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APPLICATIONS OF TISSUE CULTURE TECHNOLOGY
TO WOODY SPECIES

1/ METHODS OF PROPAGATION IN VITRO WITH WOODY PLANTS

—__.-___——..-._—__——-.—_————--—..-_———.-.__————.--—_—_-.——

= Shoot culture with the proliferation of lateral shoots is
the generally accepted method of propagation in vitro.
It maintains the genetic integrity of a clone.

— Other methods for regenerating adventitious shoots or
embryos from explants : callus, somatic embryos, proto-
plasts. More rapid propagation than with shoot culture,
but may give rise sometimes to genetic variants or

somaclones.

— Undesirable for propagation.

- May be exploited for crop improvement (if they show

desirable characters).

- Pre-requisite for application of gene transfer techniques
via tissue culture in vitro.

Juvenility and rejuvenation is of fundamental significance
to the vegetative propagation of woody plants by both in vivo and

in vitro methods.

1.1/ Shoot culture

Has been applied successfully to temperate, subtropical and
tropical fruits (scion and rootstock cultivars).

Apple (James and THURBON, 1979)
Avocato (HARTY, 1985)
Citrus (NAVARRO et al., 1975)



Grape (THIES and GRAVES, 1992 ; ROBACKER and CHANG 11892) et
Kiwi (PEDROSO et al., 1892)
Olive (WALALI LOUDYI, 1989)

Peach (HAMMERSCHLAG et al., 1979)

temperate and tropical sngiosperm and gymnosperm forest trees and
woody ornementals (BAJAJ, 1986 ; 1889).

Many woody plants remain recalcitrant to the shoot culture
method. Cultivars and even clones of the same cultivar wvary- in
response to culture in vitro. _ 7 '
(Problems related to juvenility, maturation, growth pattern,
insufficiency of research). | '

- The more juvenile the tissues, the greater is the chance
of success with micropropagation. '
Species wich show a continuous growth pattern throughopt
the season are usualy easier to .micr0propagaﬁe—uthan
species characterised by episodic or flushing gbbwth
(Mc COWN, 1988). T :

1.1.1/ Techniques

~ Similar to those used with herbaceous rlants.
Some aspects are unique to woody plants - These relate
to - initiation of culture in vitro from donor plants
— apparent rejuvenation during culture
- composition of culture medis

-+

~ induction of adventitious rooting.
1.1.2/ Culture initiation PoosE L3
~ Importance of the physiological status of the shoot

explants used to initiate culture in vitro from adult plants:. : 7
e n



- Failure of explants to grow when placed on culture media
may be due to excessive polyphenol oxidation which often leads to
tissue necrosis.

With both angiosperm and gymnosperm forest trees it is
advantageous to use explants from portions of adult trees where
rejuvenation has occured.

a. naturallf. as with the vigorous shoots (suckers) arising
from roots.

b. has been indiced, as a result of pruning, grafting onto
seedling ér growth regulator application (FRANCLET et al.
1880).

Overcoming difficulties in establishing initial explants of

various species have been obtained by :

- soaking explants in water (VIEITEZ and VIEITEZ, 1880).

- soaking explants in Diethyldithiocarbamic acid {DIECA)
(WALALI LOUDYI, 1988).

- addition of glutathione (RUGINI and FONTANAZZA, 1981)
or addition of phloroglucinol (BATERIOLA-LUCA and MULLINS,
1984) to culture media.

- maintaining donor plants in darkness or low light
(MARKS and SIMPSON, 1990).

1.1.3/ Apparent rejuvenation during culture in vitro

Succes has been achieved with adult subjects which are
difficult or impossible to propagate by conventional methods.
Studies with temperate fruit trees (JONES, 1991) and some forest
trees (Sequol sempervirens in FOURET et al., 1984) suggest that
the basis of this in vitro advantage could be a Progressive
increase in propagation potential with continued culture in vitro
over several months or longer on a culture medium which contains
a cytokinin.

tn



This increase in propagation potential could be regarded as
a manifestation of a process of rejuvenation in response to

culture in vitro.
1.1.4/ Culture media

MURASHIGE and SKOOG (1962), but in many times a modifies MS
which contains half or 1/4 concentration of MS macro-elements.

~ Woody plant medium of LLOYD and Mc COWN (1980).

—- Correlation between growing conditions in viveo and culture
medium requirements in vitro {Rhododendron, Kalmia and Magnolia)
which grow well on poor and often acid soil require low nutrient
concentrations in vitro. Some benefit from a reduction in the pH
of culture media (MARKS, 19886).

Substances occuring naturally in some woody species lead to
improved responses in vitro when included in culture media. The
phenolic compounds phloroglucinol and phloridzin occuring
naturally in Mallus spp have improved propagation potential of
some cultivars of Malus and Prunus (JONES, 1991). With species of
Syringa. Alnus and Malus the capacity to metabolise certainl
carbon sources was reflected by the sugar and sugar alcohols in
the sieve-tube exudate of a given genus (WELANDER et al., 1989).

1.1.5/ Rooting

More than 70% of shoots originating from adult woody plants
were reported to root in vitro within 4-6 weeks of transfer to =&
rooting medium. Rooting directly into compost following a dipping
treatment with an auxin. Was reported (simplicity and reduced

economic cost).

High 1levels of rooting remains a problem with many adult
woody plants, with gymnosperms being particurarly problematic in
this respect.



Many factors such as presence of lateral organ (leaf and/or
bud) Jjuvenility, auxins, peroxidases, phenols, ethylene interfere’
at the regulation of adventitious rooting.

1.2/ Adventitious regeneration

Almost all successful adventitious shoot or embryo regene-—
ration with woody plants was with juvenile material. Exceptions
to this: - several species of Coffea were multiplied to high
frequency through embryos from leaf explants (SONDAHL, 1982).

~ shoot or embryo regeneration with about 20 scion and
rootstock cultivars of apple. The regeneration was from leaf
tissue of shoot cultures with or without the intervention of a
callus phase, using culture media based on that of M.S (JONES,
1881).

Similar succes reported with some angiosperm forest trees
such as species of Oak (Quercus ilex), chestnut (Aesculus
hippocastanum) and Willow (Salix viminalis) (HAMMATT in JONES,
1991).

Considerable variation with genotype in regeneration
capacity and the pattern of response appears to be under genetic
control (JAMES, 1987).

1.3/ Protoplast culture

Few reports of plant being produced by protoplast culture.
Protoplasts-to-tree systems have been developed for genotypes of
Citrus and closely related species (VARDI et al., 1990).

Malus, Prunus and Pyrus protoplasts have been successfully
regenerated from adult clones (OCHATT, 1990). Ulmus, Populus,
Picea and Larix ssp have been regenerated from ‘protoplast
cultures (HAMMATT in JONES, 18981).



2/  APPLICATION OF PROPAGATION IN VITRO WITH WOODY PLANTS

Mcet application with the shoot culture leading in some
cases to mass propagation on a commercial scale.

Several examples of the use of shoot culture to produce
rejuvenated clones which remain exceptionally easy to Propagate
in the long-term by conventional methods.

By contrast, almost all investigations with adventitious
regeneration remain at the laboratory stage of development and
potential applications are only beginning to be explored.

2.1/ Mass propagation

Several commercial laboratories specialised in woody plants,
mainly ornemental and to a lesser extend fruit trees.

In Italy peach x almond hybrid rootstocks were maltiplied of
about 10 million plants annually.

In France, Delbard nurseries propagate millions of apple,

pear and rose rootstocks by tissus culture.

- Commercial production of woody ornemental on a smaller
scale.

Still remain technical problems and the high economic cost
of production.

Need to apply results of recent research to reduce these
costs.

The replacement of rooting in vitro by direct methods,
possibly in conjunction with fogging systems should give major
saving.



Other cost reductions by the use of nutrient replenishment
through adding fresh liquid culture medium to “spent’ agar medium
and continually harvesting shoots from a culture vessels, thus
.avoiding the need for constant subculturing. Automation or
robotics used in combination with such cost-saving technigues
could transform the economics of propagation (LEVIN & VASIL,
1989).

2.2/ Performance ex-vitro and apparent rejuvenation

Few reports of long-term field performance of woody plants

from propagation in vitro.

Apple trees have been most studied. Scion and rootstock
cultivars produced in vitro were more vigorous, produced more
suckers and came into cropping one year later than conventionally

proragated counterparts.

The enhanced vigour and tardiness in cropping observed in
some cases with apple trees suggest that propagation in vitro may
result 1in tree rejuvenation. The delay in cropping would be
disadvantageous for fruit growing but the increased vigour could
be of value in the nursery and the increased wood producticn

could be particularly advantagecus if applied to forest trees.

Propagation in vitro of elite selections of Eucalyptus was
three times faster and more unifcrm than that of trees from seed
of the elite selectiona. More over, the trees from in vitro
propagation flowered <+wo and a half years in contrast to 4-5

vears with the seedling trees (GUPTA and MASCARENHAS, 1887).

2.3/ Accelerated flowering

Although propagation in vitrs zometimes sppears to lead to a
delay in flowering, there are important examples of accelerated
flowering as a result of such propagation as with loblolly pine
(Pinus taeda) (Mc KEAND, 1985) and two species of bamboo (Bambusa



arundinaceae Willd and Dendrocalanus brandisii Eurts) (NADGAUDA
et al., 1990). With bamboo flowers were produced in vitro after
only 3 months of culture whereas seedling of this species grow
without flowering for about 30 years. This accelerated flowering
with bamboo has opened the may to conventional breeding with one
of the most important structural raw materials in the word.

2-4/Impm1e_dc.onzenmnalpm3agatien

The apparent rejuvenation of trees from propagation in vitro
appears to lead to the advantage of the production of clones
which remain exceptionally easy to propagate by conventional
methods. Several examples with temperate fruit trees of such
improved propagation. With the apple rootstocks M9 which is
normally difficult to propagate there was increased shoot
production and improved rooting with both summer and winter shoot
cuttings following propagation in vitro (WEBSTER & JONES, 1989).
Similar results were obtained with some rootstocks of Pyrus that
are normally almost impossible to propagate (JONES and WEBSTER,
1988). BSuch improved propagation may be sustained for long
periods. With the plum rootstocks cv ‘Pixy® (Prunus insititia)_
increased rooting from cuttings from stock rplants from
propagation in wvitro was still evident nine years after
establishment of the plants in the field (HOWARD et al., 1989).

2.5/ Self-rooted fruit trees

The success of propagation in vitro with fruit tree scion
cultivars that are difficult to root by conventional methods make
feasible the production on a large scale of self-rooted trees.
These could be competitive economically with traditional grafted
trees which demand expensive nursery facilities and skills.

Results with self-rooted trees show that the vigour and
cropping efficiency are cultivar specific and most are too
vigorous for modern high density orchards (ZIMMERMAN, 1886).
Nevertheless, some apple cultivars such Gala which is naturally



precocious in flowering appear to be satisfactory when self-
rooted at least under certain conditions (WEBSTER et al., 1985).

3/  CONCLUSIONS AND FUTURE PROSPECTS

Thus far the shoot culture method is oustanding in its
application to the widest range of woody plants although
commercial application has often not been realised for the
technical and economic reasons already mentioned. In the near
future, the most important application may well come from
conventional propagation of apparently rejuvenated material.
Improved understanding of the physiological and biochemical bagis
of juvenility and maturation appears to merit some priority as a
research topic. This could lead to further exploitation of
rejuvenation with woody plants. )

Other priority: early detection of superior trees for
cloning by propagation in vitro possibly through use of isoenzyme
analysis (MANGANARIS and ALSTON, 1987) or genetic probes
(COGHLAN, 1890).

An alternative to shoot culture, embryocgenesis from callus
or cell suspensions may offer more attractive possibilities in
the term, possibly in conjunction with encapsulation of embryos
to produce artificial seed (KIM and JANICK, 1990). The appro-
priate manipulations in vitro would minimise possible rroblems
with embryogenesis from somaclonal variation (KARP, 1988).

The production of new varieties with the applications of in
vitro methods. Normal breeding is very time consuming and takes

many years.

Manipulation of ploidy, production of somaclones with
callus, cells or protoplasts that are genetically wvariable or
have been subjected to mutagenic agents. The value of haploid
plants is well documented and such plants of Malus (WU, 1982) and

9



. Aesculus (RADOJEVIC et al., 1989) have been produced on a limited
scale following regeneration from anthers and microspores.

Somaclonal variation has been detected for Populus with
respect to tree height and branch pattern (LESTER & BERBEE, 1977)
and also resistance to leaf spot fungus (Septoria musiva) OSTRY &
SEILLING, 19888) and leaf rust (Melamspora medusae) (PRAKASK &
THIELGES, 1889). Somaclonal variations have been reported also
for peach with enhanced resistance to leaf spot disease
(Xanthomonas campestris pu pruni) (HAMMERSCHLAG, 1988) and also
for apple with enhanced resistance to fireblight disease (Erwinia
amylovora). Long term field trials is now required to test the
effictiveness and stability of all these somaclones from trees.

In the longer application of gene transfer techniques should
have major impact on the breeding to woody plants.

In relation to protoplast fusion, somatic hybrid plants
within the genus Citrus and related wild genus Microcitrus were
reported (VARDI et al., 1980).

Somatic hybrids in the Rosaceae involving fusions of
rrotoplats of diploid wild pear (Pyrus communis) and triploid
cherry rootstock “Colt’ (Prunus avium =x P. pseudocerasus)
(OCHATT, 1990) were reported.

Incorporating foreign DNA into protoplasts of trees have
been reported with some gymnosperms (GUPTA et al., 1988) and
alder (Alnus incana) (SEQUIN & LALONDE, 1988).

With respect to Agrobacterium-mediated gene transfer,
transgenic plants of Juglans (Mc GRANAHAN, 1988) and Malus (JAMES
et al., 1988) have been recovered which show resistance to the
antibiotic kanamycin. Transgenic plants of Populus have also been
produced which express a mutant bacterial gene that confers some
tolerance to the herbicide glyphosphate (FILLATI et al., 1987).

10
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METHODS OF PRODUCING PLANTS IN VITRO

DR. AAOUINE

ADVANTITIOUS SHOOT FORMATION AND ROOTING OF SHOOTS

ADVENTIVE EMBRYOGENISIS (SOMATIC CELL EMBRYOGENESIS,
ANDROGENESIS, PARTHENOGENESIS)

ENHANCED AXILLARY BRANCHING OF SHOOTS AND ROOTING OF BRANCHES

(FOR CLONAL PROPAGATION ONLY)

SHOOT APEX CULTURE (FOR PATHOGEN ELIMINATION ONLY)

SHOOT APEX GRAFTING (FOR PATHOGEN ELIMINATION ONLY)

DEVELOPMENT FROM ZYGOTE IN EMBRYO, OVULE AND OVULARY CULTURES
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1. PROCESSUS D’ELABORATION DE LA PRODUCTION
INDUSTRIELLE

PHASE OBJECTIFS RECHERCHES

- Détermination de la nature de
I’explant 3 utiliser

- Btablissemeat des cultures propres

- Choix de la technique de

I: ETUDES multiplication 3 utiliser
IN VITRO - Optimisation du taux de multiplication

(milicux et environnement de culture)

- Préparation des vitroplants pour le
transfert in vivo (enracinement, durcissement,
dormance...)

- Sevrage

- Maitrise de I’acclimatation
(composition du substrat, irrigation,
fertilisation, ombrage, protéction
phytosanitaire,...)

II: ETUDES POST - Détermination de I’infrastructure
IN VITRO requise

- Vérification de la conformité

génétique

- Adaptation, 3 grande échelle, des
III: PRODUCTION résultats de la recherche
INDUSTRIELLE - Btablissement d’un réseau de

commercialisation

- 17 -



PARAMETERS NEEDING EVALUATION:
THE EXPLANT

ORGAN SOURCE WITHIN PLANT

DEVELOPMENTAL PHASE: JUVENILITY VS ADULT
AGE OF EXPLANT SOURCE

PRECULTURE TREATMENT OF EXPLANT SOURCE

1- ENHANCE DISINFESTATION & PATHOGEN-FREE EXPLANTS
2~ SATISFY DORMANCY NEEDS: CHILLING, PHTOPERIOD
3= ADULT-JUVENILE REVERSAL

EXPLANT . SIZE

1- SURVIVAL FREQUENCY

2= QUICKNESS OF GROWTH INITTATION
3= INFECTION PROBABILITY

4~ PROBABILITY OF VARIANTS

|
EXPLANTING SEASON

- 18 -



PARAMETERS NEEDING EVALUATION:
NUTRIENT MEDIUM

I- CHEMICAL COMPOSITION
A- INORGANIC SALT MIXTURES
1- EXAMPLES
2- ADVANTAGES AND DRAWBACKS
3- WAYS OF USE
| !
B- ORGANIC CONSTITUENTS ' i
1- CARBOHYDRATS

a- KIND AND QUALITY
b~ CONCENTRATION

2- GROWTH REGULATORS
a~- AUXINS
* DEFINITION

* EXAMPLES
* EFFECTIVENESS:

'IAA< IBA< NAA < NOA< 2,4-D < 2,4,5,T< TORDON
b- CYTOKININS

* DEFINITION
* EXAMPLES
* EFFECTIVENESS: KIN< BA < SD8339 < 2IP < ZEATINE

C— GIBBERELLINS

* DEFINITION
* USES

d- OTHERS

* ABA
* ETHYLENE

3- VITAMINS
4- HEXITOLS .
5- AMINO ACIDS AND AMIDES

a- USE L FORM (NATURAL)
b~ INTERACTIONS MUST BE CONSIDERED

%719—



* L.ISOLEUCINE + L-VALINE —----> STIMULATION OF SHOOT
FORMATION, WHILE INDIVIDUALLY THEY ARE NOT EFFECTIVE.
* L-GLUTAMINE + OTHER A.A ----> ANTAGONISTIC EFFECT.
* L-GLUTAMINE ALONE ENHANCES SOMATIC CELL EMBRYOGENESIS
* L-TYROSINE IS BENEFICIAL TO SHOOT FORMATION IN
CERTAIN CASES.
6= PHENOLICS

a- ENHANCE ROOTING:

PHLOROGLUCINOL, COFFEIC ACID, CATECHOL (ROOT
INITIATION COFACTORS)

b- SHOOT FORMATION

P~HYDROXYPHENYLPYRUVIC ACID CAN REPLACE
L-TYROSINE.

7~ PURINES AND PYRIMIDINES:

ADENIN STIMULATES ADVENTITIOUS SHOOT FORMATICN, SHOOT
GROWTH AND CALLUS GROWTH.

8- ORGANIC ACIDS

a=~ CITRIC AND ASCORBIC ACIDS: USED AS ANTIOXIDANTS.

b- MALIC AND CITRIC ACIDS: USED FOR GRASS EMBRYO
CULTURE.

9- NATURAL COMPLEX ADDENDA
ONE SHOULD CONSIDER:
* GENOTYPE EFFECT
* STAGE OF FRUIT MATURITY
* QUANTITY TO BE USED.
C- INERT SURPPORT MATERIALS

1- GELLING AGENTS

4~ AGARS: POLYSACCHARIDS FROM MARINE ALGAE.

* AGAR PURITY IS IMPORTANT
* CONCENTRATION : 0,6 - 1%

‘b- GELRITE :FROM BACTERIAL FERMENTATION

* CLEARER
* 0,2% FOR SAME FIRMNESS
~* GEL HARDNESS VARIES WITH SALT CONCENTRATION



c~ OTHERS
* STARCH
* GELATIN

2- ADSORBANTS
a- CHARCOAL

* EFFECTS

* QUALITY

* QUANTITY
b- PVP

3- FILTER PAPER SUPPORTS

a- HELLER PLATFORM :
b- FILTER PAPER BRIDGES

4— OTHERS

a= SPONGES

b- GLASS-WOOL
c- VERMICULITE
d- ETC.

II- PHYSICAL QUALITIES

PH
VOLUME OF MEDIUM

SHAPE AND SIZE OF CULTURE VESSELS
LIQUID VS SOLID MEDIUM.

1- SOLID

a— NATURE AND PURITY OF GELLING AGENT
b— CONCENTRATION

2= LIQUID
a- STATIONARY WITH SUPPORTING MATERIAL

* FILTER PAPER
* GLASS-WOOL
* SPONGE

b- STATIONARY WITHOUT SUPPORTIVES
c~ AGITATED i

. : i
* GENTLE ROTATION: ROTATORS, DRUMS
* VIGOROUS SHAKING

~ GIRATORY
= RECIPROCATING

- 21 -



III~ HOW

A-
B~
Co=

* USE OF MAGNETIC STIRERS
* AIR LIFT AERATED MEDIA
* USE OF PROPELLERS

MEDIA CAN BE PREPARED?
START FROM SCRATCH

USE OF COMMERCIAL FORMULATIONS
USE OF PARTIAL FORMULATIONS.

-22 -



TABLE ]

Seoviixtures fer Use in Plant Culture Media (Milligrams per Liter)

Hide Hide Margars, .
Gambarg, besadt, brandt, Parncillsc Schenk &
Miller & Rikerd PRikerd & Morel& Murashige Nitsch&  dilds - Vacindh

Ojima. Gautherst, Hellr, Dugger, Dugaer. Koudsor. Bouniols, Muller, & Skoog Nitsch,  brands  Torvey, Tripathi, Went,  Whita

Salt | 1963120 1942120 19331240 19348 (D98 1948 1250F S34BL260 1966 1211 Al 19624210 19691280 19721291 19540300 1968034 IMIRN 156203}

Aluminum chloride. AICH - -—_ 0.03 - — - - - - - - - 0.006 - -_

Ammonium nitrete. NH.NQ, — - - ™ — - - 1850 120 - -— —_ - —

Ammonium phosphate, NHH,PO. -~ - - - - - - - - — 300 - - - -

Ammonium sulfate, INHLSO, 134 - - — = 500 — 1000 - - — — - 500 -

Seryilium sulfste. BeSO. - 0.1 - - - - - - - - - - - - -

Boric acid. H,B0, 3.0 0.05 1.0 £.31% J - - - - 5.2 10 A0 1.5 0.1 —_ 1.5

Calcium chloride, CaCl, 2H,0 150 - i) - - - — — 440 166 200 — J00 - -

Caicium nitrete. CNGJ,-4H.O —~ 800 = 400 _ 800 __ 1000 412 %0 - — - 3420 - - 3000

Calkium phosphate. CadPO.L - - - - - .= - - - - - 200 -

Cobaltous ehloride, CoCl, 8H,0 0B 005 - = = = = ~ 0025 — 0.1 - - -« -

Cupric aulfste, CuS50,-5H,0 0.02% 0.05 0.0} - - - - - 0.013 0.023% 0.2 0.04 0.002 —_ —

Ferric ehloride. FeCl, - - J - - - - - - 1.5 0.3 - -

Ferric chloride. FeCl,-6H.0 - - 1.0 - - - - - - - - - - - -

Ferric citrate, FeC. H,0. - —_ - - - - 19 - - - - - - - -

Ferric sullace, FedS0.), - 50 - = - - - - - - - - - - 25

Fervic tarteate, Fe tC H.0, - - - 40 3 - - - - - - - - 28 — .

Farrous sulleie. FeS0.-THD - 7.8 - . - - - 2% - - 1.8 e 13 - - - =

Magnesiom sulfate, Me50.-TH,O0 230 125 - o3 180 120 250, 738 123 37 -~ 400 2.2 243 280 720.0 —

Mangunese sulfate, Vo350, -H,0 w - - —. - - — ~ 169 25 10.0 4.3 — - -

Msagaese. ullace, MeSO,-¢H.O - 3 0. 4.5 5 1.5 - = - - - - 0.02 75 7.0

Nicke! chloride. NiCl1,-6H,0 - - 0.03 — — - - - - - - - 006 - - o

Nickel sullste, NiSQ, - 0.0% - _ = - - - - — -— - — - —

Potassium chlonde, KCI - - 750 65 0o - — 1000 - — - 6.0 - - 65.0

Porassium iodide, K1 015 03 00t 3 0018 — - = 08l = 1.0 - 001 - 0.15

Patassium nitrate, KNO, 2500 128 — 80 ) -w.mo - 20200 _. - 1300 230 2500 83.0 523 80.0

Potasium pheaphste. KH, PO, - 125 - - - 250 272 125 170 68 - 20.0 -~ 250 -

Sodium sthyknedinitrile 313 — - . - - Z 3t a3 ‘20 - - i - :
tatrascetaia, Na,-EDTA L e e

Sodium molybdats, 018 - - - - - - - 038 035 01.- 0285 - - -
Na,MoQ. 2H.0 . -

Sodium nitrate, NaNO, - - 500 - - - 2040 - - - - - 120 - -

Sodium phosphats. Nail,PO.-H,O 150 — 125 33 132 - - —_ - — -— — 50 - 165

Sodium yulfate. Ns,50, - -~ - 800 100 - - - —_ - - - - - 50

Su'turic acid, H,50, - 0.001" = - -— - - - - - - —- - - -

Titanium oxide, TiD, - 0.2 - - - - - - - - - - - - -

Zinc sullate. ZnS0, 11,0 2.0 0.18 1.0 [ 3 - — — 3.6 10 1.2 1.3 0.3 - 3.0

* Mlperl

¥ From tobacco exparizeats. .

¢ From suzflower exparimests. 23 -



Tabloau 2 t Sels minéroux utilisés en culture in vitro (Concenlrations en mg.lf'1

) ! Auteurs
Sels 1
1
. ‘néraux I Knop 1Heller 1Murushinge 1 White I Monnier ! Cautheret ! Gamborg e
! 1(1953) et Skoog |(1963) [(1968) ' [(1971)  (1968) (35
! ! (1962) ! ! !
R 1 1 1 1 1 1 1
Macro-&léments ! ! | 1 H 1 1
-1 ! 1 ! ! 1 1
- NHANO3 ! 1 11 650 1 ! 825 1 ! -
_ CaCl2.2H20 r | } 5 : 440 : : 880 : : 150
Ca(NO03) .4H20 " 1 000 " - - 300 P ! 500 " -
. MgS04.TH20 1 250 ;250 370 [ 720 | 370 . 125 " 250
el I 5eg 1 199 - v 9o B0 -y -
.~ KNO3 ;250 - 1 900 ; 80 1900 : 125 | 2500
. KH2P04 ;50 -, 170 | ; 170 l 125 -
NaNO3 - 600 - - - -
NaH2PO4 ,H20 : -1 135 S ! 16,5; - ; - ; 150
Na2504 ' R p 20y - ! l
! ! 1 ! ! ! '
Micro-élédmenta : : : : : : :
ALCL) ; ! 0,03 ! : ! : !
0504 I l ! l I {0 ot
. GOCL2,6H20 1 1 ! 0.025 | 1 0,05 1 0.05 ! 0.0:
. CuS04,5H20 1 1 0.031 0.025 1 1 0,05 1 0.05 1 0.0:
" Fecl3.6H20 1 1 1.0 1 1 1 ! 1
. FeS04.TH20 1 1 1 27.85 1 1 27.85 1 1
_Na2-EDTA 1 ! 1 37.25 1 1 37.85 ! 1
FDTA Na el 1 ! 1 1 1 ! 1
. ferrique 1 ! 1 ! 1 ! 1 43
Fe(S04)3 1 1 1 ] I 2.5 1 1 5.0 1
¥nS04.4H20 " 1 I 0,1 1 22.3 I 7.0 I 33.6 1 3.0 1 10
NiCL2,6H20 1 I 0,031 1 ! ! 1
NiS04 ! ! 1 ! 1 1 0.05 |
KT 1 1 0,011 0.83 ! Q.75 1 1.66 1 0.5 0.7¢
. Na2Mo04 . 2120 1 ! 1. 0.25 1 I 0.5 1 ! 0e2¢
Ti(S04)3 1 ! 1 1 ! ! 0.2 1
ZnSo4.TH20 ‘ ! 1.0 t 8.6 ! 3.0 ! 21 I 0.18 1 2.0
,H3BO3 . ! 1 1.0 1 642 t 01.5 1| 12.40 | 0.05 1 3.0
1 l 1 ! ! I !
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RN T=Y- . . . N - -
e uds Caractéristiques vhysigques et chimguss des régulateurs ds croissance

utilisés cowramment en culture in vitro.

Nom Abré- Nature Solubilité Stabiliié Consexwation
viation
-uuﬁ. nag . —— -
Acide irdola-lecétique AIA Haturelle Peu soluble dans Peu stable, Quelgues uoﬁm..l_
’ : 1teau,soluble dans dégfddation par  4-5°C, Ooscuriié 4
:m.numuow ou le Bm&umbo.._. 1z lunmiére
mmo
Acide n=phtzléne acétique ANA Synthése muwcvu.m dans le Stable a 120°C 4-5°C, Obscurite
. méthanol et 1'étbanol96° ou corgélatewr
Solubilité dans 1l'eau'm
. 36rg/L 3 17°C - -
~--  Agide 2,4-dichlorophenoxyacétiqus 2,4-D Synthése Peu soluble dans l'ezu, Stable & 120°C 4-5°C, Obscurité,
. disscudre dans 1'éthanol congélatbeur
chauffer légérement,dilusr
rrogressivement avec 1l'eau
ytokinines . .
mlbh.»,ﬁ.u..u.mhwubﬂﬁabm KIN Synthése Sclubles dans NaOH(N), Stable a 120°C 4-5°C,0bscurité
= Kindtine BCL(N), DISO en solution agueuse congélatewx
dégradation par la
Tuimiére
6-benzylaminosurine "BAP Synthése " "
= bencyladénine B A
Isopentenyladénine 2 iP Naturelle " "
Zéatine Z Faturelle " Stapls a 120°C "
ibbérellins 7L )3T T Solibls dans le méthanol :
dAa3l et “_._m.n&hdou.. soclution Peu stable, dans l'alcoel pur

Acide gibérelliqus A3

zwgm 1le

aqueuse de bicarbonate

de sodium,modérément
soluble m.m.um lteaun

-, dégradation par’

la chaleur

et 4-5°C,obscurit

- d'aprés les traveux de H.M. DEXAULJZEN, 1971

- 25 -



TABLE 2

Auxins nnd Cylokinins Currently Available [or Routine Inclusion in Plant Cullure Media

Auxins

Cytokinins

3-Indoleacetic acid (TAA)
3-Indolebulyric acid (1BA)
1-Naphthaleneacetic acid (NAA)
4-Chlorophenoxyncetic acid (CIPA)

2.4-Diclilorophenoxyacetic acid (2,4-D)

N*HBenzylaminopurine (BA)
Nty y-Dimethy laliylnmino purine (2iP)
N-Furlurylaminopurine (kinetin)

TABLE3

Some Yitamin Mixtures [or Plant Culture Media (Concentrations in Mg per L Medium)

Ilenderson, ¢
Durrell & Morel & Nickell & Daris & Tleinert
Constabel, Gamberg, Donner,  Wstmore,  Matetzki,  Duhamet, & White, While,
Vitamin 1958(31  106G(34) 1852138} 195103G) 1969137} 1953138 195603: ‘1863(33)
p-A-ninobenzoic acid 0.2 0.05
Ascorbicacid L 10 0.4 by 0.1
Biotin . 0.1 0.00025 0.005 0.01 0.01 0.002 0.0l
Cholinec’..oride 10.0 0.2 0.1 10.0
Cyanocobalamin . ~ 0.0015
IFolic acid 1.0 0.015 0.1 ] 0.0003
Nicolinic acid + 0.5 0.5 0.5 1.D 2.8 0.06 0.5 0.5
Calcium pantothenate 10.0 04 0.8 1.0 5.0 0.1
Pyridoxine- hydrochloride 0.5 0.1 1.0° ;02 0.001 0. 0.1
Riboflavin 0.1 0.015 0.05 - 0.2 0.001 0.1
'I‘hinmine-h;(lrochloridc ) B| 0.1 05 0.1 1.0 0.03 0.005 0.1 0.1
TABLE 4
¢

MixLures of Amino Acids and Amides Employed in Plant Culture Media {Concentrations in Mg per L)

Furuhashi Nickell & Paris&  Illeinert& Torrey & Wood &
Amino Acid Constabel, & Yatozawas, Camborg, Maretzki. Nitsch, Duhamet, White, Iteinert, Draun,
or Amide 1958 {3) 1970140 1866 (34} 1969 (A7) 1974 (10) 1952 {28) 1956 {39} 1961441} 1961 {15)
Alanine 115.0 30
Arginine 7.3 105.0 40 60 72 7.8 7.8
Asparagi - 40 g 20.0 20.0 200
Aspartic acid 186.0 ' 50 21 6.0 6.0
Cysteine 1.5 7.9 10 12
Cystine 1.5 1.5
Glycine 10.0 150.0 20 © 25 10.0 10.0
Glutamicacid 14.0 220.0 65 140 14.0 14.0
Glutamine ) 60 800 250.0 50.0 200
Histicine 2.6 46.5 10 . 12 26 2.6
Isoleucine 10.4 66.0 30 10.4 10.4
Leucine ) 145.0 18 15.6 15.6
Lysine 15.1 145.0 21 ., 156 15.6
Methionine 13.. 14.8 30 10. 13.0 13.0
Pherylalanine 15.6 83.0 20 20 8 5.0 2.5
Proline 5.0 61.0 40 5.0 5.0
Serine 95.0 50 100 9
Threonine 13.0 84.0 35 13.0 6.5
Tryptophan 10.4 40 4.0 4.0
Tyrosine 54.0 5 18 40.0 40.0
Valine 13.0 94.0 ’ 13.0 13.0
hd L |
\_.T\\fos\u 13 wmnln o &JI.MQLOA b..‘uusu.
f J
Le arganinal % 3 Meurawniuad)
[
be v, 3  Aeawnwdroas age, .
e q\ukomingl 4 Lambhiryosenant dowel«
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i

3)

A

et Substances identified as components 'of coconut milk.
=

o
] SUBSTANCE Ref.No. SUBSTANCE Ref.No.
I
|
JwAMINO ACIDS ° . 15 hVy NS

Aspartic, Glutamic Nicotinic acid

Serine, Y-aminobutyric
Asparagine, Glycine

| p-alanine, Threonine
Histidine, Glutamine
Arginine, Lysine
Valine, Methionine***
| Tyrosine, Proline

| Homoserine

| Phenylalanine

|

|

12

B N T e

12,24
Hydroxyproline 12,24
a OTHER NITROGEN COMPOQUNDS
| Fmmonium. Ethanolamtme— 17
| Dlhydroxyphenylalanine 17
|, ORGANIC ACIDS

| Shikimic, Quinic*® )
| Pyrrolidone carboxylic )
| Succinic, Malic )
| Citric and unknowns )
o SUGARS :
| Sucrose, Glucose 12

| Fructose 12,1
| Mannitol 1
|, SUGAR_ALCOHOLS
|
|
|
|

12

?Borbital ——=)
m-Incsitol )
Scylloinositol )

11,12,15

| Pantothenic acid

] Biotin, Riboflavin
| Folic acid

| Thiamine**

| Pyridoxine**

| Ascorbic acid

|2 UBSTANCES
Auxin )

| Gibberellin

| 1,3,-diphenylurea

] Zeatin

| Zeatin glucoside

| Zeatin riboside

| Growth promoter

| Unknown cytokinin/s

RNA-FPolymerase
DNA-P, RNA-P

| Uracil, Adenine
Leucoanthocyanins
Phyllocosine

Acid phosphatase
Diastase
Dehydrogenase

| Peroxidase

| Catalase

[T e

22

7,27
10,27
6,8,15
20,24

25
18,23
26
16,20

21
19
13,15

27 -



PARAMETERS NEEDING EVALUATION:
THE CULTURE ENVIRONMENT

I~ LIGHT REQUIREMENTS

A- LAMP QUALITY
B- PHOTOPERIOD
C- INTENSITY

1- STAGES I & II : 1.000 LUX
2- STAGE III : 10,000 LUX
3- STAGE IV ¢ 30,000 LUX

II- TEMPERATURE

A- DIURNAL NEEDS
B- SEASONAL VARIATIONS (PRE-TRANSPLANT)

III- ATMOSPHERIC COMPONENTS

A~ AUTO-INTOXICATING GASES

B- POLLUTION (SMOG) CONSTITUENTS
. C= DUST & SPORES: SANITATION

D- BENEFICIAL GASES

E- RELATIVE HUMIDITY:

1- EXCESSIVE HUMIDITY

2~ ARID CLIMATE I

IV- WASTE ACCUMULATION

- 28 -



PARAMETERS NEEDING EVALUATION:
THE FINISHED PRODUCT

I- REPRODUCTION OF PHENOTYPE

A~ GENETIC VARIANTS
B- EPIGENETIC VARIANTS |

II- ESCAPE FROM PATHOGENS

- 29 -



T .

i B

GENETIC IMPROVEMENT OF TREE CROPS

* CONSTRAINTS: |

* HIGH LEVEL OF GENETIC HETEROGENEITY

* LARGE PHENOTYPIC VARIABILITY
(DOMINANT GENETIC VARIANCE)

+ POLYGENIC HORTICULTURAL TRAITS
* LONG GENERATION INTERVALS
* LARGE AREAS REQUIRED FOR TESTING

* LONG DURATION OF TESTING

* LACK OF BASIC GENETIC czmmwﬁbz@m—ﬁzQErmcnﬁ.

- 30 -~
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A L TH T S I T RE—

BIOTECHNOLOGIE ET AMELIORATION GENETIQUE

FOURNITURE DU MATERIEL VEGETAL SAIN
MULTIPLICATION CLONALE RAPIDE DES SELECTIONS

SAUVEGARDE D’HYBRIDES INTERSPECIFIQUES PAR CULTURE
D’EMBRYONS

CONSERVATION A BASSES TEMPERATURES
PRODUCTION D’HAPLOIDES PAR:

a- PARTHENOGENESE

b- ANDROGENESE

c- CERTAINS CROISEMENTS INTERSPECIFIQUES

VARIATION SOMACLONALE

“EMBRYOGENESE SOMATIQUE POUR:

a- REGENERATION DE PLANTS
b- PRODUCTION DE GRAINES ARTIFICIELLES

HYBRIDATION PARASEXUEE PAR FUSION DE PROTOPLASTES

GENIE GENETIQUE

- 31 -



HYBRIDES "ARTIFICIELS" ISSUS DE FUSION
DE PROTOPLASTES

HYBRIDE

REFERENCE

AEGOPODIUM PODAGRARIA + DAUCUS CAROTA
ARABIDOPSIS THALIANA + BRASSICA CAMPESTRIS
ATROPA BELLADONNA + DATURA INNOXIA

ATROPA BELLADONNA + NICOTIANA CHINENSIS
BRASSICA CAMPESTRIS + RAPHANUS SATIVUS
BRASSICA NAPUS + RAPHANUS SATIVUS

DAUCUS CAROTA + PETROSELINUM HORTENSE

| YCOPERSICON ESCULENTUM + SOLANUM TUBEROSUM

NICOTIANA TABACUM + SALPIGLOSSIS SINUATA

DUDITS ET AL. (1979)

GLEBA & HOFFMAN (1978)
KRUMBIEGEL & SCHIEDER (1979)
GLEBA ET AL. (1982)
PELLETIER ET AL. (1983)
PELLETIER ET AL. (1983)
DUDITS ET AL. (1980}
MELCHERS ET AL. (1978)

NAGAQ (1982)

- 32 -



TECHNOLOGY TRANSFER CHANNELS

. PUBLIC TO PUBLIC

. PRIVATE TO PUBLIC

. PRIVATE TO PRIVATE

. INVISIBLE CHANNELS

- 33 -



TECHNOLOGY TRANSFER RELATED PROBLEMS

. MISHANDLING AND/OR CHOICF 9F THE RIGHT
TECHNOLOGY ..

. TECHNOLOGIES IN HANDS OF PRIVATE SECTOR

. ABSENCE OF BIOSAFETY AND IPR REGULATIONS

- 34 -



DEVELOPMENT OF DNA MARKERS FOR DATE PALM.
DR. AIT CHITT M.

Approaches in developing DNA markers
Introduction: What DNA markers are?
RFLP (restriction Fragment Length Polymorphism) technology.
Principles
Restriction enzymes
Southern Blotting
Hybridisation

Autoradiography

PCR (Polymerase Chaine Reaction) hased technologies.
Principle.
Use of RAPD (Random Amplified Polymorphic DNA) technique.
Parametres involved in a RAPD reaction.
DNA polymerase.
Primers.
dNTPs.
Reaction buffer.
Target DNA,

Cycling parametres.

Practical:

Extraction of total DNA from date palm leaves,
Preparation of stock solutions.
Extraction.

Agarose gel electrophoresis of total DNA.

Digestion with a restriction enzyme.
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