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FOREWORD

I'issue culture can be used as a plant breeding technigue that helps shorten the time
needed o develop a true-breeding variety and that enables breeders to make wide
crosses, such as the wheat-and-rye cross that produced tniticale.

This volume contains issue napers presented at the Rice Tissue Culture Planning
Conierence, held it the Interaational Rice Research Institute 25-30 April 1980, The
conterence broughi together both wpplicd and basic researchers in plant genetics to
pian the cooperative approaches suggested in the conference report.

The authors of these papers explore the potential venefits of applving tissue
culture technigues to rice breeding and emphasize the problems that must first be
solved. This report particularly addresses the needs for collaborative and coopera-
tive wo 'k te mcorporate this new plant breeding technique into programs of rice
varictal improvenent

Fhe TRRY comnnttee that organized the conterence included Dr. M. D, Pathak,
Dr. Go S Khushe Dro MO CoRushand Dre S, Yoshida, Dr LaRue Pollard, IRRI
visiting scienee editor, assisted by My, Corazon V. Mendosa, assistant editor, and
Ms. Emertta Po Cervantes, editorial assistant, edited the proceedings.

Marcos R. Vega
Acting director general



OPENING REMARKS

Worskhops and conferences at the International Rice Rescarch Institute (IRRD
have two basic objectives: to bring participants up to date on new development and
progress in rice rescarch and, more impertant, to set future research goals.

We jokingly refer to the first objective as the “show-und-tell™ portion of our
conferences  informing cach other about what we have done. We reter to the
second objective as the “so what? sessions discussing what we showld be doing,
considering what is known.

At this workshop, we hope vou contribute to that second objective with specific
suggestions on what we should be doing in applying tissue culture to the improve-
ment of rice.

Fissue culture is new. TR R 1 while still using traditional plant breeding technigues,
now is examining the potential of tissue and pollen culture in speeding the develop-
ment of improved rice varicties,

Some progress has been made inthe tssue-culture propagation of new varicties in
severalcerealerops. A great deal of work has been done in China on the use of pollen
culture to develop improved rice varieties. Some work also has been done inJapan,
[ndia. USAL Australia, and other countries. We hope that at this workshop we can
share the general information now available on tissue culture.

But we want to take no more time than is absolutely necessiry to talk of what is
alreidy Enown in tisste culture, Tnseead, we want to focus on what should be done
nest  notustwhat IRR I should do, but what allof us concerned with rice should
do.

Other workshops on other topics have ended with suggestions for the establish-
meit of o network of cooperating scientists in Asia, including cooperators from
outside the region. Hsuch a network seems feasible to vou s RR1eould bring sucha
sroup of collaborating scientists together and could coordinate network activities.
Our support could include planning and coordinating survey tours, through which
vou could visit and obserye cach other's research programs. We otten do this in the
International Rice Testing Program. For example, a group of seientists concerned
with blast visit reseitreh and sereening programs in several countries. Then we hold a
“sowhiat” conterence focused en their observations to develop recommendations for

chinges.
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You can help us decide what should be done by grving us vour advice on how we
citn bestearry out cesearch nsing the technigues about which vou are knowledgeable.

We must heep in mind that we want to see seientitic expertise, regardless ot iis
source, focused on rees Rice s by tar the most significant erop tor the world's
low-incame countrres. he tall resomees of the besescientists around the world are
necded toimprove riee vickds, Tnothat wan, we can mprove the well-bemg of
hundreds of imthons of the world's poorest larmers and urban consumers,

Uhank vou for bemg with us.

Dr. N, C. Brady
Director-Generil



THE GENETIC EVALUATION
AND ‘UTILI%\%’E{{OI{I}I PROGRAM

M. D.PATHAK

Rice is the staple food of over half the world's population, Classified primarily as a
tropical and subtropical crop. it is cultivated as far north as 497 and as far south as
A5 and from sea level to an alttude of 3,000 m. Ttis grown under diverse water
regimes s adeviand crop, where there is no standing water and rains arc the sole
source of moisture, and in wethand conditions, where water derived from rain or
rrigation systens s impounded inthe field. Onslopesitis culuvated interraces, and
in valley s or other Tow-hving arcas it is grown in several feet of standing vater. Itis
srown under i wide range of temperature. soil, pest. and disease conditions,

Phrough 5000 vears of cultivation, rice plants have adapted to these diverse
conditions, However, most varietios possessing spectadized attributes are tall and
leaty and lodee castlyv when grown under improved agronomic conditions, Their
potentid tor effectinvely utilizing natural soil tertility or added fertilizers is limited.
[hat discourages cumers from adopung miproved agronomie practices. As a
conseguenace. tice vields 1 the tropies and subtropies range only between 1.5 and 2
U has Intemperate arcas, where short=statured varieties are more often grown and
where meproved agronomie practices are tohowed, vields range between 4 and 6
U ha.

Screntists i the carly 19605 reahized these weaknesses of the typieal indica
varicties. T hey changed the architecture of the rice plant to o short, stitf-strawed,
heavv-ntlering plant with moderately upright leaves and insensitivity to changes in
dav lengthe This plant type was developed to make more etficient use of sunlight,

Director ReseanciyCoordumion and Trainmg, the Interational Rice Researchi Insntate, PO Box 933,
Manila, Chihippines
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water, and nutrients and to reduce the fong grow th period needed by many variceties,

The short, suff-strinsed, nonladaing, nitrogen-responsive, and nonphotoperiod-
sensitive varietios. exemplitied by TRS, eleased m 1900, have demonstrated that high
vields of rice can be obtained i the tropies and subtropies. Several areas have
eftected substantial increases monee production,

Many rice vaocties with mproved charactenstes hane been released e the
developing countrios sinee TR However, much of the tice is grown under sueh
adverse conditions as eh meidence of pests and diseases, drought immdation
conditions, problem sorb and suboptimum temnperatte es, Most ol the newer rice
varetios e not adeginte’y adapted 1o these stresses. As i consequetice, their
culti atton has expanded to only about 252300 o the tot Trice area ni the zones thit
are appatently better suited to these varretios, Fven i those arcas, pestand discise
problems and uncertanty of normal ramiall conditions cause considerable mstabil-
ity viehds.

THE GEU PPROGRAM

‘tourther expand the use of modern high-viciding varicties and to previde stability
at higher vields in current arcas of production, it is essential to incorporate into
modern varieties genetie resistance to or tolerance tor the various adverse conditions
in which they are grown. To accomplish that. scientists represenuny ditterent
disciplines must coordinate then efforts, Although TRRT saentists have ahways
worked together in such studies, the interdiseiphnary teant approach wis extenacd
to a formal Genetie Fyatuation and Udlizaton (GEUY program on 19 Novembher
1973, This program embodies an Institute-wide approach to evaluating and utihzing
the genetic potentiinl ot the rice plant. [tis subdivided mto various problemareas. An
nterdisciplinary team consisting o a plant breeder (PB) and one or more problem-
rrei seientists (P provides leadership for cach problem area (higo 1 Team
objectives and general operational patterns are:

o planning and review, with continuing coordination to improve rice varicties

suitable to different agroclimatic conditions:
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2. General operational procedure of the Genetic Evaluation and Utilization
JGEUY program. PB - plant breeders, PA  problem-area scientists.

e developing methodology:

o mamtaining and catalogng the world's rice germplasm:

o «creening the world collection to identify parent materials;

e understanding the nature and causes ol resistincee to and tolerance for various
adverse conditions;

e Jeveloping biotvyes or races of posts capable of survivad on resistant plants:

€ studving the plant's rice resistance to or toleranee [or various problems:

o developing improved sources of resistiance to or towerincee tor problems:

o producing large-scale hvbridization for use by scientists at IRR Tand elsewhere;

o wcreening hvbrid materials:

e implementing ficld evaluation and selection of breeding lines, including vield
trinls:

o cvaluating selected collections and breeding lines of international nurseries:

o disseminating genctic materials:

e developing collaborative experiments with national scientists to identify mate-

riads with broad adaptability,

Plant breeders continue to be the commaon core of the Institute’s breeding
progrant. Problem-area scientists contribute primartly through sereening angd test-
tng and through special host-parasite studies (Fig. 2). Thesvstemallows integration
of the inputs of various problem-area specialists, And the multidiscipline and
multilocation testings act as safeguards against the release of virieties more suseep-
tble to certain problems than existing rices.
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GENERAL SCOPE OF GEU PROBEENM AREASN

Germplasm collection and maintenance

Rice permpliasm s collected onaworldwde bisis to inerease seed stoeks, charieter-
ize and preserve samples, catidog aceessions, dentify and remove duplicates, pro-
vide duplicate storage to other seed binks, repvenate seed stocks and provide seed
to posearchers throughout the world.

Aworldwide germplasm collection is maintained ina modern germplissm bank at
IRRE The capacity of the IRRT facility is 100,000 qecessions cach for Jong-,
meditm-. and short-term storage. T ong-term storage inovacuum-sealed cans at

100 C should nganain seed vichiliny forabout 100 vears. Medinm-term stotage, at
4 Cos expected to nauntiin viability for 23 vears, Short-term storage of working
cotlections. at 200 C. should maintain viability Tor 5 vears. Samples from the
collection are available to agencies inall countries on request. Duplicate samples of
atl aecessions are in storige at the ULS, Natonal Seed Laboratory at Fort Collins,
Colorado, as an added precantion,

Fhe collection. conservation, and cataloging of germplism started 19620 The
hank now has more than 35,000 sccessions, which include culuvated varieties,
primitive varieties, and species collected (rom all parts of the rice-growing world. A
catalog summarizing the information s ailable on 8,628 aecessions wits published in
1970, Records on I8 attributes tor 40,768 aceessions have been completed (Chang
19793, This information is bemg computerized.

Agronomic characteristios

Agronomic characteristics of the improved rice plant that ensure productivity and
adaptability ander varving culturaland ecological conditions are studied. The main
characteristios investigated are: dwarl and semidwant statures: high tillerig capa-
citv: relatively short, dark-green, and upright leaves: carly vegpetative vigor: appro-
priate growth durations; photoperiod response: threshability without grain shatter-
ingy and seed dormaney.

Cram qualitv. Grain size and shape, milling quality and recovery abiliy of head
vice. absence of white arcas, appropriate amylose content (waxiness. or low,
medium. or high amylose content), gel cansisteney . and cooking and cating qualities
are studied . Physicochemical qualities preferred by consumers and the ettect of
eovironmental conditions on these quatities are deseribed. Simple. rapid, reliable
tests for these enaracteristies are developed, The effects of various prehirvest and
posthatrvest operations on grain quality (e.g.. tme ot harvest. parboiling) are
determined.

Disease resistance: Lechniques are standardized and the rice germpliasm is eval-
tated for resistance to common discases. The nature and causes, inhesitanee, and
sources of resistanee are studied. Stirhility of resistance (horizontal resistanee).
international disease nurseries to determine pathogen riees, and the effect of covir-
onmental factors on resistinee are investigated.

Irsect resistance. Sources of resistiance o connmon iaseet pests in the rice germ-
plasm collection are identified. The nature (nonpreterence. antibiosis, tolerancerand
citse (hiophysical, hiochemicaly of virrietal resistance, insect biotypes. and genetics
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of resistiance to current nseet populations and to new biotypes are determined.
Isogenic and mulugenicresistint fines are developed. as are ines resistunt to several
nseet pest species,

Protein conien. Tproving the protein content ol milled riee white mamtaining
eramvield, pram guahity . and other desirable charactenstios is attempted. Theetteets
of genotypes and civironment and ther mteracttons on protein conient are deter-
mined. The clieet of protemn content on eraen gualis and the mheritanee of protein
coatent e studied. A present, studies on the protemn content of rice graim are
rezeiving low priovity and cre hinnted to the advanceed breedimg hnes with potentials
tor becommg commetctal varieties,

Prrovgin resivanc e Varietios are screenad tor drought resistance at ditlerent
stages of plant prowth The phystolopieal base of drought escape. avordance.
tolerance. and recovery madiffercntvarieties is determined. Toeettect ol drought on
plants s stadied. The role of root elongation: stomatal spacing, and rolling of leayves
and the presence ofaowasy liver on lead surtaces indrought resistance is studied.

Drounght-resistant ines are bred and selected lines and breeding materials are
evaluated under difterent aprochimatic conditions, Teternational destand rice trials
are conducted.

Folerance tor adverse soil conditions, Varieties are sereened for tolerance tor
common adyerse soils Plant characters giving toleriancee for adverse soils and their
imheritancee are deternined. The effects ot agroclimatic conditions on plant tolerance
for adverse sorls are studied and breeding for tolerance for adverse solls s carried
ot

Deepnsater and flood rolerance. Factors imitimy grain viclds of deepwater rice are
determined and an improved-plant tvpe tor deepwater rice is coneeptuahzed. Rice
vatteties are sereened for ability to clongate with increasing water depth and for
submergence tolerance. The mechanism ac 7 inheritance of deepwater and tlood
tolerance are studied and lines are bred tor decpwaterand tlood tolerimee, Frmphasis
will be on developing semidwart and mtermediate-height varneties with clongation
genes tor growing in -5 mwater and other desirable attributes. such as appropriate
photoperiod sensitivity and resistance to pests, diseases, adverse sotls, drought, and
other common problems. Much of the work on flood and emergencee tolerance is
bemg conducted in Thailund in colkiboration swith That scientists,

femperare tolerance, Rice varieties are sereened at vegetative and reproductine
stages tor wolerance Tor gh and low temperatures. The etfects of nonoptimum
termperatures on plant growthe stertlioy . and other vield components are studied. The
tnhentinee ol temperature *olerance is mvestigated and lines are bred for this
character. A collaborative project developed with the government of South Kora
facilitates mass sereening in Korea ot rice collections and breeding hnes for cold
tolerance at different stages of plant growth,

HOW GEE OPTRATES
Fhe GEU approach enables scientists of different disciplines, working as a team, to

contrthute their expertise to the improvement ot rice. The plant breeders and
genetivist maintain the rice germplasm and provide it to probleme-arca scientists
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Table 1. Characters being incorporated in improved rice plant types,

Grain quality High protein content
Discase resistance Drought resistance
Blast

Adverse soil tolerance
Salinity
Arid arcas
Coastal areas
Zing deficiency
Iron toxicity
Acrobic soils

Tungro virus
Grassy stunt virus
Ragged stunt virus
Bacterial blight
Bacterial streak
Sheath blight

Insect resistance [ron deficiency
Striped borer Manganese toxicity
Yellow borer Aluminum toxicity

Brown planthopper
Green leathopper
Whitebacked plinthopper Deepwiter and flood tolerance
Zigzag leathopper
Whorl maggot
Gall midge

Submergence tolerance

Temperature tolerance

(suchas plant pathologists, agronomists, entomologists, soil chemists) for screening
against appropriate problems, The screening primarily 1s done by problem-arca
scientists, hut in close collaboration with plant breeders. All hvbridization work is
centralized and iy done by hreeders. Fach cross is given a number and the list of
crosses iy avalable to all interested scientists upon request. Subsequent sereening of
hreeding materials and speciahized studies, such as those on the geneties of various
attributes, pests and pathogen rices. are conducted in collaborative efforts (Fig, 2),

The GEU team at IRRT s working on about 30 different attributes of the rice
plantin addition toappropnate plant tvpe ¢ Fable 1), That requiresa large number of
crosses, some ol which are quite complex. Scientists at TRRT make about 5,000

Number

Crosses arcomplished

5000+

Pelagree G TeS GIGwI

1973 1979

3000+

3. Growth of the IRRI GEU Program
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crosses per vear. which regnizes the evaluation ol about S0.000 progenies per veat
(Figs 20 Such o masaie SECCHING requiremient is nel by evaduating the hy brid
materials agamst problems tor which rapid serecning procedures arcasanable, such
as bhist disease, bacterial feat blight. brown planthopper, and preen ‘cathopner,
Selected Hines are tested against problems forwhich ser CCHIE procedues e slow or
more complicined Frally, they are tested i series of held experimentsat IRR iy
Frmers” fickds i the Philippines. and under virions reroclimatic conditions in
collaboration with scientists in other conntries. The ente sereenmg s conducted

tomtly by problem-iren scientisis and plant bieeders,

COMPUTERIZED Dy

Fheappropriate handling of the div erse and large quantty of dity generated by the
screening and hybridization procedure s through the use of g computer. Alldata on
the sereening of parents and the hybrid macerials are sent by scientists o the
statisticians, who appropriately code and store them on tupe. These data are
avarkable to all seientists Upen request. Lo assist seientisis i the fing] selection of
promising breeding lines to be rrown an vield thads in the tield. the statisticians
reutimely provide computer printouts of the reaction of (he testhines to the major
problems azainst which they have been sereened. However any rice scientist niy
request similar imtormation on the germplasm collection or breedimg lines in which
he has interest,

OPLRATIONS COMAITT f

A SEeperson operations committee, including plang breeders. problem-aren scien-
istsand stasisticians, coordinates the GEU program, ncluding the crossing and
sareeningand the associed systemol dati collection, recording, and reporting, The
COMMItee arranges o providing (the seed of) breeding materials to concerned
seientists, for ficld planting, and tor integrating the overall varietal HIprover,cit
Drovram.

Fotaailitate commumeation among screntists working on GEU, the ent re GEU
shodpemecis on the hirst Tuesdiny of every month to review progress and to plan
sthategies Seientists warking on dfferent problemareas also meetin smaller FSroups
torsmular discussions

PARIY GENT R A TON FE NG ASNDOTHER Cop ) APORMTIVE BN RIMENTS

IRRTdecided in 19751 discontinue the practice of naming varieties. That was done
PRI (0 CnCotaEe seientiai working in different regrons to name the varicties
bestsuted to then conditions, Fyeryettort s made 1o provide them with materials
torthen breeding program, Fhe dataobtined from these experiments are valuable:
they provide information on the broad adaptability of certam rice strains, the
bty ot plant iy peamderdinerse agroclinatic conditions, and the occurrence
ofpestraces or b pes Some common Sventes for providing these materials are

* barlvceneration brecding matenads from IRR] 1 or boseed of appropriate
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hvhrids i nvade dvatlable tointerested icntists, i his allows selection of the
lines bestadapted toyarons aprocimatic conditions thitt also possess Fesistance
1o the commuon pest and divanse problems. valuation of these lines at other
tocations helps idenuty fines with broad adaptability.

e Supplving othe brecding matetnds to cerentists 1 national progras Undera
new schente ttated P, [0-15 rice breedersir wleeted national prograims
Jre myited ta participate m the actiial selection of breedingmatet ks rowing
PRRY Two stch groups viscentistsconic o IR R 1eachyear  onein Apritand
the other in October-November. [ hose seienlsts select ds many lines as they
wish. The seed ol the selected lines 1 sent to them soon abte Jie crop s
harvested.

o (ollaborittive experiments on elected problems. theesp rimentsare designed
to determine the stability of Fesistince or toleranee obseledt rices under different
aproclimatic conditions. Thedifferences i perfermance covld hedue torace or
biotype varkitions in pesta. chemical composition of sotls. ot “fTects of specitic
cnvironental conditions onther iee plant, Collahoration with scientists work-
mg indeveioped sountries abso issought tor detailed studinin identifving these

factors,

Rapid peneratict advance

Fhe GEE rapid generation advance is an IRR I program based on the principle o
eaposing pluxlnm-riml—.\cn\ni\c hybrid populations to appropriate day lengths o
mduce carly fowering, 1t provides carly-generation material to national programs
on reatiest. 1 quires less than 2 Ve Lo RELE L CTonS, gTOW I plants.and produce
the  sequent boand bulk populations. Fhi gives national propram breeders
oS, Jable material (o from v hich to start screening and s:lection

prograr

Ceiinborative research
Collahorative research projects have these distinguishing features:

Collaborative projects are concerned with specitic peseitreh goals that cannat be
ichieved sotely by rescarchers at [ os Baos. These projects may require Cnviron-
ments, pests, rescitreh expertise, of facilitics not present at Los Banos or in the
Philippines. The include baste rescarch throughw hich we citn gainan understand-
I of the processes, phenomena, and mechanisis of performance.

Collahorators are carefully elected on the basis of rigorous eritertin, such-as
covironiment taclines, staft competency. and support tor this tpe ot tescarch,
While we do not refuse to colliborate with any scientist who weeks such collabori-
Hon, we encetitape collishoration with those who siatisfy the more ngorous criterkit.

fach vear, ateither the [nternational Rice Rescarch Conferenee or throughsome
other convenient meeting of mechanisn, data on collaborative experiments are
reviewed and spectfic annual work plansare developed inconsultation with overseas

collaborators,
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INTERNATTONAL RICE TESTING PROGRAM (IR 1)

The IR TP serves to eftectively link the national and iternational improvenient
programs around the world i testing network ot seleet parents and improved
hreeding lines TRRI plass the coordimating role by soliciing materials from various
seientists dnd providimg theny, alone with appropriate methodology and record
hoors, o cooperatmg saientst e also compiles and deseininates the data of these
tests Necess o wide aray of breeding materad helps identity elite breeding lines
with broad resistance to varions stresses. Sereeinmnyg tests tor specttic diseases and
insects provide mformation en the strinn and hiotvpe varnations among the imsect
postsand pathopens IR TP provides anescellenoestng pround to tice seientists for
then own breedmy matenals beeanse, duarmg a single season. the nuaterials can be
\HMCL'I('(I to diverse PECSSUTES T VATToUsS i ironinenis,

I hiree broad categories of TRTEP nurseries are:

Fovield trads,

eeneral vhsenvatonal nurseries:

Tuble 2. Utihzation of entries from 1975 grials in 1976 national programs,

. Intries used Entries (no.) promoted to
. " Countries . e e e e e e e
AHINT o) th crosses Station State National
(no.} trials trials trials
Yield
IRYN-I 6 43 35 12 3
IR Y'N-M 6 14 42 15 30
JURYN 4 § 12 4 12
Obseivational
IRON 8 34 528 268 285
IURON 2 2 21 21 10
Screcniny
Driscises:
IRBN § 5§ 23 6 10
IRSHBN 4 14 - - -
IRTN 4 14 47 - -
Insects:
IRBPHN 3 19 25 - 10
IRGMN I - S - -
Other stresses:
IRSATON 1 - 16 - -
[RCTN 4 30 30 - 17
IRDWON i - 13 - 13

QIRYN-E = International Rice Yield Nurserv-Early; IRYN-M = IRYN-Medium; IURYN = Inter-
national Uplind Rice Yield Nursery; IRON = International Rice Observational Nursery;
TGRON = Internationad Upland Rice Observational Nursery; IRBN = International Rice Blast
Nurserv: IRSHBN = International Rice Sheath Blight Nurservy IRTN = International Rice
Tunpro Nupserys IRBPHN = International Rice Brown Planthopper Nursery, IRGMN = [nter-
national Rice Gall Midpe Mursery; IRSATON = International Rice Salinity and Alkalinity
Tolerance Observational Nurserys IRCTN -~ International Rice Cold Tolerance Nursery; and
IRDWON - International Rice Desp Water Observational Nursery.



Table 3. Participants in the GEU training program from 1975 to 1980, by country and discipline.

Country Breeders Agrono- Pu‘hol- [inu?mul- }’h_\"-"iol- Soi! C\.‘rgu_l txch- (?c.nct- Bi‘o-‘ Total
mists ogrsts ogists OgISts  SCICNUSTS niclans icists  physicists

Bangladesh 16 ! 3 2 4 2 1 0 0 29
Brazit 0 1 0 0 € 0 0 0 0 1
Burma I 8 0 0 0 0 0 0 0 9
China 7 2 3 2 2 0 0 3 1 20
Cuba 0 0 1 0 0 3 0 0 0 4
India 11 3 6 5 V] 1 0 0 0 26
Indonesia 17 5 8 5 2 1 1 0 0 39
Iran 3 0 0 0 0 0 0 0 0 3
Korca 3 0 0 0 0 0 0 0 0 3
Liberia 1 0 0 0 0 0 0 0 0 1
Maiaysia 4 1 0 1 0 0 0 0 0 6
Mexico 1 0 0 0 0 0 0 0 ] 1
Nepal 0 1 3 1 0 0 0 ] 0 5
Pakistan 5 2 2 2 2 0 0 0 0 11
Philippines 0 4 0 0 0 0 0 0 0 4
Sierra Leone 3 0 0 0 0 0 0 0 0 3
Sri Lanka 10 8 2 0 0 0 0 0 0 20
Tanzania i 0 0 0 0 0 0 0 0 1
Thailand 17 5 0 0 0 0 0 0 0 22
Turkey i 0 0 0 0 0 0 0 0 1

Total 101 41 28 18 8 7 2 3 1 209
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Aospecifie stress nurseries fenvironments, discases, ind insects).

The vield trials include promisimg advanced materialand help to identify varicties
with wide adaptabiiny and recional suitabilite. The veneral observation nures.,
compesed at ceveral breeding hnes from different sonrees, s subjected 1o divese
stresses end serves s potentil source toridentityinge ines with broader resistance
that can ether be totbowed ap by veld teses or uniized as donors, o both. The
spectiic stiess nusenies mchude both hreeding ioes and donor vareties. These,
hosides heipmg dentte potential donors tor mdnoduat stresses. reveal penetic
vitation thiot pes and strams)y nosnsect pesis and pathogens, Table 2 lists the
VATTOUS Decties tested e 197

Scverb ol the entreeon these nursenes have been tormalhv named as varietios in
diiterentceunties bca brge nsmber are bemng used nehyvbrdizanon, tor crossing.,
o torturiher veeld evaduations

One of the important components ot FREPS activities is the organmization of
montornmy tours tnvolving gronps of ree saieniists from different countries who
oty ievien the mternetoral nussenes and nationad rescarch programs o impor-
tetwee tselected counties Fhe tours provude anintormal forum tor the exchange of
deas and interpretation of vl ble data amony the scientists, Fheir recommenda-
trons provide g ettective supplement to the data trom TR TP nurseries in formulat-

g plans

CHU traintoap program

Aforma G U nanmyg proeram was imtiated ot TRRTin 1975 vith a group of 16
Gainees Hhiveowrse s now oftered twice ansear with about 25 tremees in cach group.
e muludeaphinary and skl onented program that cmphasizes the practical
aspocty ot nee improvement and stresses the need for mterdiseiplinary cooperation
MW hen possibles members of o team Bron e particalan rescarch stiion a plant
nreeder.a pathologist an entomotoest, and representatives of other disciplines
e tramed stmudtanconsys Teantmembervare givena 2-weck condensed course on
cee producttonand a 3.5-month tamng o varons theoretical wnd practicalaspects
ol GEU work. Thevwork together to plinerossesand develop breeding strategies to
bevmplemented when they retun to then conntnes. The trainimy prepares scientists
atthe Tocal devel to atihze the products o the GEU propiams and to develop or
strengthen then own progiams. Natonad programs have shown tremendous enthu-
stasm tor this trinimg,

Fhe numbers of breeders and problenisarea scientists who have completed the
trimimg courses e siiown i fable 30 A total of 209 mdividual serentists have been
traaned smee 19750 Prior to 1975 many scientists receved similar traiming at IRRY
but on i ess format basis

Liaison scientists

IRRErecently established laison serentist offices inseveral parts of the rice-growing
worll. These ottices prowade a direet nk with national proeeams and serve a
coordmatmg role for IRRES resonrees npiven regions or countries. The liaison
waentistulso provides another invatuable Tnk i the etficient mination and imple-
mentation of the GEU concept m national programs.
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TISSUE CULTURE RESEARCH:
STATUS AND POTENTIAL

W. R. SCOWCKOFT and P. J. LARKIN

Plant tissue culture is still largely an empirical scienee. The maintenance of sustained
pratoplast division and subscquent plant regeneration relies on empirical methodol-
ogy. There are no substantial principles which can be applied to ensure suceesstul
regeneration of plant from cell culture,

But the compelling need to maintainand, where possible, expand crop production
by the development of supplementary plant breeding technology continues to
sustain a vitad research interest in plant tissue culture, New and expanded genetic
variabihty for use in plant improvenent has been generated.

AV HISTORICOND PERSPHOTIVE

It success is defined as the ability toadapt plantspecies to invitro culture conditions.
its measnre is given by ahistorical and quantitative perspeetive (Table 1), All major
crop snecies are included among the 300 or so species tor which plants have been
regenerated from eell cultures. Signiticantly, 500 of these cases hive been published
since 1974,

Fhe heightened interestin cell culture as i fundamentaland applied rescarch tool
18 further supported by the rapid development of protoplast technology (Table 1)
and the isolation ot cell culture mutants (Table 2). These developments also have

Division of Plant Industry, Commonwealth Saientitic and Industrial Research Organization (CSIRO),
Canberra, Austraha,
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Table 1. A historical and quantitative assessment of developmeir (s in plant tissuc
culture (collated from Murashige 1980, Vasil et al 1979, and Taomas ¢t al 1979).

Pevelopmuent Species sarliest report
(no.)
Plant reyeneration trom cell culture 308 Datcus carota
(Lesine 1947)
Sustained protoplast division 67 Gl veine max
(Ko etal 1970)
Plant repencration trom protoplast 30 MNicotiana tabacum
culture (Takebe ctal 1971
Androgenctic plants by anther culture 65 Datura innoxia
(Guha and Mahesh-
wari 1966)
Somatic hybrids by protoplast fusion
ta) Intraspecitic b N rahacianm 7 N, tabacum
(Melchers and Lahib
1974)
(M) Interspecific (4 cases involve 14 N, glauca + N,
sexually incompatible species) langsdorffi (Carlson

etal 1972)

occurred within the 1970s, as has the expansion in rescarch onandrogenetic haploids
(Tabhle 1).

All but six of the species for which plants have been regenerated from protoplasts
are members of the Soluanaceie. One species of the cconomically important Grapii-
neae wis reported recentdv, Vastband Vasil (T980), successfully regenerated proto-
plasts of pearl millet ( Penniserir mericanian).

SONENTTO CHEE GENERIOS

The development of somatic ccll geneties in plants requires genetic differences,
characterized in terms of orain, mechanism, and inheritancee,

Phenotypically distinet coll ines have been selected under in vitro conditions
(Table 2). The spectruny of such mutant lines ranges from defined biochenieal
lesions to undefined pross physiologreal differences.

The majority of these phenotypreally distinet hones can be classitied only as
presumptive mutants, Fhe biochemical basis of the phenotypie change s Lirgely
undefined and the mode of imbentanee, as determined by sexual transmission, is
unknown.

Phenotypic diversity arising from cell culture

Apart from the phenovariants, which are a consequence of direct selection, pheno-
typic diversity seeme to be it ubiquitous oceurrence incell culture. The diversity is
reflected i altered growth regulator responses. changes tngrowth rate and gross
morphology, and alterations e cellular consttuents such as anthoevanin, These
changes are associated with chromosomal alterations, but o causal refationship is
difticutt to prove. here s reason to suspect i genetic, or at least an epigenctic, basis
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Table 2. Compounds, conditions, or natural products for which resistant, tolerant,
or deficient cell lines have been selected (collated from Maliga 1978, Thomas et
at 1979, and Brettel and Ingram 1979).

Amino acid analogs Buse warlogs
I'thionine Bromodeosyuridine
S-methyl try ptophan Azagianine
S-2-aminoethyl-cysteine hy droxylysine S-luorouracil
Aczetidine-2-carboxylic acid
Hydroxyproline Wthotoxing
Norleucine Helminthosporivn mavdis
p-fluoropheny Lilanine Helminthaosporium sacchari
Antitiotic drugs Phvsiological conditions
Streptomyein Na(l
Kanamycin Aluminum
Chloramphenicol Chilling
Cycloheximide
Carboxin Herbicides
Aminopterin Amitrol
Chlorate Amulam
Atrazine
Propham
2.4-D

Picloram

for this varation.

Whatever the cause, this variation also is manifested among plants regenerated
from cell culture. Tissue cudture per se appears to be anunexpectedly rich and novel
sonrce of genetic variahilioy thar already is being wrilized in plant inprovement.

SOMACTONAT VARIATION

Plants derived from callus have been called “calliclones™ (SKirvin 1978), those
derived from protoplasts “protoclones™ eShepard et al 19801 Plants also can be
derived trom haplowd microspores. It scems appropriate that mvitro regenerated
plants be collectively reterred toas “sonaclones.”

In most agtonomically important crop species, somaclonal varation s greater
than the variation dispheced among the sead progeny ol the donor (Table 3).
Fxiensie somaclonalvariation also was reported i Pelargompmi (Skimvin 1978), A
Pelarvorien somaclone has been developed as a named cultivar,

Ihe somaclonal vanation mosaearcane and potatoes is the most extensively
Jocumented and most agncaltunally profound among recent findimgs.

Somaclonal variation in sugarcane

I'he reaction of sugarcine somaciones to three diseases is shown in Figare 1. Some
somaclones derived from susceptible ©altivars are highly resistant to both eyespot
discase and downy muldew i hield conditions. A sigmificant number of somaclones
derived trom two Fpvirus disease-susceptible cultnvars idso display tield resistance.
Samaclonal sepregation aprears to be in the direction of enhanced resistance.
Somaclones derived trom o resistant cultivar (Ragnar) appear to relan resistance.



Table 3. Somaclonal

Solanurm
tuberosun

Solanum
tuberosum

Sacchariem
officinarum

Saccharum
officinarum

Saccharum
otficinarum

Zea mavs

Oryvza sative

Hordewm

Lolium

Nicotiana
tabacum

source material

Somaciones
screcned (no.y

variation in economically inrportant plant species.

Characters displaying enhanced phenotyvpic
viriation

Reference

Leat mesophyll protoplasts
(Russet Burbank)

Suspension cujture proto-
plasts, dihaploid line

Suspension cells or callus,
T ditterent caltivars

Shootupen, leat, or in-
florescence callus, 8 cultivars

Leat base callus, 2 cultivars

ty hybrid embryva callus

Sead callus, single pure line

Hovwdeare A, fubariei triploid
cimbry o cutture

L. nudeitlorum /.. perenne
triploid embryo culture
callus

Dihaploids. 13-genration
selfed cultivar (Coker 139)

>10.000

417

102

>2.000

Tuber shape, yvield, maturity date. phetoperiod

requirement: plant morphology: enhanced
resistunce to Hrernaria solani and Privioph-
THORE DS LN

fuber shape

Eanhanced resistance to Helminthosportum
secciart, Sclerospora saccliard, Fiji virus,
cane and suzar vield

Cane and sugar yield: stalk number, length,
digmeter, volume. and density: tiber

Enhanced resistance 1o f1 sacchars 1onin

feat urruncement, plant heighit, node number

Seed tertiliiy, plunt height. heading date.
morphology, chiorophy Il dericiency
Reletive mntensity ot isaenzymes, growth
habit, head morphology, suricle size,
chromosome number and associations

Chromosome number and assoctations, leaf
shape and sizel floral development, growth,
vigor, survival and perenniality

Yield. grade. tlowering time, plant height,
leat traits, ulkaloids, reducing sugars

Shepard ¢t al 1980

Wenzej et al 1979

Heinz et 2] 1977

Liu ar-d Chern 1978
Larkin and Scow-
croft unpubl.
Green 1977

Oovno 1978

Orton 1980

Ahloowalia 1978

Burk and Matzinger
1976

L1

HO0
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One virus discase-resistant somaclone of Pindar with an equal sugar vield has
potential as o commercial cultivar.,

O1 the 13 sugarcane somaclones evaluated imdetiaabatter the mitial sereening (1au
and Chen 197X two appeared superior to therr donor parent in sugar vield, These
somaclones are now being evaluated v advanced vield trials,

Recenty imtiated rescarch by Tarkin on the isolitton ot 71 sacchari-resistant lines
ol sugarcane confirms thatsomaclonal vanabiliy isextensive. The development ofa
rapid browssay for /o saccharr toxin seositivity, bosed onelectrolvte Teakage trom
leat disks totowimg w short exposure to tosin (Larkin and Scowceroft TONT) has
cnlurnced the sereenimg proccdure, Frgare 2 anves the brequencey distribution for the
toxin reaction ot somaclones derived from both highiv susceptible (Q101) and
resistient (Q47) cultivars, Somaclones of the susceptible cultivar tend toward
enhanced resstance. Prefimimary dia indiciates that somaclones derived from eell
fines selectd i the presence ol toxim do not appear to have a lower frequency
distribution tor resistanee than somaclones derved from unselected catluse A similar
result was reported by Hemz et al (1977,

These presumptise H.osacehari-resistant somaclones are bemng evaluated tor tield
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resistance. A number of somaclones of a cultivar highly susceptible to leaf scald
(Nanthomonays athilineans), a discase that poses anendemic threat in Australia, also
are bheing tested 1 field conditions.

Somaclonal variation in potatoes

Heterozveosity is essential to maximizing potato plant vigor. Coupled with tetra-
ploid inhertance and the 1o feculity, oreven sterility, of many cultivars, it makes
conventional plantimpre vement essentially impossibic: Shepard etal (1980) argued
that iwmight be simplerto selectively enhanee a popuier variety than to create a new
cne. It appears that they have achieved such animprovement through somaclonal
variaton,

Leal mesophvll protopliasts were the starting material, With considerable devel-
opmental cttort, they were mduced to divide and form colomies, which in turn were
induced to repenerate plants. The procedure did notinchude any deliberate selection
O MULIZenests.

I xtreme unitormuty among the somaclones was expected. However, considerable
phenotypic diversity was apparent in the st 1OOO plants rased i he greenhouse.
Some 10,000 plants with extensive variability hive now been exanuned.

As i consequence of shorter internode distances, several somaclones had a more
compact habit than the donor parent Russet Burbank. That hatit resulted ma tuller
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and presumably more ethicient canapy. Other poputitions varied from carlier to
Tater than the parent o the time of oneet of tuberization. Ruasset Burbank requires
refatively Tong photoperiods 116 hoursy tomitiate tlowering, Several somaclones
tlowered with onlv o T3-hours photopenod. Varation i taber shape, degree of
matlornution, and sk estore also was observed. Some sonaclones also showed
potential for outvielding Russet Burbank.

ool blieht o Alrernaria solanes and Lte bleht o8 vopdulnoea aintestans ) e
sertots diseases of potatoes. A tosin broassay torearly blisht revealed presumptive
cohaneed resstianee e S of S0 somaclones tested. OF those, tour also showed
enhanced resistince to tungabintection For late bhehit g comples diseise chiracter-
1zed by r number of races, several somaclones (20 trom SO0 tested) were more
resistant than Russet Burhank. Some also had eohanced resistanee to mtection by a
seeond pathogenie race.

Many of these soneclonal varants have been tested through second and thind
tuber wenerations, Inmany cases, the variant cuchas enbanced disciase resstancee. is
retamed. Inothis mitial phase, some 60 somaclonal varants have one or more
aurenomic improvements over the parent. Five are currently bemng evaduated as
potential cultivars,

A further evele of producing somaclonal variants by caltoring protoplasts of
sveradtirst-evele somaclones with eitherimproved vield ordiseise resistance is now
e progeess, Fhe objective s toselect tor further enhancemient among the regener-
At Successive improvement by recurrent eyveles of selection among somaclones
miehit provide arapd technique torvarietal improvement, particularhy inasexually

reproducing species,

Somaclonal variation in sceed-propagated species

Fhe ovidence soggesting that somaclonal variation could significantly contribute to
plant improvement of seed-propagated species is less substantial. The imited data
onmatze aind the reports i riee f Fable 3) seem encouraging. Oono (1978) indicated
that 70 of the 702 tertile lines derived from somaclones of a pure breedimg line of
nce vaned from the parent inone or more of the characters examined. Morcover,
soraclonal varants were stable throngh at least one seed generation,

Lable 4 Vunation among progeny of 46 dihaploids detived from a 13-generation inbred line of
tobacco (Burk and Matzinger 1976),

Dihaploid Fetesty?
1395, ) o
Mean Ranye _"\”“’m‘ ( r49 v
dihaplods dihaploids
Yield the/ha) 2761 2765 1848 22934 " .
Grade mndex 425 40.3 297 . 488 v ns
Dav s to tlowering S7.0 5401 46.5 - 892 v .
Plant it renn 1027 R7.4 75.7 - 98.0 v .
Alkadoids ¢ 26 296 2.20- 1.88 v *
Reducing suyars ) 133 15.3 Lo - 192 . ns

o apmficantly ditterent at .01 Teved of probability, «+ < sipnificantly different at 0.05 fevel.
Ny not sienifeant.
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[ he dittie of Burk and Matzmeet (1976 are relesant to the porentiad of somaclonal
variation i normaliy breeding species Fhe difterences among d6 - dibaploids
Jdertved Trom a vencnanon mbied hoe of o tobaceo cultivie are sumimarized i

Cabled he coitonaoony the androvenctie somaclones was nnexpectediy large,

Sonurclomd viriation from interspecific hy brids

Phere s a herehtened mrerstm e see ol cnhes o caltmre to abtain hvbrids between
normaliy ncompatible <pecies Suniarlcs somatie hybrdizaton by protoplast
THton s seen s o iew waay of tanseendimg barriers o gene How between species.
e predisposition to allosendetie painng during meosis o such mterspecifie
Babrrds hoeels sl precinde recombimation hetween nonhomologous chromo-
SOLTICS

Flowever.al the hed embrvo remanms as acadlus caltare e Aoowahha 1978) or
0 callus cultures are produced from an mterspeettic hybod plant (Orton 198,
soraclenes derived trom sach cultures display extensive varation.

Onton (1930 Tound considerable varation among 43 somaclones dersed trom
callus cattures watiated troma triplond hyhed plant between /0 vedvare and 11
phacnr. OF particular note was the extensive vartion e growth habit and in
relative mtensity of the several soenzvme bands o esterase and - glutamate-
ovadoaeetate tansanmase, \ detaied ey tologreal imvestigaiion ot ondv tour soma-
clones demonstrated not onle chramosome nugiber varation but o an inercased
regitency of bivalent and multnalent associtions. Otton argues that this could
result “trom loss o mactivation ol an homeolopons pairing mhibitor or the selective
dinlordization of cortnn chromosome sepments ol the organal complement.”
Becatse no chromosome rearrangement was detectable. he Lvored the oss of
homeologons paring mbibitor hypathesis, 10 Otton’s conclusion s correet. then
sreater recombinational (mitotic or meiotico) variebiiny will occur o such soma-
clones tan mamnterspectic by brid plant produced duectiv froma hybrid embryo.

Origin of somaclonal variation

Fhe oecurtence ol a lge amount ot apparentds stable phenotypie disersity among
plants regenerated trom cells grown i vitro rvises the question of mechanism. At
hest, deliberations are sticth speculative, without appropriate analvtical experi-
mentation.

Ancuptords could account Tor some variation i pols ploid species such as sugir-
cane and potatoes. Shepard ctal C1980) found that 5 promising somaclones had 48
chromosomes cach. terehy tuding out pronounced ancuploudy.

Other catses o sonaclonad viration might include organelle vartabihty, which
could have an opportuntty to sepregate in somatie cells. Svptic chromosomal
Chitnpes. such as smadl deletions, additions, transpositions, or mversions, which
might normally be sereened out during meiosis, may persist i somatic cells, Muta-
ton, at feast i the classae sense of nucleotde substitution. would hive to occur at
mordimately high cites to account Tor the observed varibihty,

Recent molecular stidies of genome organization i cucarvotes indicate that the
okl penome oot static but is highly vanable, For examples when murine
sarcon el are sefected tthe presence of methotrexate, whichinhibits dihy droto-
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late reductase, the gene codimg tor the enzvime is amphtied up to 200-fold (Schimke
ctal 1977 L here s abso evidencee tos the somane rearangement of the genes coding
for the constantand varable regions ot theimmumoeclobulin ight cham e Brack etal
F7Syand tor the amphitication ot specitic DN A sequences durnnge chicken cartibage
and peural retma ditferentinon (Strony et al 197 St topes and Jevels of
warithiliny are kel to e uncovered mthe somatic genome of plants,
Sotnatie vt bty i plants shonld prove anescitime areia ol rescarche Itmav well
heone ol the tagor contributions of plant cedl calture o thie moleculin biology ol
cucanyotes ands mostinportantiy, to the provision of genctie vapability tor plant

niprovement,
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PROGRESS AND POTENTIAL
OF PROTOPLAST FUSION
IN CROP IMPROVEMENT

D.PENTAL and . C. COCKING

The production of interspecific crosses in crop plants is desirable for tsvo major
reasons  the production of new amp“iptoids and the use of interspecific hyvbridiza-
tion for gene transter. Although rarcly of direct value, amphipioids may be used to
mtroduce particutar features ot related species into cereals, including the insertion of
smallbsegments of alicn chromosomes by induced translocation. The availability of
protoplists and the ability to fuse protoplasts of ditterent species is providing extra
dimension ind added stimutus to work in this direction. Progress and problems of
protoplast technology mrelation to erop plants were fully reviewed in 1976 (Bhoj-
wantetal 19700 This assessment of current progress and potential will emphasize
recent work and identify worthwhile tusions.

CURRENTSTATES OF SONMATIC HYBRIDIZATHON

Following protoplast tusion and suitable selection of resuttant hybrid cells, somatic
hvbrid plants hive been produced between species very difficult or impossible to
habidize sesuadlve such as L oeopersicon excudentem and Solanum tiberosun,
Datvra tnnexiaand Arropa belladona, trabidopsis thaliana and Brassica camypes-
iy ands more recentiv, between the horticulturally important species Petunia
parodicand Poparvaflora, which e sesually incompatible (Power et al 1980). Study
ot thesomatic hy bud production between 2 parodicand P parviflora is particularly
relevant 1o the use of protoplast tusion for crop improvement. An attempt is being
e toncorporate new somatie hybruds fito o comventional breeding program.,

Plat Goatie Mangpadation Grovp, Department of Betany, Uninensity of Nottungham, Nottingham,
BN
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with the s ol introducig new cultivars of Zezora possessing the highly branched.
prostute rowth abit ol £ panvirtor

[he absence of metotie segregition msonvatic hybrids could be profitably explo-
ited, particubn iy o craps propagated vegetatnel s T potato, the siggested proce-
dure s to fuse protoplasts of ditferent diduplowd Tnbnds The heterasvgons diha
ploid would be cambined intow completel heterozyeoas wtraplond plantwithout
meiotic segtesttion. Propaaited vepetatnelve the plants coukdmimediateds become
astable vanets (Wenzelet al 1979

Fhe tormation o oy toplasnne by brids trom the fuston of protoplast s resnited
in an abiiny o divectly introduce ey toplasmically based made scenhity (Gadun and
Raseh 19751 The ecent indication of the formetion ot mtochond il recombimants,
following tterspectiic tobacco protoplst fuston (Belliaed et al 19790 iy also
provide o basis tor mereased senctic varability.

We han e identitiod major aress for the application of protoplast tusion i crop
improsement. Progiess isslow, partienkarly because of the limited ability to satistae-

Lol il) culture CHFOPY SPUdios.

PUEERE WORK

Somatic hybridization of legumes

Grain lewimes present o major culturad challenge, particutarly i relation to plant
regeneration. Our etiorts hane been divided into two major categories 1) forage
legtmes, stchasdalfa and clover and 2) grain legumes, such as Peeia and Vigna

Some tore keemmes now arc capathle of bemy adequately cultured, Recently we
obtiained high-trequeney regeneration from leal protoplasts ot whote plants ol
altalia ¢ Medicavo sarva v callus and embryoids (dos Santos et al 1980). Proto-
plasts troncuattared cells ol Zritolient repens also have been regenerated (Gresshotd
oty W e wie now attempting sonatic hyvbridization of altadtcand Trifolicen with
tanmin conttinny toneee Jeeume Onobryehis vicidfofi (Saintoin). Presence of el
cannin eediees hloat problems i erazing animals Selection procedures willinvolve
culiunnye adivodual heterobarons,

Rice ~orghum somatic hybridization

Revent work on the sesual Inbrdization of rice and sorghum has reemphasized the
eed Tor crosses and bighbghted the need tor parallel etforts on protoplast fusion
(Deming ot ai 19799 Our nian ditficubty inosetting up somatic hvbrdization
hetween toe e D sorehun has been thatat present there is no regenerition ol whole
plants trom protopkists of cither species, We know already that there s no ditheulty
mthe tosion amd Bnated cultare of heterokavons but, until the present calturadl
duticnlties Teve been overconie, we cannot undertahe somatic hybiidization, s
Dhely that reeencration capability s controlled genctically,

Both sesual and somuatic hybridization imvolve extensive mtermistng ol genes
Fhete ottenare disadyantages iattempting to combine the total genetic structures
oF two spevies but greater advantages inattempting to imearporate some linted.
perhaps simeles penctic antnbute of s donor species Lo redipicnt crop species,

[here has beersa resureence ofinterest inthie transformation of plants inwhich gene
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1. Schematic rep - ontiton of the 3 main procedures for plant transformation

flow s Hmited.

A migjor development in whole plants was the demonstration in Nicoriana that
pollination with highly rradiated ¢ 100,000r) killed compatible pollen can cause the
transfer of certatn genes from the pollen o the egg without proper fertilizition
(Fig. 1) This phenomenon o etfeet, transformation of the egg has reoulted
in ey transtormation Tor the flower color gene and the S gene, This has led 1o an
examination of the use of pradiated somatic cells to bring about a limited gene
transter.

We e currenthv investigating (e collaboration with Dro AL Muller and his
colleacues i Gatersleben, Gernemn Democratic Republic) whether somatic trans-
formation can be tsed to transter mitrate reductase genes between ditferent species
thie T Weare utihizimg the nitrate reductase deficrent mutants of tobaceo isolated
by the Gatersleben Group and fusimge themowath X-rav irradiated cereal and legume
protoplastss Then we select tor mitrate reductase proficieney ameny the tobaceo
cells,

Such markers should tacthitare selecton for imited gene transter by protoplast
Tuston I tuture work with fustons tor example, between a nitrate reductase
nunos fegwme wn b witd-nope tobacco this hmited: gene How couhd result in
fegimes with improved nitrate reductase capaality. The requirement tor auxotro-
phic mutants tor these cvaluations emphasizes the need ©or e greaeer range ol such
mutants 1 i arpe namber of species capable of plant regeneration (Cocking 1980).

Maize/sorghum scnatic hy bridization

Recent work on tie embrvo culture ot hvbrids between maize and sorghum at
Centro Internacional de Mejoramiento de Maz v Trigo (James 1980) also reem-
phasized the aeed tor such crosses and again highlighted the importance of paratlel
ctiorts 1n protoplast tusion. Untortunately, work in this direction is also being
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impeded by an inability te regenerate whole plants from maize protoplasts. Thereds
no difficulty in fusing the protoplasts and obtaining heterokarvons with inherent
viithitity (Brar et at TY80),

PROBUTMS AL THE CUETURE TENT

Induction ofa tast-growing, friahle, unorganized callus from organized explantsisa
good indication that o culture can be passed throughasingle cell (protoplast stage).
These tundiomental attrthates ol a good catlus cultare svstem are kicking incereals,
Much of the carly work on the culture of cereals has been o induction ot callus from
root meristen or matire embivo explunts, Shootdifferentiation fromsucheallus is
sporadic and usualh not relited o any horinonal conbiations (Pental and
Grunchel 1979 Consistent shoot reeeneriation from nuze calius induced trom
annutture cmbey os has been reported tOreen and Philipps 197300 Sinee then, shoot
regeneration from imnttare cinbryos of other cereals has also heen reported.

I he tise b the cmbrvo s an eaplant tor callius can be criticized. Anembryois a
comples minture ofeell which man hine hiehlv vanable marphogenctic potentials
aud vartible requinenients to pass into an unorgazed phose, Sinee the relativels
stow grosth rites i cereal ot havcled to low explint to caths ratios callis growth
and morphocenesiscould bentiuenced by esodates trom the persisting parts of the
embrvo, There o anatomieal evidence that the calles from embryos of manze and
other cereabs nuy ever paess throtgh an unoigaiuzed phase (Cure and Mot P78,
Ning ot ab 1975 However it nin st be protinable to e immature cmbiyos ol
ditferent genotvpes ot important cacals toraeathis that shows pood shoot ditferen-
tiatton and s frable enoueh o produce cell suspensions and protoplasts,

A homogencous explient ke the teat parenchyna s & more appropiaie niate-
riad for callus mitiaton. Although much of the work on catlus trom leat segments
and culture of feal protoplasts is negatise (Potevkis et ad 1976) there are reports thin
the hasal region ofa barcley feat (Saadbachand Koblits 1978 andavice leatcHenke ot
al 19781 form cadlus Renewed effort is needed to evaluate the possibilits ol catlus
induction from leal tissue. Any part of thie et tissue that cin form callus will be
pood materidl for protoplist solation,

We plan to evaluate ditterent genoty pes of e, corn, and sorghum tor their ability
o form callus from leat tissue and immature embryvos is o prerequisite to estiblish-
ing a protopliast system tor these plants. Saitable protoplast systems can open the
possibility of in vitro genetic manipulation in these important grain crops,
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After i decade of intensive tissue culture rescarch on rice and other plants, the uses
and limits of tissue culture and related rescarch have been clearly defined.
Researchers working with rice have successtully produced callus and plants from
single cells, from plated ovaries and anthers and trom solated pollen (Nfizekand
Oono 908, Churet al 1975, Oono 19770 Hu 19780 Wi et al 19790 Chalef! T9R0.
Chen et al 1950, Kucherenho 19803 In addinsm, protoplists have been produceed
and tused, and callus has been developed ¢ o 1976 Dekaand Sen 19760 Taietal
197%). RN A from sovhean was successtuliy transteried to riee through tissae calture,
where it contralled the production of soy bean proteinin fce plhants (N et 2l T980).
Much that was thearetical concernimg culture of plant and animal tissues i the
19605 became applied research i the 1970

Fhrough tissue culture, s possible to produce whole plaie from single somatic
cells, thus extending the technigues of microbial vencties to riee breeding. By using
anther and pollen culture technigques, itis possibie vy produce hunlowd or homorzy-
gous plants from single sametes. When pollen from Foor Boplants from conven-
tonal crosses are cultured, homozy gosity s obtained tnone step with no turther
segregation. The population of plants produced has the mherent vanation that
would hive been found inthe I-oor I but idividual plants inthe population have a
fixed genotvpe with no turther segregation. Characters controlled by recessive genes
are imeacdiately apparent i lines produced trom tissue cultare,

Plants produced through tissue culture often hanve changes n ploidy or mutations,
Ihese may serve as new sourees of varition, Phe muatation tate can be increased by
the use of mutagens on cultured cetls betore regenerating plants (Sung [976).

Cells from somatic tissues or callus produced through anther enlture can be grown
in suspension culture and exposed. cither directly or plated on solid media, to

Fhe International Rice Research fnsttute, os Banos, Plalippimes,
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deleterions substances such s fungal or hacterial toxins, herbicides. salts, or toxie
minerals toselect torvarant eells with resistance, When resistance to disease or other
constrants iy mediated by mictabolicactivities at the eellular level, resistance may be
expressed m cultured tssoes tBotting 1975 Chaleft and Parsons 1978 Scoweroft
197X).

Under eorton conditions, homosyeosite s necessary to redoce experimentad
error b wamples inctude ditterential vineties ased toadenttv coces of pathogens and
Brotypes of msects orvaieties and hnes used i phasiologs studies. Varieties can be
made absoluteh homaozveons, barnng mutations, through the culture of gametes,

Recentiv, the techmyue of protoplast tision has been developed for making
paraseaual crosses between species where hvbodvanon throueh conventional
methods has been ditticult (Cocking 19720197550 1 sing this techimgne, mtergeneric
fuston of protoplists has beenaccomplshed oevero (Constabel et al 1975 Bhopwani
ctal 19770 b addition, 1 has deen possible to ranster nuelere acid directlyv 1o
protophists wath the concomitant meorporation of genctic control tor the produc-
tion of cnzvines and other compounds not presioushy produced by the variety or
spedies.

Many advances have been made 1 ee tissue cultare in the 197080 The most
stgnificant research has heen conducted m Japan. China, and India. Recently,
scientists i the United States of Americacand the Soviet Union also have begun to
make signiheant contributions (K ucherenko JOSO. Chatet! 1980,

In September 127904 pilot tissue culture proccen was imtated ot IRRE Signti-
cant progress has been made m sereenng vice getmiplasin tor the ability to produce
callus and green plints through anther caltare (IR R 19801 Crosses have been made
among Imes that have exhibited potenual m producing green plants throogh anther

Table 1. B ffect of parental efficacy Yor callus production in anther culture on
response of Fyohvbrid,

Aathers Anthers Anthers with
Matertal plated? plated producing calins multiple callus
Py chutper 309 R 30) 1050 24 2.3 12
Laiper 369 204 16 7.8 10
1IR3 472 i 0.2 1
I Charper 369/1RE) 540 25 4.6 21
Latper 309 204 16 7.8 10
1S 368 | 0.3
E CPaper J0971R20) 744 68 9.1 60
Laiper 304 S21 23 4.4 23
1R20 362 2 0.6 1
Py Parkan-tao/IR 20) 579 54 9.3 49
Par-kan-tao 138 11 8.0 10
120 36 2 0.6 |
Py Parkan-tao/ IR8) 622 18 2.9 18
Par-kan-tao 370 26 7.0 24
IR8 JoR 1 0,3 0

MCampanative tests with parents and yoanthers plated at the same time and main-
Lieed nder the ame cultural conditions,
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culture, Comparative platings of anthers from parent varieties and I plants {rom
these crosses are being used to study the heritability of successtul plant production.
Preliminary data are presented in Fable 1 Plants derved by anther culture are in

N B . oy . . L . l
Table 2. Comparison of Fy plants with parenas for efficacy inanther culture.

Anthers

Viriety or Iy producing
callus
— . - - - e e e . e n U (’{' )_._. -
Taipei 309/IR 36 0.8
Taipei 14.4
IR36 0
Sitewah/IR28 4,1
Silewah 4.6
IR28 0
Mingolo/D66 2.8
Mingolo 39
D66 2.6
Silewah/Tuaipei 309 19.6
Silewah 4.6
Taipei 309 14.4
Silewah/Taichung no. 65 4.9
Silewah 4.6
Taichung no. 65 1.9
Silewah/IRE 0.2
Silewah 4.0
IR8 0
Silewah/Tainan no. 5 14.6
Silewah 4.6
5.6

Tainan no. §

4 Anthers of varieties and I, plated on Chaletfs R-2 medium at the same time and
maintained under the same cultural conditions.

Table 3. Effvet of passing varicties through anthier culture on subsequent efficacy
in anther culture.

Anthers  Anthiers O Anthers with
Variety plated producing callus multiple callus
(no.) Ny, No. y
Mingolo:
IFrom seed 471 2 0 0.4 0
From anther culture 452 11 1 24 0.2
IR9264-324-1:
From seed 367 1 1 0.3 0.3
F'rom anther culture 407 43 29 10.6 7.1
Mingolc-
From seed? - - 3.9 - -
From anther culture
Plate no. | 625 Si 8.2 24 3.8
2 424 30 7.1 18 4.2

Plating of these anthers wis contaminated by fungi. Data are means of many
platings o Mingolo during sereening.
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compatitive tests with the variety grown from seed to see if passing the variety
through culture improves its etficacy intissue culture, Preliminary dataare presented
in Fables 2 and 3

Other experiments inprogress ares i) continued sereening ol the IRRT rice
germplasm collection, by studies on the improvenent of vice tissue culture methods,
and ¢y studies oF changes i plody and mwtations e plant materal prodiced
through tissue culture, Preliminary experiments on the use of stspension cultures for
sereening against biological and physical constraints on rice production are under
winn, baperiments to study protoplast fusion and related echnigues for meorporit-
e foreren nuelere acid into riee are planned.

Screntists i Chima ave made nany advances o the application ol tissue culture
fecinigies to tee improvenment i the decade ot the 197050 Majoraccomplishments
woere reeently reviewed by Rush and Shao (1981,

RESEARCH NFEDS AND STRATFGHS FOR RICE TISSUy CULTURT

Rice anthier and ovainy cultuie have been accomplished many ames. However, many
problemis restiict thelr use mviee improvement programs, Fhe mam problem s
untian orable aspects of the Togisties of Lrrge-scale culturing of rice gametes. includ-
mg: the tme i olved inobtaining, processing.and plating anthersand ovarnes: poor
production ol calius and plants by many varietios and hybrid plants:and a Lick of
information concermng the reaction of niostrce varieties in tisste culiure. Adding
o the metticienes of vee anther culture s the Tigh pereentage of albino plants
produced. Another problen s the talure to produce plants from vice protoplasts,
s restiicts the use ot protophasts tor byvbndization and limits studies using
protophists to evamine the uptake ot forcagn nucleic acid.

IMPROVENMENT OF ANTHER CUTTURE BFRFICTENCY

Preplating and postplating activities
Additional studies of polien dev clopmentand the factors atfecting deditferentiation
<houdd be condueted, Thedevelopmental stages most favorable for plating inanther
culture hanve been thoroughly studied (Genovesi 1978), However, the effects of
chemical or temperature treatments that induce dedifferentiation or that interrupt
the notmal developmental processes in pollen so that the microspores divide to
produce cells instead of continuimg to develop into mature pollen have not been
sutticiently explored. Ausiny and cold-shocek treatments of rice anthers betore or
alter plating increase the frequenes of caltus induction. Recent prelimimary research
At (R R T siggests that heat treatment of anthers also may inerease callus induction
PRash and Shao TS A recent study of growth-regulating compounds showed that
2emethy [=b-chlorophenosvieetic acid (MOPAS) was more ettective for inducing
callus from anthers than the 24D normally used (Chouetat 1978) Farther studies
of the eftects of wrowth-reguliating substances on callus and green plant induction
should be conducted

Another recent study demonstrated that 2-chlorocthviphosphome acid (Ethred)
cased deviation mopollen developrent, Teading to mitotic divistons in microspores
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(Hennet and Huoghes 197200 When Prhreet was added to the nice anther cultuie
medim, it mercased the calhoes imducnon rate by S0-5000¢ 0 depending on the
sermplasm plated (Sone et ab 190 Reports ol etfects ol preplating temperature
treatiments oo changime microspoie development sugyest that dilferent rice germ-
plast vespond ditterentv, This arcie peeds Tanther exploration.

Tnenbatton temperatine abso atfects callus and green plant induction (Genovest
F2N Songe et al 197N Genovest and Magd! 19790 Rush aned Shao TOSTY T general,
theavcepted meubation emperatures tor both callus mduction and plant produce-
non cnee lrom 20 to 26 Co However, msutticent studies hanve been made of the
mteractions between diflerent germplasm and incubation temperatures,

Media

Mans medichave been used tor nee anther culture. o general. they are viriations of
the media ol Murashige and Shoog (1962) and Miller (1963). Rush and Shao (198 1)
ated the maredients of LEmedia commonly used for rice tissue culture, Fight were
Jdeveloped i China,

Medin constituents are not as nportant a consideration Tor callus and plant
tduction as other factors, T the baste sidts N - SOLand KNOCand sucrose are
present calli induction can ocemr . N meduun deseloped in China celies onextracts
fronn potaioes tor the baste nutnents (Chen et ab 19780 This medium compared
v orablo wh comples media i tests ot colos and plant induction from anthers.

Phoe Tierature on the etfects of medi constituents on anther calture is not elear,
e esiteations have used ditterent evpes of B combinations in therr studies. Media
Sronld e compared ar the same tne s nsimg selected germpliasm of japonica, indica,
andapontea idica iy bodss The some environmental conditions should be main-
ratied throughout the test,

Floseever, ditterent germplastn may respond ditterently to ditferent media, For
sorcetng purposes, asigde medionm tha pertorms wel with most of the germplasm
coesbma hesed Vaoetios that pertorm oo the screemmg mediume ean be tested on
cther cda todentihv the most sitable meditan to obtan plants rom the 1,

Nelchironal research is needed to deternune the etfects ol new media constituents
cnree anther cuiture, to relate medis effects to germplasu, and to simplify media

cnintinenis atd the Togisties ot media preparation, storage, and use,

Vackation w plnts from anthier or ovary colture

Fove oresse cultere prniantds has been aimied at the produection of haploid plants or
Boioss otis dipbond ploats throueh the doubhing of chromosomes in haploid catlus
of plants trony pollen or ovanes, Nusekn and Oono (197D regenerated haplond,
diplodtetraplond. and pentaplowd plants through anther culture. Since that work.,
niany reports hoave midicated vartion i ploids inonee plants regenerated through
teeaes colores I deternimations made on o varieties or Bocombimations from
whch plantsowere produced m Clhima durmg 1972-1977 Chencet al 11978) observed
that e ot the plants prodoced were haplord, 3807 were diploid, and 67 were
polypiond. Oither observinons of plowdy progeny produced throngh anther culture
have dicated that the tregueney ot spontancots diplonds produaced s J0-607

Homosrcons diplotds are produced msigmilicant proportions without resorting to
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the use of chemicals such as colehicine,

Plants produced through tssue culture with abnormal ploidy may serve as
sottrees ol new gene combimations for breeding programs.

Ihere have been reports of mutations i lines fromanther cultere. This may also
CFVC s A sotee ol variation for breeding programs, Mutations can be inereased by
treatment i vitto with chemical mutagens ¢Sune 19760 Shirvin 1978), In vitro
susterns can be deseloped tor isolatmg and identitving mutant types. Little reseitreh
of this tpe Tus been conducted with rice, Such systems may e pathotosins,
herbietdes, salts, amino acid analogs, or other constraints.

Homozveosity may be obtiained movarietios and breeding ines by passig them
through anther culture, This wil be usetul i certam phasiological and: penetiv
studies. The lomozsgosity of lines produced through anther calture can be used
with conventional technigues to sereen against pathogens, isects, herbicide dam-
ape. dimage trom salinity, resistines to mineral toxicay or deticiencies, drought,
aind other constraints to riee production,

Hlomosvgosity i varictes used o ditterentiate races ol plant pathogens ot
biotypes of inseets abso would be usetul. Development of near-isogenic lines with
different sotrces ol resistanee to pathogen races should be facilitated by the use of
anther cultare. These Tines conld be used to develop multiline cultivars with discise

constrants,

Albino plants

[he hizh percentage of albino plints produced inanther culture lowers the etficieney
of the svstem in producing usetul plants, Additional anatomical. biochemical, and
environmental stadies are needed to develop methods for minimizing the develop-
nient of atbino plants. The recent work of Sorg et al (1978) and Wang et al (1978),
Jrowing the etfects of incubation temperature on the production of albino plants,
was ischul and should be extended.

Culture of isolated pollen

One limitation on the production of rice callus and plants from pollen is the necessity
of plating anthers. The process is time consuming and only a limited number of
anthers can be plated. Cutturing of isolated pollen should inerease the number of
mdividual calli and plants produced. Recent work in Chinag demonstrated the
teisibilits of producing rice plants fron soliated potlen (Chen et al T980). Research
in this arcs should be continued to imnrove the technigues and deterniine the most
antible medin, erowth reeulutors, and environmentad conditions, Development o
technigues to produce embisvoids and plants directly from solated pollen without
production of callus could be i major objective. Direct tormation of plants from
pollen in anthers has been observed. That suggests the possibility of - prodicmg
plants directhy from isolated pollen. it the germplasiy favorimg direct formition of
cmbrvoids from pollen is identified and used.

Rice protoplasts
121ee protoplasts have been successtully generated and cultared and have desetoped
cadlis i culture (Isat et al 1978), Unfortunateiv, the calli had Tost totipotency.
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Helgesonetal 1972 Gengenback ctal 19770 Farly attempts to differentiate between
cultured rice tissues suseeptible or resistant to 22 orcae or Cocliliobolus nivabeo-
s Jid not steceed Clshie and Yamasakt 197019720 hiv and Sakamoto 1975
Owasawari et al 19770 o these studies, pathogens were inoculated directiy onto
tissue cultire plates. AN tissaes were suseeptible i cultoie. regardless of the devet of
resistanee i the variets . hissuggests that pathotosms o calture bilstes showid be
used Tor tiovitro sereening tor resistant cells, rather than the pithogens, Several
major riee pathogens are known to produce tosins,

Cultured cells and tssues also may be iseful tor studving host-pathogen interae-
tons, he observation that pathogenic and nonpathogenic tungt can destroy callus
in culture, rezardless of ther ability to attack whole plants, suggests that an intact
epidermis and cuncle oractive photosynthesis iy play important roles in prevent-
ing imvasion by tungi. Thereare many opportunities for tutnre rescarch in this area.

NEAW VARIEHIES

[he ultinte goal of rice tissue calture rescarch at IRRTis the production ol new
varictios with superior agronomic characteristios ind resistanee to major prodguction
constrnnts, Fhat this is a reasonable goal is dlustrated by the many new varieties
already deseloped. released. and i production in China (Rush and Shao 1981,
Rice impiovement by tissue culture technigues is alveady anaccomplished fact. The
matn research thrust e the immediate tutare must be directed to matking present
techmgues mor: elficient and o deseloping new technigues,
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THE SIGNIFICANCE
~ FORRICE IMPROVEMENT
OF STUDYING REGENERATION IN
PLANT TISSUL CULTURE

YASUYUKT YAMADA

Fissue celture technigues are a new agronomical development for the improvement
of rice productivity, The potential for crop improvement through tissue culture of
cereal eells depends on casier and more efticient technigues for selecting cultured
cellvwith desired characteristios than is possible with conventiona! plant breeding.

Fechnologicallyvowe cultare cells ina lguid mediunyin shaking thasks, then plate
these cells ona speattic medium e petei dishes where only tolerant or desired celis
can survies his technique ehminates the use ol Lrge ficld areias Tor sestal cross
brecding. Tosives time and space. and requires mue!cless kibor than the procedure
used i conventional crosses.,

Howeverowe still have some unsolved limitations, One is how we can effectively
and etficient]y regenerate healthy rice plants frony selected cels.

REGENFRATING PLANTS FROM CEREAL CHEES

Phiree basie methods are used (Fig. D Fiest from polien cultured from anthers of 1
plants obtained by crossing two ditterent superior plants, we can obtain homosy-
gousdiploid cells that have naturally doubled their haploid chromosome sets. Alter
regeneration, the plantlets have the desired characters.

Sceond. using callux cultires, we can seleet cells with desirable characteristios
through gencticselection. followed by cellular cloning. Genetie seleenion is probably
best done with genetically eterozygous tissue. This tissee would hay e the variabiling
to contain the desired celis. Alternatively. many homozygous lines from I polien
culture can be tested to identify adesirable plant. After regeneration of plantlets, we
obtuin cereal plants with specific characteristics.

Phird.atter somatic fusion of two intrageneric or intergeneric protoplasts, we

Department of Agnculiural Chennstiy, Kvoto b inversity, Sibvo Kvoto 606, Japan.
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1. Possible methads of nce improv :ment through tissue culture, Inall these methods, regeneration
1s an indispensable step to estabhsh the mproverment

culture the fused products and regenerate hybrid plants from the fused cells.

In all these methods, the kev step s plant regeneration, Current techniguoes are
sufficient to regenerate a few plantlets fromcultured rice cells, but the percentage of
plantlets mrelation to the numbers of starting cells s nephigbles Aol rice many
differentiated shoots often are albimo plants that are practcally useless, For these
reasons., the development ot more eificient regeneration protocol tor cultured rice
cells is requited. This probleoy will be discussed from the standpoints of 1) culture
condition tor regeneration and ) totipoteney ot cells,

Culture condition for regeneration

The difterentiation of pice shoe s and roots trom callvand the regeneraton of whole
plants from callus were among the first successtnl regeneration experiments using
cereals. Nishietal (1968) obtaned catli from rice roots on Linsmaier-Skoog medium
contuming 10 M 20D (L insnier and Skoog 1965), When this callus was trans-
terred to the same medium withont ansin and imcubated i the light, the callu
ditferentiated to torm shoots and roots and subsequcnty whole plants, Phe regene
ated plants were diplowd. although o few shiowed peculiar phenotypes (daart
twisted, {lag deat shortened, and athino).

Carteretal (iaevalso reported that vat calli transterred to anauxin-tree medium
differentiated mto nuracrous shoots and few roots. Wheat calli showed almost
constant root formation and occasional snoot tormation on medit containing low
concentrations of Guxin,
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Ausins are essential as the mducing compounds for DNA repheation (Yasudia
andd Yornvada 19700 Yamadi et al 1971, Yasuda et al 1973 Yapma et al 1980y The
most elfective among the common aunis (24-D0 N AN and EAA) ised for callus
idaction in e is 20 d=dichlorophenosvicetio acid) ONshi et al 19730 Sekiva
ctal 1977,

Fhe concentration of 2:0D used Tor callus induction troveeread plnts tended to
be hirher than that tsed Tor callus induenion from common dicen ledonous plants,
Novone ko why cereal plant techmgues requite high <oncentiations ot 24-D to
mduee calbus, However, that high concentration of 20810 may be the cause of the
hieh numbers of varant plants when cereal plants are regencrated trom cultared
callus

For the regeneration of plints or organogencas of shoots Brom cultured cereal
callts, o decrease in the 2ab-D conventration or the substitution of a weaher ausin,
sl s DA or NAAL i essential ENhe et al 19es) Yamada 1907 For the
reseneratton of phantiets, exogenousty apphed evtokini de notappear to be an
essential factor (Nshr et al 197311 they have o role b repenceration i may be to
aceelerite orpanogeness,

Faialh we transter cereal caltus to o medium contaming noausins when we want
to regenerate plntiets fromecallus Cable 1) The tist observirble stzns o repeneri-
Hon are some green spots on call cultured i hght These gree yspots later develop
into shoots, When one shoot dominates, other shoots will not grew vigoroushy (big
20 Phe relationship of plant hormones in the culture medium and orgar ogenesis i
cerealcallt s ditterent trom that insheotviedonous plants hike tobaceo. Furthermore,
the shoots regenerated fromeeereadealliare much fewer than those regenerated trom
dicor ledonous calli. trom which many shoots cin continuous!y differentiate,

Totipoteney of cells

Phe frequeney of shoot regencration from root catlus is much fower than that from
cmbiryocallus, After long pertods incultire, subcultured calli beconme more ditticult
o ditterentate mto shoots by the method of transterring calh to medmm without
atnins, D hose tesults mdicate that the frequencies of regeneration from calh depend
not ool on culturad conditions but abso on differentiation potentials of individual
cells, That means that cultured individual cells ar s heterozvgous and have different

potentaditios tor diferentiation,

Fable 1. Ftfect of 2,4-D concentration on regeneration of rice callus? (Nishi et al

197 0.
. Test tubes with root ‘Test tubes with shoot
Conen ol Test tubes Tormation formati
24D 0\D (.} atlon . rommaten o
No, Nao, i
8] 22 20 91 19 86
107" 22 19 86 16 73
107" 24 Y 38 9 38
10 20 0 0 0 0

Calli used for the test of revencration were induced from seed on an aear medium
containing 107*M 24D 2t 25 Cin light and were incubated tor another Jmonths
under the sime condition
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2. Plants cegenerated from nee caltus (Nishi et al 19683

Wheat was one of the most dithienlt cereals from which to regenerate plantlets
from calli. Onlv o very few plants have been obtamed sporadically from wheat
cultures derrved Trom vanous organs (Shimada et al 19o9, Dudits et al 1975),
Shimida and Yamada (1979) recently found that callus cultures from voung
embryos of wheat plants can regenerate on a medium without auxins and that the
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potentithiies ol the wheat cultures to repenerate unve continted even olter many
subenltinres,

Fhe mmportant pomtis that colteges capable of tepenciation can be easily pro-
doaced and mamtined fromvonne embooos Recenth many regenerated plimts also
Bove becnobioned oo itneed lrom inmatime cobicos ot naize (Green
and Phtlipc 19 sarvhi cCnnbore o0 0l 19770 Thomos et al 19700 and oats
CCnmnes et al B9 oy These saadies suveest that the totpotenoy ot the cultured

- depends ono e e plant tesue oty

Fabde " shows that wheat coltnres with greensspats. which ave shoot primordia
Jdevctopray along the petiphens of the teeue, were imduoced rom embrvos ahont 14
davsold Treslires obtned romembevosmore than 21 das s old, preen spots were

'

torelmpbaced s The 15 dies ol cobva call that can deselop preen spots inthe
absenecol DL D were grownand sebonltared o 25 D medinm hes maiintained
e porenid feoditerentiate oot as done as s nonths hable 3 Oncee shoot
fordron tromeal s i ocenered e easy toanduce tootformation. T hese results
midicate that totupotent callus cultures were ntutted frons imamature embryos, not
from matire conbrvos and sagwest that those potentiad ditterences among cells

dependad oncdevelopiental saanion

Fable 20 Wheat (s ar Clunese Sprngd callus inductuon Trom embiyos of variou s
ages cubttred on Busnuoer and Shoog medium contaning 2.0 my 2,4-D liter,
(Shimada and YVamada 1979),

Callus with green

Embivoare Fmbive aee 1 mbIyvos Callus 1
Wivs) Wy ) moculated induced spots
’ ’ o) (no.) Nov, e
" i 282 280 149 53
2 1.5-2 13 RR] 4 12
2 23 23 1 4
3 17 37 0 0

ACreea spots mean that shoot primordia developed along the periphery of the

tissue.

Fable 3. Potential organogenesis in cultures of wheat (ev. Chinese Spring) after 7.5 months of
subculture i Linsovaier mnd Skoog medium containing 2,0 mg 28D Jiter (Shimada and Ya-
nuady 1979),

Callus differentiition

. Callus ; White
Subcultminne 4D . With shoot With :
il (nghiter) inocukated e “M“ N preen “”:' callus
(no.) ' ' NN Touis (no.)
No. : no.) (no.,)

With rreen spots 3] 2] 13 62 0 3 5

0.2 20 13 65 3 4 0

2.0 20 0 () 20 §] 0

White caltus 0 3 () 0 0 0 3

only, without 0.2 3 0 Q 0 0 3

freen spots 20 3 0 0 0 §] 3
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CONCTTSTON

The efficient regeneration of plants from cultured cells is indispensable for rice
improvenient through tissoe culture. Fyen it we could seleet eells withe desired
chavacteristicn, such as reststancee to fungal or bacterial toxins, herbictdes, drought,
orsaltowe st have toeticrently regenerate many vice plants with usetul chanacters-
ties from these cclis, Nt the moment, we can resencrate a few rice plants trorn cillr by
culturimg rice cells ona medimm withoutiosins, However, to increase the ethicieney
of resencration, i s necessary to obtann eells with totipotency .

[ rice pollen culture. the frequencey ot albino plants has been high (Wang et al
[O7N) That makes the etticieney of green plantlets regeneration very low, As leng e
we hav e to calture pollen to obtain homozvgousdiploid plants.we mnstsech woys to
miprove the cultural conditions and the media to resolve the mbino prohlem,
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ANTHER CULTURLE OIF RICE
AND I'TS SIGNIFICANCE
IN DISTANT HYBRIDIZATION

CHU CHIH-CHING

Severad new cultivars of rice have been developed and selected by anther cultyre in
Chian(Yanetal 1976, Hu 1978), Daring the past 10 vears the Institute of Botany has
cimplissized mereasing the induction frequeney of pollen plants inhaploid breeding.

INDUCTION OF THE POFTEN CNTTENS

PPollen cimbryvos of nee can be grown diectiy from anthers ina hormone-free
medivnn, but the mduction freguencs s tosw (Cha et al 19703 Therefore, rice anther
altare s generally draded into two stepss induction of pollen cattiand regeneration
of the pollen plant,

Phe tactors that attect the imtiation of polien calli hasve been studied extensively.
Fhe penotepe obthe photmatenids ised has the preatest intluence en the frequencey
of pollencaflus tformanon The frequenes of pollen callus tormation, forexample, is
conch Breher mapoiiea nees than m andicas, The developmental stage of the pollen
atnd e consttients of the cuiture medium o are impartant.

Rice anthers tanmy from the nidumnucleate o the midbinueleate stage can
prodoee poilerealt iduction frequency is highestinanthers with pollenat the late
wnnucleate stape, when tiee Horets Tinve these external morphologie characters:

o | he enmma width s almost at mature size but its color s stll vellowish: and

o [he stanien s 33500 fonger than the ylume Hower,

Moditication of components ol the major elements in the medium also inereases
the induction frequeney of pollen catti,. We Tound rice anthers quite sensttive to
anmoniun salts. Low concentranons ot ammonium ions wded pollen catli forma-

Institute of Boten . Neadenia Suca, Benmg. € hinag
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Table I, Constituents of N, basic medium,

Component mg/liter
(NGL): SO, 463
KNO, 2,830
K, PO, 400
MeSO, - 71,0 185
Cally » 2H,0 166
MuSO, -4, 0 4.4
ZnS0. - 71,0 15 .
H, BO, 1.6
K1 0.8
[ront 5.57
Glycine 2.0
Thiamine HCL 1.0
Pyridoxine HCL 0.5
Nicotinic acid 0.5
Sucrose 50,000
Agar 8,000

pH 5.8

45 ml ol solution obtained by dissolving 5.57 ¢ 1'eSO, > 7H,0 and 7,45 ¢ Na, -
EDEA in biter distilled water.,

tion, but higher concentrations suppressed it The best results were obtained whenan
optimuni concentration of ammonium salts was combined with nitrate salts in the
medium. On the basis of results of these and other experiments, we established N6 as
aneftfecuve medin for calh production ( Fable DY Chu et al 19758), The trequency of
pollen callus formation was higher on callus mediom than on Miller's or MS
meditm, In niore extensive experiments, the averaee induction of pollen caltus on
NO medim was 10C m hvbrids of e cutovars and reached 5000 insome cases (Yin
et al F97o) Hu et al (1978 reported that colturing anthers on liquid N6 medium
mereased the induction trequency sulbfurther, No medium has been widelyv used tor
anther culture of rice i China e the past several vears.

Manvscientists have studied the hormone requirements tor potlen callus forma-
tonexteisiely Sofar serentists hase shown that 2mg 2.4-1 hter is well suited for
pollen cadlus induction and that kinetin s not necessary, The combination of 2 mye
naphthyvlcetic aad tNAAY hirer with 24421 was sometinies more efticient in rice
anther culture than the use ol 3-indoleacetic acid (EAA) (L iang 1978).

Among the organie medium suppiements, Wang et al (1974) tound that yeast
extract and Lictoatbumin hydrolvsate can help promote the growth of pollen calli.
Fhev may be added to the medinmm separately orin combimation. Optimum coneen-
trations are about SOO-1.000 mp hter.

After the medim constituents, the most signmficant factor i the erease of callus
vield s prevreatment with cold temperature (Nitseh and Norreel 1973), Wang et al
(1974) supgested that pretreatment of the riee raceme at 10C for 2 davs would
greathv imcrease the frequeney ot callus formation. Hu et al (1978) proposed a cold
pretreatment i which the anthers were toated on hquid N6 mediom at 87°C for 4
days, then trinsterred to agar medium cultured at 30 Co They found that cold-
treated anthers vielded twice as much pollen calli as untreated anthers,
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REGENTRATION OF POLTEN PEANTS

[iang (1978 studied factors that atteet the difterentiation of pollen calli suchas the
major clements Zine, sucrose. soluble streh, coconut milkand yeistestract.as w ell
as the concentration and proportion of ausmand kinetin, The complesity of results
muhe o peneral conclusion diticutt but these pomts iy be sipntficant:

o Fhe e of the pollen catlies has a remarkable mtlnence on the ditferentiation
Hequency of pollen plants More than 3000 ot the pollen calli can produce
pollen plants when transterred to the differentiation medimat 10-15 days but
poticn calli oider than M0 davs produce alimost no pollen plants tWang et al
[vh

Do and S omedan mduee polien plants better than Miller's medium.

A edusupplemented waith 022 me AN Titer and g kinctin liter ine usually
better tor diftersntiation ot polien calle, Tnamediem devoid ol hormones, niee
pollen calli can ditterentiate into plants with an induoction frequency approach-
e that of o medim containing hormone (Chu et al 19763,

1 The hequeney of shootditferentiation from pollen callus inereases with inereas-
e concentration of sucrose, although o low sucrose concentration is reguired
tor inttiation of pollen callus. Five pereent suerose is generally appropriate for
hoth iduction and ditterentianon ot pollen callus (Chu 1975),

Iheaveraee mduction treguenes of green pollen plants, usingadleffective culture

technigues, is more than 347 Tor japonica vaneties and 190 tor indicas. In some
Chiness liboratories, more than S.000 green pollen plants have been regenerated ina

\H\;tk' SCANOEL

DIPLOIDEZATION OF POFEEN PEANITS

PO well known that plants repenerated from pollen callus have different ploidy,
meludimg XL ONCINCGEN and SX plants, but mostare haplowd and diploid. Huanget
sl 1omsy reported that in 2,496 clusters of regenerated pollen plants of japonicas,
353 were haplowds and 3347 were diploids. Yin et al (1976) and Chen and i
(1975 observed that the rate of diplaids i pollen plants always eaceeded 507

Genetic analvsis indicated that 9077 of the progeny ot diploids derived from
hy hids were homozvgous Thereforet can be concluded that diploid pollen plants
are catsed by spontancous chromosome doubling during culture and do not origi-
nate from somitie anther ceils

FFor breeding purposes, haploid pollen plants should be diploidized. Chromo-
some doubling was increased by immersing the roots and tiller nodes inan agueous
soltttion or ina fine suspension of 0.2 colehicine of 0,147 fumiron (Phenylmercury -
Poroluene sultonamidey (Yin et al 1976). But haploids also can be diploidized by
somatic callus caltare, We have found that the voung spikelets and leaves of haploid
rice can readily produce somatic calli on i medium containing 2.4-1. As the result of
endomutosis or endoduplication of callus cells, some plants regenerated from
somatic catius shoudd be diploid.
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AMPBINO POTTEN PEANTS IN RICH

Albino plants seem to bea connmon phenamenon in pollen plants of Graminaceae,
Fhe frequeney of albine pollen plints ranged trom S to 9090 We found no relation-
ship between the tfrequency ol albinosand medium factors, We have found only two
tactors related to albimo Brequeney. Bast the requency of albino pollen plants varies
atong cultnars, Forexample. albino pollen plants of the culuvar Lien Chiang Mi
Fzaoare about 700 of those iegenerated while those of the cattivar Hung Chi No o
areahout 100 Cunder stodar culture conditions, Sceond, the culture temperature has
anntluence. A e temperature mereases the frequencey of albinos (Wang et al
oy

Vithough albine pollen plants have stimulated widespread mterestamong anthet
culture seientists, we do notunderstand why such high feequencies ot albios oceur.
Wehive discovered that protoplastids existin the leateells of adbino pollen plants of
pice, but they cannot devetop mto normal chloroplists because of o lack of ribo-
sames, Flectrophoresis analvses indieated thatalbimoe plants hivve lost ther capacity
teosvithestze frictian b protein, Albino plants also have beenshown to ditter wreatly
fromn green plants i RN electrophoresis patterns, Forexample, the 235 and 188
RNA of the evioplasmie citbosome of albinos were normal but 235 and 165 RN A
were ahsent or rare (Sun ctal 19790 The dehicieney of plastid TRNA was consistent
with the observation under electron microscope that no tibosomes hinve beenfound
i albino plasuds (Sun et al 1974 Inalbinos of somie spectes, the deliciencey of plastid
PN has beenreported to be caused by a vinition of plastid DNA (Boener et al
PO Bt varation of nuclear DNACalo canses the samie deficieney (Sprey 1971),
Fhe baste catese abalbimo tormation seenns to be impairad DN A Wedonotvet know
whether the mmnpatred DNA oceuns e plastids o inonucler, or i both,

ANTHER CUPTEREIN DINTANT HYBRIDIZATION OF RECH

In Chinae anther culture has been used for conventional hvbridization and it is
beginning to be ased mother breeding methods Epersonally teet that the application
alanther culture to distant hy bridization may be the most promising development'in
rice improvenent. Fhe theoretical potentials of anther culture imehade:

Lo Obluming stable forule culnvars trom aponica-indica hybrids, b hyvbrids of
reponicas and mdicas show partial sterility, The I and succeeding generations
sepresate vigoronsiy Butanther cultire may be used to control such segrega-
ton, Hisu (1978 reporaed that the progenies of pollen plants from japonica-
indica habrds are homozyveous diplotd and more than S0' are completely
fertile. T tact. the carly riee cultivar Hiateng Noo 10w developed by anther
culture ot a japonica-mdica hybrid, Te s grosn on more than 33333 ha in
Hupeh Provinee,

20 Heterozvgous transfocation, 1 the nterspecttic hvhrds i which chromosomes
can be partly paired i merosis are used tor anther culture, some pollen plants
with heterozvgous translocation chromosomes should be produced. W they are,
some genes that conter good grinn quality, hgh vield, and pest resistance can be

tragferred lrom one species to another,
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O. sativa 0. officinalis
{12 118) {12 110)

1. An example of a substitution breeding
scheme of Oryza sativa and O. ofticinalis.

Dihaploid hybrid
(12158 + 1210)

Anther culture

Haploid substitutions
{n1S +nl0, n=0 - 12}

Chromosomes doubling

Diploid substitutions
(ntIS +tnltQ, n-=0- 12)

3. Induction of chromosome-substitution and chromosome-addition lines from
microspores of interspecidc and intergencric hvbrids, A hybrid of Orvza sariva
and O. officinalis explains this experimental scheme, When O, sariva is crossed
with (). officinalis, the i hybrid is dihaploid, showing 12 univalent O, sariva
chromosomes and 12 univalent O officinaliy chromosames during meiosis,
Because of the random distribution of the univalent chromosomes, the micro-
spores of the hybrid should have different numbers of chromosomes, which can
be formulated as nIS + nlO(m 0-12), Flaough anther cubture, it should be
possible to obtain different chromosome substitution lines from the micro-
spores (Fig. 1),

Anther culture also can be used to mduce alien chromosome-addition ines. For
example. when amplhidiploids that oviginate from 0 sariva and O, officinalis are
huckerossed with O, sariva, the reciprocal hybrid should contain 12 bivadent 0.
sariva and P umivalent O, officinalis chromosomes. These pollen plants derived
from the miccospares of the reciprocal hvbrids shouid be lines adding O, officinalis
and O sariva chromosomes (Fig. 2).

Nitzsche and Wengzel 01977y reported that - albino pollen plants were grown by
culturing almost IN000 anthers of festeca pratensis Lolivm mdiiflorum: diha-
plotds. but they could not be used i turther breeding work because ol a lack of
chlorophy s In 1977 we obtaimed two pollen calh trom adihaplod Bybridization of
Trivicunt aesavin and Secale cercale, but they did not difierentiate into pollen
plants. We also cultured the anthers ot hvbrids of Ocroploid it ale and wheat and
obtaied Imes addmyg wheat and rve ciiromosomes (Chu 19780 Sinnkar esperiments
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Q. sativa/O. ofticinalis

(12184 (1210)
2. An example of an addition-line breeding

scheme of Oryea sativa and O. officinalis.

Dihaploid hybrid
{(121S + 1210)

l

Chromosomes doubling

l

Amphidiploid/O. sativa
(12115 14 12110) (12 11S)

l

Backeross hybrid
(12115 +1210)

v
Anther culture

Haploid alien addition lines
{1215 +n 10, n =0 -12)

A
Chromosomes doubling

Dipioid alien addition lines
{(121HS+n110,n=0 -12)

might be conducted more easily with rice than with wheat or Triticale because riee
has a higher frequeney of induction of pollen plants, Anther culture of distant
hvbrids in the genus Orvza will probibly be fruitful and useful in future evtogenetic
rescarch and in overall rice naprovement.
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the production of new cultivars by haploid breeding through anther culture can
reduce breeding time, raise the efficieney of selection. and save space and rbor i
expermmentil fields (Niizekiand Oono 1968: Chien Yien et al 1974: Chinese Ac: idemy
ol Sciences, Plant Rescarch Institute 1973 Shinghar Academy off Agriculture,
Institute of Crop Cultivanion, Research Gr 1 of Rice, 1976).
Rut selecting good materials and ok, imple seedlings are majer problems.
AL present, stress s Liid o
o standarc.zation of haploid breeding techimgues by establishing a simplilied
process tor abtinue a lirge number of pollen plants,
o sclection and accumideion of basic materials {parents) that are casy to culture,
and
o study of hereditary vniation of characters in pollen-plant offspring.

INDUCHON OF 1ICE POLTEN PLANTS FOR BREFDING

Production offarge numbers of pollen-plant lines provides a foundation for obtain-
g good - aricties. Innovation and improvement are necded to make the technique
applicable to crop breeding. The hereditary characters of 1. rents musi be taken
mto accouni, At the Shanghai Ac wdemy of Apricultural Science, anthers are mainly
tahen fromintervarictal hvbrids of Keng (aponica) rice and intersubspecific > hwbrids
from Keng and Haen andica),

\”mn R }.m' MmLx In\mnu af Crop Research, ana deputy director, Shanghai Academy of
Ayt Scwen s Bunehwa, Shanghan, China.
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Responses of different genoty pic rive pollen to growth hormones

Toimprove celtnral conditions, the ciiects o wrowtit hormones suchas 24D and
NAA on inducing call were tested ¢ Table D Ditterent genolypiv rice polien on
AMiller's mediunt were supplemented with 21 and NAAD 2D was suitable tor
calli induction on some matertls: NAA wis better on others, Seleetion of suitable
plant hormones or cuttural conditions may indice vl more eastiv trom certain

materials.

Simplification of operations in obtaining pollen plants
I aboratory techngues for plant tissue culture customary use pure reagents. aeeu-
rate methods, and st coltural conditions, but these e not practical lor o
Farge-seale breeding operation

One experiment compat iy the ctieds ol double-distilled water. distilled water,
well water, tiver water, and i water on cldlimducnion showed no obvious

difterences  ible D).

Table 1. Ditferences in genoty pic pollen responses to 25D and NAN using Miller's medium,

. Tine of Anthers
) (' :
Muaterial »mpnlm"nl cultur: inocutated
‘I\M\(l
‘ o tdavs) (no.)

Mei Zao/Mi Nian | 24400 2 mgyliter 72 1524 .
single fine NAA 2 my/liter 73 1388 50 3.6
Nong Hu 6/7623 |y 24-0 2 mp/liter 63 1620 191 11.8
NAA 2 mpfliter 61 K19 42 5.
NAA D mefliter 16 485 73 15.0

Guany Zuan 78/ 24D 2mgfliter 51 1385 182 13.1
Nony Hu 6//Tui NAA 2my/liter 48 687 57 8.3
Nan 131, NAA F my/liter 51 723 69 9.5
I02'A10-4 1y NAA 2 myfliter 85 271 51 18.8
NAA 4 me/liter 54 108 38 35.2
Iat Zhiony Yu// Ken 24D 2mp/liter SS 585 22 3.8
Gui/AL S5 1 NAA 2 my/liter 55 232 6 2.4
At Huang Zhong/ 240 2 my/fliter 60 1330 89 5.7
Ai Pi Nuo |y NAA dme/liter 60 313 48 154
W02 Gone Qin 2y 1y 24D 2 myfliter 70 1229 76 6.2
NAA 2 my/liter 68 199 { 0.4

42 mgsliter 60 saccharose coneentration, 4 mg/liter = 37 saccharose concentration,

Table 2. The effect on callus induction of water from different sources.

Anthers Calh Induction
Fyvpe of witer moculated emerped rate
(nu.) (no.) (D)
Double distiiled witer Y60 R} 3.2
Distilled water 1055 45 4.3
Well water 940 55 5.8
River water 553 22 4.0
34

R watet 2096 714
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The etfects of river water and well water. even though they contained many
foreien substanees, were noworse thisn those of double-distiled water, he pHivalue
of the medmmseas oot entical. A pH ot 304605 was siitable, Purity ot ingredients in
the medinm and precise weighimg did not appear necessary. These procedures for
Trpescale culiure were thied;

@ Mitcral nutents were prepared e mother hguor, dduted 10220 times when

tsed,

o Mincril nutnens were werghed ona common seale witha 7 crror alfowancee,

® Organie compositootis were preprepared and stored i relngerator,

o ot tubes were Cleaned only to eet tid of porsonous material,

o Modim wirs mised and pHEedpseed.

o Auvar was diobved and putinto tes Tubes,

e Batches of 400 test tubes were put i a metal basket and stertlized.

Waith thes standand method,ac Leegesseale endtre of 125 combinations from Keng
rice mtervarictal crosses and tron Hsien: Keng antersubspecitic crosses were cul-
tured and S 06 chimps of green seedhings were obtained (each clump had trom 1o
20 plintsy Woahosuch o Brge number of pollen plints, awreat number ol pedigree
ies wath more stable characrers could be selected and evaluated i the second

deheration

SIABIELY OF POLTEN-PEANTOPESPRING ANDSTABINEIY OF THEIR CHARACTERS

Whether the characters ot pollen-plant olfspring can be mamtoned with relative

stabihtc and unitormity s a major consideration in anther culture nce breeding.

More than 2000 pollen-plant ot ispring Irom more than 300 by brids were observed.
.

Orly about 377 showed segregation i the sane Iimes. Most Tines had stable and

amtorm characters,

VoHen-plant offspring from Keng “Hsien hybrids

Prtant byvhiidization has generally beenusedas aspeciat breeding method to ereate
vattees withe pestresstance and vood grann quality and to create nesw plant topes.
Bt ittt to anlze distant hvbnds in farpe-seale breedimy progiams beciuse
thei seed sets are abnormal and ther Characters are not casy to ~stbilie,

Wath pollen plants, some dinicalties i distant hyvbndization breeding can be
overcome. Afthough distant hybrds otten are sterde o sennstenile, their anthers can
bevsed as the material tor culturing polien plants, most ot which nornhy set seeds.,

Pollcn plantctrom the tist sencration ol o Kenp Hen cross and then otispring
nornwadby set seeds The ottsprmg appeared selate ey stabke aosd nnnorm ¢ Lable 3y,

Viability of pollen-plant offspring and stability of characters

Geneticadbv il the characterss of second-generation policn plants are relativels stable
and urtormy, they can be reparded as homogencous. But whether these characters
ate stable and whether viabihiny and growth sigor decrease gradually e Later
pencrations are mportant constderatons. Comparnsons of selected Tines of pollen
ples derved trom the pollen plant ofa tost-generation byvbrod Ken-GundNong Ken
SXC G Hua Huang Ke Qi 3) showed relativehy stable and umtorm characters
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Table 3. Analysis of some characters of pollen-plant oftspring frony an intermediate-
type Hsien/Keng cross.

Far length

Plant it

Experimental material? B . ’ .
perimne eriy NS (\I \+S (;”\/.
(') - )
Suang Fong 1/Laberate// 94.5 4.5 221 +1.64 7.4
Qian Chong Lang/Nong
Ken 58 1
Zhong Yin 15/1sien 762 1, 79.5 + 3.87 4.9 21.8+1.73 7.9
Al Nan Zao 1/Nong Ken $8// 58.8+6.28 11.3 21.6 + 1.50 6.9
Guang Tou Len Sui |y
Jia Nong 485/Laberate// 91.1 +4.22 4.6 17.0+1.18 6.9
Tai Nan 13 1

4F, = second-generation hybrid,

among individual plants of the same generation and of ditferent generations (Table
4). Their viability remained the same. Oncee pollen plants were obtained, most
hecame stable lines. The cocetficient of variance did notinerease with the increase of
generations. The fitth generation ot w pollen plant planted in the field did not show
any segregation at Fu Jian Provinee, Har Nan hland, or the Academy. The
coefticient of varance of plant height was below 8¢,

In hyvbridization breeding. transfer of characters to the hybrids is often interrupted
by dominance and recessiveness. Hybrid vigor decreases progressively from b
hybrid ottspring, which lose their good qualities, often because of a lose of heterosis
and a decrease in viability, Selection is iterrupted. But Fable d shows that among
the successive generations there were no characters tn which the viabihty of pollen
plants vbviousiy decreased successively. Pollen plants could be selected and evalu-
ated during carly generations as a basis tor reducing breeding vears to speed a
breeding program.

USEOF ANTHER CUBTUREIN i HE REFORM OF BREEDING PROCEDURES

PProcedure for rice haploid breeding by anther culture
Breeding procedures to ensure that various measures of brocding are carrted out
depend on the hereditary variations of breeding materials. The pedigree method of
crosshreeding now used requires tive nurseries. But i haploid breeding, pollen
plants and their offopring possess stable and uniform characters, Several hundred,
cven severad thousand, seeds can be obtained i the first-generation polien plant. in
the second generation, they can be planted ina plot for comparison and evaluaton,

Fhe new variety Xin Niou and the strains 76057 and 77001 were oktained from a
haploid breeding experiment begun in 1972 (Lable 53 The experiment suggested
that the process ot haplod breeding could be divided into three stages:

I, preparation of materials and culture ol polien plants,

2 evaluation and selection of pollen-plant ottspring, and

;

coimparison of varieties,
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Table 4. Some characters of polien-plant oftspring from Ken Gui/Ke Qin 3.

Plant ht Ear length Flag eaf Effective 1000-grain
Material Sowing date i C.\, L C.V. . C.V cars wit
A i) X+5S ) N+3S ) (no./hole) (g)
Pollen plant 23 June 1973 81.3+3.01  3.68 15,1 -1.16 7.68 16.8 +2.36 1340
second reneration
Second generation 25 June 1974 847 +3.5 413 13.8+0.74 536 13.7 + 2,35 17.15 6.9 27.0
Third generation 25 June 1974 B4.7+2.24 273 13.6+0.57 4.19 14.8+2.38 16.08 7.2 27.2
Fourth generation 25 June 1974 843+ 315 3.75 4.1 +0.74  5.25 15.5+2.71 17.48 6.9 28.0
Fifth generation 25 June 1974 82.0+296 3.62 14.2 +0.65 4.58 15,6 +2.45  15.71 6.8 27.0
Fifth generation 25 June 1974 99.9 +3.57  4.57 15.3+1.14 745 21.0+4.64 221 6.2 27.0

(in ficld)

ONTAHAA ADOI OL SHAOOINHOML LT WHILLNY 10 NOLLVOI LIV

65
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Table 5. Haploid breeding of Xin Xiou,

Yei Lxperiment

1972 Hybridization - Ken Gui (Nong Ken §8/Gui Hua Huang//Ke Qin 3)
1972 Fy pollen plant obtained from anther culture

1973 Lvatuation of second generation of pollen-plant 302

1974 Evaluation of production and comparison of varictics

1975 Field trial at several sites

1976 DBemonstration plots

1977 Demonstration plots and dissemination of seed

Ken Gui Ke Qin 3
1. Selectionandim-
Anther culture provement of strains
I 77001 and 76057.
Line 302 Qian Chong Lang

Anther culture

Strain 77001

Jia Nong 485 Laberate
{Ken) {Hsien)
Fl I Tai Nan 1
Fy

Anther culture

Ke c1669 Line 175
L

I
Anther culture

|

Strain 76057

Rehybridization and anther culture application in multiple crosses

A multiple cross is effective in combining many good parental characters. But the
characters of oftspring take a long time to become stable and it is ditficult to select at
carly generations. Because the gametes (pollen and embryo sac cell) are heterozy-
gous, a great many genotypes appear different from phenotypes, which were inter-
rupted by dorinance, recessiveness, and heterosis, adding much blindness to the

selection.
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The pollen pliunts produced through anther culture rechnigues were homozygous,
with no ditferences between genotyvpe and phenotvpe. When only the desirable
plants and lines were selected, cross and backeross made, and pollen from hybrids
cultured, sclection blindness was overcome and the mterterence of heterosis was
chmimated. Anther culture not onby increased the correetness of selection of multiple
crosses, but signiticanthy reduced the nuraber of breeding vears. Kecombination of
Ivbrd characters was made by mubtiple crosses and anther cultare, Some of the rice
strams obtained dre being planted as popular demonstrations (Fig. 1),
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Intensive efforts in recent years have considerably inercased the speetrum of phant
species for which totipotent cell culture svstems hive been estiablished. This rapidly
expanding ability to regencrate fertile plants from cultured ceells introduces new

'

possibilities tor genctic expenmentation with higher plants. However, these ad-
vanees have not been realized with many important crop species. Widely heralded
expectations tor the euctic improvement ol crop species by the appheation of cell
culture methodology are largely untultilled.

Farly stuccesses with anther culture of vice provided the basis tordevelopinganin
Vitto eenetic system with this magor cereal species (Nuzekiand Oono 1968, 1971
Nishiand Mitsuoka 1969: Tver and Raina 1972 Guha-Mukherjee 1973 Wang et al
19743, Using this teehnigue, microspores contamed within immature anthers are
iduced to torm callus tron which plants are regenerated. Animportant advantage
ol ustng this systent i muatant selection experiments is that the microspore-derived
calli e haploid.

Addisadvantage of using rice anthers as i source of cells for genetie studies is that
tpically cabius s produced by fewer than 107, of the anthers cultured (Niizekand
Oono 19651971 Iver and Raina 1972 Wang etal 1974 Oona 19735) Frequencies of

Section of Botass, Genetes, and Developrent. Comell Donversit, Briacas New York FINSTUSA
Chatetts presentaddiess Contnad Researchand Development, Department 1 xpenmental Staton, B
du Pont de Nemos and Company, Wilimagton, Delaware 1950 ESAUStola /s present addiess:
Department of Genetios, sttt Hodowlne AL hmats zaon Roshn, Radzikow, 03870 Blome, Poland.
Researchosupported be Grant Osan-G-004 1S Avency tor Dtemational Davelopment.

Whenadable, naies ot scientists in Chingaze pnen i the taditional Chinese order Suname tollowed
by tall eiven name with oo comma Tnituds of enven naemes normally are oot ased - Given names are
Iy phenated with only the st fetter capitalized
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callustormation lngher than 200 have been reported mondy atew mstances (Chu et
al TO7S Chalett et al TO7 Chenand Fin 1976, Genovesrand Magill 1979 Thewe
stuedies ivolved refativeds sioall numbers of anthers,

Moreover, rree cath obtaed by anther culture capad iy Jose therr capacity to torm
plants durmg continued propagzation nivitro and nuny of the regenerated plantsine
albino (Oono 1750 Green plants have been produced at a high frequeney from
cultired rice anthers imonly one case (Chen 1977

Because mutation is a rare event, the suecesstul isoliation of mutants requires the
sereening of cnormouas numbers of colls Inaddinon, a0 venctic amalvsis of such
mutints is possible only b fertile piants can be reeenerated from the caltured cells,
However, populitions of toupotent riee cedls Lirge enough tor genctie studies cannot
be obtaimed by subeultiring ¢ i becnnee the morphogencte capacits of such
cultares diminishes rapdive Alternatvedy, Lirge popudations of ity totipotent
hiplowd cells could be produced by mercasing the frequencies ol both callus and
vreen plantiornuetion trom cnloured anthers. This stratesy provided the basas tor the
studies reported here

Fhe recovery of primanily albimo plants trony microspore-derived call has been a
formidable obstacle to the utihzation of rice anther culiure. Results from several
faboratories linve indicated that the proportion of regencrated plants thatare albino
is geneticatly determimed (Oono 1975, Chenand Tin 19760) Attempts to imerease the
proportion of photoantotrophic plants regenerated by modifving the medinm coms-
position or the culture conditions hive been unsuccesstul (Chalett, unpublo,

Itappeared that the choiee ot variets would beeritical to insurimg the recoverv ot a
high frequency of green plants, OQono (1975 reported the ditterentation of primarily
green plants from nicrospore-derived catlus of the ppomica varets Minchikan,
Using Minchikartanthers, culture conditions were varied to detine those that would
provide the maximum frequeney of callus tormation. Using this procedure, haploid
rice callt capable of forming photoautotrophic plants have been obtained with a
reproducibly high trequencey,

MATTRIALS AND M THODS

Plant material

Sceds of Orvza sariva oy Minchikarn were obtaimed tfrom the International Rice
Rescarch Tnstitute (IRRT). Plants were grown i a room maintained at 80-93¢
relative hunidity, Day temperatures were 28307 C and night temperatures 1S -
200C A nuxture of cool-white fluorescent (8077) and incandescent (2077) lamps
provided a photosyathetie photon Mux density of 330 Finstein see per square
meter at the sonl surtace during a1 3-hour day. Plants supported ina misture of peat
and vermiculite wererngated daily with the culture solution of Yoshidaet al (1972),
from which minor elements were omitted.

Panicles were harvested prior to emergence trony the thag leaf sheath when the
base of the Hag leat was 3-5 ¢ above the base of the penultimate leal, Cold
treatnent was performed by sealieg panicles i polvethyvlene bags and refriverating
at 7O Then panicles were remonved tronn the Jeal sheath, surface-sterilized i a
~olutton of 70 calenmm hvpochlonte and 0177 sodiuny dodeay sallate,and tho-
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roughly rinsed with stertle distilied water. Tndividual spikelets were detached from
the pantele and dissected.

Flowers contaning pollen i the mid- to lite-uninucleate (microspore) stage of
Jdevelopment could be wdenutied by thewr characteristic morphology. Fxtensive
evtological studies have corvelited external features ol the developing tlower with
the stiree ot pollen developnient. This method, although onlv approxmate, was the
~ole means byawhich Lirge numbers of anthers of nearly the same developmental

stave could be obtamed.

Culture medinm

Fhe basic mediom cdesignated RY, developed by Tinsmarer and Skoog (1965) was
modined tocontn S mAM NLENOL 25 mM RKNO L3 sucrose, 2mga-naphthalene
acetie aend ONANY Diters and 0.3 myp Kietin liter, Media were solidified by the
addition ot O parose to avord possible effects of contaninants in agar prepara-
tons upon callus formation, Phyvtohormones were added to the autockived medium
asconcentnted solutons stertized by hiltration. Kimeon, NA AL 2 d-dichloropheno-
svacetie aord 20D and mdole-2-acene acd (EAAY were used. The addition of
2-chlorocthyiphosphonte acid (CP A was accomphshed by adding 1 ml ot a hiler-
sterthzed sohton towwel mide in the agar medium with a scapel. Final coneentra-
tions of CPA were caleulated by dividing the amount in the | md aliquot by the
volume of medium in the petri dish (30 mh.

Statistical analysis
Fhe population of rice flowers being sampled was assumed to be a mixture of two
subpopulations: tlowers from which no callus formation s possible and flowers for
which cach anther has a nonzero probabihity of producing callus (competent flow-
ersk Phe population fraction of flowers from which callus formation is not possible
i denoted 201 callas formation oceurs independentdy among the six anthers of o
conipetent flower and i the likelthood of forming callus is the same forall competent
Howers: then the number ot anthers producing callus per competent Hower would
lieve u bimonnal distribution,

g the proportion of anthers in the competent subpopulation that produce
callus, then the probability distribution of the number of anthers forming callus (out
of sty a flower selected at random from a mixed population would be:

(‘ O -y-pyfory 0
(*)/1x)

i 0! ,
(L) === p (Lp)"  fory = 12030006
‘ ARNTIRRSY

To test the adequacy of this model. 0 and p must be estimated from the data,
Maximum likehhood estimators are values of 0 and g that maximize the proba-
bility of occurrence ot the sample actualhy observed. Wanthers from N tlowers
are plated and /s the number of these tlowers from which vanthers form catlus
(o0 L2 choand o oo+ 7 N then the probabihity of the observed

samtde s,
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which can be casily obtamed numerically . Having found ¢ the estimation ot #1s:

To test Tor fit of the model, the estimators of p (1 g) and 0 are substituted
into the probability distribution (*) and cach solution v multiplicd by the
number of Hlowers, V. to abtain the expected frequencies. These expected fre-
quencies are compared to the observed trequencies /. £/ by achi-square
goodness-of-fit test. The mvximum likehhood estmators are such that the
expected trequency of flowers tron which noanthers will produce callus i fo, the
expected frequency. Sinee there are seven classes (v 0010 2000 .0) and two
patameters estimated (0, p), the N statistic has 7-2-1 degrees of freedom.

RESUVTIS

Variability in anther culture system and effect of cold treatment

Fhe conditions under which pliants are grown influence the frequencey of cailus
formation from cultured anthers (Dunwell 1976, Foroughi-Wehr and Mix 1979),
But most efforts to characterize factors atfecting the efticieney ot callus or embryoid
production from cultured wnthers do not utilize plants grown in-acontrolled
cnvironment. As the experimental imaterahis not unitorny insoch cases. the validity
of comparisons between results of experiments performed on ditferent diys must be
questioned.

In the current studics. plants were grown i a room where illumination, day
length, temperature, and hunndiny were maintained atas constant kevels as possible.
Despite these mensures, callus formation trequencies stll proved vanable, I'his
variability is apparent i the results of experiments mtended to deternine the eflect
of cold tretment duration on callus tormation fregueney (Table 1),

Although their cause 1s unknowit, these tluctuations n the efficiencey of callus
production appeared to be scasonal, Among anthers maintnsd at 7 0 for 3 days,
the freguency of catlus formation was higher e experiments performed - the
summer than m expertments pertormed i the winter. A similar dechine inthe
frequency of callus formation was observed the following winter (dati not shown).
Callus tormation frequeney was enhanced by maintenancee of tlowers at 7 C for
pertods of 3davs or more and the etlect of cold treatment wis greater in the winter
than in the summer. Although the frequency of callus formation from anthers
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receiving a d-duy cold treatinent was lower e the wainter than in the summer, the
maimum frequency obtamed e both seas ns was nearly the same

Beconse of the sarabiliny in responsiveness to culture ot anthers obtained from
plants prown at ditferent times, madl experiments some anthers that had received a
Aday cold teatment were plated on R 3 medvom to provide o standard for evaluat-
g the ettect upon catlus formation freguencey ol varying several parameters of the
culture systen By combumg data brom o nuniber of experniments inowhieh the
medrim composition vaned. the tesponses of large populations of anthers to o
panttenkar mediam could be determined and compared with simalarls pooled popu-
Lations thit had been plated onthe standind R medinm at the sinie tme. Only by
this method could it be concinded with any certnnty that difterences abserved
resulted trom g particnlar modification of meditnm composition or pretreatiment

conditions sather than trom the svstem's inherent fluctuation,

Effect of hormones

Although supplementation of the medinm with NAA inereased the frequencey of
catlus tormation, some callus also swas produced in it absence, NAA coneentrations
ot Imy Ier o107 N or hiher were most eflective in promoting callus formation
Chable D The fregueney of callus tormation on RY medium was not increased
significantly by the addition of 0.5 my 24-D diter (2.3 ;M) (Table 3). Catlus
formation was inhihited by TAA (Table 3y and 2-chloroethyIphosphonicacid ¢ Fable
4.

Table 1. Effect of cold treatment on callus fornstion,

Anthers forming callus

Anthers plated

Daysat 7°C

to.) No. “
Sunner, 1978
0 480 149 RIN(]
2 57 172 301
3 1814 681 37.5
4 99¢ 415 41,7
7 599 233 389
Winter, 1975.79
3 892 182 20.5
7 1206 432 35.8

Table 2, Effcet of NAA coneentration on eallus formation.

NAA conen Anthers plated? Anthers torming callus

tmg/1) (no.) el T -———*4-—--2;7-«'«
0 313 52 10.0
! 604 135 274
2 1064 357 336
3 366 118 32.2
5 1273 438 34.4
6 517 152 29.4

“Medin contained 0.3 mg kinetin/liter. Flowers pretreated for 3 days at 7°C.
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Table 3. Effect of auxins on callus formation,

Hormene composition Anthers plated? Anthers forming callus
(per liter) (no.) No. o
2 mg NAA 1259 540 429
I mg NAA + 5 mg IAA 601 79 13.1
1 mg NAA + 10 mg IAA S87 30 5.1
2 mg NAA + 5 mg lAA 715 87 12,2
2mg NAA + 0.5 mg 2,4-D 972 439 45.2
2mg NAA+0.5mp24-D+ 342 80 234
S mg [AA
dfowers pretreated for 3 days at 7°C.
Table 4. Effect of 2-chloroethylphosphonic acid (CPA) on callus formation.,
CPA conen Anthers plated? A Ant_hcrs l"orming_culluq
(ppm) (ro.) No. Go
0 1067 238 223
1 720 124 17.2
2 802 i49 .
S 706 106 15.0
10 682 92 13
ag1owers pretreated for 3 days at 7°C.
Table 5. Effect of sucrose concentration on callus formation,
Sucrose conen Anthers plated? __Anthers forming callus
(] (no.) No. o
On medium solidified with 0,45 agarose
0 624 0 0
| 360 128 35.6
2 590 207 35.1
3 838 309 36.9
4 789 344 43.6
5 273 97 35.5
6 838 337 40.2
On medium solidified with (.20 agarose
1 410 37 9.0
2 275 54 19.6
3 179 53 29.6
4 358 128 35.8
5 383 135 35.2

UElowers pretreated for 3 daysat 7°C,

Effect of sucrose eoncentration

Although sucrose is required for callus formation, its concentration in media
solidificd with 0.4¢; agarose had little effect on the frequency of callus formation
(Table 5). The results do suggest that a sucrose concentration of 4C¢ may be slightly
more favorable to caltus formation. However, on media containing 0.20¢ agarose, a
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greater dependencey of callus formation frequeney on sucrose concentration is
apparent. A masimuam frequency s stll realized with 30, sucrose. bat the callus
formation frequencies are considerithly reduced at lower sucrase concentrations.

[t1s possible that the osmotie pressure of media solidified with 0,20 agarose and
contanmg less than ¢ sucrose s helow an optimal threshold for callus tormation.
il vttect of sucrose concentration upon the callus fornation frequency may he due
tosts contnibution to the osmotic pressure of the mediunms rather than to its utilization
as acirhon souree,

Pordetermine af the callus formation fregueney was atfected by the osmotic
prossure o the medium, anthers were plated on media standard RY medium
soliditied with 0.4 agarose) supplemented with vaiving concentiations of man-
mtel Phe callus formation trequensy was masinad onsemedium contaiming 50 miM
manmtoband declined with increasing manmtolconcentiations ¢ Fable 6), Fhis result
sugests that the slightly higher catlus tornition frequency observed on i medinm
contaming 477 sucrose thanona medium containing 3 sucrose is at least party due
toan osmotc effeet of the additional sucrose (29 mM). A medium contiaining 46
suctose tdesimated Ry has been adopied for future use.

Effect of other organic additives

Callis tormation frequeney was depressed slightly by the addition of 0.5¢; (wt vol)
mosttol Onamediinm containing inositol, 282 of 764 anthers (36,96 ) formed callus.
Onthestandard R3medinm. callus tormed from 344 of 817 anthers (42.107), Callus
tormation was inhibited more severely by theaddition of 0,167 (wt velycasein hydro-
foate Onemedinm supplemented with casein hydrolysate, 370 of 1,387 anthers
L6 Oy tormed caltus, Incontrast, 292 ol 862 anthers (34.00) plated on the standard
R mediam tormed catlus,

Variability of callus formation frequency

Kice tiowers were selected for dissection on the basis of certain morphological
characteristies. Because these morphologica® eriteria are ultimately subjective, they
nuy not have beenapphed uniformly in all experiments. The correlation bhetween a
partcular oral morphology and the micraspore stage of pollen development (or
other parameter eritical to callus formation) that has been used tor Hlower selection
ey apple only to plints grown under certain conditions, Physiologcal variation

Table 6, Eftect of mannitol concentration on callus formation,

Mannitol conen Anthers plated? An aers torming callus

(nd) tno.) No. o AW___—.T'

0 679 210 309

50 447 154 34.5

100 544 125 23.0

150 299 73 24.4

200 213 36 16.9

250 343 38 1.1

Joo 231 16 6.9

“Plowers pretreated for 3 days at 7°C.
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among plants could invahdate this correlation and result in the selection of lowers
that are notin the doselopmentad stage most favorable to callus tormation.

There is ample reison o sunpose that the population of rice flowers heing
sampled represents aomivture ol two subpopulations one consisting of Howers
that contain anthers capable of forming callus (eompetent flovers) and another of
Howers that are not capable of torming cathis

Within the subpopulation of competent towers the probability of callus forma-
tion may be the same for all anthers or the probability may vary hetween flowers.
Fhe lkehbood of catlis formation may be greater for anthers from some competent
Howers thin fTom others svithin the same subpopulition. 1t callus formation occurs
rdependenthy among thie st anthers of 4 competent Hower and the probability of
callits Tormation s the same Toradl competent Howers, thea the number of anthers
forming cellts per competent tlower will conform to a binonal distribution.

Lo determme eatlus formation obevs these principles.onfvthe subpoptiation o
compeient flowers, not the proportion of the populition that are not vcompetent to
Lo callus (destgnated 0 was tested. To masimize the probability of oceurrence of
e enperimental resudtss the valies of 0 and p (the proportion ol anthers in the
competeat popualation that form callus) were estimated directly from the data Fven
astre this procedure. the resaits i [able 7 do not fita binomial distribudon. Ttis
svident that the probabihty ol caltus formation is not the siame for all anthers from
the subpopulation of competent flowens, Anthers “rom some flowers are more likely

e produee calins than e anthers from others,

Origins of callus from microspores

Arter 1018 dins of Glture, mien - anthers squashed n acetocarmine stain showed
doable stenny multiceluln calles within an intae pollen exine. Later stages ol
caltesdeeloped Trom mictospores fie- e been observed by scanning clectron micros-

capy ISR 2 preparion).

Plant regeneration

“hoots developed spontineousy trom most anther-derived calli maintained on R3
Diedin, Among asample of 83 call 20 give rise o preen shoots, 2 formed albino
ooty and T produced both greenand white shoots, Shoots did not regenerate from
Sy caih 239710 Ao tormed toots and developed into plantlets,

Vidant solection

Call from co ted stherswere tansterred toan R3 medium supplemented with ]
A vsine o D5 A thieome Oyccastonably, i resistant callus appeired on this
cleetive imed it Approstmatels halb of the resistiant calli gave tise to plantlets on
e electine medin, fupresaton ob resistiee by progeny of six diploid regenerated
planits was tested by planting cbrsos dissected trom seeds on i mediim facking
hotmoies and supplemented with 2 mdE vine I A threonine. Seedling
Jdevelopinent from embryos produced by normaland by virant plants wis cqually
minbrted by vsine plis threopme, Callue ohtinned by o uring anthers of plants
regenerated trors e sanant el so i sensitive o minture on Fm A vane
03 mM thre ome



Table 7. Number of anthers producing callus within individual flowers.9

Anthers (no.) from which X number (0-6) formed caltus Flowers . Anthers Estimates
forming callus =
0 1 2 3 4 5 6 (no.) ) 9 p X
Observed 173 103 103 80 47 16 5 527 26.8 0.285 0.375 31.44
Expected 173 81 121 97 44 10 1

9Flowers pretreated for 3 daysat 7°C.

VTS LNV.LOW OWLIA NTUOA WHLSAS ¥ SV UL TAD MHILLNY

NOLL:

1L



72 RICE TISSUE CULTURE PLANNING CONFERENCE

DESCUSSION

In the present studies, a medium (R4 was developed on which more than 3577 of
plated rice anthers from Howers inasuitable developmental and physiological state
formed callus. Green plints were regenerated from more than 6067 of these calli. In
the system for etficient production of green plints trom cultured rice anthers,
mediom composition and plant senotype are equally important components, The
Rt medium mav not promote callus formation as etticient!s from anthers of rice
varicties other than Minehikan.

A tew caleulanons show that in vitro genctic experiments aie feastble with this
svatenn, One person i easdly plate TS00anthers dave Approximately one third, or
500, of these anthers are expected to form callus, As separate calle develop from an
averape of 2t least O microspores anther. a conserviative estmate ol the number of
individual clones that cancbe ohtaned per day per person s 5,000, H these clonesare
allowed to grow mtosmall catli ot SO-100 cells betore transfer toaselective medium,
amininum population of 25 100 cellvas obtamed  Applving an effective muta-
penic treatment to these callt assares tecovery ol ar least one mdnadual with a
mutation i given focus Trom g single das's platmg,

fncthe current studies, treguenes ol callus tormation responded sipniticantly to
qualitative but aot to gquanttative changes i the medinm composition. Although
the calhis formation trequeney was enhanced by anaoxin, and NAA proved more
eftfective than 1AL the concentration of NAN s not eritical, Stmilarly suerose
was required for catlus tormation, but on a medion sobidined with 0400 agarose,
sucrose concentration had little etfect on the treguencey ot callus formation, This
result contrasts with the findings of othermyvestigataons £ Matsubavashirand Kuranaki
1975, Chen 197X),

A maore pronounced effect of sicrose concentration was observed on media
contatning 020 agarose. Since the callus formation freguency on R 3 mediuny was
enhanced to approsimately the same extent by the additton of AS0omAE mannitol o
by 29 mN socrose (0 nal coneentration), the etfect of suerose conventintion upon
the frequeney of callus formation may be exerted through its contibution to the
osthotic pressure of the medivae, As the osmonie pressare of o mediim contining
0.2 agarose iy fess than that of g medim containing 0.4 agarose. additton of
sterose to the .20 mediumis expected 1o produce o greater eltect on the trequeney
ol callus tormation.

Addition of 2-chlorocthviphosphonic acid his been reporied to mmprove the
frequency of callus tormation (OWangetal 1974, But the effect of this componnd was
deletertous in these stadies. However, that result is of questionable signifeanee
becatse the rate ot cthvlene release was not controlled and the concentration of
cthvlene at any eiven time was not known,

1 also B been reported that the traction of rice anthers tornung callus s
increised dramatically by maintining the lowers attemperatures ot 6 13 Cprior
todissection tWang et 1974, Chadett etad 1975, Genovestand Magidl 1979, Inthe
cirrent studies, pretreatiment of tlowers at 7 C had only i small effea on the
trequency of callus Tormation i one series of expermments, A much greater eltect of

cold pretreatment was observed i second series of experiments using Hlowers
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harvested ataditferenttime of vear. Fhis result sogeests that the degree to which the
catlus formation trequency s mtluenced by cold pretreatment and even by modifica-
tions of the medinm composition is determined by the passiological state of the
whole plant,

foadso s evident from these results that, despite an etfort to grow plants under
unttorm conditions i o chamber, Huctuations (seasonal or otherwisey oceurred in
the responsiveness ol anthers to cultare. Sinee the trequency of calins Tormation
among mdividual Howers does not tica binomial distribution, the responsiveness to
culture varies even between Howers ol w given population, [t appears that callus
tormation trequency could be mostimprosed by devising means ot identifving those
Howers contannng anthers niost mclined toward catlus formation and by defining
aptimiat plant growth condinons rather than by contimuing to es plare modifications
ol the cultire mednem,

Sclection abmutations attecting regabiation of the biosynthesis ot lvsine, methio-
mne, dhrconme. and soleucme was atteinpted by transterrmg microspore-derived
calltto g medmm contamimg an idubitorny coneentration ot Ivsine plus threonine. In
the pastovartant rice celt hnes contanimy elevated levels of tree Ivsine, methionime,
and isolencie were ssolated by plimy mutagenized diploid cell suspensions derived
fram seeds oo medim sapplemented with the Ivsine analogue S-2-aminocthyl-
evsieme (SAEC L Towas not possible to regenerate plints from these varant eell
lines,

However the greater proseh rate ditferential betw een normal and variant cells on
Ivstie plus threonine than on SATCsuggeested that varants would be selected more
etticientls by the ammo acud mosrare than by the analogue (Chalett and Carlson
175 Resistantcathwere solated and plontsowere regencerated by plating totipotent
haplowd vice cadl on s mcdiom supplemented with T mM vsine plus 0.5 mM
threomne, Resstance of niost of the varant ceil hnes was stable throueh suceessive
passagzes i enlore, Howeser resistancee to usine plus threonine was not expressed
by cmbrvos produced by v diplond regeneratd plants or by secondiny callus
cultures derved from anthers af two ol these plants. Fhese observations suggested,
that in the varnts recovered s resstanee to eame plus threonine was effected by
cpraenctic changes that were expressed in the primaey selected cell line but were not
retatned inthe secondany callus caltares norm embryos obtained from regencrated
plants,

sclection for resistance to o nustare ol vsine plus threonme has been used (o
sodate mutants from nioze Ussue cultures, Maize catlus cultures mitinted from the
seutellume of mmmature cnibivos retamed therr morphogenctic capacity following
protracted pertods i culture (Green and Phillips 1975 Ferude plants could be
regencrated tromeeeell me capable of prowth ona medium containig a normally
toxic coneentratton of lssine plos threonime. Reciprocal backerosses ol these repen-
crated plants. which presumabi were diplosd and - heterozvgous, vielded both
resistant and sensttive progeny. N esstant plant obtamed from a backeross pro-
duced amagority of resistant progens when selted and nearly equal numbers ol
resistant and sensitive progeny when crossed again with o normiad plant. These
results.mcembimation with the biochemicad data show that resistance to Ivsine plus
threonine is due toasimgle semidominant nuclear mutation. Homozvgous mutant
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kernels contain nearly cightvlold more tree thiconine, threetold more free serine,
and tourfold mare free methionine than noroab kernels, Incheterozsgous Kernels,
the amount of tree thiconine s increased thirntold ¢Hibberd and Green personal
comnt.). bhe discovery of o mutaiion ioneuee conterrng resistinee to buesine phus
theeonine that altects reeulation of the brosvathesis ol the aspartate-dern ed amino
acteds and the anuno aerd commosttion of the seed s exatng, The dream off
ciuploving cell culture to achieve the genetic improvement of crap plants is fast

heconming a reality,
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TISSUE CULTURE WORK
ON RICE IN KOREA

GUN SIK CHUNG

Breeding work ntilizing rice anther culture began at the Crop Experiment Station,
Suweon, Korea, in 1977, Results obtained so far and progress in breeding work are

deseribed here,

Varietal variation in callus formation

ftis well Known thatau s should be included in the culture medivm for plant tissue
culture, Optimum fevels of 24D and NAAL popular auxins for callus-inducing
medi, were studied m 1972 Fhe amount of catlus induced from rice seedlings at 30
davsatter seeding on media ditfered among three riee varicties and among levels of
auxins (e Ty Pathweng, aaponica rice variety, showed the greatest amount of
callus atall Tevels of woe cas ased and Usensan indica variety, showed the least, The
aptinum devel torcallus formation was 107N Tor 20-Dand 2+ 107 M for NAAL T
was considered that mediaccomposition should be improved for specific rice varieties
frhe Usen, the Tower catlus-torming variety,

Another expermment also showed great varietal sanation in degree ol callus
tormation from seedhings and anthers ot 38 vice vanieties. Generally, juaponica rice
sineties weresuperior o mdica varieties ineallus formation from hoth seedlings and
anthers (ag, 2
sipnificant correlaions. The devvee ot callus formation trom diploid plant tissue

1o Callus induced trom seedltogs and from anthers showed highly
appeared to equal that from haploid plant tissoe.

Callus formation and organogenesis in the 19
In o stady of callus formation at organogenesis in 1O varietal crosses, seed of a

Rice hreeder, Coop Bxpenment Station, Otfiee of Rusid Deselopment, Suseon, Korea,
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2. Correlations between callus tssue formation of seedlings and anthers.

Palkweng Usen cross showed a higher degree of callus formation than seed of a
Usen: Patkweng cross (Table 1), The seed of Tongil TR24, with parents showing a
medium degree of callus formation, produced more callus than the seed of cither
parent. A lower degree of callus formation was generited in seed of crosses whose
parents had shown less callus formiation. There were no ditferences in callus forma-
tion among reciprocal crosses, The higher degree of callus formation appeared as
complete dominance or overdominance in the Fy hvbnid generation (caleulated by
the formula () Py 1.

Plant organ differentiation from seedling callus showed great varniation among
rice varicties. Differences i the degree of plant organ inducement trom by seed
callus observed in the 10 varietal crosses are shown in Table 20 Plant organ
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Tuble 1, Heterosis in callus formation ot hybrid seedlings.

Callus formation (1-5)

(‘ 58 PR . - - P

o P, P, I, DY (E,-PYD
Palkweng/Usen 5.0 2.0 4.5 30 0.8
Usen/Patkweny 2.0 5.0 4.3 3.0 0.8
Palkweng/Tongil 5.0 3.2 5.0 .8 1.0
Tongil/Palkweng 3.2 5.0 5.0 1.8 1.0
Norin 29/ Tongil 4.7 3.2 5.0 1.5 1.2
Tongil/Norin 29 32 4.7 5.0 1.5 1.2
Tongil/IR24 3.2 2.5 4.2 0.7 2.4
IR24/Tongil 2.5 3.2 4.0 0.7 2.1
IR781/Usen 1.0 2.0 1.3 1.0 0.3
Usen/IR781 2.0 1.0 1.5 1.0 0.5

41 = ditference between parents,

Tuble 2. Heterosis of organ dilferentiation from callus tissue derived from hybrid

seeddings.

. Shoots (1))

Cross e B e

P, P, B8 D4 (F,-P)y/D

Palkweng/Usen 4.0 5.3 16.0 1.3 9.2
Usen/Patkweny 5.3 4.0 24.0 1.3 15.4
Palkweny/Tongil 4.0 12.8 8.0 8.8 0.4
Tongil/Palkweny, 12.8 4.0 24.0 8.8 2.3
Norin 29/Tongil 0 12.8 7.9 12.8 0.6
‘Tongil/Norin 29 12.8 0 12.2 12.8 0.9
Tongil/IR2Z4 12.8 2.0 4.0 10.8 0.4
IR24/Tongil 2.0 12.0 2.0 10.8 0.0
IR781/Usen 0 5.3 0 5.3 0.0
Usen/IR781 5.3 0 4.3 5.3 0.8

41 = difference between parents,

differentiation was higher in the crosses where the female parent had shown higher
plant organ differentiation. Reciprocal crosses differed in the degree of plant organ
inducement from F: seed callus. The B data showed that a higher degree of plant
organ ditferentation appeared cither as complete domimance or partial doninance
i the hvbrid generation.

Fhe degree of callus formation trom anthers of by oplants was varied by cross
combinations (Fable W bFyoanthers of Norin 25 Tetep, Suweon 224 Chukei 314,
Milvang 10 Chugoku 56, and Kusiabue Tetep produced more callus than the
respective parents. Another greup of cross combinations, Suweon 224 Chugoku 52,
Norin 25 hinheung, Paltal Norin 25, Pungok Kusabue, and Pungok Jinheung,
showed a madparental degree of callus formation from anthers. That meant that a
higher degree of callus formation trom anthers acted as either overdominance or
parttal dominance i hvbrid generation (1),
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Table 3. Heterosis of callus tissue formation from by brid anthers.

Caltus tormation (1-5)

Cross . - -

P, I, I, e dy-mp
Kusabue/Tetep 1.8 0.9 5.4 0.9 5.0
Norin 25/ Tewep 4.4 0.9 0.5 RN 1.6
Suweon 22 IRTAT7-266 0.3 0.1 1.3 0.2 6.0
Suweon 224/Chukei 314 0.3 4.3 (ON) 4.0 1.5
Suweon 224/ Chuzobu §2 0.3 -+ R 38 0.9
Pungok/Kusabue 59 1.8 3.1 RN 0.3
Pungok/Jinheuny 5.9 0.6 2.7 53 0.4
Norin 25/ Jinheuny 4.4 0.6 I 3.8 0.1
Paltal/ Norin 23 2.0 ) 28 2.3 0.3
Milvine 10/Chugoku 56 29 2.3 5.8 0.0 5.8

41y = difference between parents.

Table 3, Heterosis of organ differentiation from anther callus tissue derived from
hybrids and their parent plints.

Callus formation (1-5)

Cross . . e
I, P, I n4 (- -D
Kusabue/ Fetep O 11 7 5 0.2
Norin 25/ T'etep 1 11 11 10 1.0
Suweon 224/ IR13I17-266 0 0 4 0 -
Suwcon 224/Chuket 314 V] | i 1 1.0
Suweon 224/Chugoku 52 0 2 1 2 0.5
Pungok/Kusabue b [ 2 0 -
Puncok/ linheuny 0 0 3 6 0.5
Norin 25/ hinheuny ! 0 2 | 2.0
Paltal/Norin 25 0 ] 0 ] 0.0
Milyany 10/Chuyzoku 56 3 0 3 3 1.0

41y = ditterence between parents,

The plant organ ditferentiation trom callus of I anthers also showed greater
ditferences between cross combinations  Fable 4y, By of Norm 25 Tetep showed a
higher percentiape of plant organ difterentiation trom callus, but Fyof Paltal Norin
25 <howed the lowest pereentage. Onthe other hand. Frof Suweon 224 TR T317-226
ditterentiated a plant organ trom callus, although neither parent showed stems and
leaves. The higher percentage of plant organ ditferentiation seemed to be a partial
dominance i the hybiid generation ().

Anther culture breeding of rice

Cross combinations to improve rice blast resistanee have been made and Froanthers
have been cultured sinee 1977 1 he medium for callus immducement has been N 6 basiil
medircomposition plus 2.3-Dat 2mg hterand tor plant organ differentiation, N 6
basal composition plus TAA at 6.2 myg hter and kinetn at 1.0 g Diter. Callus
formation ranged trom 46 10 15700 1 cross combinations. B4, i cross of
japonica varicties, showed the highest pereentage ot callus tormation ( Fable 5).The
degree of stem and Jeal ditferentiation from  callos saied from 4790 1o 30.3¢
hetween cross combinations. HB -, which showed the highest percentage of callus
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Table 5. Callus and organ formation of Fy plants.

. Anthers Callus Callus Shoots
1i Crossy (no.) inducer.nt tube )
() (no.)
HH1 S2TRAR 2034 6917 1.4 47 14.8
1B MOOARIOTE S 258 7.2106 4.9 AD] 6.3
B3 S2SRMI2Y/WN LY 8917 6.0 97 20.3
H B4 ARRVAVIS N 14,225 15.7 670 4.7
HRS S205 IRFART/NL23/NL29 S840 5.9 50 14.0
HBu S 204/IR55330, 5,288 6,020 5.2 78 19.2
HB7 S2604IRSS833/M.29 4520 6.9 89 19.1
HB SRE2I//7S 20 ARSI 258/ 3040 R 33 30.3
[R3533
Table 6. Varietal difterences in formation of albino and green plants from anther callus,
. Green plants Albino
HE Cross .- : S
No. No. o
HBI S2TSAR2034 2 28.6 5 71.4
12 MOIOFIR207 /(5058 1 20.0 4 80.0
HB3 S 25877ML29/WN 329 3 60.0 2 40.0
HRA RIRRTAV I 20 57.1 15 42.¢
HBS S268/IRT48T//M23/0.29 6 85.7 1 14.3
HBO S.204/IRSS3Y//S.258 8 533 7 46.7
HIZ7 S 26 IRS533/M.2Y 1 5.9 6 94.1
HiTI SRE2LS.264/IR1S44//S.258/ 4 40.0 6 60.0
IR5533

Table 7. Chromusome number of rice plants regenerated from anther callus,

HB Cross n 2n In
1B S 2TRAR2034 3 2 -
1132 MOIIR2071/]S.258 2 | -
HE3 SOSK//ML29/WA32Y - 2
HI34 S.238/M15 4 9 2
11BS S8R IS8T/ /MIINM2Y 1 3 -
HB6 S04/ IRSS337/8.258 2 3 |
HB7 S 204/IR5533/M.29 3 2 -
Hill SRB2I///S5.264/1R1544//S.258/1R5533 S 3 2

Table 8. Blast reaction of rice plants induced from anther.

HB Cross R? sh
B (N) S.278(S)/IR2034(R) - |
(M) N - !
HRB2 MIMSYIR2IOTT(R)Y//S.235(8) 1 -
B S.235(R) MUSS) 6 3
HBS S268(SYIRTIETRY//NM. 23S/ M. 29S) 1 2
HIB6O S 20HSHIRSAINR)//S.235(8) | 2
HB7 S26HSHIRSSINRYIM.2NUS) 1 1
FIHE SREXLSH S 2608/ IRTSIHR)//S.258(S)/IRSSIURY 2

IR = resistant, 7S = suseeptible.
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Table 9. Chuaracteristics of diploid plants induced tfrom anther.

ay . Grai
. Days  Culm e Amylose
Variety Cross to length wed wi? )
heading tcm) (0-3) (0-5) )

HBI (N) S.278/1R2034 118 100 2 1 20.7
(M) " 112 64 3 3 20.7
Suweon 278 116 62 0 0 23.6
HB2 M.30/1R2071//S.258 104 39 1 3 20.2
Milvang 30 107 56 1 Q 254
IR2071 128 49 4 0 254
Suweon 238 129 53 1 1 19.3
HB3 (N) S.258//M.29/Wx329 105 68 0 2 18.5
(M) " 116 8o 1 3 20.2
Milyang 29 119 59 2 0 17.8
HB4 S.235/M.13 115 60 1 1 19.7
Suweon 233 121 71 0 0 19.8
Milyang 15 124 79 0 0 19.3
B35 S268/IR1487//3.23/M.29 117 91 0 3 19.1
Suweon 268 110 60 0 0 17.3
Milvang 23 114 66 i 0 19.5
HB6 S2641R5533//S.200 121 60 3 0 22.6
Suweon 264 106 58 3 0 18.4
1R5533 128 62 3 0 254
11B7 S.264/1R5333//M.29 111 61 0 0 19.3
HB11 SR821///8.264,/1R1544//S.258/IR5533 119 64 3 3 18.5
IR1544 122 52 0 0 20.0

AW = white center. PWB = white belly.
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formation, showed the least plant stem and leal regencration,

[he oceurrence of albino plants s one of the great problems e anther colture.
Arannd S0 of the rice plants induced Trom Banther callus were athinos, with 43
green plints and 36 albinos among 101 plants ditferentiated from callus 8 crosses
(Lable o) Tnanother stady, the Trequeney ol oecnrrence of albings was greaterin
callus o seedhings thann callus ot anthers,

Prants trom viceanther callus included haplotd. diploid.and triplod plints ¢ Table
) Diplowd phints appeared ahost 3007 of the time. Diplowd plants could be
obtained by natural chromosome doubling during plint organ ditferentiation from
ongmally haplowd catlus tssie, The natural appearance ot diploid rice plant from
anther callus nuhes the wtilization of anther culture techngues tor riee breeding
cister, snce aplod plants erginated trom anther callus have pooter vigor,

Phe blast resistanee of Folines derived from Boandher caltime showed segrepation
berween hines but not within lines sl ceoss combinations used ¢ Ligble 8) Agro-
nomic characieristios such as headme date, caloy length, gian appearance. and
anilose content of tiee grain of B lines e shownoin Table 9. Genetiealis  E- lines
were almostal] homozygons,

Phiee I dimes selected from oanther collus orginating pedigrees were tested tor
vicld pertormance in 1979 HB B eaceeded the grain vield of cheek varety Suweon
2ocband showed vesistince to hlast discise, butits amylose content was too high to be
dcvepted Chable 10),

Lable 10, Yield trels Tor homaozygosis Jines derived from anther culture,

" l)l.l.\\ I(Iu?'l[x; Blast - Grain | Amylose \lqd
v 0.y wed Wi ) tha .
heading ey (0-5) (11-5) (s
Hi7 107 N 6 0 0 19.3 5.7 102
HBTEA 11y n | R) 3 18.5 4.2 93
HBEIR 104 6 1 ] 0 26.9 6.2 111
Suweon 2o 100 57 N 1 0 20.4 5.6 100

TWC O winte center. TWB - white belly.

CONCTESION

Fyanther culture shortens the breedimg evele ot rice, Although techniques to induce
more catlus from anthers and more green plants from callus should be developed,
hreeding efticieney can he improved by the process of Fooplant inducement from
anthers; selection tor agrononneal characters in the Foand Foan the tield, green-
house, and Leborators s and testing for vield performance i the Beoand o Although
no new riee virkety his been deseloped using anther culture in Korea, this breeding
method is now propressing toward mproving blist-resistant varieties,
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Rescareh in rice anther cultare in Fatwan tirstimyestigated the mechanism of plantlet
regeneration forrice breeding (Wooand Fung 1972, Linctal 1974). Anthers excised
during the boating stage of rice plants were cultured on a basal medinm supple-
mented with plant hormones and complex nataral preparations. Microspores inthe
cultured anthers were developed nto plants through an intermediary step of callus
formution. Haplowd plants were diploidized through colchicine treatment and homo-
svots fines were secured for breeding,

Material for rice anther culture

Chenand T (19769 tested plant production capacity in cultured anthers of five
fpomiea and seven indica rices, They found that the frequencies of hoth callusing
anthers and plintregenerating calli vavied considerihly trom one varied, toanother,
In gencral anthers of Japonica rice were more prodoctive than those of indicas.
Anthers ot japonica cultigen H- 124, with a 44,700 callus-forming rate and o 2247,
regencerating rate (Chen 1976)0 were the casiest to culture, Anthers ot indica rices
Chianung sen T Bhong-bau, Al-chucli-chien, and Taichung Native | lormed no
calli (Fsatand Tan 1977),

Woocetal (1973 cultured anthers of 1 plants from IRY - Chianung 242-d Many
hybrid plants involving crosses between japonica and indica varietics were stubse-
guently used for anther culture. The frequencies of callus induction and plant
reyeneration were low i these hybrid materials, Among 25,000 anthers of RS
Chinnung 242-dy caltured, only 122 (0.49¢7) formed calli. One haploid plant was

Rescarch tellow, Institate of Botany, Academia Sinica; and professor, Department of Botany, National
Lanvwan Vrisersity, Taiper, Taiwan, China.
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diplowdized through colehicine treatment and B plants were raised through selt-
tertilization of the doubled-huptoid plines They were adentical in phenotypic
appearance and showed the sime distibution of perosidise 2vmograms. Their
prageny proved o he doubled-haplowd fines cWoo and Su 1975),

In the cultore of hebrd anthers between distantv related nees repotted by Waoo et
al (1978) b brid plants deonved Tronsimgde crosses and backerosses between €z
sariva T Chaichiung 03) and O porennis Moench were studed. Thie anthers of
reciprocal sinple-cross hivbrads produced onlv cadle and adbimo plantdets Hybruds
hacherossed to O sazva developed grecnsand albmeo plantleis,

Backerossed by brads with sarive as the orgimald lemade parent showed enhaneed
callus imduction and plantler regeneration. The regeneratimg teguencies of nornl
creen plantiets trons backerossed b bidsowere Too withsarive Chinchung 65 0),
pererieoy as the el female parcat and S8 cowathy perenms (0L perennis
Paechuny 05 Lachung 630 Thos may reveal the evtoplasine etfect on tissue
vrowth,

Ahout 43 of the anthers ob O vdaberrma Steud. row callus i calture (Woo and
Huang 19801 However, only 3-3, of the anthers of reciprocal hvbods trom ),
plaberrmie Faichung 63 prew callus. Although the rate ot callus formation was low,
the rate of plantlet regeneration was 16272000 Albinos appeaned twice as often as
areen plantlets amony the regenented plantets, Crosses with (O stlaberrima as the
fennde parent produced more albino plantlets than those with O sativie as the

fennthe

Culture niedium
Vi medim (- 10w Biter) has been used foradl these studies. Wooand Tung
£19 72 eported the use of Natsch and Nitseh (1969) medium supplemented with 1 g
seastestraet bter, 100l cocanut milk liter, and -Fmg 24-dichlorophenoxvacetic
acid D et tor callus induction and supplemented with all components eacept
2Dy tor phantlet regeneration T et al 1970 applicd Blivdes™ ¢1966) basal
morse and o gante constituents and added vanious amounts of imdoleacetic acid
by 2D and Mineon, Chenand TaecB970) cadtured anthiers on W hite's (1963)
bl consntuent with 00 sucrose, S migecnaphthalene acetic acd (NAA) Tier, 25
e ket e and 13 coconutmidh. Chen (1977 pmoditicd NS medmmy e Mura-
e and Skoog 1962 by redueiog negor salts to halt strenprh and adding 2 my
Prrenn dterand e NN Tnes Caldlwere transterted to MS medium containing
Py bt lreeand Do N Titer tor plintlet regeneriation, Suerose coneentri-
Bote ol e and 90 mthe callus mduction mediom were seported by Taiand Jan
1o nd Chend 19700 Phe vy sucrose concentration promoted calhes and organ
formiattons but the callimiated difterentiated into mare albimos than those m 60
A S erose cancentia ot

Fliose med i dittered shichil i basot constuents and siowth tactors Woo et al
cho s used the mugor medin constitucnis of NSO B tGambornye et al 196R) and
Satsch o and Niseh supplenented with 2 e 28D or NAYN Ter and 005 mg
Eroct Brer aath and st coconnt nudk o1y ol vab Tnpencral o medium
contannne coconutUmtk mdoced iwore cally than one waithount, N smadlmerease in
the amount of niorgame salts MeSO7H O Cacl L KH PO may help calliinduce-
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tion. However, the difference m calli induction caused by medium components was
msignilicant compared with differences caused by the genotype of parental material
and the pollen stage ol anther explanting,

Cliromosome number of calbun
Chonand Chen (9SO st ed 6 callus caltures of single microspore origin main-
tned on NS mediam continming 2 mg 242D Biter. Chromosome numiber
determmation at the end of the fisst transter indicated that 23477 of the cultures were
nenhapioid. conssting ot onlvdiploid (2n 0 24) pea,ploid. ¢ wo ploids lesel eells,
Nvclewr dasion and endemitosts oceurring during the mitiat stage of microspore
developaweot were postadated to accor nt tor the tormation of nonhaploid callus, A
totabal T cudtires were studied ectol g ically throogn 19 transters, The ploidy levels
ot velbrenioned unchanged during culture monly one tetraploid and one hessyoid
cathies Chromosome numbers i [ coluires fell into a seametrie series (0, 2n, 4n.
and sy suegesting hat the changes induced by i vitro enfture was nidnly a
repeated doubhing of rhee chromosome numbers ol celis nitially present in the
populations

Since nosdiplochromosome or quadruple hromosome was ohsenved. it was
ereed that cmdomatosis vather than endoduplication was responsible tor the
changes. Inspite ot the tendeney toward chramosonmie doubling, the proportions of
cells of ditterent ploidy levelowere tised v T enltures wt keter transters, Haploid
colls were completely eliminated from ™ altares. Diplokd cells became predomi-
nantinewht cudtares and tetneg dord eclls ntive, sugeesting aselection toreither eell
tepes Driplowds appeared i twvo ciltines which minally did not contain this cell tvpe.
Dinnted evtolopical infonmanon mdicated that triplowd cells might have originated
trome apload colis thioueh reductional grouping of chromosomes accompanied

by vrudtipoliar tormation,

Origin of cdlus indtiation

Steeanithers are cultired imtacet on agar medium, the cells ot both somatic tissue
anc rerespores gy prohterate o catlis Becanse calli derived from these two
categorios ol vells cannot be ditmpuished by visual observation or microscopy, the
use of marker genes todenuty the originof callus becomes neceasary, Wooand Tung
72 celedanthersatboplantstrom IRN Chianung 242-d The By plants were
wenticsdin normat plant heeht 01200 235 ¢np Anthersof the By plants were cultured.
Ananther plant either haplowd o diplod, of semidwart stature was considered as
having pollen o, Pollen ccorving no sceadwart genes would give normil tall
plints. Onthe ather Band, plants derroed from the somatic eells of enltured anthers
would b vonsidered clonad procens. Fhe eencties of anthier plants would remain
wenteabwith the B and the prozeny of anther plants with somatic origin would
segregate moall chatacters as Boopopadations e Mok and Woo 1976),

Uang the same prinaple, Woo and assocraes (Woo et al 1975, Woo ard Huang,
IO developed heronzy oo Tines trom byvbrd crosses betsween fess-related rice
spectes 00 sattea (0 poreame and O sarnva O glaberrmiag. A nuimber of poogeny
B beed traes B proce vl stenhie partiadly remened . Hsnand Chen (1977)

tonnd that e dipiond plonts densed fromvanthers o ae ntraspeaific hybrid of vice
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dittered in muny aesonomic chateters A oo tnether segregation was observed 1
the stbsequent cenetation, indivadual plants appeited 1o be completely homogy-
pous. These resudts are cnpeeted it aather plants have heen derived fron microspores
of hivbrid plinte Ther chiromosone nombers have donbled spontancously during

the prowess of anther ciitere

Tnduced mutation through ar Ler culture

Didiced natiion turnshes anew gene sonree o enrich the germplasm. However,
the Tregneney o mdiced mtation s sty low sineca farge experimental field and
esbensive lield work e teauired to recover o tew mutant plants,

Chenand Chen i T sebeeted muntants resistant to Ssmethyvites prophan (5-M )
Prom potlen b ST bas teedback imhibimenagainstanthrambate svothetase iand
competition wath tvptophan S M reduees the binding of typtophan to transter
RNA Ble e protem synhess and cinsing colldeath Mutants thit ane teststant
o S AT ustedls cantim mote oy piophan and may become sood breeding stock.

Atotatof SO0 nther calli coch weiehing approsimately 1o meswere treated with
Uctheimethenesudton o cor D honr then oo on VS medinm containing 30 mg
SALE hoer Seplint revenered ton resetant el bines aod three grews to
matity Dhese niorphotovcally sk plaits ditfered trom normal plantsin a
roninbies o chtacter et Callis enltares rerntiated Brom the sonutic tissues of two
ol these phants were restant oS A E Cidls o the tnnd plimtwas ot avanlableor
st Hlomenor ae moedorteal chanctenstes appeared tobe tnsmittable

thiomh vt podintion

Progeny stuedy and field test
Anther pinntdescloped frons either aangle parental vanety ra hyvbhnd pliot may
it catisider bl phenotopeeappearanee. FincEISE pers comm Y tound that the
aptonco e chareter of oves Wi dovbled haplord fines derived trom varieties
Dbt Lot © o Lachone Yo o ditored amone Tines - Dilterences
derved oons anther ciitire ob o sk et conld e atributed 1o genetic
disturbance during callus growth or to impunty of donor plants. The vicld differ
stices between 87 promisiie hoes planted in 1975 wd parent varieties were statist-
cativ msgmtica

Pl traoedet o go e tnee booysow dwand it throngh anther cuftiie was
scngred b b 0 pereconan Hecalined anthers ot the Kabara IROOT-1-
I'W iy

P e b e Bldes” medium ¢ hable T About 7ot the anthers

deeloped cadie aned 2V ot dhe call epenerated: plants Anther plant YD-R0 of

Fable 1. Yelow dwart vinas resistance of anther-derived hybrid Y1D-80,

ot aiee "o . e e tilite !

ety of line Oriein Resistancy Praat bt tem) Gram fertility 20
Rank! I 1 | H
JRa6i-1127-338 IR 862 s ¥7 80 74 72
Kalart Sierpybecne 0 ) 155 128 87 72
ARPRAT I anthery { R 96 93 71 63

He o Dehoy suseeptibles R resistant
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Table 2. Yiclds of anther-derived hybrid compared with those of one parent,

. . 1978 11 19791 1979 11
Viriety or line ;
t/ha o t/ha t/ha o
T7TEAC321-39-3 281 1232 4,32 64,4 5.07 824
TTIAC 321-59-) 342 1<0.0 4,74 70.5 5.67 92.1
Fainan & 228 100.0 072 100.0 6.15 [00.0

serntdwart steture proved resistant but it tertiliny wies somewhat lower than that of
1S Paicits,

Woo (1979 tevted 15 pollen hnes derived trom reciprocal erosses of Tainan 3
fsenndwart mutmnt and Tanan sens-va 300 Seven Tines were resistant to brown
planthopoers while the control variety Fainan 5 was heavily infested with the pest.
Pollen Tine 7710 AC-32159-3 owvielded Tainan 3 by 23 and podlen line 771 AC-
A5 outvielded at by 5077 o the second vice o season of 1975 (Table 2).

Flie two pollen dines showed tield tolerance tor steeses paroenkads during the
second seasonwhen diseases ind msect pestswere hirhv prevadent. However when
the environment was wdeall the imes did oot autvicld the control variety The Jos,

vielhwecdie mamly toarelativels Tow g testweteht and aow eramsetiing rae.

Dyiscussion

Liuswan’™s nee anther culrure stanted with the sereening ol ppomica and mdica
varieties for casihy caltured materials Inducement ol calli and regencration of
plantets were caster with jiaponica varicties than with indicas. The African rice O,
glaberrmia abso developed callt and plantlens from anthers with more then 300,
frequency. The wild species € perennis N ench proliterated calli poorls . As these
results were obtiumed byoseveralworker didferent vears at ditlerent laboratories,
no dehinite concluston could be diawn,

As hvbrid materalsacther calliand plander trom mdica gapomea and Ham (),
wativa wild spectes vared signiticanty rom the parent materiale T generad, hvirids
with japontca rice as thie female parent would induce more antner cabli and repener-
ate mare phontlens thao those with indica or wild species as the female parent | hat
manyndicaie the evtopleamie efleet of nvbrid matersals on the growth of cottered
anthers, althoseh no strong evtoplastnic effect on the agronomic chatacter and
piosih civor ot tice plants was found mindica japonica crosses,

Mot plantiets repenerated from anther callis cither beplowd or diploid. were
sutiated from nucrospores. The genetios of pollen plants was tised tron, the Hist
generaons Anther caltures having pollen later than the nuduninueleate stage may
profiferate calliirom anther walls of somatic origin, The ditfference m callus ongin
cannot beadentified from i single first-generation plantalthough same phenotvpic
difterences i be tound among anther plants or even amony callus plants Jerived
fronvicsimgle anher. Fhe ditferences also may be tound among plants trom asingle
callus Anther phantswith somatic origin of i hvbrid parent would have pencticand
phenotypie searegat:ons in the second generation because the genetie backpround
would be idenntical with the hvbnd parent.

Heonemotanther calli could be visually identiticd by segregation in the second
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venerition ol anther plant progeny,

e bred-teue Hoes obtained through anther culture are genetically homozygous
and phenotypically identical because of cither endomitosis or nuclear fusion. That
solves the niyor problens of continuoushy segrepating progeny from distant erosses,
Aiother problenn s stenbtne, Some anther plants were tound with completely
blanking pantcles: they, of course, set nosesd Mosthines are paat bl stende and
sterihity peisists msubsequent generations. No cinomosomial aberiation has een
discorered 10 mctosis. Whether stenlits s cased by nuclear-oy toplasoie mgeraction
it nat been established.

[ suggested that anther phants with los fertilits besubjected toanother evele of
anther culture, Plant tertilite may be graaually reconered tinough o tes oveles of
anther culture, Hosever, itseems unlikely that mprovement could be made from
highly homozygous plants, such as double-haplowds, unless some mimor genes tor
sterihity can be repliced by tertiliny genes

Basal wedin moditied trom the medi of Murashige and Shoog (MS) Miller
CML Blavdes, White, Gamborg, and Nitsehand Niseh have beenused. Phey e
senersthy sapplemented with the ausin of 24-D0N AN Cand Anetinto mdiee cadli,
Media with hittle or no asin content and with arased fevel of 2 my binetn hier
were speatically prepared for plantlet regencration, Rice anthers contaning micro-
spores of miduninucteate stage could prohiterate catlvon these mediaand rerencerate
plantiets on ditterentintiny medias Fhe callusaimduction rae difters with experimen-
tal nntteriabs and medin components, Neverthieles, the vaciation stemmimg fron
ditterent experimnentad matenals for calius snd plantet development s Lueer than
that caused by chenneal compenents ol the medinm. A medium highly suitable for
all riee miateriads his ot vet been deseloped. How to identity the most suitable
anthier at the reht mudunmuicleate stage has become mostimportant inattempts for

dostecesstul colture,

PORENTIND OF ANTHER CULTURY

Fffect of recessive genes

Since anther culture anns to uttlize the genetic constituents of microspores, anthers
are cultured o develop the genotvpe of pollen into phenotypic performances.
Planthets dereed trom e ner haploid or diploid pollens through endomitosis or
nuckest tesron v onbd e the chianreteristios of recessiv e genes and genetie fixation,
Fos furehes o dicect approach toranaly zmg and evaduating the etfect of rice genes
ot eetotie proportions Lhe plotds senes wlso can be obtained through colchicime
trertmentand the Chiromononad compicment can be studied under the microscope,

Gene incorporation for stranger growth viger

Foce hrecdy aanatbe depends npenovaetal hvbodization wnd selection ot selled
proveny Tn e fone canwnde cros e toangoduce aoenies of genes fromless-related
wpecies. veneta, on een Lainilies to the nee cudt e could be practical. Incorporation
of distantly related o nonrelared penotypes nsaaliy bBrings wbout a strong prowth
Gaor and occasional ngh oleranee tor environmental stressesc e e diseases

and nsect pests. However, wide ciossimgs would canse aowide and continuous






90 RICE TISSUE CULTURE PLANNING CONFERENCE

Woo Shiv-chu, T Mok, and Huang Cheng-yah, 1978 Antherculture of Orvzasariva Loand 0. perennis
Moench by by, Bot Beth Acads S 190171108,

Woo Shin-Clin and Huang € heng-vuh, 1980 Anther culture of Orveg glaberrina Steud. and its hybiids
with € sarva T Bot Bull Acad. S 217579,



CEREAL TISSUE CULTURE
AT COLORADO STATE UNIVERSITY

MURRAY W NABORS

A major problem meereal tissue culture has been that cultures lose their regencerative
abihities ina mattey of months, Tocircamyent this proolem for mutation selection. a
usctui strategy s te rapidly produce a large populition of cells. FFrom this arge
popilation. spontancous or induced mutant cells can be selected and plants
regencrated.

Inour cereal tissue cultires, the tirst series of experiments atiempts to maximize
callis producnion rom the gerninating root by varving medium constituenies, Plint
~pecies, tope aid concentration o, ausin, and coneentration of sugar appear to be
the onh sizmficant variables, Alterations in coneentrations of micronutrients or
Vit o additions o vitiemins, evtohinims, or amino acids have no simificant
cllveis,

Fhe medim wsed tormduction of primary callus also caused the best growth of
secondary cadluss Yepresentowe areattempting to rapidy mercase the growth rate of
secondary callus by enzviatically or phyosically dissociating the cells before transter-
v them to o new mediun, Physical miethods seem most productive, 'The closer
prosty of mediam and cells tollowimg callus dissocition seems to mercise the

rete ob cell prohfestion sn maodel esperiments with tobacco.

PEANT REGENTRATHON ENPERINGENTS

Foreat and wheat tissue caltures. we tind that shoot regenerition is most readily
mduced by the standiord presctice of rednceimg orchminating ausin troim the medium,

Drepantrnenn of Botars and Pt Pathodor . Cobado State et b ot Colhins, Colopdo SOS23,
[N
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No other tested varable of nedinm composition increases regeneration. At present,
weare testing the ctieets of photoperiod. hhtmtensity and differing amounts of red
and far-red hght on ~hoot prodacton i callus,

Fhe goais of these experimentiare to inerease the number of shoots produced and
cooentend the regenerative et me of cultured cells Our oat and wheat cell lines
retain tongotenes tor ahont v months (compared with more than 4 vewr L ior our
tobaceoi, with aats productng wore reeenctated shoots thanwbeat, The production
ot roots oneidlus shoots s accomphshed by tanstenine the shoots tosenes medinm
without sugar Lronsterrmy rested plntets from culture jars to pots is the most
critical stage of our experiments. fnosome cases, 6077 of the plants are lost at this
stages We e carrently condieting expeniments to reduee this percentige to obtaim
Livee nunibers of mutant and nonmutant regenerated plants for greenhouse studices,

MUTAHONSEFCTION STUDIES

O mutatton selection procedures hanve centered onobtaiming NaCl- and 24-D-
tolecant mutants tsing tobacco s a model system, Tncthe past 2 vears we have began
1o transler the tobacco-denved technology te cercals Our mmtial mutants were
selected from suspension coltares by addig fevels of NaClar 204D 0 which killed
Stgo ot allcethe s soon as aeed Tine begae toow tapidhy o given selection

mediimn, e Teved of setection wasoncreased T tobaceo we have subjected several
Bocs of cells to 3 penods ot icreasine selection pressures Fuen after 3 vcans of
S Uon e suspensoi cultures it serms impossible to obtaim rapid prowth in
Sl concentiations vreater than <.00¢ ppm.
[centho e hurve o bt seleciion ona soha mediam adbthough Tess cloar cot,

ot babte b b o salt sress i tohsaeco, selection can

seUIe s Lo produee varnant el i
St atienel consade ahl above S 000 ppoeadthoueh levels maagar mas oot rellect
whial fie concenttadions Our vt ant ol nes are currently tolerant o 100-ppi
fevel o 2R D over Jonnnes the nermal Tevel and selectton s contmumy.
Mutation selection onasehid tediun s an important techmaue for cereal tissue
CHI s s o o tares ale tregquenthe ditticudt toomitate and mamtan
At ance o uspension stage swastes rhieble e e obtonimye reeencrated plints
frons the cene

Por oot derrced callus cultares at corcals, we combine he callus mduct:on and

Pable 1 Selectan tar NaCl tolerant matants in calli vrown on sold medium.,

Relative vabbas vol, atter S-wk cultune”

1 [T T R
" {hd;wvdﬁh Culture Coudtiage 2 Calrupe =3 Culture =4
[t month 1ot month S anenth Tl
i p e [ 12583 RIS
640 377 R IR ERA|
PN RIE] 1A 762 RS
Frran AR IBEY 517 287
2000 Px9 115" (R 93

Blwater 2T 000 ppen NaCE v 14000 e Gl bt o fure PCniture a1 denved trong
e coneentiation of calture =8 Caltar o derned trom the o ancentnation ot culture ol
St rowth
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table 20 Survival rate, under high or no salt stress, of salt-tolerant and nonsdt-tolerant tohaceo
plant lines dedved Trom coltured celise

Plant lines ¢ ) adive atter T3 wk

| [
Ortemal culture resestant l ) ) S
1o Nadl Watering solution Watering solution
26,00 99 ¢ i
R 0y NaCllitey BPIRS 0 ¢ NaCHliter
NaCHter NaClliter : /
=1owith NaCleonn- N 100 100 100
nuousty present {selted to
produce ;)
=2 without MaCl RN 100 920 100
duiine reyencration telted to

e I

APLn s regenerated Tron Gssue culture were designated the parentad generation (P) and were
welted to obtan the By, The Iy plants of cach group in the 0 p NaCl/liter column were selfed to
abtain the b Ty Tad 43 plants/eroap; By had 20,

mutation selection steps, See-Isare placed onacallus induction medium, which also
contains theselective agent. Smalleally ot severathundred cells are slowly produced.
I g stress-tolerant mutation s present, a farger callus will appear, I hundreds of
callus induction viabs are set up. the rarely oceurmng Lrger cally are castly noticed
and can e subeultired or plaeed onacrepneration medium. At present, we are
comparing this mutation selection metiod with the more traditional one of pro-
¢ tmbers of cultured cedls and then applvong stress for selection to

ducm by
determune which s nore ctticient

GREENHODSE PP O NMUEANT PEANTS

T our tobiaeco model svtem. we have regencerated plants from NaCl-tolerant and
SaCbsenstne cellealtires The two groups obwhole plants diterin NaCltolerance
i ereentionse tests and that ditterence s mhertted by two subsequent generations
clante D The mechannam obmherntance s not Mendehan, We teel that, consdering
the wobection provedire. the salt toberance may be multizeme in nature. Phe salt
olerance ot reernerated planton cenerad s highe than that o cattared eells when
it the woater e sofutonos cotpared with saltm the tissue colture medimm, Fhe
revenetated saltrolerant plants appear to be dronght tolerant as well,

Woth wheat and oatswe have produced several ines of NaCl-tolerant cells,
Folerances for up 1o 9000 ppm N Clhave been obtinned Based onthe resudts on
tobaceo, these vadues wonld transhite 1o o0 whole plant tolerance tor 20,0(0)-
0060 ppiy Caeenbiouse testing of regenerated salt-tolerant and salt-sensitive oat

plints o andes was,



HAPLOMETHOD
ON RICE AT IRAT

MARYSE ASSELIN DE BEAUVILLE

The Institut de Recherches Agronomiques Tropicales (TP AT) inquiries into i new
method for increasing the rice breeding program elficiencey started in 1974, The
choiee from a segregating generation is sometimes ditficult with a pedigree method
because of uncertain climatic condstions, With the haplomethad, plunts can be
tested severih vears betore the choice of asegregating population. tliaplomethod his
good rapidity for exploring crosses and goad sceurity in the choee,

ANTHEFR CULTURE AND " EANT REGENERATION

A temperate variety, Cigalon, pure line, wits tsed to test such experimental condi-
tions as light and induction temperature and culture medinm. A modiied Miller's
mediun was chosen, substituting a Morel vitamin for a Fudp one and supplving 4
mg ANAliter in the embryvoid and caltus induction medium and 2 mg Kinetin iter
and 0.5 ¢ AL hter i the regeneration medium,

Anthers of ditferent microspore stiages were plated on the cultare medium. The
hest stage for haploid plant induction swas the carly uninuclese Clable 1. Pollen
eells started to divide atter 2 davs and gave small embryvoids 10 or 12 daws Tater,
Fhese embryoids come from the generative or the vegetative cell,

After 3 weeks, small calli which ditfered i color and structure were obsersed,
Only some regenerated plantlets, about 1500 of them albino. Aboat 8077 haploid,
1007 diploid, and 1077 wiploid and mixoplowd plantets have been obtamed.

I'he doubled haploids have been observed in the ticld. About '0°7 of the lines

Fastitut de Recherches Aprononigues fropieales et des Cultares Vivreres teseanc b worker based at
GERDAT-Montpelihen France
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Fable 1. Pollen stage for baplowd plant induction,

\nthers Anthers Calli Plantlets
movalated viving callus * ‘ |
N, . No, N Mo, r No.
Farly uninuclegte
IMECrospores 420 - 126 20 684 162 43 10
Middle uninucleate
microspores 4180 - 94 19.5 530 110 4 0.8
[ate uninucleate
microspores tirst 4200~ 8 1.9 21 S 0 -
potlen mitosis
Total 1320 228 1235 47

{
i

Fable 2. Plant frequency obtained by anther culture,

Green plants

Anthers Plants e s S
{no.) {(no.) No. o On best
medium (47)

1y families
Moroberekan/IRAT L3

A 1780 10 9 0.5 0.9

IH 4122 RE! 21 (1.5 0.6

¢ 1530 34 25 1.6 3.5

D 1940 34 16 0.8 1.8

I 1980 36 17 0.8 1.3
Iy iy hrtds
DLSTACIS and reciprocal cross

P 4924 162 56 1.1 4.8

I 5200 90 41 0.7 29
D153°M1265

\ 2720 76 32 1.2 2.3
R 10X Luny Sheng |

104 3136 277 65 2.0 4.8
Avosawa weale varietios
P

" 960 56 5.8 10.8
Torrmde

Lo 18244 - 105 5.7 9.2
Aishr Asabn

Al 2012 - 21 1.0 2.3
Crealon

[ 960 77 33 5.4 16.6

plantsino. of plated anthers.

ditfered trany Crgadon g prse line) i precocity or tardiness and in length orwidth of
seed. This vanahility could be of some imcerest inexploring anther culture crosses.

HAPTONMETHOD IN BREFDING

Fropiesl and temperate plants five B fenndies from the cross Moroberekan
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Granular Smouth

translucent  translucent

1y tamilics
Moroberekan/IRATI3

A 2.8 1.8
B .7 V]
¢ 0.7 14.2
D 1.7 15.3
I 1.4

5y hvbrids
YI5/1AC2S and reciprocal cross

Table 3. Frequeney of green plants according, to callus type,

(;r.mlil;lr - Slnrni(')'lrl'l'
white white
2.7 2.5
10.0 30.0
14.2 37.7
17.6 25.0
3.3 21.7

I 1.2 5.5 1.5 217
R 1.2 3.6 214 27.6
G15/M1265
M 1.2 12,1 10.5 259
Kiyosawa scale varictics
Pin"4
i 2.0 7.1 12.5 39.8
Torride
Tor 4.0 12.5 3.l 19.8
Aishi Asahi 1.5 2.8 V] 16.3
Table 4. Characteristics of doubled haploids from Moroberekan/tIRA™1 3,
Heading Ripening Yie I'lant
X . ield . . .
duration duration (t/ha) height Generation
{days) (days) (cm)
1200 102-105 145 22 105 D3
D216 102 (BN 2.6 105 HD3
i 57 98 140 3.0 90 HD2
Bh 2138 Y8-100) 1110 2.5 107 11D3
ol 98-100 140 2.9 105 Hn2
5,03 101) 140 21 107 11D2
By 6y check 98 140 2.0 105 6
IRATIY check 98 140 2.0 98

i
H
i
i
t

HEAT IR wome 1 hvbrids from three different crosses, and some vareties of

Ky osawg scale

were nsed as anther sourees, There was great diversity among the

venotypes Clable 2 Sucrose concentration, pH L and nineral nutrient were used in

the medmm tomcreise the regeneration of green plantlets. The Chinese medium N6

was shightls berrer than Maller's: however, the number of albino plants increased.
Fherelation between callus structuresend plantlet regeneration was stadied. Calli

were separated miro tonr clisses pranubi translucent. smoath translucent, smooth

whnte, and vranoda white, Smooth winte callus had the highest regeneration rate

(lable ¥y

Same doubicd haplowd hones obtamed by anther culture from the Moroberckan
RO TV crons have beeniested i Ivorny Coast. Table 4 shows viekds of the doubled
bnes Albare better than the checks, three have been noninated to the IRAT catalog,
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Fable 5. Green haploid plants obtained from unfecundated ovaries,

Un- Ovartes producing

Plants
tecundated plantiets B AI :_»__‘__
entres (nos) No e No. o
Hybhrids
O15/EAC 2 17 { 0.8 It 9.4
IAC236S 78 0 - - -
M I265,918 20 [\ - —~ -
Doubled haploids
1S N IAC2S 73 4 5.4 38 52.0
[AC23 V915 21 0 - - -
M 1265,915 62 2 3.2 42 67.8
Pure lines
M 202 0 - - -
IRATLR 125 2 1.6 41 328
Totad 698 9 1.3 132 19.0

HAPLOIDS FROM OVARY CUTTURES

Experimentation was started on unfecundated ovaries i 19790 We plated 698
ovaries on 2 media (Miller's and Monnicr). Some ovaries (1.377) moculated on
Miller's medium gave haploids of green plantets chable )T most cises, the plants
were direetly induced from the female gametophyte but sometimes a callus was
observed Orst, which then regenerated into many plants. From direct induction, we
obtaned 132 plants from 9 ovaries (197,

CONCTUSTON

Haplomethod appears to beaninteresting way to obtain fixed genotypes, Commer-
cial seed was produced from the Moroberckan TRA T cross in only 3 years.
However it will be necessary to establish the number of haploid plants necessary to
have real seceurity i the genotvpe choree,

Culture of nontecundated ovaries is another iteresting piocedure. No albino

plants were produced i our experiments,



INDUCTION AND
CRYOPRESERVATION OF
SENETIC VARIABILITY IN RICE

VOPUS BAA

Gienetie eroston, with the regenetition ol phenotvpically ditferent plaats, is a
comimuon tout o aempe tssue coaltares, Inoprolonged culturing, the eells underpo
nuclear and chromosomal changes sach as endonutosis, polvsomy . and mutations
D Nmato 1977 Phese condittons althoueh undesttable for the mainteninee of o
clones can be cuplotted for the welection ot desiiable vanables (Skinvin J978),
Muoreover throngh mampualation v sanions deoees and wew o ceolators, ach
chanees can bemdnced aned tectul varants can be solned, o hoe been done
suvatcane o wand Chen 19760 Hemyz cval 1970

Iocom daborators eftorts are beme nude to cmplos movao means to mduocee
venetic varnebilite e to broaden s pencie base and o develop envogeneti
cethods sy celland tssue cidtares tor the cotisenvation of rare and anportant

vetmpliaan

CENE IO N ARTABITLLY

Methods rmploved toamdoce geneticovanabibits inrice are schemiccally represented

i banige |

Fmbryo- and seedling-derive! callus and plants

N tee et CBase Lt 3700 Padimnan S0 HNTOS PRI0G, Crivthroceros, € how
s Lo RS Cand TGy were vsed to establishy cadlos tsne cultures from varous,
tssues and orran s ana tostads then teeencrating potentils Comparatie responses
ot the embrvosderived cells and ditferent serments iom i vitto-grown seed g,

Proveob Sonacsr b n s e o Tt






Table 1. Response of embryo-derived callus tissue culture

Cultivar

IR56

Basmati 370

HM95S

MS + 24D (2 mesl)

Callus cream, growth
tast

Callus light brown,
arowth fast

Callus brownish,
growth fast

MS,

Callus cream, growth
moderate, rooting
na week

Callus light brown,
growth tast. rooting

Callus brownish,
growth very fast.,
rooting in 9 days

s of rice cultivars on

Medium
e

Calius dark brown,
srowth very slow

Cullus cream. growth
stow. rooting in 10
davs

Callus light brown,
growth very slow

different media (Bajaj and Bidani 1980).

Callus cream, growth
fast. rooting within
aweek, shootsin 2
weeks

Callus cream, growth
vary fust, rooting
within a week,
shoots in 3 weeks
Cailus light brown,
growth fast. rooting
after 2 week

HOREND LUV VA DLLNTO [0 NOLLVANHSHAIOND NV NOLE L IANI
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INDUCTION AND CRYOPRESERVATION OF G

Relative amount of calluy formed

A — - No callusing
Rout + Poor callusing
{223 Mesccotyl +1 Good callusing
N\\ Shoot +++ Verygood callusing

B, +++4 Excellent collusing

+++ A
+++ . -
\
I N
N
\
A
NS
N
N
NS
RN
= N Q N N
N N N N N
N N N N N
N N N N N
N N N N N
N N N D N
N N N N N
L N N N N N
N N N N N N N
N N N N N N N
N N N N N N N
N N N N N N Y
N N N N N N N
N A N N N N N
I AN NSRS I SNV 1 AN I NN 5 O\ |\ B NN
BLM PO S PRIOY Chowsiey) Jayo I8 Crytrroceres

Cuthvar

3. Extent of cailus formation by various segments of seedlings of
different cultivars of rice cultured on By, (2 mg 2.4-D/liter) medium
(Bajaj and Bidani 1980).

Percentane of cells

G r T

4. Genene vanabihty oy embryo denved eaitus of nice -- data
based or 796 dividing codls (Bajay and Bidane 1980)



Table 2. Response of immature and mature endosperm from rice cultivars cultured on different media for 5-6 weeks (Bajaj et al 1980).

Endosperm? from
Basmati 370 IR36 HM95

Medium

Mature

Immature

Mature

Immature

Mature

Immature

MS +2.4-D (2 mg/h)

MS + TAA (4 mg/h) +
Kinetin (2 mg/l)

MS+YE @)+
2,4-D (2 mg/h) +
Kinetin (2 mg/l)

Callus size in-
creased, small
roots. turned
trown
Differentiation
of plants via
callus

Increase in callus
size

Caod amount

of callus formed,

wurned browwn

Direct and in-
direct regeneri-
tion of planis

Initially a small
amount of callus
formed with no
further growth

Cullus size in-
creased, pro-
duced many
roots
Differentistion
of plants vig
callus

A small amount
of callus formed
with no further
growth

Good amnount
of friable callus
formed, turned
brown

Dircct and in-
direct regeneru-
tion of plants

Cullus tight
brown, growth
slow

Creamy callus
formesd, no root
rormation

Diftferentivtion
of plants via
calius

Increas2 in callus
size, brownish
black

Callus growth
cood, brown-
ish

Direct and in-
direct regene-
ration of
plants

No response

230-490 endosperm explants in each medium.

HONHRULINOD HONINNY LI HUNLTAD HASSLL IDI H1
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frercentage of ceils
ot

BOE-

G0y

—— e e

o S et

6. Range of genete divetsity i endospeniy derved callus
cultures of nee data based on 850 diiding eelis (Bagagand
Bidann 1950

mature endosperm-derived (via callus) plants was observed. Ancuploids and poly-
ploids were common (Fig. 6). The number of chromosomes varied from 24 to 105
(O 906).

Anther- and polien-derived eallus and plants

Culturig anthers at the unimucleate pollen stage ona relatively Bigh-sucrose (0-87¢)
medium results insendrogenesis. Fherewere i generad. two modes of development:
divect transformation of 4 pollen o an embryond (higs 7A). which eventually
developed intoa haplond plant. ard idirect difterentiation of plants via callus
formation (he. "B Such plants show desiations trom the nornuat haploid and may
alsorbe diploids T there s endomitosis or fuston of the pollen nucler such plants are
hormosypous.

[ he cubturing of anthers, although casyosutfers fromone draw back. Plants arise
not only trom the pollen, butalo trom vartous other parts, suchas the hlament and
connecive wall of the anther. Thin results ina mised populiation of plants of
ditferent ploidy. Although a handicap as far as the production of haploids s
concerned. this phenomenon can beadvantageous for obtaining mixeploids (Bajaj
et al T978).

Genetie variability through isokited protoplasts
Isolating protophists offers a novel tool for increasing genctic variability (Bajaj et al
197%). 1he technigue, when pertected. would tacihitate the regeneration of mutants
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from cells nehom proteinand resistant to sadtes diseases, herbiades and drought,
Fhirough the tesion of protophsts somatic habrds and oy bods could be repenerated
(Gileba 1979y I ~such cases. the eenetie combrnations wonld then depend on the
extent of the mixing of evioplasm and the fraon of ouclen, Ancrease i genetic
diversity conld wlso be achiesed By omtroducine toieien geonetic materiad imto the
nrotoplasts (b 1

Dimited quantities ot protoplasts are obboned fromactivey growimg cellsispen-
stons of anther and endospermederned cdius ot calovars Basmat- 270 and Cry-
tnroceros. he fusion of these O g protoplastsanong thems chves orwath those of
Jegumes such as pea i oy snvies o sonbean COlecime pia ), poses o setious
problems to tormung by brd cethow e h nay be dostenated as oo, and Orvome
EBana Tos Ty We have not et made any concentrated citort o culture dhen This
mportant aspect ol tssue coltare wall viela handsome deadends mwaide hybodiza-
tron prograns, wlneh nus fead to the regencration of plants capable of finving ther

CWnnitrogen.

S et et of e coltivar Basmiat 370 ACA
Sttt ek gttae B Regenetation of shoots from

7 Induction ob apies

poaflen carhiryong ot

catlin bt roms bogen it G Bogag TR

FPREEZE PRESTRVATION OF GERNIPTASM

I he technology of freese presenvation of plant celland tissue caltvres has taalitated
then storage i ligud nitrogen for varving periods and the subsegrient regeneration
ab entire plants in a number of plant species (Bagag T979h), Inthis connection. our
expetiments on the anthers, excised embirvos, endesperm. and cabtus ¢ altares of rice
frozen i gquid mtioven have viclded some mtesesting resolts (s 7,80 Table 304).
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Table 3. Eifect of sudden freezing 196 C) on seeds, excised embryos, and endosperm of rice
preserved For 3 weeks i liquid nitrogen (Bajaj 1981h)4
Frozen

(.mwlh
¢ ar mnnol)

Contron
Growth response

sSeeds 98" rermination 96 . permination 98

Dehusked seeds Y4 [ permination B2 wenmination 87

Facised embryo with BO'7 prew 1 embryos vilhowed 53
portion of endosperm and developed shoots

Segments of mature 167 callused e proliterated to 68
cmlmpurm h)nn callus

dSeeds germinated on IllUl\( IlllL‘l’ papers in i pcm th\h Dehushed seeds eae |\ul uu]mpcmn and
crabryascultared on M8+ 2 myg 248-D/diter. Data based on 350 seeds, 92 dehusked sweds, and 360
cultures ot embryvos and endosperm,

mutation, ochemical genetics, and haploid breeding programs, it is highly desira-
ble to develop methods by which genetic stocks can he consersyed.

Cultured unthers of rice cultivar Bismati 370 andergoing androgenesis {incubated
tor 3=b weeks) and subjected 1o 196 Cin the presence of 5 cach of dimethyl
sulfoxide, ghveerol and suctose occasionally revived and resumed further develop-
ment (Bajaj 1950). Imtally, most of the retries edanthers became soltand spongy,
turned brown, and appeared dead. However,a tew (3 out ot 927 anthers) showed
tovalized proliteration The anther-deraed callus (B 7)Y was compact, slow-
srowing.and tormed only roots only shoots, o hoth. The trozenanthers invariably
underwenta b perod and growth was consideiably delaved.

Fhese observations show the possthility of selecane cold- resistant cell lines from
which to repencrate plhints,

Although tobaceo plants were regencrated trom hap'oid callus celi SUSPENSIONs
trozen i hgmd mtrogen ¢ Buagai 1976), the nossibility of genetic erosions in such cells
ot ruded ont Tos believed that haploid menstens and pollen embryos would be

hghihv sitable materials tor preservation as haploed sermplasm.,

Morphagenesis in frozen embryvos and endospermi

Fheviabihne and growth tesponses of trozen endospern and cmbrvo cultures and
the dehisked seeds are summarzed i Table 3 Tmtaton of proliteration in the
retticved endosperm was delaved compared st controls, In some cases a mass of
catllus wies tormed i 529 weeks (B S AL When transterred to MS v kinetin (2

Lable 4. Survival of eodosperm-derived callus cultures of rice subjected to freezing
at 196

. Cell surviy ll ¢ of umlml)
Cryoprotectant e [

e N “.mnm (rynthrmuos
Sucrose 1587 31 2%
Glycerol 154 24 29
DMSO 10! 31 14

Stictose (570 + (llyt('fl)l (5”) + D\‘SO (57) .‘9 42
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me Liter) - IAN Chmg trenthe callas underwent morphogenesis to form plantlers
in about 37 af the culties (g 2B.OY

Fhe trozen thiwed cmbrivos, with e porton of the endosperm. started to permi-
nate and itted callus within e week (B SIW hen transterred toa plain agi
medium, the plantlets continued to prow (hig SE reswting e normial-looking
plants (b SH)

[here was practically nodifference i viabiiny hetween the teozenseeds preseny ed
e hgud mitrogen and the controls, Howesers sunvvad was fower an the frozen
cmbryosand endosperm Lable 31 Phe capaaty towibistatd treeane depended on
the water content of the seeds Twosvearold seeds (S=1H wates contena showed
copplete tevivaln mmature and treshseeds 30 water content) onlv parth
sunvned

Revival ot freeze-preserved vells iBapag 1970, Sala ctad 1979 and regeneration ot
complete plants from retneved pollen  Bagay T980) embryos, and endosperm (Bajayg
L9S1) suggest the possibility of st the civopenie method asa meiningtul tool for

the consenvation of favorable and iare sermplasin

Sunvival of endosperm-derived callus e 196 (

[he citect of crvoprotectants on the saevival ot endosperni-denised cadlos enplod)
of two ettt ars, Basmiati- A0 and Covthroceros isshownn Tablesh The minture of
sUcrose £3 0 plveerol (5 and DNISO Sy velded celbsarnvivabup to 1200 Lable
41 Sunonal of seed-derived callus presumably diploid )y was reported carher (Sak et
al 1a7o),

[hese observations on the survival of celland tissue cudtures ot rice frozen i figuid
mtrogen are the hasis of further explorations of the applivation o crvogenic
methods to clucidate tundamental problems i research programs tor the conserva-
tion of ree germphism.

Freese storaee of cells has potential uses inhasic and applied rescarch. For
mstianee, st eell line has to be transtereed toactresh medinm pertodically tor mannte-
nance. Freese storage wonlkd suppress eell diviston and sy oid the need tor pertodic
subculturing.

Moreoser, tssue cultures often show chromosomal crosions and ploidy changes
and are it rch souree of venetic varability, Such desired eell lines can be trozen and
hanked. The germplism banks of plant tissue cultures would he somewhat Dike the
wemen banks responsible tor the conservation and distiibution ol desirable
vermplasm,

CONCTUSTION

I e dual problem of the induction of genetic variability and its conservation can he
fruttfnlly tackled by applving various in vitro techniques, combined with eryogenic
methods. Although the technigue of anther culture in rice is more or fess refined. the
frequency of androgenests is still Tow, The successful culturing ot cells and proto-
plastsand the reproducible regeneration of plnts from eallus tsue cultures remain
the vital problems, slowing progress i utilizing these tools to induce mutant plants.
Betore protoplasts and callus cultures can be expioited to obtain genetically diverse
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THE APPLICATION OF
TISSUL CULTURE TECHNIQUES
TO RICE IMPROVEME

e
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Repoors from the conference

Plant cell culture techniques can assist in the identificition, assembly, recombina-
ton, and selection of new and novel forms of genetic variability, In viiro methodol
o already has aeeelerated the atinment of specitic oreeding objecty Gy e St -
sHhespotatoes. ee, wheat, tobaceo, and severa) horticultural specics.

Continuing genetic Imiprovement of rice NUCCSSILTes new technology Integrating
Hettio teehingues into existing breeding programs will contribute substantially 1o
B iementun of rice mmprovementat IRRLand elsewhere, as it has in other species.

Specttic vl culture technyues that appear usetul melude microspore culture,
crbrs o culture and in virro fertiization, cellular selection of desirable recombinant
and mitand genotypes, rapid sereening for diseise resistance and phn siological
Fanieand muss regeneration of plar s trom cell culture,

Metospore Gainther) culture in o hyvondization program aereatly enhuancees ability
foecresinmany recombinants, Since keties segregate m gametic rather than /ygotic
propertionssereening efficiency AMOnE segregating genotyies 1 be improved up
ey tmies tdepending on the mode of mheritanee) more than by comentional
feoiiig e

Micraspore culture s relatively elficient in rice. bug cultivarsvary in their predis-
PosHion fpenetie or civironmental) 1o produce doubled haploid plants. But recom-
binaton and selection for inercased ctticienes of microspore calture among rice
Sl particula e those of value 1o CHrreRt e improvenent programs, cin be
stecestully achicved. Becaise of s Genete Pyvaluation and Eulizauon (GELY
programand the Rice Genetic Resourees | aboratorc IRRY s the preeminent site
for this rescarel

Parallel vovcarch i bro henieal and phystologieal parameters 1o improve
Piviesper vt rlngnes hogld be sustined at IRRL Collaboration with
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sl iy ot ared e b oeniiites chewhere shouold be sticnathened. The pro-
duction of haplond plantiens Jiredthy from the cultired anthers, rather than viea
callus phase. should e aninediate tesearch prionity.

e mass regenviation ol diploid plints from callis celi Hnes rerents has pree
ided o nnes pectediy rich and novet souree of Cariability nosagireane, potiatoe,
and rees The sanation displyed amony reseneraied plants s ol seronomicimpat-
Cimee atlecting stch parameters das disease toststanee. phy anlogical properties. i
plant morphotogy. [ yaluation of this potentiabm Hee would hestbe integrated mto
e G U and ongotng breeding progrant at TR

[munattre cimbryo culiur Lnd invitro feruhzation have s potentiabinovercominy
I bridization barrens hetween species and possibly genen Well-established tech
g ies hasve been applied ciceesshutiy inseveral species, including v heat and harkes
speviie plant breeding ohjectives Fice, such as the transter of cold o drougdn
Cotnee tid discase and mseetpest resistitice from relative ol cultivated neeovan
po emiploy embrve caltare arecessiully Collaboration hould be established wath
the People’s Republic of China tosvaduate the potential of wide hybridization, such
as rice sorghum and rice wheat m riee improvement.

Dieatrable troombiant and mutant penoty pes at plants grown under i vitro
conditions may be rapidiy adentitiod and selected beeause detined chemmeat and
phycteal conditions are ased. There s toresecable value in unttizing cell calture
fechnologs tnrce toselect ol it drought. and chilhng tolerance and for resistunee
(o pathogens, Cell cultire abso nught factlitate wlection of genotvpes that produce
pathogen nhibitors or pet repellants,

Dlant el eutture s rapidly des cloping researeh field. Additonal techmgues that
will hase diect apphvation to plant improvement are expected to be developed.
T st retann b detive laison and. where \ppropriate. specific collaborative
(eseirch projects with other (eseareh institutes developing such innovative tech-
Holopy .

Protephist culture isone wichdevelopment. The whility to efticienthy culture rge
nunbers o protaplists to matie plints could permit selection hevond 1hat practi-
cable using whole plants, Thiss particularly significant where cetular and whole-
plantresporsesdare e related, Protoplastrescarchatvan i institutesis concerned
with goneratimg geneti sartabibity, cell fuston hetsween incompatiple gepones.
mtroduction ol cvtopliamie senihty, and selechive gene transier tolowimg the
miolecudier mamipulation of specttic DN

Tie deselopiient of et protoplast cultare ol tee s mperative TRIT oan
Pl 4 sgmficant role through 1ty GET progran by providing cultivars, relevant
Ctormation Lo ity cell cadtone rescitreh, and active rescarch support with the
mtepnation mto GEU obae ¢l penotypes produced by genetie manipulation at the

coellulin Tevel
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