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10 period. Furthermore, the techniques are useful for
propagating genetically manipulated plant material. In
the case of some plant genotypes, micropropagation
technigues may be the only method available for
vegetative propagation. However, although widely used in

15 horticulture, commercial use of micropropagation
techniques for the propagation of woody plants, for
example, trees, is not widespread.

The vast majority of micropropagation techniques for
vegetative propagation of woody plants use gelled growth

20 media or use other physical means to support the plant '

| material in or on a liquid growth medium. (Gelled media
are often called "solid" whether they are in fact solid
or semi-solid. Unless specified otherwise, the terms
*solid media” and "semi-solid media®" as used herein

25 include both solid and semi-solid forms of gelled media.)
However, micropropagation techniques that employ solid
media or physical supports have the disadvantage that
they are generally labour intensive and expensive. 1In
addition, micropropagation techniques for woody plants

30 often suffer from the disadvantage that it is difficult
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that are more efficient, more cost-effective and capable
of producing a more uniform product.

It has been proposed to use submerged liquid media

15 for micro-propagation as there are a number of potential
advantages over solid media, including a greater ability
to automate and hence to reduce expenses. Submerged
culture of plant tissues has been employed extensively
for cell culture i.e. growth of single cells, small

20 groups of undifferentiated cells and embryogenic tissues
or meristematic tissues. However, attempts to use
liquid media to propagate shoots and plantlets has been
hampered by a number of problems, and it appears that the
technique has had only very limited application, to

25 cextain specific plants.

Hyperhydricity of shoots is a problem often
encountered in liquid micropropagation systems, see for
example, Aitken-Christie et al 1994 and George E F
1993/1996.

30 Hyperhydricity was previously termed vitrification
{water-logging), but that is not technically correct.
Hyperhydricity refers to the condition of in vitro
cultured material that has an abnormal morphological
appearance and physiological function. Susceptibility to

35 hyperhydricity is not the same in all plants. Typical
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symptoms may not adversely affect plant propagation. The
waterial under propagation can be recovered i.e. rooted,

and the subsequent performance and hence value of the

15 propagules is not affected adversely.

Hyperhydricity may cause problems in plant
propagation when extreme expression of the characteristic
symptoms described above is encountered. Hyperhydric
shoots that show extreme expression of the characteristic

20 symptoms under in vitro propagation conditions generally
become difficult to propagate and may die whilst still in
culture. They do not normally produce adventitious roots
or root only poorly. Hyperhydritic shoots rarely survive
transfer from an in vitro environment, for example, to

25 the greenhouse. Such shoots are therefore generally
unsuitable for rooting and/or subsequent propagation.

Hyperhydricity is most often encountered in the
propagation of woody species. 1In woody plants,
hyperhydricity of shoots and plantlets is a widespread

30 problem and may be severe. Indeed, many woody plants are
prone to severe hyperhydricity even when grown on solid
or semi-solid growth media.

Severe hyperhydricity is an extremely common
phenomenon in liquid micropropagation systems. For that

35 reason, liquid systems are generally avoided by the use
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multiplying and rooting seedlings and mature clones of
Eucalyptus citriodora using protocols that have both
solid and semi-submerged liguid culture media stages.

15 However, such techniques have only limited advantages
compared to techniques employing solid or semi-solid
wmedia.

Attempts have been made to reduce hyperhydricity in
liguid culture by using growth retardants such as paclo-

20 butrazol and ancymidol, which reduce the growth of the
worst affected tissue, i.e. leaves. However, the use of
growth retardants has been successful only with species
such as Gladiolus or Nerine that are propagated in vitro
via tubers or corms.

25 The present invention provides a process for the
micro-propagation of shoots, rooted shoots or seedlings
of a woody plant, which comprises cultivating the shoots,
rooted shoots or seedlings in an oxygenated, for example,
aerated liquid culture medium, the shoots, rooted shoots

30 or seedlings being submerged in the liquid medium. The
medium is generally agitated or otherwise moving.

The shoots, rooted shoots or seedlings may be allowed
to move in the liquid medium, for example, they may be
allowed to move freely, for example, to tumble, for

35 example, tumble freely, in the liquid medium.
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1
m cropropagat ed Eucal yptus.grandis_shoot 1 used_as inoculu 2:
Typi cal Eucal ypt 'granh??lgﬁ%dTl?ﬁﬁgf?ﬁﬁﬁﬁﬁﬁgd ' égﬁﬁﬁéiﬁzghqﬂtvation
on solid h®cropropeghtEsodnpeddium (KM nedi un) .
2: Typical Eucalyptus grandis shoot mass produced

after five weeks cultivation on solid micropropagation
medium (KM medium) .
3a,3b: Two typical EBucalyptus grandis shoot masses

15 harvested after 27 days submerged liguid culture in
liquid KM medium according to the present invention.

In the process of the present invention, the shoots,
rooted shoots or seedlings are cultured under conditions
such that they are completely immersed in the liquid

20 medium. The shoots, rooted shoots or seedlings may be
allowed to move in the liquid medium, for example, they
may be allowed to move freely. For example, the shoots,
rooted shoots or seedlings may tumble, for example,
tumble freely, in the liguid medium. The tumbling may be

25 vigorous and may be substantially continuous,
Alternatively, the movement of the shoots, rooted shoots
or seedlings may be restricted or otherwise impeded. For
example, the shoots, rooted shoots or seedlings may be
restrained, for example, they may be held by perforated

30 restyraining means, for example, in a perforated
container, for example, a cage or bag, within the plant
growth vessel or within a separate section of the vessel
that is in contact with the liquid medium.

The ligquid medium in which the plant material is

35 cultured must comprise sufficient oxygen to support the
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magneti c stirrer S S vEseel arnin gltated for
metabolism of the plant materzal. If not, oxygen,

generally in the form of air, may be provided and/or the
system may be illuminated such that oxygen is produced by
15 photosynthesis.

The production of oxygen by photosynthesis may
totally or in part provide the oxygen required by the
culture. The light required for the production of oxygen
by photosynthesis will generally cause movement of the

20 liquid medium by convection.

The liquid medium may be both agitated and oxygenated
by passing oxygen or, more usually, air, through the
medium. Air circulation techniques, sometimes called
tairlift® techniques, are particularly useful for

25 providing simultaneocus oxygenation and agitation in the
process of the present invention. Ligquid medium in an
appropriate vessel, for example, a fermentation vessel,
for example, a flask, bottle, tank or column may be
circulated and oxygenated by the introduction of air

30 through, for example, a gas diffuser. Such vessels are
often called "air-lift fermenters". The volume of air
and the rate of introduction can easily be adjusted to
give the desired degree of agitation to the liquid medium
and hence to the plant material when it is allowed to

35 move freely.
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for exanple, shaking or stirring, may oxygenate the nmediumsufficiently to
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t he pl anl0nat er idstais Fdlowed v avvesterahereggirapronnothehagamdiaum by
passing air or PN tWeoagh- theNhédumdi Ry Rleuobet 86siRh1undmy be
preferable to restrict the movement of the plant material, so the
liguid medium is agitated but the plant material is
restrained.
15 If the passage of the gas is not sufficient to
achieve the desired agitation, additional agitation means
may be provided, for example, the plant growth vessel may
be also be shaken or the contents may be stirred. The
vessel may be illuminated to provide further oxygen by
20 . photosynthesis.

It should be noted that after inoculation in the
liquid medium the shoots, rooted shoots or seedlings may
not become wetted readily because air bubbles may bind to
the surfaces. If so, the shoots, rooted shoots or

25 seedlings may float at or near the surface of the medium.
A surfactant may be included in the culture medium to
assist wetting. Ewven in the absence of surfactant,
however, the surfaces of the shoots, rooted shoots or
seedlings will generally become thoroughly wetted within

30 a few days. In an air-lift system, if there is
sufficient agitation and they are not restricted, they
will generally tumble freely.

As indicated above, the shoots, rooted shoots or
seedlings that are propagated according to the submerged

35 liquid culture process of the present invention may be
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for exanpl ewosy2drscri bed in nore 10 detail bel ow. | PCHERISOSMM wher e
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mesh or a fabric, for example, muslin. Altermatively,
fresh oxygen-containing liguid medium may be passed
through a plant growth vessel containing the plant

15 material, either continuocusly or periodically, the plant
material being submerged at all times.

The movement of the plant material may be restricted
in any the liquid culture system of the present
invention, including those where oxygenation is achieved

20 by shaking or stirring the liquid medium, by passing air’
or another oxygen-containing gas through the liquid
medium, by photosynthesis, or by any combination of
thereof. Restricting the movement of the plant material
may have the advantage of reducing the shearing forces on

25 the material. In the case of stirred cultures, it is
particularly preferable to restrain the plant material
because it may be damaged by the stirrer if it is allowed
to move freely.

The liquid medium used for the propagation may be any

30 medium that is suitable for the propagation of the chosen
shoots, rooted shoots or seedlings. It should generally
include sources of carbon and of nitrogen, organic and
inorganic salts as required, and appropriate phytohor-
mones and/or plant growth regulators. Suitable growth

35 media are known, and an approp-riate medium may be chosen



WD 97/ 23126 PCT/ EP96/ 05746 al | owed to
nove freely in the liquid culture nmediumor their novenent may be
restricted or otherw se inpeded. The plant material may be physically
restrained in a container within the plant growth vessel or the vessel 5
may be di vi dewoiszzs26ecti ons, one or nore sections cont ai ni RETHEPEEST46
material. The restraining or dividing neans shoul d all ow passage of the
sufficient liquid mediumto allow adequate %xygenation of the plant
material. Perforated or nesh materials may be used to 10 construct the
restraini ng meanfer ftohe panhilaalarhwoedyeylant sedeapyophgatedd nftewn or

Rl?Zﬁhgfiszsri?%glﬁdggifzn on?%iﬁ?agbf%&g?éqﬁgﬁi n1§gongggltﬁzed hr ough
a plant growth @%i&n%d% é?tﬁ}et’r'gsf’ﬂéagf’aﬂ%@ age“ﬁalt@r égﬂ’? giafh@r‘ié
cont i nuously or pediwmdi cattl ymayt kdspl bat apptaprristeb¢iongodibyelgeelatof |
times. Thg moverspl of ddit RifRheMBLELOAIRGLDOS Ml a&aﬂreunfafl pide

t em of t I ncl udi ng t

Y,
liquid culture syst e present Tnvention, ose, where
oxygenation is afRFR¥RHRDo the presguki iRyveptiqn . foxgKABPLE quit MBI um
by passing air obeapogditilextyegasecvadaced NevEls df phybohbenbhes i dndisk um
by phot osynt hesi ity ' L,O I X i CLLRAQO. t he
novenent of the %}%ﬁ{' %t erl éﬁé %geﬂgége?%a%%ﬁ?%gégﬁ&%eg%%fanzglat he
shearing forces epryesponding,@olidemedia. |The ptdme develiefean¥ul tures,
it is patnbi cul arpyripi@irhsRionponehesot atdmbittatilciii oftbempoheRes aneP bd NBY
be damaged by th§ éé}&{éﬁdif iébnbﬁn@%&ﬂ%fqm%%xﬁﬁye freely. The liquid
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preferable to illuminate the culture to provide

15 endogenous oxygenation to supplement or even, in some
cases, to replace exogenous oxygenation. If the culture
undexrgoes autotrophic growth under light, the
carbohydrate source in the medium may be omitted or
reduced. In such cases, the supply of air or another

.20 oxygen-containing gas may be suppplemented with carbon
dioxide. Alternatively, if sufficient oxygen is provided
to support the metabolism of the plant material,
cultivation may be carried out entirely or partially in
the dark.

25 Shoots, rooted shoots and seedlings produced under
cultivation in the dark may be elongated in comparison
with those produced under illumination. Elongation may
be advantageous for subsequent manipulation, for example,
for dissection of the shoot or seedling. Furthermore,

30 elongated shoots of some plants, for example, E. grandis
and hybrids thereof, often root more easily than short
shoots. Accordingly, the liquid culture system of the
present invention enables manipulation of lighting
conditions for the manipulation of shoot quality, which

35 is important in commercial micropropagation systems.
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Shoots, rooted shoots (plantlets) or seedlings used
for inoculation may be obtained by micropropagation, or
germinated and/or grown in a growth chamber or cabinet,

15 greenhouse or outdoors. The shoots, rooted shoots or
seedlings may be obtained from a cultivar, clone or seed,
especially from genetically valuable cultivars, clones or
seed, or from genetically manipulated plant material.
Shoots used for inoculation preferably have one or more

20 nodes, for example, from two to. four nodes. The shoot
tip (apical meristem) may be present, or may be removed
before inoculation. Removal of the apical meristem may
result in a more uniform product.

Microbial contamination is a potential problem in

25 liguid culture systems in general. In the present case,
it may be a particular problem when the starting material
has been obtained from plants grown under non-sterile
conditions, for example, in a glasshouse or outdoors,
even though surface sterilisation or disinfection is

30 carried out according to conventional methods. Even when
the starting material has been produced under sterile
conditions there may be microbial contamination from
other sources.

Accordingly, the ligquid culture medium employed in
35 the process of the present invention preferably comprises
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propagation because of the inevitable contamination with

the Agrobacteria themselves. Such problems are minimised

15 .in the process of the present invention.

Nevertheless, precautions are preferably taken to
minimise the potential for contamination by exogenous
microorganisms, for example, any supply of air or other
gas used for oxygenation is preferably filtered,

20 irradiated, chemically or othexwise treated toc remove
microorganisms; joints and connections are preferably
sealed, and apparatus is preferably sterilised before
use, for example, by autoclaving. Tissue culture grade
materials, for example, tubing, are preferably used.

25 The process of the present invention is applicable to
woody plants, that is to say, perennial plants that
exhibit secondary growth (secondary thickening) of roots
and/or aerial stems, which is the result of the formation
of wood. Wood is secondary xylem, and is composed of one

30 or more of the following: tracheids, vessels, fibres and
rays. Woody plants include forest trees, other trees,
shrubs and bushes.

Examples of woody plants that may be micropropagated
by the process of the present invention include, but are

35 not limited to, gymnosperms and dicotyledenous
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Such problems abﬁagkgﬁgﬁéfgally useful substances, for example, yew
trees; and ornamental trees and shrubs, for example,
trees and shrubs having ornamental flowers, foliage or
bark.

15 Woody plants that appear to perform particularly well
in the liquid culture system of the present invention are
‘sclerophyllous species. The definitiocn of sclerophyll is
nthick, leathery leaf". This includes true leaves, as in
the case of eucalypts and phyllodes as in the case of

20 some Acacias. Species considered as sclerophyllous are
generally evergreen and the sclerophyllous habit is
generally associated with poor nutrient availability and
often with drought tolerance. Examples of sclerophyllous
genera are Rhododendron, Azalea and Kalwmia (Ericaceae};

25 Olea {Oleaceae); many Australian Acacias (Fabaceae); and
eucalypts {Myrtaceae}.

However, it is not only sclerophyllous species that
perform well in the liquid culture system of the present
invention. Malus (apple}, Pyrus, Prunus and Rosa

30 {Rosaceae), Forsythia and Syringa (Oleaceae) are further
examples of woody plant genera that may be propagated
using the liguid culture system of the present invention.

As indicated above, eucalyptus is an example of a
sclerophyllous woody plant that may be propagated

35 according to the present invention. The sub-genus
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products can be ‘%%é%é?%%lJ‘?&eely. In such a system, which is often
called an *air-lift" system, compressed air {or other
suitable gas) is fed into a plant growth vessel

15 containing a liquid medium and the shoots, rooted shoots
or seedlings. The air or other gas supplied is
preferably humidified before it enters the plant growth
vessel, for example, by passage through water, especially
distilled water.

20 According to further preferred embodiments of the
invention, the shoots, rooted shoots or seedlings are
proPagatea in a vessel that is shaken or stirred. It is
particularly preferred to restrict the movement of the
plant material, for example, in perforated container, for

25 example, a cage or bag as described above. It may also
be advantageous to restrict the movement of the plant
material in a culture system of the invention where air
is passed through the liquid medium.

As indicated above, it is preferable to ensure that

30 all apparatus and all other materials used are sterile to
minimise microbial contamination. Apparatus is
preferably sterilised before use by autoclaving, and
media are sterilied by autoclaving or filtration, where
possible, and tissue culture grade materials are

35 preferably used. All joints in the apparatus should be
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phar maceutical |y useful substances or precursors for pharmaceutically
useful substances, for exanple, yew trees; and ornanental trees and shrubs,
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For long-term operatlon, it may be desirable to

)

incorporate a condenser in the exhaust air stream to
avoid build-up of condensation and potential wmicrobial

15 growth that may occur in filters, decreasing flow rates
and possibly causing infection of the culture (filter
"grow-through” phenomenon) .’

The plant growth vessel may be of any size and shape

suitable for submerged liquid culture. Suitable vessels

20 are well known for "air-lift" systems and for systems
where the liquid medium is shaken or stirred. The vessel
may be, for example, a flask, bottle, column or tank.
The vessel may be of glass, metal or even a synthetic
poiymer, for example, polyprocpylene or polycarbonate. 1If

25 the plant material is to be illuminated for
photosynthesis, the vessel should allow the passage of
light of the appropriate wavelength.

The liquid medium is introduced into the vessel, is

preferably brought to the temperature at which

30 cultivation will be carried out, the inoculum of shoots,
rooted shoots or seedlings is added to the medium, and
the apparatus is generally sealed. The plant growth
vessel and its contents are maintained at an appropriate
temperature, for example, from 20 to 30°C, with or

35 without illumination.



E. nitens, E. dunnii, E saligna, E. camal dulensis E. urophylla and hybrids
thereof. Further commercially 5 | nportant Eucal yptus species include
E. regnans, E. citriodora, E. fraxinoides and hybrids thereof. According
to a particularly preferred enbodi nent of the process of the present

i nvention, shwowsmzoot ed shoots or seedlings are propagat eBCFEPESer ged
liquid 10 culture that is oxygenated and agitated by neans of
circulating air such that the shoots or plajgs tunble, preferably freely.
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shoul d be An appropriate medium is chosen for the woody plant
to be propagated, for example, KM medium (without gelling
15 agent} may be used for the propagation of Eucalyptus

grandis and hybrids thereof. Similarly, for other plants
the gelling agent may be omitted from a solid or semi-
solid medium previously used for the propagation of that
plant.

20 In some cases it may be possible to use levels of
phytohormones lower than are conventionally used in solid
media, for example, in the propagation of Eucalyptus
grandis according to the present invention, good results
are obtained with 25% {or even less) of the conventional

25 amount of BAP {(6-benzylaminopurine}.

When shoots of a woody plant comprising an apical
meristem, for example, Eucalyptus grandis, are propagated
according to the air-lift system of the present invention
with the shoots tumbling freely in the liquid medium, the

30 effects of correlative inhibition on axillary shoot
meristems appear to be almost completely abolished. Aall
the branch systems originating from existing nodes
present at time of inoculation contain tertiary branches.
Nodes of decreasing age resulting from extension growth

35 from the apex of the inoculated shoot possess branch
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carefully sealed. Where air or another gas is supplied to a plant growh
vessel, filters are preferably provided in the inlet and outlet of the air
supply to the vessel to 5 maintain sterility within the vessel. The

air supply Riyopaupassed through a filter, for exanple, anpetkrssaised
charcoal filter, to renove gaseous and/or volatile contamnants in the air

supply. The filters used, parti- cularly exhaust filters, are preferably
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movement is restricted, for example, by being held in a
" perforated container, for example, a cage or bag, within
the plant growth vessel, the resulting shoots display
15 substantially the same characteristics as described above
for shoots that are able to move freely. They display a
high degree of uniformity and are of good guality.
Furthermore, the multiplication rates are generally as
high as those for the freely moving shoots. It appears
20 that a high shoot inoculation density may lead to a high
multiplication rate.
Contrary to expectation, symptoms of hyperhydricity
{vitrification) of leaves, if they occur, are mild and
are only apparent on well expanded, older leaves.
25 Younger material {i.e. at the shoot tips and apical
nodes) does not show any significant signs of

hyperhydricity. It has been found that, should any signs
of hyperhydricity be observed during use of the liquid
culture technique of the present invention, such signs
30 are generally not significant, are readily reversed
during subsequent culture on solid medium, and hence have
little or no effect on the subsequent propagation or
rooting of the shoots.
Shoots harvested from the plant growth vessels root
35 well and, for example in the case of E.._grandis, rooting



rooted shoots or seedlings is added to the nmedium and the apparatus is
generally sealed. The plant growh vessel and its contents are maintai ned
at an appropriate tenperature, for exanple, from20 to 30[err]C, with or 35
wi thout illum nation. WD 97/ 23126
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even | ess) of th%nﬁé@ﬂﬁﬁﬁéé&“?ooting stage in semi-solid media. Indeed,

the good guality of the material obtained according to

the process of the present invention suggests that direct

rooting in compost and transfer to the green house may be

15 possible with other genera in addition to Acacia and

Bucalyptus. .

In summary, the process of the present invention
yields an abundance of green, healthy, highly uniform
shoots capable of rooting or further propagation. 1In

20 many cases the shoots are sufficiently elongated that
they can be rooted directly without further specific
elongation steps. In some cases the shoots can even be
rooted directly in compost and transferred to the
greenhouse without an intermediate stage of rooting on

25 semi-solid media.

Some plants, for example, olive, become chlorotic
{yellow} when propagated on gelled media. In contrast,
when propagated according to the liquid culture system of
the present invention, olive shoots are green and

30 healthy. A further advantage is that the olive shoots
are well elongated. In contrast, when propagated on
gelled media, olive shoots require an extensive
elongation period, usually of about a month, before
rooting.

35 The extension rates of new shoots propagated using



25 anount of BAP (6-benzyl am nopurine). Wien shoots of a woody pl ant
conprising an apical neristem for exanple, Eucal yptus grandis, are
propagated according to the air-lift systemof the present invention with
the shoots tunbling freely in the liquid nedium the 30 effects of
correl ati ve woltAsité on on axillary shoot neristens appear PETHBIGSHSst
conpletely abolished. Al the branch systens originating from existing
nodes present at time of inoculation contaifpgtertiary branches. Nodes of
decreasing age resulting from extension grom?h 35 fromthe apex of the
i nocul at ed shoot Yhesddemigr spdhure gystem of) the invention appears to be

PCT/ EP96/ 05746 - ulfusualf$t @it feimdecrBeasidtgnedtiaeXnk ¥yroghspaditgiord,i ps of

the original steng,dhe.pti ngr £ S branches from
both media all yiq‘g"ilcft°§ﬁ%§§’l ??pér%%?‘?;%%e%%‘*ﬁ‘%ﬁ ngﬁﬁ?ﬁﬁ?&f"%-ssiﬂgg thick and
robust stems and demelopmental hegerogeneitshmfeshrefesset Ther aroatingrdiskabl e
degree of &inifor FverbampReibACARRING SSsheifiiepitsS deVeUSHHERS oPtid1e nunber

of nodes that the _source brapche ossessed ,at haryesting. . A nost all of
the tertiary br ar?c‘r?ég"‘scongf“§[1 g?éﬁggﬂ%‘bﬁﬁﬁ g & BRya e§9e‘§ %ﬁ%rem and
no nodes. 10 result\lihgn ishthesneed fowpametiod of predirtes gad | i qui d

culture system ofndi8 Yk IBRbr FONEILAL D gpiyfiei r novenment is restricted,
for exampl e, a cage

o e Y D! f gl AL ey Lo ) 2 2
substanti®® |y t hexsivetdoar aft ghedodendeamnalesciInbadlabbe egéd bied mattenshat
are abl e to nove (dJiPlpby ThBHoHbAGEGY PrdthditidRg" 86t RbhAdNde @qu%f e
of good quality. Furthernore, the nU|tléﬂIC tron ratés_are generally as
may be formed on the base of the multiplying “shoots.
Adventitious shoots are often produced from this callus
via organogenesis. These adventitiocus shoots are
15 frequently not true to type {(i.e. are abnormal} due to
the phenomenon of somaclonal variation. (This phenomenon
is often associated with changes in chromosome number or
chromosomal rearrangements.) Currently, commercial
rhododendron producers have to sacrifice multiplication
20 rates in order to avoid callus and adventitious shoot
formation to ensure that the plants they are propagating
are true to type. The ligquid system of the present
invention avoids this problem as the uniformity of the
resulting shoots is excellent and far superior to that
25 obtained using gelled propagation systems. In
particular, no adventitious shoots are produced, all new
growth resulting from development of axillary buds.
Furthermore, as indicated above, Acacia shoots can be
rooted in compost and transferred directly to the
30 greenhouse without the need for rooting on solid media.
This surprising advantage is very important commercially.
There are also major cost advantages compared to
propagation systems that use solid media, including
savings in manual labour (or the high capital costs of
35 automating processes using solid media), disposables and




hi gh as those for the freely noving shoots. It appears 20 that a high
shoot inoculation density may lead to a high multiplication rate. Contrary
to expectation, synptonms of hyperhydricity (vitrification) of |eaves, if
they occur, are mld and are only apparent on well expanded, ol der | eaves.
25 Younggwoommswéi al (i.e. at the shoot tips and api cal REFEPI§OSIées not
show any significant signs of hyperhydricity. It has been found that,
shoul d any signs of hyperhydricity be obsgrxgd_during use of the liquid
culture technique of the present invention, “Such signs 30 are

general |y not si grinfe.caflor dnstasadi | o rpmadussd SfuBi.ngrandie shont < xtam e
on solid medium éﬂykxigﬂ%c%ta%wnbl éhb@toﬁsﬁfb typaehl0Bol 14 med@sgquent

propagati on or roo“té(i he,s ootﬁ hoqt s harvest ed fro t he é)l ant
growt h vessel s r gfOuEF° requdres hhree of *e BhePfe (aBd ARROGiated

grandi s, rooting medidDpEébaTaeéon and use of disposable culture dishes)
PCT] EP96/ 08746 - drla taileld Ehe0EYmdR¥NRE DAliLloduialebNEL o510 fTOM

met hods of “propagat] on that utilise solid nedia he case
mangi um the resUF4IEHFes #E6Ps aRgnOBe ‘F‘%’E‘éd‘ﬁ‘tﬁ‘%&#ﬁo§¥35ﬂﬂ ?f R erred
directly to the grmesdmudmventionw thout the need for rooting on solid

nedia. This is a np S |

comercially. The qu?f |@%§%}c hagﬁﬁé%%%e@%egﬁ%nggghéa yp%‘tg%%%ﬂn%d
their good rooti rifas EpcpAYPEYE c3CFIRG thgopraasny clnventden -
directly o 10 Acamnmmbtanﬂotmaﬂﬁfem@sh tuhat:-.heagr bendossectéd it

e T o Py Eootd A SrGsllal ©Fhof Phl iRt THA!2ERa1hE LW AUR! 1LY Of

the material obtafhed accor
clumps, cons;st1ng of branched stems but without shoot

tips, may be reintroduced into ligquid culture medium
according to the process of the present invention,

15 whereupon further shoots develop. This process may be
repeated several times at least, without deterimental
effect on the quality or guantity of the product,

With Eucalyptus, shoots may be harvested from a
liquid system according to the invention, dissected from

20 shoot masses and immediately reinoculated into plant
growth vessels containing fresh media. The process may
be repeated for several cycles at least, without any
significant effect on the shoot multi-plication rates and
without any deterioration in the quality of the shoots

25 produced in successive cycles. It is considered that
recycling of the propagation material in the process of
the present invention will have general applicability,
and may be used for other genera in addition to Acacia
and Eucalyptus.

30 Recycling the propagation material results in
considerable savings and a uniform product, so is
particularly attractive commercially.

Thus, the system of the present invention is highly
attractive commercially. The yields obtained are

35 generally higher than those with gelled systems, and are



the process of the present invention suggests that direct rooting in
conpost and transfer to the green house nay be 15 possi bl e with ot her
genera in addition to Acacia and Eucal yptus. In summary, the process of the
present invention yields an abundance of green, healthy, highly uniform

shoot s capal{@epdside00t i ng or further propagation. In 20 pcrBPsswsmases the
shoots are sufficiently elongated that they can be rooted directly w thout

further specific elongation steps. In sonme cases the shoots can even be
rooted directly in conpost and transferre@%to the greenhouse without an

i nternedi ate St mi@OHigheen 2Phe higlh alseli dFMEHE dpr&aue: plysts, for
exanpl e, olive,, begone chloroglc £ eléo e e%P%rogggatg on | 1 medi a.
In contrast, widh HofRead seadrhi vl Y5 &2 (ﬁ’u cOF P U E"EYARRAT of the
present i nvent iwwfoinity stisorsparbicgulam comneggial athsatvhgn. Admrt her
advantage is thadmd Ngpeliies thdeat Srar furiidr pRradtiedadlancagis asds When

propagat ed on gel |l ed,,nedi a, olive shoots require an extensive e1ongation

peri od, dsuall %ﬁcﬁﬂﬁﬁﬁj%}Q¥8nth, before rooting. 35 The extension
rates of new shoot A gfhopdgat edpest nof the\Pr&Ae28iigvention relates to

PCT/ EPO6/ 05746 end &e1ddidd @ dnbUth LM foctidd aiols! Be boyaiiagl ggnears to

D e UL ) s haer AL e L o ot BR BB ok st
set for rootingincorporaticsf bEnoaapdt fmade MINA mepguebseguent ineandmprent of
the plapps. SucuMel&IOIPHY thel Bructal 4 RLERAR SN, and that
have a selectable characteristic, property or attribute,
generally a selectable marker.
Methods that enable the introduction and stable
incorporation of a DNA sequence of interest into plant
15 material in order to achieve the desired genetic
' modification are well known and include Agrobacterium-
mediated transfer and methods that introduce the DNA
directly into cells, for example, electroporation of
protoplasts, bombardment of embryos with DNA-coated
20 particles and polyethyleneglycol-mediated gene delivery. '
Agrobacterium-mediated genetic transformation methods
are generally preferred to direct transformation with DNA
for several reasons. The method is relatively fast and
simple, relatively efficient and not expensive in terms
25 of labour, materials or equipment. In addition, the
majority of transformed plants produced using
Agrobacterium-mediated transformation contain one or a
low number of intact DNA inserts, and the inserted DNA is
often stably expressed. Direct DNA transformation
30 methods, such as those described above, frequently result
in multiple copies of the DNA insert in the plant cells,
and the inserts are often not intact due to
rearrangements. Multiple copies of inserted DNA have
been associated with instability of expression of the
35 introduced {heterclogous) genes. Hence, the advantages



resulting in the need for grading of products and possible interruptions of
supply. This problemis illustrated in the commercial 10 producti on of
r hododendr ons. In all the gelled systens used for rhododendron
production, |arge anmounts of callus may be formed on the base of the .

mul tiplying sh@ewmiéddventitious shoots are often produced PEBRPINSU6C,| | us
vi a organogenesi s. These adventitious shoots are 15 frequently not
true to type (i.e. are abnormal) due to the enonenon of sonacl onal
variation. (This phenonmenon is often_associated wth _changes in chronosone
number or chr onos&faAgkeRaREAGEWBTRedIated Qven PethgAfeVRich $PRIRMendr on
producers have to @aedtl DNR tuhhsPdimatiicn a2@ such thhesthe Datssr taxeavoi d
cal l us and adventitj S ' ur, €; : y are
ropagating are t uaLyY; Uaad GRLPTEE Wb PIGRE bRebilh LA JA B
avoi'ds this probl aitds regeeghi For aediarfg Eﬁ%ﬁﬁ%P#@?ﬁé%Bbllent

?nd fa{_ sulogri or tfpd léad;amtﬁie. bec?]&liﬁ@itﬂﬁibdlﬁldl&ﬁtggbmld Phap aged Lﬁpm%t ens.
n particular, no gdventitio 00 r rqduce neWw. dro

resulting from def?&ﬁﬁ?ﬂfrggf?aéi *?%éy‘%bo(}c?g .pqﬁ&&ts hgfﬁo%%?ag%&ﬂ%tcitoed
above, Acacia shodgxohasterivponediated sipansfoamacipansferred directly to
the 30 gr eenhous getebBablie theritgas 1 weddt kABwaANasd! ikl 2 fokhi s

surprising advantage i§ very inpartant comrerci.ally. There ar | S0 maj or
cost advant ages cé%ﬁﬂFéﬁ'tgxﬁ?%pﬁ ?i?ﬁpégﬁﬁﬁ? sﬁﬁﬁfeugg 30??%% %,
i ncl udi ng ¥8vi ngs agenvanfiar exdmple ( AN tantibigticaprt herbbside ofodko

aut omat i ng processgptiharNdesobt fhd®slidnt . digtleethbas iaNdenerd Ay Haddhe

PCT/ EP96/ 05746 - :gaé'by growing the material that has been subjected to

transformation on a medium that contains the selective
agent, for example, the antibiotic, herbicide or other

15 selective agent.

Selection is carried out on solid media i.e. solid or
gemi-solid gelled media. The process is generally slow
and laborious. In the case of some plant species and/or
when using some selectable marker genes and the

20 appropriate selective agent, the process may be extremely
slow, labour intensive and expensive.

The selection process involves culturing explants
that have previously been transformed using either
Agrobacterium-mediated or direct transformation

25 techniques and in which a proportion of the cells contain
introduced genes, on a medium containing an appropriate
selective agent. The conditions and concen-tration of
the selective agent are generally chosen such that there
is inhibition of growth and/or development of untrans-

30 formed cells and tissues. Cells containing a DNA insert
containing the appropriate selectable marker gene
continue to grow and/or develop and can therefore be
identified. Alter-natively, transformed and untransformed
cells may be differentiated on the basis of different

35 phenotype when in contact with the selective agent, for



time. For instance, to produce 50 E. grandis shoots froma single starting
shoot using typical solid nedia. protocol requires three subculture steps
(and associ ated nedi a preparation and use of disposable culture dishes) 5
and takes three nonths. This conpares to a single culture step and one
nont h usi ngwbleasiget em of the present invention. A furthercCamrasnsi¢e has
been found when propagati ng Acacia and Eucal yptus according to the present
i nvention. 10 Acaci a shoots formin %éunps that can be dissected out
to give individual rooting shoots. The refffins of the clunps, consisting of
branched stens éxammiehcn Heobasispef tay dwoundi mifr pdgwenti proddtyiom

cul ture medi um ggcoy EdF R tR-dutd Qgggess of the present invention, 15

wher eupon furt her shoot evel oces be re eated severa
tinmes at |east, w tPRfuk YéngﬁnF *éﬁﬁ ?ﬂﬁiﬂﬂééﬁﬁﬁFPF§ Bro§uantity of

t he product. Wsén@mﬂqmgmt sxhrsot:hoaeuy fachh drhads ttde trensfotmedi andyst em
according to th?xxéPél{z?é’fdﬁﬂéd @eﬁgcaaé H@iue’@ may bé@‘i@‘fei‘éﬁéf?t&ﬁ'd

i mmedi ately reinocul ate to pl, aav ? wi vessél s containin resh nedi a.
The process may2BeeT B SRWF P5TI08, 8F ofH s 2" PFASE1cR; t Revevery
significant effehé pm'esém:siuﬁ)u:hﬁubble«ptiwtagantr diresuffidcikehbout any

deteri orat! on | Gobdnghidlidns ¥ IEEBRORLECE betuedh AUBERCLRS GEEST Ve

cycles is conS| recyc I on nma erla in the
process of t he wresangformadedd swapd ﬁws%mmﬂ@spsﬂeabm@?laﬁnd nay

be usedibor ot hefie gprswith iandddi Gevalopmétncot il transifypined. cells
Rooycl i ng Lhe PLAGEPLLSL WSl Lahphtsd L5 LibRan Shile AL ScBRLLD OG0

unlforn1product SO IS partlc ractyve commercl a
system of the preRceelechista iCoMAisinngh| yThat may |b(Ped@Grrﬁ<@r epe| oy mare

yi el ds obt ai nedegé€ors, including the selectable marker gene giving rise
to sub-optimal levels of resistance or tolerance to the
15 selective agent, or to indirect effects.

Indirect effects may include the selective agent
affecting the growth and development of untransformed
cells or tissues surrounding transformed cells or
tissues. The normal growth or development of

20 untransformed cells or tissues may be required for these
surrounding cells tissues to make a contribution to the

normal growth and development of the transformed tissues
{nurse effects). Indirect effects may also be due to
release of toxic or inhibitory substances from the

25 untransformed cells or tissues, which then have a
deleterious effect on the transformed cells and tissues.

For example, when selecting on 10-25 mg 1-1 G418

(geneticin), it can take up to six months to produce
shoots of transgenic Eucalyptus grandis {(or hybrids

30 thereof) from leaf explants derived from field-grown
clones on solid media after trans-formation with a
disarmed Agrobacterium strain containing a plant-
expressed NPTII gene. In contrast, the time taken for
the production of untransformed shoots on similar culture

35 medium lacking G418 is six weeks. Hence although the



35 general ly higher than those with gelled systens, and are WO

97/ 23126 PCT/ EP96/ 05746 - 20 - often
much higher. The high quality of the product, both in the general health of
the product and its remarkable uniformty, is a particular comrercial
attraction. Wwasommme species there are further specific advREH/ERpSESI4Gs 5
descri bed above. A further aspect of the present invention relates to the
sel ection of shoots, rooted shoots or seedlj;ngs that have been nodified
genetically by the stable incorporation of “6ne or nore DNA sequences of
interest, 10 preserce af \the selechivecagent enahisicotaapsganignaheots
have a sel ect abl gochar ded iand RhOBBiLY ©he Rpidddution ¢enaeally a

sel ect abl e markef. Methods t.hat enable the intr i .stabl e
i ncor poration of£5?Eﬁ&F%%ad%ﬁ¥§$af%Eﬁt8%%§?h$%t§93§§%?£%%%q‘%e %ﬁ?@?ial in
order to achi evemayiestenificanfdyesilownshpf pracesh ki ahish theown and

I ncl ude Agrobactgféﬂggeﬁggﬂgﬁdyig:@g@sbgbdaagdnethods that introduce the DNA
directly into cells,

or_exanpl e, el ectroporatiqn of ot Qpl asts,
bormbar dment of enbr yHR %ﬁqe%%-%eoé‘@daﬁggy in %ﬁtﬂrf%ré‘ftt&ﬁﬁ 3k
pol yet hyl enegl yctransgemie dhgpate ,dehevyigld Agf ocarisgenin shobasedlsgahed i C
transformation npLOQAS ANe GRRRIRE.Y PEef 8khmphd 0 G LolethbANEbar PRLI ON

with DNA for several reasons. The netEod Is relatively fast and sinple,
rel atively effi cPERRUGHPHAL 8B00tS of Frapegerio s’ (or
mat eri al 300r equhpbeidds tHerewddi tfirom lek€ ezpbanty mf solddshediadaptent s

produced usi g AgroRaelatdd B RAR odalaPalar AR ARG Beelaen0r @ | oW
nunber of i ntact I nserts, .and the I nserte I'S .
containing a plant-expressed NPTII gene the yield of
transgenic plants is significantly lower when selecting
on 10-25 mg 171 ca1s (geneticin} than when transgenic
15 plants are produced on a similar medium lacking selective

agent.

Furthermore, the quality of plants produced in tissue
culture after extended periods of culture may also be
poor, particularly if their production requires extended

20 periods of culture of callus tissues. There are many -
examples in the literature where such extended periods of
growth can result in the production of abnormal plants
due to the phenomenon of somaclonal variation
(abnormalities which are heritable and may be the result

25 of changes in the number or structure of heritable
elements within the cells of the plant being produced}.
Any reduction in the period of time spent in tissue
culture should therefore reduce the risk of producing
transgenic plants that are abnormal.

30 By way of example, methods as described above for
selecting transformed material and producing rooted
shoots of each genetically modified line {(i.e. all plants
derived from a single transformed cell)} of a field-
derived (clonal) Eucalyptus grandis (or a hybrid thereof)

35 suitable for weaning and further growth in the greenhouse



often stably expressed. Direct DNA transformation 30 met hods, such as
t hose descri bed above, frequently result in nultiple copies of the DNA
insert in the plant cells, and the inserts are often not intact due to
rearrangenents. Multiple copies of inserted DNA have been associated with

i nst abi I'i ty yahofspseessi on of the 35 i ntroduced ( het er ptrgpesmsragenes.
Hence, the advant ages WO 97/ 23126

PCT/ EP96/ 05746 - 21 - of Agrobarterium nmedi ated over nethods whi ch enpl oy
direct DNA transformation are such that Th&tlatter are usual ly used only if
t he pl ant speci@& Eieﬁdttaheigbmntvﬁlrmqnthpetb prodyes et eshagranedi at ed

transformation, ahOh1£& f‘ve Q%P%‘éi tgoﬁt@l?é%lé:%éﬁcygen re

capabl e of regenera |on into plants are recalcitrant
Agrobacterlun}né@ﬂaﬁe&eﬂﬁﬁﬁéY%r?ﬂﬁ¢§m1tz@&?@&?&ﬁlElﬂ%PRe$%PQNQPﬂWEII known

and i ncI ude, forsleaéa&gaepoggneemﬁwtmaqoMeEHete&taHaﬁsﬁng Qn@tk&ﬁiselcﬁhaite 10
agent, exa n i i sel ective
g m%r% b%gearé lkﬂé &e@écﬁ%ﬂ!tbo% qge 9£t£'8 l%%é)ém A eﬁq‘ﬁeﬁﬁ? has

agent . S ection’Is gene carri
been subjected ti&rapgasps) rrat%%hdvstélq?@d.lmlvﬁatdeéﬁ%im efh&hee| ecti ve

agent, for examtlxﬁnsbbﬁeamtsbwtwmgwem Cafld getetbesn I6F a ro‘i'RicQ:CUfVe

agent. Selection,is out di lid or olid
gel | ed nedi a. Tﬁ%l p?‘%%gsggg% ge}r!fgra CL]u &%‘dh?éﬁor TuS*FP Slt se of
some plant speciage &h&malmene%@wbbrmﬂeepewubiegnalmmgenes and the
20 BPPT OPT ige@niekec! hHE ivdle Thosesaigadvanfydd vl v sl ow,

| abour 1 ntensi ve and, eXB8"ELYEued 'the thibkaBe L OSSS RN B! LU 1O

regeneratlon that give rise to transgenic plants are
relatively rare, so large populations of shoots oxr plants
must be screened in order to detect those plants that

15 have been transformed.

The present invention provides a process for
selecting genetically modified shoots, rooted shoots or
seedlings that comprise one or more stably incorporated
DNA sequences of interest and that have a selectable

20 characteristic, property or attribute, wherein the
shoots, rooted shoots or seedlings are cultivated
submerged in an oxygenated, for example, aerated liquid
culture medium that comprises means for selecting the
genetically manipulated shoots, rooted shoots or

25 seedlings. The medium is generally agitated or otherwise
moving. '

The shoots, rooted shoots or seedlings may be allowed
to move in the liguid medium, for example, they may be
allowed to move freely, for example, to tumble, for

30 example, tumble freely, in the liquid medium.
Alternatively, their movement may be restricted or
otherwise impeded.

The total immersion of the shoots, rooted shoots or
seedlings in a solution of the selective agent results in

35 more effective and more extensive penetration of the



t hat have previously been transfornmed using either Agrobacterium nedi ated
or direct transformation 25 techni ques and in which a proportion of
the cells contain introduced genes, on a nedium contai ning an appropriate
sel ective agent. The conditions and concen-tration of the selective agent
are gener al | ywob@ssapgs such that there is inhibition of grow RCEFEINS746

devel opnent of untrans- 30 formed cells and tissues. Cells containing
a DNA insert containing the appropriate selgﬁ%able mar ker gene continue to
grow and/ or devel op and can therefore be id ified. Alter-natively,
transformed and uselective maentelintongpebplant { pizgudmiang dencheenablies of

di fferent 35 ePPERLI VP s iich ©entast g&xé@lémégr cifii e a8H6Bts, for
WO 97/ 23126 | EP96/ 05746 - 22 -

exanpl e, on the biSPEedisheRES ARAEEE B nent production or altered growth
rate. Optimally, the Bigaire iDmf die aanompannimmdmwmsemllluetageas the

chosen S“C? that E?ﬁé&éﬁn&éﬁé@fﬁ@%n@ -gcaledté Bf prelaigeand tissues
nowever . the presgreetEratis @Mmﬁm&q% I it g

however, the pres8fBe" b?a §nd@Rtrati ons
to differentlate hybmbéa thersssfir nedngn G-4ah8r sebéch it apelsod idndgeliedes

may al so sl ow or JnQd usi Mi;%e%%esangf%é%g&?%ﬁ tiBf.

t ransf or ned ceIIs an tlsfﬁi en coO red r owt eve gnent under
non- sel ective conHsipgnsolyfidte éstB o £ PEPLUCE | udi ng

t he sel ectiabl e naakeutgroe shavtx) r Usdnbothebmeyhodredf |theelpreskntesi st ance
or tolerance 10 !Bfvdntion e&ﬁeeceua}sg 1%39%00% Afe ldRRL 3L 81" Reeks.

Indirect effects imay I nc ctive
Flgure of the accompanyzng drawings is a map of a

plasmid identified herein as pSCVl1l, which is used in the
production of plasmid pSCV1i.s. Figure 4 is a map
15 showing the T-DNA of a plasmid identified herein as
pSCV1i.6. Plasmid pSCV1.6 is used to introduce a DNA
sequence of interest into Eucalyptus using Agrobacterium-
mediated transfer.
The liquid wedium may be both agitated and oxygenated
.20 by passing oxygen or, more usually, air, through the
medium. Air circulation techniques, sometimes called
*airlift* techniques, are particularly useful for
providing simultaneous oxygenation and agitation in the
process of the present invention. Liquid wmedium in an
25 appropriate wvessel, for example, a fermentation vessel,
for example, a flask, bottle, tank or column may be
circulated and oxygenated by the introduction of air
through, for example, a gas diffuser. Such vessels are
often called "air-lift fermenters”. The volume of air
30 and the rate of introduction can easily be adjusted to
give the desired degree of agitation to the liquid medium
and hence to the plant material when it is allowed to
move freely.
When the plant material is allowed to move freely,
35 agitation of the medium by passing air or another oxygen-



affecting the growm h and devel opnent of untransfornmed cells or tissues
surroundi ng transforned cells or tissues. The nornmal growth or devel opnent
of 20 untransformed cells or tissues nay be required for these
surrounding cells tissues to nake a contribution to the normal growth and
devel opnent o %&ﬁbgransforned tissues (nurse effects). |ngciapbsaidsccts
may al so be due to release of toxic or inhibitory substances fromthe 25
untransformed cells or tissues, which then have a deleterious effect on the
transforned cells and tissues. For examﬂe% when sel ecting on 10-25 ny
1[err] (418 (genebtainingidgas arhricaigh ©het mediuwm My = tprefeardbte sboots of

transgenic Eucagg;wél q?,d'u%éﬁym*asfar dSnd? for eddiBNRAN behtoquleal

expl ants derive rom rown cl ones on so

trans-f or mat i onPRFENSS %eﬁm% Sozcesr PRntRe rRlant Mterdrdgmaypbant -
expressed NPTI|lgeee. Howeant, adle shearingefoades dmrtHeh@lapheduction of

unt r ansf @r ned Sf‘gﬁéﬁ'ﬂf %Jérgﬂ%cg#l §§%§g§d systé@'&@éh@cﬁﬁge%ls IS SiX
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I1f the passage of the gas is not sufficient to
achieve the desired agitation, additional agitation means
15 may be provided, for example, the plant growth vessel may
be also be shaken or the contents may be stirred. The
vessel may be illuminated to provide further oxygen by

photosynthesis.
The selection process of the present invention has
20 universal applicability, that is to say, it may be

applied to selection of genetically manipulated shoots,
rooted shoots and seedlings of any plants. The plants
may be, for example, annual, biennial or perennial
plants; they may be monocotyledonous or dicotyledonous

25 plants; they may be herbaceous or woody plants, for
example, woody plants as described above.

Woody plants that appear to perform particularly well
in the liquid culture system of the present invention are
sclexophyllous species. The definition of sclerophyll is

30 "thick, leathery leaf". This includes true leaves, as in
the case of eucalypts and phyllodes as in the case of
some Acacias. Species considered as sclerophyllous are
generally evergreen and the sclerophyllous habit is
generally associated with poor nutrient availability and

35 often with drought tolerance. Examples of sclerophyllous



transformation with a di sarnmed Agrobacterium strain containing a

pl ant - expressed NPTI|I gene the yield of transgenic plants is significantly
| ower when selecting on 10-25 ng 1l[err] (418 (geneticin) than when
transgenic 15 pl ants are produced on a simlar medium | acking

sel ective agave9risuze hernore, the quality of plants produceBCFEPI05I4Ge
culture after extended periods of culture may al so be poor, particularly if
their production requires extended 20 _ ,,periods of culture of callus
tissues. There are many exanples_in the %lterature wher e such extended
peri ods of grofeReEanareskpededendrony ddaderorndiKakpin ndirifageasldue to
thg phengﬁenﬁnméaslqméheéﬁé)}laﬁaquthimdratnﬁlaﬁrr:ntééﬁ@ (Firdveaied ;hahdt ?bl e
and may be the result, 25 anges in the nunber or structure o

heri tabl e eIen@HF?EKPFﬁiﬁMYﬁ%Pégﬂél§ of the plant being produced). Any
reduction in the p8eweweni it s fsnonly FPEQQ@P@YQ@QH% spestiled thetef ore

reduce tfie ri skoe@foRMOREEL NN R IGRAIIE BLaBhSe ! Hpdtah CRAMY Filesed®
By way of exanple, nethod bove fgr sel ect Rg t ransf or ned

hods descri.bed
material and prSYSEFAGRr o&%%"%h pé'egf' gmsge B & Fied Iine
(i.e. all plant(Roseceasdl, f Foxsythiam@nd t Synihganntdleatedeofare fuetier

derived (cl onal y ' YRS rgdf sui tabl e
elcafipiaky B UsoSdy liant( GendrYBRAE hiENS® 9;)7:70}% ared St

pCT/ EPot) 0874008155 Ehg, HHd] quleutn dYBERR REnThE RAPIRASIETR53 Bhoor 5.
As an dlternative fAe indbgated clwotegbleucaiykbus gbs camrekanpie oft ave agent,
transgeni ¢ pl agks LbRMy1980s SROSH PlaRRPEhati ARy PEVsdh e Gt rdihgd
met hods that to the present invention. The sub-genus Eucalyptus
symphyomyrtus contains many commercially useful species,
for example, E. grandis, E. globulus, E. nitens,
15 E. dunnii, E. saligna, E. camaldulensis, E. urxophylla and
hybrids thereof. Further commercially important
Eucalyptus species include E, regnans, E. citriodora,
E. fraxinoides and hybrids thereof.
Accorxrding to the selection process of the present
20 invention, genetically modified shoots, rooted shoots or
seedlings that comprise one or more stably incorporated
DNA sequences of interest and that have a selectable
characteristic, property or attribute, are cultivated
submerged in an oxygenated liquid medium that comprises
25 means for selecting the genetically manipulated shoots,
rooted shoots or geedlings.

The DNA sequence(s) of interest may be heterologous
to the recipient plant, or may be homologous. They must
be functional in the recipient plant. Many examples of

30 DNA sequences of interest in the genetic modification of
plants are known. Por example, the DNA may function to
impart to the recipient plant a phenotypic property, e.g.
resistance to a herbicide such as glyphosate, to modify
the quality or the chemical components of the plant, to
35 modify rooting ability of vegetative propagules, for



5 are based on the detection of the introduced DNA sequence
(transgene). Such nethods include detection of the transgene itself using
PCR, and detection of a product of the tranagene. However, such nethods,
for exanple PCR, are thenselves extrenely tinme-consum ng, |abour 10

i ntensive, apgoedigsi ve. Those di sadvant ages are conpounegegmEpesg@isase t he
events of transformati on and regeneration that give rise to transgenic
plants are relatively rare, so large popul ations of shoots or plants nust
be screened in order to detect those pl-a#8s-that 15 have been

t ransf or ned. Tésawmer&uuwi\tmt | o pOOYOLRIBS: aceyraswlﬁrer sgekerityg

genetically nDdlf ots eedl | 5 t hat, conpri se one
or nore stably |n rziﬁot'%u"lf')l\l%%ég‘dluenc sl%tfgcfcﬁ‘} %q‘ gﬁds?ﬁafcﬁhave a

sel ectabl e 20 1ncormmtaanerqfsta| @thsegwm;e 62 eitl’ttﬁrb@tte inphepdantt he
shoots, root edn&tfwj.tél Gn Sy 8OSadheets!| the alerdi redbgRhgesci N an

oxygenat.ed, for t i ur.e that _coppri ses neans
for sel %Ctl ng 'P?éxtgigcﬁae %r% grr’%%:lp%‘?%aa&i rfclql%? Egg'ﬁﬁﬁfgaﬂf 25
seedl i ngs. Them¢dkﬂnﬁﬁ|Q¥ aRpg ugthgﬁedthﬁt(ﬁnnnoduge tbei BNA The

shoot's, root Eddﬁk&%ﬁy qrnt%ewlaagsmayeiamé o ¥&tisnt 8 |iquid
nedlun1 for exa be allome nove ftﬁf or exanple, to
tunbl e, for Sdpr op I g0 RE| §POTYP] 1 Pacraledm

Al ternatively, patmacleanandaﬂplyayhyéenegly¢m1fuhdmab@dhgenbsdelﬁpeﬂpd: The
total hBUersi ofuAlnddic S HehiakBal dasbAOE S PlgetRadh YOEnk mdeROL Wt ON Of

the selective %?ent re uI% re1$ffect|ve and nore extensive
penetration of€ e, e reasons given above.

As discussed above, successful transformation of
cells or tissue, for example, shoots, is generally
determined using a suitable characteristic, property or

i5 attribute as a marker, especially a selectable marker
gene. Selectable marker genes and corresponding
selective agents for use with solid culture systems are
well known and are described, for example, in the
literature of this art. Any such selectable maker gene

20 and corresponding selective agent may be used in the
submerged liquid culture selection process according to
the present invention.

For example, the NPTII1 gene may be used as a marker
gene, with resistance to a phytotoxic selective agent

25 conferred by that gene, for example, resistance to
paromomycin, G-418 (also known as geneticin) neomycin or
kanamycin used as the characteristic for selection of
transformed cells or tissue. Any other DNA sequence that
confers the same or similar resistance may be used as the

30 selectable marker.

The total immersion of the shoots, rooted shoots or
seedlings in a solution of the selective agent results in
more effective and more extensive penetration of the
selective agent into the plant tissues and hence enables

35 effective selection of the genetically modified shoots,
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sel ective agent into the plant tissues and hence enabl es effective

sel ection of the genetically nodified shoots, rooted shoots or seedlings.
Figure 2 of the acconpanying drawings illustrates the 5 typi cal steps
and time-scalw@9724 red to produce genetically nodified Eué’ﬁré%ﬁﬂ” andi s
clones (or hybrids thereof) using G418 selection on solid (gelled) nedia
and using the process of the present i nventgpn. Using solid nedia it takes
about 47 weeks to produce 10 yt 100 shoots. Using the nethod of
the present inveRPPERS BRYRER 1P SEGE a%ﬁgéts are produced in 21 weeks.

Figure 3 of the acconnanyerqpuﬁvnmag@ntbsferneﬁamﬁleb[ﬂzhanhicﬂdenbrfled
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as pSCV1.6. Pl asﬁ?ﬁ“b@é‘ﬁ yeed ’tibéa‘et élﬂﬁf‘f’o@ﬁééu‘& PR s"éﬁ'{ﬁ%?&é' fopnt er est
into Eucalsyptus df&ngnAgredfitie that emblasedffcanbierse Bt dongeifdthadi um

may .be both agit Y, Pagsd re
Uaual Ty, air ot nEERAREe e WA " geean e D B2 L BB
called "airlift" Cpeéﬁhtﬁﬁwn%lr@qo&'ﬁﬁlﬂﬁﬁaﬁm Eéw’éllhqﬁﬁlfbr oPPgiing1

si mul t aneous oxyggfait oonaNEb¥GidyaldedRckBdl BP=PeRORSy K ddterpiasant
i nvention. Liquid ngd#un1|n an 25 appropriate vessel, for exanple, a

fernmentation ves§&R9*+¥r exanple, a flask, bottle, tank or columm may be
circul at ® and oxygePuaitably adldd meﬂééuét‘ﬂoﬁﬂ#l%\iqnﬂ HoFu @ antocudkungl e,

a gas diffuser. guwehkMewsel so;ﬂfﬁxam‘ U.G.Elu(ia| hmedia aaﬁdlﬁltdﬁ r&ﬂdetagnsThed
be adj uste

'o glve the desi F8H BBEEETCIuRY Hhens PEArhEny BT iAEHAY B8 hence to
the plant nateri detenwined by xﬂﬂhﬁn&dmﬁehods if they are not already
known. For example, the formulation for a liquid medium

15 for a particular plant may be based on the formulation of
a solid medium known for that plant.

According to the present invention, the genetically
modified shoots, rooted shoots or seedlings are
cultivated under submerged conditions in an oxygenated

20 liguid medium that comprises the selective agent, for
example, the antibiotic, herbicide or other selective
agent. The cultivation of the genetically modified
shoots, rooted shoots or seedlings in the oxygenated
liguid culture medium is preferably carried out as

25 described above for micro-propagation of shoots, rooted
shoots and seedlings. After selection according to the
process of the present invention, the genetically
manipulated plants may be further propagated, rooted or
cultivated as desired.

30 It is a particular advantage that the selected
material is already in the form of rooted or readily
rootable shoots, or as seedlings, rather than as a
primordial mass, as in conventional selection methods.

There is the further advantage that the shoots,

as rooted shoots or seedlings resulting from the selection



nove freely. Wien the plant material is allowed to nove freely, 35
agitation of the nedium by passing air or another oxygen- WO 97/ 23126
PCT/ EP96/ 05746 - 26 - containing gas through the nmedium may be preferable
to agitation by mechanical nmeans, for exanple, stirring, because the
shearing fogpgsermeiast he pl ant material nmay be | ower. HowevePCT/ERSS/OSHEari ng
forces on the plant 5 material in shaken or stirred systens of the
present invention nmay by reduced by restrigcting the novement of the plant
material, for exanple, as described in mort® detail below. In a syst em wher e
air or another das the paggevatéd clighviheedéumuaretofrdyigh smaldtygsirable to

10 reS”iCtsh%bﬁn ﬁﬁf@ﬂéupérimzﬁf%% g&&aﬁhalas%ééﬁﬂ &\ yedi um

is agitated but t g ant erlgé i s restrail ned. passage of t he gas
is not suffici edPTt RECRTRGRCERL é%%ré’@ragﬁsaweﬂ a%‘ERH‘H%éP &%t ati on
nmeans 15 mMiyivieaitoavi debis f g ;mca:ﬁnﬂu&arweupé&ml fowite Raaxtlexrnay be

a1 80 be spiaken Qatheate0hent SclBediectd biln: Thecyense! Y be

illum nated to provi oxygen osyn eS|s The sel ection
process of the pres@h@ Wﬁ%%n@?%ﬁﬁ#ﬁﬁs%ﬂyantageEnPV%¥s%@nﬁﬂﬂﬂﬁqaﬂi lity, that
is to say, it nmeleetapnl nethéds Sﬂ'éﬁh&%p&éd@]&ﬁ%hﬁ@b@éﬁ%d&lll@ﬁ ed

shoots, Tooted saaALs et a8echdiiss f AVuR! aBisordhe AAg ™Y be. for

exanple annual i ennrar _or perenn| nonocot yl edonous
or di cotyl edono¥edmstion 1BI69?%5:t#ﬂquiE99b oRB rbﬂ@@@ﬁ was@siadieant s,

for examp e, woody pkastated aleswd, i sedwetion process of the present
invention has universal applicability, that is to say, it
may be applied to selection of genetically manipulated
shoots, rooted shoots and seedlings of any plants. The
plants may be, for example, annual, biennial or perennial
15 plants; they may be mono-cotyledonous or dicotyledonous
plants; they may be herbaceous or woody plants, for
example, the sclerophyllous and other woody plants
gspecifically described above. It is generally
advantageous to use, as starting material for genetic
- 20 manipulation, plant cells or tissues that are genetically
uniform, for example, cells or tissue derived from
homozygous seed or clonal material that is vegetatively
derived, directly or indirectly, from vegetative tissues
of plants that have been selected, or are selectable, for
25 favourable characteristics.

However, in some cases, for example, woody plants,
especially trees, for example, Eucalyptus, a desired
characteristic can only be assessed in a mature plant,
but clonal material obtained from mature plants is often

30 difficult to modify genetically and/or recalcitrant to
shoot induction. This is particularly the case in woody
plants, especially trees, for example, Eucalyptus.

A particular embodiment of the present invention
enables cells and tissue derived via vegetative

35 propagation i.e. clonal material, especially clonal



Wody plants that appear to performparticularly well in the liquid culture
system of the present invention are sclerophyllous species. The definition
of sclerophyll is 30 "thick, leathery |eaf" Thi s includes true

| eaves, as in the case of eucalypts and phyIIodes as in the case of sone
Acaci as. Speoisnasussi dered as sclerophyllous are general | yPEVEPROEUA and
the scl erophyllous habit is generally associated wth poor nutrient

avai lability and 35 often with drougbhtzjolerance. Exanples of

scl erophyl | ous WO 97/.23126

PCT/ EP96/ 05746 - ™2Ferigd,trgm plaphe iihitdng AYRPELCE RheaatyRic
(Ericaceae); O eprdddexadess) ;:orrheymdd&fiaai igemeddaealdy, (Selbactast)andind

eucal ypts (Nyrtaqﬁﬁﬁh % [ I i es that
5 perform we gﬁl fe"%ﬁ?d{%é lésy}sstye%%%?aeﬁgyﬁé gis%rﬁl%qﬁvent I on.
Mal us (apple), Pydgdd sPrunus and Rosa (Rosaceae) Forsythia and Syringa
(O eaceae)sare furthan esaspeabodimemod\cglilmanbrgehssae tdfita Ehamhe are
propagat ed using | em of p 0

As i ndi cated abov’ated%?'eéuca:tjl qo g&dﬁ%ﬁ%@%ﬁ&&% gds{c:?%&%f?# r}}’f;{}-}g{e Q’(fd

pl ant that may bdwoxs éweeeaéeeﬁeutﬁb 29 Jm,erm%seﬁ%wﬁ:ﬁvmwonr

sub- genus Eucal ymc%mhyeméri»asumrﬁgalmummeamlm adt »tw@j -
nil. t un| I .

species, for exa ran o)
saligna, E. cana%%‘n& %’g ge?%ﬁ%?‘??% 3%?&%%?&8 i?he?’é?ﬁer%ﬁ’%er
comer ci at®y |np6ﬂ$énPME@GaR9pths presence jofcRndegent regprble <
citriodora, E fr@auait@e%haad b&?ﬁaﬂﬁoﬁh@{%fat peant i aea tind hesialeely on
process of the pr&se Q, 1 Qvgntlor}i enet | ghl¥ qiflgﬂ:shoots
rooted shoots or s are selec in a gena iquid culture
medium that comprlses means for selecting the genetically
modified shoots, the shoots being submerged in the liquid
15 medium. The selected, transformed shoots may then be
regenerated into viable plants.
The shoot inducing agent should be capable of
inducing, preferably at high frequency, the formation of
buds that are capable of further development. Such

20 agents are generally cytokinins. The suitability of a

particular agent for any particular plant starting
material and appropriate concentrations of the selected
agent and regimes for its use may be determined by
routine methods. The agent is incorporated in the

25 culture medium used for shoot induction and preferably
also in the liquid medium used for the selection of
transformed shoots. Two or more agents may be used.

The cytokinin BAP is a suitable shoot induction agent

for wmany plants, for example, apples and popiar. A

30 further example of a shoot inducing agent for use
according to the present invention ig the substituted
phenylurea N-(2-chloro-4-pyridyl)-N'-phenyl-urea, often
known as 4-PU or CPPU. CPPU has been found to induce bud
formation in Eucalyptus and other plants at high

35 frequency and, unlike some other phytohormones and plant



seedlings that conprise one or nore stably incorporated DNA sequences of

I nterest and that have a sel ectable characteristic, property or attribute,
are cultivated submerged in an oxygenated |iquid nmediumthat conprises 25
means for selecting the genetically mani pul ated shoots, rooted shoots or
seedl i ngs. Weeidifsssequence(s) of interest may be het er ol ogOUEPNST46e

reci pient plant, or may be honol ogous. They nust be functional in the

reci pient plant. Many exanpl es of 30 _ 3NA sequences of interest in the
genetic nodification of plants are known. “For exanple, the DNA may function
to inpart to tlgrawtd Fackerpl ant furpeeneifsact é-rsoggﬂtthe.gud$esi stance to
a_her bi ci de ?U%l‘diﬁlﬁdyaﬂésahﬁablé @%dﬁtﬁé&e dép@llbbg;gfat iﬁe?caﬁa&@@.l_
gfggggﬁ[“e; o Oﬁ&%e"rv\%r&g#gg&ggd phenyRiidas WY Wa9, 3Rk Lhyelqvspeiati ve
PCT/ EP96/ 05746 in 2€lditdganpbeCPEUt fonthe @rellegtednpdant epabental yefor

itw Mo i : . : ¢
sterility t adsndikat ggtggk)_&ﬁﬁg_(ra ﬂ,p&;w.@ﬁ %Q.gr sgﬁggge:ﬁﬁor poration o

a DNA sequence of rInter ant nmater er to i eve the

| N O ] §
desired geneti &@“crlng'nﬁﬁfef“?’ﬁﬁ’?f%na%r@%l reRSRTYanibenEprmation of
Agrobact eri um bwelli athat arensapabledofrefvriler ldatvelopmedtice t he DNA

O ren o e i SRR, B 2 UL, 0n Lok o015
pol yet hyl enegl M“Wa?@&lgg% LYy dript 4@ to saxy: dbawaY i ben nedi at ed
transfereis gersppdliled tbeanpt pbantsé. Awiepldimed bboveasbpsigi ven above. As
oyaTed 0! ARty whEOR! SOINAD DI Y kanhulETUE et XA e
or - subsequent selection of clonal material obtained from

plants that are intransigent to transformation and/or

shoot induction, for example, woody plants, for example,

15 trees. Examples are sclerophyllous and other woody

species as described above, for example, Eucalyptus.

The cell or tissue material, especially cells and
tissue derived via vegetative propagation i.e. clonal
material, especially clonal material from plants

20 exhibiting superior phenotypic properties, may be
obtained directly from a plant grown in the field or a
greenhouse. It may be used in non-sterile form, i.e.
without the use of an intervening micropropagation step,
for the introduction of heterologous {(or homologous)

25 gene{s). Alternatively, the cells or tissue may be
derived indirectly from selected plants that is to say,
the cells or tissue taken from the selected plant is
subjected to micropropagation before genetic
manipulation.

30 In the case of clonal material, the starting material
may be obtained from any plant of interest. The plant
may be a mature tree, for example, Eucalyptus. In the
case of Eucalyptus, it may be obtained, for example, from
a member of the sub-genus Eugalyptus symphyomyrtus, for

35 example, from E. grandis, E. dunnii, E. saligna,



15 attribute as a marker, especially a selectable marker gene.
Sel ect abl e marker genes and correspondi ng sel ective agents for use with
solid culture systens are well known and are described, for exanple, in the

literature of this art. Any such sel ectabl e maker gene 20 FFEG?@Q 46
correspondi ng¥@81/24326 ve agent may be used in the subnerged B ur e

sel ection process according to the present invention. For exanple, the
NPTl gene nay be used as a marker gene, w44 ryesistance to a phytotoxic

sel ective agent 25 conferred by tha ne, for exanpl resi stance to
par ononyci n, G 4E—CansddNASRRLA S Mnemﬁﬁkm as
t he characteri stior Bar fyakéndides ofor riamst ar vattiety) scoltivans e Wayridt her
DNA seguence tha%ﬁgyga%rs the sane or simlar resistance may be used as the
30 sel ectabl@ marker. The total imersion of the shoots, rooted shoots
or seedlings in a soffbei 68148 PRLLIFUS (USPE dFcAtarbing tMaterify £ fecti ve
and nore extensi yemeeaet moblisicat iéheacirdingy ecaghat prasent hinsidriiion

Lissues and hence gnall 83 iBeq frofddudlifgsCbepbbeBi ey foimgenetically

nodi fi ed shoot s, ) . \
PCT/ EP96/ 05746 - sepdlipggtedTBRORYRCRRS Sfedhengyesent tayenrtion iwent, for
exanpl e, a herbi gede i@ulagiyvbuseéfel forf theagehetripakodDPicatio>c¥l&ells

R fegh e hat i ingeug; phERioed don wesiTplenuSPRER NS ¥ cbmie, ana
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Any appropriate Agrobacterium vector may be used to
mediate genetic modification of the plant material, for
example, Agrobacterium tumefaciens or Agrobactexium
15 rhizogenes. The Agrobacterium tumefaciens strain used to
transform E._grandis clones, E. grandis/E. camaldulensis
hybrid clones and E. saligna/E, tereticornis hybrid

clones as described in the Examples is the disarmed
strain EHA101A containing the binary Ti plasmid pSCvi.é6.
20 Figures 3 and 4 of the accompanying drawings are maps
relating to plasmid pSCV1.6. Strain EHA101A may be used
for the transformation of other Eucalyptus and also of
- any other plants. Examples of binary Agrobacterium-Ti
plasmid vector systems have been fully described
25 elsewhere, e.g. in EP-A-0120516.

As set out above, the shoot inducing agent or mixture
of agents should induce, preferably at high frequency,
the formation of buds that are capable of development
into shoots. For Eucalyptus, which is particularly

30 recalcitrant to undergo shoot induction, CPPU or an
equivalent substituted phenylurea is particularly
preferred.

The culture medium used for induction of shoot
formation may contain glutamate and/or ascorbic acid, in

35 order to promote regeneration of shoots at high



readily. 10 Suitable solid nmedia and conditions for plant culture
are known. Optimal liquid nedia and culture conditions for any particul ar
pl ant starting material may be determ ned by routine nethods if they are
not al ready known. For exanple, the formulation for a liquid medium 15

for a parti qupegnsptéant nmay be based on the fornmul ati on of BCTEPIHSMSAI um
known for that plant. According to the present invention, the genetically
modi fied shoots, rooted shoots or seedlingg,are cultivated under submerged
conditions in an oxygenated 20 i qui d”medi um t hat conpri ses the

sel ective agent ,efficienaypl e Thehstanting @i manhdehiSePdE-6r oTher sel ective

agent. The cul tiuahicdicy dfhehoeBeEbemat Yol g raD a9t Garroed eshis ot s or

seedlings in the nated l.iqui,d re i ' r ef ly carried out
2o 25 0 Gescrromiia e splthimBtibll S A SrocsE) BEAPLY, SRIGH o
and seedlings. Aedium.c| Exappiegcobr uedin tMitabler forsysef inhther esent

inventiong the gensdddenldiy thanpiebahedifvent o Ber0entueEihgr sR6GPagat ed,
rooted or cultléﬁged as desire cul ar advant age

d. . 30, . | t
that the sel ect &PERAEA™ T 59}885§°?ﬁ°§rﬁFQQﬁﬁﬁiE%dfggiiﬁ Frd B3RS
root abl e shoot s,arsd fasr seddlipigeatianhand t irducing rpotnfodnatiomssf as in

conventional sel ' : I Byyd ; \Y; that the
Gt mzhghgﬁzfﬁ& W W%&véfl %}Q%ﬁﬂﬁ.

shoots, 35 roptigus ) see %yltin f e sel ection
WO 97/ 23126 Suitable media for wany other plants pze kpeWnosY MaY B - jn
t he oxygtnat ed |densinimed by aoatdhehingbthodml i ty, showi ng particularly

uniformgrowth, as G@RCTdNeEtaBAYEnd, where desired, cultivation of
transformed shoots may be carried out as described above,
preferably under using the apparatus and conditions as
described above for micropropagation of shoots, rooted
15 shoots and seedlings.

Figure 2 of the accompanying drawings illustrates, by
way of a non-limiting example, steps involved in a ‘
typical process for the production of rooted genetically
modified plants using selection on solid (gelled) media,

20 and carrying out selection in a liguid medium using a
submerged "air-lift" culture according to the present
invention, in which the plant material is allowed to move
freely. The time scale of the two processes and the
media used are described below by way of example for the

25 production of genetically modified Eucalyptus grandis
hybrid plants. It will be appreciated that using the
protocol illustrated in FPigure 2, the time scale and
media of choice will depend on the nature of the plant
material to be modified genetically. Furthexmore, the

30 steps illustrated may be carried out in a different
order, steps may be omitted and/or other steps added.
Any of the other liquid systems of the present invention
may be substituted for the "air-lift" system, with
similar results.

35 In Step 1, which is common to both methods, explants



for the products of mcropropagation according to the invention. This is
particularly useful for the further 5 cultivation of the selected
plant material. The nbst dramatic advantages over conventional selection
nmet hods are the speed at which genetically nodified plant material can be
sel ect ed, andwbhessig¢lucti on in costs, including both | abour PETEPREO4S al s.
10 As stated above, the selection process of the present invention
has universal applicability, that is to say,_it nay be applied to selection
of genetically mani pul ated shoots, rooted stoots and seedlings of any

pl ants. The pl antfomeyanplef of Ructidpiussgrandisbhebnids aye guranafioxmets

ﬁl aBtS they nmay vélQhWBnQNﬁob?‘J;@éi%@ltﬁf qrnt@lregtyhs %#;&ﬁﬂamﬂlet hy may 36
er paceous or woo 9] or . exa op ang otne oay
it apecifi camepinset: EraLaetitian sk EbRE, EheLERRatRatil e s ials.

as starting mat emidll dsogeontain 20 selectabiepmbhzkenngens anfor exampde,

tissues that are . geneips I% niform for exanple, cells or tissue derived
from honozygous seed_or _cl naterlalaﬁhat I s vegetatively derjved

directly or indirect F?Bn?ve £9s Geumgh ?éﬂﬁ%@t etbéen
sel ected, or arezssh&thanéraﬁsﬁoﬁﬁbd explbatoandb

ovever 11 SOT® 3565 Lok GXAUR! for W UYPLATSac?Pa® éiié’d)t und, O

exanpl e, Eucalyptus esi red_characteri.stic g¢an on assesse
mature plant, butf oF EXEMPHEt e?}%FFaJotﬂ%l%’é-Glf’PGi‘rPﬂfa!‘ﬁﬁié“'Bl%ﬁﬂ%altrg-'& taen 30

di fficul tiso nodishoogeantineihy yagert or Foac Zhehlypnust bt siw Gartibudiaray.
This is partlculqkk¥m§g§ ?éet+ Egﬁﬁpk%nﬁﬁd?8§p§ﬁ6§élf'%ﬁ for
exanpl e, Eucal yptus resent 1AVERti on
enabl es cells and ti$8u tﬂBr?’ve’EP@n’@ﬁ%@@éPSt e¥elants Pre‘b?‘?}fﬁigfat ioni.e.
clonal material, chalaengkelywithnche Agrobacterium strain are regenerated
to produce shoots on solid (gelled) medium containing a

15 shoot inducing agent. For Eucalyptus, it is again
advantageous to include CPPU in the solid medium to
induce shoot formation. The solid medium also contains
the appropriate selective agent. The solid medium
preferably contains an antibiotic to prevent the growth

20 of the Agrobacterium, for example, augmentin. For
selecting transformants containing the NTPII gene the
selective agent is, for example, paromomycin, G418,
kanamycin or neomycin. For Eucalyptus the solid medium
is, for example, clonal cocultivation medium with CPPU

25 and augmentin, and also containing G418, for example
25 mg/l G418. For Eucalyptus, subculture is carried out
every three weeks until shoots appear. This step takes
about 21 weeks using a medium containing CPPU, augmentin
and G418.

30 Step 3 according to the present invention involves
shoot induction without selection. The explants
resulting from Step 2, which explants have previously
been challenged with the Agrobacterium strain are
cultured on a solid (gelled) medium containing containing

35 a shoot inducing agent. For Eucalyptus it is
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material from plants exhibiting superior phenotypit properties, to be

nodi fied genetically, selected and regenerated into viable plants, rapidly
and in high yields. 5 In that enbodinment, cells or tissue of a

pl ant are swhpewiargs t 0 Agrobacterium nedi ated transfer of @®CIEPS6Assse DNA
sequence(s) of interest, shoot formation is induced in the resulting
transforned cells or tissue, which have a.sel ectable characteristic,
property or 10 attribute, in the presence of an agent capabl e of

i nduci ng shoot Pparpbeularin advantpggeus bedusecCRRIS Ha iimduskoshesotr e

sel ected in an gxwpeREded Bre vied i G Eﬂéﬁemymiétﬁk&&%ﬁhhﬁés afieans for
dlfled oot s ots being

sel ecting the genet | J ed in
the liquid 15 Biokifn FoF, SXaTpd feﬁ“g‘l‘?%‘h’s‘? rkr‘hné’d“’é’?? §?‘ﬁa9rf>%€h be
regener at ed i ntef viag|Agrshagterinme sﬁgotorndh%|¢quqymnpnaﬂombdhbé capabl e
of i nduckng, prsésé@iw.-@tldﬂIeﬁfirfleaqaaacavewecﬁﬁm&@ %ttwdﬁh&!aéé are

capabl e of further develo % S are ner al

cyt oki ni ns. Th%pg?ﬁlfabl‘.\rﬂ%‘l& césﬁar PEGY ST a%é?ﬁtq‘ c?Ppé?%i BSFFFcﬁrér pl ant

starting mat er i eeelm carap prepEldbeedo toeadntimen siafe lidpeenel ept €d agent and

regimes for itsg e d t t e ent is
il Al e LRSS ¥ehok L B Wk 1RO

i ncorporated in culture ne m use shoot i1 nduction and
preferably aIsdc??W?WEQQQQ$uR§°ﬁE&?un1 éﬂ %%rat§ﬁ¥¥ﬂﬂ &t R3nweeker andf4r med
shoot s. 1%wo or ﬁﬁbeurmnréssuapp berithedorFéspanding niaviB48 ia 3abdiurabl e

shoot inductionaggqﬂg %] ar@ny plants, for exanple, apples and poplar. A 30
e o oot

further exanpl I'nduci ng_agent for use
Step 4 involves elongation of the selected shoots on

solid (gelled) medium, for example, clonal shoot
elongation medium, which takes about 6 weeks. In the

15 process of the invention, in Step 4 selection of
transformants and shoot elongation is carried out
simultaneously in submerged liquid culture using an “air-
1ift® system in which the shoots are allowed to move
freely, as described above. The liquid medium contains

. 20 an appropriate selective agent, for example, paromomycin
for the NPTII gene and, preferably also an antibiotic,
for exawmple, augmentin. In this case selection and shoot
elongation takes less than 16 days. The non-transformed
material rapidly becomes brown, for example, the first

25 signs show within 4 to 8 days. Shoots that are totally
transformed, in contrast, are healthy and green and the
shoots rapidly elongate. Shoots that are composed of
both transformed and non-transformed tissues (chimaeric
shoots) are easily differentiated from shoots that are

30 composed entirely from transformed cells either by the
presence of brown sectors or by partial browning over the
entire surface of the shoot. The totally transformed
shoots are highly uniform and of very good quality.
After 10 days, high quality transformants are available

35 for micropropagation. The selective agent is able to



according to the present invention is the substituted phenyl urea

N- (2-chl oro-4-pyridyl)-N -phenyl -urea, often known as 4-PU or CPPU. CPPU
has been found to induce bud formation in Eucal yptus and other plants at

hi gh 35 frequency and, unli ke sonme ot her phytohornones WO
07/23126 WO ner) Eroe) 0oy poteRudHs N
factors, a further effect is that the buds produced are capable of further
devel oprment into shoots. Ot her substituted3phenyl ureas nay be used instead

of or in additi ntegrggPUtg,g piﬁﬁtseisg&é‘éj ke @Egi{réi éz?é i more Sbly at

exanpl e, Eucal yptus, provi are ca u0|n
hi gh frequency, SRETEIVIeRYi oR BFebﬁﬂgm?¥ﬁﬁdz%ﬂguéépSBF§u6? ??ﬁ?#ﬁ&ng t°

devel opnent . Thl@@@d@@dﬂe@enbfoéhé hpresese ninvenedohi ehahass upbyeilsiad
applicability, tf n t%et %e?.ggt]ﬂr& @Xn@euql%res caEB"egoii’d%Jd gnts.  As

expl ai ned above,” I'S partrcularl Usefl enel I'C” mani pu &tion and
subsequen® sel ect | ONWOPF‘QHQQE!%@@W%It%tS&Wdf #@ﬁngfem%mtmazts are

i ntransi gent to ddraisloonet hansaaglsw ak@mglan@éq&aoregewédﬁméamn woody
pl ants, for exanple, 15 3 eq eg.are scle% gpy#%ous and ot her
woody species as HeSXAMREE  aB8YES %rm%%g‘ﬁ’bl &t EaksF,pPo eehd t§

ti ssue materi al ,oldsyiecadiouy é@plEnsa&&nnnaunxamﬂaﬂvehoota ofgeachi ve
propagation i.e. éile.@ﬂ@al tﬂb&iheésﬁ?&b g mﬂo%ah aataéwbe&rﬂwlaants 20

exhibitlg superlor _ %Bgé ertle%: n?%ﬁﬁ a%ngd garectly froma
pl ant gr in (HE eI LR oTERE 1 ¢t 98 FERESTFStorRterile
form i.e. vmttuimfufhdlayedoﬁu&hueramaaﬁdqu ioc tber ppegent oinwdrgpiornf or t he
introduction of HPLGHRHOYRS 5685t 8OFPS Ofl0Wed to move freely, for
example, using liquid KM medium, more than 100 shoots are
obtained in about 6 weeks. As explained above, this
15 results in savings in labour and materials as well as in
time. .
The final step, Step 6, is common to both methods.
It involves rooting the shoots on solid {(gelled) medium,
_ for example, KM medium with IBA. In both cases it takes
20 . about 4 weeks.

The pregent invention reduces the time needed to
produce a population of 100 rooted transformed Eucalyptus
plants by six months, and saves in the order of eight
manual handling (sub-culture) steps, resulting in large

25 savings in the costs of labour, media and disposable
items such as plant growth vessels. The process of the
present invention also reduces costs significantly as the
amount of facilities needed to handle the cultures under
aseptic conditions and incubate the cultures under

30 controlled environmental conditions is significantly
reduced.

Not only are more shoots obtained in less time at
lower cost than when using solid media for selection, the
resulting shoots are of very much higher quality. 1In

35 particular, as described above for micropropagation



25 gene(s). Alternatively, the cells or tissue may be derived
indirectly fromselected plants that is to say, the cells or tissue taken
fromthe selected plant is subjected to m cropropagati on before genetic
mani pul ati on. 30 In the case of clonal material, the starting

mat eri al mawdeysmeai ned from any plant of interest. The pPEWEP¥N;746e a
mature tree, for exanple, Eucalyptus. |In the case of Eucal yptus, it nay be
obt ai ned, for exanple, froma nenber of _t sub-genus Eucal yptus
synphyonyrtus, for 35 exanple, from grandis, E. dunnii, E. saligna,
WO 97/ 23126 according to the present invention, p:@p/ Bhogtesane welB - E.

camal dul ensi s, &longady, lpdssks £RYEKRNEnd E:otﬁiﬁtl’ |§t¢ﬁhbaaﬁﬂ Ewof 62 Xhepd des,
or froma vari et%(l% ;ﬂtl\@gmgre ybf"ug: Oero t;g‘ﬁ &_'s or tissue used as

starting materia &hetT & ADUI T4 CHt i Corti A%t o the present
i nvention may beewarkahdy Nm-rfpmedvhh@}z 1Eemcalal>1yyompgruaul fogs. The

process gf the éﬁﬁﬁé¥&ldﬂvg%&bbggsls partlcularly useful for the genetic
nodi fication of Ceébiéf tlssue o fron1see s within the

sub- genus 10 SASETE s § ?ququﬁs pEFsﬁPBbulus, E.
nitens and E. dimnt:s:evadlthagswAhg SAS cgﬁlama.qmgmbacﬁ.équmm mediam, nay be

used to nedi at em&?']@é'ﬁxdm‘ﬂiofrhﬁé&' on &f fcr@oaala&tn %E%h' gl seieétgﬁﬁ”p' e,

Agrobacterlun1tunefa0| enes

e r A cter hi zo
Agr obact er i um t3%RR e?‘é"%t (8851968 ‘#J“f‘? dr%ﬁ?rrrﬁlﬁd grEnBetoEeones, E
grandi si&. carménﬂumsaﬁ:dtybeldctimemamb Bicprld quedifm.t erat 866K N& S

hybrid clones 35,4e5Hd Ml e 1bRCRAP! £511F dediiutl 385 BE less
stringent than would be required if the solid selection
step were the only selection step. A reduction in
stringency reduces adverse effects on growth and

15 development that may be caused by stringent selection
conditions.

The present invention accordingly provides a process
for selecting genetically modified shoots, rooted shoots
or seedlings that comprise one or more stably

20 incorporated DNA sequences of interest and that have a
selectable characteristic, property or attribute, wherein
the shoots, rooted shoots or seedlings are cultivated
submerged in an oxygenated liquid medium that comprises
means for selecting the genetically manipulated shoots,

25 rooted shoots or seedlings before and/or after the
shoots, rooted shoots or seedlings are cultivated on a
solid, that is to say gelled, medium that comprises means
for selecting the genetically manipulated shoots, rooted
shoots or seedlings.

30 Genetically modified shoots, rooted shoots or
seedlings selected according to a process of the present
invention may be further micropropagated according toc the
micropropagation process of the present invention.

The present invention also provides genetically

35 modified plants obtained from the shoots, rooted shoots



strain EHA101A containing the binary Ti plasm d pSCVi.6. 20 Fi gures 3
and 4 of the acconpanying drawings are maps relating to plasm d pSCVl. 6.
Strain EHA101A may be used for the transformation of other Eucal yptus and
al so of any other plants. Exanples of binary AgrobacteriumTi plasmd
vect or syst enwoi9agM2been fully described 25 el sewher e, ﬁg’?’?f"“

EP- A-0120516. As set out above, the shoot inducing agent or m xture of
agents shoul d i nduce, preferably at high freguency, the formation of buds

that are capabl e of deyel opnent t o, shaot s. . For alyptus, which is
particularly 30 ©%F seFégéPg?t?%]h?&t% Ffer TBEIRY ft’ a%grttllﬁ?ﬁ CPPU or an
equi val ent  subst mirregrphagyted cacdaxdiag touRapryceseiah e DHesentl ture

medi um used for isRdUGEEGA. Ofséésw%lafﬁsr% Ehaﬁyem 3 iildlamat e and/ or
ascorbic acid, in 35 or der r onp eneratlon Oof shoots at _high

WO 97/ 23126 propagated accor to t e m:. roprmgm Fregees of
ef ficiencys The shear pragept :tmyexttadh .0- As6 indiicated uaow athishdet

formation is ge“‘g{a%ltk)éuﬁﬂ&e&s&ﬁl t]?bf%%“&ioﬂ&lap q‘&ﬁ%‘i‘i WP QG cU$LNd

anot her static culture nedium Exa es_of nmedia suitable for use in the 5
process of the pré&&fr Fﬂﬁe?ﬁf?‘ﬁﬁllq'oreqq?&@?:ﬁg shoot formation, for
sel ection of transfomiredobidl scanmdniinatienahd &oporestigll ipzablem and

i nduci ng root fog:q_g hgn Qit‘gfgeg);%‘dsy ﬁg%&%&ggl&cﬂ $e8 e gl ven

herein. Suitable are kno ma be 10
det er ni nekP by roﬁ’ﬁirﬁécﬁé?ﬁo%obm “@E"e&ﬂ‘ﬁoﬁtaﬁﬁlmwféa been
cultivation of t b&lﬁaﬁﬁé&eﬂrah(plawm)gﬂwmahaeednmustae&ﬂ@seﬂanae.diaheve,

for example, in a glasshouse or outdoors, even though
surface sterilisation or disinfection is carried out
according to conventional methods. Even when the

1s starting material has been produced under sterile
conditions there may be microbial contamination f£rom
other sources. It is also arises in connection with
genetically manipulated plant material obtained using
Agrobacterium-mediated transfer., Such material may

20 present particular problems for subsequent propagation,
particularly micropropagation, because of the inevitable
contamination with the Agrobacteria themselves. Plants
contaminated with Agrobacterium may also be unsuitable
for commercialisation because of regulatory

25 considerations.

The present invention provides a process for reducing
microbial contamination of shoots, rooted shoots or
seedlings, which comprises cultivating the shoots, rooted
shoots or seedlings in an oxygenated liquid medium that

30 comprises an antibiotic, the shoots, rooted shoots or
seedlings being submerged in the liquid medium.

The present invention also provides the use of
cultivation of shoots, rooted shoots or seedlings in an
oxygenated liquid medium that comprises an antibiotic,

35 the shoots, rooted shoots or seedlings being submerged in



preferably under using the apparatus and conditions as descri bed above for
m cr opr opagati on of shoots, rooted 15 shoots and seedlings. Figure 2
of the acconpanying drawings illustrates, by way of a non-limting exanple,
steps involved in a typical process for the production of rooted

geneti cal | ywog®disidsed pl ants using selection on solid (gel pEttEPISOSI46, 20
and carrying out selection in a liquid nmediumusing a subnerged "air-lift"

culture according to the present invent i_oQ in which the plant material is
allowed to nove freely. The tine scal e of Phe two processes and the nedia

used are descrith®l Isaud® pediug. ofor xehe | redusit iome ofsmicrobpabduct i on of
genetical | y nodidrteshimatdonpbsthe agibsedly doted ahbbes! brWséédbings.

appreci ated that using.the.protocol illustrated in. Figure.2, the tine scale
and medi a of choi czﬂkﬁ Illlqﬁégeﬁaﬁbﬁr? H%e#’j} reé“pg‘f’yfeﬁec PRAISGRt ™ ial to be
modi fi ed genet iaxdiibiotig,t ernexanplee B@mentinst effbel fhatt thakdthmy be
carried gut in ghdlid ! eiRRledObHEbL & SSedBhd hadBels! %&,eaeséen)ﬁt her steps
added. Any of the otk}%r i ﬁgﬁd S Stime‘%rf theg?dresent I nvent L gh may be _
Substi tuted forimeFsed in Pher 1iGuid medium, xedhlts tpongrecetiicient |
Step 1, which ipersmmationooffoshtieidiils, inboglthet £issud® 8%/ £8é 2éhoot
PCT/ EP96/ 05746 'as}rég\kfkﬁrn %ééﬂ?lse?ﬂfs&ﬁ?'d@i‘é% %"n%”?kggggyJRiéﬂébﬂf

transformed with sequence of in erﬁe{it usi'n cterrum  nedi at ed
trans-f or mat i orF¥H-AHAR, F‘P&n’g?o??r‘i"bc U jeYe OXPdolR oht BiTPEE
sel ect abbe nar kard gfifectiive maangre, 5 the NTPII gene. In Step 2,

which is also Commet %uﬁ%&baﬁ?&ﬂogf’tﬁé"eshoots, rooted shoots or

seedlings in the oxygenated liquid culture medium is
preferably carried out as described above for
micropropagation of shoots, rooted shoots and seedlings.

15 The shoots or rooted shoots may have been obtained
from plants grown under non-sterile conditions, for
example, in a glasshouse or outdoors, and may have been
subjected to surface sterilisation or disinfection as
carried out according to conventional methods. Similarly,

20 seedlings may have been grown under non-sterile
conditions, for example, in a glasshouse or outdoors, and
may have been subjected to surface sterilisation or
disinfection. The shoots, rooted or seedlings may have -
been obtained from genetically manipulated plant material

25 obtained using Agrobacterium-mediated transfer.

The process of the present invention for reducing
microbial contamination has universal applicability, that
is to say, it may be applied to selection of genetically
manipulated shoots, rooted shoots and seedlings of any

30 plants. The plants may be, for example, annual, biennial
or perennial plants; they may be gymnosperms, mono-
cotyledonous or dicotyledonous plants; they may be
herbaceous or woody plants, for example, the sclero-
phyllous and other woody plants specifically described

35 above. The plants may of use in agriculture, horti-



resulting transfornmed explant and Agrobacteriumstrain are co-cultivated

for 2 days on a solid (gelled) nmedium for exanple, clonal co-cultivation

medi um containing a 10 shoot inducing agent. For Eucalyptus it is

particul arly advantageous to use CPPU to i nduce shoot formation. In Step 3,

the resul ti ngv@fpra& s previously chall enged with the Agr obBETERIMN: r ai n

are regenerated to produce shoots on solid (gelled) nediumcontaining a 15

shoot inducing agent. For Eucal yptus, it_isg again advantageous to include

CPPU in the solid pediumjto i nduce shoot_fornafion. The solid Eediun1also

contai ns the appfBptiEge LNSRELK OT2F8 PLantREL iFIRKYi ulSr BLBRES| Y2y

contai ns an ant i beobtrratentaleanprodacgr asefuPcrops oaf privdudgsabact eri um
for example, augmeniipe oifiselepkbloshba0s G TN 15 3LBLIHeANE, NTP |

gene the selective agent 1S, for exanple, parononycin, [3, ananyzln or

neomycin. For EuBBYR¥ereshoL dihed invaptaen sdeserikad isreine mayabe

cocul tivati on nmedrowm Winto GIRINtE, for esasphelgmethive placital SGnaegt ai ni ng

418, for exanpl ALBias uc p b ure i [ out

every three meek§p€%?§¥gé%ootq agggggf #%?Séggg%ﬁ#a%gLE% oﬁ%§5§a%ée§s usi ng

a nedi um cont ai nPREALPFR;  igrieh&Pn agNantags. thar, in many caggsz gheekding

to Ithe presenlt iabﬁ?ixhém ddesdadieg £boat prodess i oh tid RM%QFﬁCEhynbeThe

explants resultip St e Whi c X n revi,ously been

chal I enged vith FRECHE s (it ?8638131?@5‘?%%?%8}3 g 18 Bolid (gelled)

medi um ca#t ai ni ngreepholse ngayher than sageiringan igtegeediatpostage

Eucal yptus it isof r&NtBid 2ohlHemi-solid media.

PCT/EP96/ 05746 - 36 io geor out above, depending on the embodiment of the
invention, the plants may be, for example, annual,
biennial or perennial plants; they may be gymnosperms,

15 monocotyledonous or dicotyledonous plants; they may be
herbaceous or woody plants, for example, the
sclerophyllous and other woody plants specifically
described above. The plants may of use in agriculture,

horticulture, forestry or as plantation crops. The

20 plants may be ornamental or produce useful crops or
products. Examples of plants and their uses are given
above.

Plants obtained from shoots, rooted shoots or
seedlings obtained by any process of the present
25 invention are themselves part of the present invention,
as are products cobtained from such plants. Such plants
may be micropropagated according to a micropropagation
process of the present invention. For the reasons given
above, this is particularly useful for the propagation of
30 mature plants, for example, mature eucalypts.
The following non-limiting Examples illustrate the
invention.
EXAMPLES 1 _TO 10
PROPAGATION OF E. GRANDIS AND E. GRANDIS HYBRIDS
35 Unless specified otherwise the media, plant



particul arly advantageous to use CPPU to induce shoot formation. The nedi um
preferably also containing an antibiotic, for exanple, augnentin to prevent
the grom h of the Agrobacterium As for the conventional nethod, 5
subculture is carried out every three weeks until shoots appear. In this
case, howevawQomdmst s appear after 4-5 weeks and are al | oWeCT/EBIGOSTHSI nue
devel opnent up to a total of about 9 weeks, rather than 21 weeks in the
conventional process. This is a saving of ,12 weeks and 4 10 subcul ture
steps, with corresponding savings in |abour and materials. Step 4 involves
el ongation of tMatesdiadd.cFeORETREUER, sHITHLQyanddightdngnronditionspl e,
clonal shoot eldugatived Bedownwenbi Ged alee b @l 1owingk Exampléder 1o
process of the:g$yention, in Step 4 selection of transformants and shoot

el ongation is carried out sinultaneously in subnmerged liquid culture using
an "air- lift" Ma@it@&m in which the shoots are allowed to nove freely, as
describeg above. ThgilsiglgiMd meBEh UFHSE Off @ diSropfhgat iondBEABD! @PAAM & &

sel ective agent, for %fang%g ;gar omonycin for the NPTII gene and,
preferably al s a4 S¥PEI%or exanple, augmentin. In this case

sel ection and Shydtagg#longati on takes | ess than 16 days. The3ngAltransfor ned
mat eri al rapi dlghd3eeres brown, for exanple, the first 25 34 g/$i gns show
within 4 to 8 days Shoots that are tptaly transformed, _in Contrast, are
heal t hy and grée%%mqq?é‘@ﬁc}ﬁf‘ PAPPEES™ el ongat e.  Shoot s1PRaPLAte conposed
of bot hror ansf iMg8al AHHPOhon-transforned ti ssues (chimaeric shgp2ssg/hre
easily differeq?& d fromshoots that are 30 conposedo§€£§r§}y from
transfornmed cel s ei't her by tge gr sence, of brown sectors or x f rtial
browni ng over tMiEFashigs ang F5eedof 1862 SHhpfal Adt ot al | yo0rBhéd or ned
shoots are hi ghicromftorienngtotkveojugbmn (Rigna WMos52B)er 10 days, high

qual ity transf ofdfNhe mirashige! 8RhCskoog (1962) 0.5 mi/1
15 vitamin solution (Sigma M03200)
BAP (6-benzylaminopurine) 0.04 mg/1

Adjust pH 5.6. with KOH and autoclave at 121 °C for
20 minutes.
110 X macronutrient solution contains 2.2 g/l
20 CaCljy.2H20, 0.85 g/l KH2PO4 and 1.9 g/l KNO3
2Murashige T; Skoog F: (1962) A revised medium for
rapid growth and assay with Tobacco tissue cultures.
Physiol. Plant., 15 473-497.
Ligquid XM media for micropropagation of E. grandis &
25 E. grandis hybrids
Ingredients: as for the solid KM medium, except that
(i) the Phytagel is omitted and
{(ii) 0.01 mg/l BAP are used instead of 0.04 mg/l BAP that
is used in the solid medium.
30 Half-strength KM medium for rooting of shoots of
E. grandis and E. grandis hybrids
This medium contains half the macronutrient,
micronutrient, MgSO4.7H20 and NH4NO3 content of the basic
solid KM medium. BAP is omitted and replaced with
35 0.2 mg/l IBA (indoyl-3-butyric acid). The pH is adjusted



35 for m cropropagation. The selective agent is able to WO

97/ 23126 PCT/ EP96/ 05746 - 37 -
penetrate the plant tissues nore effectively and nore extensively in the
subnerged liquid culture according to the process of the present invention
than i s possiwbe2dan the sel ective agent is present in a s SCFEPIRIT4Im 5
M cr opr opagati on of the shooted transformants is carried out in Step 5.
Using a solid (gelled) medium for exanple,gg0lid KM nedium it takes about

16 weeks to obtain about 100 _Eugcal randi.s shoot.s of C neti cal
nodi f i e?i line of I"sché?ﬂué @nddgﬁFvé%é#}‘?‘B?ﬁsa ai’ICF"caaveglsﬁbl %Ef %’1 5r rr:at | ony

event. Using a szdnumnyué 'abr debctibed i ahowe didxt whe foutdrstnength thesic

present inventi ongy Nl the shoots are allowed to nove freely, for
exanpl e, using |iqui medi um nore than 00 shoots ,are obtajned in about
6 weeks. As expl ai ned™heFsy @ppifrabls, 1 ds AT VRRedatiagSorh 1asidedand

materials 8s wel |pfior ntd isverilhsationl step Step 6, is compn to both
met hods. It invol g%&—?ﬁE§%§ﬂgaﬁdgﬂﬁﬁﬁhkgkﬁgﬁgﬁﬁﬂﬁngedi”"‘ for
exanpl e, KNInedldﬁﬁﬁF%%&% cases about 4 weeks.
The present invent i orPi@ddc B4 crRETEPATAHRI e MiCEOProRagat{opopd Aoeing
108 roo]E ed tLansfaﬂ r@éhiEwbaJmphaazalaefé dondiicteathe2 wdqmy%s in the
order of eight 2, gFasu BArge 25
savings in the cos 1P93ngﬂge§§8§ gg |spo§§ble |fe%é g %& §Y | ant
growt h vedSels. ﬁ@m SPAmPRE pr\é%%ﬁms iFRAGHGisd akbervigeceaix

Si gnl ficantly as fdwesvmpet iafl thacrhhdé oSt Rued .30 ohandk ers hge £ Uhinias
under

per litre of liquid medium.

All plant materials used for inoculation were
15 previously micropropagated on semi-solid media.
E._urophylla x grandis hybrid clones 18.50 and 18.52 were
obtained from Centre National de Recherches Forestieres,
B.P. 764, Pointe Noire, Republique Du Congo.
E. grandis clones 5046 and 5048 were obtained from
20 Prof D.L. Rockwood, Dept. Forestry, Univ. Florida,
Gainesville, Florida 32611-0303 USA.

E. grandis x E. camaldulensis hybrid clone 11/25 was
supplied to Shell South Africa by the South African
Forestry Research Institute, PO Box 727, Pretoria 0001,

25 South Africa.

Micropropagated E. grandis seedling line Tl4 L10 was
derived from seed of E. grandis supplied by the Institute
of Commercial Forestry Research, University of Natal,
P.O. Box 375, Pietermaritzbexrg 3200, Republic of South

30 Africa (seed batch reference No. 38064).
: i £ shoot 1 £ . lati

Micropropagated shoots of E. grandis or E. grandis
hybrids having apical meristems were used as starting
material. Each shoot possessed 2-4 nodes and a shoot

35 tip. The shoots had previously been serially subcultured



aseptic conditions and incubate the cultures under 30 controlled
environnental conditions is significantly reduced. Not only are nore shoots
obtained in less tinme at | ower cost than when using solid nedia for
selection, the resulting shoots are of very nuch higher quality. In 35
particul ar, 8%k bed above for mcropropagation WO Sridetbe/fst46

PCT/ EP96/ 05746 - 38 - according to the present invention, the shoots are
wel | el ongated, posses thick and robust stens and two or nore well spaced
nodes. Furthernore, the shoots are remarkal¥y -uni form which is especially

inportant for 5 on baSPEMESTidI KM teddanScohtaieiid ad 042 mggheahbonTRE OCESS
of the present ipy ntion,féoal 1.S.. 1 '

sa selectiaon_in.a_liqui um may
be i ncorporated RLunes 5T “T}}%c\}(’n%‘ﬁ éhg% elE:Jfrl’soﬁ"Qe ee&agﬁeggﬁgdgggel | ed)
medi um i s carri etioeted pentanepusly. afitieoplant arateyiad: ifewm whith theui d
rrfd! um tl?hs uc hsﬁ?%@%%éf@ &eqhwaf ataﬁogaréilaf%@ﬁ;f %e{gﬁﬂ'dﬁ'i}[tﬁﬁ')édbfokfﬁs |
stringen an wou g required i .Splid selectign step were the only
sel ection®step. RTEHLYT (ﬁ%ﬁ”ﬁ’ P&&Eﬁ&él?%’o%cg%“gé‘ﬁ‘\?g’ﬁé‘i '53?581"@155 growt h
and 15 deveregiamnd was dmpwse toabeeliréy of mimymitiadekceptaninants’.
conditions. The pyesHRlisivailt ¥4t ACe8r ghagty Provides a process for
sel ecting genetica | ed .shoqts, . roofed shoots _or, seedlings that

di .
conprise one or nor %i%hﬁ)ﬁeﬁfl 1ed PhbeFELTe dPDOMNILIRIARRELOB i nter est
and that have a $ptrepagdttomharatese givencin ptivptampiesatarel foreshabesei n

the shootgy, ro0tefaSNRPL SeiPft a1 IF0B9%08E Eng Wi NA! i rectly into
compost or indirectly via semi-solid wmedia.
EXAMPLE 1
Propagation of E. grandis shoots using an airlift
system with free movement of shoots.
15 The media, temperature, airflow and illumination

conditions used were those set out above.
Apparatus
The apparatus consisted a compressed air supply fed
via a combined pressure regulator and gauge. A pressure
20 release valve (NUPRO SS-6C-MM-10), activated when the
pressure reaches approximately 10 p.s.i. (approximately
67,000 Pa) was fixed into the line downstream of the
regulator. The airstream was passed through an activated
charcoal gas filter (Whatman Carbon Cap 75) and
25 humidified by passage through distilled water using a gas
diffuser (Pyrex no. 2) and a 21 Erlenmayer flask. The
deodorised and humidified air stream was used to supply
an air-lift fermenter. The airstream was sterilised by
passage through a gas filter (Whatman Hepa-Vent 0.3 um
30 pore size} before being fed into the air-lift fermenter.
The air-lift fermenter comprised a 51 culture vessel
(Quickfit FV) fitted with a 1id (Quickfit MAF2/2) having
five 19 mm ports. The airstream was passed through the
central port using émm diameter stainless steel tubing
35 and a lid adaptor (Quickfit). A gas diffusion tube



subnerged in an oxygenated |iquid nediumthat conprises neans for selecting
the genetically mani pul ated shoots, 25 root ed shoots or seedlings
before and/or after the shoots, rooted shoots or seedlings are cultivated
on a solid, that is to say gelled, nediumthat conprises neans for

sel ecting t hevggsameizecal | y mani pul ated shoots, rooted shoot SPGHERERIMS ngs.
30 Cenetically nodified shoots, rooted shoots or seedlings

sel ected according to a process of the presggt_invention may be further

m cr opr opagat ed according to the m cropropagation process of the present

i nvention. The pr@®¥&ex PRved?i Bﬂsa?%"baciﬂﬁitd’eé‘hgeﬁg?‘%%?? steel inlglified
pl ants obt ai ned fgwmHate thleodiffusentedb Sppaickimat¥y98.23dR6Erom the
PCT/EP9G/ 05746 - wibe ¥ (9RCdLLOMS1 88! ARl WsaBRl ! OFRL! dyndiild

her
m cropropagated accordin 0 a process o present i nvention. Such
pl ants may thensetopsiasednPér 8- ShrOPIRRR dFagdc Subpnginseryed into a port

i cropropagat i on y¥ieRESS streRjoint &dpttre S ckFLENt voAted ASo ityl cat ed
above, this is particu arlyvu e%r% fo*.#éga %h§%%hggr§§8§gélo of mature
trees, for exanpl&FMOSRESIFplE’ oLt Hr - Font A Nat s'H ot enti al
problemin tissue culidigopgstuehing n{tfgavealculturgagrade a Mérck) was
particul ar probl g3 @hrici@hshe! thé lapft:tud doRmsLeeam0bE AKe hdy Qaddaant s

grown under non-sterile.cqonditions, fpor exanple, .in_a glasshouse or

out doors, even t &ty %ég Lt or FF i WA AV iﬁ?gg?‘?%nt < %elﬁﬁﬂ ed out
accor di ngl@o conwsittivoeaivessebsdby PlastidwertiBeueSculturstgradely materi al
has been produced,dipdess,Skekl bRamPld] 1 Hkud ReNBUTRY gPRad SE R pylene

contam nation from
or polycarbonate bottles, which are considerably cheaper.

The air-lift fermenter vessel was filled with 4.51 of

15 the liquid KM medium described above. Silicone grease
was used to ensure a good seal of the flange and the 1lid
secured using a springclip (Quickfit JC 100F). Two of
the remaining ports were securely stoppered. The inlet, -

_ exhaust ports and two gstoppered ports were wrapped in

20 foil and sealed with tape as an added precaution against
these becoming potential routes for contamination. The
remaining port was loosely stoppered and loosely wrapped
in foil and tape to allow access of steam during
sterilisation and to enable subseguent inoculation with

25 shoots. The fermenter and inlet/exhaust filters were
autoclaved as assembled units using a 30 min preheat/-
60 min full pressure (121 °C}) cycle. The fermenter was
allowed to cool to room temperature (overnight) before
the inoculation port was secured and the fermenter

30 removed from the autoclave. The fermenter was placed in a
22 °C waterbath, connected to the air supplies and
equilibrated for 1 hour prior to inoculation {air-flow
rate approximately 1.8 litres/minute).

. . £ al

35 On the first day, the fermenter was inoculated with



other sources. It is also arises in connection with genetically mani pul ated
pl ant material obtained using Agrobacterium nedi ated transfer. Such

mat eri al may 20 present particul ar problens for subsequent

propagation, particularly mcropropagati on, because of the inevitable

cont am nat i Go94A3i2d he Agrobacteria thensel ves. Pl ants contpeimeped/edssn t h
Agr obacterium nmay al so be unsuitable for commercialisati on because of

regul atory 25 consi derations. The present invention provides a process
for reducing mcrobial contamination of s#&ots, rooted shoots or seedlings,

whi ch conpr i sesten! hiardprpadat eahgot §raﬁ@£&e§h§tfwtdbt%ﬁ._n%ﬁedk'bﬂg’éhén an
oxygenat ed "q”!sé‘e&f% ”i%zﬂzbt-rﬁomo. ’I\'Rgpéd)é&fh@&] %'%E& E}th h?ﬂgho‘“s

root ed shoots or See€ ei'ng subnergeéd T n
present inventi¥as 43P Wﬁ-ow% PW@G%EI‘OVa%uI‘WQF&ﬁQWdoﬁOsW 8izrr oot ed

shoot s or seedlsﬂgﬁné\san They @R ESdwl waylﬂdj@@&éanﬁ&&thecmm%%fﬁaw

T o 32 e A U . S0 eibiih b LS g DRI O

40 - the |iqui dip@di{mindts. t ffher Sgormenber ovasi shisdided @mthas’an&etyon of the -

shoots, rooted shogkdeOfafeefidrdiea Foe bigithe bt e oI WRieHD Nt kgyed

conpri ses an antlbjotlp fo nmentin. fact t
shoot, rooted sﬁﬁ%%m?ﬁl?ﬂ%ﬂﬁ Wﬁ§%ggé§€§tégﬁ f?ﬁ%ﬁlip Amsreade RLt he 1 quid
nediun1resu|ts biomass=. ef ficient penetration of antibiotic into the tissues

of the ghoot msse%imsoqwﬁa% w2k Qs%@ed%}ﬂ}é%{é%?g’ Eh%@éa'

contam nation nmay be reduced q' eyen r.enoved IP
effecti ve mannefhoot masses, blotting dry onto 11ter papers and

weighing. Moisture content was estimated by drying to
constant weight in a vacuum oven at 60 °C for 72 hours.
The percentage moisture content of micropropagated shoots
1s similar to those used for inoculation was estimated using
the same method. Multiplication rates were estimated by
dissection of three shoot masses from each fermenter into
nodal and shoot tip explants. The nodal explants and
some of the shoot tip explants were subcultured onto two
20 solid basic micropropagation media (solid KM media
containing 0.04 mg/l BAP and/or solid KM media containing
both 0.04 mg/l BAP and 1% w/v activated charcoal).
Rooting efficiencies of shoot-tip explants were estimated
by transfer onto two rooting media {solid half-strength
25 KM media containing 0.2 mg/l IBA and solid KM media
containing both 0.2 mg/1 IBA and 1% activated charcoal).
After 5 days, some of the shoot tips that were initially
transferred onto rooting medium containing activated
charcoal were subcultured onto rooting medium lacking
30 charcoal.
Results
After initial inoculation, the surface of the shoots
did not readily become wetted. Air bubbles bound to the
shoots which floated on the surface of the media and did
35 not tumble to any great extent. After several days, the



The cultivation of the shoots, rooted shoots or seedlings in the oxygenated
liquid culture nediumis preferably carried out as descri bed above for
m cropropagati on of shoots, rooted shoots and seedlings. 15 The
shoots or rooted shoots may have been obtai ned from plants grown under
non-steril e woadisizéens, for exanple, in a glasshouse or outfTEERICAOTAE nay
have been subjected to surface sterilisation or d|S|nfect|on as carried out
according to conventional nmethods. Simlar}y,_ seedlings may have
been grown under non-sterile conditions, for exa in a glasshouse or
out doors, and nﬁvrﬁavésbeﬁnth%mﬁhﬁﬁﬁﬁihﬁ?agﬁrﬁa§§ngt%ﬁ¢lﬁhﬁnﬁ t@r began
disinfectlon The sipslé. eﬁ@gﬁg&bémyseedllngs may have been obt ai ned from
genetically nanipul@ted 8 ant usin

t

Agr obact er i um nmedi at&8%t PERR % e‘:il't‘nlé" ré@3§8n0f8€ sser’f‘[e ChPRVEBE £ or
reduci ng ni cr obihdghcyatasi nﬁwmnmmmwyaatappeumtﬁes tand tth&t is to

fggt ehts%gt geaﬁﬁ. Egge tﬁfsﬂlxécéntﬂla&fy tRast tga{:wefa%ﬂ&éﬁtfgé*&%ts

exanpl e, annual F HFeﬂg Pgﬁ?féﬁﬁ?§;h§ﬂ ﬁﬁpgﬁggeatﬂﬁ ﬁ%y @%q%?hﬁggééﬁns
nono- cotyledondaxger lleavey | poRgents atl dlkes tinbeyf niyodoel dtcirdya oanes or
woody plants, f@hoGia E?gné*'@fW&yﬂ%‘xk?“?vmlﬂéﬁldmw%e@ﬁgﬁ

specifically descrlbe bove ants nay of use in

agricul ture, ho@Pg u VEP§W$Z§EE§551° .
PCT/ EP9GL®5746 - 4l1sixteéhudays fafitest uyxoaulauphantlaé imediamopas The pl ants

may be ornament gl 0F OE’HCﬁe%@rﬁé Wy G 1Q0S %Bm?rgﬁgﬁ F{lﬁ‘p ?&’ﬂ Lot ed

shoots or seedlings o alned an rocess 0 I nventicon descri bed

herein may be necr051s and absc1951on of older leaves was becoming
apparent. Side-shoots were continuing to elongate. The
new axillary buds resulting from extension growth from

15 the apices and primary branches were starting to commence
growth. All of the new growth appeared healthy with no
abnormal development being apparent. 8Six of the shoot
masses were developihg roots from the base of the shoot
masses.

20 Twenty-four days after inoculation, turbidity of the
medium had increased and a scum-like deposit had formed
on the inside of the vessel above the level of the media.
8igns of hyperhydricity, necrosis and abscission of older
leaves became more pronounced and was occurring on the

25 larger leaves of the primary branches. Samples of the
media were taken and examined microscopically in order to
determine the cause of the turbidity. The medium
contained both intact and disrupted plant cells and also
large amounts of cell debris, but there was no evidence

30 of microbial contamination. Overall, the shoot masses
wexre compact, green and showed few signs of
hyperhydricity. A few of the new primary and secondary
branches had broken off the main shoot masses.

The shoot masses were harvested from the fermenter
35 27 days after inoculation. Figure 1 shows the appearance



5 grown into plants, for exanple, mature plants, under appropriate
conditions, for exanple, in a greenhouse or outdoors. It is an advantage
that, in many cases, shoots obtained according to a process of the

i nvention may be rooted directly into conpost and grown up in a 10
greenhouse, weolshyesizé han requiring an internedi ate stage of PCAEFPHETEN

sem -solid nedia. As set out above, depending on the enbodi nent of the

i nvention, the plants nmay be, for exanple nual , biennial or perennial

pl ants; they may be gynmmosper ns, nnnocotyledonous or dicotyl edonous
pl ants; they may afe ztsaéeab@osrmm Hromithe fermenteplin qomparison

scl erophyl | ous anrdtaf heie wopdyal! shést Spssd fas:ahbtudeﬁcan@%ﬁbwe The

plant sy of UG} 4" GhLkUnEes NI LEHI Sn 68368 hlafl s ASpRl ALaL] O

crops. The 20 pro uce
products. Exanpl é@ﬁlﬁ 1pllan1F§SHﬁ§ 1 his rtymianla md cappenpagated ﬂm aused

obt ai ned fsom shey %ndcmhﬁ\d sheosBost weandld GQSaOE pagd éwo&@mz&ré)cess of
the present 25

n_are thengel ve ent i nventi on,
as are products GHOHYR ?P gﬁrsgﬁﬁeﬁVé§k§;°&i klﬁpaﬂ?s
m cropr opagat ed acicurginepagatiaoni vediun ptdatmegium) oceThe oého)due quarmma

invention. For thgd A e mseeyﬁbeaf shddes rda%sﬁérhhf%é‘iéd éfé‘éf" for the
propagati on of 3Q 58 3 i ‘g %Fﬁgp eucal ypts. The
fol | owi ng non-1i Mm% 9y &#BF ed| 1t i litrs b R TO 10
PROPAGATI TN OF E. GREMDiBatED 6f LDRANDIE I-i‘:BRieDSWBSQ‘ht. dry bidnass and
speci fied ot her wigs dei-edntent! 88lshoots harvested from fermenters are

shown in Table 1 below.

IABLE 1
Wet weight, dry biomass and moisture content

~ Wet-weight of inoculum

(10 shoots) 493 mg

- BEstimated dry weight

of inoculum {at 91.8%

moisture content) 40.4 mg

- Wet weight of 3 typical

shoot masses harvested

from fermenters 15.466 g

- Estimated increase in wet

weight {corrected for total

vield of 10 shoot masses) 104.5-fold
- Dry weight of three

typical shoot masses

harvested from fermenters 1.671 g

- Estimated dry weight

increase {corrected for

total yield of 10 shoot

masses) 137.9-fold

Estimates of total multiplication rates and shoot-tip



WO 97/ 23126 PCT/ EP96/ 05746 - 42 -
materials, tenperature, airflow and |ighting conditions described bel ow

were used in the followi ng Exanples 1 to 10: Media 5 Solid KM
media for mcropropagation of E. grandis & E. grandis hybrids Ph ta eI

3 g/l Sucrosewvo 9723126 10 g/ | PGTREPI6NS
Macronutrient solution[err] 100 mM /1 10

MgSO err]. 7H err] O - 49 - 0 925 g/l

NK[err] NJ err] 0.825 g/ Murashige

and Skoog (1962) [BH¥4imidsatione: rates arghawn im Tabiet Ri balowt ocla
solution (Sigm M¥a9)rakl@) %sWifmaslboef aftbDepaghtidh rates are 0.5

m/l 15 vitanm.n n BAP benz ani.nopuri ne)
0.04 ng/| Adj ust ?ﬁ?ﬁ?ﬁée\m%% &gﬂggﬁﬁp g%%&aﬁi %ﬁgngTe BVd§68n1nutes
[err] 1.0 X macrorenitahke forudisactivt aepking ZQ}I ropging and as total

CaCl H
T Skoog £ ( iéélzih‘%ﬁ}%ij ot o Tor b s onc ket acEoropleRal 00

tissue cul tures fit., 15 473-497. Liquid KM nedia for
m cr opr opagat i on of E grandis & 25 E. grandis hybrids Ingredients: as
for the solid KM nedium except that (i) IARLEMA/tagel is onmitted and (ii)

0.01 ng/l BAP are used instead of th&,ggﬁbageghtgageés used in the solid
medi um 30 Hal f -strength KM nmedi um for rooting of shoots of E.

grandis and E. grandis hybrids This nedium contains half the macronutrient,
Number of shoot-tip explants

suitable for rooting from each
of three shoot masses 59, 46, 56

Average 54

Estimated number of explants

suitable for further micro-

propagation from each of three

shoot masses 111, 102, 121

Average 111

In the resulting shoots, the effects of correlative
inhibition on axillary shoot meristems appeared to be
almost completely abolished. All the branch systems

10 originating from existing nodes present at time of
inoculation contained tertiary branches. Nodes of
decreasing age resulting from extension growth from the
apex of the inoculated shoot possessed branch systems of
decreasing complexity.

15 Tertiary branches had started to form from axillary
buds on the secondary branches. The main stems had grown
extensively and the shoot masses possessed an average of
10 nodes (range 9-11 on the three shoots dissected). The
stems of the original explants had expanded to



mcronutrient, MgSO err].7H err]O and NHerr]NJ err] content of the basic
solid KM nedium BAP is omtted and replaced with 35 0.2 nmg/l 1BA

(i ndoyl -3-butyric acid). The pHis adjusted WO 97/ 23126

PCT/ EP96/ 05746 - 43 - to pH 5.6 and the nediumis autoclaved at 121 [err]C
for 20 m Ny gﬁ,ﬁﬁsdescrl bed above for the full strength bepsTAEPINSTS6d] UM
Where applica 1.0 g/1 activated charcoal is added 5 prior to
sterilisation. Tenperature, airflow and Ilghtlng conditions Liquid

m cropr opagati on, m cropropagation and oot ng on sem-solid nmedia were
conducted at 22approtidatialy 2 16 déawepentapcthodyss0and thel primvary,
sterr], suppli chedinddry and fei®i8¢PBah @i lnad \IcaeasIBELY! b gﬁguer

othervvlse airf Wrates were In the range of fromO i‘&g m nut e
per litre of |iGtAReYishfmspRmt Fe?? cR RS- T ﬁF‘&PFoHlRFIC’%I ant
materi al s used the owiariradt iatremaeréhéSpnmar)prlmarmlalsy aridc chpr opagat ed on

sem -sol gd nedi déﬁp n 0 mere
obt ai nedsf rom C%?lt%‘e Nat | o gc erc eﬁmﬁ%{rgesqtl?e s%ﬁgé sﬂggﬁl&'—%

Noi re, Republ i gt® Aged- CP%’I‘I%%?%G% 5043 rREREt obt aj ned
from 20 Prstfe:ﬁls Land?mﬁcwm:d moBepﬁrelEospatédl nddeisv. wikkhinhda, single

Crone- 111 2 s PS8 g By, HA0EL B SBBMAF, rr

Forestry Researeh ymikioumity betwssr the hﬁ"éﬁtﬁﬂ?q HooEs, 25egardless t of

Africa. 1bl cr oprepaoRingsk . .off) nddiss tﬁaedthélgscbuﬂﬁe Brankchds\possessed.
Almost all of the tertiary branches consisted of a shoot
tip {(two leaves and meristem) and no nodes. The greatest
difference between shoots of a single branching class was
seen in the degree of elongation of the tertiary shoots.

15 Only well elongated tertiary shoots were harvested for

subsequent transfer to solid media. Roots were only
observed developing from the base of seven of the main
inoculated shoots.

Where observed, signs of hyperhydricity of leaves was

20 apparent on well expanded, older leaves only and was not
as advanced as was expected from observations made whilst
the fermenter was in operation. Younger material (i.e. at
the shoot tips and apical nodes) did not show any
significant signs of hyperhydricity. Dissection of the

25 shoot masses indicated that the older stems were rather
brittle, indicating hyperhydricity.

After harvest from the shoot masses produced in
ligquid KM medium and subsequent transfer to solid KM
micropropagation media, shoot-tip explants and nodal

30 explants appeared healthy. Four days after transfer, no
differences could be detected between explants
transferred to KM micropropagation media containing or
without activated charcocal. The explants looked healthy
in comparison to similarly treated shoot-tip and nodal

35 explants previously cultured on solid KM micropropagation



derived fromseed of E. grandis supplied by the Institute of Conmmerci al
Forestry Research, University of Natal, P.QO Box 375, Pietermaritzberg
3200, Republic of South 30 Africa (seed batch reference No. 38064).
Preparation of shoots used for inoculation M cropropagated shoots of E.
grandis or EWQPu#6s hybrids having apical neristens were BCHEP¥O5US,rting
mat eri al. Each shoot possessed 2-4 nodes and a shoot 35 tip. The
shoots had previously been serially subcu] tay ed WO 97/ 23126

PCT/ EP96/ 05746 - 44 - on basic soljd KM nedium containing 0.04 ng/| BAP.
The cul tures froMmeftiEn lprkisgodttivaredwhargaprest 28 $a%F rafdtexd

spont anef)uslby. Thaapsfet, naher gadwith wi spichlt hersboahs MHeraleriesedthad
previ ously been t Lve i i.hiQti
(augnentin) - cont %%H"%%g%g%l?% g%dgﬁ%%aiﬁgnm%eﬁoaggi%ggi 'g%%@cﬁr%niaéﬁdc
confam nants. Milsibgeasgrropleagation wewshs cbnpeillape shoats appsaxede,

the nultimgicati @ berspAgdaroly dffkRMmt@ ¢eBheh hatvéxce®| BomighdR shoots

10 that are i_tab oot i ither di.rectly into conpost or
indirectly via sé"n%%?%%l #ﬁ;ﬁ‘géié.%%%ing‘&ﬁgt?%nl%fe@ di s shoots
using an airlift Preyionshyt auleeedove medidoKMshboreprapagation medile
medi a, tenperatunackiangf hevieieed | dngpdaatii,on conditi ons used were those set

Ui'a & combi nod pr ess BPREFBELF £ Ceritd &3, 35 oShaot FEGs (b lnnte harverbade.

val ve (NUFRO SS- @édthwiklfyomashootitmabssse prodeced in liquid KM medium or
harvested from shoots previously cultured on solid KM
micropropagation medium lacking activated charcoal are
shown in Table 3.



pressure reaches approximately 10 p.s .i. (approximately 67,000 Pa) was
fixed into the line downstream of the regulator. The airstreamwas passed
t hrough an activated charcoal gas filter (Whatman Carbon Cap 75) and 25
hum di fi ed by passage through distilled water using a gas diffuser (Pyrex
no. 2) and awgdlorhsizennmayer fl ask. The deodori sed and hum di#CHEPIaNST46t r eam
was used to supply an air-lift fernmenter. The airstreamwas sterilised by
passage through a gas filter (Whatman Hepa-Vent 0.3 [err]m 30 por e
size) before being fed into the air-lift T&2nenter. The air-lift fernenter
conprised a 51 culture vessel (Quickfit Eagrgigted with a lid (Quickfit
MAF2/ 2) having fi ) i I am. r h the
central port usi r%"%é#r%]gg?]gr?fg{:%‘?n% %ﬁ@n ess?o;ot%ee B?%ﬁ??léﬁg% 541 é)a"igsm? a i d
adaptor (Quickfit). A gas diff¥Pogfexbee roqying 26

PCT/ EP96/ 05746 - 45 - (Pyrex no.reZkewtagé! troctish (F dmdotlaipl exp1ahes!
inlet so that the diffuser was approximtely 0.5 cmfromthe base of the

assenbl ed cul ture vessel. The exhaust consisted of a stainless steel tube,
inserted into a Rooting usi Shogtstipwpwbhantala@hoot( Qipckkplantented to -

the atnosphere vigeemitt filter naVhabeBA HeHA- Vent JharSeste@ne rbiPhfgor
(tissue culture grade, Merck) was u?ed t hr oughout th agparatug downst r eam
P S ug

of the activated charcoal filte® f"88f8B88si bl e t §8cPERAVUGRdss 10
culture vessels by plastics (tieeduceltine grade) diptsoldd, KMomediampl e,

tissye cul ture grade polypropy!qaguga ﬁﬂlMgag@@natqA@@ghbegctmggggdare
consi derably cheaper. Preparation of the apparatuséﬂgid%ga-llft fermenter

vessel was filled with 4.51 of

Half-strength
KM rooting 86 . 66
medium

Half-strength

XM rooting 52 41
medium plus

activated charcoal

Half-strength

KM rooting 84 53
medium: 5 days with

activated-charcoal,

23 days lacking

activated charcoal

Under the three condition tested, rooting
efficiencies of shoots-tip explants harvested from shoot
masses produced in liquid KM medium were higher than for
shoot-tip explants harvested from shoots previously

5 cultured on solid KM micropropagation medium lacking
activated charcoal. Rooting of shoots-tip explants
harvested from the fermenter was first observed after 10



15 the Iiquid KM nedi um descri bed above. Silicone grease was used to
ensure a good seal of the flange and the |id secured using a springclip
(Quickfit JC 100F). Two of the remmining ports were securely stoppered. The
inlet, exhaust ports and two stoppered ports were wapped in_20 f ol
and seal ed wMOP28136 as an added precaution against these 5746
potential routes for contam nation. The remaining port was | oosely
stoppered and | oosely wapped in foil and ggpe to aIIOM/access of st eam
during sterilisation and té) enabl e bsequgent on . wth

cul a
shoots. The fer feRYRCEARPHSH &0 gfﬂiégsfb? ’r?%r"ée y f’oéﬁXﬁeﬁaﬁ%ler
assenbl ed units uhammphpdﬁ}hnps pazkeatéd BOowishdatld presdiousdy(d@ltyieed] C)

cycle. The fernmegl et a5 @ hR\edpks sg&héﬁ) il qm@;rﬁbuaet&oxe&a' ght)

before the inocu atlon port was secured and the fernenter renmoved
from the autocl a¥8a¥SRL f er nent er was pl aced in a 22 [err]C wat er bat h,
connectedsto the ai rTmlpﬁldz@@mpdgaqubnidnEa.ed;ﬂandlb descrhbedr above

i nocul ation (airgflowd. %ﬁ&& @ibﬁﬁl@hy at A4d &5 aa'at d
M cr opr opagat [ on o‘% WF] éﬁ P 3 % %I r?fi Sﬁ : g?rr%ﬁ(t:?ér was
i nocul ated with ©f %9‘@:?? zﬁyfz@u sequent rootms- oots for rooting

PCT/ EP96/ 05746 - giéwed tarn imoxeageopfgabedt 550 gﬁcmwlipezs moath ahtiathed from

the seedling |i n€°&fc‘%&‘g"*{rm Eggngvgl QlFQt oéo'}l%ga Beans%l r I §93 ng. The

fermenter was reconne irsu ow wasS adjusted to
t he maxi @8m f| omﬁgbsequematnéqwogagetao%tms dncraaset Bobpresgss of

approxi matel y 1. o/ foXditper honther nehé ehigblehila & muiithpiatatyosicr eens,
f‘g?egpg[‘gt Ieﬁc‘;ggs&g%h%x@d By UR4S1RELOLsd % F MO of multiplication
As described above, the quality of the shoots
harvested from the shoot masses produced in liquid media
15 was high, with few overt signs of hyperhydricity. The
signs of hyperhydricity that were observed were confined
to older tissues. The shoots harvested from the
fermenters appear to root more readily on solid media
containing IBA than control shoots harvested directly
20 from cultures propagated on solid medium. The quality
of the shoots is such that they may be suitable for
direct rooting into compost in the greenhouse, as with
the shoots of Acacia mangium described in Example 11
below.
25 EXAMPLE 2
Propagation of E. grandis hybrid clones & E. grandis
seedlings
A number different E. grandis hybrid clones and the
micropropagated E. grandis seedling line T14 L10 were
30 micro-propagated using the air-l1ift method described in
Example 1 except that commercially available
polycarbonate vessels having a capacity of about 2.5
litres ("2 litre" vessels of Nalgene, Nalge Co. Box
20365, Rochester, NY 14602-00365, USA; cat. no. 2015~
35 2000) and polypropylene screw tops containing inlet and



bi omass. 10 Bi omass i ncrease was estimted by renoving three shoot
masses, blotting dry onto filter papers and wei ghing. Mi sture content was
estimated by drying to constant weight in a vacuumoven at 60 [err]C for 72
hours. The percentage noisture content of mi cropropagated shoots 15

simlar to twoswsmsed for inoculation was estimated usi ng PAFERMPE™fet hod.
Mul tiplication rates were estinmated by dissection of three shoot nmasses
fromeach fermenter into nodal and shoot tipggexplants. The nodal explants
and sone of the shooéﬁt Irrgﬂ Iants wer e subcul tured onto two 20 solid

basi ¢ m cropr opagQBF 53 (sHa1P90% F2di-aContdifAT RSP Y. (venfyMeedap
and/or solid KM nids&eadnofii thegglads) vesgéley/ | BAP and 1% w v activated

char coal Rooti ng ef i ,k%}ta t t%%i d_b
t r ansf er)ont o] tvvogr oo:r%l% %gso ;:IlFB B{:Q‘H é%%q& kh@ihgl a Y
contai ning 0.2 ngPlreF'B m%msadeaﬁrab%ing! petarR-e Ing/ | | BA and
1% a_ct: ?/at el ch?r eqal ).;u:éétef bigiays, K!Gmrobtrbb&gam veditnt la@i wer e

t t arcoa
wor & suboul tored BepgrEBe, BYe b AdlC A BLBhWedid] 4 Lra TEERRNS
After initial inoW8Fs&t PBE°°%%\§¢%U?JF°aé‘E“bP #géa!frh%%t‘sl%ll@]rﬂotp!rmrley becone

wetted. Air bubbl gg2btenccycidine Pheet scvbed) ddcltvcs] Was suhhaseef the

media and did 35 of.iu reat _extent ft.er several days,
t he WO 97/ 231280 thé 5:} m&} Ofoatn%qgn ﬁaraélon for'ﬁ %@6%5?96 )

47 - surfddes of dnecyhabionpetthne hahostsand che chothe diegws oo biinbhe
extensively. seedling line indicated, which clones and seedlings had

previously been propagated on solid KM medium. Operation
of the vessels was terminated after 22 days because some
of the vessels had become full of propagating shoot

15 masses.

Five typical shoot masses from each vessel were
dissected in ordex to estimate the multiplication rates
achieved. Table 4 show the multiplication rates obtained
for the five clones and one seedling line used.



Ni ne days after inoculation, the shoots were show ng high rates of
extension growh at the apices and the 5 majority of the axillary buds
that were present at the time of inoculation had cormenced gromh. A few of
the larger | eaves present at the tinme of inoculation were show n shgns of
hyper hydri ci wo aB126i f i cati on), necrosis and under goi ng abs%‘?"‘é%‘i’g‘ﬂ-'." 0

Si xt een days after inoculation, the mediumwas starting to becone turbid.
Some signs of hyperhydricity, necrosis aqugbgcission of ol der | eaves was
becom ng apparent. Side-shoots were continding to el ongate. The new
axillary buds resulting fromextension growth from 15 t he apices and
primary branches were starting to conmenggpggoym h. Al of the new growh
appear ed heal thy w th.nq.abnormal devel opye bei.ng apparent. Six of the
shoot masses were ot : 1 SHasses— 20
Twenty-four days after inocahs ) 1Ta s W G jermentems had i ncreased
and a scum i ke deposit had forned on the inside of the vessel above the

| evel of the nedia, Signs of hyperhydricity, closis, and absci ssion of

ol der | eaves beca nced and was o | ar ger
| eaves of the primary branches. Sanples of the(aftkn 2&daywsdken and

exam ned mcroscopically in order to determ nejjhe causeafehe turbidity.
The nedi um contai ned both intact and disrupted plant cells and al so | arge
amounts of cell debris, but there was no evidence 30 of m crobi al
contam nation. Ossedlllingt hénehDb4 IWEGSes wer e2&ohpact, green and showed
few signs of hyperhydricistk. .,A few of the new pgisary and secondary
branches had brokgﬂ g??ﬁP%é ﬁain shoot nasses.g hﬂashoot nmasses were
harvested from t hEaP@ifudeppisgsclone 57 gays after inoculation. Figure 1
shows the appearanag2s

E. urophylla x grandis 31.3
clone 18.50
E. urophylla x grandis 30.7
clone 18.52
E. grandis clone 5046 11.7
E. grandis clone 5048 3.1

For five of the six genotypes used, the
multiplication rates are considerably higher than could
be achieved using a semi-solid {gelled) medium system.
In four of the six genotypes, multiplication rates are 8

5 to 10 times higher than could be achieved using a semi-
solid {(gelled} medium system.
EXAMPLE 3

Propagation of eucalyptus shoots using an airlift

system with restrained shoots

10 The airlift system used in BExamples 1 and 2 was
modified by restraining the inoculated shoots in a
125 cm’® stainless steel cage containing perforations to
allow the free passage of medium over the shoots instead
of allowing the shoots to move freely in the liquid

15 medium. A duplicate was carried out in which the shoots



WO 97/ 23126 PCT/ EP96/ 05746 - 48 - of
typi cal shoot nasses fromthe fernmenter in conparison with the typica

shoot used as inoculumand with a typical shoot mass cultivated on solid
medi a: The shoot mass 1 in Figure 1 is typical mcropropagated shoot used 5
as i nocul umgolévaaplgoot mass 2 is a typical shoot nmass prodeCHEPMOSHES five
weeks cultivation on solid m cropropagation nmedi um (KM nedi un). The shoot
masses 3a and 3b are two typical shoot ngsggf_harvested after 27 days
subnerged liquid culture in |iquid KM nedi 10 Esti mat es of

i ncrease in wet weghnregtyappgfnss and noi sture content of shoots

garvgst ed fromdf er Uﬂ;ﬁ@&\%t&btg abeavrwaét\ abme@tci:ifbehomh Eﬁ&hﬁl% z\/ﬁéxa{@;%tght,
ry blomass an 1,S e _content - - Wel 07 | NQEul um SNOOL S
493 ny - Estinaiég?%h%#QMgigRPEH%aF%%§%ﬁ?Mﬁ lgf?gwgﬁﬁﬁg?ﬂéec%Bhtent)
40.4 ng - Wt wghi237-9250)i sad polypropyens sgrewstopsf contdinimmt er s
15.466 g 5 Estinpigd i4Hd @Atget &ﬁésmemtge@fé%ae@tﬁe.fﬁisﬁoés?’é:,)vgféxghof

10 shoot nasses) ) 104, 5-fold -, Dy weight of three typic oot
masses harvestemP??QNﬁQQQﬁﬁgnPgrE e vessels ﬁéef?@%faﬁ degcribefed™®f y wei ght

i ncrease (correctakhfeoof medium used was 150 ml per vessel. Preparation
and operation of the vessels was as described for the
previous example.

10 Each vessel was inoculated with either 5 shoots of
E. grandis x camaldulensis clone 11/25 or with S shoots
of the micropropagated E. grandis seedling line T14 L10,
the shoots having previocusly been propagated on solid KM
medium cultures. In one set of vessels the shoots were

15 allowed to move freely. Another set of vessels the
shoots were restrained in a cage as described above. The
shoots were cultured for 21 days then dissected to
determine the multiplication rates achieved, which are
shown in Table 5 below:

TABLE S5
a} : Multipli ,
{after 21 days)
{av. of 5 shoots)

Unrestrained Restrained
E. grandis x camaldulensis 8 10
clone 11/25
E. grandis seedling 17.7 16.8
line Tl14 L10
20 The multiplication rates achieved indicate that free

movement of the shoots is not necessary to achieve high



total yield of 10 shoot masses) 137.9-fold
Estimtes of total nmultiplication rates and shoot-tip WO 97/ 23126

PCT/ EP96/ 05746 - 49 - nultiplications rates are shown in Table 2 below In
that Table, estimates of micropropagation rates are expressed as shoot-tip
expl ant s whi oMow®2M24 udged suitable for directly setting foPCTEBSH6and as

total 5 expl ants which were suitable for further m cropropagati on on
solid nmedia. TABLE 2 Multiplication rates er of shoot-tip explants
suitable for rooting fromeach of three shoot nasses 59, 46,
56 Average multiplication rates. 54 Estimated nunber of

expl ants suitabl gxpgprkugt her mcro- propagation fromeach of three shoot
masses 1 Ave

. 11 102 ,
111 In the resulti ngpg%%??:"‘?rh@]feﬁ”é’@?é’pg?lsc%#‘?‘g‘?%tzir*/é‘“ shaker: £daskn

axillary shoot nmeystéens appeared to be alnpst conpletely abolished. Al
the brancly systems lfhe met¥d Qié&i hWag faéogé§é%§$écﬂglﬂ1 REe§elkoghe ! ME

Cesul ting 11 om ckPBRSFER SFbITIAIAA FubR,HRS Ot me%%&ﬁﬁil sBeshoot
possessed branchapparamss omeboxmlmg weopplentéd.td The atmosphéeetiary
branches had stapkefgte £oidnd 'Y k@h¥hed to an inlet/outlet port as
previously described. The vessels were shaken at
10 125 r.p.m. on an Infors CH1043 shaker for 22 days. The
shoots used were from the micropropagated seedling line
Ti4 L10. Duplicate sets of vessels were run. In one set
the shoots were not restrained; in the other they were
restrained in a cage as described in Example 3.
15 The multiplication rates obtained were 2 for the
unrestrained shoots and 4.2 for the restrained shoots.
This result demonstrates that multiplication will occur
in a shaken flask in which plant material is fully
submerged.
20 EXAMPLE 5
Propagation of eucalyptus using a stirred system
The procedure described in Example 4 was carried out
except that, instead of being shaken, the contents of the
vessels were stirred using a 2.5 cm magnetic stirrer bar.
25 The vessels were placed on magnetic stirrers adjusted to
give a rotation rate of the stirrer bar of approximately
250 r.p.m. Each vessel was inoculated with either
S shoots of E. grandis x camaldulensis clone 11/25 or
with 5 shoots of the micropropagated E. grandis seedling
30 line Ti4 L10. Duplicate sets of vessels were run; in one
set the shoots were restrained in a cage as described in
Example 3, in the other set the shoots were allowed to
move freely. The results are given in Table 6 below.



buds on the secondary branches. The main stens had grown extensively and

t he shoot masses possessed an average of 10 nodes (range 9-11 on the three
shoots di ssected). The stenms of the original explants had expanded to WO
97/ 23126 PCT/ EP96/ 05746 - 50 -

appr oxi mat eo #omedi anet er at the base and the prinmary, sPEHRERHO§746nd
tertiary branches had decreasingly smaller dianeter stens at their branch
poi nts. The shoot tips of the original st , the primary branches and the
5 secondary branches fromboth nmedia all yielded shoot tips that were
wel | el ongated, possessed thick and robust stens and two or nore well

spaced nodes. Wthin a single branchi ngagigsg of shoots, there was a

remar kabl e degree uni 1.ty between the ested shoots. regardl ess of
10 t he nunberg%?oﬁd%%éégxéﬁ t he source gﬁ%ﬁ%ﬁgécﬁ %%%é%ﬁﬁf Al nost al |

of the tertiary branches consisted of a shoot {(afpertd® daysles and neristem
and no nodes. The greatest difference betweenaghgets @host ShdkEeybr anching
cl ass was seen in the degree of elongation of the tertiary shoots. 15

only well elongated tertiary shoots were harvested for subsequent transfer

to solid nmedia. Roots were only observed Hovestpahgedrom t Redasdneid seven

of the main inocul ated shoots. Were observed, signs of hyperhydricity of

| eaves was 20 aB arent on || expanded, ol der | eaves only and was not
as advanced asBwag%8 Béﬁt%dF?T?#ﬁ at i onTAREHREGRI | st the f&rnenter was

in operation. ¥longeflf®Serial (i.e. at the shoot tips and apical nodes)
did not show any significant signs of hyperhydricity. Dissection of the 25

shoot masses indicated that the ol der stens were rather
E. grandis seedling macerated 3.2

line Ti4 L1O

No usable shoots were recovered from the vessel
containing the unrestrained shoots due to mechanical
damage of the shoots caused by the magnetic stirrer bar.
EXBMPLE ©

5 Propagation of eucalyptus shoots in the light & in
the dark

The procedure described in Example 2 i.e. using the
airlift system was repeated except that 250 ml vessels
were used and the shoots were from the micropropagated E.

10 grandis seedling line T14 L10. The lighting conditions
were as described at the beginning of this section iji.e.
16 hour photoperiod light (50-70 pmol m2 st supplied by
fluorescent lamps). A duplicate was carried out, but in
continuous darkness instead of continuous light.

15 The multiplication rates obtained after 22 days
culture were 24.4 for the vessel incubated in the light
and 21.2 for the vessel incubated in the dark. This
indicates that light is not essential in order to obtain
high shoot multiplication rates provided oxygenation is

20 adequate.

The shoots cultured in the dark were more elongated



brittle, indicating hyperhydricity. After harvest fromthe shoot nasses
produced in liquid KM nedi um and subsequent transfer to solid KM

m cropropagati on nmedi a, shoot-tip explants and nodal 30 expl ants
appeared heal thy. Four days after transfer, no differences could be

det ect ed betweann2siepl ants transferred to KM m cropropagat i AETER/P5746
containing or without activated charcoal. The explants | ooked healthy in
conparison to simlarly treated shoot-tip and nodal 35 expl ants
previously cultured on solid KM nicropropé%%tion WO 97/ 23126

PCT/ EP96/ 05746 than thogelipradunsd dg bbei Vashktl cindicdiing28hdtys after

transfer, the gnaWApPuDitfohn ¥ 1TRYhitIhgNBohdleishd RS NHe) useampgncenent of

growt h of nem/aX|ILar¥ §§r5§tqps an subseguent e] ongation . growth of

axi |l ary shoot s™aBpRAFRYE sShoot qualitys; wht *?\%5&%%5%95 &Pt her harvest ed

from shoot nasseompevdimkdnicrdprgprgakionesystens . i IFaxexampdepr moreus! y

cul turedson sol bdoklyheed SRR GH mngﬂsﬂawéﬁ&&a&@a nyBkedsCBRECRA! -
er

Rooting efficiencies of shoot-tip.explants harvested 10 elt rom
shoot masses pr 588EeB°TH ?'éﬁﬁ%fd%&Vng Al %ﬁsrﬁ&QﬂﬂﬁQﬁé“FP89F§hoots

previously cul t BKBRMPLE Zolid KM m cropropagati on nedi um | acking activated

charcoal are shown pp, Eick of elBaP9Le3d 26 '
PCT/ EP96/ 05746 - 52 - Jr%éui 3o e ypedd WPith oxygenation by
photosynthesis

10 The procedure described in Example 6 i.e. cultivation
in the light and in the dark was carried out except that
the gas distribution tubes were omitted from the
apparatus. In this system there is no agitation other
than by convection and/or diffusion, and no active i.e.

' 15 externally applied oxygenation. The shoots were from the
micropropagated E. grandis seedling line T14 L10.

The shoot multiplication rates obtained after 22 days
were 6.2 in the vessel incubated in the light and 1 (no
multiplication) in the dark. The result indicates that

20 photosynthesis can compensate at least in part for the
lack of active oxygenation i.e. externally applied
oxygenation.

EXAMPLE 8

Propagation of eucalyptus with oxygenation and light

25 The method described in Example 6 using the
continuous light conditions was repeated except that the
air bubbled through the liquid medium was replaced by
pure nitrogen. Shoots of E. grandis x camaldulensis
clone 11/25 were used.

30 A 4-fold multiplication rate was obtained using the
nitrogen, as compared to a multiplication rate of 10 when
air is used (see Example 6). This indicates that
adequate oxygenation, by active i.e. externally applied
oxygenation and/or by photosynthesis, is required to

35 support the multiplication of the shoots.



Rooting efficiencies of shoot-tip explants 28 days after transfer to
rooting nmedi a Percentage rooting of shoot-tip explants Rooting

Shoot-tip explants Shoot tip explants Treatnent harvested from
harvest ed from shoot shoot masses cul tures produced produced in
on solid KM\!ESQ‘}M‘HJ iquid KM medi um | acki ng activated clpetrsesdosrss
Hal f -strength KM rooti ng 86 : 66 medi um

Hal f-strength KM rooting 52 41 medi um pl us
activated charcoal Half-strength KM roofiﬁ@ - 84

53 nedium 5 doBXAMPLE) Shctivated-charcoal, 23 days |acking activated
charcoal Under the gluheuiGRai broBubatypehs Maind @i f%%&h?ﬂﬁ#&éu

shoots-tip explapts harvested from shoot masses produ I qui d KM
medi um wer e hi gf®¥©® han for shoot-tip explants harvested from shoots
previously 5 CThé¢ uesthoah deslcird b8! im CExemipslen @a iwasn caegiad dacki ng

activateq char copheprad 1 vRRARYS hbPe SRMAN . iR tER! 89chb@ ™ ! NS

fermenter was first” observe \ )
PCT/ EP96/ 05746 ©Or 540 _shoots of E. grandis x camaldulensis clone 11/25.

After 23 days incubation, multiplication rates obtained
were 8, 24.7 and 36.4, respectively. This suggests that
there is an advantage in using a high inoculation '

10 density.
EXAMPLE 10

Propagation of eucalyptus by recycling shoot material

Using the procedure described in Example 2, E.
grandis x camaldulensis clone 11/25 and micropropagated

15 seedling line T14 L10 were inoculated into the culture
vesgsels and harvested after 23 days. 20 shoots were
dissected from the shoot masses and immediately
inoculated into vessels containing fresh liquid medium
and incubated for a further 23 days. This process was

20 repeated for one more cycle, giving a total of three
propagation cycles.

The shoot multiplication rates did not differ
significantly between cycles and there was no
deterioration in the quality of the shoots produced after

25 successive cycles. This demonstrates that shoot material
can be recycled through successive rounds of liquid
micropropagation, which is a significant commercial
advantage.

EXAMPLE 11

30 Propagation of Acacia mangium
{i) Micropropagated cultures of Acacia mangium were
established from seed (seedlot 945) obtained from HDRC,
Ryton on Dunsmore, Coventry CV8 3LG UK.

(ii) Micropropagated Acacia mangium shoots previously

35 produced on semi-solid medium comprising Complete MS



days transfer to solid rooting nmedium two days earlier than shoot-tips
harvested from shoots previously cultured on solid KM m cropropagation
medi um | acki ng activated charcoal. 5 The m cropropagati on of E.
grandi s descri bed above gave high nultiplication rates and yi el ded an
abundance owo$masis for subsequent rooting. The shoots forP 96108746 howed
an i ncrease of about 50 fold per nonth and the total nunber of explants
that could be used for any 10 subsegggnt m'cropropagation st eps

i ncreased in excess of &00 fold er nmont The hi % l,evel s_ of

mul tiplication SRt e hég?n@l‘ %P9% Ji%574s SUPRLEHRREST hed
above, the qualwithai.2 hm mmrbaﬂ.nesmmtéd dmtiche igeddt medisesopriticed

in liquid mediag g r [ of city.
The signs of hyp;er?%yd?l clt %E‘a?’u\%em?%&%ﬁilr@ g itn rea@céglr?fl ng Qe&g&lﬁédae

ti ssues. The shedtIPPAFaraS é’(?rmer Sﬁﬂt‘?ﬁ'él*%r%% fegcribsdedn E3aPBle %ore
readily en solid nmerhe siwstita dongot Béhd asigrantodhyplecbiydrheivest ed

di tly 20 h it f
the shoots is suc#f%’t‘*%‘%sa%g‘éagﬁ‘f‘@é 10 e E B ol gl Y ©
conpost in the f cetbusiol Mﬁ‘l’\ tﬁbO%‘hd&Vé“Rﬁ %F&Oﬁ‘ﬁnﬁr% ehecri bed

in Exanple 11 bpiksyy Pe shootEmAlYEL 12cﬁma9ﬁtwrbmfch&s geaatlisghybrid

clones & E. grapdis_s A n dlff re hybrt d cIones
and the mcr opr‘g ’éga?id%rger}qsagnb‘lg Sed |§ng’%i%ff89\/\éf3¥§bb a0

m cr o- pR@pagat edlemst im@ea:im ipt 1%$h%dg@é%/mfﬁé¥:l in Exanple 1 except
that commerci al '(i&ﬂ)/aiéad:d empqloy;gaeheaes iv’cﬁ!i&f&cli Uiiig'¢ha gagacaty of

R
harvested, dlpped in rootlng powder (Seradix No. 2
rooting powder, Hortichem Ltd. Salisbury, Wilts SP2 7NU,

15 UK) and set for rooting in compost in a fog chamber (96%
relative humidity) at 25 °C undexr shaded daylight
(maximum 250 pmol m 2 g1y, Rooting efficiencies
obtained were greater than 70% for material produced in
the process compared with less than 60% rooting for

20 shoots produced on semi-sgolid medium using the same
rooting procedure.

{(iv) The effect of repeated cycling of Acacia mangium
shoot material through successive rounds of liquid
micropropagation was determined using the method

25 described in section {ii) above. Shoots were harvested
after an initial cycle of one month propagation in the
air lift fermenter system described in section (ii)
above, harvested and reinoculated into vessels containing
fresh medium and cultured for a further month. This

30 process was repeated for one more cycle, giving a total
of three propagation cycles. The shoot multiplication
rates did not differ significantly between cycles and
there was no noticeable deterioration of the quality of
the shoots produced after repeated cycling. The ability

35 to recycle the starting material is a considerable



35 2000) and pol ypropyl ene screw tops containing inlet and WO

97/ 23126 PCT/ EP96/ 05746 - 54 - outl et
ports (Nalgene cat. no. 2162-0531) were used instead of the glass vessels.
The oxygenation/aeration systemwas fitted using a preforned (inlet) port
as descri bewoionsiganple 1. 5 2.0 litre of liquid KM rRCGIVERS/BTA®at i on
medi um as descri bed above was placed in each vessel and the vessels were
autoclaved (10 mn preheat 20 min full prgssure (12 [err]C) cycle). Once
cool ed, each vessel was connected to the afr supply for equilibration for 1
hour prior to sommerciahordyamtagewith 20 shoots of one of the clones or of
t he seedling | ggamengi ¢at ed, which clones and seedlings had previously been

B tor 22 days becalERPRRRELY Theidtkel s had besons ful | of propagating
shoot 15 mas s¥icrepyepagasiesh|shsiabst ofnfies ¢uxgpass culddyalr wer e
di ssected in opdeke! Rg8§Lh NBEévidifs 1P Hralibeat b8 Nedif Sfold intm B3Pl € 4
show the mul tipli cat%orii %atl%? f;?{ al nex ‘f (%rSctihﬁoI'tI:J\./g ?An(l)srl:e)s azr}ld(zqne seedl i ng .
| i ne used. §¥198128Y ~ug ’ ’
PCT/ EP96/ 0574619885 12anti34) bwéxis invcalatledf infer hibgqiid sneshiont ofetdiay pe
Mul tiplicationghgbecbRbbelt fon WS witdY thel phyEORG Rdnes adjusted to
4.9 uM Zeatin and 2.9uM GA, (gibberellic acid) and
10 lacking gelling agent. The method and apparatus were
otherwise as described in Example 2.
Very healthy material was obtained. Multiplication
rates are slightly higher than any published for gelled
media systems (7 fold/month in the liquid system vs a
15 maximum ofﬁélmonth for this genotype on gelled media
systems) and there were two further, important advantages
of the liquid system over the gelled system:
1) The resulting shoots are much healthier; gelled
systems all report chlorosis (yellowing) whereas the
20 ligquid system produces dark green, healthy shoots.
2) The shoots produced in the ligquid system are more
elongated and therefore do not require an extensive
elongation step prior to rooting. Shoots produced on
gelled media systems require a lengthy (more than
25 1 month) elongation step prior to rooting.
EXBAMPLE 13
Propagation of Rhododendron
Micropropagated shoots of Rhododendron yakushimanum
cultivar Dopey previously produced on semi-solid medium
30 as described by Lloyd and McCowan (Combined Proceedings
of the International Plant Breeders Society 30, 1980,
421-437) were inoculated into liquid medium of the same
composition but with the phyto-hormones adjusted to
2.5 uM 2iP (Ns-(z-isopentyl adenine)} and lacking gelling
35 agent. The method and apparatus were otherwise as



Seedling line T14 L10 24.4 E. grandis x 24.7

camal dul ensis clone 11/25 E. urophylla x grandis 31.3 clone 18.50 E
urophylla x grandis 30.7 clone 18.52 E. grandis clone 5046 '

11.7 E. grandis clone 5048 3.1 For five of the sigcﬁggﬁ@%a S used,
t he mul ti pl We9123k26ér at es are consi derably hi gher than coul I eved

using a sem-solid (gelled) nediumsystem In four of the six genotypes,
multiplication rates are 8 5 to 10 tigAes hi gher than could be achieved
using a sem- solid e| | ed). nmedium system EXAMPLE 3 Propagati on of

eucal ypt us shoo&%siﬁéékéeﬂPaﬁﬁﬁqpﬁF éystemwith restrained shoots 10

The airlift systemérshsld mitdplieastionmb® okt=imedi fined Wgekestraining the

| nocu’ at ed Shooksmbdlydls 12t 351816l fife AR CAAP 1#0R! deliddoper forations
to allow the free passage of nedi um over the gmoots I nstead of allow ng the
shoots to nove $eEES BeA%WE |iquid 15 medium A duplicate was

car;ied ?ut i N whi cihé hmisfuratity of\V\Eh8 74RS3IAS obtained according to bed
PCT/ EP96/ 05746 . - tral : [
T Exanpl o 2 oxc IS g Futie EpbRe wlsteiin: 36 HE, BiplPRGE PR

) ar bonate cont al ners
2127-0250) and BolYhabRRtained usingogeliedRropagption systems. One

major advantage of the liguid system is that no
adventitious shoots are produced and all new shoots are
10 produced from axillary buds. 1In all the gelled systems,
large amounts of callus can be formed on the base of the
multiplying shoots. Adventitious shoots are often
produced from this callus via organogenesis. These
adventitious shoots are sometimes not true to type (i.e.
15 are abnormal) due to the phenomenon of somaclonal
variation. (This phenomenon is often associated with
changes in chromosome number or chromosomal _
rearrangements.) Currently, commercial Rhododendron
producers have to sacrifice multiplication rates in order
20 to avoid callus formation and adventitious shoot
formation to ensure that the plants they are propagating
are true to type. The liquid system of the present
invention avoids this problem.
Shoots produced in the bioreactor were elongated by
25 2-3 weeks culture on the semi-solid medium as described
above prior to rooting into compost using the method as
described for Acacia mangium. Rooting efficiencies
obtained were in excess of 90% and equivalent to rooting
efficiencies of shoots produced on semi-solid medium as
30 previously described, using the same rooting procedure.
Manipulation of the growth conditions in the bioreactor
will facilitate the production of more elongated shoots
which will be suitable for setting for rooting
immediately after harvest from liquid culture.



5 inlet and outlet ports (Nalgene cat. no. 2162-0531) were used

I nstead of the vessels previously described. The vol une of nmedi um used was
150 m per vessel. Preparation and operation of the vessels was as

descri bed for the previous exanple. 10 Each vessel was inocul ated
wi th either vwposhente of E. grandis x canal dul ensis cl one 1PC2EPYOSHME h 5
shoots of the m cropropagated E. grandis seedling |line T14 L10, the shoots
havi ng previously been propagated on sol i_d6 M nedi um cul tures. In one set
of vessels the shoots were 15 allowed”to nove freely. Another set of
vessel s the sho®BXAMBE:ldestrained in a cage as described above. The shoots

were cultured for 2 dpugatien ng§Ch&&ngb§r m ne the nmultiplication
rates achi eved, which aré shown alt;q,a beI LE 5 Shoot genotype
Mil tiplication rate %FPBF"ET%IS?@)@ FFBOFE LURESres eves

Restrai ned E. graﬂmtbts pre&rkahdnyepmmced on &mi-solld medlum 10 cl one

11/25 E. grandi 7 NGeootd L10
20 9 Thesc ti pI at | oﬁl?%? elgs as’I%]itesve (Muraﬂn]}? f ree m)v nt
of the shoots ist3f#) swppisnepted %Wé/é‘%@&l?' PO 71BA 13nd 3uM GA3

PCT/ EP96/ 05746 -wexre -inpaulapedcimtorl iqiiss .meB).(AthlE ghersamgat i on of
eucal yptus Sr"xnéhﬂﬂbéiﬁi%ﬁkﬁﬂtfiéé%ing both gelling agent and plant
growth regulators, the method and apparatus otherwise
10 being described in Example 2.

Shoot multiplication rates achieved were 3/month, the
same as that obtained on semi-solid medium described
above. However, the liquid system requires fewer
handling steps than the semi-solid system, so has

15 commercial'advantages. The shoots obtained showed some
symptoms of hyperhydricity but when shoots harvested from
the vessel were transferred to semi-solid medium as
described above, all new growth was free of symptoms.
EXBMPLE 15

20 Propagation of Forsythia

15 micropropagated shoots of Forsythia x intermedia
cv. Lynwood previously produced on semi-solid medium LS
medium (Linsmaier ES & Scoog S, Phys. Pl. (1965} 18
100-127) supplemented with 3% sucrose and 10 pM BAP were

25 inoculated into liguid medium of the same composition but
lacking gelling agent, the method and apparatus otherwise
being described in Example 2. The shoots were harvested
after four weeks.

The harvested shoots had grown well. There were no

30 signs of hyperhydricity and the shoots were similar in
appearance, in particular in texture and colour, to
shoots grown on the semi-solid medium. However, on the
semi-solid medium a clump of many short shoots may
develop, of which only 2-3 shoots normally elongate. 1In

35 the liquid medium all the shoots had elongated,



system 5 The nethod used was as described in Exanple 3 except
that the gas diffusion tube was not present in the apparatus. The vessels
were vented to the atnosphere using a single filter attached to an
inlet/outlet port as previously described. The vessels were shaken at 10
125 r.p. m owogT2BI¥6or s CH1043 shaker for 22 days. The shdS{<ERPEE4ber e
fromthe mcropropagated seedling line T14 L10. Duplicate sets of vessels
were run. In one set the shoots were not regtrained;, in the other they were
restrained in a cage as described in Exanpl'é 3. 15 The

mul tiplication riméscabing tdwtwoverallomitiplivaddionairatdssmaptbeand 4. 2

Wil occur in a CpaEeaaLy HIG o e, 20
EXANPLE. 5 PropaBHpPGR BT ARERY, FE00 EBPnbLae Aim, FEPERTYACER, B adur e
descri bed i n Exaspitableafor amautdegodirestiyptintimicompesteatder Pegnip a
shaken, the cont&péénﬁ%yggp vessels were stirred using a 2.5 cm magnetic
stirrer bar. 25 The vessels were placed on magnetic stirrers adjusted
to give a rotati BRBMBME IR the stirrer bar of approxinmately 250 r.p.m Each
vessel was inocul at epropddatdidrhef Syshingis of E. grandis x camal dul ensis

clone 11/25 or wt h.éerﬁfpé)cgﬁsdn; ! e qdl r@g{rgmre%SE.&O%égégi §f ﬁgﬁgé.l ng 30

|l ine T14 L10. Duplicate Se vesSel's were run; “In oots
were restrai ned Ph-a(t26® &8 d09cARAddsprrisneniad vith, 3ghsusrase ard t he
shoots wape al |l opedum BAP R fwitdl 3% Sheross wid 10 geweini weFfabhsed bel ow.

WO 97/23126 for the micropropagation of shoots J%C5§553849536§garis
cv. Madame Lamoine. The BAP-supplemented medium gives
good proliferation but poor elongation while the zeatin
medium gives poor shoot proliferationm. Clumps of shoots

15 produced on the BAP medium were transferred to the zeatin
medium for elongation. For liquid culture the BAP medium
without the gelling agent was used as the liquid medium.

15 Micropropagated shoots were inoculated into the
liquid medium, the method and apparatus otherwise being

20 described in Example 2. The shoots were harvested afterx
four weeks. The original explant leaves had turned brown
but new growth was dark green and showed few symptoms of
hyperhydricity. The shoots appear to be suitable for
rooting directly into compost under fog in a greenhouse.

25 EXAMPLE 17

TRANSFORMATION, SELECTION AND PROPAGATION OF
E. GRANDIS CLONES, E. GRANDIS/E. CAMALDULENSIS HYBRID
CLONES AND E. SALIGNA/E. TERETICORNIS HYBRID CLONES
a) Disarmeqd Agrobacterxium strain

30 The construction of A. tumefaciens strain EHA101 has
been described by Hood et al., 1986. The strain
consists of a-derivative of the of nopaline A.
tumefaciens strain €58 in which the native Ti plasmid has
been removed and replaced with the disarmed Ti plasmid

35 PEHA101 in which the wild-type T-DNA (ie opine synthesis



- 58 - TABLE 6 Shoot genotype Mul tiplication rate (after 22

days) (av of 5 shoot masses) Unrestrained Restrained E. grandis x
camal dul ensi s macer at ed 8 clone 11/25 E. grandis seedling
macer at ed 3.2 line T14 L10 No usabl e shoots were recovered from

the vessel eamémisieng t he unrestrai ned shoots due to nechaRCTRPIHETEge of
the shoots caused by the magnetic stirrer bar. EXAMPLE 6 5

Propagation of eucal yptus shoots in the [i ?ht & in the dark The procedure
described in Exanple 2 i.e. using the ai rF f{ systemwas repeated except
that 250 nl veswd physichiorgedeaganest Bamhepmsied etednirhe therdpropagat ed

E. 10 gr anghl Sereief Gnd’ Béealéhi-ﬁoa ba%ﬂﬂa@h?‘ '&S&p%xﬁgtﬂg%'e(r):‘zd""ﬂgh?s

described at t e Qﬂg%nggn IS sectlonl

(50- 70 [err] nol*3H3H9* ﬁ%PWV°§Bpﬁ??éﬂ IRFe 195 %esce Qﬁﬁ§¥me duplicate
was carried outpldmmid pEHMDIndsua derivesivd el e aﬁldeﬁ?péuwﬂs light. 15
The mul tgplicat n 1%2“9 M‘?—%@% 4 4 for the
vessel |%cubat eﬁdﬁbrﬁﬁﬁi%ﬁﬂb gg %{:%afor t he vesse baf'ea in the

dark. This indiRe4 hgFh 18 AotLdevBiiGinamopigedprogycdngai n hi gh
shoot nul tipli csttraoim r(alomi ptoaldedl%&)gen&tun'ﬁn €HAQ01A isagequate. The

shoots cul tur ey ARt k8 TBESnet MNAAEDE strain EHA101 which

was isolated by Olszwelski et al., 1988.

10 b) Binaxy vector construct

The strain used in the transformation also contains

the binary Ti plasmid pSCVi.6, which is a derivative of
pPSCV1. Genetic manipulations involving these plasmids
were performed using standard techniques (Sambrook et

15 al., 1989). The component parts of §SCV1 are derived
from the following (gram-negative} plasmids: the sequence
used for the right DNA border and overdrive sequence was
synthesised using sequence information from from the TL
right bordexr of the octopine Ti plasmid pTiAé (Peralta et

20 al., 1986). The left border was synthesised using
sequence information from the TL of the same Ti-plasmid
(Simpson et al., 1982} and is identical to the TL left
border of the octopine plasmid pTiACHS (Holsters et al.,
1983) . Octopine-type border seguences were used as these

25 have been shown to promote more efficient tumour
formation when used in conjunction with the hypervirulent
strain EHA101 (Hood et al., 1986). The 97bp polylinker
containing restriction enzyme sgites for cloning genes
into the T-DNA was derived from pUCl9 (Yannish-Perron et

30 al., 1985). The high copy number origin of replication
which is active in E. g¢oli cells but not Agro-bacterium
cells was derived from pUC19 {(Yannish-Perron et al.,
1985). The origin of replication of pUC 19 which was
itself originally derived from the plasmid ColEl, a

35 plasmid isolated from E. g¢oli. The actual pUC segquence



WO 97/ 23126 PCT/ EP96/ 05746 - 59 -
than those produced in the light, indicating that mani pul ation of |ighting
conditions can be used to mani pul ate shoot quality, which is inportant in
commercial mcro agation systens. For exanple, nore 5 #&?b? ed
shoots of E. \maﬁﬂ and rel ated hybrids often root nore efrcsle ?‘t‘t han

| ess el ongat ed shoots. EXAMPLE 7 Propagation of eucal yptus with oxygenation

by phot osynt hesis 10 The procedure épscribed in Exanple 6 i.e.
cultivation in the light and in the V\%e?carrled out except that the
gas distribution t"ﬁﬁé‘shﬁérge8ﬂ1 ?’f‘éﬂ’?‘r" % 618569 5P LESMPYR tHE syst em

there i s no agit amioorfankeionahn{dypeniivenis)obNangdéquenicés usiThe laowd

: : dopy
active i.e. 15 naxm%tr%%‘ékﬂ @Pp}éﬁﬂ&fﬂi%gﬁ%heﬂ 6sT§§tf~hﬁoot e from

the m cropropagate randr s seedl T14 L%
mul t'i plication rafes aFReds A8y 38 yag dexiocad £rom

i ncubat ed % the kighthenbrdadnsoseH e anlaamldiawm K. T%Q)ﬁ:@ilﬂ t
ndicates that 20yseq 18NQ!REXIRALSS %@%ﬁ%ﬁﬂeﬁﬁi‘he '@&%&4&&8&

the lack of active ox¥ genation 1.e. externall oxygenat1on NPLE
8 Propagation of &¢d& }EﬁusmﬁfFH°%%V§%ﬁ§¥?@ﬂn&ﬁa°F?§hFEQEPnces origipsdly
met hod descri bed Ipi'eEéﬁEpli.ﬁ Hhel S il tyoe WKR2I pUABRiIAI ghI&oxﬁéJélCBﬂ ins, was

repeat ed except tfi taog ﬂé&i@mﬂj 5&)@%&9Qh}aggifjﬂ'guég%ﬁ.%% Vi‘;t re Iaced

by pure nitrogen. cara ensi s
used. 30 10 gaNESf dFan%I?ﬁ%l#’é%tﬁ)oﬁ%?ésﬂaéaeﬁﬂamm&QMm the

nitrogen, as conp ehBed fbbded! frlrePlilcateoft§ iA0pAEELOr Al Ifhdised (see
Exanpl e 6). This %%c&%%&gilybeépressed gentamicin/kanamycin resistance
gene was derived from the plasmid pSa {(Edwards, 1988) and
is probably an aminoglycoside acetylase (Valantine and
15 Kato, 1389). It has no apparent homology to the neomycin
phosphotransferase I1 coding region (Edwards, 1988). The
bacterially-expressed ampicillin/carbenicillin resistance
{B-lactamase, bla) gene was cloned from pUC19
{Yannish-Perron et al., 1985}, A genetic and
20 restriction map of pSCV1l is shown in Figure 3.
In Figure 3 AmpR and Gm/Km® denote antibiotic
resistance genes for plasmid selection in bacteria.
trfa, trfB, RK2 and Col El originsg denote baterial
replication functions. OD denotes an overdrive (T-DNA
25 transfer enhancer) sequence. Bam Hl1l, Bel 1, Cla 1 etce
denote restriction endonuclease recognition sequences.
Map units are given in Kilo base pairs of nucleotide

sequence.
pSCV1.6 is a derivative of pSCVi, into which a plant-
30 expressed $-glucuronidase (GUS} gene and a plant-

expressed kanamycin resistance gene were cloned between
the T-DNA borders. The CaMV-NPTII was derived from the
construct of Fromm et al., 1986. However, it has been
reported that several of the most common NPTII genes used
35 in plant genetic-manipulation encode a mutant enzyme that



adequat e oxygenation, by active i.e. externally applied oxygenation and/or

by photosynthesis, is required to 35 support the nultiplication of the
shoot s. WD 97/ 23126 PCT/ EP96/ 05746
- 60 - Propagation of eucal yptus using different inoculumsizes The nethod
descri bed woetixsiepl e 2 was carried out 5 except t hatPCTARISI4e| s were
I nocul ated with either 5, 20 or 40 shoots of E. grandis x canal dul ensis
clone 11/25. After 23 days incubation, i plication rates obtained were

8, 24.7 and 36.4, respectively. This §hgge§ts that there is an advantage
in using a highasnacuedecesh alpllity tgedsteyifpbamuycie A¥epagakyonebf
eucal yptus by gecyciveg) shomie Mitaitiidh YavBlvédea ng Uiksdeehhhged in
Exampl e 2, E. grang{is X cargaljhdul ensi s %' ng 11/ and. m _cr.apro aﬁat ed 15
seedling Iine TERULTE9et? YO ARRIAET ™ RECOT i3 SIITAHS AsdSerESaye
harvested aft eby2andagpartim agisbiad kbeeadtivecs ke foforhheh@eomystinnasses
and | megdi at el yhbBEROt PAREIEdF S VRAATTY Eﬁﬂ&ﬂén(6£ﬁ%fﬁﬁﬂlﬂ'ﬂﬂéﬂatgﬁd'U”‘and
i ncubated for % furgﬂer 23Edq¥§% Thi s procegs_was 20, rg@gg%ﬁq for one
more cycle, gi vFAG HRE Parteriah tFangPoseBatioh: cylikle t ity
mul tiplicationofatbe WRNAmd diid grogiedni bppeateq e fifeetedy biyeshend t here
was no deteri Ofuakheﬂgm,n ¢ &k&?uléﬁéc‘&fiv%i!? £908-8s Q{é}%gﬁ'fhxafi e%i% i-
successi ve cycl es. I s denmopstrates that shoot material, can be frecycl ed
t hrough succes&igantdyingedysed ofite PrEpERFrpRhatioMtatiion 18 g gene
si gni fixwant coeaerbeaidentified by checking for the loss of a site for
the restriction endonuclease XholI in the NPTII coding
sequence. This mutation was found to be present in the
CaMV-NPTII gene of Fromm et al., 1986 and was repaired in
the following manner. The plasmid pSUP2021 {Simon et
15 al, 1983) is approximately 10kb in size and includes a
complete copy of the transposon Tn5. Digestion of this
plasmid with Pst 1 and Sma 1 gives a 788 bp fragment that
extends from position 1730 to 2518 within Tn5 (Beck et
al., 1982). This fragment was isolated and restricted
20 with Sph 1 {giving fragments of 352 and 436 bp) or XhoIl
(giving fragments of 120, 246, 394 and 28 bp), and is
therefore "wild-type" with respect to the mutation at
position 2096. The Pst 1/Sma 1 fragment was subcloned
into Pst 1/Sma 1 cut pUC1l9 to give pTnSsub. This was
25 then digested with Sma 1 and ligated with 8 mer
phosphorylated Bam H1l linkers. A clone in which the Sma
1 site had been converted to a Bam H1l site (pTnSsubd) was
then digested with Sph 1 and Bam Hl and the 436 bp
fragment (from position 2082 to 2518) isolated. This was
30 used in a tripartite ligation with the 542 bp Bam H1/Sph
1 fragment from pCaMVNeo {(positions 1540 to 2082) and Bam
H1l digested pUCl1l9. Recombinants were restricted with Bam
H1l and Sph 1 to ensure that they contained both the 436
and 542 Bam H1/Sph 1 fragments, and Xho II to confirm
35 that the site at position 2096 had been restored. This



advant age. EXAMPLE 11 30 Propagati on of Acacia mangi um (i)

M cr opr opagat ed cul tures of Acacia mangi um were established from seed
(seedl ot 945) obtained from HDRC, Ryton on Dunsnore, Coventry CV8 3LG UK
(ii) Mcropropagated Acaci a mangi um shoots previously 35 %r oduced on
sem -sol i d mewlowmeaReri si ng Conpl ete MS WO 97/ 23126 P96/05746

PCT/ EP96/ 05746 - 61 - salts Medium (Mirashi ge and Skoog, 1962) supplenented
with 2.2 [err] M BAP were inoculated into | |§g| d nmedi um of the sane
conposition but |acking gelling agent. The t hod and apparatus were
otherwi se as descednmitriat Bagmgl Bap HE fragment whichspontaine wee NRGIT

si gns of hyperhydg?éﬁé tébdz\ﬁgt rslet;ueﬂbeoahi@rﬂdlénéése&hﬁamyl léaytiéaml@@tlon
rates of 12-15 f

shoot nul tipl i cat’?lb‘?'n Q‘ofé{g%f%én gg‘? forwt@g %ét?renr g%%@ 4]?

met hod pr evi ousl yp@ﬁd\fed)e@mpt-othat tkemmtsaﬁmoah e bﬁanSCbes@ctSed
fol d/ thg (iii t
ol d/ mon (i )'Ialé{slsc it x‘u%gwigoﬁéﬁ ?ﬂé@%ébﬁe@g Phe! BEH dl‘i‘l dmser

i cropropagat i on | n secti, on bove were harveste I ppe

rooting powder (<% aRR%PI‘ﬁ'(? contadping inge APEHENCSWAS Hihsx:
Wlts SP2 7NU, 15isolatddkjarghdeddpated wixhl |11axgemia§pron a3 flkig) chamber

(96% el at ve hunkghyduals 21k eH EEUERS 80 ATRY 00RO MR 250

[err]mol nferr] sler Root.i n |C|enC|es obt al ned"were greafer than
70% for material PFaHRRd q‘%’i‘ttal’rélﬁﬁoﬁ 8 sVehRr s CelV| pXemeten awd,
rooting fap 20 nopshind symthdsecgena 3enterminatichdessquancag t he sane

rooting procedurekecombinants were checked against pCaMVNeo for the
correct orientation using both Pvu II (2 sites) or Eco
R1/Sph 1 (both unique)}, giving pCaMVneoNeo. This was
again checked for the correct number of Xho II sites.

15 The Hind III fragment from pCaMvneoNeo containing the
restored plant-expressed kanamycin resistance gene was
cloned into the Hind III site of pSCVl to give the
plasmid pSCVi.2. pSCV1.2 was partially digested with
HindIII and the linear 10.2 kb product isolated. This

20 was dephosphorylated with calf intestinal alkaline
phosphatase and ligated with a 2.8 kb Hind III DNA
fragment containing a plant expressed B-glucuronidase
gene (CaMV-GUS INT gene) isolated from the plasmid pGUS
INT which has been described by Vancanneyt et al., 1990.

25 A map of the T-DNA in the resultant construct
{pSCV1.6), indicating the orientation of the genes and
the region of DNA for transfer to plants are shown in

Figure 4.
In Figure 4 the abbreviations given in the map have
30 the following meanings: B = Bam Hl; Bg = Bgl II; C = Cla

i; E = Eco R1; EV = Eco RV; H = Hind IIX; K = Kpn 1; P =
Pst 1; S = Sac 1; Sm = Sma 1; Sp = Sph 1; X = Xba 1; Xh =
Xho 1; OD = Over-drive (T-DNA transfer enhancer)



(iv) The effect of repeated cycling of Acacia mangi um shoot materi al

t hrough successive rounds of |iquid m cropropagati on was determ ned usi ng
t he net hod 25 described in section (ii) above. Shoots were harvested
after an initial cycle of one nonth propagation in the air lift fernenter
syst em desGiégpshise) section (ii) above, harvested and rei poTEPSsOsTsi Nt O
vessel s containing fresh nmedium and cultured for a further nonth. This 30
process was repeated for one nore cycle, %|V|ng a total of three
propagati on cycles. The shoot nultlpllcat on rates did not dlffer
significantly bktweenrosds - B ‘ el e

the quality of. N . L Yol cllng The ablllty 35
to recycle the's I Ng ‘ 'S a consr de ' WD 97/ 23126

PCT/ EP96/ 05746 - &ell%m%%ﬂmmsﬁap%%@w%n of Aive
M cropr opagat eﬂesaoatmsﬁox&ahbguempaempm&atw Using a BQb&ﬁdAgegea

previ ou pr o d g|n| et al. (Sc
Hortic Amst) Hg‘ﬁ‘%%oéliscgé}cr}?f ?ge n%@?n%gf%é% i nt o I i"qui d medi um of
t he sane conpo t | OFERARALEGO, Ol) ’ R iadidy ed to 4.9 [err]M
Zeatin and 2. 9[err¢0éﬁﬁ{gﬁﬂ]lﬂgmuhbeﬁﬁtﬁrés dkn@ﬂﬂmi&xinm Iacklng gelling

Very heal thy netBRrATiopt dtat, RS, PRI bR Bindey IEE‘F ghify -
hi gher than anpS@Vb} ¢ strxe f Grroye| Pﬁd%dﬂ%ﬁ%t@mmolsdsnén hin the
li qui d1gyst em ygadt léxtract MRy MM, Obebf Nkt Fadtors thizs Igenagnegign gel | ed
medi a sulphate 0.46 g 17 1, PH 7.2 and sucrose 5 g 17 “1 added
after autoclaving) containing 50 mg 1°1 chloramphenicol,
25 mg 171 neomycin and 15 mg 171 gentamicin at 28 °C with
vigorous shaking. 10 pl of a fresh overnight liquid
15 culture was inoculated into 25 ml of fresh media and
grown for 24 h. The cells were harvested by
centrifugation at 6000 g for 10 minutes, resuspended in
2mM MgSO4 and repelletted. The cells were washed once
more in 2mM MgSO4 and once in liquid clone co-cultivation
20 medium (see later). The cells were finally resuspended
in liquid clone co-cultivation medium and diluted to a
density of 102 cells m1~? ready for co-cultivation with
the explants.
e) Plant material
25 E. grandis clone 91/4 and E. grandis/E. camaldulensis
hybrid clone 11/25 were supplied by the South African
Forestry Research Institute, PO Box 727, Pretoria 0001,
Republic of South Africa (now FORESTEK, Private Bag
X11227, Nelspruit 1200, South Africa). E. saligna/E.
30 tereticoxnig hybrid 2.32 was obtained from Centre de
Development Forestier, B.P. 764, Pointe Noire, Republigue
Du Congo. Stock plants were obtained by felling mature
trees and harvesting cuttings from new growth arising

from from epicormic buds in the stump. Cuttings were
35 rooted using routine silvicultural technigues and



systens) and there were two further, inportant advantages of the |liquid

systemover the gelled system 1) The resulting shoots are nuch healthier;
gell ed systens all report chlorosis (yellow ng) whereas the 20 l'iquid
system produces dark green, healthy shoots. 2) The shoots produced in the
i quid syst erw@dPm2326r e el ongated and therefore do not requi PETERYAM8 s ve
el ongation step prior to rooting. Shoots produced on gelled nedia systens
require a lengthy (nore than 25 1 npng{)_el ongation step prior to

rooti ng. EXAMPLE 13 Propagati on of Rhododendron M croprgpagated shoots of
Rhododendr on yalﬁme%}ﬁg‘FﬁXUP?F?/%ﬁ %}%WSU?F?%&%U&%’(PW’?&&%OI i d

medi um 30 ahedglasshedsbyadt | lydyeah cstido@plant § CoWbene drdpuwnineseat]i rigs of
t he I nternationg);. Bl ant [ s 4379 Q! ated
into liquid rrediqld‘n&gf %ﬁ?&?ﬁﬂ@éﬁ%sﬁébﬁ%&%%%gfhétg%% p %/% 0- %dr nones

adj usted to 2.5 Yhese FEOLEPLARES Y (Baywestdnd nodadnPhey eFRLanksifxpm
gelling 3§ gt@RikiplantBean®t sk et wideA byt Ummeestont heravizey ag/vy WO

LI | e R A 0 Y SRR B 4,
conpared wi th 239 méngtes wiphigentls agitationks Tha pedabostemisayplants
The uniformty ?ierbhﬁh&hobkﬁeﬂbf&ﬂ%dti@ﬂ]ef r&ggbgi %hestiﬁliéi ﬁaﬂnf&d
S Shaa o Sy 888 HSHRE A ol Ao ISR O i
advent i t1®us shdot ¥N&ze BREMNE el ariHalQ3 .n@R0smgolls™ afaClz.Hz0, 925 mg
1 1Mgsos, 85 mg 1’3'KH2P04, half-strength Murashige and
Skoog basal salt micronutrient solution (catalogue number
M0529), vitamins as described by Morel and Wetmore
(1951), 10 g 1~ sucrose, 0.04 mg 1°! BAP, 300 mg 177
15 augmentin, pH adjusted to 5.6 with KOH, 2 g 17t phyta-
gel). The cultures were propagated at 23 °C using a
16 hour day illumination regime (50-70 umol mn2 g™ 1),
The multiplying shoots were divided and subcultured onto
fresh clonal shoot multiplication medium at 4 weekly
20 intervals.
£) PRreparation of explants for transformation
Leaf, petiole or stem explants from the clones were
prepared directly from axenic micropropagated shoot
cultures or rooted micropropagated shoots without
25 disinfection {protoceols for micropropagation and
susequent rooting of shoots are given below).
Alternatively, leaf, petiole or stem explants were
prepared from ramets (either produced via
micropropagation or by cuttings} grown in the greenhouse
30 or in the field and disinfected prior to co-cultivation
with Agrobacterium fumefaciens. In this case, young
scions with healthy leaves less than 3 om in length were
harvested from the upper portion of the crown from
vigorous plants of less than 1.5 metres in height, and
35 disinfected by immersion in a 20% v/v Milton solution



10 produced fromaxillary buds. 1In all the gelled systens, |arge
anmpunts of callus can be fornmed on the base of the multiplying shoots.
Adventitious shoots are often produced fromthis callus via organogenesis.
These adventitious shoots are sonetinmes not true to type (i.e. 15 are
abnormal ) dwe srastebe phenonenon of somacl onal variation. (PidwEpspbsreo©nenon
Is often associated with changes in chronobsone nunber or chronosonal
rearrangements.) Currently, conmmercial _ dodendron producers have to
sacrifice nultiplication rates in order - to avoid callus formation
and adventiti contahningf Orktv/on Tweemn0r orha0 mimutdsnmith pntdee
propagating aggitheoho ihe%cibils hicdd Ensustebal {RRLIGIR sdyvention
e e

avoi ds this proble hoot oduced in the bigreactor wer ongat ed by 25
2-3 weeks cul Fgf’ﬁlg]ﬁ &h@tﬁi‘}r& RS REAPENFLsAYRERFHIRAY: afove ™ i or to
rooting into déapsteruleaf explangishod 2s4demclobgdséatricinneifa stengionm

Rooti ng ef 11 CheRebss PRl Breglied IEbof ERESsOLof AR hiflld/ PNt 1O

rooting effictencies of shoots praoduced on sem -sSo m as 30

previ ousl y deé&ﬁ?bgd?fﬂ%?ﬂgc‘f'tféﬁﬁﬁ@tﬁﬁﬁt PRELIR otRRRIrRE1gWINURFIA: i on oOf the
growt h condi t regquiredt fier eoramettimatdion! wiahi the st e e Micgeéyet i on of nore
el ongat ed shog?§agﬁich wll be suitable for setting for rooting i nmediately
after harvest {rom[iquid, culture. WO 97/ 23126

PCT/ EP96/ 057487 - Faecuinleion. af skndante withodgrebactaninm and. neges
donestiioca cul a8 g6ty produced on sem -solid

medium 5 conprisi g AN Ghe MEnd8kbEaNES! B M ARNiGge and Skoog,
previously described were co-cultivated with the
Agrobacterium suspension, prepared as described
previously, for 15 minutes in a sterile 9 cm petri dish.
1s The dish was placed on an orbital shaker and gently
shaken at 23 °C during the incubation. After incubation,
excess bacterial suspension was removed from the explants

by blotting with filter papers and the hypocotyl explants
were transferred to solid clone co-cultivation medium

20 (750 mg 11 KNO3, 250mg 1°1 MgSO4.7H0, 250 mg 1-1
NH4HPO4, 100mg 1°1 caCl,.2H30, 20 g 171 sucrose, 600 mg
1"1 2- [N-morpholinojethanesulphonic acid (MES), half-
strength Murashige and Skoog basal salt micronutrient
solution (Sigma catalogue number M0529), vitamins as

25 described by Morel and Wetmore (1951}, 0.1 to 1 (eg 1)
mg 1”1 cPPU, 0.465 mg 1”1 NAA, pH adjusted to pH 5.5
with KOH, 3 g 1°1 phytagel). The explants were co-
cultivated with the Agrobacterium strain for 48 h in the
dark at 23 °C. After incubation, excess bacterial

30 suspension was removed from the explants by blotting with
filter paper and the explants were then washed twice
(3 hours per wash) in liquid clone co-cultivation medium
containing 400 mg 171 augmentin at 23 °C with gentle
shaking. The explants were then transferred to clonal

35 shoot induction medium (as for clone co-cultivation



1962) supplenmented with 5 [err] MBAP, 0.5 [err]MIBA and 3[err]M GAlerr]
were inoculated into liquid nmediumof the same conposition but |acking both
gelling agent and plant growth regulators, the nethod and apparatus

ot herwi se 10 bei ng described in Exanple 2. Shoot nulti W at es
achi eved wer eW@9#@H2#, the sane as that obtained on sem - sol

descri bed above. However, the liquid systemrequires fewer handling steps
than the sem -solid system so has 15 - 7gonnercial advantages The

shoot s obt ai ned showed sone S tQns hydrl but hmots
har vest ed fron1tﬂ38§@§s ﬁﬁ&ﬁ?fnge%ge% Sﬁmﬁ nggh

descri bed above, aa¢¢rhmﬂviﬁxﬂmdndmé§0fmselo% @wgmﬁnﬁﬁp EXAWPEEPlQnQQ
Propagation of FQesytiheuddted qrzpmepaaakedt smo‘tcs fa‘r an:s.&klal @ikh

intermedia cv. L revio pr uced di um
(Li nsmai er ES & éﬁ%‘é‘bf%‘g *PHyfS Lﬁﬁéh g%%?‘ 35t ‘?"F?‘ §E Eﬁeg}%de th 3%
sucrose ald 10 [efrtie Rperied @fzancubatmncmanhm darko Mheucdltwdeam of the

Same Ccomposi ti onyhyk éﬁé&lm&@éfﬂa eeeeentm@o&@tﬂ%tand appar at us
ot herwi se being described J5n Ex he shoots were h rvested after

four weeks. The R&PRRLIR Shébt s ﬁ&g QPBRH“V@?Iatfﬁ%réz g fiBlsyres
signs of hyper hydereithemnshlicdvd taired: everyeted nweeks iontapfeeshncional

particular in tegpuse fﬁ%&&d}yﬁnedﬁﬂmshﬁei‘f 8i ﬂﬁntth%u BirsSQE! QIaBEE“ um
However, on the sem I d I um short shoots may _devel op,
of whi chhnly 2-BXiH %Eg'arﬂﬁqﬁﬂWFF Sngggﬁ e$993§%s wers; fu FF&EPHeﬁEdlun1
all the shoots hefAtel ehy@ikdkhoot ofgaPRdR tmedium {(as clonal shoot
PCT/ EP96/ 05746 induction medium) but with the CPPU ommitted, the NAA
concentration adjusted to 0.112 mg 171 and containing
1.16 mg 17! BAP and incubated at 23 °C under continuous
15 light (40 pmol m2g71)
h) sSelection, multiplication and rooting of putative
genetically modified sghoots
When suitable numbers of regenerating shoots moxe
than about 1mm long are present on the explants, the
20 explants were transferred to an air-lift fermenter
containing the liquid KM micropropagation medium
described above, 300 mg 17} augmentin and 30-120 mg 1%
paromomycin, genexally 50-60 mg 1“1, after a suitable
period, generally 5-20 days depending on the
25 concentration of paromomycin used, putative genetically
modified shoots are identified by their healthy green
appearance and rapid growth and extension in comparison
to the majority of non-GM shoots which become brown and
necrotic. The putative genetically modified shoots were
30 then transferred to fresh liquid KM micropropagation
medium {with or without paromomycin) and multiplied for a
further 1 month, each individual original shoot now
forming a large mass of branching shoots. These shoots
were then rooted by transfer to rooting medium (as clonal
35 shoot multiplication medium i.e. the solid KM medium but




- 65 - indicating that overall nultiplication rates may be considerably
hi gher than on the sem -solid nedium The shoots harvested fromthe liquid
medi um appeared to be suitable for rooting directly into conpost under fog

inab greenhouse. EXAMPLE 16 Propagation of Syringia Sem -solid LS
medi um ( Li ngyg@rgsizgS & Scoog S, Phys. Pl. (1965) 18 100- 13&rEpvéasharent ed
with 3% sucrose and 10 30 [err] MBAP or with 3% sucrose and 10[err] M

zeatin were used for the mcropropagation_of shoots of Syringia vulgaris
cv. Madane Lanoi ne. The BAP-suppl enent ed Afdrum gi ves good proliferation
but poor el ongatitin tbiei BAPt baizeedli andechntaigiives opeohgshobt 1m0l dder at i on.

A unps of shootsddbation Ebgdﬂgié?af’?z%r% %ngfggu%&%rA% ransferred to the

zeatin medium for elongation. F _Lhe, medi um wi t hout t he
gel 1ing agent WHSLWHEARTIOn: KEILME PF FRT UHmolls Mg Opr obddit tshahoot s wer e
i nocul ated int Qm.t]l’tﬁ.;ilji@!ajtdom?dtéﬁkh t &t He had 1&@%@2@1@&5& gf@ﬁw se being-
20 escri ol e t s, were harvested, after four

weeks. T%e or i géljbﬁ'édqé'?&l%gﬁk ‘“égv%% %%w%er%ésofmlﬁﬁ REWPH M h was dark
green and showdtPStémds phpeBAetss hEpLlowing dihey ropheiptivot somppasp, to be -
suitabl e for ramdotg @ithchkyel Qn?gm&sé weiee i rhfgrbBraq JEgepihouse. 25

EXAVPLE 17 TRANSEORMATI S | D AGATI ON'OF, E, GRANDI S CLONES,
B. GRANDI S/ E. %E%FSP% D %&%"és é%? R EEedERSIIEORNI S
HYBRI D CLONES &jommpirsiakeBoads oarek: i Camstidgien 98) in a Magéiitea pot

construcei on of (Agniay"EbRCLEBE Es¥aBIESHMEHLL has been described by Hood et
al ., 1986. The strain cgaﬁiits of derivative of ,the of nopaline A
t umef aci ens strain 58 PR-GATEH THRVIRE iXPAPHR WsFgsHigihig growing

through the peat pellet, the plant was transferred to an
approximately 7.5 em (3 inch) square plant pot filled
with coco-peat. The plants were placed inside a mist

15 propagator and slowly hardened off by reducing the
humidity over a period of a week. After three to four
weeks, the plants were transferred to approximately
17.5 cm {7 inch) pots and placed in a glasshouse
facility. The plants were grown under natural daylight

20 and were watered daily.
i) The advantageous results observed in Example 1 for
plants produced by the liquid micropropagation system
were also observed in the present case for the
genetically modified plants that were selected and

25 micropropagated using the air-lift fermenter.

In addition, very considerable savings in time,
labour and materials were achieved in comparison with the
conventional method of selection and micropropagation on
solid (gelled) media and cocultivation are common to both

30 the conventional process and that of the present
invention.

The initial steps in the Agrobacterium-mediated
transformation are common to both methods. The
conventional methods then combine a shoot induction step

35 with a selection step, using a solid medium. As



been renoved and replaced with the disarmed Ti plasmd 35 pEHA101 in
which the wild-type T-DNA (ie opine synthesis WO 97/ 23126

PCT/ EP96/ 05746 - 66 - and phytohornone genes) has been deleted fromtheé Ti
pl asm d and replaced with a bacterially-expressed kanamnyci n/ neonycin

resi stance gewegrzadéie di sarmed plasmid pEHALOL is a deri vaPCHEPIST46e
wild-type Ti 5 pl asm d pTi Bo542 isolated fromA tumafaciens strain
Bo542 (AT4) which is a L, L-succinanopine prggucing strain (Hood et al.,
1986). Strain EHA101A is a chl oranpheni col” r@sistant nutant of strain
EHA101 whi ch was dbstussatl mbollesz wbespresencs .gf tdggselective agen®Bi nary

vector construct t d e f Qﬁﬁ@ I tains the
bi nary Ti plasn1dJ€E? éfgd%dfﬁﬁthgw%ﬁdgééﬁéf|%§f%} o 6QGgIrqlgtlc

mani pul ati ons i nVEFWRFEPEMRE €83118s Ardst igFeeHer m&suéiﬁﬁsgf'%ﬁﬂ%rﬂn
t echini ques (Sanbrolk ptesént casedl whet88Sglectikre afoigenetitapayt modi £ P&V

are derived from pical gl ihodr ORF D991 Wl PAEA1T. 41 Boagopiignce used

for the right DNA over rive sequence was t hesi sed usi ng

sequence i nfor nat?%%e?‘i’o‘fﬁ fa}‘-‘fﬁﬁ“t fkakee abPgRt Pbrirgksf t']:'ll?é= gubgpanenty
plasm d pTi A6 (Peseépcobtslitibt elonghtiofid86)the Toeldatleid bendeicabby

A et Sed 4! MopgROKRRE Sl BB LoD G el 2UBe; P21 o
oct opi ne pl asnid Ww (43t @fs abpuf| 27 verdyy .tm&#ﬁemﬁ’yﬁﬂbbr der
sequencesiger e usgdigsbldefsr Aicropropagetbeen shown to prormte nor e
O TP T OG0, SR SOOI et i BELYL ! et
genetlcally modlfled materia 1s cultured initially on a
solid medium without selection, for about 9 weeks.
Selection is then carried out in submerged liquiad

15 culture. Transformed material can be distinguished from
non-transformed material within as little as 10 days.

The total time for the selection step is therefore just
over 10 weeks, in comparison with the 27 weeks required -
for selection using convention methods. Not only is the

20 time reduced dramatically, with very considerable savings
in labour and materials, the selected material is of
particularly high quality, having the properties and
characteristics described in Example 1 for the
micropropagated shoots that had not been subjected to

25 transformation. The shoots are green and healthy, having
shoot tips that are well elongatea. posses thick and
robust stems and well spaced nodes. The shoots are
remarkably uniform, which is particularly important
commercially.

30 The subsequent micropropagation of the transformed
Eucalyptus shoots takes about 16 weeks by a conventional
method using a solid medium. Using the high guality
material obtained after the submerged liquid selection
step, micropropagation using the submerged liguid culture

38 method takes about 6 weeks, giving a further time saving



containing restriction enzyne sites for cloning genes into the T-DNA was
derived from pUCL9 (Yanni sh-Perron et 30 al., 1985). The high copy
nunber origin of replication which is active in E. coli cells but not
Agro-bacteriumcells was derived from pUCL9 (Yanni sh-Perron et al., 1985).
The ori gi nw@ferrensi cati on of pUC 19 which was itself ori grCRERIOS6 i ved
fromthe plasmd ColEl, a 35 plasmd isolated fromE. <coli. The
actual pUC sequence WO 97/ 23126

PCT/ EP96/ 05746 - 67 - used has been exted&i vely del eted to renpve sone
non- functi onal (¢ upsr fwaeksd) abRAa3squebebding T drdwlcofypavtbeslarigi n of
replication vvhﬁfghl ﬁqtawe sndggbblﬁe%%av&%ldé l%nigéﬂpﬂgaitef eells

was derived fr ost-ran . The
origin used i ssO}[‘P‘?ﬁsm%ai&‘egngoFL@l ﬁuWﬁ’?ﬂF‘%\ds‘%ﬁsFPé VEE BOPERT %9 ng
nost of the naedtumxrenziadddguehansthosei fidn \conveneibnal sbBEiai | d-type
RK2 plagm d (Thor@set al ., 1980). The mininal origin therefore contains
only two 10 nes (trf A and trf B) and associ ated non-codi ng

sequences needed fdt FEPRAFYat FBf MtMt®3%1%19a§Pé5| Bxayplpressed

gent ani ci n/ kaneeeicits rigsisaivinge ganeimes Iidutednky paxbReapbaghad pSa

(Edwar ds, 198 %I I I e ase Val antj ne and
15 Kat o, &%39 asﬁqre%lgggn appggén‘?i9 élxc og;%"\%(a %“élé' gl?‘%t
phosphot r ansf e?fadtighex: Gpadd tyehan temqsszltzm;fromheonvennonal
bacterial | y- expawssae anpicillin/carbenicillin resistance ([err]-Ilactanase,

bla) gene was @fﬁ}a nj.s.h-.p a A genetic
and 20 r C Wl gure 3
Arrp[ erl‘] and €.1S)1 e (%0 ALY PEUS N PLANTS .
1) i - .

Histochemical GUS assays were performed on the leaves
15 of putative genetically modified Eucalyptus clones and
seedling-derived material as described by Draper et al.
{1988) . Leaf explants were transferred to a petri dish
containing fixation solution (100 ml double distilled
water containing 750 pl 40% formaldehyde, 2 ml 0.5 M MES
20 and 5.46 g 1" Mannitol). The petri dish was placed in a’
vacuum desiccator and the vessel was evacuated several
times until all of the explants were submerged in the
fixation solution. The explants were incubated for 45
minutes at room temperature and then washed twice in 50mM
25 sodium phosphate buffer (pH 7.0). The explants were then
transferred into a 2mM 5-bromo-4-chloro-3-indoyl
glucuronide ({(X-GLUC) solution made up in SOmM sodium
phosphate buffer (pH 7.0}. The X-GLUC solution was vacuum
infiltrated into the explants several times, the dish
30 sealed with Nescofilm and then incubated at 37 °C
overnight. The reaction was stopped by transferring the
explants to 70% ethanol. GUS activity could be detected
by the presence of an insoluble blue stain.



resi stance genes for plasmd selection in bacteria. trfA trfB, RK2 and Col
El origins denote baterial replication functions. OD denotes an overdrive
(T-DNA 25 transfer enhancer) sequence. Bam Hi, BcI 1 Cla 1 etc
denote restriction endonucl ease recognition sequences. %@, §55§ 6gl ven
in Kilo base W@i97/8313§ nucl eoti de sequence. pSCV1.6 is a der| TRO34
pSCV1, into which a plant- 30 expressed [err]-glucuroni dase (GQJS) gene
and a plant- expressed kananycin resistancergene were cl oned between the

T- DNA borders. The, CaMy- NPTl was. derived fromthe construct qf Fromm et
ol 1936, vonevir) |t DRGSR SRR ERBR L0 S e comun
NPTI | genes usedESS : ALy S oot tbing ansh doyvdpridigs

gg%yggg%?8%746 V[)97 ﬁﬁlgﬁtracﬁion.gasbc?rfle? O%F as %eSﬁflbed by Keﬁl £ sk
- educed abi I, i o det oxi anany enof sky
et al., 1990). Tﬁ‘@ nﬁf'égfb‘h { ve§ 2 P FRGPEARR ¢ ??%H”K qﬂﬁﬁﬁt ™ n the

repl acenerst of atghusforveddiutalygpitase pbanta ue:pard;g;esuadj welttht iwéthct I ve
site of the neomgghl ang. Xbai)%@ﬂé“%ﬁ% L8R€ @E’J&Hcﬁf&%%ﬁf&%&h?' ‘ti‘ﬁle ly

i solated fromthe” hacter t ranspqoson Ity O
MRNA and the proRdPnthpp ‘é%@%%t’tﬁﬁﬂfeg’}%d FoSeLR YRR Addsd toh&henzyne
activity tomardSrbanamytimnlmnanpa-atfacﬂmnhy cenhnnnkaﬁmmm pﬁeseacag¢hlthe

rutation i h @ 988rdfer and %&Ehsﬁgnpylﬁ CKIR s cbligeiBs Of @

site for the restriction endonuc ease X g sequence.
This nut &9 on waS’eF'Buﬁﬂr%'becbé"fFr el I'h W%&W NP?FLPCEE%h%?eﬁ%rﬁﬁ et
al ., 1986 and washeepampkeéls; rsduthezed blvt bingedame rhybhiclidatisndweseP2021

(Simon et 15 5o8kordd8%)s | fedtRLRE TR BhibAOKP 4 S 2613041, NChydes a
plasmid pJIT65 (Guerineau, 1990) was digested with Eco RV
and the plasmid pCaMV digested with Bam Hl. The resulting

15 restriction fragments were separated by electrophoresis
on a 1.5% agarose gel (Sambrook et al., 1989),. A 2kb
(approximately) DNA fragment containing part of the
coding sequence of the GUS gene and the Cauliflower
Mosaic Virus 358 gene terminator region and a 1.0 kb

- 20 {(approximately) DNA fragment containing the NPT2 coding
sequence were eluted from the gel by the method of Heery
et al. (1990). The eluted fragments were radiolabelled by
the method of Feinberg and Vogelstein (1983}, using the
random primer labelling kit supplied by Boehringer

25 Manheim and used as hybridisation probes.

iii) Results

The process of the invention as described in sections
a} to h) aboveset out above enabled transformed
Eucalyptus plants to be produced efficiently and in short

30 periods of time, even from explants originating from
mature plants (clones) which had previously been grown in
the field and for which production of transformed plants
has not proved possible. The efficiency of these methods
enabled large populations of plants each resulting from

35 individual transformation events to be produced from any



conpl ete copy of the transposon Tn5. Digestion of this plasmd with Pst 1
and Sma 1 gives a 788 bp fragnent that extends fromposition 1730 to 2518
within Tn5 (Beck et al., 1982). This fragnent was isolated and restricted
20 with Sph 1 (giving fragnments of 352 and 436 bp) or Xholl (giving
fragnments oWwole?@312846, 394 and 28 bp), and is therefore "WEHERNEEAG i t h
respect to the nutation at position 2096. The Pst 1/Sma 1 fragnent was

subcl oned into Pst 1/Sma 1 cut pUC19 to_gi¥e_pTnSsub. This was 25 t hen
digested with Sma 1 and ligated with 8 ner phosphorylated Bam Hl |inkers. A
cl one in whi ch Quee cdmkhe SucalyptusctPeeinf ont dybrdds buansfiommed. In

E ]E)TnSSubA) t was dnefbftditwbngEB, Sﬁ&éﬁ_ﬂﬁl ]Eal?ﬁoglfa.&d bheo¥sbudpe f r agnent
rom position . v u n
tripartite Ii gé%%%??ﬁ‘“vﬁ% ﬁé%h}grﬁ%gg%%ﬁ%%}g %g%%?eg%é’a%ﬁt ‘%(?Jﬁg%t&% MVNeo
(posi tions 154CalduEgip seaepaases. dniped argsvogsnerisopninapmativr e

restricted w t ha@apddbndad sSeBuldt Be coSsERrddIdn G 68NERL NS OREdL t he 436
and 542 BamHl/SR.lframe S to confirm3 the site

t gnd XhoJIds 5. éhat
at position 20 résFBIEYT® REFiCds SRorggrostagion wedia were
PCT/ EP96/ 05746 cordnuesoidorr extehded apBaioddl, f Ingaddt ofhtbé wethadss t he
][\'PT' ! gene ngg&é%%&@f%ilﬁﬁns?glgré?ﬁﬁ?&é E‘Qd"é";%%ﬁte k6at éﬁh{.ﬁt &tfmt r'jl
ragnment use r e e 0 nake, p , _exce a e
it St fon has. bAIFREy BHERERYPES. Ren 15t @y GHAeT, O RADOHES| CRATLHLMoNeo.
The Bam#éil i nsex thigth prepketioont annexcessheoNTDE) oddihg gegericzllys t hen
i sol ated and regldgadad Wikhtkherba" (SHP T ¢ Bhah LBIUE NLpd t from
Bam Hl restricteégbéhwwﬁ%o, th?g ?rggﬁent contggh?hgatﬁg vec%%ﬁéﬁ%%gﬁgawv
pronot er and hybrid transformed were found to express the R-
glucuronidase gene as determined by histochemical
staining. Similarly, at least 80% of the regenerated
15 shoots were found to contain at least one of the genes
from the T-DNA of pSCVl1.6 integrated into the genome of

the Eucalyptus species or hybrid.

20 presence of the T-DNA and for absence of the

PCR reactions were conducted using a Perkin-Elmexr
Cetus DNA Thermal Cycler (Perkin-Elmer, Beaconsfield,

25 Bucks. UK). The reaction consisted of 1x reaction buffer
{10 mM Tris-HCl, 50 mM KCl, 1.5 mM MgCl,, 0.01% w/v
gelatin), 200 pM each ANTP, 1.0 uM of each primer,

2.5 units of Amplitaq DNA polymerase (Perkin-Elmer) and
0.5 pg genomic DNA isolated from genetically manipulated

30 shoots as previously described. Control reactions
containing genomic DNA from plants known to be free of
Agrobacterium tumefaciens or containing approximately
10 ng DNA isolated from Agrobacterium tumefaciens EHA101A
{pEHA101, pSCV1.6] were also conducted. Reaction

35 conditions used were 29 cycles of 1 min at 94 °C, 1 min



10 nopal i ne synthase gene 3' termnation sequence. Reconbi nants were
checked agai nst pCaMVNeo for the correct orientation using both Pvu Il (2
sites) or Eco R1/Sph 1 (both unique), giving pCaMVneoNeo. This was again
checked for the correct nunber of Xho Il sites. 15 The Hnd 111
fragment frommelaasizeoNeo containing the restored plant - exprRSEERIRFAE My ci n
resi stance gene was cloned into the Hnd Ill site of pSCVl1 to give the
plasm d pSCV1. 2. pSCV1.2 was partially digesiged with Hndlll and the Iinear
10. 2 kb product isolated. This 20 was_dephosphoryl ated with calf

i ntestinal al kal i Henghbphasd M3 PrgdRe® APGhoRe2C8Ck® PF nkl MM atNA
fragment contai ni oy @,phaminespheaditly [#id [2 glincatonzdas.e samprecCabV- GUS

Vancamnert et al cadbgRddad Wb otiloNhed Aty WONLAESEE SEF Y
construct (pSCvli.#®d visnaldigesy underoPVehtaht orPwimenf fgansbeaddtedeiorgi on

of DNA forstransfef tie Hcllcwidge geheWBehbefiddl! I£hd tHe) adnnddlend t he
abbrevi ations given in the ani ngs. B = Bam

t map. _have 3 the follown
Hl; Bg = Bgl II; %?@?f%t‘fe%“?e%c&nRg?eEk'Fa_g"E’c‘EPweﬁﬁ 28, dggcr] edi = Kpn
1; P=Pst 1; S =b&kewd; Sm= Sma 1; Sp = Sph 1; X = Xba 1; Xh Xho 1; QD =

Over-drive (T-DNA trafsfer funeane8ihg thi'OWY /mMided-ing system described
PCT/ EP96/ 05746 - 70 - InhrodL{g_y gﬁl 8f t he bg%%\;y asm d vector pSCV1.6
s \4PPaln ot

into the di sar red®h B¢ e8¢ | 12 of det eri um t unef aci ens
strai n EHALO1A wePRIMERiisf G'me@4ly eCECABGPTCECCRECARITMEGESTBGo(8) Cehe 5

Pul ser as descri bpgiriar \¥n-gun 2379 FaeeRebdRSfdceTTecceeTTeae  (253) 3¢
Annealing temperature 50 °C
Ampicillin (bla) resistance gene of the Ti binary
vector {using the pUC 19 numbering system described by

15 Yannish-Perron et al., (1985).

' PRIMER 1: 5* (1681) TCCATAGTTGCCTGACTCCCCG (1702) 3¢
PRIMER 2: 5' (2000) TGGGAACCGGAGCTCAATGA {1981) 3¢
Annealing temperature 60 °C

ros gene of Agrobacterium tumefacience chromosome

20 (using the numbering system of Cooley et al., (1991}, J.
Bacteriology 173, 2608-2616}; primers by Matzk and
Schiemann (Poster No. S7-23, 8th International Congress
of Plant Tissue and Cell Culture, Firenze, Italy, June
12-17 199%4).

25 PRIMER 1: 5' (142) CGCGGGCTACAAGTTGAATC (161) 3!

PRIMER 2: 5' (714) GACCGAGACCCATTTCCTTG (695) 3!
Annealing temperature 60 °C

Vir G gene of the virulence gene of Agrobacterium
tumefaciens Ti plasmid {using the numbering system of

30 Chen et al., {1921), Mol Gen Genet 230, 302-309); primers
designed by Matzk and Schiemann {(Poster No. 87-23, 8th
International Congress of Plant Tissue and Cell Culture,
Firenze, Italy, June 12-17 1994).



d) Preparation of Agrobacteriuminoculum Overnight liquid cultures of

Agr obact eri um tunefaci ens strain EHA101A containing the binary plasmd
pSCV1. 6 were grown on YEB nmedium (tryptone 5 g I[err], 10 yeast
extract 1 g |[err], beef extract 5 g I[err], nmagnesium sul phate 0.46 ¢
I[err], pH yolrasgaesucrose 5 g |[err] added after autocl avirCmiproeosmsai ni ng
50 ng I [err] chloranphenicol, 25 ng I[err] neonmycin and 15 ng I[err]
gentamicin at 28 [err]C with vigorous shaking. 10 [err]l of a fresh
overnight liquid 15 culture was indcBPated into 25 mM of fresh nedia
and grown for Z2PRIMER 1Ehé&'cdBl8) WBCECACAGRAICSAGERYCAENI{38%gati on at 6000 g

for 10 i nutes pgfopendsd (rdoPrdbdbBRkicatidchepel (p3spd. The cells

wer e washed once m)re i n 2V Ng err% and once in [iquid clone
co-cul ti vati on ARealing Lempgratuse & eF) The cells were finally
resuspended in |iquhé dtandedtagnostiealdmhestipTolagenei sedneshded sotensity

f 10 |
Dl ant b er i al B Y redckibBIdN LAk SOy otk Bl B Gt Sn ©)
canal dul ensi s Akl d’hlt@ﬁegﬂlf‘-gSc%}lé medfilied) pApntfeamd ih B¥antmn

Forestry Researiifddteaid with, tRO Egrobdoterfini etiraifllded Fbwb&,héwf Sout h

Africa (now F ﬁ%&%@lp s U 12 [ ca) E.
sal i gna/ E. 30 ere%l \(?g?{% §§ y ]SN%Was 0 ﬁal ng‘ge?égrﬁ@e t

Devel opment Forkand diagpoptigsiior poheipregsance ofephs| Plrcaene Gohgo. St ock
plants yere obtlaidiesédayref ol emﬁheﬁtwméﬂe&e%faaadhawﬂﬁllmmcwtdﬁ&s from

oot ed using r aite So, EBE FE BPME e kB et 05Tas T ©
proceseing at the left border reg::.on or of presence of
Agrobacterium cells containing the binary Ti plasmid
{pSCcv1i.6). Presence of the bands diagnostic for the ros
15 and virG genes are indicative that the plants are still
infected with the Agrobacterium strain used in their
production (EHA101A [pEHA101, pSCVi.6]l}.

] . R piclogical
20 Method:

Genetically wanipulated plants were homogenised in
stexrile mortar and pestles and the resultant homogenate
wag transferred aseptically to shake flasks containing
sterile YEB medium (as descibed previously) without

25 antibiotics. The flasks were incubated at 29 °C with
vigoroue shaking for a minimum of 5 days. Lack of
microbial growth is indicative that the genetically
manipulated plants are free of Agrobacterium.

R 3 £ PRC 1 mi bioclogical 1vai

30 Using both the PCR method and the microbiological
method, no Agrobacterium cells were detected in the
genetically manipulated plants produced using the
protocol described above.



WO 97/23126 - 71 - subsequently potted into 10 litre pots and nmaintained in
t he gl asshouse as hedged stockplants. Were required, in vitro

m cropropagat ed shoot cultures were initiated fromthese stockplants by
harvesti ng nodal stem explants fromb5 stockpl ants and di sinfecting by
i mrersion i nwo3021% v M |ton solution containing 0.1% v/v PREERIAF460r 10
mnutes wth gentle agitation. The nodal stem explants were then briefly
rinsed three times in sterile distilled_wgter and cultured on shoot

mul tiplication nedium (190 ng 10 lerr] KN err], 825 ng 1[err]
NH[err]qurr],m%:(HS[err] CaCl[err].Herr]O 925 ng I[err]MySO err], 85
ng | [err] KH er+|Edken-IChriiakieset ealt {1 dda)agingavengdabkongabdsal salt

m cronutrient sgl a 529) i i as ri bed by
Morel and Wet nor e‘}%(llfg:g%n %%}Ohggr!ﬁ%?r zéjléa{r\%séagg}l §4Erafgﬂﬁ?%f rfd%;\éferé’oo ny
|[err] 15 Chrgrii®in T BAzadj astiel b Smith (Bds) KEluwer gAcademic phyt a-
gel). The cul t umesl wiexspr opagated at 23 [err]C using a 16 hour day

illum nation regi )- r Lo r rrkble Jhe nylii i ng. shoots
wer e divi ded and 15;Eu‘mbkf:u ‘t ég‘g%gén{;b #?ée%%ic#doﬁia?’sﬁééﬁlngr {T{‘g%ﬁﬂa%/’f (I}ﬂ medi um
at 4 weekly 20 {(1982)in@GengaR8, B27¥parati on of explants for

transformati on ledfapdigt il es06t6] e £xpmditayel,’ N hia whoass, wer e prepared

i cr opr opagat ed ST s ThPRodPAgBLe P kamALIAn: Anl 508 ErRreagion.
m cr opr dPagat i dh kaherarexyusanuabot Blrckieldh Sotiengd§igi Peblbedtions,
Alternatively, demdra.petiole or stemexplants were prepared fromranets
o cennouse 30 Byl R "REERY) SRRT Y adate” B PR E Y R Ul i vat i on
wi th Agrobact erBuphamunef aci ens. In this case, young scions wth healthy
| eaves | ess than geiGiBery ReROVAg¥BELein B: (1983). Anal. Biochem. 132,
15 p6-13.
- Fromm M; Taylor L P; Walbot V: {(1986). Nature 319, 791-
793.
- Guerineau, J.F. (1990}. In: pJIT Plasmid Directory,
Institute of Plant Science Research, John Innes
20 Institute, Colney Lane, Norwich.
- George E F (1993/1996) Plant Propagation by Tissue
Culture Volume 2, Exergetics Limited
- Heery, D.M., Gannon, F., and Powell, R. {(1990}. Trends
Genet,, &, 173.

25 - Holsters B; Villaroel R; Gielen J; Seurinck J; De Greve
H; Van Montagu M; Schell J: (1983). Mol. Gen. Genet. 190,
35"41-

- Hood E E; Helmer G L; Prayley R T; Chiton M-D: (1986).
J. Bacteriol. 168, 1291-1301.

30 - Keil M; Griffin AR: (1994). Theor Appl Genet 89, 442-
450.
- Murashige T. and Skoog F: (1962). Phys. Plant. 15,
473-497.

- Morel and Wetmore: (1951}. 2Am. J Bot. 38, 141-143.
35 Olszewski N E; Martin F B; Ausubel F M: (1988). ©Nucleic



harvested fromthe upper portion of the crown fromvigorous plants of |ess
than 1.5 netres in height, and 35 disinfected by immersion in a 20%
v/iv MIton solution WD 97/ 23126

PCT/ EP96/ 05746 - 72 - containing 0.1%v/v Tween 20 for 10 m nutes with
gentl e agi tgls¥wasadhe scions were then rinsed three tinmes PCI/ERIGDIME
distilled water prior to dissection. 3-5 nmdianeter |eaf explants or 2-4
nm | ong sections of stemor 5 petioles were prepared fromthe scions
and placed in liquid clonal co-cultivatiB8& medi um (see bel ow) until
required for eridd Resaareh REL h1dhesAotagrefaciens strain. g) |noculation
of explants W lhoianohag 6! Wil #iflsl e Reatw: (1986781 CBuBh PUlALI ve
transgeni c shoots Leaf, petiole or stemexplants 0 he cl ones’ previ ously
descri bed wer eiddcdtvated with the Agrobacterium suspension, prepared as

_(il_ﬁsc;i bed prew (sa'idbrd ,ookOU;lﬁrmi:Qtlshenﬁ n’;(ﬁ MarSiaeiisl Q;g(ﬁﬁaﬁﬁt rﬁo%@?,ju[axsw] .

e di sh was pl.aced on.,ap_orpi shaker. a ent s t err
during The i nc‘lt}t?ﬁingﬁ ) AA? PgPQ?%gﬁ%a‘ﬁ%‘ﬁl 'e%??:sgé‘ﬁbgéf’er?%ﬁs% i on was
renoved from tHesboxy Presshy blotting with filter papers and the hypocotyl

expl ants were ! rapgheR;edrigsael vd phions - qulbhyat i AlcPBMN SR, 1, (750
nmg | [err] KNgerr,J] 250mg I[err] MgSA err].7H err] O, 250 ng |[err]

NH err] H err] (T!e'rrgjl 100nmg I[err] CaCl[err].2H err]O 20 g I[err] sucrose,
600 ng | [err] 2-FimpsaempRoBirnOf Bananksdil giweak &;aModtOoVaESA Lhal f- strength

Mirashige and ;3kopmdtasal cabbrabs @bl INe¥terS® Whi QRobH) InBe LAt Ogue
nunber MXb29), Vlt%.' s as 25 described by Mrel and Wetnore (1951),

0.1to 1l (eg 11)°°r§g' r'r] CPPU, 0.465 ng I[err] NAA, pH adjusted to pH 5.5
- Thomas C M; Meyer R; Helsinki D R: (1980). J.

Bacteriology 141, 213-222
- Valantine C R I; Kado C I: (1989). In: Promiscuous
is plasmids of the Gram-negative bacteria. C. M. Thomas
{BEd) . Academic Press. pl25-163.
- Vancanneyt G; Schmidt R; O'Connor-Sanchez A;
Willmitzer L; Rocha- Sosa M: {1990). Mol. Gen. Genet.,
220, 245-250,
20 - Wen-jun S; Forde B G. (1989). ©Nucleic Acids Res. 17,
8385.
- Yannish-Perron C; Vieira J; Messing J: (1985). Gene
33, 103-1189.
- Yenofsky R L; Fine M; Pellow J W: (1950). Proc. Natl
25 Acad. Sci. USA. 87, 3435-3439.



with KOH, 3 g I[err] phytagel). The explants were co- cultivated with the

Agrobacterium strain for 48 h in err]C. After incubation,
excess bacterial 30 suspensllmm\ﬁﬁ[“‘lm@ﬁ“hom t he expl ants by
blotting with filter paper and the ekpl'ant®s weré& then washed tw c { hour s
per wash) i nwogudi2écl one co-cul tivation nmedi um cont ai ni ng rr

augnentin at 23 [err]C with gentle shakingy The explants e _then
transferred to clonal 35 shoot induction nedi um (a$ THS SHEFT®AS BEEN
co-cul tivation WD 97/ 23126 REPLACED

PCT/ EP96/ 05746 - 73 - nmedium but contg mi RQI5@0sng | [er!

| [err] ascorbic acid and 300 ng 1[err] augnentin. The explants were
incubated in the dark at 23 [err]C for 4 weeks with subculture to fresh
medi um after 2 Weekd Brecess tirr dhe gicroprepagafelgrergfofhortisncapatren in

Ehe flarlk n[The f'éhbdﬁgso%éee&ilﬂfgd [o&naf RbbaY i;]?ax@@ﬂtwmtﬂu&: JnipdilseE40 .
err]no err] s i nc res .were en
subcul tured eveF E‘? L%)\éﬂas %gnt%pq%t Pgﬁgl {"lé‘(% cﬁjceth gr?e&?uﬁf’untll
si gni fi cant nunbwgenatcdoblqluﬁ mEdlupiral kbedsbooks e M@dﬁ @hotite expl ant s
wer e subgul tur egeaa&@nglsoa@iné %ne%lg‘éagih' ERe ”}“M (saisd@nal shoot

I nduction nmediur) but Wwth t tteg concentratiqQ

adj usted to 0.1%# nf Pf@??’fsa?ﬁl %*F?Eg‘r‘ ajp :hg "(}Fé’ﬁ‘]n AP ISR ancubat ed
at 23 [err]C ungeovidedi byopasding air Iotrgbxygaﬂ throdgiv|the eredisimr by) . h)

Sel ection, mult ku@'c}xﬁﬁ&bﬁﬁ! agﬁu&@mﬂ h2afk , DBl bt ¥8s AN SRNAIY tHadi fi ed
shoot s V\hen sui t abl. e nupber’s of eratlgg shoot s ?rrcglre t han,about 1mm

| ong are presenfMeGiuPhe gx‘ﬂ?%?s" t nating the pedivhy ©% PYH&M¥ red to

an air-lidt fernsoter more of said means.
3. A process as claimed in claim 1, wherein the liguid

medium is agitated..
4. A process as claimed in claim 3, wherein the culture
medium is agitated and oxygen is provided by passing
15 oxygen or air through the medium.
5. A process as claimed in any of one claims 1 to 4,
wherein the shoots, rooted shoots or seedlings are free
to move in the liquid medium.
6. A process as claimed in claim 5, wherein the shoots,
20 rooted shoots or seedlings tumble in the liguid medium.
7. A process as claimed in any of one claims 1 to 4,
wherein the movement of the shoots, rooted shoots or
seedlings is restricted or otherwise impeded.
8. A process as claimed in claim 7, wherein the shoots,
25 rooted shoots or seedlings are restrained in a perforated
container within a vessel that contains the liquid medium
or are restrained means within a section of the vessel
that is separate from but in liquid contact with the
liguid medium.
30 9. A process as claimed in any one of claims 1 to 8,
wherein the shoots, rooted shoots or seedlings are

i



containing the liquid KM m cropropagati on nmedium descri bed above, 300 ng
| [err] augnmentin and 30-120 ng |[err] parononycin, generally 50-60 ng

I[err]. After a suitable perio H ﬂﬂLdays dependi ng on the 25
concentration of paronomycin ugm |1 mllmmm tically nodified shoots are
i dentified byolbhgisss heal t hy greén dppéar’ince and rapi d gr owcierssioszsst ensi on

in conparison to the majority of non-GM shoots which becone and
necrotic. The putative genetically nodi f d shoots were 3 Tﬁ's SHEEEHAS BEEN
transferred to fresh liquid KM m cropr op af’i on medi um ( th orngpmnant

par ononyci n) apktainad fixaed af eplaifart hekorne mpntdeedeach | e-—oT Ty TTal

shoot now fornwgzaﬂﬁr&%srr&%sc%lméanﬁhl Pt cllsns $hegts, were then
rooted by transfer o rootl rre i um %%IS cIona 35 shoot

mul tiplicati on"REkR hee‘s & Sq 0Pt ?rlé?f?ttﬁn%tsee‘nmgﬁ’%l%
PCT/EP96/0574apze§@ht at teh hiigh BABcobatien dembitgntaining 0.2 ng | [err]

| BA). ang incubggi %iﬁce%@a@t CZ?J;@ rit@ﬁ%é@fh@j.?lﬂgyl gbugpnat! on

regi me of 50-70 [ery EL err | onal | Tcation’steps,

ei ther in |iqu¥eFesn Lr;lr)*? SGH”S mediug ¢oEPIhFes, 2@ #RFiBdoEdReuct ed as
rﬁqurt red ﬂ]' 3!‘120 A(p::touerysoiassbmamean?Im:mg mhewhe@émndhétsndsroﬁﬁ?,
shoots w r e elle
(Jiffy Product &%%% r%cr&%t gr\/\%%% T%E@%ﬁgfr cﬁ% %%(?af b%#%hhggg ?‘F‘a e, UK)
in a Magenta poptaiped fr°(ﬂ*s|agP&?nf—osrra%tu%%q%mqnsmﬁﬂlem@ndammer y

gr owi ngor oot s Y®I ea \Prsdes® @sOovilagmedr dnigkldine A2gawheekint thé hgh&@éll was
transferred t?r@%é@%%t@%@ )éelfiilﬁgé(ﬁaw}é‘céﬁens%'ﬁ%ithaEEmROt filled

Wi th coco- pea ant
- genetlcally manlpulated plant material transformed using

an Agrobacterium-mediated transfer system.
14. A process as claimed in any one ofﬁclaims 1 to 13,
i5 wherein the woody plant is a gymnosperﬁ or dicotyledenous
angiosperm used for wood pulp, for fuel or for timber; a
tree, shrub or bush that produces fruit or nuts; a tree
or shrub from which a commercially useful product other
than a fruit or nut is obtained; or an ornamental tree or
20 shrub.
15. A process as claimed in any one of claiwms 1 to 13,
wherein the woody plant is of a sclerophyllous species.
16. A process as claimed in claim 15, where the woody
plant is a Rhododendron, Azalea or Kalmia (Ericaceae); an
25 Olea (Oleaceae); or an Australian Acacia.
17. A process as claimed in claim 14, wherein the woody
plant is a Malus (apple); Pyrus, Prunus or Rosa
{Rosaceae) ; Forsythia or Syringia (Oleaceae).
18. A process as claimed in claim 14, wherein the woody
30 plant is a eucalypt.
19. A process as claimed in claim 18, wherein the woody
plant is a eucalypt of the sub-genus Eucalyptus

symphyomyrtus.
20. A process as claimed in claim 19, wherein the
35 eucalypt is E. grandis, E. globulus, E. nitens, E.
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15 propagator and slowy hardened off by reducing the humdity over a
period of a week. After three to four weeks, the plants were transferred to

approximately 17.5 cm (7 inch) poifmmmmm HBL,”" gl asshouse facility.
The plants were grown under natur and were water ed
daily. i) Thewedwasteegeous results observed i EXanple 1 forPGIYERR§ST4s

produced by the liquid m cropropagation systen1mere also o
present case for the genetically nodified psants that were
m cropropagated using the air-lift fermenter. In addi tion,
consi der abl e saviiugeiin Ei mRligiBeuE.a.

conmparison with h?&mw&émalomhﬁﬁgﬁnﬁlmztdmmcmpr opagati on
on solid (gelledt nedgﬂ.ﬁpﬁ u [ e COMMDN t o bot h 30 t he
conventional pro cfcip%f %¥§&r g@%ﬁ Invention. The initial steps
in the Agrobact e?lur#rmmt‘éﬁséﬂatsr&ﬂgﬁmﬁﬂ’amo%ma@%(ﬂﬁmi@wsbét Rorm@Phods.

The conveny i onal wﬂeiégdszﬁmm&q%taana;ﬁh@ﬁriéuittﬁiﬂ Gh 2nPRigS1ife W th a

sel ection step, g gm&a solid medium As WO 97/ 23126 _
PCT/ EP96/ 05746 - 1% %¥%tussed above, the presence of the selective agent
often sl ows the gRowapxorkss a@ewélaapaéninoﬁny hene rofhsfladimed 1cebl 81and
tissues. This isyhblesh réﬁﬁb}a‘t:ﬂcﬁeo@r B8ASHL s CHS CeotiGhRE el 2Bofin:
genetical ly nodi gl ed 5 %&55 %% s, clones on solid nmedia using G%f
the sel ective ag8fif {'%kté’sa Miad wg?ff 2°Subsequent step of shoot
el ongat i a® of t h@3sehqurocesse ast ndahmgzdnnnlldmeobmm slaimgolli donBdi a t akes
about 6 weeks, yherein a resulting shoot, rooted shoot or seedling is
further micro-propagated by a process as claimed in any
one of claims 1 to 22.
_ 24, A process for selecting genetically modified shoots,
15 rooted shoots or seedlings that have a selectable
property, characteristic or attribute, wherein the
shoots, rooted shoots or seedlings are cultivated
submerged in an oxygenated liquid medium that comprises
. means for selecting the genetically manipulated shoots,
20 rooted shoots or seedlings.
25. A process as claimed in claim 24, wherein the
selectable property is resistance to an antibiotic,
herbicide or other selective agent.
26. A process as claimed in claim 24 or claim 25, wherein
25 oxygen is provided by passing air or oxygen through the
medium, by mechanical agitation means, by means of
shaking the medium, by means of illuminating the medium,
or by any two or more of said means.
27. A process as claimed in claim 24 or claim 25, wherein
30 the liquid medium is agitated.
28. A process as claimed in claim 24, wherein the culture
medium is agitated and oxygen is provided by passing
oxygen or air through the medium.

29. A process as claimed in any of one claims 24 to 28,
35 wherein the shoots, rooted shoots or seedlings are free
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maki ng a total
m cr opr opagat i

genetically nodified nmateri al

WithO;Jt sel ecti.on., for abo;Jt QHMNMHMHM i's then carr% ed OU.t i n
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33. A process as claimed in any one of claims 24 to 32,
wherein the shoots, rooted shoots or seedlings are
obtained from a cultivar, clone or seed.

34. A process as claimed in any one of claims 24 to 33,
wherein the shoots, rooted shoots or seedlings are
present at a high inoculation density.

35. A process as claimed in any one of claims 24 to 34,
wherein the culture medium comprises an antibiotic.

36. A process as claimed in claim 35, wherein the shoots,
rooted shoots or seedlings of the woody plant have been
obtained from a plant grown under non-sterile conditionms.
37. A process as claimed in claim 36, wherein the shoots,
rooted shoots or seedlings have been obtained from
genetically manipulated plant material transformed using
an Agrobacterium-mediated transfer system.

38. A process as claimed in claim 37, wherein shoot
formation is induced in the Agrobacterium-transformed
cells or tissue in the presence of N-(2~chloro-4-
pPyridyl}-N'-phenylurea or another phenylurea.

39. A process as claimed in any one of claims 24 to 38,
wherein the genetically modified shoots, rooted shoots or
seedlings are from an annual, biennial or perennial
plant.

i



shoots obtai ned by the subnerged quuid culture appear to root nore readily
than those from conventional solid n summary, the nethod
described in this Exanple results “!!ll jﬂl l@""!lm | abour and naterials
and yields a greater quantity of t t hat is of hi gher
quality than wosdesul ting fromconventional 10 met hod&CT: CAL

AND GENETI C ANALYSI S OF THE GENETI CALLY i) Histochem cal HAQ BEEN
[err]-glucuroni dase (GUS) assays Histocheghcal GUS assay %ﬁés meEE _

on the | eaves 15 putative genet ically modifi ed Eu al fiifes
and seedl i ng- der$Qed mqsgl ags caimed pby P ot sdazps )39'Leaf
expl ants were trehsferiind demeripally tiodbf bedtshontsg fmnabdoahsotl:sltmon (100

e 20° ' angf R R e, Anmbapsofifadeste G SRR Enytt ,

vacuum desi ccat oPlamg- the vessel was evacuated several tines unt|I all of
the expl agts wergisubigets ast bdalinsdt inramplond @f cIhdmexps and saoere

i ncubat ed for 45 nut t n d | L 50mMM
25 sodium p fe Hededd lzgp%gm;%d Pbdeli 48 phibes oF
transferred int osaeimsﬂi Wmm berbaceoumplagitucur oni de (X- GLUC)
sol ution made upspn LG 4B phaspeat en baky Etrne(wﬁ £18ims The %GMJC

sol uti on was Va\(/:\f minfil tr%rheo%tl nto Egedeﬁlge d a’f%%d?éﬁ‘% %ﬁe di sh

30 seal ed WRR RS IFR55G 't RER T ric ight .
The reac@Pon wasweﬂippmkﬁw transferrl ng the explants to 70% et hanol aUSs

activity could bgsdes gstsbddy ashelnincants dlamh 42)sdheeenbtHe wbsdy.
WO 97/ 23126 plant is a gymnosperm or dlcotyledenéag'%gggégggég used
for wood pulp, for fuel or for timber; a tree, shrub or
bush that produces fruit or nuts; a tree or shrub from
- 15 which a commercially useful product other than a fruit or
nut is obtained; or an ornamental tree or shrub.
44, A process as claimed in claim 42, wherein the woody
plant is of a sclerophyllous species.
45. A process as claimed in claim 44, where the woody
. 20 plant is a Rhododendron, Azalea oxr Kalmia {Ericaceae}); an
Olea (Oleaceae); or an Australian Acacia.
46. A process as claimed in claim 42, wherein the woody
plant is a Malus (apple); Pyrus, Prunus or Rosa
{Rosaceae) ; Forsythia or Syringia {Oleaceae).

25 47. A process as claimed in claim 42, wherein the woody
plant is a eucalypt.

48, A process as claimed in claim 47, wherein the woody
plant is a eucalypt of the sub-genus Eucalyptus
symphyomyrtus.

30 49. A process as claimed in claim 48, wherein the
eucalypt is E. grandis, E. globulus, E. nitens, E.
dunnii, E. saligna, E. camaldulensis, E. urophylla or a
hybrid thereof, or E. regnans, E. gitxiodora, E.

fraxinoides or a hybrid thereof.
35 50. A process as claimed in any one of claims 24 to 41,
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- 77 - ii) Detection of genes transfeered to tfansgeni c Eucal yptus plants by
Sout hern blotting and hybridi sation was carried out as

descri bed by Keil and Grlffln(19 meﬂuﬂ% 5 of DNA isolated from5
transforned Eucal yptus plants vver *vvith Kpnl and Xbal in the
appropri at e wostnigéi on buffers. To aid the di gestion of DRECI/EPRGES7#6 Was
added to the restriction mxture at a final concentration of 0.1 ng/m
(Drayer and Schul t e- Hol t hausen, 1991). Th restrictions 5 BEEN

carried out at 37 [err]C overnight. HE ectPo horesi s of {t S
Sout hern bl ot t i weexedkn s pdiagst Lenaweer- m¥éRtas ddscrib b adk

g{/ al . g §ﬁ989|) gpe ngfcm%sp&ls?égahﬁﬁr%m oh_%g@f maﬁggggsteé gplh Eco
an e plas i ed,_wi am e resultin

restriction fr M@S&ﬁ%@%&?ﬁéﬂnbﬁf e‘Fae‘&"E’T%I?&teg‘PsaBnang Sg/g'agar ose
gel (Sanbrook efexthenten089). A 2kb (approxi mately) DNA fragnment containing
part of the codd SRR t BENES

Vi rus 35158 gene %ggn‘? nat re%r bgﬁ foL @%n@%ébhi?.gm%@?@? DNA
fragment cont aj 7 qﬁﬁf’z Fhaeéeﬁlj&&ﬁ%tm Eedils a'pEF'EﬁPFh%

t he met hod of I-pbaxyt eto Wﬁﬂpﬂhmedianexﬂ tranpfert ofwene oadmoi:abel I ed
by the nethod &e’ﬂ(@ﬂ Megﬁhééfé&(lﬁﬁﬁ)c dés'éi‘ﬂ: gh%o&gaé%pihm

| abel |'i ng kltsggh qy oerlng elman use
hybri di sati on pFa®ecesyLiing Reapp QI‘?ﬁ‘i bt s%r drigsme. i Whdrbi bavesa
described in SEBél@dSlSabﬂ)e tcharacebeistit, opitopdxtie canalticedbuitansinr ond

Eucal yptus pl a f I ertods
of time, even f om ex"bfaér?; %Q%%%@I Eatélgéﬁ:% oér% na urengqgrill%s %m Sﬁég é\ﬁtli ch
had previously %’é@‘htﬁr ﬁ%eﬂﬁénﬁl Ehg é?ﬂﬂf%‘rnﬁf\/rﬁrﬁ?tﬁr dBuBRi on of

transfornmed pl agdkpgérst el igrudde dupbase bhedivhha ety icompadgeel mehasefoet hods
selecting the genetically modified shoots, the shoots
15 being submerged in the ligquid medium.
53. A process as claimed in claim 52, wherein the shoot
inducing agent is a cytokinin.

54. A process as claimed in claim 53, wherein the shoot
inducing agent in BAP, N-(2-chloro-4-pyridyl)-N'-pheny-
20 lurea or another phenylurea.
55. A process as claimed in any one of claims 52 to 54,
wherein the shoot inducing agent is also present in the
liquid culture medium.
56. A process as claimed in any one of claims 52 to 55,
25 carried out under as defined in any one of claims 24 to
51.
57. A process as claimed in any one of claims 24 to 56,
wherein the selection in the liquid culture medium is
carried out before and/or after selection on a solid
30 {gelled) medium that comprises means for selecting the
genetically modified shoots, rooted shoots or seedlings.
58. A process for the micropropagation of a genetically
modified shoot, rooted shoot or seedling, wherein a a
genetically modified shoot, rooted shoot or seedling
35 selected or produced according to a process as claimed in
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enabl ed | arge popul ati ons of pl ant ma ‘,L sulting from 35 I ndi vi dual

transformation events to be produc ﬂl” 97/ 23126
PCT/ EP96/ 05746 - 78 - one of the EuGa or hybrids transforired.

In all of the exanples, genetically nodifie shoot's were obt ai ned vi a
or ganogenesi s wosmgsset i cal |y nodified callus. In some case3CTRPRGNF7T46
or ganogenesi s and somatic 5 enbryogenig&s could be o )
the cultures, particulary if culture periodS”on regenerat SeHEET HASBEEN
continued for extended periods. In all of the nmethods desgri bedREPLAGED e

plants were recoygy f%nﬁeh%'f SiQmétﬂ’ E@rﬁ'lsoﬁl&%%ﬁ% a&é‘@&i%&?ﬂ%‘*‘
greenhouse condi t | roportion (In excess O 9 t he
genetical |y nodi f’-"l%d‘ PERREEs{ ?5%%&%@"%8“&8& ﬁ)ﬂfgs she®

hybrid transfor msb war prboend for exgrwesing In&c[xebli]al gbutamimatdiase afene as

determined by hi %Meh%m %h:a&ag 500 o3 Hde1ihgsd w}&éﬁt &ggﬁ;eé he

regenerated 15 wer e ound to contal t he genes

fromthe TO9DNA ofC‘ﬂS@VfthﬁnFéﬁr%’P%tﬁnthw §§98ﬁ§ Bf serdHinas
speci es or hybri oxytenlayeds 1oguié neédnm |thatacopprases Enlczedxtymi&:m ant S

usi ng the pol ynergse f . Dr nce of .the
T-DNA and for abstgﬁecgigghghegﬁ8£é§ 4£°ﬂgumr?urre g%lﬁgﬁsb%%ng Sf‘ﬁ%eer(?ﬁ‘i] “hei r
production PCR r&d& 1é-ﬁ§1ﬁe}“§dé’é*ﬁduct ed using a Perkin-El mer Cetus DNA
Thermal Cycl er (I%&rklaanb&eés &wmﬁe&lzdm caEum 59 Bdgkbed Wit alhe

R/S?JCE e?p]fggsbig/oc\%/ 1ne%l>< rea %ﬁb‘? er each -II\-IE]'ES T SgrﬂwMKg‘ eicﬁ ™
priner, 2.5 unit$lof AADE'PP?&Q ekl rla*s@lelﬁ@rﬁﬁnOEl mgmeﬁﬂi wherein
the shoots, rooted shoots or seedlings are of a plant as
defined in any one of claims 39 to S50.
62. Use of cultivation of shoots, rooted shoots or
15 seedlings in an oxygenated liquid medium that compxises
an antibiotic, the shoots, rooted shoots or seedlings

(=)

being submerged in the liquid medium, for the reduction
of microbial contamination of the shoots, rooted shoots
or seedlings.

20 63. A plant obtained from a shoot, rooted shoot or
seedling obtained by a process as claimed in any one of
claims 1 to 22 or from a genetically modified shoot,
rooted shoot or seedling selected according to a process'
as claimed in any one of claims 24 to 58 or from a shoot,

25 rooted shoot or seedling having reduced microbial
contamination obtained according to a process as claimed
in any one of claims 5% to &2.

64. A process as claimed in any one of claime 1 to 23,
wherein the shoots, rooted shoots or seedlings are

30 obtained from a plant as claimed in claim 63.

65. A process as claimed in claim 64, wherein the plant
is a mature eucalypt.

66. A product obtained from a plant as claimed in claim
63.
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0.5 [err]g genom c DNA isolated fromgenetically mani pul ated 30 shoot s
as previously described. Control reactions containing genom c DNA from

pl ants known to be free of Agrobacterium tumefaciens or containing
approximately 10 ng DNA isol ated from Agrobacterium tunefaci ens EHAL01A

[ pPEHAL01, pSCWPRB231%6re al so conduct gd.. Reaction 35 COrRUT/ER95/85746 €
were 29 cycles of 1 min at 94 [err].C, ‘1 m'n WO 97/ 23126

PCT/ EP96/ 05746 - 79 - annealing and 1 min at 72 [err]C and one cycle of 1
mn at 94 [err]C, 1 min annealing and 2 mn at 72 [err]C. Sanples of each
reaction were el ectrophoresed on a 2% agarose gel and visualised under W
light. Primers for the detection 5 the foll owi ng gene sequences and
the annealing tenperatures used in the reactions were as descri bed bel ow
NPTI 1 gene (using the TN5 nunbering system descri bed by Beck et al., (1982)
Gene 19, 327-336). 10 i 4 5 24) CCCAGGT TCTCCGECCGECTTGEGT GG
(50) 3 PRIMER 2: 5' (277) S TCCCGCTTCAG (253) 3' Annealing
tenperature 50 [err] g Anpiy ¥t ance gene of the Ti binary
vector (using the p 19 @ scri bed by 15

Yanni sh-Perron et al}, :
(1702) 3' PRIMER 2: P
tenperature 60 [err]fC ro"
(using the nunberingf syst ¢
2608-2616); primers py Mj
| nt ernati onal Cbngrer

(1981) 3" Annealing
faﬁnce chronpsone 20
¥, @& Bacteriology 173,

No.C¥®y- 23, 8th

FIG.1
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of Plant Tissue and Cell Culture, Firenze, Italy, June 12-17 1994). 25
PRIMER 1: 5 (142) CGCGGGCTACAAGITGAATC (161) 3' PRIMER 2: 5 (714)
GACCGAGACCCATTTCCTTG (695) 3' Annealing tenperature 60 [err]C Vir G gene of
the virul ence gene of Agrobacteriumtunmefaciens Ti plasm d (using the
nunberi ng sysMW #3180 Chen et al., (1991), Ml Gen GenkCT/EES5/05746
302-309); prinmers designed by Matzk and Schi emann (Poster No. S7-23, 8th

I nternational Congress of Plant Tissue and Cell Culture, Firenze, Italy,
June 12-17 1994). WD 97/ 23126 2

PCT/ EP96/ 05746 - 80 - PRIMER 1: 5 (37& GCCGACAGCACCCAGITCAC (389) PRI MER

2: 5 (749) GCCGTAAGLLT, CC (730) Annealing te Q. [err]C The
band di agnostic for E%H gene sequence acts 5 nrgéiigﬂs&ti on in
that this produc I etect@dfin both in the SUBMERGED i ed

t
plants and in pl a(régi-i‘-réwg@mm t Ne Agrobacteri umlstQEID CUATURE t heir

production (EHAL01A [pEHAL101l, pS )rﬁ-m—[qf t he bandhdi a?nost}c
t_‘_':imlveo er transfer

for the presence of t a,gene : i
of additional DNA to gﬁf%l nt fromthe 3 bi nary vect orgﬁgégtb i ncorrect

processing at the left border region or of presence of Agrobacteriumcells
containing the binary Ti plasm d (pSCV1. Presence of the bands

di agnostic for the ros 15 and virG genes are indicative that the
plants are still inf hth t he %ﬁmstrain i.p their
producti on (EHA101A [G%EE%O , PSCV1. - tion of cﬁgé nants in
genetical |l y mani pul at ed 4

STEP 3 ax_x il STEP 3

STEP 4

l

STEP 5

STEP 6 STEP 6

FIG.2



pl ants using m crobiol ogi cal assay 20 Met hod: Genetically mani pul at ed
pl ants were honogenised in sterile nortar and pestles and the resultant
honogenat e was transferred aseptically to shake flasks containing sterile
YEB nedi um (as desci bed previously) w thout 25 antibiotics. The flasks
wer e incubat ewoab289 [err] C with vi gorous shaking for a m niR€IEPS¢0B46days.
Lack of mcrobial growh is indicative that the genetically mani pul at ed
plants are free of Agrobacterium Results of PRC and ni crobi ol ogi cal
anal ysis 30 Usi ng both the PCR nmethod and the m crobi ol ogi cal
met hod, no Agrobacteriumcells were d3f&cted in the genetically manipul at ed
pl ants produced using the protocol described above. WO 97/ 23126
PCT/ EP96/ 05746 -81 - - Aitken-Christie et al (1994) In: Automation and.
environmental control in plant tissue culture, J Aitken- Christie; T Kozai
& MA L Smith (Eds) Kl uwer Acadenmic 5 Publ i shers - Beck E; Ludwig G
Auerswald E A, Reiss B; Schaller H (1982). Gene 19, 327-336. - Draper, J.,
Scott, R, Armtage, P. and Walden, R (1988). Plant genetic transfornmation
and gene expr essi on. 10umu5mamm¢tesmteuﬂ-qgm RDBReNtifi c
Thesi's I

Publ i cati ons, Oxfor - Edwar ds A versity of

Durham - Fei rieo&VAE:oR/bgmaelflém1EBamﬂvatbalStilest&lhnUleaclmglllﬁ

p6- 13. 0/8 SKb /
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- Froom M Taylor L P; Wal bot V; (1986). Nature 319, 791- 793. - Querineau,
J.F. (1990). In: pJIT Plasmd Directory, Institute of Plant Science
Research, John Innes 20 Institute, Colney Lane, Norwi ch. - George E F
(1993/1996) Pl ant Propagation by Tissue Culture Molume 2, Exergetics
Limted - HeeW@9MB®6 K Gannon, F., and Powel |, R (1990). THRETEPIERTIE o,
173. 25 - Holsters B; Villaroel R; Gelen J; Seurinck J; De Geve H
Van Montagu M Schell J: (1983). Ml . Gen. Genet. 190, 35-41. - Hood E E;
Helmer GL; Frayley RT; Chiton MD: (19822. J. Bacteriol. 168, 1291-1301.
30 - Keil M Giffin AR (1994). Th8H Appl Genet 89, 442- 450. -
Mirashige T. and Skoog F: (1962). Phys. Plant.ela.#&73-497. - Mrel and
Wetnmore: (1951). Am J Bot. 38, 141-143. §§;°~_§—d-szewski N E Mrtin F B;
Ausubel F M (1988). Nucleic WD 97/ 23 e:-' halld
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10 . -:'Libhenspekn—e%mcbrdon MP; Nester EW (1982). Cell 29, 1005-1014.
: Thomas C M Meyer R Helsinki D R (1980). J. Bacteriol ogy BEPLAGEMENT SHEET

Val antine C 89). In: Prong,scuous 15 pl asm dsgefyd he
G am negativeR”“lm Hm“msll Thomas (Ed)~ Rc‘aderri_c Press. pl25- 163’.? ‘fn Q’
Vancanneyt G Echhi dt Fg; O Connor - Sanchez A, Wllmtzer L; Rocha- So
(1990). Mol. Gen. Cenet., 220, 245-250C A I M S Wen-jun S; Forde B G
(1989). Nucleic Acids Res. 17, 8385. - Yannish-Perron C Vieira J; Messing
J: (1985). Gene 33, 103-119. - Yenofsky RL; Fine M Pellow J W .(1990).
Proc. Natl 25 1. Acagocsss. fQSA.th87mi32¢3§I6989ationREELAEEb’EBI;,Ij' SEIEEEdC L
Al MS1 A pg L.cropopa l,on_of shoots..rooted.shoots or
seedl i ngs of apﬁggségp%gaf%gaﬁggﬁsc%%p?iggédgupﬁf§§fiHélFﬁecgﬂ85ﬁ§?srooted
shoots or seedl chHd&ivatimgothgesabets) i quotiededhootst be sbedlsngsohedn

shoots or seedl| ' rg Ln.the liquid, nmediu : rocess as
clained in clai#?%?e%ﬁg%gizggﬁgdlﬁ%gégmﬁegpﬁngﬁgogafp5nggé3§ﬁggﬁﬁoeéss as
clainmed in clai segdluhgsebeinge scbhengedmedi thei $iggitianediand oxygen is
rovided b assi ng,o0 n_or_air,throygh the medium_4. A process as
Elained inyagy %ﬁe %fé%ggﬁ istgléfmﬁﬁefﬁiﬁf?ﬁ@ ihoﬂ?%?e+BoFEﬁ $hastd or
seedlings are fmeditm dsvegihatbd.liquid nedi um
3. A process as claimed in claim 2, wherein the culture

medium is agitated and oxygen is provided by passing
oxygen or air through the medium.

4. A process as claimed in any one of claims 1 to 3,
wherein the shoots, rooted shoots or seedlings are free
to move in the liquid medium.

2. A process as claimed in any one of claims 1 to 3,
wherein the movement of the shoots, rooted shoots or
seedlings is restricted.

6. A process as claimed in any one of claims 1 to 5,
wherein the shoots, rooted shoots or seedlings are
obtained from a cultivar, clone or seed.

1. A process as claimed in any one of claims 1 to 6,

wherein the shoots, rooted shoots or seedlings have been
obtained from genetically manipulated plant material

transformed using an Agrobacterium-mediated transfer

system.

8. A process as claimed in any one of claims 1 to 6,
wherein the woody plant is a gymnosperm or
dicotyledenous angiosperm used for wood pulp, for fuel
or for timber; a tree, shrub or bush that produces fruit
or nuts; a tree or shrub-from which a commercially
useful product other than a fruit or nut is obtained; or

an ornamental tree or shrub,
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5. A process LA ' one of claims 1 to 3, wherein tIREPOADFRAENT SHEET
of the shooti i Gﬂﬂ HEi r seedlings is restricted. 6. A process as
clainmed in a to 5, mheregﬂ the shoots, rooted shoots or
seedlings are obtained froma cultivar e or seed. 7. A process as
claimed in any gne of clains 1 to_6, wherein the shoots, rooted shoots or
seedl i ngs have-ﬁeenAOBFQFﬁéé PPoﬁiﬁéﬁégléalP?Ynﬁﬁ?pﬁfaﬁédlmﬁahttﬂaﬁer|aI
transf or med USIﬂﬁeéglﬁgkﬁgaﬁﬁéayuﬁlaﬁé'QEeéftEaQéiSEMEMgEEBPs 8spbcpLacess

as claimed in any one of clainms"1 to 6, wherein ant"1s a
gymmosper m or ot §| BECABES aﬁgFéép@¢ﬁ1H§e§l$bm_ﬁoodh@n¢pth¢ow0®ﬁgl or for
tinber; a tree §Qth1§r bRﬁBdBQéﬁdP&HdU§E§ éé“bﬁ RELAKLS (RiLLEEL0T shrub

fron1mh|ch a conner0|a é useful pro duct ot an a rU|t
obt ai ned; or an2Br RafEnd ﬂeﬁﬁééebf Qﬁr@b Austpgalign A@@cbcess as claimed in

any one of clai s, 1AtBrgce§@65§'@l£Dﬁe %Pégﬁts W drdy {ﬁgQ@Q%&#OUS
speci es. 10. A'ﬁrocess as clainmed 1n clarm e woody plan
Rhododendron, Azh@Rh &8 KaMﬁiaS(E?PDé@éaeyyr@n,Cfean@ileac@aﬁa OL an .
Austral i an Acaci r clLal rein the woody
plant is a Nhlug 3%%?a$’p ?§g§§tgr%n%€ %?gféglg g%saceam?F Forsythia or
Syringia (O eacb&e)A H@Cﬁ@r@%e@bameatlmn@,‘dalm &l arlve Be imhigieiwoddye woody
plant is a eucg%yg%t 13 ?A?ﬁégf é as claimed in claim12, wherein the

o}

eucalypt is a - genus Eucalyptus
. process as claimed in claim 12, wherein the

eucalypt is a eucalypt of the sub-genus Eucalyptus

symphyomyrtus.
14. A process as claimed in claim 13, wherein the

eucalypt is E. grandis, E. globulus, E. nitens, E.

dunnii, E. saligna, E. camaldulensis, E. urophylla or a

hybrid thereof, or E. regnans, E. citriodora, E.

"fraxinoides or a hybrid thereof.

15. A process as claimed in any one of claims 1 to 14,
wherein cultivation of shoots is continued until rooting
has initiated or has taken place.

16. A process as claimed in any one of claims 1 to 15,
wherein a resulting shoot, rooted shoot or seedling is

further micro-propagated by repeating the process as

claimed in any one of claims 1 to 7.

17. A process for selecting genetically modified shoots,
rooted shoots or seedlings that have a selectable
property, characteristic or attribute, wherein the
shoots, rooted shoots or seedlings are cultivated
submerged in an oxygenated liquid medium that comprises
means for selecting the genetically manipulated shoots,

rooted shoots or seedlings.




synphyonyrtus. 14. A process as clained in claim 13, whereinBENSCEMENTVSHEET
is’'E. grandi s”lﬂmwmliuml"lﬂl nitens, E. dunnii, E. sallgna E.

camal dul ensi s a hybrld thereof, or E. regnans, E
citriodora, E. fraxinofded of a hybrid tﬁe§ 15. A process as clainmed in
any one of clainms 1 to 14, wherein cultlvatlon of shoots is continued until
rooting has init8 atfebrrcdmEss dnldrigeatdn Gaim griocesg rded|citmedidar any
one of clains ]c nodljéon Q s&%otdf ch%{“?rg §hqgc or seedl ing
is further m cro=—ptopaga rg—the—Process as—ct-ai-ed-in any one
of clains 1 tolA. I%?pnquﬂsrﬂ:m dlcarlnmi actlcriglgerlét loaldiy imodisf,i ed shoot s,
rooted shoots or, seedlings that have bl e charac eristic
or attribute, \m}eerreeﬁ{“t sﬂbo‘ftss rroocfatee(?essﬁ}?qacssoorrp eezeéﬁlryﬁ‘ggs ek’re C eﬁrﬁlat ed
subnerged in amm:a&gﬁ;tﬁtﬁﬂb:ﬂ | g eck dreedli Iymntaaitpudeted spa&rrtearms:efmralsel ecting

t he genetlcally | pul at d shoots Erooéed shaots or d in -85 -
18. A process ad aqo rfi)ﬁ&l%ﬂs&%r as

defined in anysyutém clalns 1 to 7 19. A process as clalned in claim217
or claim 18, ei.n the shoots, .rqoted .sho ts or, Se e been
obt ai ned from g&tett PHISFIam D GETE Ila?nt "'tdrﬂe g‘fr‘orsﬁl?(ﬁ’tum ng an

Agr obact er i um rfcingdteithr! rign sifrRiuces tieme b0 Ag@soﬂfdﬂt@ﬁitﬂﬁ-t&laaislmmda claim
19, wherein shoot. formation is .induyced in the A %gerlun}transforned

cel I's or tissufSisRF fricsdifcd oftNe PXSSANGF0 2
pyridyl}-N'-phenylurea or another phenylurea.

21. A process as claimed in any one of claims 17 to 20,
wherein the shoots, rooted shoots or seedlings are of a
woody plant.
'22. A process as claimed in claim 21, wherein the woody
plant is a gymnosperm or dicotyledenocus angiosperm used
for wood pulp, for fuel or for timber; a tree, shrub or
" bush that produces. fruit or nuts; a tree or shrub from
which a commercially useful product other than a fruit
or nut is obtained; or an ornamental tree or shrub.
23. A process as claimed in claim 22, wherein the woody
plant is a eucalypt.
24. A process as claimed in claim 23, wherein the

eucalypt is a eucalypt of the sub-genus Eucalyptus

symphyomyrtus.
25. A process as claimed in claim 24, wherein the

eucalypt is E. grandis, E. globulus, E. nitens, E.

dunnii, E. saligna, E. camaldulensis, E. urophylla or a

hybrid thereof, or E. regnans, E. citriodora, E.

fraxinoides or a hybrid thereof.

26. A process as claimed in any one of claims 17 to 20,

wherein the plant is a non-woody plant.
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gyrld [y-N - hen | urea or anot her phenyl urea. 21. A process agEBﬁ%EhEﬂTISHEET
any one of cI uﬂuul ﬂnl" Ereln the shoots, rooted shoots or seedlings
are of a mood cess as clained in claim?21, wherein the
woody plant is a éyrmosper m or di cotyl edendfs angi osperm used for wood

pul p, for fuel or for tinber; a tree, shrub or bush that produces fruit or
nuts; a tree or2%hr1§|bpfooesa/nfoh ehe anberopabpygaisednl oprodysiepibgr1yhan a
fruit or nut is otgtnd or .an_or napent al [reesor trub—23—Aprocess as

= hergin
claimed in clai'® 138 o ¥heBain 2 nr ocess

as claimed in cgametﬂaalmemedﬂfié\@ §1U6<ﬁtypi‘:od>5e@ %@t}’@f Séedhengub- genus

| ypt h FQCESS as. clrajmed i n craimnr2g; Terein the
a6 o R o PE e RS0 i O Bipiese T8 CLAVEEGE, E

camal dul ensi s, fn ani P pdye | efomauhwbn de & hes ei)§1m:9érc§pr(5}§g@@tf§d E.

citriodora, E. ITaxinpides or brid-the 26" process—as claimed in
any one of cl almw 53 RS by imed Janrf?’#ﬂlf%o}iy pl ant . - 86
- 27. A process2§ orAtﬂfwodﬂésé %ﬁwtpﬁuﬁtﬁﬂ%@?&%ﬂﬂc dod) fi &gk SN0t
root ed shoot or seedI| mhereln a genetically nodified shoot, rooted
shoot or seed! i FRPIET et RHCH r CORYGH & %‘M‘é@ﬁygt%hlﬁ)r%&lss%tee dfiaed in
any one of claigandy t® RérdiSadt&F QRf-GRAAIEN é}% 4 cﬂ"xepr@x]p%osréas
claimed in claim1. 28. process for the productlon of genetic

nodi fi ed shoot DNATFHRFDITF s 2l sijexasthg indusing Qh%ﬁjef@maetlon in

the resulting transformed cells or tissue, which have a
selectable characteristic, property or attribute, in the
presence of an agent capable of inducing the formation
of shoots and selecting the resulting shoots in an
oxygenated liquid culture medium that comprises means
for selecting the genetically modified shoots, the
shoots being submerged in the liquid medium.

" 29. A process as claimed in claim 28, wherein the shoot
inducing agent is BAP, N-(2-chloro-4-pyridyl)-N'-
phenylurea or another phenylurea.

30. A process as claimed in claim 28 or claim 29,

wherein the shoot inducing agent is also present in the
liquid culture medium.

31. A process as claimed in any one of claims 28 to 30,
wherein the selection in the liquid culture medium is
carried out before and/or after selection on a solid
(gelled) medium that comprises means for selecting the
genetically modified shoots, rooted shoots or seedlings.
32. A process for reducing microbial contamination of
shoots, rooted shoots or seedlings, which comprises
cultivating the shoots, rooted shoots or seedlings in an

oxygenated liquid medium that comprises an antibiotic,




]

pl ant to Agrobacterium nedi ated transfer of one or nore DNA f
interest, i nduﬁulﬂ' mmI'HM| on in the resulting transfor ﬁgtﬁﬁMﬁEET
ti ssue, which characteristic, property or attribute, in
the presence of"arf adgent' cépable of induéﬁﬂg’the formati on of shoots and
selecting the resulting shoots in an oxygenated liquid culture nediumthat
conpri ses neansheorshaatet intg telte sheawdts cal |seamidinkise dbedmgotssibrtelrgeshoot s
bei ng subnerged_in,the . liqujd dium 29. A process as clained in claim 28,
wherein the shd‘&r%i dﬁ&%%daé“eenﬁ%‘ﬁms' BAP, N-(2-chloro-4-pyridyl)-N -

phenyl urea or @3at heprpend wsealalthedAipr atgsSonas ofl allagdsi 1 ¢kai3m,28 or

claim 29, wherern the j?oot I nqucin 'S _also, present 1n _the.liquid
cul ture medi um*BeLrein g&S 855, S+ Xooted shools or. ssed A

wherein the sela@@ igaowm #rt® ld @liathtcul ture mediumis carried out before
and/ or after SgEction 0 0 ) edi um_t ha i eans for
sel ecting the géneti &3 o diSt iCed 0 G ! ; e EFCENS .
A process for redwdtg ded idymltheomtiamtnati on of shoots, rooted shoots or
seedl i ngs, whi Ch conprises cultivating the shoots, rooted shoots or
seedlings in an oxygenated |iquid nediumthat conprises an antibiotic,

the shoots, rooted shoots or seedlings being subnmerged in the liquid
medium 33. A process as clained in any one of clains 1 to 32, wherein the
resulting shoots, rooted shoots or seedlings are grown into a plant. 34. A
process as clainmed in claim33, wherein a product is obtained fromthe

pl ant .
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