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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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METHOD FOR IMPROVING STEM 
VOLUME GROWTH AND BOMASS 

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, AtlPT5 being the closest Arabi 
dopsis ortholog for the AtlPT7. 
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 
At|PT7 and AtlPT5 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 pLMX5-IPT7 line 
1 and 3 Populus trees in the age of three months. 
0026 FIG. 5B. The trunk volume of the transgenic 
pLMX5-IPT7 Populus lines 1 and 3 as compared to the WT. 
0027 FIG. 5C. Cytokinin responsiveness assay of the 
WT and pLMX5-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 
(PttlAA3) in the WT and pLMX5-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). 

FIG.3. Comparison of the amino acid sequences of 
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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 ID 
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 
Chaving 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 At|PT1-9, 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 AtlPT7 orthologs identified from Populus 
trichocarpa (PtIPT7a eugene3.00041149; PtIPT7b eugene3. 
00080280; PIPT5a fgenesh4 pg.C LG X000229; 
PtIPT5b fgenesh4 pg.C LG VI 11001825) and Eucalyptus 
grandis (Eucgr.B.01146: Eucgr.G00473: Eucgr.G01887: 
Eucgr.H03602) genomes as shown in FIG. 3. 
0043. In the phylogenetic average distance tree AtlPT7 
and AtlPT5 have been shown to form a clade together. 
At|PT5 appears to be closest Arabidopsis ortholog for the 
AtIPT7. Between the AtlPT7 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 A. 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 SEQID 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. 
0.052 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 (AtlPT7) is from Arabidopsis, 
the gene sequence, and functional analysis of a highly 
orthologous Arabidopsis IPT. At|PT4, 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 A. 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 plM5, preferably defined by SEQ ID NO: 8 (pLM5 
promoter is described also in WO2004097024A1 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 amplicilline, carbenicilline and hygro 
mysin B resistance. 
0063. In the present disclosure the linking of promoter 
and effector has been exemplified by promoter plMX5, 
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: 
(SEO ID NO: 9) 

ACAAAAAAGCAGGCTTAATGAAGTTCTCAATCTCA 

IPT7 REV GW primer: 
(SEQ ID NO: 10) 

TACAAGAAAGCTGGGTATCATATCATATTGTGGG 

0065. When the LMX5:At|PT7 construct (SEQ ID 
NO:11) has been introduced into trees, transgenic trees with 
the LMX5::At|PT7 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 LMX5 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 (AtlPT7) 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 -lactamase(bla)-gene: part of E. coli pBR322 
plasmid, 861 bp; gene gives an amplicilline/carbenicil 
line-resistance in bacterial cultures (not expressed in 
the transgenic plants); 

0069 plMX5: hybrid aspen (Populus tremulaxP 
tremuloides); 1807 bp; promotor used for the overex 
pression of the adenosine phosphate-isopentenyl-trans 
ferase 7 (AtlPT7) 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 (AtlPT7)enzyme: A. thaliana, 990 bp. 
Start position 4858th bp. 

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

0.073 p.Anos(non-coding 3' region of the nopaline syn 
thase-gene): A. tumefaciens; ca. 200 bp'; polyade 
nylation signal (signal for the end of the transcription) 
for the ERF-genes; 

I0074 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; 

0.076 pAg4 (T-DNA.in gene 4): A. tumefaciens; about 
200 bp'; polyadenyation signal for the hpt-gene 

0.077 RB (Right border): Agrobacterium tumefaciens, 
25bp; 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:gb|EU933993.1, 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). 
I0081. 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. 
I0082. 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. 
I0086. 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 Eucalyptus. 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, Pfiemontii, 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, 
0.093 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. 
0.095 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 
0.098 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 pDMX5-IPT7 trees 
(3 trees) was 51+8 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. In this 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). 

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 
PtCOMT2 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. 
0.122 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. 
I0123. The expression of all components of cytokinin 
signaling confirms the importance of this hormonal signal 
ing pathway for the activity of vascular cambium. 
0.124 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. 
0.125. 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. 
0.126 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 

I0127. 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, 
At|PT7 gene from Arabidopsis encoding a cytokinin bio 
synthetic isopentenyltransferase was used. The AtlPT7 was 
expressed under the cambial specific PttLMX5 promoter 
(Love et al. 2009), which shows a high expression in the 
cambial and developing xylem cells. 
0128 Several separate transgenic lines with the LMX5:: 
IPT7 construct were obtained showing a detectable AtlPT7 
expression. No AtlPT7 expression was detected in the 
untransformed lines. Two lines (AtlPT71 and 3) with a high 
transgene expression level were selected for further analy 
SCS. 

Example 2 

Accelerated Radial Growth of the Tree Trunk in the 
Transgenic Lines 

0129. To evaluate the effect of AtlPT7 activity on tree 
development, growth dynamics of the transgenic trees was 
studied under greenhouse conditions (FIG. 5A). The apical 
growth rate of the plMX5::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 pLMX5 
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 
pLMX5-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 (ESD) from five 
individual trees per each line. 

Example 3 

Enhanced Cytokinin Responsiveness of the 
Transgenic Lines 

(0132) To evaluate the effect of cambial AtlPT7 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/l 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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0.134 FIG. 5C depicts cytokinin responsiveness assay of 
the WT and pLMX5-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 cytokinint-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 

0.135 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 PttlAA3 
were elevated (FIG. 5D). 
0.136 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 pLMX5-IPT7 line 1 stem. 
The expression levels of PttRR7 and PttlAA3 were elevated 
in the pDMX5-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). 
0.137 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 

0.138. 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. 6A-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. 
0.139. 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 c7OG 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 IAA 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 
pLMX5::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 IAA 
and c7OG 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, PttlAA3 as 
an auxin signaling marker, and PttCOMT2 as a phloem fiber 
and xylem identity marker. Based on the PttRR7 expression, 
the cytokinin signaling level was elevated in the plMX5:: 
IPT7 tree. The width of high cytokinin concentration domain 
(fractions 3-7 in both WT and pLMX5::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 plMX5::IPT7 frac 
tions 5-11) was wider in the transgenic line than in the WT 
tree (3 vs 7 fractions). The level of transgene AtlPT7 
expression was below detection limit in WT, whereas had a 
high expression at the cambial Zone of the plMX5::IPT7 
tree. 
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SEQUENCE LISTING 

<16 Os NUMBER OF SEO ID NOS : 11 

<21 Os SEQ ID NO 1 
&211s LENGTH: 990 
&212s. TYPE: DNA 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs SEQUENCE: 1 

atgaagttct caatctoratic actgaagicag gtacaac caa tottgtgctt caagaacaag 60 

citat ctaagg to aacgt caa ct cittittctic catcc.caaag aaaaagt cat citttgttgatg 12O 

ggagctaccg gatcgggtaa gt Ctcgt.ctic gc catcgacc tagcaacticg ttitt Caagga 18O 

gagat cataa acticcgacaa gattcaactt tacaagggcc tagacgt.cct aacaaacaaa 24 O 

gtcaccc.cta aagaatgc.cg aggcgtgcct caccacttgc ttggagtatt cactic.cgaa 3 OO 

gcc.ggaaacc taacggccac ccagtatagc cqccttgcgt cacaa.gcaat ct cqaaactic 360 

tdagcigalaca acaagct tcc catagtagcc ggtggat caa acticttacat cqaagc actt 420 

gttaatcatt cotcggggitt titt attaaac aactacgatt gttgttt cat ttgggit coac 48O 

gttt ccttac cc.gtacttaa ct cotttgtc. tcaaaacgt.g. tcgaccgcat gatggaagica 54 O 

ggattact.cg aagaagtaag agaagttgttcaatccaaaag caatt actic cqtagggata 6 OO 

cgacgagct a toggagt ccc cagctic cat gaat atttac gtaacgaatc. tctagtggac 660 

cgtgccacaa aaagtaaaat gcttgacgta gcc.gittaaaa at atcaaaaa galacactgag 72O 

attittagctt gtcgacagtt aaaaaagatt Caacggctt C acaagaagtg galagatgtct 78O 

atgcatcgtg ttgacgc.cac taggtgttc ttgaaacgca acgtagaaga acaagacgag 84 O 

gcttgggaga at Cttgtagc gagaccalagc gagagaatcg togataagtt ttataataat 9 OO 

aataaccaac taaaaatga tigatgttgag cactgtttgg cqgcatctta C9gcggagga 96.O 

agtggaagta gagcc cacaa tatgatatga 990 

<21 Os SEQ ID NO 2 
&211s LENGTH: 329 
212s. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs SEQUENCE: 2 

Met Lys Phe Ser Ile Ser Ser Lieu Lys Glin Val Glin Pro Ile Lieu. Cys 
1. 5 1O 15 

Phe Lys Asn Llys Lieu. Ser Llys Val Asn Val Asn. Ser Phe Lieu. His Pro 
2O 25 3 O 

Lys Glu Lys Val Ile Phe Val Met Gly Ala Thr Gly Ser Gly Lys Ser 
35 4 O 45 

Arg Lieu Ala Ile Asp Lieu Ala Thr Arg Phe Glin Gly Glu Ile Ile Asn 
SO 55 60 

Ser Asp Llys Ile Glin Lieu. Tyr Lys Gly Lieu. Asp Val Lieu. Thir Asn Llys 
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Val Thr Pro Lys Glu. Cys Arg Gly Val Pro His His Lieu. Leu Gly Val 
85 90 95 

Phe Asp Ser Glu Ala Gly Asn Lieu. Thir Ala Thr Glin Tyr Ser Arg Lieu. 
1OO 105 11 O 

Ala Ser Glin Ala Ile Ser Llys Lieu. Ser Ala Asn. Asn Llys Lieu Pro Ile 
115 12 O 125 

Val Ala Gly Gly Ser Asn. Ser Tyr Ile Glu Ala Lieu Val Asn His Ser 
13 O 135 14 O 

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

Val Ser Lieu Pro Val Lieu. Asn. Ser Phe Val Ser Lys Arg Val Asp Arg 
1.65 17O 17s 

Met Met Glu Ala Gly Lieu. Lieu. Glu Glu Val Arg Glu Val Phe ASn Pro 
18O 185 19 O 

Lys Ala Asn Tyr Ser Val Gly Ile Arg Arg Ala Ile Gly Val Pro Glu 
195 2OO 2O5 

Lieu. His Glu Tyr Lieu. Arg Asn. Glu Ser Lieu Val Asp Arg Ala Thir Lys 
21 O 215 22O 

Ser Lys Met Lieu. Asp Val Ala Wall Lys Asn. Ile Llys Lys Asn Thr Glu 
225 23 O 235 24 O 

Ile Lieu Ala Cys Arg Glin Lieu Lys Lys Ile Glin Arg Lieu. His Llys Llys 
245 250 255 

Trp Llys Met Ser Met His Arg Val Asp Ala Thr Glu Val Phe Lieu Lys 
26 O 265 27 O 

Arg Asn Val Glu Glu Glin Asp Glu Ala Trp Glu Asn Lieu Val Ala Arg 
27s 28O 285 

Pro Ser Glu Arg Ile Val Asp Llys Phe Tyr Asn. Asn. Asn. Asn Glin Lieu. 
29 O 295 3 OO 

Lys Asn Asp Asp Val Glu. His Cys Lieu Ala Ala Ser Tyr Gly Gly Gly 
3. OS 310 315 32O 

Ser Gly Ser Arg Ala His Asn Met Ile 
3.25 

<210s, SEQ ID NO 3 
&211s LENGTH: 8 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (2) ... (2) 
223 OTHER INFORMATION: Xaa 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (4) . . (5) 
223 OTHER INFORMATION: Xaa 

22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (8) ... (8) 
223 OTHER INFORMATION: Xaa 

any amino acid 

any amino acid 

Ser or Thr 

<4 OOs, SEQUENCE: 3 

Gly Xaa Thr Xaa Xaa Gly Lys Xaa 
1. 5 
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<210s, SEQ ID NO 4 
&211s LENGTH: 16 
212. TYPE: PRT 

<213> ORGANISM: Artificial 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (1) . . (1) 
<223 is OTHER INFORMATION: Xaa = Wall or Lieu or Ile 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (2) ... (8) 
<223> OTHER INFORMATION: Xaa = any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (9) . . (10 
<223 is OTHER INFORMATION: Xaa = Wall or Lieu or Ile 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (11) . . (12) 
<223> OTHER INFORMATION: Xaa = any amino acid 
22 Os. FEATURE: 

<221 > NAMEAKEY: SC FEATURE 
<222s. LOCATION: (14) . . (15) 
<223> OTHER INFORMATION: Xaa = any amino acid 

<4 OOs, SEQUENCE: 4 

Xaa Xala Xala Xala Xaa Xaa Xaa Xala Xala Xala Xaa Xaa Asp Xaa Xala Glin 
1. 5 1O 15 

<210 SEQ ID NO 5 
&211s LENGTH: 6 
212. TYPE: PRT 

<213> ORGANISM: Artificial Sequence 
22 Os. FEATURE: 

<223> OTHER INFORMATION: Consensus sequence 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (1) ... (2) 
<223 is OTHER INFORMATION: Xaa = Wall or Lieu or Ile 
22 Os. FEATURE: 

<221 > NAMEAKEY: misc feature 
<222s. LOCATION: (3) ... (3) 
<223> OTHER INFORMATION: Xaa can be any naturally occurring amino acid 
22 Os. FEATURE: 

<221s NAME/KEY: MISC FEATURE 
<222s. LOCATION: (6) . . (6) 
223 OTHER INFORMATION: Xaa = Ser or Thir 

<4 OOs, SEQUENCE: 5 

Xaa Xala Xala Gly Gly Xaa 
1. 5 

<210s, SEQ ID NO 6 
&211s LENGTH: 102 
212. TYPE: PRT 

<213> ORGANISM: Arabidopsis thaliana 

<4 OOs, SEQUENCE: 6 

Met Gly Ala Thr Gly Ser Gly Lys Ser Arg Lieu Ala Ile Asp Lieu Ala 
1. 5 1O 15 

Thir Arg Phe Glin Gly Glu Ile Ile Asn. Ser Asp Llys Ile Glin Lieu. Tyr 
2O 25 3O 

Lys Gly Lieu. Asp Val Lieu. Thir Asn Llys Val Thr Pro Llys Glu. Cys Arg 
35 4 O 45 

Gly Val Pro His His Lieu. Lieu. Gly Val Phe Asp Ser Glu Ala Gly Asn 
SO 55 6 O 
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gtgtcactta taacaaaaaa tatataaaat ataaaactat aaatatataa aaaaaaatta 18OO 

alagactaaaa attaaaaata aaaataaaaa gttgaaagag gaggtggcac agccaccCag 1860 

tittgagcata cct atgggtg gcc.galaccat Caccctatag ticattgaggg C catttgagt 1920 

gtggittaaac Caccct caat agctatggag tatttgacc atctoccaga tatgaggtga 198O 

tggittattgg tta accc.caa atggccaaaa aaaaaaaaaa aaaaaaaagt tdattgatag 2O4. O 

tittgg.cgagc cittagatatg gttagagaga tiggctgagcc atcct tcttic tagtttittitt 21OO 

titt t t t t t t t t t t t t t t t t t t tacaaaaaa.. it tattitt tta attitt taat t t t taact titt 216 O 

atatatttat gigttitcct at tittctatott tatatatata tttitt attac aggtgacata 222 O 

tgtcataatt taattggagc tigatataa.ca ttttacgatt totattgaaa ttittggacaa 228O 

aaattagatg cataaaccta titt attattt gcataccaca gtgaggit cac aataaattitt 234 O 

tataccatta agagattatt ggaaatagat gtaacaaatg gactaattitt gcatttittitt 24 OO 

ttaataataa taaaagaa.ca aaaagttctitc ttaattaatt aattact cat agcatagttg 246 O 

aataattctg. taggg tatt ttaggatt.cg ggtgaggaala acaggggitta agaggtaaat 252O 

alaggttggaa taagat Ctag gtc.ttgtc.gc cgtgt cattgtc.gc.caagat ttgcgattgc 2580 

gatcto aacc ctic ccccacc ttctt attac caatcc catt coaaacgc.cc ctic cc ct ct c 264 O 

t ct ct citctic ticttaa.gctg agaga.gcaca tataaagaac aaagagctac aatttitttitt 27 OO 

ttittaaaaaa aagaacaaag aatcc cagaa gaga.gcaaga aaggaaaaaa aaaaaatagg 276 O 

citcttggttt toccaaaata ggcttittggit tt cacttatt ttittaaattt ttttittggcc 282O 

aact cittggit ttgtttataa got aaataaa taggagtaat act atttaat atagt attat 288O 

agaacttgat gatgtaagag catatagdaa tdatat citat tittaactatt taaaatatga 294 O 

tgttittat ct attittattta t t cactttitt actataaatt ataacacata atttattitta 3 OOO 

ctatttattt toaaaaaata ttatttittta at catttitct tattatttitt ttctgcttct 3 O 6 O 

ttgtct cact cittgct caac attct tccat c tactaattt ttct c ctitt c ticttggcaaa 312 O 

gaacaaggac acatatatat atatatatat aagaaatcat t ct catagta ttitttittatt 318O 

tatt attatt tttittattitt tottaaaaaa aataagtaaa tataaatgtg gcatatacac 324 O 

aataatgcaa tdagaatact gagtaatata tagatatata gtatt cagog catttittitta 33 OO 

ttatt ct citt tatttittitta ttitt.cgttta aaaaaaaa.ca aaaggatgta aatgtgcaac 3360 

ttgaaaaatg togalacago at titatic titt cottt tactatt cagacccatt tdactaatag 342O 

Cacaaaggaa gtctgaccca Cttgaagc cc caaaaac acg agagtggttcaattatagga 3480 

Ctcaatggitt ttgggg.tcac aaaattgcag agaga.gagag agagagaggg agaggaga.ca 354 O 

gagtgtgttg taaat agta gattattata aagaagaagc cagagggaca gagagaggac 36OO 

tittaaagaga gagaga.gaga ggggacgagc agacaagagc gitatic ttgga aaatcct aaa 366 O 

aatticq attt agttttitt ct citttgttact ttaaaaag.ca tagga caaac taaataa acc 372 O 

cc cc catgaaataaatctaa citatttaaag aaaaaaaaaa aacaagaaaa tagaact citt 378 O 

titcc ctttgtttgttcattc attgtaccac accacac cct c ct tcct ctd c ctagotact 384 O 

agct ctacag gtaaaaaa.ca ttatt attgt ttctittcaac aacco accct c to tct citct 3900 

citct citctga tatttgctica cattct ct ct citctgtttct gggttgtttg cqctt cqctg 396 O 

tttgttttgt gtgtctgtgt Ctgtgtttitt ttggggg.tca atctgaggca tttgattgaa 4 O2O 
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cgacgct cac cqggctggitt gcc ct cqc.cg Ctgggctggc ggc.cgt.ctat ggCCCtgcaa. 9900 

acgc.gc.ca.ga aacgc.cgt.cg aag.ccgtgtg cgaga caccg C9gcc.gc.cgg C9ttgttggat 996 O 

acct cqcgga aaacttggcc ct cactgaca gatgaggggc ggacgttgac acttgagggg OO2O 

ccgact cacc C9gcgcggcg ttgacagatgaggggcaggc ticgattt cqg ccggcgacgt. OO8O 

ggagctggcc agc ct cqcaa atcggcgaala acgc.ctgatt ttacgcgagt titc.ccacaga O14 O 

tgatgtggac aag cctgggg ataagtgc cc ticgg tattg acacttgaggggggcgact a O2OO 

Ctgacagatgaggggcgcga t ccttgacac ttgaggggga gagtgctgac agatgagggg O26 O 

cgcaccitatt gacatttgag gggctgtc.ca caggcagaaa atc.ca.gcatt to aagggitt O32O 

tcc.gc.ccgtt titt cqgccac cqcta acctg. tcttittalacc togcttittaaa ccaat attta O38O 

taalaccttgt ttttalaccag ggctg.cgc.cc ttgcgc.gtg accgc.gcacg ccgaaggggg O44 O 

gtgccCCCCC ttct calacc Ctc.ccggCCC gctaacg.cgg gcctic cc at C C CCCC agggg OSOO 

Ctgcgc.ccct cqgcc.gcgaa cqgcct cacc C caaaaatgg cagcgctggc agt ccttgcc O560 

attgc.cggga t cqgggcagt aacgggatgg gcgat cagoC cagcgcgac gcc.cggaagc O62O 

attgacgtgc cqcaggtgct ggcatcgaca ttcagcgacc aggtgc.cggg cagtgagggc O68O 

ggcggCctgg gtggcggcct gcc ctitcact tcggc.cgt.cg gggcatt cac ggactitcatg Of 4 O 

gcgggg.ccgg caattitttac Cttgggcatt Cttgg catag tigtc.gcggg to cqtgctic O8OO 

gtgttcgggg gtgaattgca agctagottg Cttggtcgtt CC9gt accgt gaacgt.cggc O 860 

tcgattgtac Ctgcgttcaa at actittgcg atcgtgttgc gcgc.ctg.ccc ggtgcgt.cgg O92O 

citgat citcac ggat.cgactg. Cttct citcgc aacgc catcc gacggatgat gtttaaaagt O98O 

cc catgtgga t cactic.cgitt gcc.ccgtc.gc ticaccgtgtt ggggggalagg tec acatggc 104 O 

t cagttctica atggaaatta t ctdoctaac cqgct cagtt citgcgtagaa accaa.catgc 11OO 

aagctic cacc gggtgcaaag C9gcagogg 1129 

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: 
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, 

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 SEQID NO: 
2; and 

f) 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 p M5. 

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, 
O 

(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: 
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, 

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 

f) 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 plM5 is defined by 
SEQ ID NO:8. 


