizc, leaf shape and shape of' petiole. Fhe 
plants were all aneuphlids (2n = 52, 58. 64).
according to cvioloical analysis. Each had less 
th: the 96 chromosomes of normal plants (48 fron 
each pareitn. 

A'. r1'p(nih has resistantc to tobacco mosaic 
virus (CTNV) but has no nicotine in its leaves, 
vlereas Aurea is susceptilC to TMV but has 

nicoline. Since file somatic hybrids had resistance 
to TM V and nicotine il ihcir leaves, their hybridity 
was conflirmed. Althotgh pollen fertilily of these 
somatic hybrids was very low, one plant which 
showed relatively normal morphology was female 
fertile and produced seeds when crossed with N. 
t11/101IlflIt pollen. Selection for -csistance to A. 
.ava1ict,hoever, in the backcross generations was 

not sticCesslul. Ileice. utilization of this somatic 

hybrid fior practical breeding requires further study

Nagao pers. coinilnuicatioii). 


PRODUCTION OF MALE STERILE LINES
BY PROTOPLAST FUSION BETWEEN 

N. TABACUM AND N. DEBNEYI 

Froni fusion between protoplasts that differ 
in theircytoplasnic organelles, cytoplasmic hybrids
(now called cybrids) arepr'idtIced. Theseorganelles 
segregate during the process of plant regeneration 
to form novel cytoplasmic genotypes. Throughthis system, transfcrif'cyloplasinic factors has been 
achieved 2. The applicat ii if' X- or-gainnia rays 
has been shown to he effctlive ill excluding thenuclear function of a cytoplasm donor parent''. 

Male sterility is astate oflnon-functional male 
gametes, and is a useful tool lor reducing the cost 
of F, hybrid seed production, because there is no 
need to emasculate prior to pollination when male 
sterile (MS) plants are used as the fenale parent.In N. ahcum. male sterility is expressed when 
its nucleus is combined with the cytoplasn of certain 
Nicotiana species such as N. suauveoens or N. 
dele vi. MS tobaccos can be obtained by the 
conventional repeated backcross method, but it 
usually takes several years to produce a MS line 
of a given variety. 

Klunashiro and KIbo" examined a protoplast 
fusion method in which the nuclei of the cytoplasm
0onor patrent 'wereinactivated by X-irradiation, as 
a possible alternative method for introducing male 
sterility into tobacco. Nicotiaa delne'vi served 
as the cytoplasm donor. A chlorophyll deficient 
tobacco line, Consolation 402. was used as the line 
into which male sterility was introduced.
 

Protoplasts of N. de/mnevi were exposed 
to 
various doses of X-rays. toTen kR was found 

be effective in inactivating 
 nuclear function.
Following, tie 'sioofthe X-irradiated N. 'eblevi 
protoplasts and non-irradiated tobacco protoplasts, 
more than 300 calli were subjected to regeneration. 
Alnio:;t all the regenerates had the normal overall 
morphologies of tobacco except with regard to their 
flower, ain(l had the normal soniatic chromosome 
numberoftobacco (2n = 48). Out of3 18 regenerates, 
30 po;sessed male sterility. These male sterile 
regenerates exhibited variation in flower morphol­
ogy and were classified into four types (Table 1).

These distinct flower morphologies were stably

transmitted 
to the BC, progenies, although some
 
minor deviation was observed. None 
 of the 
progenies of the male sterile regenerates produced

fertile plants, indicating that the transmission of'
 
male sterility was stable.
 

Kumashiro and Kubo7 
 further examined the 
progenies in the BC,-BC , generations for agro­noniic characters. They observed that the majority
of the MS lines showed a field performance almost 
equivalent to that of the tobacco parent, while none 
of' the MS lines produced any ferti!e plants. Thisobserved stability of the MS lines, in terms of' both 
agrononic traits and male sterility, showed that 
production of' MS lines can be incorporated into 
a practical breeding program. 

PRODUCTION OF MS TSUKUBA 1 BY 
PROTOPLAST FUSION 

On the basis of the observati )n mentioned 
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Table 1. Frequency of male sterile plants inregenerates derived from protoplast fusion between tobacco and X-irradiated N. 
debneyi 

Male slerile Self fertile 
Type N A B C 2n 4n 

Petal split No Slight Medium Deep 
Anther dehiscence No No No No 
Pollen grain Few Trace No No 

No. plants 7 10 q 4 282 2 

;,hove. KUbo' tried to produce a practical MS line Table 2. Regenerated plants from protoplast fusion be­
of a flu-cure..,d variety, l'sukuba I, for F hyhrid tween Tsukuba 1and X-irradiated MS Burley 21 
I redinlle. Since Tsukuba I is a high-yiCldin 
collnuercial variely and has resistance to five najor Flower Plant type Leal shape No. plants 
ltoacco diseases in Japan. it was expected to have Male sterile Tsukuba 1 Normal 37 
high ability as a parent of hbrid varieties. Tsukuba 1 Abnormal 72 

'.S Iobacco liics have been ohtaiied by MS Burley 21 26 
f"USionlbet %\Cc X-i di dtd p rotoplaStS Jf' NS Male fertile Tsukuba 1 Normal 40 
Burley 21 and tltoSe Of' ''suknbi . he fornier Tsukuba 1 Abnormal 32 
is an NIS tine possessing cyloplasin fl'oll N. sua­
rcoh'n.%, with del'ollncd stalelns which have 1'either 
tnilbers nort pollen. ()bservations of the regenerated Total 207 
plaits growt in a oreeniloise are presented in Trable 
2. More than halt the 207 reuenerates showed 
inale sterility. includini NIS Burley 21 type plants Thirty one BC, lines were evaluated in terms 
probahl derived frolll proloplasts which escaped ofltheiragrononlic characters and thir transmission
Xinmldiationl. Nearly 10 MS plants had the of nale sterility in a field experiment (Kubo et 
characleristics of 'Isuknba 1, though mnany of tlhenli al. in prep.). Nine lines out of 31 wereobserved to 
show\ed sonic abnormality ilt leaf shape. MS plants have apparenhy abnormal leaf shape. Data on their 
resembl ing "'sukuba I and showing normal agrononic characters were not collected. The other 
morphology were selecled. These plants were 22 lines showed normal growth, and their range
backcrossecd, with Tsukuba I is the nale parent. of i1aiJor characters is presented in Table 3. 

Iable 3. Variation intfie BC, generation of Tsukuba 1type MS lines 

No. lines
 
Character Range of MS lines Tsukuba 1(control) Sig. NSY
 

Days to flower 70.4- 76.8 71.0 2 20 
Plant height (cm) 154-181 160 0 22 
No. leaves 30.8-36.6 32.9 2 20 
Leaf length (cm) 67.6 - 70.4 67.5 0 22 
Leaf width (cm) 28.6-31.6 30.8 2 20 
Yield (kg/ha) 2140-2820 2,610 0 22 
Value (Y/kg) 950-1280 1,160 0 22 
Total alkaloids (%) 2.0 -2.6 2.1 0 22 
Nornicofine/TA x100 4.4- 16.7 6.1 2 20 
All characters 6 16 

SSig: Signiticantly ditlTrent froni'Isukuha I at Ihe 5% level Y NS: Non-significtnt 
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Sixteen out of 22 lines were not significantly 
different from Tsukuba 1 in any of the characters 
studied. The two best lines, with the same flower 
type as MS Burley 21 and comparable to Tsukuba 
I with respect to field performance, were selected, 

These selected lines were further examined 
in the following backcross generations, BC,-BC4and proved to have no significant difference from 
Tsukuba I in all characters studied throughout the 
four generations. This indicates that these lines 
were properly selected in the BC,generation, and 
hence were isogenic to Tsukuba I with respect 
to nuclear genome. In addition, the tesults also 
suggest that the cytoplasm from N. suaveolens has 
little effect on agronomic characters. 

In the BC,generation, all plants of any line 
derived from MS regenerates showed male sterility,
and no piant was recovered with anthers or pollen. 
The stable transmission of male sterility was
maintained in a!lgenerations examined. Finally, 
a single line exhibiting the best performance was 
chosen as MS Tsukuba 1,for use in F, hvbrid 
breeding in flue-cured tobacco. A comparison of 
the agronomic characters of Tsukuba I and MS
Tsukuba I in the BC generation is shown in Table 
4. 

, 

Table 4. 	 Agronomic characteristics of Tsukuba 1 and 
MS Tsukuba 1 

Character Tsukuba 1 MS Tsukuba 1 LSD .05 

Days to flower 72.9 74.1 1.3 
Plant height (cm) 151 155 8 
No. leaves 33.2 33.0 0.7 
Leaf length (cm) 52.8 54.7 2.0 
Leaf width (cm) 24.4 25.6 2.0 
Yield (kg/ha) 1,950 2,220 27 
Value (Y/kg) 
Total alkaloids (%) 

1,690 
2.0 

1,780 
1.9 

140 
0.7 

Nornicotine/TA x 100 1.8 2.0 2.0 

CYTOPLASMIC GENOME CONSTITUTION 

OF MS TOBACCO OBTAINED BY 


PROTOPLAST FUSION 


In somatic hybrids, the constitution of 
cytoplasmic genomes other than male sterility is 
also of interest. Table 5 shows the chloroplast 
genome estimated by analysis of chloroplast coded 
traits of MS plants derived from protoplast fusion. 

In these three cases, no association was observed 
between male sterility and the chloroplast genome. 
These data are consistent with previously published 
results indicating that male sterility is independent 
of the chloroplast genome. 

Table 5. 	 Chloroplast genome*, estimated by large 
subunit of Fraction 1protein or tentoxin sensi­
tivity of MS plants regenerated following proto­
plast fusion 

.
 
Combination No. regenerated MS plants

of parents 
 T D S TS 

T+ D 11 15 - 0 
T+ 3 - 22 6
 
T+ S 13 - 18 1
 

Chloroplast genomes are: 
T: N. tabacum,D: N. debneyi, S:N. suaveohns, TS: mixture 
ofN. labacun and N. suaveolens 

Chloroplast DNA (cpDNA) was extracted 
from ten MS plants belonging to the line Consolation 
402, and was analyzed by digestion with restriction 
endonuclease. These plants possessed either one 
or the other parental chloroplast genome, and no 
unique bands were detected (Asahi et al. in prep.). 
Mitochondrial DNA (mtDNA), on the other hand,
from MS plants with typical flower types all showed 
banding patterns which were quite different from 
those of the other plants or those of their parents.
Each plant had new bands not observed in the 
parents, indicating that recombination occurred in 
the mitochondrial genome. No clear correlation, 
however, was observed between flower type and 
the ratio of restriction bands specific to the parents. 

CONCLUSION 

Protopl.st fusion can make a potentially
valuable contribution to tobacco breeding, by
overcoming barriers to hybridization. Formation 
of asomatic hybrid between tobacco and related 
species has already been achieved for certain 
combinations. However, incot'poration of a specific 
gene useful in commercial varieties is often much 
more difficult and time-consuming, as many
examples have shown. More effort should be made 
to improve interspecific gene transfer in the future. 

On the other hand, utilization of cybrids as 
a method to transfer male sterility does have 
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DISCUSSION 

Q. 	 (M. Vajrabhaya) 
When you tested the type of the cytoplasm of MS plants regenerated after protoplast fusion, why 
did you use tentoxin? 

A. 	 There are few marker genes associated with cytoplasm. Tentoxin binds to the coupling factor 
of chloroplasts and prevent chlorophyll formation in a sensitive plant. It is also reported that 
some species are sensitive to tentoxin, while others are not. The test is very easy to apply, and 
large numbers of plants can be handled at the same time, while only one week is needed to detect 
this activity. It is thus a very good test for the cytoplasmic genome. 

Q. 	 (E. Maeda) 
What was your objective in creating the MS lines of tobacco? 

A. 	 To use in F, hybrid breeding. Over the last ten years, we have had a program to introduce F, 
hybrids of tobacco varieties into Japan. The first F, hybrid \ariety was used in Japan last year 
(1986), and now the acreage planted in this variety is increasing. If we are producing a range 
of F, hybids, we need many MS lines, and if it takes too long to produce these, F, hybrid breeding 
cannot be efficient. That is why we use this method to produce MS lines. 

Q. 	 You observed that after irradiating protoplasts with X-rays, cell division was inhibited. Would 
it be correct to assume that the chromosomes were not completely destroyed, and after fusion 
the chromosome was transferred to new hybrid cells? 

A. 	 Yes, I think this is probably correct, although it depends on the dose of X-rays. This is one 
of the reasons why I carried out selection in the BC, generation. X-rays helped bring about degradation 
of chromosomes, but the effect may not be complete. That means we can use this method of 
partial protoplast fusion to transfer chromosomes from one species to another. 
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ABSTRACT
 

Corn and oat plant regeneration is possiblefrom compact, organogeniclembryogenic andfriable, 
embrvogenic cultures initiatedfrom immature embryos of specific genotypes in both species. Plants 
regenerated from these cultures exhibit high frequencies of tissue culture-induced genetic variation. 
Novel variation such as early maturily in corn iabreds indicatesthat new traits may be selected. Chro­
mosone breakage is the most frequent cytogenetic event detected in regenerated plants. Activation 
of transposable elements, which cause single gene mutations, has also been observed. A hypothe­
sis concerning the mechanism underlying chromosome breakage is discussed. 

INTRODUCTION provide variants for tissue culture selection 
experiments. On the other hand, manipulations

The first well-described cases of plant re- such as micropropagation, germplasm preservation, 
generation from tissue cultures of corn and oats somatic hybridization, and transformation suffer 
were achieved at the University of Minnesota in from the additional genetic variation which can 
1975' and 1976 ', respectively. The key features result f'rom a tissue culture passage. Investigations 
of these accomplishnents were tile identification of the genetic basis of tissue culture-induced 
of the immature enibryo as an explant for the variation in corn aid oats at Minnesota were initiated 
establishment of totipotcnt cereal cultures, and the with the development of regenerable tissue cultures. 
recognition that for optimum culture establishment Because of the comprehensiveness of these inves­
the genotype and the developmental stage of the tigations, 'rnd the emphasis on cytogenetic analysis 
embryo are important. Culture media composition of meiotic rather than mitotic chromosomes, 
is also critical, and specific media supplements, considerable insight into the underlying mechanism 
such as proline, were shown to induce formation has been gained. Further knowledge of the genetic 
of friable, embryogenic callus in the corn inbred mechanism of tissue culture-induced variation may
A 1882. enable researchers to control levels of tissue culture-

Tissue culture-induced genetic variation ob- induced variation in regenerated plants.
served in regenerated plants is paradoxically op- This paper describes the evolution of corn 
posed it) the use of plant tissue culture for cloning: and oat tissue culture to its present status and the 
nevertheless, the phenomenon is widely described analyses of tissue culture-induced variation con­
(for review see 15, 22. 23. 26). Tissue culture ducted at the University of Minnesota. 
variation iseithera boon ora bane to tissue culturists, 
depending on the type of genetic manipulation pur- CORN TISSUE CULTURES 
sued by the investigator. Recovery of novel vari­
ation through tissue culture may be a source of Plant regeneration from corn tissue cultures 
plants with improved agronomic performance, and was first reported by Green and Phillips'. Immature 
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embryos of speciftic crn gentotypes, especially 
A 188. were plated with the shoot-root axis in COl-
tact with modified Niurashige and Skoog (MS) n:>.-

dium"n containing 2.4-1) 'as an auxin source . This 
orientalion retards embryo genii nalion, and pro-
motes proliferation of scutellar cells to produce
r,2generahl calls. These cultures are compact, 
prolifterating tixttirc, l callus tissue, shoot 
meristeirls, and scutelurn-like structures 4 . Plant 
regeneration occurs by the organogeinic formation 
of shoot neristens, from which elongated shoots 
are e\cised and rooted'. These cultures have been 
desienaled *Type I' callus-. The term) *Type I' 
ail,,ohas been uied to describe cotpact. embr, o-
gen iCcorn cultures-', idicating thi compact callus 
in some cases supports both organogcncsis and 
embrvogenesis. It has been sugecsted that shoot 
liristCis which lack any structural relation to root 
apices arise from the precocious geriniatiom of 
Stnitic p rocnlbryos in Type I cultures",. Type 
I ctiliircs have been established from a large number 
of cori geollotypes-. I lowever. because both 

()rgatoeinic and eibryogenic Type I callus are

cOilipact and shlo.growing, these cultures do not 

readily go into 
liquid suspension culture.
 

Frilable, eibrygenic corn 
callus cultures 

ITYpe 11\',ere
iritiall\ isolated from emlbryogenic 

sectors olser.cd in AI88 Type I call us 
in the 

laborilory oflB.(.(;enenbach. Thiscallusconsists 

of' somatic proenbrx oids and einbry-oids borne on 

:uspensor- like structures. which in some cases are 

narro\ at the base. suggestingii single cell origin', 

Because of the 'riable 
or loose aggregation of this 
less diflerentiated callus t\pe and its
rapid growth 

rate, Type I1callus ispreferred for invito seleccLif 

experiments. Armstrong and Green2 
later den-

onstrated that proline combined with 
N6 medium 

iiduced thteformtionoffriable.enibryogeniccall 

in Al88, allowing routine establishnient of this 

culture type. The efficacy of proline indtuction 

of friable, enibryogenic callus 
isdependent on 

genotype and the siZe/age of the immature embryo 

explamt. Fewer _,enot)lpes give rise to friable, 

einbryogenic callus, compared to the number which 

can produce T'ype I callus 2 2. From genetic studies 

of the frequencies of Type Iand IIcallus initiation. 

ithas been demonstrated that regenerable 
 callus 
initiation incorn iscontrolled by only a few 

.
genes '"2i Some recalcitrant genotypes, notably 
1373, have a very low frequency of response-'. 
However, they may confer cultur-e longevity when 
used as a parent in crosses with A 188". Even within 
A 188, there seems to be variation in the initiation 
of friable, emlbryogenic callus. We have isolated 

lines of A188 regenerated from Type 11 cultures 
that exhibit elevated culture initiation frequencies 
compared with A188 lines that have never been 
through a culture cycle. Further investigations to 
determine the inheritance of this phenotype are
 
under way. 

Friable, embryogenic callus represents an 
improvement over Type I cultures for the estab­
lishnient of liquid suspension cultures, because it
 
grows rapidly and is comparatively dediffercntlated. 
Several groups have initiated suspension cultures 
fron friable, embryogcnic cultures 1 '. 2 These 
suspension cultures attalin up to ten-fold increases 
infresh w%-eight (luring a seven-day culture period, 
and have retained plant regeneration capacity for 
more than one year. We have isolated and cultured 
protoplasts from these cultures but have not 
observed colony formation. However, colony for­
mation I ', somatic embryoid ornmation 7, and plant
regeneration (C. Rhodes. unpub. presentation to 
the 1987 TCA meeting) have been reported front 
similar cultures. 

OAT TISSUE CULTURE 

Interesting similarities exist inthe develop­
ment of tissue cultures incorn and oats. Regen­
eration of oats from tissue culture was reported 
in 1976 by Cuming., e al.5, who patterned oat 
culture procedures after those developed for corn. 
Oat cultures are established fron immature embryos
 
plated on MS medium supplemented with 2,4-D,
 
and resemble Type 
 I corn callus. Furthermore,
 
regeneration is considered 
 to take place via
 
organogenesis, although this has not 
 been studied
 
indetail. Genotype,embryoageand culture medium
 
are important in 
 oat tissue culture establishment.
 
Compact, erbryogenic oat call us has also been
 
described", indicating that oat 
 callus also has
 
organogenic and embryogenic potential.
 

Recently, we have established friable,
 
ernbryogenic oat callus cultures based on our
 
experience with 
 friable. embryogenic cultures of' 
corn. Embryogenic sectors of oat callus observed 
in the original compact Type Icallus were isolated 
(Fig. I). Continued selection for friable, embryo­
genic call us type (luring subculture resulted ina 
uniformly embryogenic culture very similar in 
appearance to Type II corn cultures. More recent 
experiments indicate that the establishment of 
friable, embryogenic oat callus is dependent on 
genotype and culture nledium. Furthernmore, friable, 
embryogenic cultures have been initiated directly
from immature embryos and from the rnesocotyl 
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ofl'nlati ., d(1). BI.'i. r,t nllul.sC [lic. 2. 'Ihc',s and oats. Illrthc u ,1rl.' .n r i.,liquid S N lln­
rsUln illdcaC tiat fe alIroprialc Soll C.tlhtl'..stt , ofli ha\VC b.n Ctablished lioni llhe aiekk 
calltus I\)c is C\etrenieul\ injlotlill in Cta"ilhliliig Type 1.oalinliture,. 
:inll illillill'anta) ''ellicailllsi) Coinin il l . in t 

Fig 1 Campaj)1Ci ,oajt lls (Typ t1)ithjj an embryogenic sector on tWe calluis snirlace 

Fig, 2 Friable, embryogenic oat callus (Type 11)ittitiated from the mesocotyl of agerminated seedling 
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TISSUE CULTURE-INDUCED GENETIC 

VARIAPION IN OATS 


The first systematic cylogenetic study of
tissue culture-induced variation illMinnesota was 
conducted on regenerated oat plants'. The results 
of this analysis led to a fundanental hypothesis 
concerning the mechanism of tissue cuhure-induced 

genetic variation. Therefore studies of tissue culturevariation in oats will be described lirst in this paper. 
Plants regenerated (R,) frmni the original Type

I oat cultures exhibited a high frequency of genetic 
and c.\togenetic variation, indicating that oat tissue
cultures, 	 arelike all other plant tissue cultures, 
subtect to genetic instability. Variants observed 
included heritable changes such as striped leaves, 
fatuoids, shortened plant height and delayed ma­\turitv 2. 	 The high level of variation observed 
among reg.neraicd plants and their progeny
suggested that selection tfOrimnprovements in 
agrononlic trails might be possible anong tissue
culture-induced variants of oats. However, pre-
fininary tests of progeny lines derived from 53 
Lodi R, plants and 123 Tippecanoe R, plants
indicated that grain yield of tie progeny of all
regenerated plants was less than, or equal to, tie 

- ' parent cuhlivar . 
Ina syslematic investigation (if tissue culture-

induced cytogenetic variation, McCoy ei al."' 

demonstrated the niaxims that variation increases 
With culture age and is subject to genotype effects, 
Cytogenetic analysis of meiosis in R, regenerated 
plants indicated that the predominant chromosome
aberralions resulted from chromosome breakage 
(Table I).Over S5'/ of the defined cytological 
abnormalities were due to breakage, and often 
involved partial chromosome loss, i.e. telocentric 
or near-telocentric chromosomes. 


The prevalence of near-telocentric chromo-

sonies as tie primary cytogenetic abnormality led 

McCoy / a/.,"
to postulate that in oats, there may
be late replicating heterochromatin flanking the 
centromeres of chromosomes, and that late rep-
lication of this heterochromatin may be involved 
in tissue culture-induced chromosome breakage.
This hypothesis is based on the observation that 
heterochromatin nornally replicates late in the cell 
cycle, and that perturbation of the cell cycle in
tissue culture cells ,night cause heterochromatin 
to be even laler in replicating. If pericentromeric
heterochronmtin had not completed replication at 
anaphase, the chromosome bridges formed would 
lead to chromatid breakage near the centromere 
(Fig. 3). The premise of this hypothesis, i.e. that 

Table 1. 	 Chromosomal alterations inTippecanoe and 
Lodi oat plants regenerated from tissue culture. 

9
Data from McCoy etal.1

Aberration frequency among plants
Type of alteration Tippecanoe Lodi 

... /..% ..... 
Polyploidy 0 0 

Aneuploidy 3.1 6.9 

Structural alterations 

Interchanges 3.7 7.5 

Inversions 0.3 0.2 

Telocentrics 20.6 23.8 

Total plants with alterations' 22.4 32.4 
i
 

"Some plants contained more than one alteration 

pericentromeric heterochromatin occurs in oat 
chromosomes, has been demonstrated by Johnson

0et al. 2, and, in fact, this is present in all 21 
chromosomes. Furthermore, these heterochromatic 
regions were shown to be late replicating in root­
tip cellst2. Whether the pericentromeric hetero­
chromatin replicates even later in oat tissue culture 
cells has yet to be tested. However, the hypothesis
suggests that treatments that affect the cell cycle
of tissue culture cells, and perhaps DNA replication
efficiency, may alter levels of tissue culture-induced 
variation. 

The genetic and cytogenetic variation in plants
regenerated from Type II embryogenic oat tissue 
cultures are uncharacterized at this time, because 
of the recent development of this culture type. The 
availability of these cultures will provide the 
opportunity to compare levels and types of variation 
arising from the different culture systems. 

TISSUE CULTURE-INDUCED VARIATION 
IN CORN 

Corn has some additional advantages that are 
useful in investigations of tissue culture-induced 
genetic variation compared with allohexaploid oats. 
Corn is diploid which allows ready detection of 
recessive mutations in progeny of R, plants. It 
is also a monoecious but diclinous plant, in which 
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TRANSPOSABLE
 
REPLICATION BREAKAGE ELEMENTS MUTATIONS 

T E. 
GENE
 

Fig. 3. Schematic representation of the proposed mechanism for chromosome breakage and activation of transposable 
elements (T.E.) incorn and oats. Oat chromosomes (upper pane!) have pericentromeric heterochromalin, whereas 
corn chromosomes (lower panel) have knob heterochromatin. Heterochromalin isindicated by the shaded structures 

cells for the tassel and ear are set apart in the 
.embryo of mature kernels' Spatial separation of 

cells that form the stamrens and pistils during embryo 
development may result in genetic nonconcordance 
between the tassel and ear of a R, plant. During 
organogenic shoot meristeni torniation, culture cells 
carrying difterent mutations may be recruited into 
the separate cell lineages that form the tassel and 
the ear' 22. Similar events may occur in somatic 
embryoids formed froi Multiple rather than single 
cells, or mutations may occur in tile male or female 
cell line after embryoid formation, as a result of 
genetic instability caused by the tissue culture 
passage. Chimeric plants with a recessive mutation 
in the tassel or the ear can be detected by observing 
the segregation of a trait in the R, generation that 
did not segregate in tihe R, generation. Super-
imposed on these advantages are tile extensive 
knowledge otgenetics and cytogenetics which make 
corn an elegant tool for basic genetic studies, 

Over 50 different phenotypes controlled by 
single gene mutations have been observed in the 
progeny of regenerated corn plants22 . These 
mutations have readily observable phenotypes, such 
as albinos and kernel defectives, and therefore the 
frequency of observed mutations isan underestimate 
of the total extent of tissue culture-induced variation. 
Variation in quantitative traits has also been 
documented. For example, increased earliness has 
been observed among progenies of R, plants, and 
in sone cases specific regenerants outyielded their 
non tissue cultured parental line". Increased 

earliness is a trait not often observed in corn after 
chemical or physical mutagenesis, indicating that 
some portion of the variation observed in progenies 
of R, corn plants is novel. 

Genetic and cytogenetic investigations of 
tissue culture-induced variation in corn indicate that 
the frequency oh variation increases with tissue 
culture age, and that the frequency of chimeric 
plant,,; which are regenerated from both organogenic 
and embryogenic cultures decreases with time in 
culture' ',. These two observations may seem 
contradictory, but pedigree analysis of clonal 
subcultures has provided some insight. The number 
of different variants detected in progenies of R, 
plants increases with increasing culture age, 
indicating that the mutation rate is quite constant ' . 

Mutations that occur early in the culture process 
proliferate as increasingly larger sectors within the 
callus during subsequent subculture. 11'plants are 
regenerated at the early stage of the culture. the 
ratio of mutant cells to normal cells is small, and 
tile probability of recruitment of both mutant and 
normal cell lines into the lineages giving rise to 
tassel and ear initiils is increased compared with 
several passages later, when the mtant sector 
represents a larger proportion of the callus, and 
mutant cells participate in both male and female 
cell lines'. The similarity in this trend of 
organogenic and einbryogenic cultures argues that 
the majority of sornatic embryoids have a 
multicellular origin, even though at single cell origin 
is indicated by the frequent observation of anarrow 
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sUspellsor stipporting the enlbryoid . These 
observations also refute the possibility that 
persistent genetic inst ability ill cells olregeneratilig sIRIClIIeS produces ftle iiiajrity of 
the chimeric plants. because the tre(ltLicIlc of,
chleras Would be expected to remillain coisltan. 
or increase v ith inereastilgn CuIttnc ae. Ilotherstudies of tissue Cultlure-ih fuced variation in 
liluiocOt species reiieratCd via SOMaic* 
eniibr1vogenesis, ColiparativClV lowk lrequencies 

0t genetic and cyto.genetic abnormalities were 
observed2 

1. In1 contrast to these observations, the 
freqtie ncy ot vaiants aid cytogenetic abnormalities
in embryogenic regenerants was about Itle same 
as, or even greater than, tile variation in plants
regenerated fronil Og.ULogenliC cultures (Table 2). 
The rapid growth Iratheo le Type IIcald LIscoMnparedwith Type I callus may have more to do with 
the greater instability of the Type II cultures than 
the mode of plant regcneration 22 . 

Table 2. Comparison of tissue culture-induced variation frequencies incorn plarits regenerated from organogenic andenbryogenic cultures. Data Ifon Armstrong and Phillips' 

Frequency of Abnormalities 
4-month cultures 8-month cultures

Abnormality organogenic orrbryogenic organogenic embryogenic 

Cytological aberrations 0 

Phenotypic variants 22 

Sectoring for phenotypic variants 60 

Cytogenetic analyses of RO corn plants
indicate that, as in oals, the most frequently observed 
chromosome abnormalities (iltcirchanges and
deletions/duplicalions) arise 1'ron chromosome 
breakage (Table 3). In eirii chromosomes, however,
the break point resides beta\ecn the centroimere and 
htcerochromlatic knobs that are tound on niuost corn 
cllroiiiSi0liCS­

2. This obse rvation again evokes tile 
possibility that late replication of*helerochronlat in
illthe chromnosone knobs causes a chromosome 
bridge at anaphase, leading to chromnlosome break-
age btCMwee tlie knob heterochroniatin aiid ile 
centroniere (Fig. 3). According to this hypothesis,
gemtypic diflcrlces in knob hctechreironlatin or 
heterochronatin specific DNA sequences may
resulIt illgCnotypic di'lerences ill tissue Culture-
induced variation. 

High ftrequencies of chromosome breakage
observed iilboth corn and oats do not necessarily
accoiit for thle high (if srqtelicysingle gene 
mutations observed in the progeny of regenerated 

. of----------...... 

12 6 15 

19 38 42 

50 33 21 

plants. One possible explanation is that tissue 
culture-induced genetic variation includes the 
activation of transposable elements, which in turn 
cause single gene mutations. This is a likely
hypothesis, in the light of"McClintock's observation 
that genome shock imposed by clrornosomc­
breakage activates transposable elementsl". 
Activation of' Ac has been demonstrated in tie 

-progeny of R(, plants by Ilesclike el al2 . Tests
of 1200 plaits, representing 301 R, plants froni 
94 embryos, indicated Ac activation in cultures 
initiated from 3 innatrc einbryos from different 
source plants. Plants grown froni seed of the same 
plants used for eibryo isolation and culture 
initiation were negative tor Ac activity. Ac is only 
one of a number of transposable elements in corn,
indicating that 31%activation probably underesti­
mates tileoverall freqtieIicy of' the transposable 
element activation wvhich must account for sore 
oftlie single gene mutiations observed illregenerated 
plaits22. 
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Table 3. Chromosomal alterations found inplants regenerated from corn tissue cultures. Adapted from Phillips etal.22 

Alteration 

Chromosomal alteration 

Polyploidy 

Aneuploidy 

Structural alterations 

Interchanges 

Inversions 

Deletions/Duplications 

Total plants scored 

CONCLUSION 

Oat and corn culture systems are very similar. 
Regenerable callus may be compact and organo-
genic/embryogenic (Type I) or friable and embryo­
genic (Type ll). The latter callus type is suitable 
for liquid suspension culture initiation in both 
species. The explant source, genotype, and culture 
media are critical for the initiation of regenerable 
cultures, particularly for Type 11cultures. High 
frequencies of genetic and cytogenetic variation 
is observed in progenies of corn and oat plants 
regenerated via organogene:,s and enbryogenesis. 
Some of the variation may prove to be useful in 
cultivar improvement, but for the most part the 
variation is deleterious. The frequency of variants 
increases with culture age, and is affected by 
genotype. The prevalent cytogenetic events are 
chromosome abnormalities caused by chromosome 
breakage. The breakpoints in oat chromosomes 
are in pericentromeric heterochromatin, whereas 
corn chromosomes are broken in regions between 
the centromere and knob heterochromatin. These 
observations have led io the hypothesis that delayed 
replication of late replicating heterochromatin in 
tissue culture cells results in chromosome breakage. 
Chromosome breakage in turn activates transpos-
able elements which may cause the high frequency 
of single gene mutations observed in progenies of 
regenerated plants. Future research to determine 
the metabolic basis for the perturbation of the cell 

Aberration Frequency 

Benzion3 Lee and Phillips" Armstrong' 

----------------------------- %--­

2 	 0.7 0.7 

0 	 0.4 0.7 

6 17 	 5 

0.3 	 0.4 0 

4 22 0 

370 267 142 

cycle that may delay replication of heterochroinatin 
may provide the means for controlling levels of 
tissue culture-induced variation. 
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DISCUSSION 

Q. 	 (A.Komiamine) 
YoU Menttoned IWO types of ctllture, organogenic and embry'ogenic. What is the important factor 
in decidinlg which takes place? 

A. 	 Iirst of all, I d uh! \%ictlher lie orgallogcellic type o1 callus is truly orga nogtClic. There are scutella­
like hodies inthe callus, and tlise arL Cmbryoucnic structures. Ilowever, it has also been shown 
tlit there aC qlitC wCll-deltned s1ot meristelis inl the cilture. It might be that these are only 
the precocious getinaltion of Somatic enibryos. but nevertheless, the important fact is that there 
can he two ditl'l I CS of cultures eslablislICd from oIne" genop',eC . The establishment of'friable,
ettthrvoeenic. "!'yp-, II callus,, i,, 	 IX althoug h there a.rc atfew\ otiter proplrietary\ery ,,pcit'ic, usually' to Al% 

ijhrcds tlhatre'ptid. The culture, nu'ditun of the (oranoclic is MS. \\ith 2.4-1) at 2 nig per 
liter, while that of, the ctuhrvogenic is NO with I ing oif2.4-I) per liter, uiIsp-rolile, which is 
very ittl lfittatni. I'Itt. lie Incdiu liis apparcntly the maj(or factor. However, there are a nunber 
otf other factors as \well. such as thle ph'siloigical slate of the einbryo. Type If callus iust be 
initiated toill twelve old: I is titoreiittii'\os telI to days Type flexible. 

. (I-.J.
Zapa)ll 

nhrvogettcsis is usually sectioli ug by, 


or sattiitt itiacroscope. you doteie l 

[leclassical prool oleil 	 Ibl lla.e\\,ed nexlinatiiio wih a iticroscope 

clectroti Ilave this? 

A. 	 Yes, 'Ac'havT dLtinoISrited this f(r maize. We are still in the process of demonstrating this for 
ot1s, hill\tt iticroscope iesults thtwIave scaiiing elecitron 	 show the whole sliteture of thle eilbrY)o 
i.e. the coleptila rtiotch etc.. which are fairly convincing. Although I an interested in the node 
of Ic clatiott, Ily primary initerest is the establishment of oit StUSenuSion Cttitires. 

Q. 	 (II. .cIhinmiya I 

You hae ftoit Lthat ,I(- is activated dtltrii'i tissue cullure. This is probably Ilite to lite denlethylation 
of' )NA. Can you determti ine the slec t'ic of at which DNA is dencthylated?stage tiSSUe culIiure 

A. 	 This is a very iiteresling idea. We doniit know when methylation patterins are altered. Ilowever, 
ill he pedigree st il of s,0i'tultitred Cell line.swe observed cytogenelic abnormal ities inregcnerated 

piants. Tlhese clhantge cli'rntoosotme breakage) occur early in li calusiii inifiation proce ss, and 
prulifcrate throutgot tie call us di ring sII)sCCtieII suhbc uIt itres. The rate of appearalice of tle 
alteratiotns is constant duriig callus itilittl'ancc, implying that the callus stage of these ctultures 

sinite break ace nis \\'ie cl'lii tiCh , occirs. 'The relationshi eiwe eclroilmiisoimie breakage and 

deniethvlaliotn ill culured cells is litt'et ttderIsiood. 

Q. 	 (F-!. /.mpata 
It has beeitn denitonsrateld that in rice, sicific types of tissue cuLlture-indLide variation appear in 
regencrated plantls ill sCqiience. Ilave )'il observed this incultures oft"maiz al I'oir and eight 
niths, Ir incultires tt oats at four aind wenl inontls? 

A. 	 We havein't yet looked at our data in this way, but it would be vety interesting to go back to 
itr studies aind see if lis trend exists. In corn regenerates, we iSulilly see a loss of male fertility. 
T"lliis leassociated with of the DNA changesilia' rearrangeients iiitoclhondrial ir chromosomal 
whichClccu'r11at hligh IfrCqucilty iii corn tissue cilture. 

Q. 	 (II. Llchimiya) 
Is Ihere ally difference in hasic response between corn and oats? 
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A. This is a very difficult question. Tissue culture is considered a highly scientific procedure,in fact it proceeds mainly by trial and but 
error. There are certainly some close parallels betweenthe two systems, for example with regard to genotype. We don't really understand the geneticsof culture initia;on. At least in maize, initiation appears to have some dominance, but we do;'treally know how many genes are involved. Once we begin to understand systems, such as thegenetics behind the tissue culture, we may be able to make more progress.
 

One aspect that troubles me with regard to protoplast culture in 
 maize, is that we have culturesfrom only a few genotypes. This could perhaps be a genetic restriction or genotype effect onanother level. Perhaps this occurs at all levels of tissue culture, in callus initiation, suspension
cultures, protoplasts etc. 
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ABSTRACT
 

In order to understand the root physiology of different rices, root tips were excised and cultured 
aseptically in improved RI, R2 and nitrogen modified media. The results revealed that the excised 
roots of Indica rices, including native (short-grain) and IRRI varieties (long-grain and medium-grain), 
grew well in the synthetic media. Their root diameters amid growth rates were much greater than 
those of Japonica rice. However, the roots of Japonica rice grew better when urea or casamnino 
acids were the nitrogen source. The dtf.ference in nitrogen absorption and nielabolismn between Japonica 
and Indica rices it-as Itwasalso studied. found that the nitrate uptake by the roots of Japonica 
rice was apparent in the initial stage of culture, but then almnos, stopped. The nitrate consunption 
of Indica rice, on the other hand, increased gradually as the length andthe weight of the root increased. 
The activity of enzvtnes such as nitrate reductase (NR) and glutamate dehydrogenase (GDH) iii the 
process of nit ;ien a,:;similation has also been deterinined. The activity of NR amid GDH enymes 
was higher in Indica rice roots than in Japonicarice. These results confirn that the nitrogen mnetabolismn 
of Japonica and Idica rice roots is significantly different. The reducing ability of Indica rice root 
with regard to inorganic nitrogen is greater than that of Japonica rice roots. The respiration rate 
of roots is apparently higher in Japonica type rices than inIndica type rices. An assay of peroxidase, 
catalase, amid glycolate oxidase also showed a higher enzyme activity inJaponica rices than inIndica 
ones. The results obtained indicate clearly that a physiological differenace exists between the roots 
of Japonica amid Indica type rices. The significance of these differences is discussed, from the viewpoint 
of the cultivation and breeding of rice varieties. 

INTRODUCTION Indica cultivar Taichung Native No. I (Ti-Chueh­
Wu-Chien x Tsai-Yuan-Chung), which possesses 

Most rice cultivars are either an Indica or a short, stiff culm, lodging resistance, positive 
a Japonica typc ' '. In general, Japonica cultivar-, nitrogen response and active tillcring activity, the 
are cultivated in "temperate regions, while Indica cultivation of Indica rices was also extended to 
cultivars are cultivated in tropical and subtropical the more fertile paddies. Indica type rice plants 
ones. As Taiwan is situted on the edge of the often show symptoms of early senescence i.e., their 
subtropical zone, both subspecies are widely lower leaves turn yellow faster and wither sooner 
cultivated. The so-called 'R)onlai' rices in Taiwan than those of Japonica type rices, during the 
belong to the Japonica (or Keng) group, while native maturing stage'8 . This tendency is more pronounced 
rices belong to the Indica (or Seng) group. Since when the paddy soil is in a reducing condition 3 . 
the traditional Indica rices in Taiwan can maintain This phenomenon nay be related to the way 
their productivity in rather infertile paddy soils, the roots of Japonica and Indica type rices adapt 
they were ,,idely grown rmany years ago when to the soil environment'". However, little infor­
alnost no chemical fertilizer was available. ilation is available on the differences between their 
Japonica rices became rnore popular as the fertilizer various root characteristics. 
supply increased. After the establishment of modern As this information is important in improving 
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culture techniques, and in breeding new cultivars, 
this paper introduces some recent experiments on 
the differentiation of physiological characters of 
rice roots, mainly by in vitro culture methods. 

IMPROVED CULTURE MEDIA R1, R2 

FOR EXCISED ROOT CULTURES 


The culture of excised roots is an useful 
technique for studying the physiology and behavior
of root growth, without any interference from shoots 
or various environmental factors. The excised rootculture of rice has been sudied since the early 
19 50's 4 '"" .Howe,,,r, it wa not until recently,
when the author and his coworker improved the 
culture media for Indica rice, that further progress 
was made in this field. Lai and Lee" have shown 
tha the excised semnal roots of Indica cultivar 
Taichung Native I could grow well in either RI 
or R2 improved culture medium. R I type improved 
culture medium contains modified White's inor-
ganic salts (containing 4.0 mg// of Fe in the form 
of ferric citrate), 3% sucrose, and 0.1 mg// each 
of Thiamine-HCI, Pyridoxine-HCI, Nicotinic acid 
and 0.3%, Vitamin-free casarnino acids (acidhydrolyzed casein). The pH value is adjusted to 
5.0(Table I). The R2 type improved culture medium 

Table...... 1. Improved R1 type culture medium 

Component Concentration (mg// 

lvlgSO,.7H 0 
 734 

Ca(N0 3),.4H-20 290 

NaS0, 
 200 
KN03 80KCI 65FeC H07nH.0 20 
NaH PO .2H 18.7 
Mn 4.4H2d
ZnS047H20 6.7 

2.7
HB03 1.5 

0.75
CuS04'5H 20 0.0025MoO 3 0.00015 

ThiaminHCI 0.1
Pyridoxine.HCI 0.1 
Nicotinic acid 0.1 
Sucrose 30000.0 

Vitamin tree 3000-4000 
Casamino acids 

pH 5.0 

contains 5% sucrose and, except that it has no 
casamino acids, has the same composition as the 
RI type while its pH value is adjusted to 4.0 (Table
2). However, neitherofthesetwo media wassuitable 
for the growth of excised roots of U:punica cultivar
Taichung 65. This suggests that there may be 
characteristic physiological differences between the 
roots of Japonica and Indica rices. 

Table 2. Improved R2 type culture medium 

Component Concentration (mg/ 

MgSO 47 0 737
 
Ca(N0 3)2 4 20 
 290 
KN S3 280 
KC 65 
FeC H 07*nH 0 20
 
NaH P0O2H21 
 18.7 
Mn64.IH d1 6.7
ZnS0 4.7H26 2.7
 
H BO 
 1.5 
K 0.75 
CuSO4 5H 0 0.0025
 
Moo 3 2 
 0.00015
 
Thiamin.HCI 
 0.1 
Pyridoxine.HCI 0.1 
Nicotinic acid 0.1
Sucrose 50000.0 

Vitamin free 0
 
Casamino acids
 
pH 
 4.0 

THE GROWTH RESPONSE OF EXCISED

ROOTS OF JAPONICA AND INDICA RICES
 

Japonica rice varieties Taichung 65, Tainan

5and Tainung 61, and Indica rice {'arieties Taichung
 
Native 1, Ti-Chueh-Wu-Chien 
 and Tuan-Kung-
Hua-Lou were used as materials. The excised roots 
were cultured in both RI and R2 medium for threeweeks. In another experiment, Taichung Native
1and Tuan-Kung-Hua-Lou (short-grain Indica), IR
22 (long-grain) and IR3 (medium-grain) were used. 
The excised root tips were cultured in R2 medium 
for four weeks. The root lengths and weight weredetermined. The excised roots of Japonica rices.
Taichung 65, Tainan 5 and Tainung 61 showed 
poor growth. The excised roots of Indica ricesTaichung Native 1,Ti-Chueh-Wu-Chien and Tuan­
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Kung-lua-Lou grew better than those of Japonica in synthetic culture media, regardless of the variety's 
rices, whether the culture medium was R I (Table grain length, while their growth rate was much 
3) or R2 (Table 4)I" . higher than that of Japonica rices 4 . It was noted 

One interesting fact was that the excised roots that the excised roots of Japonica rices showed 
ofJaponica rices culturcd in R I medium (containing a high growth rate only during the first week of 
nitrate and casamino acids as a nitrogen source) culture. After this, growth was rather limited, while 
grew better than those in R2 (containing nitrate the diameter of the root tips gradually decreased 
as the sole source of nitrogen). over the culture period. The excised roots of Indica 

The excised roots of' IR 8 and IR 22 grew rices, on the other hand, showed a rapid growth 
as well as those of Taichung Native I and Tuan- rate, while the diameter of the root tips remained 
Kung-Itua-Lou (Table 5). The results indicated the same size. 
that the excised roots of Indica rices can grow well 

Table 3. 	 Growth of excised roots of Japonica and Indica rices cultured inR1 medium (average of 14 roots) 

Root length (cm) Dry weight* 
Variety 7th day 14th day 21st day (mg) 

Indica Taichung Native 1 
Tuali-Kiung-Hua-Lou 
Ti-Chueh-Wu-Chien 

8.1 ±0.8 
7.6 ±1.3 
7.4 ±0.6 

20.4 ±1.9 
13.7 ±1.2 
12.6 ±1.9 

24.4 ±2.2 
14.5 ±0.8 
13.5 ±1.1 

4.05 
3.59 
3.89 

Japorica Taichung 65 
Tainan 5 
Tainung 61 

5.5 ±0.6 
5.0 ±0.6 
6.3 ±0.4 

7.2 ±1.4 
7.0 ±0.7 
7.5 ±1.0 

6.9 ±1.0 
7.7 ±1.2 
7.5 ±0.6 

0.97 
0.94 
1.00 

21st day only 

Table 4. 	 Comparison on the growth of excised roots between Japonica and Indica rices cultured inR2 medium (average 
of 14 roots) 

Root length (cm) Dry weight* 
Variety 7th day 14th day 21st day (mg) 

Indica 	 Taichung Native 1 7.2 ±1.2 20.1 ±1.5 33.2 ±1.5 4.50 
Tuan-Kung-Hua-Lou 7.8 ±1.8 17.0 ±3.0 20.8 ±1.9 2.66 
Ti-Chueh-Wu-Chien 6.8 ±0.4 16.8 ±1.8 20.5 ±1.5 2.69 

Japonica 	 Taichung 65 3.5 ±0.7 4.5 ± 1.0 5.6 ±1.4 0.75 
Tainan 5 3.7 ±0.3 4.3 ±0.9 5.8 ±1.4 0.84 
Tainung 61 3.8 ±0.4 4.3 ±0.6 4.5 ±0.7 0.73 

21 st day only 

Table 5. 	 Elongation of excised roots of Indica rices cultured inR2 medium 

Root length (cm) 
Variety 7th day 14th day 21 st day 28th day 

Taichung Native 1 (Short-grain) 8.2 ±2.8 23.2 ±2.5 38.4 ±3.9 47.8 ±7.0 
Tuan-Kung-Hua-Lou (Short-grain) 8.2 ±0.8 21.2 ±0.9 24.7 ±1.6 27.4 ±2.1 
IR8 (Medium-grain) 8.0 ±0.5 18.4 ±2.0 24.7 ±2.6 32.8 ±4.9 

IR22 (Long-grain) 9.1 ±1.2 22.2 ±2.2 35.0 ±1.5 51.7 ±4.5 
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THE GROWTH OF EXCISED ROOTS CUL-

TURED IN NITROGEN MODIFIED MEDIA 


As these results denonstrate, Japonica rices 
cultured inRI and R2 mediurn grew better in the 
former, but the lndica rices (lid not. This implies 
that tie root responses of these two subspecies to 
nitrogen inight be different. To study this problem, 
tilefollowing experiment \\,as carried out. 

Japonica rice Taich iung 65 and Indica rice 
Taichune Native I were used. Excised root lips 
were cultured for four weeks in R2 medium, with 
nitrate or urca is the nitrogen source. In order 

to prevent biuret lornation during autoclaving, the 
mediul was sterilized with 450 nmipore size 
millipore filii. The nitrogen concentration was 
45.6 lppm. The growth rates of ditferent rice roots 
in media conlaining nitrate or urea are given in 
Table 6. The data shows clearly that in either 
of' the two media. the excised roots of Taichung 
Native I grew much better than those of Taichung 
65. The excised roots of Indica rice grew faster 
in med iuin containing nitrate than inone containing 
urea (Table 6A), while the roots of Japonica rice 
showed a better growth response in tie nediumi 
with urea (Table 613). 

Table 6. Comparison of the growth rate of excised roots of Japonica and Indica rices cultured inR2 medium with nitrate 

or urea 

Rice variety 7days 

A.Nitrate-containing R2 me6ium 

Taichung 65 7.5 ±0.4 

Taichung Native 1 10.3 ±2.3 


B.Urea-substituled R2 medium 

Taichung 65 11.5 ±0.9 

Taichung Native 1 11.1 ±1.7 


The roots of Japonica rice grew better when 
the nitrogen source was ina reduced form, such 
isurea. However, no such effect was seen with 
Indica rice. Kawata e'al." and Lai and Lee", 
have reported that tie growth rates of the excised 
roots of Japonica rice Norin 29 and Taichung 65 
were accelerated ifcasein was added to the modified 
White's imeditiumi, with nitrate as the sole nitrogen 
source. These results indicate that the roots of 
different rices may have a different nitrogen 
metabolism. The root tissue of Indica rice may 
contain certain enzymes which can utilize various 
Iitrogeil sources for growth %!hife such a metabolic 
process ilay be incomplete inJaponica rice roots, 

NITROGEN ABSORPTION AND 

EXCISED ROOT GROWTH 


Nitrogen, which is essential to tile plant as 
a constituent of protein and other comiponents, is 
generally taken up by tile roots in the form of nitrate 

Root growth rate (cm)
 
14 days 21 days 28 days
 

8.8 ±0.4 8.8 ±1.4 9.6 ±2.0 
25.7 ±1.4 42.4 ±3.1 46.6 ±7.8 

14.3 ± . 15.0 ±1.5. 17.0 ±1.0 
23.6 ±2.1 26.0 ±2.7 25.0 ±4.7 

or an0llonitlm. In order to understand the different 
. responses of cultured excised roots of Indica and 

Japonica rices to nitrogen sources, excised roots 
were cultured inR2 medium containing nitrate as 
tiles le nitrogen source. 

J,,ponica rice 'Faichung 65. and Indica rice 
Taichung Native I, were used as the experimental 
materials. Four root tips of each rice cultivar were 
excised and cultured lor two weeks in a 125 ml 
Erlenmneyer flask containing 20 m/ R2 liquid 
mediunt. Four flasks were sampled every 48 hours 
after inoculation. The roots taken froilwere tile 
flasks, and their lcnlgth and dry weight were 
measured. The mcdium in the flasks was kept 
inall aseptic condition, and stored ina refrigerator
until tile end of' tileexperimlent. The nitrate 
concentration was then ana!yzed, using Conway's 
nmicrodi ffusion analysis method2 . The nitrate 
absorbed by roots was estimated according to the 
difference in nitrate comltcn between tile control 
iiediurn aid the root inoculated one. As indicated 
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in Figs I and 2. root length and dry weight of I ppm, respectively. However, thv. nitrate uptake 
Taichung Native I were greater than those of by Taichung 65 almost ceased after the fourth day. 
Taichung 65". The growth of the excised roots During the 14 day period, tile total N consumption 
of Taichung Native I remained vigorous through- of Taichung 65 did not exceed 4.7 ppm, which 
out the two-week culture period, while that of was about one-tenth of the total nitrate-N present 
Taichung 65 gradually declined. This was in good in one flask of R2 medium. Tile nitrate consumption 
accordance with results obtained previously. In of Taichung Native 1, on the other hand, increased 
this experiment, a total of tout roots of each cultivar gradually as the length and the weight of the roots 
were cultured in 2(1 m R2 medium containing 45.6 increased (Fig. 3) I . This result shows clearly that 

ppm nitrate-N. On the second day of culture, tile the root of Taichung Native I had a far more 
total nitrate consumption of Taichung 65 and effective nitrate uptake and nitrogen metabolism 
Taichung Native I was approximately 3 ppm and than the root of Taichung 65. 

I indicates confidence limits 

20 

Taichung Native 1 
(Indica)15 

E 
Taichung 65 Fig. 1. The elongation of cultured rice 

10 (Japonica) roots of Japonica and Indica rices 
j(average of 8 roots) 

0 
5 

0 

2 4 6 8 10 12 14 

No. days 

1.6 	 20 
Indica (n 

00 
0 15-, 1.4 

~E o na InJ 

.C 0
0.8 	 /oz 

0.4 

0 
0 2 4 6 8 10 12 14 

2 4 6 8 10 12 14 
No. days 

No. days 

Fig. 3. The total nitrate absorption of roots of Japonica and 
Fig. 2. Dry weight of cultured rice roots of Japonica and Indica rices (four roots were cultured ineach flask 

Indica rices containing 20 ml R2 medium with 45.6 ppm N03-N) 
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NITRATE REDUCTASE AND GLUTAMATE
DEHYDROGENASE IN THE ROOTS OF 

JAPONICA AND INDICA RICES 

The relationship between the growilh of 
cultRed roots and their nitrogen absorption, as vell 
as the key enzymes innitrogen assimilation, wereinvestigatd 

The seeds of 'l'aicliung 65 and TaiclhlIIn1 
Native I wern sterilized, and germinated on a 2(/( 
agar bed. Alu 4(1 aseptic root tips were excised,
and each .wasctultLred in a 125 ml rlelllenmeer 
flask containiing 3(1 ml R2 liquid medium., under 
aseptic conditions. Iniorder to control the induction 
tile of Nitrate Reductase (NR) with accuracy, the 
root tips thus exciseld were firs collected in a flask 
containing 15 ml o'f 311( sLicrose solition. After 
allthe roots hiad been prepared, the other corn-
poents of R2 medium were poured into the flaskto make iafull 3(1 ml of R2 medium. The pll
va'lue of theilinliiiiill \its first adju.sted to 5.0 with 
I N Na()l I or IIC sotlution. The root inaterialas 
were sampled at 1,3. 5. 6. 12, 18 and 24 hours: 
Mid at 24, 48 and 72 hours alfter being transferred 
to the R2 meditu11. They were spread on cheesecloth, 
\aslied in tap water and dei onized water, then 
blotted dry and weighed. 

NITRATE REDUCTASE (EC 1.6.6.2.) ASSAY 

One grain of fresh roots was homogenized 
ina cold porcelain mortar in 10 ml of 0.1 M tris-
ICI buffer (p11 7.5), containing I inm cystein.
Th'ie
Iho genate was centriftged It10.000 g for 

2(0 linuItes. The Sulpernatan! 
 WIS used as a crude 

errzyne. Extraction procedures 
 were carried out 
at 0-4'C. NiR was assayed, using the following 

reaction IIixtLIr,: I.(1 ml 
 Of 0.1 M i)otaissiul
Ihosphate (p11 7.5), 0.4 ml of' 5 mM KNO,. 0.2ml of I iuM NADI1, aind 0.- ml of crude erizyriie. 

The samnples were incubated in ;iwater bati at 

28 'Cfor 310 linulCs. Siix replicarioris were preparedfor each sample. The reaction was stopped by

adding 2 ml of' I'/ 
 (W/V) sulf'ariilarnide in3 N 

1-10 solution. 
 The color was developed with 2
ml of 0.02O,< (W/V) N-( I -naplithyl)-ethylerdiarnin-
ine di hydrVchlOridI saiiution. 30 n rites being 
allowed for co lor de\vcpniient. The saiiple was 
then centifugetd It 2,10(10 rpin f'o(rlive minUIts.aind the ah,rbance read agaiist zero time at 540 
rim'l I 

'. The nitrate conteni \-is obtained from 
istandard curve. The activity was expressed as+imoles NO,/g f'r. wi./hr. 
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GLUTAMATE DEHYDROGENASE 
(EC 1.4.1.3.) ASSAY 

One grain of fresh root IisIC was I roe
with dry ice, nd ground ilan ice-cilled mort; 

with 5 ml of O.. M, php)hastlMe buf'ler (plI 7)
containing I mM cystein. After being squeezethr ugLIh a Iaver of, nylon cloth, the holllogeliat 
Wa., centrif'uged at 20, (1L)(, fr 2) ininuLies at c 
4'C. The sLIpCrnat;nt wasis Ll feor GIII sa
 
at 340 rim, by measuring the progress of the NADI' 
oxidation over the first two minutes at about 3 C' 
using a Shimazu spectrophotolneter Model UV 
2(10. The assay svsteir i consisted of' the ftllowini 
components, ':2.0 ml of"(.2 M tris-I ICI buffer (p"
7.8), 0.2 ml of 0.2 NI (u-Ketotglutarate solLition 
(1.2 ml 1.5 N1 (NJ I ),SO., solution. (1.5 ml of I il.;
NADII and (1.I mlofeizyme soluhiii. The reactior 
Wis begun by adding the erIZynie solution. ActivitN was expressed as It moles NADIh,g fr. vt./nin.

Nitrate reducLas.,e activity incieased over time 
fiimi I to 24 1hiours, duiriing lee nuzyri c iinduction 
period. The NR activity induced in the root tissLies 
of' Taichung Native I was always higher than iii 
Taichung 65. The forirer was 1.2-1.7 times higher
tha tie fatter (coni a.ed at the sare inductio 
time. 1-72 hours after induction (Fig. 4)'). 

The glitarnate dehydrogenase activity of thetwo cultivars showed that Tiichung Native I \wis 
i11L1re active than liiung 65.a' 
 no matter how tlieculture nedi urnl was prepared. The l'orrner was 
Ibout 1.2-1.5 times higher than the latter in R2 
Inlediurn.;.,aiidbot I .0- 1.2 times higher ;n deionized 
distilled water. li.was also note(] that the GDII 
activity of roots cultured in R2 iediurn was higher

than those cultured in deionized distilled water
 
(Table 7)I5 .
 

RESPIRATORY CHARACTERISTICS OF
ROOTS AND RELATED OXIDATIVE
 
ENZYMES
 

Tlicse experiients show clearly that the
 
growth aind nitrogen absorption of excised roots
 
were different 
 in the two rice subspecies. This
 
implies that 
 the respiratory characteristics of rice 
roots of' Japonica and Indica rices may also be 
(Iiff'e re , 

RESPIRATORY CHARACTERISTICS 
OF ROOTS
 

The respiration rate and respiratory quotient 
of rice roots cullured iii R2 rnediurii, with or without 
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D Inaica Taichung Native 1
 

Japonica faicrung 65
 

I ina caes confiaence mits
 

/iS3 3 	 3 

</
 

2 3 5 2 1 /

// 	 / /" 
./ 	 / 

- 1 	 / 2 

1 	 3 5 6 12 18 24 24 48 72 

(a) 	 (b) lime of induction (hr) (0) 

Fig. 4. 	Nitrate reductase activity Ofcultured rice roots of Japonica and Indica rices (the NR activity was induced separalely with 
nitrale-conlaining R2 medium for 1-5 hours (a), 6-24 hours (b), and 24-72 hours (c) 

Table 7. 	 Comparison of the glutamate dehydrogenase medium. Moreover, tile QO, and QCO, of tile 
(GDH) activity of Japonica and Indica rice roots of Taichung 65 were significantly higher than 
roots cultured in R2 and water medium those of Taichung Native I. The RQ of Taichung 

65 was about 1.0 in either nitrate-free (Table 8) 
Glutamale dehydrogenase act. or nitrate-containing R2 medium (Table 9). These 
qf moles NADH/g. Ir.wt./min) results were in agreement with the respiratory 

Culture medium characteristics obtained by using sucrose as the main 

Rice variety R2 Water respiratory substrale (i.e. sucrose was tile sole 
respirator) substrate in R2 medium). The RQ of' 

Taichung 65 1.53 1.27 tile roots of TaichUng Native I was also approxi­
1.0 when 	they were cultured in nitrogen­(Japonica) 1.27 1.27 mately 

free medium (Table 10). However, the increment 
X, 1.40 1.27 of QCO. was much greater than that of QO, in 

nitrate-containing medium, and consequently its RQ 
Taichung Native 1 1.80 1.67 was always greater than 1.0 (Table II). 
(Indica) 1.67 1.33 

1.73 1.50 Table 8. The 002, 0CO2 and RQ of excised rice roots of 

Taichung 65 (Japonica) in nitrate free R2 me-
X21 X1 1.23 1.18 dium 

Time 002 01C 2 
(hr) (0jpOdry wt.g./hr) (OlCO,/dry wt.g./hrj R.Q. 

-'2nitrate, were determined . The results showed that 
tile QO, of laichung 05 (Japonica) was significantly 1-2 6,080 6,310 1.04 
higher than that f Taichung Native I (Indica). 2-3 5,780 6,030 1.04 
The respiratory quotient (RQ) of excised roots of 3-4 5,096 6,030 1.01 
Japonica and Indica rice cultivars cultLured in R2 4-5 6,780 6,960 1.03 
mnedium showed that. no matter which cultivar was 
used, tile Q0, and QCO, were markedly increased Average 6,150 6,333 1.03 
by treating the roots with a nitrate-containing 
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Table 9. 	 The 00,, QC0., and RO of excised rice roots of 
Taichung 65 (Japonica) innitrate-containing R2 
medium 

TimG 
(nr) 

00', 
(-dO/dry wL.g/hr) 

OCO, 
(IdCO.idrywtg/hr) R.. 

1-2 7,500 8,120 1.08 
2-3 
3-4 

7.650 
7,650 

8,080 
7,990 

1.05 
1.04 

4-5 7,690 8,050 1.05 
Average 7,635 8,060 1.06 

Table 10. The 00.,, OCO,, and RO of excised rice roots of 
Indica cultivar Taichung Native 1 innitrogen-
free R2 mediun 

Time WO, 
(hr) (p1O/dry wlg./ir) 

1-22-3 4,1704,930 
3-4 4,560 
4-5 5,173 

Average 4,708 

QCO 
(p1CO /dry wl g/hr) 

4,665
4,920 
4,665 
5,310 

4,890 

R.0. 

1.12 
1.00 
1.02 
1.03 

1.04 

Table 1. 	 The 002, QC0 2 and R0 of excised rice roots of 
Indica cultivar Taichung Native 1 in nitrate­
containg R2 medium 

Time 
(hr) 

O2 
(,10O/dry w.g./hr) 

QCO., 
(,tCOJdrywt.g./hr) R.0. 

1-2 4,240 7,105 1.68 
2-3 
3-4 

6,185 
5,565 

9,450 
8,820 

1.53 
1.58 

4-5 5,565 8,920 1.60 
Average 5,389 8,574 1.60 

CYTOCHROME (EC 1.9.3.1.) OXIDASE 
ACTIVITY OF ROOTS 

Terminal enzymes are enzymes whichcontrol the final electron transfer to molecular 
oxygen in the respiration chain. Cytochrome 
oxidase is believed to be the main terminal enzymein the 	 respiration of most aerobic living
organisms' . Cytochrome oxidase assay showed
that the cytochrome oxidase activity of' Taichung65 was higher than that of Taichung Native I
(Table 12)'". 

Table 12. 	 Cytochrome oxidase activity inthe cultured excised roots of Japonica type and Indica type rices (measured with 
polarographic method) 

(a) (b) 	 (b)-(a)
Crude enzyme sol. only Crude enzyme sol. +Cytochrome C Cytochrome oxidase activityRice variety 	 (p02/fr.wt.g./hr) 

Taichung No. 65 277 
(Japonica type) 
Taichung Native No. 1 277 
(Indica type) 

CATALASE (EC 1.11.1.6.) AND 
PEROXIDASE (EC 1.11.1.7.) ACTIVITY 

OF ROOTS 

Catalase and peroxidase possess the ability 
to oxidize a variety of substrates, using hydrogen 
peroxide as an oxidant. Both enzymes occur widely 
in tissues of higher plants. They remove 11,0, 
from plant cells, in order to prevent destr'uctive 
oxidation. Catalase activity assay showed that the 
roots of Japonica cultivar Taichung 65 had sig-

(Ofr.wt.g./hr) (0lOr.wt.g./hr) 

830 563 

628 351 

nificantly more activity than those of Indica cultivar 
Taichung Native I (Table 13). 

Peroxidase activity was assayed with the same 
enzyme extracts used to determine catalase activity.
The level of activity was estimated by the change
in absorbance (AA) at 470 nn, during the formation 
of red purpurogallin from the reaction of peroxide 
and pyrogallol, which was catalyzed by peroxidase.
The enzymic activity in the roots ofJaponicacultivar 
Taichung 65 was significantly higher than that found 
in Indica cultivar Taichung Native I (Table 14)6 . 
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Tabie 13. Catalase activity or seminal roots of Japonica and Indica type rices 

Catalase activity (ml KMnO/g.fr.wt./min) 

Crude enzyme (m/) 

Rice variety Enzyme traction 01 0.2 0.3 

Taichung 65 supernatant 55.5 43.1 34.0 
(Japonica) pp,. 4.8 4.6 4.2 

Total (A) 60.3 47.7 38.2 

laichung Native 1 supernatant 33.0 30.0 26.0 
(Indica) ppt. 7.8 6.8 6.0 

Total (B) 40.8 36.8 32.0 

(A)/(B) 1.5 1.3 1.2 

ietii_ ILaclitmn dti%idcd b. ccntrilmging al I 15,000 g for 3) min. 
KN I n1( ), so hIitio is 0).015' 

Table 14 Peroxidase activities of seninal roots of Japonica and Indica type rices 

Peroxidase act. (AA/g.fr.wt./min) 

Duplications 

Rice variety Fraction 1 2 3 Average 

Taichung 65 supernatant 21.88 23.02 26.33 23.74 
(Japonica) ppt. 1.37 1.37 1.49 1.41 

Total (A) 25.15 

Taichung Native 1 supernatant 16.66 18.68 19.72 18.35 
(Indica) ppt. 1.82 1.81 1.84 1.82 

Total (B) 20.17 

(A)/(B) 1.25 

tI'hfu pil valtue 7.1 

GLYCOLATE (EC 1.1.3.1.) 10% KOH solution was added on the filter paper 
OXIDASE ACTIVITY striped in the center well, while 0.2 ml of 0.2 M 

sodium glycolate solution (substrate) was added 
Glycolate oxidase (GAO) also directly at the side arm. In the control vessels, the substrate 

cata lyzes tle consumlption of oxygen in an oxidation was replaced by distilled water. The 0, uptake 
process. This oxidase isreported to be rarely lound over four hours was calculated. The sodium 
in the roots of upland plants. but to be present glycolate and water at the sides were poured into 
in the roots of lowland plants and in the gren a phosphate buler solution on the third hour. The 
lcavcsof varius kind of plalits". The(eAOactivity GAO activity was estimated on the basis of the 
was assayed with excised aseptic seminal roots on difference in 0, uptake between roots given a 
the 7th day. using Warburg's Manometer. The sodiuni glycolate treatment and those given only 
reaction vessel contained 20 aseptic root tips in distilled water. The results showed that GAO 
1.2 ml of 0.1 M phosphate buffer (pH 7.5), activity in the roots ofT"aichung 65 was much higher 
containing 20 ppnm chloramphenicol. 0.2 m/ of than in Taichung Native I (Table 15)". 
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Table 15. Glycolate oxidase activity in7-day old seminal roots excised from Japonica and Indica type rices 

(a) (0) (b)- (a)Excised root only Excised root +Na-glycolate Glycolate oxidase activityRice variety (plOOdry wt.g./hr) (dO/dry wt.g./hr) (pOO dry wt.g./hr) 

Taichung 65 3,185 3,890 705 
(Japonica type) 

Taichung Native 1 3,555 3,760 205 
(Indica type) 

Mcasured wiih Warburg lianonllry nicihod 

CONCLUSION 65 was about 1.0, regardless of whether nitrate 
was present in the culture medium.Excised 	 This clearlyroots ol Indica rice varieties can grow indicates that nitrate does not influence the ratiowell in a simple synthetic medium. It is likely of QCO,/QO. in this rice cultivar. The RQthat the roots of Indica rices have a more of the roots ofTaichung Native I was also closeindependent growth system than those of 	 to 1.0 illa nitrogen-free medium which usedJaponica ones2-, and can carry out nitrogen sucrose as tilerespiratory substrate.metabolism without the help ol' other parts of 

However,
in this case, ahigh RQ was observed when nitratethe plant. The root growth of Japonica rices, was present in the culture medium. It is clearon the other hand.may depend to a certain extent that the respiratory mechanism of TaichungOn the scclU ILil)' and shoot'. The excised Native I was modified to some extent underroots of Japonica type rices cultured in vitro this treatment. These results imply that adid not grow well. This f.lctmay be related reduction in nitrate may be linked with the TCAto tile incomplete operation of nitrogen metabo- cycle system, with nitrate partially replacinglikm. 
 The activity of nitrogen metabolic 

en".,,l"es. such as nitrate reducLase and glutamate 	
oxygen as a hydrogen acceptor. This possibility
has also been suggested and discussed withdeiidrogenase, in the roots of Japonica rices, relation to barley roots by Willis and Yemmr ,are of a markedly lower level than in Indica and to various microorganisms by Sato andrices, It islikely that tlie functional differentiation 	 Egami 20. This suggestion is further supportedof tileplant into roots and other parts is more by the fact that the roots of Taichung Nativeapparent in Japonica rices than in Indica ones. I have a higher nitrate reductase activity butTile absorption of nitrogen compounds is energy a lower cytochrome oxidase activity than thosedependent. The fact that the cultured roots of ofTaichtng 65, in nitrate-containing R2 medium.Taichung 65 absorbed more nitrate than those The level of activity of glycolate oxidase andof Taichung Native I during the first two days catalase in the root tissues of Japonica rice isconfirms that the ability for active nutrient much higher than in Indica rice.absorption is higher in Japonica rices than in 	

The activity
of peroxidase, which catalyzes the decompo-Indica ones. !t is in good accordance with the sition of H,O,, inthe root tissues of Japonicaresults obtained in the present study, that the rice is also higher. Japonica rice thus hascytochrome oxidase and QO, of Japonica rices 	

a 
generally greater oxidizing ability. The activityare significantly higher than inl Indica rices. The of related enzymes found in the root cells ofculture medium used in this study was R2, Indica rice was lower, and their oxidizing abilitycontaining sucrose as the sole carbohydrate, was weaker. It is likely that the oxidizing abilitySucrose is an available energy source which can of Indica rices is not great enough to maintainbe absorbed and utilized by rice roots. In general, an optimal potential or protect the 	plant fromit' sucrose serves as a respiratory substrate and damage from reduced substances in apaddy soil.is completely oxidized, the volume of O, taken This character might be closely connected withup by the tissue balances exactly the CO, released 

from 	
the fact that Indica rices typically have morethe cells. The RQ of the roots of Taichung rotten roots, faster leaf senescence, and more 
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brown spots on the leaves, than Japonica rice expression of their inherent character. The 
varieties", ". breeding of new cultivars with a particularly 

" 	These results indicate that a clear differentiation high oxidizing ability, which are able to adapt 
in the physiology of the roots exists in Japonica to the adverse environment of a reduced paddy 
and Indica type rices. The characteristics of soil, is very important. It is beyond doubt that 
this differentiation are summarized in Table 16. Japonica rices with a high root oxidizing ability 

" The fact that roots of Indica rices have a higher might be used as an important gene source for 
reducing ability, while the roots of Japonica rices such a purpose. 
have a higher oxidizing ability, might be an 

Table 16. Differentiation of physiological characteristics of rice roots 

Characteristic 	 Japonica Indica 

Behavior ot root system in paddy soil" Normal and healthy Rotten roots apparent 
Growth response ot excised root culture Poor Gooo 
Activity ot NR and GDH Lower Higher 
RO innitrogen-tree medium About 1.0 About 1.0 
RO innitrale-conlaining medium About 1.0 Over 1.0 
Cytochrome oxidase activity Higher Lower 
Catalase activity Higher Lower 
Peroxidase activity Higher Lower 
Glycolate oxidase activity Higher Lower 
rz-naphthylamine oxidizing ability 3 Higher Lower 
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DISCUSSION 

Q. 	 (D.A. Somers)
Your data indicate genotypic effects on the root growth among cultivars of the two subspecies.
Have 	 you investigated the 	 genetics involved in this variation in root growth? 

A. 	 I could not study the genetic differences in root behavior of Japonica and Indica, because of the
sterility problem which exists in the 	 crossing of Indica and Japonica type rices. 

Comment: (F.J. Zapata) 
You have 	shown that the elongation of' roots in Japonica was affected by whether nitrogen was
in a reduced form. We could go further, and suggest that this might be an interesting method 
of screening for drotughl resistance in rice varieties. 

Q. 	 (A. Komamine) 
You concluded that respiration activity is higher in Japonica than in Indica type rices, but thatnitrogen reduction activity is higher ii Indica than in Japonica. Does this imply that nitrogen
reductioii activity limits the growth of roots? 

A. 	 This is true to some extent, bul if the nitrogen source is changed from nitrate to more reduced
forms such as urea. Japonica rice gives a better response. The respiration rate is fundanmentally
related to the respiration quotient (release of carbon dioxide and absorption of'oxygen). The respiration
rate is higher in Japonica rices, but the respiration quotient is the sanic. in nitrate free or nitrate 
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containing media. Inother words, the reslpiration rate of*Japmica rices increases innitrate containing 
media. but the respiration quolient remains almost the same. Il Indica rice, on the other hand, 
the respiration quot ient becomes higher. I1 this sense. nitrate is reduced in the norial respiration 
cycle of Indica, whereas this pihenomenon is not observed in ,Japonica rices. 

Q. 	 (A.Komamine) 
You used a high conceniration 01" Sucrose in your root culture.s Does thiS re :ect the nitrogen 
metabolism iii intact rice plants? I think lha photo.syntletic activity can le a limiting factor in 
the glowilh of roots. What is you r Olpi ion of the relationship between C-inelaho lisin and N-metaboli.s 
in the growih of roots? 

A. 	 I think this is a very important questioni, but because lime was liited, I did not make a detailed 
study of this. In our research. we developed two types ol' ilnplroCL culture icdia, the RI atd 
tie R2. The sucrose concettrations are 31 and 51;;, respetiively. The sucrose concentration is 
higher itt tile R2 type, because it contails i casatlinito acids. 

The excised roots cultured in R2 type mcdiui must synthesize ailino acids atid protein f'rom nittate 
contiained in tie medium. so tile energ, consumption may be higher in this redtcig process. Oti 
the 	 other hand. excised roots ill RI type mCdium can utilize the directly rCduced nitrogei of the 
casaniniio acids, so tile enerpv reqtlUirC llct is coMinpa ratively lower man in tile R2 type mediun. 
I think this is tile rca son '0ir tle sugar concentrations in tile R I and R2 imprm ed media of 31. 
and 	 511o.respectively. 

Q. (. Ne'lda) 
I)o you think the activity of' tie enzymes is concentrated in tie root apex? 

A. 	 Yes. I think the activity is most vigorous in the root apex. Ilowever. the other parts of the root 

cannot bc neglected. 

Q. 	 (K.Ohyatna) 
What is your source of' carbohydralte? Do you use oily sucrose? 

A. 	 The carbohydrate contained in the RI and R2 type improved media for rice root culture was sucrose 

only. 

79 



TISSUE CULTURE PROGRAM AT IRRI 

F.J. Zapata and L.B. TorrizoTissue Culture Laboratory, Plant Breeding Department
The International Rice Research Institute 

P.O. Box 933, Manila, Philippines 

ABSTRACT
 
The International Rice Research Institute hasfor the last eightyears employed innovativebreedingtechniques, such as anther andpollen cultures, soniaticcell culture and protoplast culture, to complementcon ventional breeding techniques in the production of ti rice varieties or the improvement of exislingones. Basic and applied research projects are being undertaken. Basic research includes the improvementof callus production and plant regeneration efficiencies through mnanipulation of culture conditionsand genetic factors, wihile applied research involves 

varinnmts 
the generation of somaclonal and gametoclonaland inimmediate fixation of homno;vgosity in FI, hybrids for .faster production of varieties. 

INTRODUCTION • breeding for inci-eased biornass and 
When the International Rice Research lnsti- therefore yield;

* breeding for protein quantity and quality;tute (IRRI) was established in 1960, one of the * breeding for disease resistance:first projects set in motion by the Institute was • selecting for tolerancethe dramatic iniprovemeilt in yield by means 
to soil stresses; 

breeding programs 
of " increasing genetic variabilityand inducingutilizing the best available 

parents fr 
novel variability by garnetoclonal andmiany niations. Thus. after 26 years sornaclonal variation and by protoplastIRRI has successfully come up with numerous culture and fusion;improved varieties, one of which. lR36, is now • clonal propagation usinggrown oil cell culturenore than 10 miillion ha of the world's techniques for application in artificialrice land2 -. Undoubtedly, conventional breeding hybrid seed production;lechniques have done much to iniprove :rop * rejuvenating germplasrn by embryo9 res­productivity. In view of the rapid rate of worldpoplat:lion increase. however, other crop improve- cue. 

Tissue culturemenit techniques may have to be used 
in rice began at iRRi eightto hasten years ago, and initially involved onlyanther culture.tile breeding and selection process. Plant breeders However, since we recognized that other tissueIhemselves have recogi ized the limitationsof sexual culture methods could openhybridization, and pointed new opportunities ofout ways in which rice improvement, researchinnovative breeding the Tissue Culture 

culture can 
techniques such as tissue Laboratory now also includes 

at 
pollen culture,help conventional breeding to meet its somatic cell culture and protoplast culture. Practicalobjectives, 

application of these techniques has taken the formSome areas ha,,e been identified in which of collaborative projects at IRRI itself,flurther illmprovement through conventional breeding 
and with 

other countries, including Korea and Peru.techniques is Iiff:''ult, or where the efficiency ofconventional itmethods is inadequate, and therefore ANTHER CULTUREnovel techniques such as biotechnology areneeded 1. Rice tissue culture is part of the The advantages of anther culture have beenbiotechnology program at IRRI, and has geared discussed fully by Snape 2'. These include:its eflorts specifically towards: ° shortening the breeding cycle - haploid 
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systems are tile qluickest method of 

advancing helerozygous breeding lines to 

honoziygosity: 

increasing seleclion efficiency, because f1' 

better discrimination between genotypes 

within ani y one generation or field lest, 

and better response to selection across 

generations. 


In addition, antlher culture Call also be all effective 
\a Of lrmilCduing variation, and ;lllows tile early' 
espression of recessive genes. 

Since the successful plant regeneration 
througl anther cIli tre in ric in I968 by Niizeki 
and ()ono . ant her cul tli'e has provde to be a usef'ul 
tool in Cice breeding programs. Tlhe successful 
production of 8 1 varieties and straiwS in China' 
I il more recentily'. t e release of' two varieties 
"'i-waseongbyeo"'' and "'\'Iacheongbyeo'' in 
tCoi,"ti, are proof that anther culture is indeed a 
vital part of rice ilnplrcvement. 'Ii isdoes not mean, 
however, that the use of anthercult, . ' not without 
cel'ain disadvantages and constral,:. Two dis-
advanltag,.s have been pointed outt. Firstly, because 
a random, unselected sample of' genotypes is 
produced, a highl proportion are likely to b 
discardeu for f'ailing to meet simple agronomic 
criteria 'or char,:ters which have high herilabilities. 

Secondly, there are limited opportunity for recom­
bination between the parental genomes inl cases 
where F, crosses are used. 

Some of' tihe other constraints are the high 
proportion of albino plants produced, and the low 
ef'ici enc y of callus production and plant regen. 
erati-,n, especially in Indica subspecies. Basic 
studies to so, these problems and in)prove 
culturability are still needed. 

Pathways of Pollen Development in Rice 

Knowledge of the pathways of* pollen 
development makes possible the manipulation of 
conditionsto increase anthercul turability, and direct 
the desired pathway of plant regeneration either 
through embryogenesis or organogenesis. 

Several pathwiys of pollen development f'rom 
a unicellular to a mLlticellular callus have been 
observed, using the variety Taipei 309 planted at 
tinuiicleate and binuLicleate stages"'. 

Pathiway 1. Initiation occurred in the 
uninucICate pollen grain by equal division of' the 
single nucleus. By further mitotic division, a 
niultincleate and nuilticellular pollen grain was 
produced. This was the most f'requent pattern (Table 
I ). 

fable 1 	 Number ol androgenic pollen grains observed and the frequencies of pollen development inthe three pathways of 
androgenic initiation 

Total no. o! 	 No of pollen grains showing early division No. of pollen grains 
androgenic pollen grains Pathway I Pathway It Pathway III inadvanced stages 

697 128 43 	 7 519 

(18.4%) (6.2%) (1.0%) (74.4%) 

Pathway If. Initiation occurred in the evidence for its occurrence was not obtained in 
binucleate pollen grain. The vegetative nucleus our studies. 
divided to give rise to multicellular pollen, while 
the generative nucleus remained inactive. Increase in Callus Induction and Plant 

Pathway Ill. Initiation occurred in the Regeneration Efficiency by the Use of 
binucleate pollen, but the generative nucleus divided Abscisic Acid 
first, f'ollowed by the division of tie vegetative 
nucleus: both contributed to the microspore callus. Abscisic acid (ABA) given for short periods 
This was the least frequent pattern, increased pollen embryogenesis inl tobacco anthers' , 

A fourth possible pathway, reported by Qu and stimulated shoot bud and plantlet formation 
,and Chen' is callus torniation exclusively f'rom in rice somatic callus cultures"'. These observations 

the generative nucleus. However, conclusive piompted us to investigate the ef'fect of ABA in 
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two different studies - one on callus production 
and the other on plant regeneration. In the first 
experiment, on the effect of ABA on callus inductionby stressing the anthers for short periods, the 
hormone was added to tile callus induction medium 
(liquid and semisolid) at 0-30 mg/I for 1, 2, 3 or 
4 days. The optimum concentration was 2.5 mg 
ABA// in both types of media. However, insemisolid and liquid media, the best duration of 
exposure was for 2 and 3 days, respectively". 

Likewise, ABA increased the frequency of 
calli producing green plants in Taipei 309 and the average green plant regeneration in the three
varieties tested. Anther derived calli were grown
in "1prectlture medium with ABA for 4 weeks 
before finally transferring them into the regeneration 

"medium without ABA 3' . 

Heat 'Treatment to Increase Callus Induc­tion Efficiency in Anther Culture 

As mentioned above, the major constraint in
the use of Indica varieties is their low level of 
efficiency in callus production and green plant
regeneration. It has been a standard procedure
to subject anthers to cold treatment (8C for 8 days), 
as this greatly enhances their cuhturability. Heat 
treatment, on the other hand, has been widely used 
in the Brassica genus. 

The effect of heat treatment on IR42 was 
determined. IR42 is one of tile most important
IR varieties, because it is resistant to many major
insect pests and diseases, and has high yielding
ability. Heat treatment at 35°C was given to the 
florets for 0. 5 or 15 minutes. Heat treatment 
increased callus induction in two media tested 
(Table 2), With an optimum duration of* 15 rin. 

As with cold shock, the application of heat may 

promote synchrony and viability, and also activate
 
some of the enzymes necessary to induce the pollen
grains toward vegetative development (in this case, 
callus production) instead of their normal generat; ve 
l'unction". These results are in agreement withearlier re1.orts 2'' on increased callus induction and 

plant regeneration Following heat 
 treatment. 

Gamma Ray-induced Green Plant Regen­eraton in Basmati 370 

Breeding studies to improve the agronomic
characteristics of Basmati rices have taken place 
over a long period, but without much success.
Anther culture was attempted, in order to generate 
gametoclonal variants such as short stature and 

Table 2. Effect of heat treatment on callus induction etfi­
ciency in IR42 anther culture 

Anthers Calli % 
inoculated produced callus 

Treatment (no.) (no.) production 
Ellmedium 

H0 345 34 
H5 623 76 12.2 
H15 439 90 20.5 

ER medium
 
H0 565 64 
 11.3 
H5 706 102 14.4 
H15 377 84 14.6 

lodging resistance without altering the superior 
grain quality of' Basmati 370. However, inpreliminary studies using three callus induction 
media, only albino plants were regenerated" ,. 

Irradiation was therefore employed, in the 
hope of producing genetic alterations in the cell 
which would not only impiove callus induction 
and promote green plant regeneration, but even­
tually increase positive variation in the regenerated
plants. Basmati 370 seeds were subjected to 
irradiation dosages of 15, 20 or 25 krad at an
application dose rae of' 1.2 krad/min from a Cobalt 
60 gamma cell, and anthers were collected from
 
plants of irradiated seeds. 
 Both callus production 
percentage and albino plant regeneration were 
decreased by the application of irradiation stress;
the most inhibitory was 20 krad. However, it was
also only at this irradiation dosage that green plants 
were regenerated (Table 3). 

Table 3. Effect of irradiation on plant regeneration of 
Basmati 370 in G4 medium 

Calli Calli with
 
Irradiation inoculated green plants


dosage (kiad) (no.) M% 

0 10 

15 61 0 
20 23 26.1 

25 84 0 

0 
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Isozyme Analysis to Detect Recombination in 3-row plots inobservational yield trials for two 
and Variability in Anther Culture-I)erived seasons. 
Plants Tie general effect ot irradiation was to slortenI 

file days to flowering, reduce plant height and 
Two ilnIportat quest iois in)the use of* FI increase the number of fillers. The fertility of the 

hybrids in anther Culture are whether the anthers irradiated plants was abotlt the same as that of 
coliie fronl : plants (i.e. hybridizatiOll is success - the control irradiated at 2(0 krad (Table 4). A 
fbIl. and whether the development of some polleni seasonal effect was also observed. Because of 
grains is nore likelv than others, more favorable conditions during tile dry season, 

Isozvnie patterns can be used to clear these plants grown at this season required fewer days
doubts. It would aiso save tin,' if afcorrelation to flower, and had at shorter plant height and a 
could be established bet ceu isozvnc patterns and Createf"r iLi be I" of tillers. As regards fertility, it 
obscrvahl, aer1"on1omliC characteristics, since screen- cannot be assessed whether there was any increase 
ing could then be done in the laboratory Ior in this during tie dry season, since the plants were 
characteristics of' interest, without the tedious severely affected by af typhoon during the wet 
process of growing the plants inl the field. season.
 

Recombination aniong 1f isozyme loci in 24 
 AC 6166 and its three sister lines have been 
anlher culture lines of the cross TatsUnili moch i/ elevated to 10-row plots and will be screened for 
13G90-2 and 5 lines of the reciprocal BG90-2/ other characteristics, particularly grain quality, 
"I'atsuni mochi was observed". This indicates that which is tile best attribute of' Basmati rices. All 
lixhridiZation was suc0cessfu l, and that all tile anther tile 19 anther cultue lines were sent to Pakistan 
culture lines originated froin p)olllen grains of IF1 for t'rlither evaIt ationl Under field conditions.
 
hybrids.
 

The iso;:ymne patterr., likewise showed that Replicated Yield Trials
 
sister lines have the saime reconibilalion patterns.
 
I)ilerent isozyme patterns frion sister lines was A few of tile 
 an thier cultUre-derived lines 
also observed. There may be two possible which were fond promisine i the 3-row obser­
explaiiations for this. One is tha: the supposed vational yield trial and 10-row plots were further 
sister lines may have actually o'iginated from two screenied in replicated yield trials for three con­
distinct pollen grains which adhered and grew secutive seasons,. hi most cases, the anther culture 
togethCr as one callus. The second is that mutation lines yielded higher than either parent, or gave the 
in some portions of lthe callus niay have taken place. sane yield as tile better parent (Table 5). The 
similar to that observed by FUkui 5. yield comiponent mainly responsible for this 

In some cases. there is th1e possihility' of the increase in yield of the anther culture lines was 
calli heinu broken into several pieces prior to being their higher tiller'nuliibe's resulting in higherharvest 
plated in the regeneration niedium. This may have indices (Table 6). Anther culture lines 800 and 
occurred in sonle plates. since lines coming from 800-1 flowered 2 weeks earlier (70 DAS) than the 
what have been regarded as several separate calli earlier-flowering parent, Suweon 290 (83 DAS). 
have the samc Isozynie patterns. 

The results of this study demonstrate that Collaborative Projects 
v\'iriahility in lines coming fron different calli, as 
conlfirmlled by isozyme patterns, indicates that the Collaborative projects lor tile production by 
plants developed from ditfferent pollen grains, anther culture of' honozygous lines which are
Although the mitiniber of lines observed may be tolerant to adverse conditions have been established. 
oo limited to use as concrete evidence, the The general schematic diagraii for these programs 

variability in the different recombination patterns is shown in Fig. I. 
does suggest that in vitro pollen selection may be At present there are several collaborative 
absent during anther culture. projects with other IRRI scientists and between 

tissue culture laboratories in national programs.
Observational Yield Trial of Basmati 370 These programs incluide the production of cold 

tolerant lines (with the Rural Development
As mentioned above. green plants were Administration, Korea), lines adapted for Latin 

regenerated only f1'rom anthers collected from American conditions (with tile Peruvian National 
irradiated Basmati 370. These plants were grown Rice Program and the Naional University Pedro 
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Table 4. Agronomic characteristics of anther culture-derived lines from irradiated Basmati 370. IRRI observational yield
trials. 1986WS and 1987DS' 

No. days to flowering Plant height (cm) Tiller no. Fertility (%)
Designation !986WS 1987DS 1986WS 1987DS 1986WS 1967DS 1986WSY 1987DS 
Basmali 370,ck 92 85 152 145 t 12 73Basmati 370 (irradiated, 20 kr) 86 81 149 127 15 14 

74 
43 79 

Anther culture lines 
5821 88 83 147 122 9 12 
 53 75
5821-2 
 90 83 139 126 11 12 30 
 77
5821-3 
 90 83 139 122 9 12 
 41 71
5821-4 
 92 85 144 129 15 15 
 52 68
5821-5 
 88 83 147 127 14 14 
 42 71
5821-6 
 90 84 155 127 10 13 
 58 71
5821-7 
 88 84 145 125 9 13 48 69
5824 90 84 150 132 14 
 10 62 82
5824-3 
 90 83 153 131 15 
 13 62 77
5824-4 
 90 84 153 135 9 
 13 47 80
5830 
 90 84 154 131 12 
 11 38 77
5830-1 
 90 
 86 153 128 9 13 39 72
5830-2 
 92 
 86 153 128 9 13 49 74
5835 
 92 86 155 130 13 13 63 72
5835-1 
 92 83 152 132 
 9 12 49 76
616 
 90 81 147 124 13 15 54 81
6166-1 
 90 81 149 120 11 18 41 81
6166-2 
 88 81 141 122 11 15 39 83
6166-3 
 86 79 138 119 15 17 
 25 78
 

WS: Wet season DS: Dry season z Average of 12 plants per entry Y Severely affected by typhoon 

Table 5. Grain yield (mt/ha) in replicated yield tria!s of anther culture-derived lines over three seasons. IRRI, College, 
Philippines 

Season
 
Entry 1985 wet season 1986 dry season 1986 wet season
 
IR36, ck 
 4.79 bcd 5.76 ab 3.90 defg

IR42, ck 
 4.15 b 5.06 bcde 3.41 gh
IR48' 4.97 bc 5.03 bcde 3.61 fghSuweon 290' 2.92 e 5.60 2bcd 4.50 bcAC 8OOY 5.43 ab 5.64 aDc 4.65 abAC 800-y 5.87 a 6.25 a 5.15 aAC 1182Y 4.60 cd 5.41 bcde 4.43 bcd 
IR48' 4.97 bc 5.03 bcde 3.61 fghBG90-2' 2.86 e 4.87 deig 3.20 hAC 655Y 4.43 cd 4.84 efg 3.80 efgAC721-1y 4.35 cd 4.65 ig 365 fgh 
IR58' 4.69 cd 5.73 ab 5.11 aIR19792-15-2-3-3-3' 4.82 bcd 4.22 g 4.32 bcdAC 833Y 5.05 bc 4.71 efg 4.09 bcdefAC 833-2y 4.77 bcd 5.09 bcde 3.85 defg 
IR30' 4.10 d 4.75 efg 3.68 fghAC32B18Y 4.73 bcd 4.93 cdef 3.96 cdefg 
Note: In each column, means followed by a common letter are not significantly different at the 5% level by DMRT z Female x male parents Y AC: anther culture lines derived from each cross 
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Table 6. Harvest index of anther culture-derived lines Ruiz Gallo), and lines for upland conditions and 
and their oarents in replicated yield trials over salt tolerance with IRRI plant breeders. The total 
two seasons number of green plants we have so far regenerated 

in each project is shown in Table 7. 
Season-SOMATIC CELL CULTURE 

Designation 1986 dry season 1986 wet season 

Since the demonstration of the totipotency 
IR36, ck 0.49 0.46 	 of plant cells, tissue and cell cultures have been 

employed as a possible method for the mass 
IR42, ck 0.39 0.25 	 propagation of crops. At the start of the decade, 

however, the variation generated from tissue culture 
IR48 0.38 0.32 	 could no longer be ignored. This technique therefore 

Suweon 290 0.44 0.37 	 became recognized as an agent to widen the genetic 
base in plants without resorting to hybridization. 

AC 800 0.53 0.50 	 This phenomenon has been termed somaclonal 
variation, and refer.s to the enhanced genotypic 

AC 800-1 0.53 0.51 	 variability in plants regenerated from tissue cultue. 
Somaclonal variation in several crops has been re-

AC 1182 0.44 0.45 	 viewed 3. 6, 21. 22. 23 Apart from spontaneous 
variability as a reaction of the exposure of cells 

Collaborating country/ IRRI Tissue Culture 
IRRI Scientists Laboratory 

edsA 

Plant regeneration 

Seed Collection 

Preliminary Screening 

Preliminary Tests Under
 
Adverse Condition 
 - Seed Mvultiplication ] 

Yield Trials] 

Fig. 1. Schematic diagram of collaborative programs for the production of homozygous lines tolerant to adverse conditions 

through anther culture 
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uniforlit.. Similarly, the genetic integrity of 
gerniplasul conserved by in Vitro tech-tijue tsiSata risk. because of somaclonal variation" p. 

It is obvious that in some cases, a researcher 
would prefer to have a un iform phetIotype f'on
[lie in vitro-derived plants. In another sit tation,
variahility may be desired. Recent developments
seeii to indicate that plants regenerated through
organogenesis shiow wide variablitv. while plano

regenerated through sotatic 
embryaoenesis are
Irtue-to-type. Basic stLudies to understand fully tile
basis for sonia:i- erubryogenesis have been
emphasized in our studies on somatic cell culture, 

Effect of the Specific (,ravity of' Seed on
tile Efficiency of Somatic Cell Culture 

Onie of the problcnis in basic research into 

somatic cell Cultures is the wide variation of results
among replications, even in instances where the 

seeds used as explants cone from the same 
batch. 
One rea:sot lor this may he the non-uniformity of'seeds harvesled fron one panicle. The topmost 
spikelel of any branch rills first,up after whichthe sequence of grain filling is acropetal".
Iurthlerniore, domnin11i fig spikelets seem to produce
larger, heavier graitis with less chance of sterility
and abortion than 'lie dominated ones. Non-
unifornily ofharvested seeds is further aggravatedby the practice of combining the seeds fron two 
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Table 7. 
 Summary data on the rate of green plant regeneration invarious collaborative projects concerned with the productionof homozygous lines tolerant to adverse conditions through anther culture 

Adverse condition bred for Crosses inoculated for Calli producing Green plantsanther culture (no.) green plants (no.) produced (no.)
 
Cold tolerance 
 32 1,898 11,450

Latin American conditions (particularly rice blast) 25 70 
 '81
Upland conditions "07 
 361 1,988Salt tolerance 

101 
 119 
 1,622
 

to stress during ill
vitro culture, variation can be or more panicles during harvest. Variability inmore or less directed by exposure of cells to supra-
 response during tissue culture may thus be due
optirmal concenlrations of chemicals or environ-
mental conditions which could 

not only to treatments but to variability in grainscreen and select filling of tie seeds used as explants.m~i.nt cells. These mutant cells will presUniably
give rise to 

The seeds of two cultivars. IR28 andnutant phints. Nona
 
Bokra. which were used as explants in thisAlthough somaclonal variation may be anovel experiment, were therefore classified according tolethod of getting improved genotypes, this may their specitic gravity. The response of' the gradednot be desired ilt operations requiring cIon aIl seeds to callus induction and plant regeneration 
was compared with tileungraded (mixed ones) is
 
control. 

Nona Bokra had highc'r cal ILs production than
IR28, mainly as a result of varietal differences
(Table 8). Tile main point here. however, is that 
alltie graded grains gave a lower standard deviation
of the mean than the ungraded grains in callus
induction efficiency. The same trend was observed
in plait regeneration". In both parameters, gains
with a specilic gravity higher than 1.2 responded
the best, as these nay have the optinal kernel
development required for callus production and

plant regeneration. 
 These results underscore the
 
importance of grading the seeds first, before using
them as explants insonatic cultures. Grading based
 
on specific gravity narrowed tie range of distri­
bution of the true Values of percent callus production

and green plant regeneration.
 

Screening of Plants Regenerated from NaCI-

Stressed Calli
 

Salinity is one of' the miajor soil stresses in 
rice-growing countries. In South and SoutheastAsia alone, saline soils constitute 58.8 million ha
(64%) of the total proolh'-r rice lands . The problem
of salinity is s.) %,criousthat it is one of the most
widely studied fields itl tissue culture, in terms 
of generating variants adapted to this condition.

The usual procedure in generating variants 

O
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Table 8. Percent callus production inLS medium' 

2,4-D concentration (pM)
 

Grain classification 
 0 2.5 5.0 10.0 

Nona Rokra
 
Ungraded 36.11 ± 13.17 52.78 ±10.00 66.67 _11.38 63.89 ±9.04
 
Graded 1.1>SG>1.0 5.56 ±2.87 19.45 ±3.69 22.22 ±3.51 19.45 ±2.78
 

1.2>SG>1.1 63.89 ± 2.78 72.22 ±3.51 75.00 ±3.72 72.22 ±3.51 
SG>I .2 72.22 ±3.51 83.33 ±4.30 88.80 ±3.51 77.78 ±3.51 

IR28 
Ungraded 5.56 ±2.87 16.67 ±8.61 19.44 ± 14.72 25.00 ±10.97 
Graded 1.1>SG>1 0 0 2.78 ±2.54 8.34 ±2.63 8.34 ±4.81 

1.2>SG>1.1 5.56 ±2.87 11.11 ±4.30 16.67 ±3.04 13.89 ±3.66 
SG>1.2 11.11 ±2.03 16.67 ±3.04 19.45 ±3.69 25 00 ±5.69 

/ <'f('aihs lroduct~in = Number olcalt,-pruducig .c'ds tI(X)W deviati)n1 of 1ltx lNtndird mems 

tolerant to soil and environmental stresses is to Table 9. Response ut calli (variety Reiho) to difterent 
expose in vitro cultured cells to toxic concentrations concentrations of NaCI 
of a particular stress, in this case NaCl, oin the 
assumption ilat the cells surviving the stress will Initial Final Relative 
regenerate tolerant plants. Treatment weight' weight increase in 

Eighteen calli of Reiho exposed to 15 g (gNaCI/liter) (g) (g) weighty(%) 
NaCl// Ior 32 passages (4 weeks/passage) were 
able to regenerate 35 plants". Although the calli 0 0.0498 0.6882 1,281.93 
tolerted exposure to 1.5( NCI, the nlants (lid 5 0.0513 0.6446 1,156.53 
not survive when grown in cultur solution 10 0.0512 0.4551 788.87 
containing 5. 10 or 15 g NaCI//. kept on 0.0497 0.2762 455.73Pi,.,,:s 15 
a culture solution without NaCI llvered. but were 20 0.0521 0.1607 208.44 
10014 sterile. The regenerated plants thcre;b're did 
not carry the tolerance present in the selected calli. A%erage of'10 catti 

F eor some of the selected c;Illicunfi rmation, Final w'ighl-initial %eiglhtIl 
were subcultured indiferent NaCl concentrations. tuilial weight 
Calli growth was inversely proportional to the 
concentration of NaCI in the medium (Table 9), Rice hybrids provide a significant yield
suggesting that the stressed cells have only advantage (14-34%) compared with the best check 
physiologically adjusted to high NaCI concentra- varieties. The yield advantage of the hybrid call 
tions. If the selected cell lines were true mutants. be attributed to al increase in dry matter production
they would have required NaCI for growth. (source size) and/or a higher harvest index, due 

to an increased number of spikelets per unit area
Somatic Emlryogenesis in Cultivated Rices and 1,000-grain weight (sink size) 27. 

Although a hybrid rice program has been 
Somatic embryogenesis isa way of producing carried out ilMainland China for several years,

plants from in vitro culture, to regenerate true-to- its feasibility is still in question inmost cottries. 
type p' or conserve the genetic integrity of The rnain bottleneck in hybrid rice technology is 
gerrnplam.. Successful somatic enbryogencsis in seed production. Farmers need to buy hybrid seeds 
rice is important in protoplast culture and fusion, every cropping season. Since production of such 
and l)NA-transfer techniques. From a practical seed is labor-intensive, the cost is very much higher
point of view, this technique could also be used than when non-hybrid seed is used. If hybrid seeds 
for the production of artificial hybrid seeds, could be cloned in large quantities via somatic 
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embryogenesis, with hybrid vigor retained, this 
might he a practical and economical method of 
hybrid seed production, 

Somatic eibryogenesis has been observed 
in several cuhlivatCd rice species: IR28.1R40,1 R43, 

.IR54 anid 1'etep" The ontogceny of' eibryoids
from scutelhlar tissues of allturc seeds was studied, 
using histological iand scanning electron mic'roscope
techniques. It was established that the Scutelllar 
lissucs, 	CspCciailly the Sbb-pidcrial polltion, was 
the site of active cell division which eventually 
gave rise to calIns. The scanning electron 
microscope showed the dcvc!optlent of globltlar
and organized strtClres into cup-shaped, bottle-
shaped iid eihrvoids with scutelI um. coleorhiza 
anId developing coleoptile. structures similar to the 
zygotic enbryos. 

Somatic Emniryogenesis in Orza Perentiisand Echinochloa Glabrescens 

Wild species of rice and their relatives are 
excellent sources of'resislalce to diseases and pests.
However. in conventional breeding there is dit*-
ficulty in obtaining SUccesstul interspecific Ind 
intergeneric hybridizaiion. Parasexual Iethods of' 
hybridization, suL1h as protoplast Iusion, are then 
th only option left. Successful Pr'otorlast fusion 
ail evcitual plant regene ration greatly depend on 
the ease with which callus can be ind-iced and 
pIants regenerated f'rom the protoplasts involved
in f'usion. Iligh cuihturalility of fusion lprotoplasts,
though no guarantee that somatic hybrids can be 
regenerated, is a helpful parameter in using this 
techniqLe, 

One of the more importanti wild rice species 

is Orva 1wrenmlis Moeich, which is tolerant to 
stagnant flooding and acid sullate soils, and has 
desirable floral characteristics 1or out-crossing. 
I'Iiinochu gluhrest'ens,on tileother hand, isone 
of the gramineae which can he adapted for 
culti\'ation as a forage and grain crop in arid and 
semiarid regions, since a single watering suffices 
from germination to harvest. 

Before atteinpting protoplast f'usion betwveen 
cultivated and wild rices or other related species,
it is worthwhile to assess the call us production and 
plant regeneration abilities of these species.

Plant regeneration through somatic enbryo­
genesis from lalture seed and young inflorescence 
of tile .wild rice Orv:a I)'Jiflfl.s was observed 2
The frequency of callis induction was higher when 
young inflorescences were used a.I.;the exl)lant (62%) 
than When mature seeds were used (42%). Green 
plant regeneration frequency from both types of
explat decreased with increasing duration of* 
culture (Table 1(0). The regeneration capacity of
the calli I'roni the two types of explant did not 
differ significantly. However, nattire seeds are 
a nore practical source of explant,,, since these 
can be stored and are readily available any tine 
of' the year. 

Formation of einbryogenic calli and plant
regeneration was likewise observed in somatic 
cuilures of' Ehi/nmh/o glIhrsenOs, using youlng
inflorescences and leaf segments as explants". The 
callus induction frequency waS in91% young
inflorescencesand 41% in leaf' segments. The green
r,,ant regeneration efficiency decreased from the 
2nd to 6th passages. The young inflorescence was 
a better explant than young leaf' segments, in terms 
of' plant regeneration. 

Table 10. Plant regeneration incultures derived from young inflorescences and seeds of 0.perennis 

Young inflorescence-derived callus Seed-derived callus
Passage/ Calli Calli Total plants Av. green plant Calli Calli Total plants Av. green plantno months inoculated responding produced production y inoculated responding produced productioninculture (no.) (no.) (%) (no.) (no.) (no.) (no.) (%) (no.) (no.) 

6/8 25 20 (80) 117 5.85 20 15 (75.0) 97 6.57/9 20 13 (65) 78 6.0 20 10 (50.0) 58 5.88/10 20 12 (60) 62 5.2 15 10 (66.7) 60 6.09/11 25 15 (60) 64 4.3 12 7 (58.3) 35 5.010/12 20 12 (60) 42 3.5 43 30 (69.8) 132 4.4 

Data %%ere	computed alt'r4 %eeks in culitre (n MSI18-t IIldiln
 
no. cf alli re oldliuw
't t .Llanls produccd/calli producing plan

"otl88 [w 0 'll I l al legencllllnld1tI 
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PROTOPLAST CULTURE 	 Increasing the Culturability of Indica 
Genotypes 

Non-sexual methods of hybridization, such 
as proloplast fusion and gene transfer techniques, Although some Indica varieties, such as 1R43,
-ire possible only through the establishment of have been found to be moderately amenable to 
efficient plant regeneration using protoplasts. anther and somatic culture, these are still far below 
Isolation of'viable protoplasts and plant regeneration tile capacity of model Japonica varieties. 
has been reported from cell suspension cultures Culturability of tile Indicas is needed, not only for 
from various explants, includi ng leaf segments and anther culture, but also for somatic cell culture 
scutela, anther-derived cal li' '", embryo calli2, tor possible application in artificial seed production 
inulature embryo call i., intact seeds2 

'' and root through embrogenesis, and in protoplast culture and 
tips'. Itision. 

While there have been sone common features Identification of Ihndica genotypes with good 
in the procedures described by different authors, callus production and plant regeneration capacity, 
the detailed steps or conditions suggested for each and manipulation of conditions likely to enhance 
plant or plant part have been sulfficiently different the response of these genotypes, is in progress. 
to suggest thlat perhaps specific conditions are 
required of each plant or plant material being Genetic Techniques to Transfer the Cul­
processed. Therefore, we recently attempted to turability of Japonicas into Indicas 
'Issess the significant tactors in the isolation, culture. 
cell division. calluIs induction and plant regeneration Since Japonicas are highly culturable, one 
in rice protoplasts. We thus established cell of the possible channels to transfer this capacity 
suspension culLures ol'genotypes ol'Japonica, Indica into the recalcitrant Indicas is through conventional 
and wild species of rice, to secure a source of hybridization, followed by anther culture. The 
protoplasts which readily yield 5 x 10" - I x 10' homozygous lines derived will then be screened, 
protoplasts per grain of cell FW, depending on so that isogenic Indica lines (i.e., all characteristics 
the variety. To dale, . number of'protoplast derived of a given line) are tile same as the Indica parent, 
calli, and sustained Cell division, have been obtained with only the genes controlling culturability from 
fronli two genotypes of Japonica and Indica, tile Japonica parent incorporated. These isogenic 
respectively. This rese, ".' isnow working towards lines may be useful for practical purposes, such 
plant regeneration. as the generation of sonmaclonal and gametoclonal 

variants, for protoplast culture and fusion, or as 
FUTURE GOALS 	 parents in hybridization. 

Strengthening of Collaborative Projects Isolated Pollen Culture 

The results of our collaborative projects with One of the doubts raised in anther culture 
the national programs of Peru and Korea and in- is whether the plants originate from the pollen 
house projects have been very encouraging. grains or from the anther somatic tissues. 
Preliminary results have shown that anther Although previous studies have shown that anther 
culture-derived lines for cold and salt tolerance culture lines attain immediate homozygosity (i.e. 
,%,,: equal in perfornmance with, if not better tile plants came from pollen grains), some cases 
tham. the most tolerant checks used in screening have shown that segregation may also occur, 
such stresses. Some promising lines have been indicating that the development of' somatic cells 
forwarded to the International Rice Testing of the anther is not a remote possibility. The best 
Program. and are now being screened in different way of resolving these doubts would be to 
parts 	 of the world, regenerate plants groin isolated pollen. Several 

Lately. we have established collaborative other advantages can bv derived from this 
projects with Colombia. India. Pakistan and technique, such as tile development of true-to-type
Indonesia. Anther and somatic culture-derived plants through pollen etnbryogenesis, instead of 
lines have been sent to these countries' national passing through the callus stage where mutation 
programs Ior screening and selection under local could occur, and production of pollen protoplasts 
conditions. for gene transfer techniques. 
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Protoplast Culture and Fusion 

Success in regenerating plan's from wild and 
related species of rice, progress made in protoplast 
culture of Japonicas and Indicas, and the vast 
collection of rice germplasm at IRRI, offer us a 
great opportunity to develop protoplast culture and 
Ifusion techniques. As mentioned above, suspension
cuhlures have been established in Indica, Japonica 
and wild rice species, and protoplast-derived calli 
have been produced from Indica and Japonica
species. 


In particular, this technique will 
 be utilized 
to incorporate the resistances found in wild species
into cultivated ones, especially in crosses where 
sexual incompatibility exist. Moreover, successful 
protoplast culture is important in gene transfer
techniques. 
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DISCUSSION 

Q. 	 (M. Vajrabhaya)
You have experience of selecting for salt tolerance in vitro. Over 	how many generations shouldyou test the plants, to make sure they are stable'? 

A. 	 Sequentially, over the generations, the longer cells are kept in cell cultures, the less likely arethe plants to be normal. Some of the plants I showed in my slides appear to be normal, buthave abnormal chromosomes. Salt tolerance is difficult to transfer. There are also other problems,such 	 as phosphorus deficiency in the field, which affect the behavior of rice plants. 

Q. 	 (D.A. Somers)

You mention work on improving the lysine content of rice. 
 How 	 did you do this? 

A. 	 A few years ago, we were very interested in increasing the lysine content. However, we onlyachieved 15% free lysine, and the level needs to be 50% to be valid. The iesults were onlyachieved very slowly, so that research began to move into different fields. We are now moreinterested in trying to transfer the yellow plasma band, which may indicate a higher lysine content. 

The level of lysine in the plant is al,,o very difficult to measure, in that a high level of nitrogenin the soil, drought stress, or a combination of the two, tend to increase the lysine content. Conditions
nced 	 to be very highly controlled. 

Q. 	 (K. I-layashi)
Under the CGIAR system, applied research on practical problems is encouraged. In the IRRIrice breeding program, the problem of sterility in wide crosses, as between Japonica and Indica,is not a very serious problem, unlike in Japan. After you have grown plants from the anther,you do not seem to have much of a problem in obtaining F, seed. Is this correct? Is this thereason why IRRI is not concerned with genetic engineering? 

A. 	 We must do research for which the results have a practical application. Many national programswill be unable to use the technology of genetic engineering in the near future For this reason,we are more interested in building up the technology of rice anther culture. i't IRRI, we havebeen 	able to overcome problems of sterility in the varieties we have 	worked with, but this isnecessarily a general rule. IRRI 	 not
feels 	 that, although genetic engineering is developing very fast,until 	 the methods can be used for practical purposes in national programs, it would be better forus not to use it. To begin genetic engineering at IRRI will also need new personnel, and a lotof investment into new equipment such as centrifuges. 

Q. 	 (M.T. Senawi)
There 	appears to be a bias at IRRI in favor of Japonica rices. However, a lot of successful workhas already been done on these. Is there any chance that IRRI will start to concentrate on Indica 
rices? 

A. 	 In fact, we are working on many Indica crosses at IRRI - most of the rice shown in my slideswere 	 Indica varieties. Which varieties we work with at IRRI depends on national programs. 

Comment: (D.A. Somers)
Apparently Indica rices are a problem in rice anther culture. Some recent publications have shownthat it is possible to make v'ery wide crosses in the 	graminae that result in elimination of a parentalset of chromosomes from the hybrid embryo. The resultant crosses are usually haploid embryos,and in some cases the haploid embryos have been rescued for plant formation. It is very difficultto anther culture oats, but Dr. Rines has had some success with crosses of corn and oats, and 
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has isolated haploid oat plants. If it is possible to make very wide crosses between rice and another 
cereal species, this may be an alternative to anther culture for Indica rice. 

Comment: (F.J. Zapata) 
The system for anther culture of Japonica was developed fifteen years ago. I feel it is now time 
for countries using Indica rice to use this method to produce new Indica rice lines. As far as 
wide crosses ate concerned, in Mainland China they claim to have achieved crosses of rice and 
sorghum, with rice type plants growing in very arid soils. This may mean that it is possible 
to transfer the drought resistance of sorghum to rice. 
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ABSTRACT
 

Recent advances inrice anither culture enphasized, not only time- or labor-saving :ehniquw.sattd standardization, but also practical application for rice "improvemient. Gradualprogress in oarknowledge of the fictors affetting culturobility in rice anther culture, such as the optimal pollen stage,callus age, media, cold pretreatment and genotypic :iiferences,have reduced the dif,ficulv of obtainingpollen-derived plants over the last two decades. Sugestions on the practical applicationculturi' teeh.-iiques as a tf alithervaluable breeding niethod for rice improventent are resented, together witha clar~flfwcdon of the genetic variability,segregation andrecombination ofdesirable characters in podlen­
derived plants. 

INTRODUCTION 

The greatest ad.antage of anther culture 
techniques 
are that they make possible tie 
imlprovemient of new honmozygous lines andshorten the breeding cycle by haploid breeding.
Since haploid plants of rice through anther 
culturc were first successfully obtained by
Nizt ki and Onno in 196 8', many scienlist. 
througlhout the world have vNorked to increase the 
efficiency of anther culture and apply it to rice 
inpm /ement, 

Altl ,ugh rice is recognized to be compara-
tivelv suitable for anther cu:lurc the application
of this technique for rice improvement has been 
hampered by the many ficlors affecting the 
production of pollen-derived plants. Research on 
these flictors in terms of methodology should 
lhelefore he ccaniCd ot sinultaneotslv with the 

development oi elfficient diploidization mnetnods. 
and studies of the genetic variability of pollen-
derived plants, in order to put these techniques 
to practical use. 

This paper .unmnarizes recent research on 
rice anther cuture condtLced at the Yeongnan Crop
Experiment Station (YCES), Rural Development 
Administration (RDA), Korea. 

FACTORS AFFECTING THE CULTURABILITY
 
OF RICE ANTHER CULTURE
 

PIln Stage and Callus Age 

Comparative studies in(icate that the Ire­
quency of callus induc.ion ishigli when anthers 
containing pollen at the uninucleate stage are 
inoculated. Furthermore, differences in the lie­
quency of callus induction within the uninucleate 
stage have also been recognized'. There are many
methods by which to determine the stage of pollen
development under a microscope: nucleus division, 
the position of the pollen pore relative to the nu­
tiCus"', and the diameter 0f the microsporc at 
different developmental stages25. However, the 
status of pollen development as determined by
microscopic analysis d'ers according to varietal 
group, cultural conditiuns and the posi ion of the 
spikele, within the panicle. From a practical point
of view, the optimtum inoculation stage of the anther 
is generally determined by the distance between 
the upper two leaf auricles, and the degree of anther 
development in the spikelet. I lowever, even though
the paniclcs may be at an appropriate distance 
betw,-en the ipper two leaf auricles, pollen stage 
may be very ',ariable within the same panicle. The 
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degree of anther dovelopment in the spikelet is and that of albino plants increased'. 
the best method to determine the appropriate tine About 90% of total calli were induced 20­
lbr anther inoculation. Although Nagdongbyeo (a 40 days after anther inoculation, while a few calli 
Japonica rice variety) had a little longer optimum were induced after 50 days 4'. Callus age, the number 
period lbr anther inoculation than Milyang 23 of days from callus induction to transplanting, 
(Tongil type), the best results were obtained when affected the rate of plant regeneration. The 
anther development reached up to 1/2-1/3 of frequency of green plant regeneration was high 
spikelet length (Tabie 1). However, if the panicles when callus was 11-20 da)s old, but the frequency 
were pretreated at a low temperature betore of albino plants increased when callus was more 
inoculation, the optimum period was when the than 30 days old (Table 2). The most effective 
anthers reached 1/3 of the spikelet length. When callus age for green plant regeneration, was about 
anthers were inoculated at the late uninucleate stage, 20 days after callus induction, when the callus had 
the frecluency of green plant regeneration decreased a diameter of 2-3 mam. 

Table 1. Effect of anther development on callus induction inrice anther culture' 

Anther Anther' No. of anthers No. of calli 
stage development Varietyy inoculated induced (%) 

Early 1/3 	 Nagdongbyeo (J.) 180 22 (12.2) 
Milyang23(T.) 460 53 (11.5) 

Middle 1/3-1/2 	 Nagdongbyeo 280 42 (15.0) 
Milyang 23 440 31 (7.0) 

Late 1/2-2/3 	 Nagdonghyeo 190 10 (5.3) 
Milyang 23 310 1 (0.3) 

" Anther position in spikelet ( /3: one third from botnon) 
T: Tongil type varicty 
J: Japonica type variety 

Table 2. Effect of callus age on plant regeneration inrice anther culture 

Callus age No. of calli Plant regeneration (%) 

(No. days) Variety' transplanted Green Albino 

0-10 Milyang 23 (T.) 65 12 (24.6) 12 (18.5) 
Nagdongbyeo (J.) 80 29 (36.3) 8 (10.0) 

11-20 	 Milyang 23 78 37 (47.4) 16 (20.5) 
Nagdongbyeo 95 42 (44.2) 8 (8.4) 

21-30 	 Milyang 23 80 29 (36.3) 28 (35.0) 
Nagdongbyeo 80 31 (38.8) 18 (22.5) 

31-40 	 Milyang 23 50 7 (14.0) 17 (34.0) 
Nagdongbyeo 63 10 (15.9) 17 (27.0) 

41-50 	 Milyang 23 20 1 (5.0) 2 (10.0) 
Nagdongbyeo 41 3 (7.3) 5 (12.2) 

T: Tongil type variety 
J: Japonica type variety 
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Media 

In the early studies, MS and Miller basic
media were mainly "ed flor rice anther culture,
but recently N, basic media with a modified in
ammonium content has been 	 widely adopted' . 
However there is some difficulty in u.;ing N, basic
media for all genotypes, especially when the rice
is an Indica type. It is known that the medium 
used for callus induction influences the rate of plant 
regeneration after callus translhnting. The source 

and amount of total nitrogen in the basic media 
imparticular are critical to: callus induction" Inan evaluation of basic media for rice anther culture,
the N,,-Y, basic medium gave better results than
MS, Miller, or N, media (Table 3). The total nitro,-ei 
content of N, basic medium was the same as
that of N, but in N,,-Y, medium it took the form
of 28 mM KNO V 1.75 mM (NH 4),SO 4, and 1.75
mM L-Glutamine, while in 	N, the nitrogen was 
pre.,ent as 28 mM KNO, 3.5 mM (NH4),SO 4 (Table 
4). 

Table 3. Effect of media on callus induc';on and plant regeneration inrce' anther cufture 

Culture No. anthers 


medium 
 inoculated 

MS 600 

Miller 
 600 
N5 	 600 

N6-Y, 600 

Rice variety: Nagdongbyeo 
Cold treatment: 15 days at IOC
Growth regLlators: Callhus induction 

Plant regeneration 
Source: Chtug aid Sohn 19861 

Callus induction Plant regeneration 
No. % No. % 

58 9.7 15 2.5 
148 24.7 3 0.5208 34.7 23 3.8 
272 45.3 37 12.3 

* NAA 2 mg/I + Kinetin I ng/I 
- IAA 0.2 mg// + Kinetin I ng/i 

Tgule 4. 	 Composition of N6-Y,medium for rice anther 
culture' 

-Components Content (mg/) 
Macronutrients salt 

(NH), 231.5 
KNO, 2,830
KH.,P0 4 400
CaCI<2H 0 166
MgSb, 7H,0 185 


Micronutrienls salt 

MnSO 4.4H20 4.4 

S, 1.5
H30 1.6
KIFeSO.7H0 	 0.8

27.85
NanEDTA 37.25 

Organic supplements 
Glycine 2.0
Nicotiric acid 0.5 
Thiamine Hc1 1.0k-Gltamine 

251a 

Under line: Difference between N-Y, and N, tnedium 

Exogeneous growth regulators are also
required for callus induction and plant regenerition 
in rice anther culture. A combination of 2 mg/INAA (l-naphthalenacetic acid) and I mg/I kinetin 
showed 	 better results than the other growth
regulators used, alone or in combination, for callus
induction". The effect of 	ABA (abscisic acid)on plant regeneration has recently been recognized
in tot-hcco anther culture'. When rice anthers werepretreated :it 10'C for 15 days, a combination of 
NAA, kinetin and ABA gave a better response,
in terms of both callus induction and green plant 
regeneratiun, than either NAA alone or a com­
bination 	of NAA and kinetin"'. The interactionbetween 	exogenous growth regulators, especiallywith ABA, and cold treatment should be givenfurther study t '. Most of the callus derived from 
rice anther culture lost its totipotency rapidly when
the callus was more than 20 days old, but the addition,
of ABA 	 was effective in nmaintaining the regea­

eration ability of callus derived from anthe: forlonger period of time (Fig. I). These resultsshould contribute to the practical apptication ofthis technique on a large scale. 
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50ei 	 Kinetin 1 mg/ 
NAA 2 m/g/ 

6 ABA 10 nig/ 

10 

20 

402 

M\ 
3 

' % 

0 0 6 

SourceK 
~ 0 '4 

neunn 198510 
-

102 3 0 0 6 

Callus age (days) 

Fig. 1. Relationships between callus age and plant regeneration under various plant growth regulatorsreatment 
Cold treatment: 15 days at 100C 
Source. Chung 1985 1 

nlcorder to increase the frequency of green 
plant regncralion and save time and labor, a liquid 
Culture method lirs been developed. In this method, 
Japonica varieties showed v'hetter response than 
Indical Ones". Calus could be also obtained from 
p~anicle clturIIe ill a liquid medium"'. However, 
normnal calus growth was observed only when the 
an1ther-s Were Cultured in liquid medium; when 
panicles and spikelets were cultured, a limited 
atmount of abnormal callus growth was observed34 .  

The frequency ofcallus induction inl the liquid media 

was much higher than in the solid media, but the 
frequency of plant regeneration in liquid media was 
much lower compared with that in solid media. 
Poor rates of regeneration may be due to the 
insufficient aeration of callus precipitated to the 
bottomn of the liquid media"5 . To improve aeration, 
potato extract can be added to the medium, or a 
paper bridge used for liquid culture". Callus induced 
from a combination of NAA, kinetin and ABA 
in liquid media showed higher frequency of plant 
regeneration than when 2.4-D was used (Table 5). 

Table 5. Comparison of regeneration efficiency of liquid medium and solid medium used for ricez anther culture34 

Concentration of growth regulators (mg/i) No. anthers Calli induced No. calli Plant regeneration 
Medium Callus induction Plant regeneration inoculated No. (%) transplanted No. (%) 

Solid 2.4-D (2) 	 Kinetin (1) 360 122 (34) 112 23 (21) 
IAA (0.2) 

NAA (2)
 
Kinelin (0.2) 700 196 (28) 214 - 82 (38)
 
ABA (4)
 

Liquid 2.4-D (2) 	 250 455 (182) 455 10 (2) 

NAA (2)
 
Kinetin (0.2) 300 612 (204) 612 44 (7)
 
ABA (4)
 

Rice variety: Nagdongbyeo Basic medium: N.-Y, 	 Cold treatment: 15 days at12'C 
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The practical application of liquid culturetechniques needs more study. When Nfi medium
supplemented with NAA (0.5 ppm) and kinetin
(4 ppm) was used for callus induction in one-stepculture, the frequency of plant regeneration
higher than 

was 
when two-step culture was used"x. 

Cold Pretreatment 

One important factor which can increaseculturability in anther culture is the use of various 
pretreatments before inoculation. Cold pretreatment
has become an essential step in rice anther culture

since 
 it was first described by Chaleff el al. in
19751. Researchers have reported various optimum

times and tetnpcratuires needed 
 for cold 

.When panicles of Milvang23 (a Tongil type rice variety) were pretreated ateither 6C or I2'C for 5-25 days, cold pretreatment
at 12 C for 15-20 days proved to be most effective
in increasing green plant regeneration. Cold 
pretreatment at 12'C for more than 20 days
increased the frequency of albino plants (Table 6). 

Callus induction from anthers pretreated at 120Cfor 20 days occurred earlier compared to thecontrol, although most calli were still induced
between 2(0 and 30 clays after anther inoculation
(Fig. 2). The effect of cold pretreatmeni inincreasing culturabilit-, has b'cn recognied 
regardless of rice variety, or evenWhen lot in F hybrid s".a of anthers are cultured at the same 
time in a breeding program, cold pretreatment canhave an important practical benefit, in terms ofsaving time and labor. To carry out cold 
pretreatment, the excised panicle at an appropriatepollen stage should be kept in a jar filled with up to 5 cm water, and stored in a polyethylene
bag in the dark to maintain the freshness of' th.panicles32. In tobacco" and barley' 2, a high
 
proportion

of embryoids

of r S pollens enhanced the formation . It is interesting that rice, the
proportion of S pollens in Japonica-type ricevarieties is much higher than in Indica. Whencold pretreatment was applied in rice anther culture,
there was also a correlation between the proportion
of S pollen and callus induction frequency. 

Table 6. 
 Effect of low temperature treatment on callus indiction and plant regeneration inrice' anther culture
 

Low temperature Callus Green plants Albinotreatment Green plants/No. anthers induced 
°C 

No. ol calli regenerated regenerated 100 anthersdays inoculated No. % transplanted No. % No. % inoculated (%) 

6 5 310 27 8.7 17 2 11.8 6 35.3 0.610 270 4 1.5 2 0 0 1 50.0 015 300 1 0.3 ­ - - - 020 300 0 ­
- 025 300 0 ­
- 0 

12 5 110 6 5.5 6 4 66.7 1 16.7 3.610 290 47 16.2 41 21 51.2 13 31.7 7.215 270 58 21.5 54 24 44.2 10 18.5 8.920 250 79 31.6 62 34 54.8 20 32.3 13.625 200 58 27.0 54 4 7.4 31 57.4 2.0 
Control 300 24 8.0 19 9 47.4 2 10.5 3.0 

Rice v rel : ,yM ilyang 23 
Source: Chung and Sohn I86" 
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50 20 days at 12'C 

40 
0.­

,-
g30
 

- II I 

--,
 

20 -­

',Control 
10 I 

0 7//L..I ..I I I I I 

20 25 30 35 40 45 50 55 

Days after anther inoculation 

Fig. 2. Percent distribution of callus induction from anther treated for 20 days at 120C1 

(ienotYl'ic I)iference 
varied according to the parents of the crosses. The

The success of rice anther culture is also culturability of F, hybrids was very low when 
attected hy the genotype otlhe materials inoculated"- crosses were made between Indica- and Tongil-There are distinct differences in the efficiency type rice varieties. If one parent had good 
of rice antherce Iure in different species, subspecies culIurability, The F, hybrids showed compara­a 

or even varieties. Most Japonica type rice varieties tively high level of response (Table 7). Miah et 
have a betler response in terms of callus indluction a.2'considered callus foration ability in anther 
than otlier Indica or Tonigil (Indica/Japonica) type culture of rice to be a heritable character. The 
rice varieties. There is also considerable variability success of rice anther culture may greatly increase 
within each varietal group' ''. The trequency of if selection is made of genotypes with a good
callus induction and plant regeneration in F, hybrids response. 

Table 7. Comparison of F1 rice plants with parental variety interms of callus induction and plant regeneration' 

No. plants regenerated 
No. anthers No. callus induced Green Albino 

Material inoculated No. (%) No. (%) No. (%) 

Milyang 74/Dashukei 2 6,330 2,155 (34.0) 681 (10.8) 234 (3.7)
Milyang 74 1,550 497 (32.1) 65 (4.2) 55 (3.5) 
Dashukei2 4,370 1,802 (41.2) 304 (7.0) 19 (0.4)
Milyang23/'Sinseonchalbyeo 600 135 (22.5) 8 1.3) 9 (1.5)
Sinseonchalbyeo 600 141 (23.5) 28 4.7) 6 (1.0)
Milyang23 1,870 361 (19.3) 31 1.7) 9 (0.5)
IR50/Milyang 23 1,710 103 (6.0) 5 0.3) 8 (0.5) 
IR50 1,110 30 (2.7) 0 - 0 -

I Cold treailni: 15 days at I }C 
SuLIrve: Chunig and Sohn I196) 
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PLOIDY LEVEL OF POLLEN-DERIVED 

PLANTS 


Even it the main obijective of anther culture
is to get haploid plants, in practice plants , ith 
various levels of ploidy are regenerated. The 
proportion of tohaploid diploid plants is much 
the same in various reports concerned witi the
ploidv level ofpollen-derivedt rice plants. Variation 
in the ploidy level ranges from n to 5 n' 4 Many
factors, such as tile developmental stage of the 
inoculated anthers, the tise of cold pretreatntll 17 
W.the type of iediml ". and genotype" " , as
well as callus age, affect the ploid\ level of plants
derived from anther culture. The proportion of
haploid plants increases significantly if cold 
pretreatnlent is used before anther inoculation(Table 8). When cold pretreatment is used, the 
inclusion of 2,4-D, kinetin and NAA, or a 
combhi ation of kinetin and NAA, increase( tihe 

proportion of haploids. but acombination of ABA, 
kinetin and NAA increa ed the proportion of 
diploids (Table 9). The origin of some diploids,polyploids and aneuploids is known to be the result
of division of the microspore itself, or of callus 
:ells il vitro, but the process is still unclear21. To
apply rice anther culture techniques to varietal 
improvement, haploid plants must be dlploidized
by various chromosome doubling methods. These 
are essentially spontaneous diploidization by tiller 
separation, leaf sheath injection, or submergence
in colchicine2', 42. The frequenc\ of spontaneous
diploidi/atioi by tiller separation is 2.7%;, while 
treatment \with 0.217 colcliine for 12 hours 
produced 23% diploidizition,, even though some
tillers were killed by toxicity (Table 10). More 
.-ffecti; e diploidization methods should be devel­oped as soon as possible, in order to shorten the 
breeding cycle. 

Table 8. Effect of low-temperalure treatment on the ploidy level of anther-derived rice plants 

Treatment Ploidy level (%)Variety No. plants Haploid Diploid Polyploid 

Cold frealment Nagdongbyeo 213 70.4 24.4 5.2(15 days at 10 C) Mfilyang 74 110 68.2 30.0 1.8 
Total 323 69.7 26.3 4.0 

Control Nagdongbyeo 128 46.9 43.0 10.1 

S01irce: ('h1tuI ;td Sohl It86" 

Table 9. Eflect of plant growth regulators on the ploidy level of anther-derived plants of rice' 

Growth regulators (mg/) 

2,4-D (2) 

Kinetin (1) 

NAA (2) 

Kinetin (1)+NAA (2) 

Kinelin (1)+NAA (2)+ ABA (10) 

/ V',ric.rl. : agttcm tle 

('old rearc tcrl: 15 days tl I1C 
Sturce: C'hlng tid SioItn, 

1t0 

No. plants Haploid 

32 68.7 

89 64.1 

38 79.0 

72 72.2 

50 38.0 

Ploidy level (%) 
Diploid Polyploid 

21.9 

29.2 

9.4 

6.7 

10.5 

22.2 

54.0 

10.5 

5.6 

8.0 

http:V',ric.rl
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Table 10. Diploidization of haploid rice plants induced from anther culture 

No. haploid No. diploid plants 
plants treated Total From tillers Fiomrn spikelets (0) 

Treatment (A) (B) (C) (D) B/A C/B D/B 

Colchicine 

Injaction (0.1%) 128 24 8 16 18.8 33.3 66.7 

Submerged for 12 hours (0.2%) 784 180 68 112 23.0 37.8 62.2 

Tiller 

Separation 600 16 0 i6 2.7 0 100 

Source: ('hung and Sohn 1986" 

VARIABILITY OF POLLEN-DERIVED PLANTS gave important information on plant genetics and 
breeding" 21. In most A, lines, more than 90% 

Many scientists working in the field of rice of subsequent generations of pollen-derived plants 
anther culture have pointed out that further work were much the same as the donor variety in terms 
is needed on genetic variability of plants derived of phenotypic appearance, while 6-8% of A, lines 
in this way, before the segregation and recombi- showed a change in phenotypic pattern without 
nation of desirable characters can be used in rice segregation, while segregation within the line 
improvement4 . 'Tl unitormity of pollen-derived occurred in a small proportion of* lines (Table II )Ix. 
plants is reflected by the fact that roughly 90% Schaeffer' has recognized the occurrence of 
of regenerated plants showed genetical homozy- variants with a shorter culn than the donor variety, 
gosity in the subsequent popalation. Some variants Calrose 76. 

Table 11. Phenotypic patterns of the A2generation derived from two varieties by rice anther culture 

A2lines ingiven phenotypic pattern 
No segregation With 

Similar Dissimilar segregation 

Variety No.A2 lines No. (%) No. (%) No (/) 

Milyang 74 49 46 (93.9) 3 (6.1) 0 -

Dashukei2 98 89 (90.8) 8 (8.2) 1 (1.0) 

Discussions on the advantages or disadvan- dominance. The segregation mode of major 
tages of haploid breeding through anther culture agronomic characters such as days to heading, and 
are also concerned with the haploids that can be panicle length in both pollen-derived A, lines and 
obtained from a heterozygous F,. Generally, it the F, population derived from Milyang 74/ 
is well known that haploid breeding gives faster Dashukei 2 FI hybrids was similar to a normal 
progress in varietal improvement because pollen- distribution curve (Fig. 3). The distribution 
derived plants originate fron a haploid microspore, frequency of culra length in A, lines and the F, 
so that phenotypes coincide with genotypes in population derived from hybrids of variety Milyang 
diploidized pollen-derived plants, without any 74, with a short culm. and Dashukei 2, with a 
interference from recessiveness covered by tall culm, could be divided into two parental groups. 
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The ratio of tall plants to short ones was 3:1 in peared tothe F, population, and 1:1 in the A, 
follow a normal distribution curve,lines. The although the average culn length in A, lines wasshort culin of Milyang 74 was controlled by a single shorter thanrecessive gene that of the F, population". A(Table 12). This shows that the comparison was made ofselection efficiency of recessive genes 

major agrononlic char­can be acters controlled by multiple genes in A, lines andii'creased by haploid breeding through anther F,populations..culture. It would appear that the selection 
efficiency 01 quantitative characters, will be equalThe segregation node of' the culn length of in both populations, if sufficient pollen-deriveda renite cross, Singwangbyeo/Etmhabyeo, ap- plants are evaluated". 

A: n=175, x= 109 A,: x= 20.5
F.n= 594, F{x=21.0 

S30 
A-"'- ­

22 

-
CU 

20,, dP 

10 FA2 

- .-F02 P,_2 
 .......
- F ,, i 2 
01
 

100 110 
 120 18 20 22 24 
Days to heading Panicle lengfh (cm) 

Fig. 3. Distribution of days to heading, and panicle length of F2 and A2derived from Milyang 74/Dashukei 2 

Table 12. Segregation of culm length inA2 and F2popula- There are no variants with leaf' blade pubescencetions derived from Milyang 74/Dashukei 2 in A, lines derived from the original variety, which 
Culm length had a glabrous leaf blade3 . When an F, hybrid

Generation Tall Short Total Ratio X' P 
was bred from Milyang 74, with a pubescent leafblade, and Dashukei 2, with a glabrous one, tile

A 98 77 175 1:1 2.520 .10-.25 ratio of pubescent to glabrouspopulation, and 1:1 in A, lines. was 3:1 in the F,F, 466 128 594 The glabrousness3:1 3.773 .05-.10 of Dashukei 2 is controlled by a single recessive 
gene (Table 13). There are no variants in terms 
of reaction to bacterial leaf blight (pathotype K,), 

In rice improvement, the most deleterious 
in A, lines derived from the original variety resistantto this pathogen. When a F1 hybrid was bred frombarrier to making renote crosses is sterility. The resistant and susceptible parents, tile ratiofertility of pollen-derived A, oflines derived fron resistant plants to susceptible ones was 3:1F, hybrids of a remote in thecross was quite different F, population, and 1:1 in A, lines. Resistance toto that of an F, population. The fertility of the bacterial leaf blight (pathotype K) in Milyang 74A, lines had a narrower range, but wits higher than was controlled by a single dominant gene (Tablethat of the F, population (Fig. 4). These A, lines 14). These results onwhich demonstrated higher fertility will supply 

the type of gene coincide 
with the results of Chen et a/.important material in their segregationfor remote cross breeding . of lines with a narrow and/or liguleless leaf. 
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Fig. 4. Distribution of fertility of F2and A2 lines derived from aSingwangbyeo/Eunhabyeo cross 

Table 13. Segregation of leaf blade pubescence inA2 and F2 derived from Milyang 74/Dashukei 2 

Leaf blade 
Material Generation Pubescence Glabrous Total Ratio X2 P 

Milyang 74 

Dashukei 2 * 

A2 96 83 179 1:1 .9441 .25-.50 
Milyang 74/Dashukei 2 

F2 439 155 594 3:1 .3793 .50-.75 

Characterisvic of parental variety 

Table 14. Segregation of resistance to bacterial leaf blight, pathotype K,inA2 and F2 derived from Milyang 74/Dashukei 2 

Reaction to BLB (K1) 
Material Generation Resistant Susceptible Total Ratio X2 P 

Milyang 74 

Dashukei2
 
A2 97 82 179 1:1 1.2570 .25-.50Milyang 74/Dashukei 2 
F2 457 137 594 3:1 1.1874 .25-.50 

Reaction of parental variety 

103 



Cell and Tissue Culture in Field Crop Improvement 

APPLICATION OF ANTHER CULTURE IN 
RICE IMPROVEMENT 

Rice breeders attempt to develop high-yield-

ing rice varieties with resistance to diseases and

insects, and with 
 stress tolerance. However, the
accumulation of various desired characteristics into 

any one variety is almost 
 impossible to achieve

within short breeding cycles. However, anther 

culture 
 has made possible the development ofdesired characteristics 

"', 
within short breeding

cycles and the selection of linesnew fron
interspecies F, or F. . so that it is now used for
breeding commercial rice varieties44 . Recent 
progress in rice anther culture at the YeongnainCrop Experiment Station (YCES), Korea, has 
increased the frequency of plant regeneration from 

Yer Samnamn- HR17O2-byeo 65-3-4 

1983 

F 
1984 1984 F2 

A1 (39 Pl.) 
1985 + 

A2 (39 line) 

1986 YR4811 Acp 38 

MILYAG9 
1987 

0.1W in 1982 to 5.6% in 1986 (Table 15), and 
already two promising elite lines are ready for field 
testing, to determine their suitability for localconditions. More than 2,000 pollen-derived lines
will be tested in the next year in observational
yield trials at YCES. Milyang 90, a Japonica-type
rice variety derived from anther culture, has shown
resistance to brown planthopper (Bph) and stripevirus disease (SV), and has good grain quality. In
producing these desired characteristics,the breeding
cycle of Milyang 90 took only four years, at which
point it was ready for field testing (Fig. 5).

Rice improvement through anther culture
needs further detailed study on the artiticial control 
of ploidy level, and of' albino plants occurring invitro, as well as improvement of the culturability
of Indica type rice varieties. 

Milyaig Remark

64 Crossing
 

Bulk)Bph(Bulk) ScreeningS eeni 

_ _'Anther Culture 

F3 (Bulk) 
I _Bph Screening 

F4 (25 line) 0YT 
F (11 line) 

Fig. 5. Breeding of promising new rice line, Milyang 90, through anther culture 

Table 15. Recent progress of rice anther culture at YCS* 

Culturability and performanceYear Green plant/l00 anthers (%) No. of anther-derived lines 
1982 

0.1
1983 83

2.5
1984 296

3.1
1985 606

5.0
1986 1,950

5.6 
2,693
 

YCES: Yeongnam Crop Experiment Slauion, RDA, Milyang, 628-800 Korea
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culture in liquid media for obtaining anther 

DISCUSSION 

Q. (D.A. Somers)
1low many varieties of rice have been developed through anther culture so far? 

A. In Korea, two varieties and three good lines are available at present. 

Q. (Ni. Vajrabliaya)
When you get the haploid plant, how do you double the chromosomes to achieve the nornial diploid
plant? 
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A. 	 It]apil(Oidplants are usunaIlly treated with colchiciie. Sometimes we separate the material and pIant 
it directly in the ield. We then obtain about 2.7'1Z diploid plants by spontneous diploidization. 

Q. 	 (I.,.Zapata)
 
For the selection ol salt tolerant linies o' tissue culture, after yOl have obtained salt
by means1 
tolerant liines vitol, 1o you think we shoLId Select to 1m.[e SUre thatil how many generatiOls 
the seleCtCd line has true esIStane? 

A. 	 As you know. it is possible to select salt tolerance lines in vitro. However, it isimpossible to 
obtaiin Salt tolerant inttlnts wit honut a ny changes in other morphological characters. 

ascerta inwhether it is at opt1i6inur1 
the position of the flower. I unIderstand VoU look fOr one third chrome, at the bottom of the 
spikelet? 

Q. 	 When+ Vot select ant heriS. VO 1i an iniuoculI ation stage by analyzing 

A. 	 We first look at the Flat leaf and Second leaf, when we select and cut the material. However, 
I must emphasize th ththere are many variables, which differ according to the variety, whether 
tilev' ity is Japoriiica or Indica, etc. 
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SOMATIC MUTATION IN RICE TISSUE CULTURE 

K. Oono 
Department of Cell Biology

National Institute of Agrobiological Resources 
Yatabe, Tsukuba 305, Japan 

ABSTRACT
 
Various tissue culture techniques have been developedyears. The development in rice tissue culture over the past tenof pollen culture, protoplast culture and somatic embryogenesiseffecive is the mostapproach for improving the breeding methods for rice by means of anther culture, in vitroselection, ce!l futsion, propagatiom and transformation,However, genetic unstability in tissue culture soon berame aplant species. The well known phenomenon for manyuse of this somatic mutation is a promising technique to increase the range ofgenetic variability in rice breeding. Somatic mutation is frequently induced in cultured rice tissues.Among these somatic mutants, useful mutants are often observed. Furthermore, cultured rice tissueis a good materialfor somatic cell genetics. It is possible to carry out genetic analysis of regeneratedplants and their offspring, as well as molecular studies. Rice mutants with unusual genetic behaviorhave been obtained by means oj' tissue culture. 

INTRODUCTION plant height and panicle length were also observed 
in regenerated haploid plants obtained from a singlePlant tissue culture teclhniques for various pollen callus'.plant species have developed rapidly during 

past 
the We therefore planned to clarify the natureten years. These techniques, from a single and causes of variations in cultured rice cells,cell level to an organ level, are useful not cnly well as as 

for applied purposes, but also for studying basic 
in regenerated plants, in order to develop

means
sciences in the plant. 

of both broadening genetic variability andOne potential application establishing genetically stable cell lines.of particular interest is plant cell genetics basedon single cells. The control of totipotency of plant GENOME MUTATION:ells is a great advantage in this respect.Cultured plant cells are often habituated to Rice calluscultural conditions, tissues are unstable at a chro­and show alterations in their mosomal level. For instance, calli of anther culturenutrient orauxin requirements and lose totipotency. from the F, plants of aFurthermore, cross Arborio x Loctjanan increasing number of experiments were examined. These calliindicate that the chromosome numberand structure 
were induced on 2,4­

are highly D or NAA (5 x 10-IM each) media.
variable. Phenotypic variations The calliin weighed 1,000 mg each,regenerated plants been 
and showed very widefrom cultured cells have variation in chromosome number.known to occur since the The frequencieslate 1960's. In rice, of haploid cellsthe presence of abnormal or 

were 34.5% in the calli inducedvariant regenerated on 2,4-D medium, and 31. 1%on the NAA medium.plants has been documented since thelirst success The frequencies of diploid cellsin plant regeneration, e.g., morp'm!ogical variants were 42.5% and
25.9% in the two different media, respectively. Thefrom seed callus4', and albinos 2 an .ipolyploids from highest chromosome number observedpollen callus. Albinos, and morphological vari-

was 114. 
In one callus, 8 different chromosomeations in plant height anu panicle length, were alsoobserved numbers between 10and 36 appeared, and in anotherin anther culture studies. Variations in callus 15 between 12 and 144 were found. These 
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results suggest that cell divisions in pollen call uses 
are not always normal, and that polyploid and 
aneuploidy are common. It appears that the culture 
conditions do not exert strong negative selection 
pressures on abnormal cells or chromosomal mu-

5
tants .
 
Chromosomal obse,-.vions of regenerated 

plants f'rom rice anther culture were also made. 
40, were found to he in a haploid state, and 48.5(/ 
in a diploid. A group working in Mainland China 
obtained tilesame responses: 60% of about 1.000 
pollen plants obtained from F,anther culture were 
found to be diploid, 351( haploid and 5'1 triploid 
or aneuploid'. In addition, pentaploid rice plants 
were also obtained from anther culture'. 

Chlorophyll deficient plants, especially 
albinos, were frequently regenerated f'rom pollen 
calhis. Albinos appeared not only as haploid but
also as diploid and triploid plants. 

In wild rice species, 0. perennis, some 
triploids have been obtained 5.  

GENE MUTATION 

One thousand, one hundred and twenty-one 
D, plants were regenerated from 75 homozygous 
seed calluses. Eighty-three D, plans were studied, 
and their plant height, flowering date, morphologi-
cal features and seed fertility atMaturity were 
recorded. Plant height of the D, plants ranged 
between 77 and 124 ciii. Heading date of tileD i 


plants ranged between Aug. 9 an( Sep. 1. 
Seed fertility of the randomly investigated 

489 I),plants varied widely. Seed fertility was 
less than 80 in 58.7;, of the I) plants, and less 
!hall 4 ," in I 8.2,; of the D_,plants. Morphological 
changes of sonic characters, e.g.. grain density and 
long awn. were also observed. 

Chimerism of D, plants in seed fertility 
(diffe'rence in seed fertility of' more than 20% 
between particles on the tallest two culms oil one 
I) plant) and in chlorophyll deficiency was also 
observed, with a frequiency of 23.7'/ and 29.3c4 , 
respectively. One of the twelve tetraploids was 
a 2x - 4x chimera, bearing one 4x panicle among 
10 panicles. 

File agrononic characters of successive 
generations (D,, I) . . .) of these D, plants were 
f'urtler investigated. Heading date of the 6,382 
D,plants flictuated between Aug. 19 and Oct. 7. 
Early- and late-heading variants were observed, 
including I),plants which had a heading date 20 
days later than the coitrol. Plant height of' the 
I),plants ranged between 29) amid 135 cm. There 

Somaic Mutation in Rice Tissue Culture 

was a distinct shift to low plant height in the D, 
population, and 4.1%of' D, plants had a plant height 
of less than 9(0 cnm. Plants less than 50 cm tall 
were mostly malformed and/or completely sterile. 
The dif'erence in the mean heading date and plant 
height between the D, and the control was significant 
at a I£ level. Seed fertility of the D, varied from 
1)9.2(7 to (1/-. The frequency of I), plants with 
seed fertility of' less than 80%/< or 40(( was 19.5% 
and 5.0A , respectively. Completely or partially 
sterile plants showed various types of pollen 
abortion, such as completely shrivelled pollen, 
incomplete accumulation of starch, or combinations 
of these while others had normal pollen, and pollen 
ofi normal and small size. 

D, panicle progenies were examined for the 
presence of segregation of chlorophyll-deficient 
m1utanls in the D, generation. Chlorophyil mutants
segregated in 34 out of the 438 tested panicle 

progenies. This nllitation frequency, 8.4%. was 
comparable to the Mutation frequencies in , 
following X-ray or I-ray irradiation of rice seed. 
Segregation frequency of' chlorophyll mutants in 
tie D, lines (DIpaliicle progenies) was higher than 
20%/ in 22 (64.7%4) of the 34 mutated I), lines. 

Among 6,328 D, plants at maturity. 1,491 
plants were recorded as mutants iisome agronomic 
characters. The frequency of mutation, excluding 
the lethal chlorophyll Mutants, was 23.4c. Table 
Ish1ows tile
number of D, lines segregating such
 
Mutants, in addition to those of polyploids. mutants 
showing drastic morphological changes, and viable 
chlorophyll Mutants. As tileTable indicates, many 
D, lines (lid not segregate any mutants. The average 
number of mutant characters per D, panicle (D, 
line) was 1.08 (826/762) when five characters were 
examined. The results suggest the frequent 
indu':tion of mutations in the process of callus 
induction up to D, plant regeneration. 

Mutants selected lor chlorophyll deficiency. 
plant height, heading (late, etc.. were true-breeding 
in the D,. The breeding behavior of ei ht mutants 
showing drastic changes was investigated in crosses 
between the mutants and the original varieties. F, 
segregation ratio patterns (if six of the Mutants fitted 
the 3:1 tile wereratio, indicating that mutations 
controlled by single recessive genes' . 

HOMOZYGOUS MUTATIONS 

Ten seed calli from a panicle of the sanie 
plant were obtained after 22 days of culture on 
Miller's mediutim supplemented with 105M 2.4-D. 
These calli were subcultured oin medium of the 
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Table 1. Changes of characters of mulants in D.,lines 
derived from panicles of D,plants regen'eratedfrom rice calli 

Mutated characters No. of lines % 


Normal 214 28.1
Ploidy (4.%) 12 1.6
Fer 273 35.8
Hf 19 2.5 
Hd 3 0.4
Mor 1 0.1
Ch 
 27 3.5
Fer and Hf 74 9.7
Fer and Hd 14 1.8 
Fer and Mor 7 0.9
Fer and Ch 59 7.7Hf and Ch 3 0.4
Hdand Ch 1 0.1 
Mot and Ch 1 0.1 
Fer, HI. and Hd 11 1.4
Fer. Hf, and Mor 2 0.3
Fer, Hl, and Ch 27 3.5
Fer, Hd, and Ch 2 0.3 
Fer. Mar, and C 1 0.1
Fer. Hl. Hd. and Mor 1 0.1 
Fer, Hf, Hd, and Ch 9 1.2
Fer. Hl. Mor, and Ch 1 0.1 
Tolal 762 100 

.\ hhreviatin fort 
, _ 

lie muIaledcharactersareas fl bows: Fer.seed
Iet ilit\;fit. plant height: 11(. heading date;Mor. niorplological
Inik,('.chloroll tI deficieicy 

same composition, but coniainig fOg// NaCI. Two
calli (NA-2, NA-3) were selected after three 

suhcultures (123 day', of culture in total, including

101 days on media containing NaCI). Sixty-nineI[) plants regenerated f'rom three calli (NA- I,
2, ,INA-3) were grown to 

NA-

laturily. Of' 37 plants


egeneraled fiol'm
callus line NA-3.33 plants showed 
atdwair'f trai. A genetic analysis of progeny of

pulative h1lilozyeolS 
dwiall' malit.llllS
derived fron

NA-3 callus has been carried out. There were 

no significan (l
differences in heading date, pollen 
fert ily or seed lertility between putative honozy-
Cous mut is and planis oft i ormnalerated firom N.,\-3 call us. height reen-Hlowever. tlie cUll length
anmd pan icleIc ngih of' the puialive holnozy'gou,,
ll ta illsa; (eclesed. anmid the Iltilnhecr of' grains 
produc'd h\ lhese plats was smaller than normal,The dwar'f trail iwas expressed from tlie seedliing
stageto liuirily, ald all inernlde and painicle 

lengths were therefore shorter than those of' normal 
plants. 

IIn the second generation, D, progenies or 
36 D, plants examined showed sitnificant ditfer­ences in height. The frequency distribution of' plant
height in 744 D, plants was examined. All 1,143D, plants in four D, lines from plants of normal
height were also of'normal height. However, all
ot'the 24 1), lines, including 441 1), plants produced
by dwarf D, plants, were also short, as if the trait 
resulted from a cytoplasmic mutation or a nuclear
mutation for which the D, plants were honozygous.
Seven D, lines segregated I or 2 normal individuals. 
to yield 8 normal and 152 dwart plants in total.
One D, line segreateCL 7 normal and 22 dwarf 
plants.- In the third generation, all I I D, line;
derived from normal D, lines or t'rom nornmal 
segregants showed normal traits. However, all 24
D, lines (938 D, plants) produced by dwarf D,
plants were dwarf. Six ), lines from (warf D,
plants segregated only one to three nornal plants.
The overall frequency o normal plants was ,4.1(
(10 normal/235 dwarf). One D, line included 41plants of' medium plant height (90.0 ± 3.6 cm,range
84-100 crn). In the fourth generation, 57 D4 lines 
were examined: a 31 D4 lines fron normal or 
revertant D, plants were normal. In 21 D4 lines
derived frorn short 1), plants, the dwarf trait was 
fixed. Four 1)4 lines froni dwarf D plants segregated
normal plants ( 12.81/ ).Transmission of the dwarf
trait was stable, with i sinilar low frequency ofsegregati on of' nor al revertants illthe suhsequent
totr ge nier tho ught o D ,.ations 

Putative hmozy'gous nutant P, plants wereanalyzed by crossing. Tie dwarf trait was expressed
by F, plants produced by crosses between two dwarf

plants e.g. 9Na57-I x 9N56- I. 
 The dwarf trait 
was transmitted to the F,- F, and F, generations

of these ciosses. The c 
 nr plantso ' Os. -C(equency of' norma ntsin tle F, was 3.87- (14N/35 IS). The normal stature
trait was transmitted to the 
 lF, and F4 without 
segregation.
 

The dwarf trail was not expressed at all by

the F1, F,. i.( F progenies derived froni

reciprocal crosses of dwarf plants with the control
 
(N8P51 or with the progeny of the normal regen­
erated plants, such as 9Na 107-13 (normal D,plant).
deii\ved f'romshort plalts the same callus. Although a f'e wwere observed inthe F, generation.
this distibulion was wilhinilie lorlial range for 
11-o111,11
aiIts. Nor'eover aill suhseq uent progeny 
of these plants were nornial. Plant height is aquantitalive trail. I-Iowe ver. Ile F, (hill
did not

indicate that the plant height if the F, had any 
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influence oil the plant height of the F, lilnes. These which was estimated to be ten thousand per haploid
results indicate that reversion tror il tie pltatIv,V e .inoiie., while no hybridization signal was detected 
honiozNTgIous mtlation occurred ill the F, genera- ill Ls DNA. The linit of' detection of' the 
tiol". experimental methodls employed is between onie 

and I'ive copies per genolne. By Lising i probeDNA AMPLIFICATION AND DIMINUTION of' higher specif'ic activity, a weak hy'bridization 
signal could be detected even in caIIlus DNA. Copy

Chllances in tlie dil'I'eICltitation aid dedilf er- riurin ber chaiges were eStil iated lU ant itatiel by,
entiation processes at a DNA level were analyzed. tlie co-hybridization experiment.
To obtain int'riation aboti I)NA clhanges d urirl The 'ragcineis cIoned iin pR B30I and p RB401 
calliS itl Ctitm. rice tic lear DNAs frol em br'o origi nated from cibryo uticlear high copy number 
and 31)-day-seed callus \\ere digested with several sCliences that clianige ill cops' number between 
restriction ell/vles. Of' these etzym es. 1,anll elbryon iind sluscal DNA.
 
showved a lear differeucC 
 bet ween emnbr'o aiid CCillse plants canl be regenerated from rice 
Callus )N,\. Callus DNA sho\ed a pattern of' callus hy chginsieir the inediuni Conditions. copy 
manyI discrete haids on a sicared backgroLiud, uLiminbers of, the I)NA l'ragments cloned in pRB30I

hese III S12h, ,11uggchat 111C I)NA seLtierices and pRl140I were sttidied tl rig redilTerentiat ion. 
wvere anipliied duiring callus indUction. loticidate Several seed calli were translurred toa re-eneratioll 
lhe niec!-inisim 01 the l)N.\ amplil'ication, we have niedinmn. and 3( days later shtoots and roots were 
tried to idenlif tho1Se )N\ fragmcnts that wer rgeneratled. Nuclear I)NA was extracted fron 
*irnpli'ied. )NA..\ 'ragtnerils corresponding to banks shoots approximately 5 cm iii length. For the 
in tlie regionii betcwen ..11kh and I.Oklb weire piepa ratii ll of iiLtclCar1 DNA Irori regenerated
e\tracted lron enih\o l)N,\. and cloned into shoots. eiibryvos aidn callus were digested with 
bacterial plasiid pBR ?15. Recomibinant plasinids B~arlll Iand hy'bridiztl Witih thei 'l-Iabelled
 
co1ntaiining ric nLic'leiar l)N.\ e trenc.e Were inedM 
 f'ra nints cloied ill pR133)1 and pR13401. pR1301 
pRt. Fil'tcen high Cop' inumehr clones .'ere hybhridized with regenerated shoot DNA and elbr(o
sClecCd ;ndLpuriliCd. SOtuhCin blot hybridizationS I)NA with almost sai intensities. which w re 
of" riiulll I digested emrh\o aid callus I)NA,, w\cre lwer than1l the inlllsity ol' lbridiZatioll With ciIllis 
perori etln. with Ire 2T-luahclled cloned DNA.si i )NA. :tllithrlnor., plBl340 hyIbridized to DNA 
probhe. TIhe Iaill, i it, cot ai, ed ill p1lasrlids pre pared f'rom regenlcietedl SIhoot ald eillbrvo withi 
pRn3()I and1 pRI34(11 siio CdLIvery interesting the sane inclrlSitN'. htt alSo hb'ridized (ill \'eakly
pattrlrns. The bands in eniibrv' and callus I)NA with Callus DNA. These r'stliS suggetl that tile
that hybridi/ed \\ilh p, .3311were lie same size copy iumribiers of' both clones also Clianrge ult'iriig
those of the cloned frlaiiient (I.7kbp), but their redifTerentiaion, and that ini rg'enerated plants the 
intensities differed. That is. hybridization of, Callus cop nuiibelrs of these cloned f'raginents return to
DN,.\ with pR330(1 was telr-Iold sinrirger than that tie level presenit in the enibrvo. TlhereI*re, the 
of' ellbr\o )N.\ with this f'raoiilnt. lEvei riio ll' co nnliber Changes tl the Ir'agllients cloned in 
Llrailatic lilTeeirces e\ere discovered betweern pR331)l and pR134(01 were reversible during
hybridized sequence I.4khp) in ,rnlbrvo )NA, dCdilTeretiation'. 

Table 2. Somaclonal variation intissue culture 

Observed in 
Type of variation Callus Regenerated plant Heritability 
Physiological variation Yes Yes No 
Genorne mutation Yes Yes Yes 
Chromosomal mutation Yes Yes Yes 
CSne multalion Yes Yes Yes (Mendelian) 
Plasmon mutation Yes Yes Yes (Matertial) 
"H o"mutation not Del Yes Yes (non-Mendelian) 
DNA aroplitication and diminution Yes Yes no Del 
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CONCLUSION Jipn. Acad. 44: 554-557. 
Somaclonal 3. Nishi. T. and S. Mitsuoka. 1969. Occurrence'ariation in tissue culture is of various ploidy plants from anther and ovarysummarized in Table 2. Some of these phenomena culture of rice plant. Jim..I. Genet. 44: 341­were first discovered and studied in rice and 346.therefore cannot bU assumed to apply generally 4. Nishi, T., Y. Yarnada and E.Takahashi. 1968.to other plant species. I lowever. it is reasonable Organ redifferentiation and plant restorationto expect that similar pielnomeia will soon be in rice callus. Nat me 219: 508-509.observed in other plant species in the process of 5. Oono, K. 1975. Production of haploid plantsdedifferentialion an-l redifferentiation. We are of rice (Or*va sativa) by anther culture andrapidly improving tissue culture techniques for their use for breeding. Bull.Naitl. Inst. Agric.

Inally plant species. These improvements includethe manipl at ion Sci. Ser. 1) 26: 139-222.of protoplasts, pollen culture, 6. Oono,
transformation, etc.. 

K. 1985. Putative homozygouswhich support the rapid mutations in regenerated plants of rice.development of Mol.somatic cell genetics in plants. Gen. Genet. 198: 377-384. 
7. Oono. K., K. Okuno andREFERENCES T. Kawai. 1984.High frequency of somaclonal mutations in 

callus culture of rice. Ganna-Fiehd Symposia1.Kikuchi, S., F. Takaiwa and K. Oono. 1987. 23: 71-95.Variable copy n.mber DINA sequences in rice. 8. Research Group 302, Institute of Genetics,Mo/hi ec. Gen t. 210: 373-380. Academia Sinica. 1976.2. Niizeki, 1-. and K. Oono. Genetic studies on1968. Induction pollen plants in rice (0,v:a sativa L.). Aclia
of haploid rice plant from anther culture. Por. Genetica Sinicua 3: 278-285. 

DISCUSSION 

Q. (G.S. Chung)
Some mutations, such as short stature in plants. may be due to some other genetic factor, andbring changes in other factors besides small size. Do you think that more (han one character may be involved in short size of plats? 

A. With regard to short stature in plants, only in the case of homozygous mutation is a single characterinvolved. If it is not hiomozygous, other factors may be involved. 

Q. (11.
Uchimiya)
)r. Oono, you are getting good results tromlyour work with protoplast culture of rice. How does 
your system compare with that for corn? 

A. Formerly wc had considerable problems, bil recently we have foutid it possible to regenerate plantsfroi protoplastv. I am beginning to feel that the culture period may not be a major problem.Some ten years ago. I was convinced it was impossible to regenerate plants when cultures wererepeatedly subcultured. I have now changed my mind, and feel that plants can be regenerated
after subculturing. 

We have also tried to establish an embryogenic system. We have recently published a study of500 varieties, which found that the ability to form the embrx ogenic state is highly variable between 
varieties. 
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ABSTRACT
 

7"issue culture has proved to be a uselfti method fir Citrus crop improvenent and propagation. 
Ilowever, verv little iork has been done otn the indigenous species of S.E. Asia. Cot 'ledonary tissues 
and the smaller embryos of Cilrus microcarpa, C. linton. C. sinensis and Fortunella polvandra were 
cultivated on MS basal mnedium with NAA antd kinetin. The derelopmen of both callus an1d root 
was 'ontmon, although the cultures responded variably to diffeirent concentrations and combinations 
of growth substances. Whole embryos of C. mnicroecarpa could germinate on basal mnediunt alone, 
but N,i was helpful in callus induuction. Shoot buds developed on roots in 3 months old cultures 
of C. grandis, C. limon and C. microcarpa. Nucellus anmd leaf segments did not respond well in 
ritro. The uscfulness atnd theJiasibilityofthe results are discussed, with reference to elonal inprovement 
and the mass production of plantlets. The present position of Citrus in S.E. Asia and the potential 
atd practical applications of tissue culture to improve the Citrus industry are brie/ly discussed. 

INTRODUCTION 

Conitidcrblc reseaucrh dati Ihas acCumitl a ted 
on the in culture of (C'itti.species. aniit,, o1liliost 
of the ilrtportll findilges have been reviewed> 

(itAru.S is a major fruit crop,. aInd the utSCfulnCss 
01 tiScuC C'ttire mettidsd, 'i c rop iniipro\v emCi 
adLttile of patignilS in cerlain specieSCliminalion 
lre\well docuielntcd ". ill view.\ of tlt vIs[ illumber 

otf species and tculti\+ir, ins ol\eCd in tile(itrus 
i[IdutlirS. ald co'nidCrilL tileCotll)iircia.ll po,ssi-
hilitics liid possihil elOOlillic 2ai1s. Itic'h Imore 
reseirclh iceIds to k dotic. littleVer\ research 
hasl: Oinpcie to Southeastbeell Lone indigCnou, 
Asia. Tihe species avtilible in this recion ire cood 
,nocl)00I m11alteria.ls, lhalcan he isLd for studiCs 
oii l'bridi/alioi. )rOtoplil ItlsiOi lnd on,1itclotnal 

\arialion. This p.lkrrepris onoili'it'o regelleraltioll 

poitemiial ol the cot\ on itLrootandllt IissICs 0f' 'OL 
specie", 'amid all(ifri.s wI u'<,rlI l i, vamdroi -- a,C'ilrn.s 

aIls. 

MATERIALS AND METHODS 

Plail Iaterials used ill he experinenal 

studisC iIcludced C'itru.s limin (Linn.) Bur. f.. C. 
moicrorl,Bunge, C. sim'tii. Lirii. Osbck van 
Liu Chring and I ornmelh plyira Ridl. Tana ka 
[ I a-tl). All plamt maiiitcrials were obtained lrom{Fi. 


a local fruit flirn in Singapore. Both vegetative 
nlldlreproductivye lt uset as explants.rotl'Ut.S were 

Intict seeds verc surface sterilized in 2()q v/v 
conmlrciil ('hlorox solulioi for 15 minltes. In 
ntcll tiLlsse cLltrC experimenits. iatire fruits 
\wCrC Sul'lace stCrili/zed \ilhh 25.; C'llorox for 25 
lllitlt.S. Illleaf tissue culture experiments, leaves 
\%crc washed, rinsed al soaked ill v/\ Chlorox2()1 
for 15 mtinutes. All the naterials \were then rinsed 
five or six tinies inl sterile witer. Alter the seed 
co!s were ellioved. tileembryos were sepaiteld. 
The \%.hole embryo. whetlhi r smiall or large, or pir 
of tilecotyleonlo i . (c.?.cm) was nseid is 

iltexplanl. ;mnd cultured separaltely to dCleermine 
liele rIalivc gril h potemlitial of tile IissLiCs fli lm 
diflereiml sized Cilryos. The iiucellus was isolated 
by rcinovinghc Xposing aItransluccnltIme inteculnienlN 
wNiilte. pufl tissue. This was Cut ltir illoctlaIllion. 
Of ite vctati\vC tissIC, onl\' the laWnintii was LISCed. 
0.5 cmi x 0.5 cn scginnleits were itliulited lyiig 
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ora-d cr? [~'u~s m. Gop C /11001? 0s/0L90$isand Forlixt-1//a p/)o4~mrda jcO scale)elf jjlllr i Mrmatrrre see(ds dsseIdtU,o ymv embr~tryos (e)Outer 0)aed rorrer I seed coals.f vW m,ronrru Seed is(r 1. rrrtcqurrrerls M leshry ILCelLJS (Of)arnd emibrys [E(rirm scale) 

"ltl te Il( lnt"C, 0I OIL ttlpetIC epidetiti id tttlk or ill Collithtt (jlol. It 'll \tn C e llt-Ill dit-u eInte \ih Ilie tIeulititll Noihjl idl Iralions" ranglinw, [t-oni 0- IItIil. The p11 of' fie 

Iii. baslneditin [used k\ astha ill .\Inraltlige of agar. and [Ihe nlwdillm \\,Ias tu'lled Jith RWXintll SkoL \I esin. ,~ ii i-'steuie Dilco Bacto agar.Al ntrs eeuaianefl~w ,l s"ite' I-M) l L cocinIl \%*iter (jHYI it e (Illure rooittitita ei;-eratutlre of 2I etidld sl)aitJ Ii liIC l eila r 2 (.and tir it !,itlenlsjt\ of' 45phrs'Itw( i;w(icte I If- 1 itI. In cti II.\.c aCId 'uoIe1. ISNAA tIi' t of' darkness.Kitini IKi. (I) illl(IIWtiiititBL.\. HP. 2AI Standard Iliicro-teehtiqlI'ltV nlithodspiei 1 \tere If1olloed)ihl H ~acr i.cu(2--I) anld lndiiC-1- 1,1 llbrneohuttjil,g the' tISnes and Stinin thie see­uciliLk"I I hee\%kL'I ltdde'd either l ions 



Cotyledon Tissue Culture and Shoot Buds on Roots in Citrus 

OBSERVATIONS AND RESULTS 

The size and shape of the seeds of some 9 1' 
the species investigated are illustrated in Fig. 2. 
Details regarding the average seed length, number 
of embryos per seed, approximate size of the largest 
embryo in each seed, and the color of the chalazal 
end of itle inner seed coat and cotyledon are 
presented in Table I (Fig. le-f). In all the 
experiments, two types of cotyledon tissue explants 
were cultured separately. The first comprised 
segrnents excised from one of the largest embryos, 
and tile second, segments excised from one of the 
smaller embryos, about two sizes larger than tile 
smallest available embryo (Fig. 3a-d). 

A general morphological description of 

a. C. microcarpa 

0000 
b. C. limon 

000 0 
C. C. sinensis 

Oc6w 
d, Fortunellapolyandra 

growth and differentiation of cotyledon tissue in 
culture isgiven first, followed by histological details 
of the tissue, and finally tile effects of growth 
substances on tissue or organ growth. 

After about Ibuir days in culture, the cotyledon 
explants appeared to be greener and slightly swollen. 
The callus tissue developed between five and seven 
days after inoculation, mostly on the cut surface 
of the explants and on the regions embedded in 
the culture medium. Depending on the composition 
of the medium, the callus tissue so fonled grew 
three or four times the size of tile original explant 
after seven to eight weeks in culture. The root 
primordia appeared as pale yellow or light green 
outgrowths on the tissue. In certain cases. there 
was no callus formation and the roots developed 

6600 

0 00o 0 

OO&@DO)
()0 

Scale: 1 cm 

Fig. 2. Relative variations inseed size and shape in[our Citrus species 
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Table 1 Seed" characteristics ot C.microcarpa; C.limon; C.sinensis and Fortunella polyandra 

Average Average no. 

Plant material 
seed length y 

(cm) 
embryos/ 

seed ' 

C mcroc'rp, 9.4 ±06 92 ±+0.9 
C.lmon 8,8 ±04 5.6 ± 0.7 
C slnonsis 11.1 ±0.9 52+0.4 
F polyandfra 111 +06 32±0.6 

]"kCl 

N J ,Cd1101ll ;1111" U ,Needs
 

All illh.,C N '.,.. I\,,l ile 'ee.tds 
LaII CdiL.lI I.e i II' lS. 

Approximate size 
of largest 

embryo (cm) 

(8-6) x (7-5) 
(8-6) x(55-4) 

(10-8) x (75) 
(9-7)x(7-5) 

ItI i'uir ah ,it'.l.\o,,I lIl dc dtel,,n1al in o ilie hori/onllt I and vertical axc,
(,I.dillict":t 


Fig. 3. 	 Embryos isolaled from asingle polyembryonate seed of a. C.nricrocarpa; b.C.limon; c. C.sinensis; d.F.polyandra.Cotyledon segments were excised from tie largest embryo (see arrows): the smaller embryos used were at least 2 mm 

,zlII,"IlI Ih'11IIt0l ICIILit L hCL.CrimL ' 


Texture and 
color of outer 

seed coal 

smooth, pale yellow 
ridged, credm 
ridged, cream 
smooth, pale 

Color of 
Chalazal end of 
inner seed ,oat Cotyledon 

brown green 
maroon pale yellow-green 
reddish brown olf-while 
brown green 

long 

l'nl
di-tll f [lie ep.\phlts, The stllfa*+ceof' the rots 
appleared Ilaky initially, and \,as soimetimes covered 
densely wihil r€oot hani-s. The rioots \were positively
oeotropic, and grew into the 'cdiLitinl as they
elongiiated. Tlicv alsoti-uned treen and no lonoer 
h1ad aniiy 011 hiail", 01CC illhlieculltLire inc.liduo. 
The c0lor, testIUle and 1-aterrli f1" andcallus rot 
(levellpnielit were silii'lar lorhe cotyledon explants 
e\ .ise(l fImi holth tie laroest an d the smaller 
enlmrvos. The peller al patlerll of .growth and 

organogenesis was sitiflia in the explants of' all 
the species, and unless there were di:tinct labels 
itw difficult to (listinizuisli the cotyledon cultures
of the 	 different species frori one another. 

The cotyledon explant tissue was rmainly 
co(m1posed of' Storage par"elchylla. with some 
\'ascUlar stlands and oil cavities (Fio. 4a-b). The 
surLfice cell layers in the excised regions served 
as healing tissues, auid theire was sone sLibei-n
 
dCeposiiili Oln the cut s',urface Fig. 4h). 



('or\'lConiTissLIC Culture and Shoot Buds on Roots"ini(it-trs 

a. 	 d 

Fig. 4. a-e. F.polyandra 
a. 	 LS.cotyledon segment, mostly parenchyma cells of fairly uniform size with vascular strands 
b. 	 Part ol asegment enlarged to show subsurface cambiim, with more inlensive activily inand near the vascular 

sfrands 
c. 	 L.S. of the segment. sinqrg IreoUse heeterogCenons ca-llus with uneven outlil SLJrdee: on righ isathick suberin 

deposinon (50 days) 
d. 	 Part of c enlarged to stow the calus tissue (darker egion), thick cirriitm above fhe original tissue of Ifle 

explaiknts (lighter region) 
e. 	 Perilrheral par! of tle growing explanl showirng srherir Oleposilioin (Arows', active cambium and necrosis of 

some celis ,10 days) 
f-g. 	 C,JI/CfOCI-)dp 
f. 	 Cotyledoiary segment with peripherai callus ard root primordia (30 days) 
g. 	 Part of segment showing well developed roots. T.S. and L.S. (60 days) 
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Cell and Tissue CulturC in] Field C'op ImIprovmeiii 

The cell lavers inlediateI lhelo\ the he/lil
tissue dixvided to '*fllltihe subsurface Or peripheral
cambituin (Fig. 41. The cells adjacent to the canbial 
zolle lost their collnlns and restlnwld lncrisilltlic 
activitV, thus widenin the canbial /one. Tissucs 
ntearer thc Vasculurstrands dix'idcd note Vi4OOu>.Ly
and so also did the parenchvia Of the 'ascular 
strands. l)epending on the relative intensity of
the neristctIlatic actix'itx'. seelal ,rotlh regions
weic fotrned whic-h iesulted in ln L11e'eii sulla.1ce 
otline) Fi. -I4c)and lissue protuberances of Vait'OuS 
sizes. The nc\v ti'siu forned was darker brown 
ill color, xvith rich Itannin and olher inclusiois 
4d). xhbil Ol lteSurl'facet_ subeCrin dCpOsilion Was 
l)in'0iiiilelt (Fig. -1e0. lI-inliilV bth the cllis and
rIotl dexelopient \curc of' subsurface origin. and 
there \as no correlatioin beteen tileposilion ofl 
the original vaISct-ulalr strands illtiletissutie and the 
Oigin of' li\\, root priniordia (eip.4c. 1'. 

EtTecs of, (Gr'owth Subs.itlances., 

Cot'ledoln explatls Of ('. i'o'uT,741 xire
Used to test lie eects of' NAA, and there was 
ino
tissue grotlh in the cotirol. '[he concentration 
elecls of NAA wert obyvious: at a lower colicen-

traillion ((0.2 1lg/I 0nh,Itn
otdVeIoped: both ctllus 

and rooits dcveloped xvilhi 2 nw./: and profuse callus 

developed xxii I 
 g xifeith or. iorools (Fig.
5a). lhe rools de\clopcd at Io\,r concelitratios 

were' igrC (lie.Z a 
 The I'suls xx re similar l 
in tilee.xplants froillboth the largest and smaller 

embryos (Fig. 5a-b). 


All the explatins (Of*'.fl,,('P'./) cultured 
in MS nieditill sullllen ented \itli Only K (()-I()
t1u/I) failed t0 aiotliltr0'th res nse fofany ' 
the ctir,. culturet period of 12-15 \ceks. Sib-

ctluliIig 
 tile ti s ies o11it tiheresfih iiidiuLiin did 

[lot InStibsuCnIuiI e.Xpe-iuntnS.c COlilll tiiill',
help. 
of' bohth NAA aind K xver_ used, and efl'cctiv 
ciiiiccntrati((ins 1(,1r c il(u+sa in l i00t d xI lpVO ncii 
'aried (Fig Sc-l). When. the explants showed areater duic, of t.alltiS formatiolln. theile 

de vehlped x'eie shol'll lianithose o serx'cd in Ot lienledia xxith luxw NAA I -( I). The goth 
response oltinls of' C. ui .ro.'urpa and (C lI//on 
xxere sinilar. Thie .xplalits oflC. .xn,.si.\ fkiile,1d 
to forni u hut\ Iany,' ca_'iS hill 
 o' theiii piiOdtcied
rtlofls. Ii F. /poIvld<.mrai, the groxxill r'esponse (of
the explatls xvka"shiiliar IollatIf'tild in . /mo/i 
and C. Nxill('xA.and aieain thit.x as no siliicaiit 
diflcic! btxl\\CenI C xplailts oh lai.cr 0 ii,lnalleir 

eillbiiN (Fi c). 'I he besi lissle gi\xlh \,'its
oblained iil mediuii \xihi NAA (it lng/I + K ((1.2 

I ) nedia. x\hihl to" opltilllllllIotit dcclopmentI
atlower concentration of NAA (2 Ing/I; + K ().2
In\/ was xci helpful. An increase Ilithe 
concentration of K (2 m/I) helped root growth,
but theex a\no bud development (Fig 51-hi. Front 
the above rsnlts. it was clear that both callus and 
root indclitioll we possile x\hen growth sub­
shtt-cs were used at pairicular COlicllltatiolls. 

In certain cases. f'ull enilrvos xere used as 
explants. ihesc developed into normal seedlinos 
bearing roots, hwlpocutv i and leave, (Fie. bc). The 
size of the seedling xas proporlionale to the size 
ofi.if the eln brvo used. Whn tilet clilhirnvonal axis 
was sepatated floln thliecotlyledolns and cultured, 
this did not "ow On control mediumltile 
 bul ill
nedia with NAA anid K. the tissue row'h \vas 
profuse d-e).( 1i. Initialiv tilecallus tissue 
appeared pale v'elloxx, and took the form of a loose 

- inliact. i'inulair Iiiass. With furl'tIhertissuC 
iproliferation, thle explaii became covered xvith 
AIllhis. Whenever there xvwas prof'usC call us. shIoO

developiment xwas arrested ( 1i.d-c).
 

SHOOT BUDS ON ROOTS
 

Soii of the cultui iresxvere left oti tilesam 
ImCdlillin for 1ii e\tendeI ipel-iod of 12-14 xweeks.
 
to study the growth 
 i-sCpoaSe underi+ undisLlullrbehd
 
conditions. , m
"le iOiOs con tinutied to elongate,

especially 
 'whenpetri dishes \vre used instead Of
 
test lubes. IlcultureS of" C. ]Im01. shoot buds
 
developed on the roots., and eventually ec,h ofthese
 
developed into a 
lea f shoot (Fig. 6a-hI). 

utrther experiments 'erethen conducted oil 
C0It11S u.,11N tidnC. MiC'O('lT". It x'as o'bvioLus 
ftoml the" alboe sItl ie s Ii t ci' th1Cuniidr ihhlhi i.c
 
of NAA aind/or K 
 V'rv l'Cx'buds deVeloped.
 
Theteifore. forl I'rLri'x
\'irk K was i placed witi
 
benzl adenine (B3A). The proicedtit'e r setling
 
ufl t
Ctlllll',
'tIStiit sae as described earl icr. 

Fresh .se eodIsof ( dui.sand C. Mi o 'p'utI/ 11 
x'ee uistied. TIh, grminteild ra(iiin IS inlediuin,atid seedliinu, 4-5 x'eeks old hid I I'tur i'OlSfo 


and txo iis "l'ht-e xx'ereof leaves. se secdlin.stransferred to i l l'ienitICiuin With 1A (5 

imn//). Aboutl eihlt \veeks aflter traiisfer, bud 
pritnoIdia apLpared iddlethelh mil portion (if the 
itioiS. ThiCx' xx'le-e glcen in coIlOr and cOtild Casil\
 
- seeii againsl the pale xxhike color of the 
 roots 

'Fig. 7a-c'l. AluIOt X)W; f' tile Sih linits of both 
the species had iudso te Iirilroots. 

At f'iilst. the shotl bud pu'iiniui'diumn xvas 
glbular and buttoin shaped (ie. 7a). Soon after 
illel"I'eiic, the Iwo lleIbe s Of ilie priinordia xx'ere 

12( 
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Cotyledon Tissue Culture and Shoot Buds on Roots in Citrus 

Fig. 5. a-b. 	 C microcarpa Explants ot cotyledons trom largest a. and smaller b.embryos. MS full strength. i-iv 0,0.2, 2 and 10 mg/I 
NAA respectively. Note that lower concentrations encourage root development, and the higher concentration callusdeveooment (42 days) 

c. 	 C.himon. Cotyledon exolant from largest embryo. i.0.2mg/I NAA; iii. 2mg/I NAA +02 mg//K; iv.10 mg//lNAA +02mg//
K. Note the variations inthle size, and the absence of roots (40 days)d. 	 C.microcarpa Explants from the largest embryo i.no growth regulator: i. 0.2 m,/NAA; ii 0.2 mg//N, +0.2 mg//K. very
little callus mostly rot iv 2 m/ nA m/ral usand roots formed, iv 10mg/ NAA + 0.2 mg//K, mostly callus 
formed 

e. 	 F.polyandra. Explan t from i .0.2 mg NAA ii.0.2mg// NAA 0.2mg// K,mainly root formaion iii. 2mg/Ismaller embryo //

NAA +02 mg/iK; iv.10 mg// NAA + 0.2 mg//K, mostly callus inii and iv.28 days old
 

f-h. 	 C.microcarpa (50 days)
f. 	 Callus and roots formed inmedium with 2 mg/INAA and K 
g. 	 Mostly callus, compact and friable, 10 mg//NAA +2mg//K
h. 	 Explant enlarged to show callus developmenl on root. Arrows indicate small uulgrowlhs on the cut surface of the cotyledons 
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Cell aiid Tis"ll' ('ulure illField Crop iIllprovcfllil 

Figj 63 a-b. 0 limoii 
a. Spowrotar It fMWhnnion (90 (lys 

,iargernentb. lo show developmeni lfY Shont With ro (120 days) (0.2 mg/I NAA) 
c-e. C,(flf~fIm.
 
c. Sped Iingis (lovelopeed on MS rIted Iu 1wiltroliIany gr1owthSusohtrccs (42 dlays). Vatrialioris in)siie reflect originalemnbryo size 
d. Profuse callus around errtyoral axis, 2 mg,// tAA fK eacr (42 days)
e. Whole ;inhryn cullure ci tor sdanle niediror as d. Note prouse (;,flltns Irom colyledons and arresled shoot de­

v0lo[j enllt(42 dlays) 
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C(.otvledon 'isSue CultunrC and Shoot Buds on Roots inCitru.s 

-,'
 

d. 	 f.
 

Fig. 7. a-e. Citrus grandia 
a. 	 Enlargement of root showing shoot bud primordia, bulton-shaped structure (out of focus) (80 days)
b. Primordium developed lurther, showing erect axis and leaf primordia (left) (80 days)
c-d. Primordia enlarged, showing rupture of root tissue and emergence of axis and the first leaf (left) 
e. 	 Enlargemer of shooi bud, showing four leaves and two roots: it is row ready for excision to obtain anaw plantlet
f. 	 C.microcarpa 1mo:ith old seedling inNAA (10 mg/) medium (with callus) transferred to BA (5mg// medium. 

Note that some of the callus ispresent almost at the end of the root, and the development of numerous plantlets 
on the upper part of the root and hypocolyl. One of the seedling leaves is intact and producing callus: 20-30 
shoots developed on each root, each of these could be separated into individual plantlets (60 days old) 

clearly visible, and developed into tlhe firSttwo weeks. When the1CseedIi fere trans-rred 1o 
leaves. The axis of the bud was round and swollen. BA (5 1n1//) mcd itim. many shoot buds developed
and in 6-8 \weeks old culiltires tle axis emerIled from the callus region. Nekk shoot bIuds also 
prominently. IIi culresn I(-12 weeks old, the bUdS developed direely from1 other palts or [he root th1at 
also developed ind ivia(In l roots a11d thIius1ny\ werie not prodUCilho call Is. The shoot Iuds SO 
p1lantllets deye lolpCd. These could be Slpaiated iill(o de'eloped were isolaCd and trais 'herred to f'resh 
plan lcts (Wi. 7d-f). meditim. sometimes williNAA ((.5 mlg/I) and 

SoIe of the seedlinns. '-.weeks old. were SOilCtihies withot. In two to three \eeks, they 
lransf'erred to NAA ((0.5 m1./1) mnedium, and the developed loots aid I'ull wereplaitlets obtained 
1t1S iodic, d proInse1ca.llls in Iiee or foul" (FiH.7r0. 
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Cell and Tissue Culture in Field Crop Improvement 

CITRUS IN S.E. ASIA 

Vast number of Citrusspecies, natural hybrids 
and cultivars are present in S.E. Asia, and our 
knowledge of them is meager. Both basic research 
and experimental studies urgently need to be 
undertaken. Some of the points discussed belaw 
are very important to those working on ti'.sue 
culture, for both plant improvement ard genepool
conservation, 

Slhe taxonomy of Citrus spec,.s is confused. 
It prompted Tanaka-. to write on "'Species problems 
of Citrus" and Dodds7 to state that ". with the 
exception of the limes, these fruits represent on 
the whole natural groups of horticultural varieties 
and to apply the concept of formal taxonomy is 

2more conftusing than helpful."1. 15. These compli-
cations in tie taxonony are due to the ease with 
which Citrus species hybridize, by polyembryony. 
by rutations, and by the spontaneous production 
of' autotetraploids with thicker leaves and rinds -

Many species of ('itrus are indigenous to 
Southeast Asia. Some are cultivated, while others 
exist as wild or primitive species that are less 
comnionly grown. Table 2 lists the various species 
and cultivars commonly found and used in the 
region. It includes most ofthe commonly cultivated 
species descrihed earlier, as well as some wild 
indigenours species such as C. ce'bica, C. halimii, 
C. ichanensi, C. talipes' C.. micrlantha and C. 
microptera. Furthermore. the rcgion is also rich 
in species of closely related genera. Among these 
are I'ortutla// po/vandra, Feronia linumia and 
Ieroniella hcida". In spite of the richness of Ciarus 
gernplasni, citriculture has not been as extensively
developed in Southeast Asia as in other areas in 
the warm temperate zone, subtropics and drier parts 
of some tropical areas. Citrus fruits have not yet 
been exploited commercially as a large scale 
plantatiim crop in tropical areas, but are widely 
grown as a backdoor and orchard crop for local 
consumption' ". Relatively limited use has been 
made of the native genetic diversity in upgrading
(irus in Southeast Asia. Furthermore, cultivation 
in each of the Southeast Asian countries is plagued
by problems ranging from pests and diseases to 
poor farm management. Nevertheless, efforts are 
being made to overcome these problems". 

Tihe International Board for Plant and Genetic 
Resources (IBPGRj is trying to develop an 
awareness of the need for preservation, evaluation 
and utiliization of Cirrus in Southeast Asia. This 
is recognizedt as a difficult task in view of the 

many constraints. It is widely believed that native 
crops are of low quality, and that there is no export
demand for them. Low production yields are another 
problem. 

Germplasm preservation efforts are further 
hindered by the problems of cost and space involved 
in the maintenance of Citrus germplasm collections. 
At the present time, almost all (if not all) the Citrus 
germpiasm collections in Southeast Asia are 
maintained vegetatively''. This means that rela­
tively large areas of land are occupied, and their 
maintenance can be expensive. The lack of users 
i.e. breeders and horticulturists in Indonesia2' , 

population pressure, the need for higher incomes 
for rural people and competition from other crops
in Thailand ' also threaten the future of gerrnplasm 
collections in these countries. Nevertheless, there 
have been recent reports of Citrus collecting 
missions working all over Southeast Asia. This 
is because a dedicated group of people are aware 
of the need to continually acquire more germplasm
to broaden the resource base. This is essential 
for the iriprovement, not only of Cirus in the 
S-utheast Asian region, but also in all the Citrus 

.growing regions of the world21 

Both nucellar embryos and shoot buds on 
roots provide a convenient means of propagating 
select orelite plants on amassive scale. Theplantlets 
so obtained are true clones of the mother plant, 
since no sexual cycle or meiotic changes are 
involved. Tissue culture thus offers an excellent 
opportunity of producing the good quality plantlets
that are required to establish Citrus plantations in 
various developing countries. Tissue culture 
methods will also help to save the precious 
germplasm which is disappearing very fast along
with the humid rain forests of the tropical zone. 
In vivo methods alone may not be adequate to 
conserve all ecotypes and clones'- 12 

1
1'. 2 . 

DISCUSSION 

Citrus seeds are well known for their 
polyembryonate nature. Whether fertilization is 
necessary for the development of nucellar embryos 
is still not proven, for the whole genus or for other 
genera of different angiospernous families .'-. 
Earlier, it was shown that in C. microcarpa and 
C. grandis both shoot and root development could 
be induced by changing the composition of the 
medium and light/dark regime". Some of the recent 
observations made are discussed in the following 
section. 

Erabryos in mature seeds are crowded, and 
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Cotyledon Tissue Culture and Shoot Buds on Roots in Citrus 

Table 2. Citrus commonly used inSoutheast Asia 

Scientific name English name 

.,'rusumiycarpa(Hassk.) Oshse 
C.aurantifolia (Christm &Panz) Swing. lime 
C.aurantifolia var italicus Hort. Italian lime 
U aurarntiumLinn. sour orange, bitter orange, Seville orange, bigarade 
C.celebica Koord. Celebes papeda 
C.grandis (Linn.) Osbeck pomelo, pummelo, shaddock 
(C.maxima Merr.) 
C.grandis var. racemosa (Roem.) Stone grapefruit 
(C.paradisi Macf.) 
C.halimiiStone 
C.hystrix DC. lEech lime, porcupine orange, Mauritius papeda 
C.ichangensis Swing. Icharig papeda 
C.jambhui Lush. rough lemon 
C.iatfoliaTanaka Persian lime, Tahitian lime 
C.lalipes (Swing.) Tanaka Khasi papeda 
C.limetta Risso sweet lime 
(C.limettioidesTanaka) 
C.limon (Linn.) Burn. f. lemon 
(C medica var. limon Linn.) 
C.limoniaOsueck Rangpur lime 
C.,nacropteraMontr. false shaddock, Melanesian papeda 
C.macroptera var. kerrii Kar's Thailand papeda 
C.medica Linn. citron 
C.medica var. sarcodactylis Swing. Buddha's fingers, fingered citron 
C.micrantha Wester small-flowered papeda 
C.micrantha var. microcarpa small-fruited papeda 
C.mit/s Blanco calamondin, musk lime 
(C.microcarpa Bunge) 
(C. nadurensis Lour.) 
C.re'culata Blanco Tangerine, mandarin orange 
C.ieaculans x C. sipansis king mandarin, tangor 
(C.mobilis Lour.) 
C.feticulatavar. austera Swing. sour mandarin 
C.FsmperflorensLush. 
C.sinensis (Linn.) Osbeck sweet oiange 
Fortunellapolyandra (Ridl.) Tanaka Malayan kumquat 
F punctata Tanaka 
F. crassifolia Swing. Meiwa (sweet) kumquat 
F japonica (Thumb.) Swing. kumquat, Marumi (round) kumquat 
F obovata Tanaka Changshon kumquat 
Poncirus trioliala(Linn.) Raf. trifoliale orange 
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('ell +nd Tissue C_ulture in] held (i'p hlprovemlnt 

closely a)prCssCd. TlIh C studied in these experi-
Iments were ol' sizes.arvill As malis' as 2'2 were 
isolated fni'm the Seed oi'. i#l'#I)oCU l is against 
40 nlhryoslcd ill '. ,i.shu". Nucellar embryos 
are e+-ncllly rWcOUI.tCl h ' their lack olsuspelsorby 	 their Snmaller sie. or 'hv their lateral location 
\itlhin tllle sced. Bolth la'ue and Small -lll~l'\os 

have g1ood'. grotlh potential. 
The nucelhus is M unhilu tissue wilhotll ailV 

vascular strands. Il certaii species. adveliliv'e 
Cenb'ygIIeAsis, as inidtl fromli i' Virillclurc 
if titicells tIssLicsescisedlrotm unpolIiated o\ nes, 
plroing that the stimulus of pollination and/or
felrilization ssas essential' ' 


As stated abhOVC. IlI 
 v ,t udi es have een made 
to e\ploit the ull regencratti\e putential of' btlh 
\getati'e and repl1rodutliv.C tissLCs Of ('llrlun 
species. NtutClhS. s\hich is tle mo10thCr tisstC 'for 
adVClti.C nehrVO de'elpmiieiI ill 'i'VO. alSoe 
regeneraICs \sell il .ill'f+,givinigrise Its encihrvos. 
'he efct0' V'saro,,' growi Il sUbstanlMcs Oil issusC

Of various specie, ill culture, ha, alsO bCen stuLtdied 

" lso of* intcrest ar tilhe s>tudiCs 
 Conclned Willtle rege t Ieratisesscs dCrieTd I'tMl stein and leafi 


segmeniltS. leading to 
 full plttlC dCVClopmCt'. 
Shoot lips of llaltlrtc trees have ls:, bel used 

1t itidcC mutitliil-le slhouts, aIId some 
of 	these c.iIld
beilI't0 d 1to0 bthal fItill pflatit lCts. OhVitt sl'. this 

pr'ocedure can used
h is ai CIfecIise method of*Clhllitting \iusCs '' There is thus a great deal 
of1 technical expcrlise asailable for the mass 
pnII'Ipagat ion of' certain (011rnS species and tIheir
ciItisisI's, lho\weser. shctler aIl\ ( lie method is 
CILtiall\ we+ll suitCd to all Species is not certain. 
sitce each stuidy has beeni concertnetl only with 
one oir a les\ species. There is thus a tied for 
further stIdies \\ hich includeu asWide rig of'specics
orcultisars \with cuitllercial poltcnlial. It i's possible
that such stidies have ah'ead\' been completed, and 
suitable methods already developed, by large
cittllllllcial companies in ltil ti ls iroduciniOigil'propagalion of 	 ('i/lru. frillli Sotnmat ic calluscoLUitriCs Of (ie dCvelopCd world sUtch is Australia+l 
or USA. IHowever. onl v\'er"' liilited work has 
IbCti dlC o il teln spcCies a\ailable ill Southeast 
Asia. 

Soi iitleresiiig ibsl i's' aliols have beei
made oil direct shootl bid ul'elii tiic0tI tots-'. 
In i'cioLus veal's. li(Iluid nil inuin was ised 1t0i 
et-'ablish Iootnlcrisenl UtilitS Ol 'rnge. Ieoit. 
Pn i'has A i/o0ti+la aldiI Ciralige. Afl'ter initial 
groiisl, larger pieces of' riots \cie !alils'lerred to 
+aillt' diUii whtre te1 'hcr, 
to shootl', either direcily o' riougllh 

s' 	 Itit gising rise 
ecallus phalse. 

I'vetially platitlts wecre obtaiied. I the prt'esent 

stLd: litiid medium was 1t used. and shoot hI ds 
de\c loped direetly on the "'IDis wilhoill aIn' Cali]IS.
lRoot callus tissues., whenI heIIthuied. gave rise 
touber l sI'-hoo'ts thal could he Sel)araled 
an edrootedto obtaill 1h11ts. TlhLs. tile possibilitynOW exists of otaliinig. plantlet,S. With or \ithotl 
a callus pllase. It may prove v'r\ intcresting to 
extend this method of stud\ for itilporiant conl-
Illercial varieties of (C'itrus. usinle roots deve!loped
both ill vivr, and il vilro. lBesides maintaininli 
the desirable gecnCtic qualities of' mllother of- elite 
plants. this ml-ethod also offlers a gtood system of 
Climinating viruses. With ftellCr ilmprovements
ill these mthIllo's, mass prlOpIaation of valuable 
('itrs plants can thus be achieved, to salisfy, the 
LugC ICMds oIf ('!i'sll.\ plantations ifl developing

coLtries. TIe n haIZiids idItUrl vIriatiOnS tht 
\C5,geatisVe P opagai n methods Cary can t Li.ts be 
IVoided. 
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DISCUSSION 

Q. 	 (N.M. Bhattacharya) 
I am very interested in the culture of tea. What medium are you using with tea tissue culture 
in Singapore, and what complications do you have in obtaining embryogenesis? 

A. 	 I think a scientist from Taiwan, a Dr.Wu, was the first to succeed with tea tissue culture at the 
Taiwan Tea Research Institute in 1982. He used a BS media initiator, later transferring the culture 
to a series of other media. I do not think his work has been published yet. 

Q. 	 (D.A. Somers) 
lavc you been able to induce embryogenesis in nucellar tissue'? 

A. 	 Yes, we were able to do this as early as 1962. 
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ABSTRACT
 
The potential ofmicropropagationin crop plants has been well expressed, particularlywith regardto the herbaceous plants. However, success

of species. 
with woody plants has to date been limited to a handfulThis appears to be related to the greater difficulty of establishing cultures of woody planttissues in vitro. The following paper reviews 

tissues of woody 
the various problems encountered when working withplants for the purpose of micropropagation. 

INTRODUCTION 

Micropropavation can be described as in vitro 
multiplication of a plant. It normally involves thehormonal release of dormancy of the axillary buds,
and their subsequent outgrowth. Nlicropropagation
has two advantages Firstly, no treatments for the
ncoforniatioi of shoot-buds are required. When 
a bud is used as the 'xplant, the total shoot is 
a priori present. Secondly, the risk of genetic
variation is minimized. The procedure was
pioneered by Morel and Martin. who used it to 
recover virus-free plants through shoot-tip cultures
front infected i)lants''. It was subsequently extended
for clonal multiplication of'orchids-,, and has since
become the standard procedure for in 1'itro propa-
gation in the orchid industry. The current wave
of related activity with other crops probably owes
much to its success with orchids. 

The potential application of i icropropagat ion
for woody plants, particularly tree species, has been -well reviewed. , However, the application
of micropropagation techniques to woody plants
has had a rather late b'ginning, and many problems
remain to be solved. This paper reviews the various
problems which are found to be commonly

.sociated with the inicropropagation of woody 
laldlts. 

THE PHYSICAL ASPECTS 

Availability of Explant Material 

Woody plants differ from other plant species
in several important respects. They are generally
long-lived. and can take a long time to reach the 
mature stage for evaluation. There isthus apressing
need to propagate material of proven field
perfomance. The use of tissues from mature plants
can, however, be very difficult, since success in
culturing their tissues is known to be inversely
related to their age"3 . Generally, one has to resort 
to the few juvenile growths that can be found inthe mature plant. Reversion from adult status tojuvenility is,however, not a common phencmenon,
though in some plants it may be induced artificially
by applications of' growth regulators, grafting, etc.
In species where the phenomenon of topohysis isfound, the availability of material that can be used 
as the explant iS further limited". '. 

In Ahcobroma cucco, for example, only
very small number 

a 
of the preferred orthotropic

shoots can be found, and then only the top 30­50 crn (accounting for about 8-12 meristemalic 
centres) of the shoot can be utilized as the source
of the material". This situation has placed a'severe 
constraint on the number of explant culturs that 
can be made available for experimental purposes. 
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This is particularly the case when tilechoice of 
[he nother plailt is based on a,single stand 
selection. 

I)isinfestation of' Ixplant Material 

During the hog growing period in tilefield, 
plants ate continuallv exposed to numerous field 
cltmtnaniutS. The' also htirbour v\arious insects, 
tileactivities of \ilich fturnther" increase microor-
galmSll conttllitllitilo illth1e host-plant tissues. 
Thus. getting adequaie disinfestation of the explant 
llaterial Itn1 these1plaits can be very difficult. 

ebereth and McItIe' I ha.e -ecCItlv published an 
excellent t'eie\ of thi,, problem. While several 
0ptit60is. such 0letiel1 i thes of mCate1rial 
field2, or the incorporation of antibiotics into tile 

Culture mediuml : ' " " 
. are available to 

cotmplement the ustlal surface sterilization proce-
dure. their Ceffecti enss IM VIrV acOrdill!' to the 
sp,_ciL' aM field ,ittlMiotl.. :">. 

)n,possible solution hich hmas uliy lecclltl 
been Ci\01 Sel'ious conidertlion isto isolate tle 
mtilh'er ,lock plant fron the usual field contaMi­
mntits. This pitcpa;tltor\ stage ftOr tle stock mother 
plati material has beei termed stage 1)". and it 
cai Comttplement the ,tag'cs I.II and Ill of prcpa-
cititit scheme proposed b\ Mitrlashliie ""' 
Mother plants prepared under this Conlditioi 
lIMfucd htealtlhier C\plaits with a uniftin re-
,pon,, ". 


Tissue Browning 

Amiother setris problem known to affect tile 
ititittit of cultures of \\oIVdy plauts is tile 

plienotmcot of\plant bro\ nilng, which eventually 
causes.the enuture to die. [he relatIonship of tissue 
brohiting \ith plant phel production isfairl\ 
\ell dutiCtitelld:" S"uch aiplietionOrt Cart 
he atnindic;ttti of tissue setisitivity to physical 
stres cn... th disxcctitim p s)atnl/oritochen\ical 
siles..s te slerili/at iou process).c.. surfl-lace 
KwsLuc:" has smuucestcld that it cin also be a stiress 
respotll.se to persistelit ftLingalofr bacterial infectiotn, 
atnd data frtu otilier plishcd \kork seets supportut 
thi, \ic\ '' Sc\ral soltitiorn to this problem 

1i,1\C beet prOpOsed . m1CThese ilclId e littuipo-

'atio ill culure of, altio\idallis '"
ilhe fliediull 

S .....'" ' ts. " allip llatlhl
r; st ' .....t. 
cotll,itllralltoll "
Ile salt illthe a hutu ' ' ... 

a\ Oiditic the use of N-substitutcd adenittine cytokin 
ill1ficfirslcltur1 ' "'.or itp1silg a culllle 
cu.itmittctil .hich 111j\ not be conducive to 

oxidative reaction" '" ". Pretreatment of tile 
exlilants hy soaking them inldistilled water may 
also reduce this >.problem ;

Emission of' ixciidates 

With some v.oody sp,:cies, the emission of 
exudates f'oml the Cut surfaces can pose iproblem 
in the handling of e\plant material, and cantile 

even interfere V\ ith tie surface sterilization process. 
Incertaill species such as T/u,o'h,,, cacao, tile 
situation can become unmanageable as tle exudaie 
may become quite \iscots otlcontact with water". 
Blake and Nla\xell even postlilated that tile 
lillitattiol of tissue rowMth en, i' of Il1'obo'0m, 
Oa/Ca lllaV be due tohlockace of vessels by the
excessive mucilage. In certain enera of Rihns. 

inhibitorv exuidates are secreted only after the 
.explants have developed complete shootst2 

7 1. 

BIOLOGICAL ASPECTS 

Nutrient Requirements 

Apart froin the explant origin, tle other 
imporlait factor that governs the success of plant 
cultures is tileculture medium. The description 
of a de'ined culture medium is,in lt. the first 
step in tiledevelopment of a plnt tissue culture 
system. The nutrient forinulaition utiliZed fI'r a 
particular plant culture system isgenerally based 
on an empirical approach, with a general preference 
for tileestablished formulations. One such medium 

that has been widely used is that of Murashige 
and Skoog2 . the high salt content of which appears 
to be suitable for the faster growing herbaceous 

plants. With the woody species, data from recently 
published work appears to indicate otherwise. The 
general preference of these species appears to be 
for a 1llutrient fortlulation of lower salt concen­
tration+ "_ ,., ' I In light of this information. 
any assumption that established media which work 
well ,ith a broad rance o(flno-woody species tnlay 
also Nottk with the woody species cat lead to an 
inherent serious f'la inthe work. The sensitivity 
ofthe tissues o 'woodyspecies to small imbalances 
isnot well docullienled. bil illThcobrn a cano. 
for ex amplc, tiletolerance range has been found 
to be very restricted I 

Correlative Inflilition 

Ini inicropropagatioi1. the axillary or terminal 
buds are induced to develop in vitro. A single 
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(ell atId Tissue (uiltiue il Field Crop hn'ipro\veiiieit 

bud ma' produce only a singh shoot. or. Tissue 

on tlie Species arid 


[lepelg Vitrification 
ille mediju ) used. may producemtiliple shoots. As each of the shoots in Iturn The development of" shoots or plantlets indevelop buds alone their axis, the procedure may vitro with succulent, translucent leaves has been'he contintued indefinitehl . \Vith many of the woody reported ;11cultures of' a good n1unber of woodyspecies, there appears to be a general dJfficuhly species,. V, 21, 2- ;1.; . ,. ,.6. 7 1.KS.. This2ood\tfoil getting dc\eflpment 0' hLods into shoots phenoienoir. termed vitrification, is considered toinl ro '. file litudrlving cause ia be tle be a physiological disorder freqLIent ly affectingcorrelative inhibitmis or innate blud) dormancv plants iti the course oftlheitvegetatie multiplicalio\sshich arc rllfuiailCUIhtal mothe s+peCies. Seaisonal 

ariatio 
in vilo I'l, I It is hypothesized that when tileinlhc field ma\ affect thle orphogentic tissuesare mder stress. etlhylle is produced throughespolis, Of the c\plant. and this pheIloillci1o ll has the pseroxdame-! AA-o, ilaelen \yste111s\hich in turnsRI'Md il a tlualmlher of SpeC's''I I1 produces stch a reaction" .

.\I'-phOereth-'alb'ilit\ aprs th be liiiiitedl 1t the 
Vitrification generally

results ina low survival rate inphatlets regeneratedperiod of ,getathe growth. Ibhis arcaIeen has not in vitro. p/IVtictilwelt ',uldie~d. hut during the transfer of plaitsa better understanding of 
corrclalie inhibitise effects 

from ill vitro to il viv I'or es tablishiig in tlie soil.On the explant may Dehrgh and Nlaene" have madehelp tIs understandhbo's te\plittle niorphgenet.ie 
an excellent 

review of this problem, indicating that it caneffects of dorrluane;,. IIk parti.lilar problem be
has overcome or minimized hy usingbeen a major ontrint 1n e'.lablihi,1 a CuIlue 

a high agar
concentration, a IillCLobwitnaion lempel'atlre. cultltes r ia vessels \\ ili better aeration, a short cu1ltrtie duration 

0ste'1111w,otnd\ plai .pccies. 

Il cetain spcie, the realcitranit 1101ture of 
 and low, levels of cytokinins.
the \clii tisues Call be serloille throuigh
proce,1s thiat can be a\propiateI te.rled "condi-

a 
FUTURE CONSIDERATIONS

hioning ". The chatige in the tissues can possiblybe attributed 1toadaptation of the tissues to tile Clearly, there are a large number of factors.1e10 enM noietll. olr leabhile 
 if subslta l1CeS which both physical and hiological, that
arc inblithor\ to lhe developmeint of, the Cxplant, 
can inlluencc

the successful applicition of rnicropropagationThis c'Coditioniig proces,, mna\ be achieved eillier tecliques to woody plant species.h\ .oaking the c\ p1lnt lor so melc period in sterile 
It may be that 

distilled s,ater p onolatiolls. or by' ilnoc-
woody plants are inherenthv more difficutlt tooriot manipulate il litrlo than the herbaceous plants, butlating the explant otIo an initial inedium devoid itof an\ is also true that not much research has beengr th regulators '.. ' donie in this field, and further systematic research 
is urgently needed.Loss of' Morphogenetic Potential 

The loss of lmorphogenetic potential has been REFERENCES
reported to occur kith callus or cell stispensioticuJltures of1 itniber Of' herbaceNus Species, and I. Al MedhiI. A.A., G.A. Convillonthere is increasil C\ idence and S.M.to siow that this occus McCat let. 1982. In vitro peach shoot tip

'
generally \ ith e\tended subculturi,,' 'heT eslal+ilshrneit and tiiuliplicatiol. l101t. Sci.Ie\ published ssorks on the In-icropropagatiof) of 17: 531 (abstract).\ood\ spcies have highlighted tIlk problem "" 2. Amorin. II.V., D.K. Dongall and W.R. Sharp.and it 1na\ sCll he ;I inleattre 1977. The eflect ol'carh, ydrate and itroeiin cultures of, ood\ ,pecies. I is very serious. corncentratioi of' plienol synthesis in Paul'sin \iess of tlhe facl that tissues of wooody species Scarlet Rose cells grownare gelnerallIv ,i,. grOWiing. in tissue culture. so that initiating the P'hvsiol. PlaI.tiecessar i\mo rp hogenctic 39: 91-95..'sp inss iha\ reqLir e a 3.. Anderson. R.A. and J.A. Sowers. 1968.passage tliogh several 'sbtlhculltures. Variousreasonls ")ltiltun colidilitins folr 1orldit"ghave been +or\karded.ilicludine the of plantphetnols to inslutb pol inylpyrrolidioneredtiction of eiidogeilums levels of growth regu- Ilh3v¢cl'hicn. 7. 106: 2)3-301.lators .. "selliatic coiitaiminatioi of the cultures, 4. Asimov. I. and ('.R.\%itlh uicrTOtganiss'' ;'. and the presence of gasses 

Dawson. 1950. On tlhe
reaction inactivation ol tvr,.,inase durinig the\vhiicli are inhil r. to tlhe tissuYe". aerobic oxidation of catechil. J..Amer. ('hem. 
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DISCUSSION 

Q. 	 (A.N. Rao)
I was interested in your statement that vitrification could be controlled by raising the agar concentration. 

A. ,\n increase in the agar conccntramion does in some cases control vitrification, but the multiplicationrate is low. A balance has to be 	struck between control of vitrification and anof multiplication. acceptable rate 
which 

In our experience, beginning the culture using a medi um with alow agar concentrationmay 	 vitrily the plants, and then subculturing them into a second mediumagar concentration, 	 with a higherdoes 	not solve the problem. It is better to begin the procedure with a highagar 	concentration Iedium. 

Q. 	 (M. VaJrabhaya)
When you )ropagated l)aits using tissue culture, did you encounter all), problems from somaclonal
variation? 

A. 	 In micropropagation, we were using preformed somatic tissues, and didn't go through the culturingprocess. When callus is used, there is a possibility of variation, but not when preformed tissueiS used. which should be true to type. To date I have not encountered such 	 a problem. 

Q. 	 (J.D. Chlung)
Could 	you give us more information on the browning of tissues, and also the exudation of cellsap, and perhaps tell us how they can be prevented'? 

A. 	 The use of anti-oxidant, reducing and absorbent agents to control tissue browning in vitro is fairlywell documented. In iny experience with such recalcitrant tissuesof an anllioxidant (e.g. Cleland's reagent) and 	
as that of coconut, a combination 

an absorbent (e.g.in the culture medium 	
activated charcoal) incorporatedhas shown to be effective. To me, exudation is more of' a nuisance thana problem, and in my experience, contact of the explants with water appears to make the situationworse. Minimize contact with water! 

134 
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ABSTRACT
 

Since tea (Cainellia sinei sis L., 0. Kuntz) is a perennial, cross pollinated aiid virtually self 
inconpatible tree, it is difficult to produce isogenic lines (inbreds) of distinctive varieties or clones 
through conventional methods ofbreeding. Attetnpts have been made to produce pollen derived haploid/ 
honiodiploid lines by anther culture, in order to improve this inportantplantation crop. This paper 
reports on our success in developing shoot apices Jroni pollen calli from tea anthers cultured on B., 
inedittin with 2,4-1) 0.1 ig/l, kinetin 0.1 nig/l, and sucrose 7%, suppletnented with NAA 0.1 mg/l 
and glutamit 400 nngIl. 

INTRODUCTION 

Since Guha and Mahaswari first reported the 
successful t)-dllCtiOn of" haploid plants through 
anther culture (usint l)anM'a iuix."ia ' 12), a great 
deal 01 atteCntion has been paid to the production 
of haploids using this technique. I laploids have 
iio\ , been producCdt for 247 plant speciesI" . 

Ilowveer. illllV rtepTorts announce only li nited 
success, and in imosl cases the efficiency of haploid 

.plan[ production is to\\ Current attempts to 
produce haploids in 1i1o. using a wide range of 
plant species, are nevertheless of great significance. 
l)ifferent crops vary markedly in their response 
to various ill vitro techniques. Such attenpts enable 
us to imake a judicious choice of the proper crop 
species fr eXperilietation. 

The application 0f ill vitro culture methods 
to produce pollen derived plants for utilization in 
crop ilprovement, advocated initially by Mclch-
ers" 21 has obvious benefits, and the subject has 
been dealt with at leniith in a recent review'. In 
terimlS of plant breeding, h1hploiils are most useful 
for obtaining homozygous lines by chromosome 
doubling. Using colventional breeding methods, 
it takes about live to six crop gellerations to produce 

hoinozygous lines, whereas tissue culture can 
produce haploids in large numbers within months 3. 
By doubling the haploid chromosomes, homozy­
gous lines can be produced with case. 

This procedure has been widely used for field 
crop inprovement. particularly by Chinese and 
Japanese scientists, who have published reports on 
tie successful release of a number of commercial 
varieties of rice' " and tobacco 2 bred by anther/ 
nlicrospore culture techniques. These techniques 
also have great potential for haploid production 
in the breeding of perennial species such as tea. 

ANTHER CULTURE OF TEA 
(CAMELLIA SINENSIS) 

Tea (Canellia sim'nsis, 2n = 30) is an 
iniportant plantation crop in many tropical and 
subtropical countries, including India. Since tea 
is a highly cross-pollinated, virtually self-incoln­
patible perennial shrub, which takes 5-10 years to 
flower and fruit, the use of* conventional breeding 
methods 1t produce inbreds or isolate Mutants is 
extremlely difficult, if not inpossible. llence, any 
attempt to produce androgenic I-1ploids/homodip­
oid lines of tea in vitro is I' iniimelse iliportance. 
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Cell aid Tissue Culture in Field Crop Inprovement 

This paper discusses our work to produce shoot 
apices frorii pollen callus in tileanther CLIILI'eS 
of( tea. 

Materials and Methods 

Flower buds of dilerent sizes were collected 
as req iiredt from leaIIyltea bslies ol'tiree diflie re nt
var./clones (TV-I. TV-23 and Tocklai generative
clone-124/488). All were growing illthe Matllura 
Tea Estate, Jal Ipaiguri. \Vest Bengal, hidia, .about 
30 km 'ron our nlitittle. 

Procedures fr Handling Buds and Removal 
of' Anthers 

Buds of varying sizes were initially collected 
in colical lisks l'i!iedwith distilled water, andwere brought to tilelaboratory lorcUiltLuring. Surface 
sterilization ''as achieved by treatment with 
mercuric chloride soIliion ((0. 1 ,;w/v) for 30 nim.,
followed hy five rillsiligs with sterile double distilled 
wrater. Surflace sterilization, anther excision and 
anther plating were carried out in a sterile 
environment pro\ ided by a laminar air flow work 
bench (Klezaids, India). The bids 'ere opened 
with (lie help of two sterilised forceps. and aithers 
were carel'ulh, detached from tilefilaments. 

Culture of' Anthers and Choice of' Media 
Composition 

Initially, for selecting the media compositioii. 
anthers of different sizes frori all three var./clIones 
were planted aseptically on six different media,

'
namel: SHI,MS-. modified MS , 13".NN and 

II, to judge their level of response. On each 

iieditIII, 35-5) excised anthers 
 per tuibe were 

planted in 1(0
cLlture tibhs ( 150 x25 iin)containing

10-12 Ml of ntutrient medium solidified with 0.8%/( 

agar (B)H.England). at a p1H recornriierided in 

tile
original reports media. 

incubated in tile dark at 25 + I C for three weeks, 


on tile CLiltures were 

and were then transferred to beneath white fluo­
rescent tubes (1500 Ix). 

Standardization ot'Bud and Pollen Siz. for
Improved Callus Induction 

35-50 excised anthers frorn Tocklai Genera-
tire clone (T.G.C. 1 representing 124/488 flower 
buds o1' vinyirg sizes <ranging from 0.6.18 ± {.()
to I.039 ± 0.006 cm iii diameter) were inoculated' 
in each tube containing 10-12 ml ofBf solid medium. 

136 

For each bud size, I) Itbes were inoculated. l3ud 
size (diameter) \as based on tilemean of' 10 
mneasurements liken froni different aigles with tile 
nhelp
of lide callipers, as the flower buds o1 teaare almost rotlnd aflterrJenoval oflthe stalk. Attempts 

were made to develop a method for determiningresponsive pollen size by comparing response with 
I lie diameier of the flower bLid. 

To deternine pollen size, tilediallieters of
twenllt randonily selected pollen grairis were 
mieasUltred ln uii sniear preparatiis made from five 
radoiiiNly selected ainthrers of each bud under a 
mIi, roscope, with tilehell of ajiocLi 1har- icronileter.These measurements were then calibrated ilito 
microns (p). 

Medium flor ()rganogenesis 

Fresh excised anthers of T.G.C. - 124/488
(bud size raiging between 0.768 ± 0.006 to 0.827 
± 0.005 cn ii diameter) were planted on 13,solid 
riiediliumi with \'arioutlS niodfilcnaioi pi 5.5. 
following the pirocedture described above. The 
cLilItires were incubated inlthe dark for three weeks. 
011d then kept under coiiiiuoLs light (15(00 Ix)at 
25 ± I 'C. 

Cytological Method 

To identify the developmental stage of tie 
microspores respoisive to callus iducotiol. antelirs 
were fixed (overnight in 3:1 alcollol and propiotiicacid), atd were then smeared onto 21/ propiono­
carinIor Observ:tion. 

In order to analyse tile status of theploidal
shoot apices originating from anther callus, calli
 
with \%hile gh"lobLil strlLIcttires were fixed in a 1:3:6
 
nixture of piolpiouic acid, chloroform and elhanol
 
overnight. 
 was
Each callus Was then washed thoron,+hly
in distilled water, and stained in a solution 
conitainiig I part IN -CI and 9 parts 2(1c propiono­
orceiri. 
 It was then warmed for a few secoiids,

and pulped inia drop oH i %propiono-orceir solution.
 

Histological Study, 

Differentiating tissties (rot larger than 5min'u)
 
at difTerent stages were 
 fixed in FAA (Formaline 
5 ml, Acetic acid 5 m/ and 70(/c alcoliol 90 m/)and stored at 4°C. Section, were cut either hy
hand or by microlome 1(10-15 pil thickness). stained 

saf'rai in and Light Green,ill arid finally mounted 
inrDPX. For microtomy. specimens were d,:lv­
drated in ethanol-chloroformi in a series, followmg 



In 1 lro Devclopncn of Shool Apices fron Pollen Callus in the Anther Cultues of Tea (Camel/ia Sincisis L., 0. Kuntz) 

30 hours fixation, and were embedded itrparaffin 
with a low melting point (52-54'C, E. Merck). 

STATISTICAL ANALYSIS 

A complet,:ly randomized design with five 
replications (two tubes for each replication lor each 
treattmelt) was followed for both series of experi-

rents on tileresponse effect of different media, 
aInd the response effect of ,(.lil'etetll btd size. on 
calhIts induction fton anithers. A analysis of variance 
was perl'Ormed accordingly. 

In order to study the effect of sucrose x 
Iftatinc and serite xabscisic acid on the induction 

of pollen callus, 3 x 4 and 2 x 3 factorials were 
perf'Omed, respectively, in randomized complete 
block design with 5 replications ineach. 

In order to ascertain whether treatment 
variations \.ete significant or r '.)t,only percentage 
valuCs were analysed by ag1k" transformation, 
Wherever the response effects were found to be 
nil. the treatment(s) were excluded fron tile 
analysis. 

RESULTS
 

Choice of Media Composition for Callus 
Induction and Proliferation from Anthers 

The response of the excised anthers (from 
flower butIs of varying sizes) taken from all the 
three var./clones to six different standard culture 
media was tested. Only the anthers from TGC­
124/488 responded uniformly. 

Table I depicts observations on the resporse 
of anthers from TGC-124/488, in tenis of callus 
induction and proliferation, to six different standard 
media. It isevident from these data that the response 
of anthers on B, nutrient composition was signifi­
cantly higher (26.33%), in terms of callus induction, 
whereas no response was observed on NN medium. 
The growth of callus was also prolific on SH and 
modified MS media. Response to B,medium was 
moderate. 

The nature of the calli on all five media which 
produced a response was generally compact, except 
for the development of numerous minute globular 

Table 1. Relative response of tea (cv. T.G.C. - 124/488) anthers, interms of induction and proliferation of callus, to different 
standard culture media 

No. anthers % anthers Color of 
No. cultured showing showing callus at 

Media anthers response response induction 

SH 458 90 19.65 CW 
MS 473 73 15.43 CW 
MS (modified) 367 58 15.80 CW 

B., 452 119 26.33 CW 
NN 458 - -. 

H 429 92 21.45 CW 

LSD at 0.05 - 2.45 

- no response VP variously pigmented 
+ poor grwth LG-VP light green to variously pigmented 
++ moderate growth P deep pink 
... prolific Cgromth cmllpact 
CW creamy %% Grhite granular 
PY pinkish yel o GI globular 
L( light green 

Color of callus Growth and 
6weeks nature 

after inoculation of callus 

PY +++ C,Gr 
LG + C 
VP +++ C,Gr 

LG-VP ++ C,GI 

P + C 

structures on the surface of calli growing on B5 onallfivemediaatthetimeofinduction, butvarying 
medium (Table I, Fig. ld), the growth of these pigment development was observed following 2 
ceased, however, after 7-10 weeks of incubation, weeks' incubation in continuous light (i.e. about 
The color of the calli was initially creatny white 5 weeks alter inoculation). 
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Fig la-b. a)Fight different sizes of lea buds, utilized to identify optimum size for anther callus induction
(b)Ominuclealg microspores froml responsive anthers at inloculation 

Fig. ic-d (c)Induction of callus from anther (remnants of anther wall at Ine buse)(d)Numerous globular structures at the surface of the itervenig callus 
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, , I)L'\Cllqint nl (11Slltktl \ilCc I Itlhlcli (;llti III 11c . ili i (Cutllzre, l lca ('mc/hi N.% I. L.., ( ). ll l/I 

f:I(J 1u- (e rJLuJiTr of shooI ipices dhvelopimH on intervening cali 
(t) Enlarged view of shoot apices covered wilh pubescenl hairs al the initial slage 

Fig 1IJh (g)Dee) gren shoo pe ,Iat late stage of develpmeni1 
i) Cytological preparation from glonolar structures, showing anaphase clhomosones 

iii dhaploid Lel (n 15) 
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Standardization of' Flower Bud and P3ollen 
Size for Induction of' Callus 

The response of anthers excised from flower 
buds of varying sizes (Fig. la) was determined, 
illterms o tIhe percentage oflnthers inducing callus 
oil 13, mediln (Table 2). It thatseenms anthers 
of three different bud sizes, ranging from 0.768
± 0.006 to 0.827 ± 0.0)5 cm diameter (pollen size 
40.66 ± 1.56 to 45.45 ± 0.53 t in diameter), Were 
responsive. Ilowever, no significant variation in 
response could he seen between these three different 
bud sizes. Later cyIological study of the anthers 
from these three bud sizes revealed that the 
inicrospores of tihese anthers were al the uninucleate 
stage of development (Fig. lh) at the time of 
inoculalion. 

Media for Organogenesis 

The nutrient conmposition of the B., mediumwith varying amounts ol auxins (2,4-Dichlorophe­
noxy acetic acid 0.1,0.5, 1.0, 1.5 and 2.0 mg/
/ Napthalene acetic acid 0. 1, 0.5, 1.0 and 2.0 mg/
1) and cytokinin (kinetin 0.05, 0.1, 0.5, 1.0, 5.0
and 10.0 ng/I) in various conmbinations, was tried
initially (data not shown). None of these com­
binations contributed positively towards differen­
tiation of' calli, except that a marked increase in
the number of globular structures was seen on 
medium containing the B original nutrient 
composition with alower range of2.4-Dand kinetin,
supplemented wilh NAA 0.1 mg/. These auxin
and kinetin concentrations were thus used in all 
later studies of organogenesis. 

Table 2. Response of various sizes of flower bud and pollen, in terms of callus induction inanlher culture of tea (T.G.C, -. 
124/488) 

Bud size Pollen size 

(diameter in cmi) 
 (diameter inp) 

0.638 +0.008 Terad 
0.694 ±0003 34.82 ±0.920.768 ±0.006 40.66 ± 1.56 

0732 ±0.004 
 43.16±0.55 
0.827 +0,005 45.45 ±0.53 
0852 ±0.008 47.12 ± 1.12 
0.958 ±0,007 56.08 ±0.60 
1.039 ±0.006 56.61 ±0.53 

Fvalue 

NS indicaties non-significanl 

Further modifications were introduced by
supplenmenting the medium with higher levels of 
sucrose (4%4, 71/(, 10%4 and 12(4 w/v) and glutatine
(400,800 and 1200 mg/I) (Table 3a). Induction 
of callus was observed in all tie treatment 
conbinaliois, after 2-3 Weeks of' incubation in the 
dark. Observations revealed that callus induction 
was significantly higher (r.sponse in 42.08 4 of 
antlhers) on niediun containing lowlevels of sucrose 
(4(7 ) and gh tlarnine (400 ng/). Ihnduction was 
found -to be lowest (response in 5(7 of anthers)
with higher levels of sucrose ( 12(1()and glutaminie
(1200 rg//). The dlata presented in Table 3b show 
that diflerent concentrations of both glutamlie and 
sucrose have asignificant effect on callus induction, 

No. cultured No. anthers % anthers 
anthers showing response showing response 

410 _
 
430 ­
386 86 22.28
429 138 32.17
445 90 20.22
 
412 2 
429 

­

-

400 ­

-
 -
 10.55 NS 

but that they have no significant interaction. 
Cultures were transferred to light after three 

weeks. After incubation in light for the next three
weeks, numerous minute globular structures 
appeared (i.e. 6-8 weeks after inoculation) over
the variously pigmented compact calli growing on 
the B,original nedium1 with 2,4-D 0. 1mg/I, NAA 
0.1 Img//. kinetin 0.1 ing//, and an increased level 
of sucrose (7%), supplemented by glutamine 400 
mg/I. Initially, the globular structures were whitish 
in color (Fig. Id), but gradually developed into
pale yellow to lighl/deep green shoot apices (Fig.
le-f), covered with white pubescent hairs along
their whole length, except for the nieristematic zone.
Out (if 143 anthers inducing callus, only 18 anthers 
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In Vitro Development of Shoot Apices from Pollen Callus in the Anther Cultures of Tea (C'imn'llia Sinensis L., 0. Kuntz) 

Table 3a. Effect of sucrose and glutamine on organogenesis inpollen callus of tea (cv. T.G.C. - 121/488) 

Sucrose Glutamine No. culturad No. callus 
(%w/v) (mag/f) anthers inclucing anthers 

4 400 366 154 
7 + 400 374 143 

10 f 400 385 119 
12 + 400 420 63 
4 + 800 392 128 
7 + 800 432 136 

10 + 800 395 111 
12 + 800 430 106 
4 + 1200 398 85 
7 , 1200 397 78 

10 + 1200 412 46 
12 + 1200 440 22 

No. pollen calli %pollen caili 
%callus showing showing 

inducing anthers organogenesis organogenesis 

42.08 - -
38.24 18 12.59 
30.91 - -
15.00 - -
32.65 - -
13.48 - -
28.10 - -
24.65 - -
21.36 - -
19.65 - -
11.16 - -­

5.00 -

Table 3b. Effect ol sucrose and glutamine on pollen callus induction intea anther cultures 

Glutamine Sucrose (%w/v) 

(Agi 4 7 10 12 Means 

400 40.54 38.40 33.89 22.85 33.92 
800 34.93 33.93 31.85 29.65 32.59 
1200 27.23 26.12 19.46 12.63 211.36 

Means 34.23 32.82 28.40 21.71 

LSD at 0.05 for Glutamine means = 3.X4; ,ucrose means = 4.44 and for Glutamine x sucrose means = NS 
LSI) al 0.01 for Glutaline imeans = 5.13. and for sucrose means = 

(12.59%) showed organogenesis (Table 3a). These 
shoot apices enlarged in size (Fig. lg), and 
sometimes even branched. but did not grow further, 
even after a further 2-3 weeks on a low sucrose 
medium. 

To achieve complete plantlet development, 
further modification of the above medium 
composition by supplementation with serine (100 
tag/1) and abscisic acid (0.1 and 1.0 nrg/I) was 
tried in a later set of experiments (Table 4). Results 
indicated that anthers showed organogenesis in the 
presence ol'srine alone, as well as in acombination 
of serine with abscisic acid at a lower concentration 
level of 1.1 mg/I. Htowever, no improvement could 
be achieved in the number of shoot apices, nor 
in their rnorphogenetic behavior. 

5.93 

Cytological Study of the Globular Struc­
tures 

Cytological study of the globular initial 
structures confirmed their haploid (n= 15) genomic 
status (Fig. 111). 

Histological Study 

Histological examinations showed that the 
globular structures originated from the surface of 
the intermediary callus mass. Tissue orientation, 
and the presence of multicellular epidermal hairs 
in the histological preparations, confirmed the 
development of a shoot meristem (Fig. 2a-d). 
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Cell and "'IiskLlu1 ill('u Fiueld (op lItrpmvienlcnl 

Table .1 Elfectof sarne and abscisic acid on organogenesis inpollen callus of tea (cv T.G.C. - 124/488) 

No. 
Serine 

No. %callus No. pollen % pollenAbscisic acid cultured callus inc.rciTg inducing calli responded calli responded(11g/ (nig// .,hc s anthers anthers for organogenesis for organogenesis 

1) + 0 244 79 32.38 8 10.17 

100 , 0 250 46 18.40 3 6.52 

0 + 0.1 240 80 3333 

100 + 0.1 249 75 30.12 5 6.67 

0 4 1.0 230 50 21.74 

100 1.0 241A 59 24.48 

a All, 

Fig. 2. (a)Microtome T.S. of globular structures 
(b)Hand section showing T.S. of shoot apex
(c)Microtome T.S. of shoot apex at point of nifurcation 
(d)Microlome L.S. of shoot apex 
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i),clpiliicll ol1Shoot Apice Ireom Pollen Callus illIn I'ilro [he Anther ('uItlles "'Ia ('mellia Sin'n.%is L., (). Kunwli 

DISCUSSION 

lhe in d c\i,.lopinlelnl'o of pl1antlli "Iroii 

Somatic callus oftlea, ltili/ine a inodilied MS 


"
ncdiuitin IaS alllhCdde b 1e Oi'led . Inducltion 

l1'calius frtllh0fe C\ciSCd atllhis' Of tea Oi tlhe 


mle Mediu hias re pocied. tih"calii
also bcelt utll 


did not respotd lowards oralllnesis 

At tihe ceiinilu ofrour anthe Cllltir' Stiudic , 


it wiis therel'or e s,,clltiiltest i widC of
1i rianec 
llltdiai, tle onC used b\ Wu I'(ICl. ()uriltlClithtgh 

i-esul t deinoistrated prolitic callis t'r',Illh. wiiichi 


a Cciillxi't for 

MS and iI nCdii l''allC I). A-\lthOugh clllus 

O2i'cllxxh \,, 0nso \ lt(ilCt On 11, iiedtlill. ihC 


II ed 

tloo,k tai1ilarOil boIlh ttolifiCd 

suititlx 04 tis I CLitlll'1l'nfrocib1OtceCIi \\;aS 
indicatld h the liatue of tihe calli. fotlox\Niilm 2-
3 xxccks incuhatilt itI ilit. Tihc dillt'ered firtni 
othe' calli. in thal the\ shcxkcxd ttlilclouti xlitisil 
(Lb'ular + SIrtct'elC, (FIL,. Id. as aic ctC hob'te erxctl 
at the ildtclix ' lli C t1 tirga, tCesiS' atid5 

.
'inhbo'citesis stS\[ie B ciriinal ifuricnl 
C0tliiitOl x as ,0 t I to Ie illadequalt in 
-Culctatine uilte. itoxtmhin these lobltr 
StrtiL'tLlcS. WrlIc' itodificaltion ot tile ielllll is 
essential. 

IhIoxx cxb"l'. trxiii am tixtodificalioll o1'btor' 
the inceliutin. ewised allllers of, varx'ing sizes were 

Icrllis 1,0.tcstd ill of, their respmsixiness Ilor both 
caillus, indUictioit ~'d lItuilatltiofn()lobular trutctures 
(Table 2). in, .111 to develop a iithod ofallllpi 
dctelrniinlig optilui pollen si/c compared \ itlh 
hud size. 'his lhaltsltd\ inlicalCd bud si/c (0.768 

0I .l000 inlo 1.827 (.005 iIclialliter) coull be 
tsedt indicat eiC'ssixieC a1tilCrS. Tli is thod 
is quilt sinlilar to 111,1tUsed h\ Keller 't ad. l'or 
I. t'ulfi.' anlther cuilture, 

lhe auiin -kinctin iance lbhbcn sh'\\i 
to plkia crilical role ill tIhL' inducliictoll Sisotimatic 
cRiailcieellesis ill leit"'I. 'his Slipporls tihe 

fle halhpotltesis tlhat horlolnli biance has an 
essential tole in direltin hele ourse if dilTcren-
li:llilln'. 011r initial MattempI)is o vardsIIticx r. 
inniplat i the at ,in cxi\llill h 13,ialancC in the 

inicdiuiit. utit,2 \ AioiLS Ccihiiaiiclti of 2.4-1). NAA 
andi~lkinciii datali liox iii. did niol contribute 

pcsiliscl l\ditixdraniol'tall elr is ol etnhrx'oeelle-
sis. excepl that tle hicitedaiiiimarked iiCasC 
in the Ilttmbht'r Of' ltilartlulrLill's 11B IIc(lillill 
xxili 2.4-1) ().1 mu/I. N..\.\ ().I ui// and Kit ().I 
ing/. 

Ittithr niiitli'iCatouS l th[e 1ndiulnIIx ilh 
inclcas'd Sucrose c\cl upplemeited h' xai'vtng 
cctncentratiins it -lttalii iTahl . i, x1hiwe're of 


Ilterest. sit,:c:these irmdilications contribute 
significantly toward, organocenesis. as is cvil'den 
Iromi the dcveilopme nti of Slioot apices ill tile 
inter'ening pollen callus (Table 3a. Fig. 1I-0. 
Altholluh callus induction occurred illall coibi­
tialioIs. ca.llusL illdtlion eraLduallx'tttt1decreased with 
an increa.se illthe concentratioin ol' hoth suc rose 
and gla nin. lhe prese tt It is he\ond [lie Scope 
Iip'r idCtii l rolesn pllromotingIo tiii indixidIl 
te callus induction at lo\er cot cen1traitin levels. 
Niti rosLI SlobularsIrl'tiCurS \ CI' 1011ld todeoVpIO ) 
Itrnl calli on nIedCtia co'llbiililions modified h' 
iticreasinu tie sucrose cx ci 71;7.supplementedl to 
\it -lutanin lhe toatl lo\werconceilrations used. 
Iliox ever, .icoinailati of' 7 1; SLtC'OSC wilh 400 
n12// gLtliallilC \wa, ftoLt Ic he coIldulci\'e to 
oelifatlocuneesis. in that the glohular tillucres 
ea-idual lx enlarged and dc'eeloped inltShoot apices 
CO'\CI'ed \ ith nmulticelitlar' shoot hairs. These 
obser'ations cicarx' indicate tile critical role ofl 
Sucrose and luilalitci in iniducine orailopellesis 
in anther derived ca.llu o tea. 

The .ftect ot' high Stcrose concentrationts in 
pr.iliin c 'allusS follma1tin hax.ihCel ob ,t'led in 

- ' anther c.'ttl, of bariex . tiiiao sal'caill- anl( 
triticaleC-. ()tlr wilhlea anlhesl'l'inldiiies ilicale 
the opposite. in that there wkas atmarked decrease 
il lespotinse with Ili"th doscit st.c'cise. Ihowever. 

sucrose, waS slhoin to be ai iIportain l'actor 
influtencine oruanotmsis in ltea antlher cultures. 
A poSitixeV rIsIonase to high lcrose concentrations, 

.illterms of oraino ctesis" and embryogenesis' 
, I".l as heen i'cpoi'ted illtlhe past. These authors 
intliclted that hill concentrations of sterost ate 
Ileces salr\br tile indution ofCI'eibrx'ogleesis. but 
that pst-iindilciniitllra.ilSfCir lelpS ill plamtlll 
del'copnetni. IIowe'er. we tlailed to .ilie e 
plantlet regetneration, x posi-inductioneven. alter 
trallc'r to 1 Sucrose level. 

O1.r r-eCslts, alSo itndicaxCd thal not onlV 
Stcrose. but also gliltailile. pla an esselt ial role 
illcrail(ietellesis in tea. A siilarrole for lula.inh 
for 'inbrogenesis intB. 'n/#nw.O'i.% 
already heen reported'. 

Abscisic acid' ")and I-serinc "'' 
reported to haxe it ein'icial effect oil 

sis/emllrxlog.ncsis. Our attempts in 
liax iMtl VieIdCl any' posIiV r Uelt. 

anthers hats 

haxe beeni 
rganoele­

this respect 

Altllin1gh comple'e plantlet regn'lerationi fron 
lhaploid shool apices (idiniied i1 Ssuc il cytlo­
behicl aial'xsis) dc'eloped 'iioil pollen callus is 
xci to be achieved. xwe hope that tIhe data preseltex 
tnithis iMpe,' will pt'-OxidCe util'ul inforwmation as 
a basis f'urther dex'clopment."lOr 
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DISCUSSION
 

Q. (M.T. Senawi) 
When you carried out anther culture, how did you ascertain whether the callus was in fact derived 
from pollen'? 

A. 	 It is true that in many cases, embryos will develop if you culture the anther directly. The ideal 
situation is to culture the pollen isolated from tile anther, but the anthers are very small in the 
case of tea, although there are many anthers in each flower. Removing the pollen is a very tricky 
procedure which we had hoped to he able to avoid, although we now think it may be necessary. 

Whe-n tile calli in our experiments developed, there was always a remnant of the anther wall at 
the bottom, never the calcified remains of the whole anther. Microscopy could identify the 
chromosome number, which was either haploid or close to haploid genomic status. 

Q. 	 (A.N. Rao) 
Why did you start anther culture? Was it for the induction of haploidy? 

A. 	 The idea was to obtain haploid or homodiploid (i.e. inbred) lines. Tea is widely crossed, and 
in any breeding program it is very difflicult to get inbred lines. 

Comment: (A.N. Rao) 
In some of the structures in cultured tissues, it was not quite clear whether these were shoots 
or roots. This often happens, particularly e!.pecially with a highly heterogeneous plant such as 
tea. If thi:s happens, what you have achieved is undifferentiated hypocotyl. If you take that part, 
isolate it from your culture, cut it into pieces, and transfer it into a growing medium with auxins, 
you 	 should soon get root or shoot differentiation. 

Comment: (A. Komamine) 
The whole problem of differentiation is very interesting one. The papers we have heard show 
that there are quite different methods of inducing differentiation for different species, which makes 
me wonder whether any general principle is involved. It is easier to induce differentiation in 
dicotyledons than in monocotyledons, for example, and there is a particular problem of regeneration 
in the culture of woody species. Does anyone have any comments on regeneration in woody 
plants? 

A. 	 (A.N. Rao) 
The problem with woody plants is the loss in meristematic activity. The meristem of herbaceous 
plants can normally be kept alive in culture. In the case of woody plants, the nature of the material 
is quite different. If you take the shoot system of any woody plant, and count from axis I to 
axis 10, normally the buds will not develop in culture. Even if you remove the tip of the apex, 
apical dominance is lost. In the case of herbaceous plants, on the other hand, apical dominance 
is a very common phenomenon. Our understanding of' woody plants is still very limited. 
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