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(57) ABSTRACT

The present invention relates to a genetic construct com-
prising a nucleic acid sequence encoding cytokinin biosyn-
thetic isopentenyl-transferase enzyme (IPT) operable linked
to a promoter allowing expression of said nucleic acid
sequence in cambial cells. The invention relates also a
method for producing a transgenic plant capable of
increased biomass production and/or increased stem volume
growth compared to wild type plant and a method for
improving the production of biomass and/or increased stem
volume growth in trees, as well as to a tree that over
expresses an endogenous or exogenous nucleic acid
sequence encoding IPT in cambial cells and a wood product
obtainable from the transgenic tree.
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domain A GxTxxGK[ST] (SEQ ID NO:3)

domain A’ G[ATP]TG[STA]GKS

domain B [VLI]xxxxxxx[VLI] [VLI]xxDxxQ, (SEQ ID NO:4)
domain B’ [LIJAX[RH](x)[FLIxXEI[IV][NS][SA]D[KAS][IMV]Q
domain C [VLI][VLIIxGG[ST] (SEQ.ID NO:5)

domain C’ [IV][IVL][AVT]GG[ST]

Fig.2
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METHOD FOR IMPROVING STEM
VOLUME GROWTH AND BIOMASS
PRODUCTION IN TREES

FIELD OF THE INVENTION

[0001] The present invention relates to a method for
producing a transgenic plant capable of increased stem
volume growth and/or biomass production and also to a
method for improving the stem volume growth and/or the
production of biomass in trees. The invention relates also to
a genetically modified tree, a wood product derived from
said tree, genetic constructs and vectors and a tree express-
ing said genetic constructs and vectors.

BACKGROUND OF THE INVENTION

[0002] Activity of vascular cambium, the lateral meristem
of woody plant species, gives rise to the secondary vascular
tissues. Cambial meristem forms a thin cylinder along a tree
trunk (or a root or branch), and it produces new vascular
tissues both inwards and outwards. These tissues, secondary
xylem and phloem, form the bulk of lateral growth in plant
organs. The conducting vascular cells in both of them
acquire their final functional form gradually, through a
multi-step differentiation process. The developing xylem
cells will undergo expansion, secondary cell wall formation,
programmed cell death and final lignification. Similarly,
functional phloem cells will be formed through the succes-
sion of several developmental steps, including the differen-
tiation of sieve elements and companion cells. These multi-
step differentiation programs form two oppositely oriented
developmental gradients across the cambial region; the
further apart a phloem or xylem cell is from the meristematic
middle, the more advanced it is in its differentiation process.
Remarkably, the core of cambial meristem; the actively
dividing cells, retain their meristematic nature and remain
undifferentiated into either form of vascular tissues. Pericli-
nal cell divisions both renew the population of meristematic
cells and provide nascent material for vascular tissue dif-
ferentiation programs, whereas anticlinal divisions enable
the creation of novel cell files and expansion of the cambial
circle.

[0003] The scale of secondary development is highly
different in tree species; they display an extreme and eco-
nomically highly valuable capacity for wood production
during their long lifespan. Potentially as an adaptation for
the massive secondary growth, the wood of most trees also
contains an extensive lateral transport system, the vascular
ray network. Other novel challenges for the cambial function
of perennial tree species are presented by the annual activ-
ity-dormancy cycle. To ensure their survival, trees must
adapt their cambial activity to the yearly cycle of cold and
warm (or wet and dry) seasons. They must be able to activate
their cambial meristem in the spring and deactivate it into a
dormant resting stage during the autumn.

[0004] It would be highly valuable for the economy of
wood production, if the growth of trees could be improved
and if, in particular, the stem volume could be enhanced.
[0005] Cytokinin signaling has been shown to be required
for cambial function. Transgenic Populus trees with
impaired cytokinin signaling displayed compromised radial
growth caused by a decreased number of cell divisions in the
vascular cambium (Nieminen et al., 2008). In addition,
genes encoding cytokinin receptors and cytokinin primary
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response genes were abundant in the cambial region of
Populus stem (Nieminen et al., 2008).

[0006] Although it is known that cytokinin signaling is
connected to tree biomass production, the picture is com-
plicated, since there are at least some 100 cambium enriched
and cytokinin regulated genes with several functions. It is
not known which of these genes are needed for radial growth
of stem cells (Tuskan et al., 2006).

[0007] To add further complexity the hormonal regulation
of cambium, studies in other tissues have revealed a highly
interconnected network between cytokinin and auxin sig-
naling (EI-Showk et al., 2013). Cytokinin can affect both
auxin biosynthesis and transport. Interestingly, this regula-
tion appears to be highly complex, as there have been
several reports about both positive and negative effects of
cytokinin on auxin biosynthesis. Similar results have been
obtained about the effect of cytokinin on auxin transport,
where this hormone has been reported to both up- and
downregulate auxin transporter levels. Most probably these
diverse results reflect fine-tuned regulation patterns; cytoki-
nin may have different effect on different auxin biosynthetic
enzymes and transporters, most probably on a tissue-specific
manner. On top of that, also auxin is known to have a
similarly complex role in the regulation of cytokinin bio-
synthesis and signaling.

[0008] International patent publication WO 2006/034286
describes compositions and methods which employ isopen-
tenyl transferase (IPT) polypeptides and polynucleotides
that are involved in modulating plant development. In the
methods described expression of the IPT maintains or
improves for example the stress tolerance of the plant,
maintains or increases the size of the plant, maintains seed
set, or increases shoot growth.

[0009] Although some attempts have been made in the
prior art to improve plant growth, there is still a need for
methods and constructs which could be used to improve tree
growth, in particular to improve stem volume growth and
biomass production.

SUMMARY OF THE INVENTION

[0010] One object of the present invention is to provide a
solution to the problems encountered in the prior art. Spe-
cifically, the present invention aims to provide a solution
how to improve the growth of trees. Furthermore, the
present invention aims to increase the stem volume growth
and production of biomass in trees.

[0011] In particular, it is one object of the present inven-
tion to provide a solution, which improves radial growth in
trees.

[0012] To achieve these objects the invention is charac-
terized by the features that are enlisted in the independent
claims. Other claims represent the preferred embodiments of
the invention.

[0013] The invention is based on the finding that it is
possible to enhance the cell division in the cambial cells by
enhancing the cytokine signaling in cambial cells. More
specifically, it is possible to enhance the cell division in
cambial cells by allowing expression of specific genes
encoding cytokinin biosynthetic isopentenyl-transferase
enzyme in cambial cells.

[0014] It has now been surprisingly found that by
enhanced expression of cytokinin biosynthetic isopentenyl-
transferase enzyme in cambial cells results in enhanced stem
volume growth and/or increased biomass production.
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[0015] Hence, in one aspect, the present invention pro-
vides a genetic construct comprising a first nucleic acid
sequence (effector) encoding cytokinin biosynthetic isopen-
tenyl-transferase enzyme operable linked to a second nucleic
acid sequence (promoter) allowing expression of said first
nucleic acid sequence in cambial cells as defined in claim 1.

[0016] The present invention provides in another aspect a
vector comprising the genetic construct as defined in claim
7

[0017] Hence, in a third aspect, the present invention
provides a tree which overexpresses an endogenous nucleic
acid sequence, or expresses an exogenous nucleic acid
sequence, encoding cytokinin biosynthetic isopentenyl-
transferase enzyme in cambial cells as defined in claim 8.

[0018] In a fourth aspect, the present invention provides a
wood product obtainable from the tree as defined in claim
16.

[0019] In a fifth aspect, the present invention provides a
method for producing a transgenic plant capable of
increased biomass production and/or increased stem volume
growth compared to wild type plant as defined in claim 17.

[0020] In a sixth aspect, the present invention provides a
method for improving the production of biomass and/or
increased stem volume growth in trees as defined in claim
18.

BRIEF DESCRIPTION OF THE FIGURES

[0021] FIG. 1. Phylogenetic tree indicating the average
distance of various IPTs, AtIPTS being the closest Arabi-
dopsis ortholog for the AtIPT7.

[0022] FIG. 2. Conserved domains within IPTs: domains
A, B and C from different origin and the corresponding
domains A', B' and C' in Arabidopsis thaliana. x means any
amino acid, X in parentheses (x) means an amino acid not
required. Brackets denote any one of the amino acid residues
in brackets [ ]

[0023] FIG. 3. Comparison of the amino acid sequences of
AtIPT7 and AtIPTS orthologs and the consensus sequence
with over 50% similar identity (capital letters indicate amino
acids with 100% identical amino acids, whereas lowercase
letters indicate identical amino acids in 50-90% of the
compared sequences).

[0024] FIG. 4. Part of the transformation vector inserted
into the plant genome (ca. 8200 bp). The construct map
shows the different sites, together with their origin, esti-
mated size and function.

[0025] FIG. 5A. Phenotypes of WT and pLMXS5-IPT7 line
1 and 3 Populus trees in the age of three months.

[0026] FIG. 5B. The trunk volume of the transgenic
pLMXS-IPT7 Populus lines 1 and 3 as compared to the WT.

[0027] FIG. 5C. Cytokinin responsiveness assay of the
WT and pLMXS-IPT7 lines.

[0028] FIG. 5D. Expression of a cytokinin receptor
(PttHK3a), a cytokinin signaling primary response gene
(type-A RR PttRR7) and an auxin signaling marker gene
(PttIAA3) in the WT and pLMXS-IPT7 line 1 stem.
[0029] FIG. 6. Cambial anatomy, hormonal content and
hormonal signaling profiles of WT (A) and transgenic Popu-
lus line pLMXS::IPT7 line 1 stem (B). Four fractions (A-D)
were collected for the hormonal analysis (A, B).
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DETAILED DESCRIPTION OF THE
INVENTION

[0030] The present invention provides transgenic trees
having increased stem volume growth and/or biomass pro-
duction. Genetic constructs and vectors are described useful
in producing said transgenic trees as well as methods used
in producing these trees.

[0031] The present invention provides a genetic construct
comprising a first nucleic acid sequence (effector) encoding
cytokinin biosynthetic isopentenyl-transferase enzyme oper-
able linked to a second nucleic acid sequence (promoter)
allowing expression of said first nucleic acid sequence in
cambial cells.

[0032] By “a first nucleic acid sequence” is meant here an
effector gene, which encodes cytokinin biosynthetic isopen-
tenyl-transferase enzyme. The first nucleic acid sequence is
selected from the group of

[0033] (a) a nucleic acid sequence comprising SEQ 1D
NO:1;

[0034]
NO:2;

[0035] (c) a nucleic acid sequence encoding an amino
acid sequence comprising a conserved domain area A,
B and/or C having an amino acid sequence selected
from the group of SEQ ID NO:3, 4 and 5;

[0036] (d) a nucleic acid sequence encoding an amino
acid sequence comprising an area D having at least
80% identity, preferably at least 85% identity, more
preferably at least 90% identity, still more preferably at
least 95% identity to amino acid sequence SEQ ID
NO:6 (i.e. amino acids 40-141 of SEQ ID NO:2; see
third line in FIG. 3);

[0037] (e) a nucleic acid sequence encoding an amino
acid sequence showing at least 80% identity, preferably
at least 85% identity, more preferably at least 90%
identity, still more preferably at least 95% identity to
SEQ ID NO: 2; and

[0038] (f) a nucleic acid sequence encoding an enzyme
belonging to enzyme class EC 2.5.1.27.

[0039] The invention encompasses also embodiments
where the first nucleic acid sequence encodes an amino acid
sequence comprising a conserved domain area A', B' and/or
C' having an amino acid sequence of domain A', B' and/or C'
of Arabidopsis thaliana as shown in FIG. 2.

[0040] Genes encoding cytokinin biosynthetic isopente-
nyl-transferase enzyme (IPTs) are found in several plant
genera and species both in angiosperms and in gymno-
sperms. When the amino acid sequences of the IPTs have
been compared, close homologies have been found in spe-
cific domains in different plant genera, see WO 2006/
034286. It is therefore possible to find IPTs from different
plant genera and species which function in a similar manner
as the genes herein described.

[0041] Sequence analysis by Kakimoto (2001) of Arabi-
dopsis IPTs AtIPT1-9, in comparison with IPTs from Agro-
bacterium tumefaciens, Pseudomonas syringae and Pantoea
agglomerans, revealed three consensus patterns: domain A
(SEQ ID NO:3), domain B (SEQ ID NO:4) and domain C
(SEQ ID NO:5). The consensus patterns are shown in FIG.
2, where x denotes any amino acid residue, (x) means an
amino acid residue not required, brackets denote any one of
the amino acid residues in brackets [ ]. The corresponding
domain areas A', B' and C' of 9 different IPTs of Arabidopsis
thaliana are also shown in FIG. 2.

(b) a nucleic acid sequence encoding SEQ ID
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[0042] Similar conserved domains (shadowed) are present
also in the closest AtIPT7 orthologs identified from Populus
trichocarpa (PtIPT7a eugene3.00041149; PtIPT7b eugene3.
00080280; PtIPTSa fgenesh4_pg.C_L.G_X000229;
PtIPTSb_fgeneshd_pg.C_LG_VI11001825) and Eucalyptus
grandis (Bucgr.B01146; FEucgr.G00473; FEucgr.G01887;
Eucgr.H03602) genomes as shown in FIG. 3.

[0043] In the phylogenetic average distance tree AtIPT7
and AtIPTS have been shown to form a clade together.
AtIPTS appears to be closest Arabidopsis ortholog for the
AtIPT7. Between the AtIPT7 orthologs, the consensus
sequence, called here consensus area D, with over 50%
similar identity is shown in FIG. 3 (capital letters indicate
amino acids with 100% identical amino acids, whereas
lowercase letters indicate identical amino acids in 50-90% of
the compared sequences). In 4. thaliana IPT7 amino acids
40-141 correspond the conserved sequence, third line in
FIG. 3 (in Sequence listing SEQ ID NO: 6).

[0044] Methods of alignment of nucleic amino acid
sequences are well known for a person skilled in the art, for
example Smith-Waterman algorithm (modified for speed
enhancements) to calculate the local alignment of two
sequences. Blast is the most useful tool for identity deter-
mination: Basic Local Alignment Search Tool, or BLAST, is
an algorithm for comparing primary biological sequence
information, such as the amino acid sequences of different
proteins or the nucleotides of DNA sequences. A BLAST
search enables a researcher to compare a query sequence
with a library or database of sequences, and identify library
sequences that resemble the query sequence above a certain
threshold. Different types of BLASTs are available accord-
ing to the query sequences. The BLAST program was
designed by Stephen Altschul (Altschul, 1990).

[0045] The gene encoding cytokinin biosynthetic isopen-
tenyl-transferase enzyme can be selected among genes
encoding different IPTs, preferably from the group of genes
encoding IPTs, which belong to enzyme class EC 2.5.1.27.

[0046] More preferably the gene encoding cytokinin bio-
synthetic isopentenyl-transferase enzyme comprise a con-
served domain area or areas A, B and/or C having an amino
acid sequence or sequences selected from the group of SEQ
ID NO: 3, 4 and 5.

[0047] Still more preferably the gene encoding cytokinin
biosynthetic isopentenyl-transferase enzyme comprise a
conserved domain area or areas A', B' and/or C' having an
amino acid sequence or sequences of the corresponding
domain areas A', B' and/or C' shown in FIG. 2 of 9 IPTs of
Arabidopsis thaliana.

[0048] Still and still more preferably the gene encoding
cytokinin biosynthetic isopentenyl-transferase enzyme com-
prise an area D having at least 80% identity, preferably at
least 85% identity, more preferably at least 90% identity, still
more preferably at least 95% identity, more and more
preferably at least 98% identity, still more preferably at least
99% identity, most preferably 100% identity to amino acid
sequence SEQ ID NO:6, (i.e. with the corresponding area in
SEQ ID NO:2).

[0049] The other areas of the gene encoding cytokinin
biosynthetic isopentenyl-transferase enzyme can vary in
broader range than the area encoding conserved domain A,
B and/or C or A", B' and/or C' and/or area D. The identity %
in these areas can be less than 80%, less than 75%, less than
70%, less than 60%, or even less than 50%.
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[0050] In preferred embodiments of the invention a gene
encoding cytokinin biosynthetic isopentenyl-transferase
enzyme encodes an amino acid sequence showing at least
80% identity, preferably at least 85% identity, more prefer-
ably at least 90% identity, still more preferably at least 95%,
more and more preferably at least 98%, still more preferably
at least 99%, most preferably at least 100% identity to SEQ
ID NO: 2.

[0051] A gene encoding cytokinin biosynthetic isopente-
nyl-transferase enzyme can be selected among genes encod-
ing different IPTs, preferably the gene encodes IPT 7 or IPT
5, more preferably IPT7.

[0052] A gene encoding cytokinin biosynthetic isopente-
nyl-transferase enzyme may be derived from any plant
genera or species expressing a functional cytokinin biosyn-
thetic isopentenyl-transferase enzyme. Typically the plant is
an angiosperm, preferably an Arabidopsis, a Betula, a Popu-
lus or a Eucalyptus plant.

[0053] The effector gene AT3G23630, Arabidopsis thali-
ana isopentenyltransferase 7 (AtIPT7) is from Arabidopsis,
the gene sequence, and functional analysis of a highly
orthologous Arabidopsis 1PT, AtIPT4, protein has been
published by Kakimoto 2001.

[0054] The present invention has been exemplified by
using Arabidopsis cytokinin biosynthetic isopentenyl-trans-
ferase enzyme IPT7 encoding gene (gene AT3G23630) SEQ
ID NO: 1. Said gene encodes amino acid sequence SEQ ID
NO: 2. When the amino acid sequence SEQ ID NO: 2 has
been compared with IPTs from other sources, it has been
found that close homologies can be found in domain area A,
domain area B, and/or in domain area C or between different
IPTs in Arabidopsis thaliana, it has been found that close
homologies can be found in domain area A', domain area B',
and/or in domain area C' (see FIGS. 2 and 3). The identity
% of these areas between amino acid sequences from
different origin is at least 80%, preferably at least 85%, more
preferably at least 90%, still more preferably at least 95%
even more preferably at least 97%, more and more prefer-
ably at least 98%, more and more preferably at least 99%,
most preferably 100% identity.

[0055] In the present invention it is therefore possible to
use genes functioning in similar manner as IPT7 gene from
Arabidopsis, from several other plant genera and species
and/or from different IPTs. It is also possible to use nucleic
acid sequences comprising substitutions, insertions, dele-
tions or other modifications compared to SEQ ID NO:1,
provided that the nucleic acid sequence encodes cytokinin
biosynthetic isopentenyl-transferase enzyme, preferably
belonging to enzyme class EC 2.5.1.27. More preferably the
enzyme belongs to IPT7.

[0056] Nucleic acid sequences encoding cytokinin biosyn-
thetic isopentenyl-transferase enzymes and which are used
in the genetic constructs as described herein are typically
sequences isolated from their origin, for example 4. thaliana
IPT7 is used in a genetic construct introduced to Populus
cells to grow a transgenic Populus tree. However, it is also
possible to enhance the expression of endogenous nucleic
acid sequences encoding IPTs.

[0057] The genetic construct according to this disclosure
comprises a second nucleic acid sequence, which is a
promoter allowing expression of cytokinin biosynthetic iso-
pentenyl-transferase enzyme in meristematic cells of a plant.
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Preferably the promoter allows expression in cambial cells
and apical cells, more preferably specifically in cambial
cells.

[0058] By “a promoter” is meant a DNA region binding
RNA polymerase and directing the enzyme to the appropri-
ate transcription initiation site for a particular polynucleotide
sequence. A promoter may additionally comprise other
recognition sequences referred to as upstream promoter
elements, which influence the transcription initiation rate.
[0059] An example of a promoter allowing expression in
meristematic cells in cambium and in apical cells is birch
meristem promoter pBpCRE1. The promoter is preferably
defined by SEQ ID NO: 7 (GenBank EU583454, Nieminen
et al. 2008).

[0060] Another example of a promoter allowing expres-
sion in meristematic cells is a promoter allowing expression
specifically in cambial cells. Such specifically in cambial
cells expressing promoter is Populus cambial specific pro-
moter pLMS, preferably defined by SEQ ID NO: 8 (pLMS5
promoter is described also in W02004097024A1 as SEQ-
IDNO4 LMX5 A055P19U).

[0061] In the genetic construct the first nucleic acid
sequence (effector) is operable linked to the second nucleic
acid sequence (promoter). By “operable linked” is meant
that two genetic elements are linked by a functional linkage,
for example an effector gene is operable linked to a promoter
allowing expression of the effector gene.

[0062] A genetic construct can contain also a selectable
marker for the selection of cells comprising the introduced
genetic construct. Selectable markers are for example anti-
biotic resistances ampicilline, carbenicilline and hygro-
mysin B resistance.

[0063] In the present disclosure the linking of promoter
and effector has been exemplified by promoter pLMXS5,
which has been operably linked to the effector gene by
inserting it into the close proximity of the effector gene in
the Gateway 2"¢ box cloning site (FIG. 4)

[0064] The following Gateway cloning primers have been
used:
IPT7_Fwd GW primer:
(SEQ ID NO: 9)
ACAAAAAAGCAGGCTTAATGAAGTTCTCAATCTCA
IPT7_REV GW primer:
(SEQ ID NO: 10)
TACAAGAAAGCTGGGTATCATATCATATTGTGGG
[0065] When the LMXS5::AtIPT7 construct (SEQ ID

NO:11) has been introduced into trees, transgenic trees with
the LMXS5:: AtIPT7 construct display ectopic overexpression
of Arabidopsis thaliana adenosine phosphate-isopentenyl-
transferase 7 (IPT; EC 2.5.1.27), expressed in the cambial
zone through the LMXS5 promoter (described in Love et al.
2009). In the transgenic trees, cytokinin signaling has been
stimulated by increasing the amount of cytokinin plant
hormone in the cambial zone. Adenosine phosphate-isopen-
tenyltransferase 7 (AtIPT7) enzyme from Arabidopsis thali-
ana catalyzes the first (rate-limiting) reaction in the biosyn-
thesis pathway of isoprene cytokinins. AtIPT7 is expressed
at the vascular tissue in Arabidopsis (Sakakibara, 2006).
[0066] In FIG. 4 are presented the following regions:
[0067] LB Left Border: Agrobacterium tumefaciens; 25
bp; recognition site for the virulence genes in the
Ti-plasmidin; start of the insert (part of the plasmid
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transferred into the plant genome). Start position the
1¥bp.ColE1 (replicon): part of Escherichia coli
pBR322 plasmid; 615 bp; amplification of the bacterial
cultures (not expressed in the transgenic plants);

[0068] p-lactamase(bla)-gene: part of E. coli pPBR322
plasmid; 861 bp; gene gives an ampicilline/carbenicil-
line-resistance in bacterial cultures (not expressed in
the transgenic plants);

[0069] pLMXS: hybrid aspen (Populus tremulaxP.
tremuloides); 1807 bp; promotor used for the overex-
pression of the adenosine phosphate-isopentenyl-trans-
ferase 7 (AtIPT7) enzyme gene. Start position the
3000th bp.

[0070] attB1: synthetic (Invitrogen-company); 19 bp;
recombination site in the Gateway-technique;

[0071] Gene coding for Adenosine phosphate-isopente-
nyltransferase 7 (AtIPT7)enzyme: A. thaliana; 990 bp.
Start position 4858th bp.

[0072] attB1: synthetic (Invitrogen-company); 17 bp;
recombination site in the Gateway-technique;

[0073] pAnos(non-coding 3' region of the nopaline syn-
thase-gene): 4. tumefaciens; ca. 200 bp™"; polyade-
nylation signal (signal for the end of the transcription)
for the ERF-genes;

[0074] pnos, A. tumefaciens; ca. 200 bp'"; promotor for
hygromycinphospho-transferase (hpt)-gene expression;

[0075] hpt; E. coli; 1000 bp‘"); gene gives a resistance
for the hygromysin B used for the selection;

[0076] pAg4 (T,-DNA:n gene 4): A. tumefaciens; about
200 bp’; polyadenyation signal for the hpt-gene

[0077] RB (Right border'): Agrobacterium tumefaciens;
25 bp; recognition region of the virulence genes in the
Ti-plasmid; end of the plant genome insert.") In the
original reference articles (Walden et al., 1990; Koncz
et al., 1994) the size of the site is not defined, and it
cannot be deduced from other sources.

[0078] Backbone vector similar to Agrobacterium
binary gap repair vector pGAP-Hyg, (complete
sequence: Sequence ID: ghlEU933993.1, length: 7942)
and to pBR322.

[0079] To introduce the genetic construct into a plant a
vector is usually needed. Suitable vector is for example
bacterium Agrobacterium tumefaciens.

[0080] There are also other systems available for intro-
ducing genetic material to plants. Such systems do not
necessarily need vector. It is possible for example to intro-
duce genetic material to angiosperm and gymnosperm spe-
cies through sexual reproduction between trees and by
particle bombardment (DNA covered gold particles are shot
into cells).

[0081] The present invention provides a tree, which over-
expresses an endogenous nucleic acid sequence encoding
cytokinin biosynthetic isopentenyl-transferase enzyme, or
expresses an exogenous nucleic acid sequence encoding
cytokinin biosynthetic isopentenyl-transferase enzyme.
[0082] As described herein the effector gene needs to be
expressed in cambial cells. This is possible by using a
promoter allowing expression in meristematic cells gener-
ally. However, it is of disadvantage, if the cell division is
enhanced in any meristematic cells. If for example the leaves
of a tree are grown very large or tight that may of disad-
vantage, although the stem volume is increased at the same
time. According to the present disclosure a promoter allow-
ing expression in cambial cells and apical cells is preferably
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used, since the overall growth of the tree is not huge, only
the stem volume growth and growth of the height. Most
preferably a promoter is used, allowing expression specifi-
cally in cambial cells. In this case the stem volume growth
is increased, but not the overall growth of the tree and not
either the height of the tree is increased. All the comparisons
are meant to be made to a wild type tree of the same species,
age and growth conditions.

[0083] The effector gene can be introduced to a tree by
using the genetic construct as described herein. Alterna-
tively, the expression of an effector gene being endogenous
to a tree can be improved. For example in Populus the
expression of Populus IPT 7 can be improved.

[0084] Expression of the gene can be enhanced through
ectopic overexpression, by driving the endogenous gene as
through an alternative promoter, driving a higher expression
level than the endogenous promoter. This can be done by
introducing a novel copy of the endogenous gene, under the
chosen promoter, into the genome. Alternatively, expression
of the endogenous gene can be enhanced through activation
tagging, where enhancer elements are introduced into plant
genome, where they are able to enhance transcription of
genes in their proximity. In the future, enhanced expression
of the endogenous gene may also be attained through
genome editing, e.g. with engineered nucleases, which can
be used to delete silencor elements repressing expression of
the desired genes.

[0085] A transgenic tree produced as described herein
expresses at least 40%, preferably at least 44%, more
preferably at least 46%, still more preferably at least 50%,
more and more preferably at least 60% higher levels of
cytokinin signaling in cambial cells during cambial devel-
opment compared to a WT tree.

[0086] Furthermore, in a transgenic tree produced as
described herein the stem volume growth in said tree is at
least 35% higher, preferably at least 38%, more preferably at
least 40%, still more preferably at least 45%, more and more
preferably at least 50% higher compared to wild type (WT)
tree.

[0087] In one aspect of the invention, the tree expressing
an effector gene in cambial cells belongs preferably to
angiosperms. The tree is an annual tree or a perennial tree,
preferably a perennial tree. The tree belongs to genera
Betula, Populus or Fucalyptus. Preferably the tree belongs
to genus Populus. The Populus is selected from the group of
Populus species P. tremula, P. alba, P. tremuloides, P.
canescens, P, deltoids, P. fremontii, P. nigra, P. Canadensis,
P. inopina and Populus tremulaxtremuloides. The function
of the construct has been tested and confirmed in the hybrid
aspen, Populus tremulaxtremuloides.

[0088] In second aspect of the invention the tree express-
ing an effector gene in cambial cells belongs to gymno-
sperms. The tree is preferably spruce or pine.

[0089] The present invention encompasses also various
wood products obtainable from the transgenic trees of the
invention. Such wood products are for example trunks,
branches, roots and seeds.
[0090] The present invention provides also a method for
producing a transgenic plant capable of increased biomass
production and/or increased stem volume growth compared
to wild type plant. The method comprises the steps of
[0091] introducing a nucleic acid sequence encoding
cytokinin biosynthetic isopentenyl-transferase enzyme
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operationally linked to a promoter allowing expression
in cambial cells, to a tree cell,
[0092] cultivating said cell to form a cell culture,
[0093] regenerating the cell culture to a plant, in which
the nucleic acid sequence encoding cytokinin biosyn-
thetic isopentenyl-transferase enzyme is expressed in
cambial cells during cambial development.
[0094] Agrobacterium based transformation methods for
angiosperm trees have been published by e.g. Haggman et
al. 2003, Seppanen et al. 2004 and Nilsson et al. 1992. In
general the method comprises that plants explants (leaf
discs, stem segments, etc.) are incubated in an Agrobacte-
rium culture, after which they are co-cultured with Agro-
bacterium bacteria on a solid culture medium. To end the
co-culture, Agrobacterium bacteria are removed by washing.
Plants explants are grown on a callus production medium
supplemented by an antibiotic to limit the callus production
to transgenic cells harbouring the antibiotic resistance gene.
The forming callus tissues are transferred onto a regenera-
tion medium for shoot production. The regenerated shoots
are transferred onto a root induction medium. After the roots
are formed, the plantlets can be grown in soil.
[0095] The present invention provides also a method for
improving the production of biomass and/or increased stem
volume growth in trees. The method comprises the steps of
[0096] introducing a nucleic acid sequence encoding
cytokinin biosynthetic isopentenyl-transferase enzyme
operationally linked to promoter allowing expression in
cambial cells, to a tree cell,

[0097]

[0098] regenerating the cell culture to a plant, in which
the gene encoding cytokinin biosynthetic isopentenyl-
transferase enzyme is expressed in cambial cells during
cambial development,

[0099] allowing said plant to grow to an adult tree
having enhanced radial growth compared to wild type
tree.

[0100] In Agrobacterium mediated transformation plant
explants are co-cultured with Agrobacterium bacteria con-
taining the desired transgene. Agrobacterium bacteria will
transform plant cells in the explants through the integration
of transgenic DNA into the plant genome. Placed on select-
able rooting and shooting media, transgenic plants will be
regenerated from the transformed cells.

[0101] In particle (microprojectile) bombardment method
particles of gold or tungsten are coated with DNA and shot
into plant cells. Inserted DNA will integrate into the plant
genome.

[0102] In electroporation method transient holes are
formed in plant protoplast membranes using electric shock;
this allows transgene DNA to enter plant protoplasts.
[0103] In viral transformation (transduction) method the
desired transgene is packaged into a suitable plant virus, and
the plant is infected by this virus. The transgenic material
will integrate into the plant genome.

[0104] By “increased biomass production” is meant here
the additional amount of biomass (stem dry weight mass) of
transgenic trees compared to wild type trees at the same age.
[0105] In this description stem dry mass of WT trees was
measured at the age of 16 weeks (average of 3 trees) and was
35+2 (STDEV) g, whereas the stem of pLMX5-IPT7 trees
(3 trees) was 518 g.

cultivating said cell to form a cell culture,
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[0106] By “increased stem volume growth” is meant here
the additional amount of stem volume in transgenic trees
compared to wild type trees at the same age.

[0107] Inthis description stem volume was measured once
per week, 3 measurements points (10 cm above soil level,
middle tree, 2 cm below apex), volume was calculated by
formula of fructa (sum of basal to middle and middle to
apex).

h
V=200 R R

[0108] wherein V=volume

[0109] h=height

[0110] r=radius of upper part

[0111] R=radius of lower part

[0112] http:/www.mathwords.com/fifrustum.htm.

[0113] Transgenic IPT7 overexpressing trees had more

stem volume compared to WT trees (FIG. 5). The stem
volume growth in transgenic trees was in average 53%
higher, and at least 38% higher, if standard errors were taken
into account.

[0114] Transgenic trees expressed in average 83% and at
least 44%, if standard errors were taken into account, higher
levels of cytokinin signaling in cambial cells during cambial
development compared to WT trees.

[0115] The present invention encompasses also applica-
tions where the transgenic tree is sterile tree not capable of
flower, pollus or seed development. Methods used to pro-
duce sterile trees are known for a person skilled in the art.
[0116] Sterile clones of hybrids between two related spe-
cies with different chromosome numbers (tetraploid crossed
with diploid to make a sterile triploid for example) can be
selected for transformation. Transgenic trees can be clonally
propagated and tested for their sterility (for abolished,
aborted or sterile flower, pollen or seed development).
[0117] To exemplify the present invention the engineering
of transgenic trees displaying an elevated cytokinin signal-
ing level is described herein. Of these trees the status and
pattern of auxin and cytokinin distribution and signaling
were analyzed.

[0118] The concentration of auxin and cytokinin profiles
across the cambial meristem in Populus stem was charac-
terized. Furthermore, to correlate the cytokinin hormonal
profiling with cytokinin signaling, an extensive analysis of
the expression profiles of cytokinin biosynthetic and signal-
ing genes across the Populus cambial zone was made.
[0119] To better understand the interaction between two
major hormonal pathways, cytokinin and auxin, in the
regulation of cambial cell divisions, their concentration
levels across the cambial zone of Populus trichocarpa stem
were analyzed. Stem cryosections representing phloem, con-
ducting phloem, developing phloem, cambium, developing
xylem and xylem tissues (FIG. 6) were analyzed.

[0120] To verify the tissue identity of analyzed cryosec-
tions, marker genes for various tissue types were included in
the analysis. PtSUC2 was used as a phloem cell marker,
PtANT, as a marker for dividing cambial cells, and
PtCOMT?2 for phloem fibers and xylem cells. The markers
correlated well with the identity of the tissues determined
through microscopy during the cryo-sectioning.

[0121] The present invention is based on a detailed analy-
sis of cytokinin function in the regulation of cambial devel-
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opment in a tree stem. In a manner similar to auxin, also
cytokinin hormone has a concentration gradient across the
cambial zone. The cytokinin concentration peak coincides
with the high expression domain of biosynthetic and signal-
ing genes of this hormone.

[0122] With the exception of PtCKI1 genes, expression of
all components of the cytokinin biosynthesis and signal
transduction pathway in the Populus cambium was detected.
Either the effective expression level of the CKI1 genes is
very low, below the detection limit of the expression analy-
sis, or they are not required for cambial development during
the active growth of Populus trees.

[0123] The expression of all components of cytokinin
signaling confirms the importance of this hormonal signal-
ing pathway for the activity of vascular cambium.

[0124] Interestingly, the cambial distribution profile of
cytokinin is distinct, but partially overlapping with, the
concentration profiles of auxin. The high auxin concentra-
tion is restricted at the domain of actively dividing, undif-
ferentiated cambial cells; whereas the high cytokinin con-
centration has a larger domain extending from the
undifferented cambium to the developing phloem.

[0125] In this disclosure has been shown that biomass
accumulation in tree stem can be enhanced by stimulating
cytokinin signaling in the transgenic Populus trees. These
trees displayed enhanced cytokinin responsiveness together
with an elevated level of cytokinin signaling. The cambial
cell division activity of the transgenic trees was increased as
compared to the WT trees, and respectively the radial growth
of the stem was accelerated. As these trees were of WT
height, the stimulatory effect of cytokinin on the radial
growth was independent of the apical growth rate. Further-
more, this stimulative action of cytokinin appeared to take
place through crosstalk between CK and auxin: an elevated
CK concentration and signaling increased the level and
widened the domain of auxin concentration and signaling in
the cambial region. Potentially the partially overlapping
domains of auxin and cytokinin action have specific func-
tions in the regulation of different developmental processes
taking place across the cambial zone. Cross-talk between
auxin and cytokinin at the middle of the cambium may
define the stem cell niche for the maintenance of an actively
dividing cell pool. Respectively, possibly the high cytokinin
to auxin ratio at the phloem side of the cambial zone
contributes to the determination of the phloem identity of the
developing vascular cells.

[0126] The invention is illustrated by the following non-
limiting examples. The invention is applicable to other
genes, genetic constructs and plants than those illustrated in
examples. It should be understood, however, that the
embodiments given in the description above and in the
examples are for illustrative purposes only, and that various
changes and modifications are possible within the scope of
invention.

EXAMPLES
Example 1

Engineering of Transgenic Populus Trees with
Stimulated Cambial Cytokinin Signaling

[0127] To study the effect of cytokinin signaling on stem
growth, transgenic Populus (P. tremulaxtremuloides) trees
were engineered to display elevated cytokinin signaling
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during cambial development. To stimulate biosynthesis,
AtIPT7 gene from Arabidopsis encoding a cytokinin bio-
synthetic isopentenyltransferase was used. The AtIPT7 was
expressed under the cambial specific PtLMXS5 promoter
(Love et al. 2009), which shows a high expression in the
cambial and developing xylem cells.

[0128] Several separate transgenic lines with the LMXS5::
IPT7 construct were obtained showing a detectable AtIPT7
expression. No AtIPT7 expression was detected in the
untransformed lines. Two lines (AtIPT7 1 and 3) with a high
transgene expression level were selected for further analy-
ses.

Example 2

Accelerated Radial Growth of the Tree Trunk in the
Transgenic Lines

[0129] To evaluate the effect of AtIPT7 activity on tree
development, growth dynamics of the transgenic trees was
studied under greenhouse conditions (FIG. 5A). The apical
growth rate of the pLMXS::AtIPT7 lines was similar to
wild-type plants; the transgenic plants had the same height
as the controls at the same age (FIG. 5A). In contrast, the
diameter of the stem was increased in the transgenic trees as
compared to the WT trees. Respectively the stem volume,
which was counted as the additive volume of internodes
without the leaves, was larger than that of the WT trees (FIG.
5B).

[0130] FIG. 5A shows the phenotypes of WT and pLMXS5-
IPT7 line 1 and 3 Populus trees in the age of three months.
All trees had similar height.

[0131] FIG. 5B shows the trunk volume of the transgenic
pLMXS-IPT7 Populus lines 1 and 3 as compared to the WT.
The total stem volume of the transgenic lines was increased
as compared to the WT. Values are averages (+SD) from five
individual trees per each line.

Example 3

Enhanced Cytokinin Responsiveness of the
Transgenic Lines

[0132] To evaluate the effect of cambial AtIPT7 expres-
sion on cytokinin signaling, cytokinin responsiveness of the
transgenic trees was tested. In the classic cytokinin respon-
siveness assay (Skoog & Miller 1957), a low cytokinin-to-
auxin ratio induces root regeneration from plant segments
and a high cytokinin-to-auxin ratio promotes instead shoot
regeneration. In this assay, shoot segments were cut from
greenhouse grown transgenic and WT lines, and then grown
in in vitro conditions on a medium with a varying concen-
tration of trans-Zeatin (tZ).

[0133] In the assay, a majority of the stem segments from
the IPT7 lines produced shoots even in the 0.5 mg/1 tZ
concentration, whereas only a few WT samples were able to
do so (FIG. 5C). This result indicates that the transgenic
lines display an elevated basal level of cytokinin signaling,
as even a moderate concentration of applied cytokinin can
induce shoot production; a typical cytokinin response phe-
notype. Additionally, the transgenic lines produced roots on
the medium with 0 mg/l tZ. As auxin, together with cyto-
kinin, promotes root formation, the result indicates that these
lines may have had both more cytokinin and auxin than the
control trees.
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[0134] FIG. 5C depicts cytokinin responsiveness assay of
the WT and pLMXS5-IPT7 lines. Stem segments were grown
on a medium with 0.5 mg/L. auxin (IAA) and 0, 0.5 or 1.5
mg/L cytokinin t-zeatin. Transgenic lines regenerated shoots
already in low cytokinin concentrations (0.5 mg/L.), whereas
WT required a higher (1.5 mg/L.) concentration of this
hormone.

Example 4

Elevated Cambial Cytokinin Signaling Levels in
the Transgenic Trees

[0135] The status of cambial cytokinin signaling in the
transgenic trees was studied. The expression levels of two
cytokinin marker genes were analyzed. Two marker genes
were used to evaluate the cytokinin signaling level: a
cytokinin receptor PttHK3a and a type-A response regulator
PttRR7. The level of auxin signaling was studied through an
auxin signaling marker gene (PttIAA3). The PttRR7 repre-
sents a primary response gene of cytokinin phosphorelay:
expression of A-type response regulator genes is upregulated
by cytokinin signaling: the expression level of this gene
reflects the level of cytokinin response taking place in the
analyzed trees. In the IPT7-lines the expression of cytokinin
receptor PttHK3a was essentially the same as in the WT
trees whereas the expression levels of PttRR7 and PttIAA3
were elevated (FIG. 5D).

[0136] FIG. 5D depicts the expression of a cytokinin
receptor (PttHK3a), a cytokinin signaling primary response
gene (type-A RR PttRR7) and an auxin signaling marker
gene (PttIAA3) in the WT and pLMXS-IPT7 line 1 stem.
The expression levels of PttRR7 and PttIAA3 were elevated
in the pLMXS-IPT7 line as compared to WT, whereas the
expression of PttHK3a was not affected. Two individual
trees per line were analyzed by qRT-PCR (error bars=SD).
[0137] This result shows that the level of cytokinin and
auxin signaling was successfully elevated through an
elevated CK concentration, whereas the capacity for cyto-
kinin perception had not been modified.

Example 5

Increased Number of Cambial Cell Divisions in the
Transgenic Trees

[0138] To study the effect of elevated cytokinin signaling
on the vascular architecture, the cambial anatomy of trans-
genic trees was analyzed. Meristematic undifferentiated
cambial cells were defined in the cross-sections as the small
and flat, thin-walled cells localized in the cambial cell files
between the differentiating xylem and phloem cells. The first
differentiating xylem and phloem cells were defined as
having a larger and more round size. In the IPT7-trees, the
vascular cambium contained more meristematic cells in the
cambial cell files than the WT trees (24 vs 15) (FIG. 6 A-B).
Based on the increased cell number, it can be concluded that
the cambial cell files were undergoing additional cell divi-
sions, as compared to the WT.

[0139] Furthermore, it was studied if; in addition of stimu-
lating the cell division rate, the elevated cytokinin signaling
level also affected the morphology of the produced xylem
cells. To find this out, the dimensions of the xylem cells,
vessels and fibers was analyzed, in macerated stem samples.
As compared to the WT trees, the length and width of the
xylem cells in the IPT7-trees was not significantly different.
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Example 6

Elevated Cytokinin Signaling Affects Cambial
Auxin Signaling Domain

[0140] Next it was studied how the hormonal regulation of
cambial meristem reacts to an elevated cytokinin concen-
tration. To study this, the cambial hormone signaling
dynamics was profiled through a hormone concentration and
marker gene expression studies. The concentrations of bio-
active iP and tZ were almost 30% higher in the transgenic
trees, whereas the IAA and ¢ZOG concentrations were
doubled. Notably, the cytokinin distribution profiles were
generally similar between the WT and transgenic line,
whereas the shape of auxin distribution was different. Trans-
genic tree had a wider domain of high auxin concentration:
the TAA level was higher in developing xylem and xylem
cells than in the WT.

[0141] To connect the hormonal profiles with signaling
pattern, the expression pattern for auxin and cytokinin
signaling marker genes was characterized across the cambial
zone. PttRR7 was used as a marker for cytokinin and
PttIAA3 for auxin signaling. Similar to the hormone con-
centration study, cryosections representing phloem, devel-
oping phloem, cambium, developing xylem and xylem, were
analyzed. The PttSUC2 and PttCOMT were used as marker
genes for phloem and phloem fibers and xylem cells, respec-
tively, to confirm the identity of the sections. Two wild-type
trees and two IPT7 trees were analyzed. In both transgenic
and WT trees, the RR7 expression peaks in the developing
phloem tissue, where also the phloem marker PtSUC2 has
high expression (FIG. 6). Cambium, where the phloem and
xylem markers have low expression levels, displays high
IAA3 and rising RR7 expression levels. Developing xylem
tissue has high IAA3 and a rising COMT expression,
whereas in maturing xylem only the xylem marker expres-
sion is high.

[0142] When the WT and transgenic trees were compared,
it can be seen that the IPT7-trees have a wider domain of
high auxin signaling. The cambium, which is a domain of
high RR7 and IAA3 expression, and developing xylem, a
domain of high IAA3 and moderate RR7 expression, tissues
are larger in the transgenic lines as compared to the WT tree
(FIG. 6). This widened domain of auxin signaling corre-
sponds with the increase in the number of meristematic cells.

[0143] Cambial anatomy, hormonal content and hormonal
signaling profiles of WT (A) and transgenic Populus line
pLMXS5::IPT7 line 1 stem (B) are shown in FIG. 6. In the
IPT7-trees, the vascular cambium contained more meri-
stematic cells in the cambial cell files than in the WT trees
(24 vs 15). Four fractions (A-D) were collected for the
hormonal analysis. In WT, the 4” fraction represents fully
developed xylem cells, whereas in pLMX5::IPT7 it still
contains developing xylem cells, indicating that the meri-
stematic cambial zone is wider in the pLMX5::IPT7 stem
than in WT.

[0144] The hormonal profiles of auxin (IAA) and bioac-
tive cytokinins (iP and tZ) together with a cytokinin storage
form (cZOG) were analyzed in four cambial fractions (A-D).
The concentrations of bioactive cytokinins iP and tZ were
almost 30% higher in the transgenic trees, whereas the [AA
and ¢ZOG concentrations were doubled. Notably, cytokinin
distribution profiles were generally similar between the WT
and transgenic line, whereas the shape of auxin distribution
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was different. Transgenic tree had a wider domain of high
auxin concentration (highlighted by grey shading).

[0145] To correlate the hormonal profiles with signaling
domains, expression patterns of marker genes were analyzed
by qRT-PCR in fourteen cryosections from phloem (1) into
the xylem (14) tissues. The letters under the graph indicate
the position of the four hormone analysis fractions (A-D).
PttSUC2 was used as a phloem marker, a cytokinin primary
response gene PttRR7 as a CK signaling marker, PttIAA3 as
an auxin signaling marker, and PtCOMT?2 as a phloem fiber
and xylem identity marker. Based on the PttRR7 expression,
the cytokinin signaling level was elevated in the pLMXS5::
IPT7 tree. The width of high cytokinin concentration domain
(fractions 3-7 in both WT and pLMXS5::IPT7) was instead
not affected. In contrast, the cambial domain with high auxin
marker gene expression and decreasing cytokinin marker
gene expression (WT fractions 5-7 vs pLMXS5::IPT7 frac-
tions 5-11) was wider in the transgenic line than in the WT
tree (3 vs 7 fractions). The level of transgene AtIPT7
expression was below detection limit in WT, whereas had a
high expression at the cambial zone of the pLMXS5::IPT7
tree.
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 11

<210> SEQ ID NO 1

<211> LENGTH: 990

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 1

atgaagttct caatctcatc actgaagcag gtacaaccaa tcttgtgctt caagaacaag 60
ctatctaagg tcaacgtcaa ctcttttete catcccaaag aaaaagtcat ctttgtgatg 120
ggagctaccyg gatcgggtaa gtctcegtete gecatcgacce tagcaactceyg ttttcaagga 180
gagatcataa actccgacaa gattcaactt tacaagggcc tagacgtcct aacaaacaaa 240
gtcaccccta aagaatgccg aggcgtgect caccacttge ttggagtatt cgactccgaa 300
gccggaaace taacggccac ccagtatage cgecttgegt cacaagcaat ctcgaaacte 360
tcagcgaaca acaagcttcc catagtagec ggtggatcaa actcttacat cgaagcactt 420
gttaatcatt cctcggggtt tttattaaac aactacgatt gttgtttcat ttgggtcgac 480
gtttecttac ccgtacttaa ctectttgte tcaaaacgtg tcgaccgecat gatggaagca 540
ggattactcyg aagaagtaag agaagtgttc aatccaaaag cgaattactc cgtagggata 600
cgacgagcta tcggagtccce cgagctccat gaatatttac gtaacgaatc tctagtggac 660
cgtgccacaa aaagtaaaat gcttgacgta gecgttaaaa atatcaaaaa gaacactgag 720
attttagctt gtcgacagtt aaaaaagatt caacggcttce acaagaagtg gaagatgtct 780
atgcatcgtg ttgacgccac tgaggtgttce ttgaaacgca acgtagaaga acaagacgag 840
gcttgggaga atcttgtage gagaccaagce gagagaatcg tcgataagtt ttataataat 900
aataaccaac tgaaaaatga tgatgttgag cactgtttgg cggcatctta cggcggagga 960

agtggaagta gagcccacaa tatgatatga

<210> SEQ ID NO 2

<211> LENGTH: 329

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 2

Met Lys Phe Ser Ile Ser Ser Leu Lys Gln Val Gln Pro

1 5 10

Phe Lys Asn Lys Leu Ser Lys Val Asn Val Asn Ser Phe

20 25

Lys Glu Lys Val Ile Phe Val Met Gly Ala Thr Gly Ser

35 40 45

Arg Leu Ala Ile Asp Leu Ala Thr Arg Phe Gln Gly Glu

50 55 60

Ser Asp Lys Ile Gln Leu Tyr Lys Gly Leu Asp Val Leu

990

Ile Leu Cys

15

Leu His Pro
30
Gly Lys Ser

Ile Ile Asn

Thr Asn Lys
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-continued

65 70 75 80

Val Thr Pro Lys Glu Cys Arg Gly Val Pro His His Leu Leu Gly Val
85 90 95

Phe Asp Ser Glu Ala Gly Asn Leu Thr Ala Thr Gln Tyr Ser Arg Leu
100 105 110

Ala Ser Gln Ala Ile Ser Lys Leu Ser Ala Asn Asn Lys Leu Pro Ile
115 120 125

Val Ala Gly Gly Ser Asn Ser Tyr Ile Glu Ala Leu Val Asn His Ser
130 135 140

Ser Gly Phe Leu Leu Asn Asn Tyr Asp Cys Cys Phe Ile Trp Val Asp
145 150 155 160

Val Ser Leu Pro Val Leu Asn Ser Phe Val Ser Lys Arg Val Asp Arg
165 170 175

Met Met Glu Ala Gly Leu Leu Glu Glu Val Arg Glu Val Phe Asn Pro
180 185 190

Lys Ala Asn Tyr Ser Val Gly Ile Arg Arg Ala Ile Gly Val Pro Glu
195 200 205

Leu His Glu Tyr Leu Arg Asn Glu Ser Leu Val Asp Arg Ala Thr Lys
210 215 220

Ser Lys Met Leu Asp Val Ala Val Lys Asn Ile Lys Lys Asn Thr Glu
225 230 235 240

Ile Leu Ala Cys Arg Gln Leu Lys Lys Ile Gln Arg Leu His Lys Lys
245 250 255

Trp Lys Met Ser Met His Arg Val Asp Ala Thr Glu Val Phe Leu Lys
260 265 270

Arg Asn Val Glu Glu Gln Asp Glu Ala Trp Glu Asn Leu Val Ala Arg
275 280 285

Pro Ser Glu Arg Ile Val Asp Lys Phe Tyr Asn Asn Asn Asn Gln Leu
290 295 300

Lys Asn Asp Asp Val Glu His Cys Leu Ala Ala Ser Tyr Gly Gly Gly
305 310 315 320

Ser Gly Ser Arg Ala His Asn Met Ile
325

<210> SEQ ID NO 3

<211> LENGTH: 8

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Consensus seguence
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (2)..(2)

<223> OTHER INFORMATION: Xaa = any amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (4)..(5)

<223> OTHER INFORMATION: Xaa = any amino acid
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE

<222> LOCATION: (8)..(8)

<223> OTHER INFORMATION: Xaa = Ser or Thr

<400> SEQUENCE: 3

Gly Xaa Thr Xaa Xaa Gly Lys Xaa
1 5
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<210> SEQ ID NO 4

<211> LENGTH: 16

<212> TYPE: PRT

<213> ORGANISM: Artificial
<220> FEATURE:

<223>

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1).. (1)
<223> OTHER INFORMATION: Xaa = Val
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (2)..(8)
<223> OTHER INFORMATION: Xaa =
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (9)..(1l0
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (11)..(12)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (14)..(15)
<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 4

OTHER INFORMATION: Consensus

any

= Val

any

any

sequence

or Leu or Ile

amino acid

or Leu or Ile

amino acid

amino acid

Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Xaa Asp Xaa Xaa Gln

1

5

<210> SEQ ID NO 5
<211> LENGTH: 6
<212> TYPE: PRT

<213>

<220> FEATURE:

<223>

<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (1)..(2)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: misc_feature
<222> LOCATION: (3)..(3)
<223> OTHER INFORMATION: Xaa
<220> FEATURE:

<221> NAME/KEY: MISC_FEATURE
<222> LOCATION: (6)..(6)
<223> OTHER INFORMATION: Xaa

<400> SEQUENCE: 5

Xaa Xaa Xaa Gly Gly Xaa

1

5

<210> SEQ ID NO 6

<211> LENGTH: 102

<212> TYPE: PRT

<213> ORGANISM: Arabidopsis

<400> SEQUENCE: 6

Met Gly Ala Thr Gly Ser Gly

1

5

Thr Arg Phe Gln Gly Glu Ile

20

Lys Gly Leu Asp Val Leu Thr

35

Gly Val Pro His His Leu Leu

50 55

= Val or Leu or Ile

can be any naturally occurring amino acid

ORGANISM: Artificial Sequence

Ser

10

OTHER INFORMATION: Consensus sequence

or Thr

thaliana

Lys

Ile

Asn

40

Gly

Ser

Arg Leu
10

Asn Ser Asp

25

Lys

Val

Val Thr

Phe Asp

Ala

Lys

Pro

Ser
60

Ile

Ile

Lys

45

Glu

Asp

Gln

30

Glu

Ala

15

Leu Ala
15
Leu Tyr

Cys Arg

Gly Asn
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Leu Thr Ala Thr Gln Tyr Ser Arg Leu Ala Ser Gln Ala Ile Ser Lys
65 70 75 80

Leu Ser Ala Asn Asn Lys Leu Pro Ile Val Ala Gly Gly Ser Asn Ser
85 90 95

Tyr Ile Glu Ala Leu Val
100

<210> SEQ ID NO 7

<211> LENGTH: 4720

<212> TYPE: DNA

<213> ORGANISM: Betula pendula

<400> SEQUENCE: 7

gagctcegtgt aacgtctaac atttttaagt gaaaagtaac ttattgcecta tectttcecac 60
tatgccatga ggctcgtgat tcectatttatg catttgaatt ggttaattga tgataccagt 120
tgagaagttt tatctaaagt ttttattaat gtgagtcata gtcgtttgtt tttacgtaaa 180
atgattttcg ttaaaaatta gtttcaagaa atttgatttt caaaaaaata attttcgtcg 240
aaaacatttt tcggtatttg acatgtacga aaaatcgcaa atattttttt atattttcaa 300
ctaatcatat taacctataa aaattctttt tttatgcaca attaaaaaaa aaaaagttaa 360
atataaattg tcaagggcag gtctcggaga tgtcatggge cggtectgaa tgggtccgaa 420
tagtcccage caggtectag tggtgteteg ggegggtece agtgatgtte tggtcagatt 480
ceggegatgt ttcgagegga tctcgaaaat gttctaagtyg agtcecccegeg atgtceccgac 540
cgggtecceg tgacgtcatg ggcgggtece gacaatgttt cgggcaagtce cgaaaaatgt 600
cctcagtggg tttcagegat gteccttggtg ggtceteggea atgtceccaac tgggttecegg 660
tgacgtcctyg gatgggttceg acgatgtece aggtgggtece cgaaataggt gggtcgcaac 720
gatgtctega ggegggtcece aaaaaatttc ttaagegggt cecagegatt ttecggecag 780
gteccagega tgtcccggea atgtettgag tgggtettgg cgatgtetta ggtaaatccce 840
ggcgatgtet cgactgggtt tcgaaaatat tttgggegag tectggegat gtectaageg 900
ggtectagea atgtcccggt cgggtcectega gaatatcteg agcgagtcecce gactgggtec 960

cggcaatttt ccgaataggt catgacgatg tttcaggcegg gtcttgacag tgttttaatt 1020
gggtctggge gatatcccaa gcggttcatg ttgatgttec gggtaagtcce caaccgaatt 1080
ccggcagaat cttatagtgt tttgactatg gtccatcaat ttgagaatgt gacacttaaa 1140
cttaaaaaat gatttatggt tttaaaaata agaaactatt ttatgaaaat taaagaaaat 1200
tttttggaca aactaaaaat ggtttcgttg actaatattt gtagtcccac taaatactga 1260
aaaatacaaa aaattatttt aaaaaattat tttatgccaa aacaaacgga gtcataaatt 1320
ccacaagatt tgaacttaaa atgtcactca ctacaacgtc aatgtgaaga cgtaatatca 1380
ttaaattatc atattttaat agaaaataaa tgtattttgt tcttaatcaa atgctgtttt 1440
aatcaattga attgtcaatt atctgagaca aacagacagt gcacgttgca acatagacga 1500
aagggcgttg ataatacaga aacaagatta aatttgggga gggtgaatag tcataataat 1560
aataatggaa aaatgtaaga ttagtttatg taattattcg gatttatgat aagttttttg 1620
tggcataaaa gttgctgaga ctttactgca gtatgcaaaa atagcaaatc gttcatgcat 1680

caaactttcg ttcaaatttt taatgaaaat tgttaaatgt tactaattaa attatgatac 1740
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gtgtcactta taacaaaaaa tatataaaat ataaaactat aaatatataa aaaaaaatta 1800
aagactaaaa attaaaaata aaaataaaaa gttgaaagag gaggtggcac agccacccag 1860
tttgagcata cctatgggtyg gccgaaccat caccctatag tcattgaggg ccatttgagt 1920
gtggttaaac caccctcaat agctatggag tgatttgacc atctcccaga tatgaggtga 1980
tggttattgg ttaaccccaa atggccaaaa aaaaaaaaaa aaaaaaaagt tgattgatag 2040
tttggcgage cttagatatg gttagagaga tggctgagcc atccttctte tagttttttt 2100
tttttttttt tttttttttt ttacaaaaaa ttatttttta atttttaatt tttaactttt 2160
atatatttat ggtttcctat tttctatgtt tatatatata tttttattac aggtgacata 2220
tgtcataatt taattggagc tgatataaca ttttacgatt tctattgaaa ttttggacaa 2280
aaattagatg cataaaccta tttattattt gcataccaca gtgaggtcac aataaatttt 2340
tataccatta agagattatt ggaaatagat gtaacaaatg gactaatttt gcattttttt 2400
ttaataataa taaaagaaca aaaagtcttc ttaattaatt aattactcat agcatagttg 2460
aataattctg tgagggtatt ttaggattcg ggtgaggaaa acaggggtta agaggtaaat 2520
aaggttggaa taagatctag gtcttgtcge cgtgtcattg tcgccaagat ttgcgattgce 2580
gatctcaacc ctcccccace ttettattac caatcccatt ccaaacgeccce cteecctete 2640
tctectetete tettaagetyg agagagcaca tataaagaac aaagagctac aatttttttt 2700
ttttaaaaaa aagaacaaag aatcccagaa gagagcaaga aaggaaaaaa aaaaaatagg 2760
ctecttggttt tcccaaaata ggcttttggt ttcacttatt ttttaaattt ttttttggcece 2820
aactcttggt ttgtttataa gctaaataaa taggagtaat actatttaat atagtattat 2880
agaacttgat gatgtaagag catatagcaa tgatatctat tttaactatt taaaatatga 2940
tgttttatct attttattta ttcacttttt actataaatt ataacacata atttatttta 3000
ctatttattt tcaaaaaata ttatttttta atcattttct tattattttt ttctgcttcet 3060
ttgtctcact cttgctcaac attctteccat ctactaattt ttcteccttte tettggcaaa 3120
gaacaaggac acatatatat atatatatat aagaaatcat tctcatagta tttttttatt 3180
tattattatt tttttatttt tcttaaaaaa aataagtaaa tataaatgtg gcatatacac 3240
aataatgcaa tgagaatact gagtaatata tagatatata gtattcagcg cattttttta 3300
ttattctectt tattttttta ttttcgttta aaaaaaaaca aaaggatgta aatgtgcaac 3360
ttgaaaaatg tgaacagcat ttatctttcc ttttactatt cagacccatt tgactaatag 3420
cacaaaggaa gtctgaccca cttgaagccce caaaaacacg agagtggttc aattatagga 3480
ctcaatggtt ttggggtcac aaaattgcag agagagagag agagagaggyg agaggagaca 3540
gagtgtgttyg tgaaatagta gattattata aagaagaagc cagagggaca gagagaggac 3600
tttaaagaga gagagagaga ggggacgagc agacaagagc gtatcttgga aaatcctaaa 3660
aattcgattt agttttttcect ctttgttact ttaaaaagca taggacaaac taaataaacc 3720
cceccatgaa ataaatctaa ctatttaaag aaaaaaaaaa aacaagaaaa tagaactctt 3780
ttccectttgt ttgttcatte attgtaccac accacaccct ccttectcetg cctagctact 3840
agctctacag gtaaaaaaca ttattattgt ttctttcaac aacccaccct ctgtctetet 3900
ctctctetga tatttgctca cattctectcet ctetgtttet gggttgtttg cgcttegetg 3960

tttgttttgt gtgtctgtgt ctgtgttttt ttgggggtca atctgaggca tttgattgaa 4020
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tattctaagg aagaaaagca gtgaacgtgc tcttecttttt ccggacgcct ctactaaaaa 4080
acttcacgct tttttattag agtttggaga gaacaattat taagcgagtt tacactctgt 4140
atttttctat tcccatttet tttttaatca ttcaaagect tgagacagac aggaacagac 4200
ccetttgaca gagagactgt gatagaggct attcectttgga atttgagctt tttttttcete 4260
ccecatettt tgagagccat gettgtectcet cagaactgag tacttctctt tttaaaattce 4320
tgggtctecte tectgacctet ctttctagat tctagecctac gaaatggcte tcecagtgagt 4380
gagagggaga gagaattttg ttcaattgtt cgatattgct ttgtttttgt tgtgggtgta 4440
cttatgccct tttgggaggt ttaaatcacg caaaacaatg ctctgtaatg ctaaatttac 4500
ttggagttct tgggtaccct ttttettttg atgccagaaa aaggtgtgtce tgaaaagatt 4560
gccagtaatt tatcaaaagt tggcttatat atgtgtatgce attacttggg ggccttttta 4620
gcttaagata tgaagtgggt agtagcagag aaacaagaag gtggagaaga aaaagaaaac 4680
cagcaagaag agtcagagag aatttagtca gtgcttgctg 4720
<210> SEQ ID NO 8

<211> LENGTH: 1835

<212> TYPE: DNA

<213> ORGANISM: Arabidopsis thaliana

<400> SEQUENCE: 8

tcgtettcaa gaattccaag cttggccaag cttctagaga tctgatgcaa aagctggaat 60
gagaatgcge taaatgcgaa aagacagaga gagcgaataa atcgtgcaaa aaaaggagtg 120

gggtgggtaa cgggttgagce tagaagaaga aaagggacaa gtgcacttta ggagggggge 180

aaccagagcg tagatgataa tggttcatgt ggaaacaaca cacatgagca gttggtgaga 240
acttgaatga accctaacag cccaaccaaa cccggageca ccecttaccga accaccactt 300
ctaaaagtac accatgcctt tttcttgage ttggttgcac agggtgccag gtggggttgt 360
ttcgttttgg gtaatcatge gatagtttaa atacctttgc gataatcata tcaatggtga 420
cttttaagca catgttaggt gctcggttcet tatctaaaca tggacatgge aacaagagtt 480
aatgctaaaa taatatacgt acattacctg tgaatgaatc gtecgetgtet tctgattatg 540
gcttcaaata atatgcagat aaacaagtgt cgatttttca gtgaagattt tatgaaagtg 600
ccegttetee ttaagattac ctgtgaatga atcatccectyg tcaggctgat cctgggtggt 660
ttttecccat gatgttcgga agatataatt atataaatga tggaatttac atgaaataag 720
tttcagtaca ttcttagcag aaaagcaata tcgacgaaga caaatgatgce tgtttaagac 780
aaactggggt aatatcaatt tactagtaag agatttgtct gettttctta attctcaaga 840
aactttcact aaaatgcaca gccatgttaa acaatttaca ttcaacttaa aaactaaaat 900
tgtaggatgg gtagctatcc aagaattacg ctttttgtaa acttaatttt gatgggcatg 960

tagttaacaa gtatttttca tcgatcaatt caagagccat gtctgcatca taattgtggg 1020

agtggagggg gcttttgttyg ctagggaagg aatgccttcect tagttcatgg ctttggactt 1080

cggacaagga gcgcatagaa tggggttacc atttttggaa aaattacatt tgaaccctcce 1140

aactattatc atatatgttt aatctacaat cctecgtccge tagaagaagt ttgggttcaa 1200

agtaagcctt ttcatcggcect caatgtaaac catggaggga ctaattgaaa aatagtatgt 1260

tagttggagg gtctgaatgt attatgtcca aacattctct tattattcct gtatcatcte 1320
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tgagaaattc atccgaaaat aataaaacaa aatggccttt tttaaaataa gaagctgatg 1380
cataggatac caaaagcgcc ttgtccatta ggagcgtcag actttgaaaa taagaccaag 1440
aattccctgt aagctatcat ctcatctttt tttttgtttg aacttgtaga cgtaggcttt 1500
aagcgttecca tgatgttcag tcacatgttg ctgtctactt gattatggaa tttaattcat 1560
tcggctcata agaagataaa aggattatga cgttgaagaa ctctggtcac tecttagtta 1620
cggtcacata aaaacgatgc atctttccce accaaccatc ttcaagtgaa cccactttcee 1680
cttgcattag gtaaggagta tgggttaagt catcttcatg aaattagtcc cctagtggag 1740
ctaattctac tcactccata tttactcatt ccactatata acgccctcaa cgaccatcct 1800
caaagcaacc caaacacctt cttctegtceg actcet 1835
<210> SEQ ID NO 9

<211> LENGTH: 35

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: IPT7_Fwd GW primer

<400> SEQUENCE: 9

acaaaaaagc aggcttaatg aagttctcaa tctca 35
<210> SEQ ID NO 10

<211> LENGTH: 34

<212> TYPE: DNA

<213> ORGANISM: Artificial

<220> FEATURE:

<223> OTHER INFORMATION: IPT7_REV GW

<400> SEQUENCE: 10

tacaagaaag ctgggtatca tatcatattg tggg 34
<210> SEQ ID NO 11

<211> LENGTH: 11129

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: fusion construct

<400> SEQUENCE: 11

cggcaggata tattcaattg taaatggett catgtceggg aaatctacat ggatcagcaa 60
tgagtatgat ggtcaatatg gagaaaaaga aagagtaatt accaattttt tttcaattca 120
aaaatgtaga tgtccgcage gttattataa aatgaaagta cattttgata aaacgacaaa 180
ttacgatccg tcgtatttat aggcgaaage aataaacaaa ttattctaat tcggaaatct 240
ttatttcgac gtgtctacat tcacgtccaa atgggggett agatgagaaa cttcacgatce 300
ggatctgcat cgcaggatge tgctggctac cctgtggaac acctacatct gtattaacga 360
agcgctggea ttgaccctga gtgattttte tetggteceg cegeatccat accgecagtt 420
gtttacccte acaacgttcc agtaaccggg catgttcate atcagtaacc cgtatcgtga 480
gecatcctete tegtttcate ggtatcatta cccccatgaa cagaaatccce ccttacacgg 540
aggcatcagt gaccaaacag gaaaaaaccg cccttaacat ggceccgettt atcagaagec 600
agacattaac gcttectggag aaactcaacg agetggacge ggatgaacag gcagacatct 660

gtgaatcgcet tcacgaccac gectgatgage tttaccgcag ctgectegeg cgttteggtyg 720
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atgacggtga aaacctctga cacatgcagce tcccggagac ggtcacaget tgtctgtaag 780
cggatgcecegg gagcagacaa gcecccgtcagg gegegtcage gggtgttgge gggtgteggg 840
gegeagecat gacccagtca cgtagcgata geggagtgta tactggetta actatgegge 900
atcagagcag attgtactga gagtgcacca tatgcggtgt gaaataccge acagatgcegt 960
aaggagaaaa taccgcatca ggcgctectte cgettecteg ctcactgact cgectgcegete 1020
ggtcgttegyg ctgcggcgag cggtatcage tcactcaaag gceggtaatac ggttatccac 1080
agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa 1140
ccgtaaaaag gccgegttge tggegttttt ccataggcetce cgcccceccctg acgagcatca 1200
caaaaatcga cgctcaagtc agaggtggceg aaacccgaca ggactataaa gataccagge 1260
gtttccececet ggaagctcece tcecgtgcecgete tectgttceeg accctgeccgce ttaccggata 1320
cctgteegece tttceteceectt cgggaagegt ggegcectttet catagectcac getgtaggta 1380
tctcagtteg gtgtaggteg ttecgcteccaa gctgggetgt gtgcacgaac cccccgttca 1440
gccecgacege tgcgecttat ccggtaacta tcgtcecttgag tcecaaccecgg taagacacga 1500
cttatcgcca ctggcagcag ccactggtaa caggattagce agagcgaggt atgtaggcegg 1560
tgctacagag ttcttgaagt ggtggcctaa ctacggctac actagaagga cagtatttgg 1620
tatctgeget ctgctgaage cagttacctt cggaaaaaga gttggtagcet cttgatcecgg 1680
caaacaaacc accgctggta geggtggttt ttttgtttge aagcagcaga ttacgcgcag 1740
aaaaaaagga tctcaagaag atcctttgat cttttctacg gggtctgacg ctcagtggaa 1800
cgaaaactca cgttaaggga ttttggtcat gagattatca aaaaggatct tcacctagat 1860
ccttttaaat taaaaatgaa gttttaaatc aatctaaagt atatatgagt aaacttggtc 1920
tgacagttac caatgcttaa tcagtgaggc acctatctca gcgatctgte tatttcegtte 1980
atccatagtt gecctgactcecce ccgtcecgtgta gataactacg atacgggagg gcttaccatce 2040
tggcccecagt gectgcaatga taccgcgaga cccacgctca ccggctccag atttatcagce 2100
aataaaccag ccagccggaa gggccgageg cagaagtggt cctgcaactt tatccgecte 2160
catccagtct attaattgtt gccgggaage tagagtaagt agttcgccag ttaatagttt 2220
gcgcaacgtt gttgccattg ctgcaggcat cgtggtgtca cgctcegtegt ttggtatgge 2280
ttcattcage tccggttecece aacgatcaag gcgagttaca tgatccccca tgttgtgcaa 2340
aaaagcggtt agctcecctteg gtectcecgat cgttgtcaga agtaagttgg ccgcagtgtt 2400
atcactcatg gttatggcag cactgcataa ttctcttact gtcatgccat ccgtaagatg 2460
cttttetgtg actggtgagt actcaaccaa gtcattctga gaatagtgta tgcggcgacce 2520
gagttgctcet tgcccggegt caacacggga taataccgeg ccacatagca gaactttaaa 2580
agtgctcatc attggaaaac gttcttecggg gcgaaaactc tcaaggatct taccgcetgtt 2640
gagatccagt tcgatgtaac ccactcgtgce acccaactga tcecttcagcat cttttacttt 2700
caccagcgtt tctgggtgag caaaaacagg aaggcaaaat gccgcaaaaa agggaataag 2760
ggcgacacgg aaatgttgaa tactcatact cttccttttt caatattatt gaagcattta 2820
tcagggttat tgtctcatga gcggatacat atttgaatgt atttagaaaa ataaacaaat 2880
aggggttececg cgcacattte cccgaaaagt gccacctgac gtctaagaaa ccattattat 2940

catgacatta acctataaaa ataggcgtat cacgaggccc tttcegtcttce aagaattcca 3000
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agcttggcca agcttctaga gatctgatge aaaagctgga atgagaatgce gctaaatgceg 3060
aaaagacaga gagagcgaat aaatcgtgca aaaaaaggag tggggtgggt aacgggttga 3120
gctagaagaa gaaaagggac aagtgcactt taggaggggg gcaaccagag cgtagatgat 3180
aatggttcat gtggaaacaa cacacatgag cagttggtga gaacttgaat gaaccctaac 3240
agcccaacca aacccggage cacccttacce gaaccaccac ttctaaaagt acaccatgece 3300
tttttettga gettggttge acagggtgce aggtggggtt gtttegtttt gggtaatcat 3360
gcgatagttt aaataccttt gcgataatca tatcaatggt gacttttaag cacatgttag 3420
gtgctcggtt cttatctaaa catggacatg gcaacaagag ttaatgctaa aataatatac 3480
gtacattacc tgtgaatgaa tcgtcgetgt cttctgatta tggcttcaaa taatatgcag 3540
ataaacaagt gtcgattttt cagtgaagat tttatgaaag tgcccgttcect ccttaagatt 3600
acctgtgaat gaatcatccc tgtcaggctg atcctgggtg gtttttceccee atgatgtteg 3660
gaagatataa ttatataaat gatggaattt acatgaaata agtttcagta cattcttagce 3720
agaaaagcaa tatcgacgaa gacaaatgat gctgtttaag acaaactggg gtaatatcaa 3780
tttactagta agagatttgt ctgcttttct taattctcaa gaaactttca ctaaaatgca 3840
cagccatgtt aaacaattta cattcaactt aaaaactaaa attgtaggat gggtagctat 3900
ccaagaatta cgctttttgt aaacttaatt ttgatgggca tgtagttaac aagtattttt 3960
catcgatcaa ttcaagagcc atgtctgcat cataattgtg ggagtggagg gggcttttgt 4020
tgctagggaa ggaatgcctt cttagttcat ggctttggac ttcggacaag gagcgcatag 4080
aatggggtta ccatttttgg aaaaattaca tttgaaccct ccaactatta tcatatatgt 4140
ttaatctaca atcctcgtcec gctagaagaa gtttgggttc aaagtaagcce ttttcatcgg 4200
ctcaatgtaa accatggagg gactaattga aaaatagtat gttagttgga gggtctgaat 4260
gtattatgtc caaacattct cttattattc ctgtatcatc tctgagaaat tcatccgaaa 4320
ataataaaac aaaatggcct tttttaaaat aagaagctga tgcataggat accaaaagcg 4380
ccttgtecat taggagcgtc agactttgaa aataagacca agaattccct gtaagctatce 4440
atctcatctt tttttttgtt tgaacttgta gacgtaggct ttaagcgttce catgatgttce 4500
agtcacatgt tgctgtctac ttgattatgg aatttaattc attcggctca taagaagata 4560
aaaggattat gacgttgaag aactctggtc actccttagt tacggtcaca taaaaacgat 4620
gcatctttee ccaccaacca tcttcaagtg aacccacttt cceccttgcatt aggtaaggag 4680
tatgggttaa gtcatcttca tgaaattagt cccctagtgg agctaattct actcactcca 4740
tatttactca ttccactata taacgccctce aacgaccatc ctcaaagcaa cccaaacacce 4800
ttecttetegt cgactctaga ggatcaatca acaagtttgt acaaaaaagc aggcttaatg 4860
aagttctcaa tctcatcact gaagcaggta caaccaatct tgtgcttcaa gaacaagcta 4920
tctaaggtca acgtcaactc ttttcteccat cccaaagaaa aagtcatctt tgtgatggga 4980
gctaccggat cgggtaagtce tcgtcectegece atcgacctag caactcegttt tcaaggagag 5040
atcataaact ccgacaagat tcaactttac aagggcctag acgtcctaac aaacaaagtc 5100
acccctaaag aatgccgagg cgtgcectcac cacttgettg gagtattcga ctceccgaagcece 5160
ggaaacctaa cggccaccca gtatagccgce cttgcgtcac aagcaatctc gaaactctca 5220

gcgaacaaca agcttcccat agtagcceggt ggatcaaact cttacatcga agcacttgtt 5280
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aatcattcct cggggttttt attaaacaac tacgattgtt gtttcatttg ggtcgacgtt 5340
tcettacceg tacttaacte ctttgtectca aaacgtgteg accgcatgat ggaagcagga 5400
ttactcgaag aagtaagaga agtgttcaat ccaaaagcga attactccgt agggatacga 5460
cgagctatcg gagtcccega gctccatgaa tatttacgta acgaatctet agtggaccgt 5520
gccacaaaaa dtaaaatgct tgacgtagcc gttaaaaata tcaaaaagaa cactgagatt 5580
ttagcttgtc gacagttaaa aaagattcaa cggcttcaca agaagtggaa gatgtctatg 5640
catcgtgttg acgccactga ggtgttcttg aaacgcaacg tagaagaaca agacgaggct 5700
tgggagaatc ttgtagcgag accaagcgag agaatcgtcg ataagtttta taataataat 5760
aaccaactga aaaatgatga tgttgagcac tgtttggcegg catcttacgg cggaggaagt 5820
ggaagtagag cccacaatat gatatgatac ccagctttcect tgtacaaagt ggttgatgag 5880
ctcgaatttc cccgatcgtt caaacatttg gcaataaagt ttcttaagat tgaatcctgt 5940
tgccggtett gegatgatta tcatataatt tctgttgaat tacgttaage atgtaataat 6000
taacatgtaa tgcatgacgt tatttatgag atgggttttt atgattagag tcccgcaatt 6060
atacatttaa tacgcgatag aaaacaaaat atagcgcgca aactaggata aattatcgceg 6120
cgcggtgtca tcectatgttac tagatcggga attgtaacce ggatctctag ctagaagcta 6180
gettcacget gecgcaagca ctcagggcege aagggctget aaaggaageg gaacacgtag 6240
aaagccagtc cgcagaaacg gtgctgacce cggatgaatg tcagctactg ggctatctgg 6300
acaagggaaa acgcaagcgc aaagagaaag caggtagcett gcagtggget tacatggcga 6360
tagctagact gggcggtttt atggacagca agcgaaccgg aattgccagce tggggcgecce 6420
tctggtaagg ttgggaagcc ctgcaaagta aactggatgg ctttcecttgece gcecaaggatce 6480
tgatggcgca ggggatcaag atcatgagcg gagaattaag ggagtcacgt tatgaccccce 6540
gccgatgacg cgggacaagce cgttttacgt ttggaactga cagaaccgca acgttgaagg 6600
agccactcag ccgcecgggttt ctggagttta atgagctaag cacatacgtc agaaaccatt 6660
attgcgegtt caaaagtcgce ctaaggtcac tatcagctag caaatatttc ttgtcaaaaa 6720
tgctccactg acgttccata aattcceccte ggtatccaat tagagtctca tattcactcet 6780
caatccagat cggggggcaa taagatatga aaaagcctga actcaccgcg acgtctgtceg 6840
agaagtttct gatcgaaaag ttcgacagcg tcteccgacct gatgcagcte teggagggceyg 6900
aagaatctcg tgctttcage ttcgatgtag gagggcgtgg atatgtcctg cgggtaaata 6960
gctgegecga tggtttctac aaagatcegtt atgtttatceg gcactttgca tcggccgegce 7020
tcecgattee ggaagtgett gacattgggg cattcagcega gagcctgacce tattgcatct 7080
ccegecegtge acagggtgte acgttgcaag acctgcctga aaccgaactg cccgetgtte 7140
tgcagecceggt cgcggaggcce atggatgega tegetgegge cgatcttage cagacgageg 7200
ggttcggece attcggaccg caaggaatcg gtcaatacac tacatggecgt gatttcatat 7260
gcgegattge tgatccccat gtgtatcact ggcaaactgt gatggacgac accgtcagtg 7320
cgtcegtege gecaggctete gatgagectga tgctttggge cgaggactgce cccgaagtcece 7380
ggcacctegt gcacgcggat ttceggctcca acaatgtcect gacggacaat ggccgcataa 7440
cagcggtcat tgactggagc gaggcgatgt tcggggattc ccaatacgag gtcgccaaca 7500

tcttettetg gaggecgtgg ttggettgta tggagcagca gacgcgctac ttcgagcgga 7560
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ggcatccgga gcttgcagga tcgcecgeggce tccgggcgta tatgctcececge attggtettg 7620
accaactcta tcagagcttg gttgacggca atttcgatga tgcagcttgg gcegcagggtce 7680
gatgcgacge aatcgtccga tccggagecg ggactgtcegg gegtacacaa atcgeccgea 7740
gaagcgcgge cgtcectggace gatggcectgtg tagaagtact cgccgatagt ggaaaccgac 7800
geeccagceac tegtecgagg gcaaaggaat agagtagatg ccgaccggga tcettegatcece 7860
ccgatcgttce aaacatttgg caataaagtt tcttaagatt gaatcctgtt gecggtettg 7920
cgatgattat catataattt ctgttgaatt acgttaagca tgtaataatt aacatgtaat 7980
gcatgacgtt atttatgaga tgggttttta tgattagagt cccgcaatta tacatttaat 8040
acgcgataga aaacaaaata tagcgcgcaa actaggataa attatcgcgce geggtgtcat 8100
ctatgttact agatcgggaa ttgccaagct gatcagattg tcgtttcceg cctteggttt 8160
aaactatcag tgtttgacag gatatattgg cgggtaaacc taagagaaaa gagcgtttat 8220
tagaataatc ggatatttaa aagggcgtga aaaggtttat ccgttcgtecce atttgtatgt 8280
gcatgccaac cacagggttc ccctecgggag tgcttggcat tcecgtgcgat aatgacttcet 8340
gttcaaccac ccaaacgtcg gaaagcectga cgacggagca gcattccaaa aagatccctt 8400
ggctegtetyg ggteggctag aaggtcgagt gggctgctgt ggcttgatcce ctcaacgegyg 8460
tcgeggacgt agcegcagege cgaaaaatcce tcgatcgcaa atccgacget gtcgaaaage 8520
gtgatctgcet tgtecgctcett tcecggccgacg tcectggccag tcatcacgceg ccaaagttcece 8580
gtcacaggat gatctggcgce gagttgcetgg atctcgectt caatccegggt ctgtggeggyg 8640
aactccacga aaatatccga acgcagcaag atatcgeggt gecatctcecggt cttgectggg 8700
cagtcgecge cgacgccgtt gatgtggacg ccgtcgagat ccggattttg tagceccctggce 8760
cgacggcecag caggtaggcce gacaggcetca tgecggecge cgecgecttt tcoctcaatcg 8820
ctecttegtte gtctggaagyg cagtacacct tgataggtgg gectgccecctte ctggttgget 8880
tggtttcatc agccatcecge ttgccctcat ctgttacgec ggcggtagee ggccagcecte 8940
gcagagcagyg attccegttg agcaccgcca ggtgcgaata agggacagtg aagaaggaac 9000
acccgetege gggtgggect acttcaccta tcectgceccecegg ctgacgccgt tggatacacce 9060
aaggaaagtc tacacgaacc ctttggcaaa atcctgtata tcgtgcgaaa aaggatggat 9120
ataccgaaaa aatcgctata atgaccccga agcagggtta tgcagcggaa aagcgctgcet 9180
tcectgetgt tttgtggaat atctaccgac tggaaacagg caaatgcagg aaattactga 9240
actgagggga caggcgagag acgatgccaa agagctacac cgacgagcetyg gccgagtggg 9300
ttgaatcceg cgcggccaag aagcgccggce gtgatgagge tgcggttgeg ttectggegg 9360
tgagggcgga tgtcgaggcg gegttagegt ccggctatge gectcegtcacce atttgggagce 9420
acatgcggga aacggggaag gtcaagttct cctacgagac gtteccgceteg cacgcecagge 9480
ggcacatcaa ggccaagcce gccgatgtge ccgcaccgca ggccaaggcet geggaacceyg 9540
cgecggeace caagacgccg gagccacgge ggccgaagcea ggggggcaag gctgaaaagce 9600
cggceccege tgcggeccceg accggcettca cettcaacce aacaccggac aaaaaggatce 9660
tagcgtggac tcaaggctcect cgcgaatggce tcgegttgga aactttcatt gacacttgag 9720
gggcaccgca gggaaattct cgteccttgeg agaaccgget atgtcecgtget gcgcatcgag 9780

cctgegecct tggcettgtet cgcccectcecte cgegtcecgeta cggggcttee agegecttte 9840
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cgacgctcac cgggctggtt gecctegecg ctgggctgge ggccgtctat ggccctgcaa 9900
acgcgecaga aacgcecgtceg aagccgtgtg cgagacacceyg cggecgcecegyg cgttgtggat 9960
acctcgegga aaacttggec ctcactgaca gatgagggge ggacgttgac acttgagggg 10020
ccgactcacce cggcgcggceg ttgacagatg aggggcaggce tcgatttcecgg ccggcecgacgt 10080
ggagctggece agcctcgcaa atcggcgaaa acgcctgatt ttacgcgagt ttceccacaga 10140
tgatgtggac aagcctgggg ataagtgccce tgcggtattg acacttgagg ggcgcgacta 10200
ctgacagatg aggggcgcga tccttgacac ttgaggggca gagtgctgac agatgagggg 10260
cgcacctatt gacatttgag gggctgtcca caggcagaaa atccagcatt tgcaagggtt 10320
tcegecegtt ttteggccac cgctaacctg tcttttaace tgcttttaaa ccaatattta 10380
taaaccttgt ttttaaccag ggctgcgcce tgtgcgegtg accgcgcacg ccgaaggggg 10440
gtgceccceee ttetcecgaace cteeccggecce gctaacgcegg gectceccate ccececcagggg 10500
ctgcgececcct cggccgcgaa cggcctcacce ccaaaaatgg cagcegetgge agtcettgece 10560
attgccggga tcggggcagt aacgggatgg gcgatcagcce cgagcgcgac geccggaage 10620
attgacgtgc cgcaggtgct ggcatcgaca ttcagcgacce aggtgccggg cagtgaggge 10680
ggcggcctgg gtggcecggect gceecttcact teggeegteg gggcattcac ggacttcatg 10740
gcggggcecegyg caatttttac cttgggcatt cttggcatag tggtcgcggg tgccgtgcecte 10800
gtgttcgggyg gtgaattgca agctagettg cttggtegtt ccggtaccgt gaacgtcgge 10860
tcgattgtac ctgcgttcaa atactttgcg atcgtgttge gecgectgcce ggtgegtegg 10920
ctgatctcac ggatcgactg cttctetcege aacgccatce gacggatgat gtttaaaagt 10980
cccatgtgga tcactccecgtt geccegtege tcaccgtgtt ggggggaagg tgcacatgge 11040
tcagttctca atggaaatta tctgcctaac cggctcagtt ctgcgtagaa accaacatge 11100
aagctccacce gggtgcaaag cggcagcgg 11129

1. A genetic construct comprising a first nucleic acid
sequence (effector) encoding cytokinin biosynthetic isopen-
tenyl-transferase enzyme operable linked to a second nucleic
acid sequence (promoter) allowing expression of said first
nucleic acid sequence in cambial cells, said first nucleic acid
sequence being selected from the group of

a) a nucleic acid sequence comprising SEQ ID NO:1;
b) a nucleic acid sequence encoding SEQ ID NO:2;

¢) a nucleic acid sequence encoding an amino acid
sequence comprising a conserved domain area A, B
and/or C having an amino acid sequence selected from
the group of SEQ ID NO:3, 4 and 5,

d) a nucleic acid sequence encoding an amino acid
sequence comprising an area D having at least 80%
identity to amino acid sequence SEQ ID NO:6;

e) a nucleic acid sequence encoding an amino acid
sequence showing at least 80% identity to SEQ ID NO:
2; and

) a nucleic acid sequence encoding an enzyme belonging
to enzyme class EC 2.5.1.27.

2. The genetic construct according to claim 1, wherein
said first nucleic acid sequence encodes adenosine phos-
phate-isopentenyltransferase enzyme 7, IPT7.

3. The genetic construct according to claim 1, wherein
said first nucleic acid sequence is derived from Arabidopsis.

4. The genetic construct according to claim 1, wherein
said second nucleic acid sequence is birch meristem pro-
moter pBpCRE1, preferably defined by SEQ ID NO: 7.

5. The genetic construct according to claim 1, wherein
said second nucleic acid sequence is a cambial specific
promoter.

6. The genetic construct according to claim 5, wherein
said promoter is Populus cambial specific promoter pL.MS5.

7. A vector comprising the genetic construct according to
claim 1.

8. A tree, characterized in that it

(a) overexpresses an endogenous nucleic acid sequence,
or

(b) expresses an exogenous nucleic acid sequence encod-
ing cytokinin biosynthetic isopentenyl-transferase
enzyme in cambial cells.

9. The tree according to claim 8, wherein said tree

expresses the genetic construct

comprising a first nucleic acid sequence (effector) encod-
ing cytokinin biosynthetic isopentenyl-transferase
enzyme operable linked to a second nucleic acid
sequence (promoter) allowing expression of said first
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nucleic acid sequence in cambial cells, said first nucleic

acid sequence being selected from the group of

a) a nucleic acid sequence comprising SEQ ID NO:1;

b) a nucleic acid sequence encoding SEQ ID NO:2;

¢) a nucleic acid sequence encoding an amino acid
sequence comprising a conserved domain area A, B
and/or C having an amino acid sequence selected
from the group of SEQ ID NO:3, 4 and 5,

d) a nucleic acid sequence encoding an amino acid
sequence comprising an area D having at least 80%
identity to amino acid sequence SEQ ID NO:6;

e) a nucleic acid sequence encoding an amino acid
sequence showing at least 80% identity to SEQ ID
NO: 2; and

1) a nucleic acid sequence encoding an enzyme belong-
ing to enzyme class EC 2.5.1.27.

10. The tree according to claim 8, wherein said tree
expresses at least 40%, preferably at least 50% higher levels
of cytokinin signaling in cambial cells during cambial
development compared to WT tree.

11. The tree according to claim 8, wherein the stem
volume growth in said tree is at least 35% higher, preferably
at least 40% higher compared to WT tree.

12. The tree according to claim 8, wherein said tree
belongs to angiosperms.

13. The tree according to claim 12, wherein said tree is
selected from the group of genera Betula, Populus and
Eucalyptus, preferably Populus.

14. The tree according to claim 8, wherein said tree
belongs to gymnosperms.

15. The tree according to claim 14, wherein said tree is
selected from the group of spruce and pine.
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16. A wood product obtainable from the tree as defined in
claim 8.

17. A method for producing a transgenic plant capable of
increased biomass production and/or increased stem volume
growth compared to wild type plant, which comprises the
steps of

introducing a nucleic acid sequence encoding cytokinin

biosynthetic isopentenyl-transferase enzyme operation-
ally linked to a promoter allowing expression in cam-
bial cells, to a tree cell,

cultivating said cell to form a cell culture,

regenerating the cell culture to a plant, in which the

nucleic acid sequence encoding cytokinin biosynthetic
isopentenyl-transferase enzyme is expressed in cambial
cells during cambial development.

18. A method for improving the production of biomass
and/or increased stem volume growth in trees, which com-
prises the steps of

introducing a nucleic acid sequence encoding cytokinin

biosynthetic isopentenyl-transferase enzyme operation-
ally linked to promoter allowing expression in cambial
cells, to a tree cell,

cultivating said cell to form a cell culture,

regenerating the cell culture to a plant, in which the gene

encoding cytokinin biosynthetic isopentenyl-trans-
ferase enzyme is expressed in cambial cells during
cambial development,

allowing said plant to grow to an adult tree having

enhanced radial growth compared to wild type tree.

19. The genetic construct according to claim 6, wherein
said Populus cambial specific promoter pLMS is defined by
SEQ ID NO:8.



