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V. Summary

V. Summary

Nitrate is one of the major sources of nitrogen taken up by plants. A large proportion of
the nitrate acquired by plants is actively transported through nitrate transporters (NRT). To
cope with low and high nitrate concentration in the soil, plants have developed
high-affinity and low-affinity nitrate uptake systems, respectively. Genes of the NRT1
family are mainly low affinity nitrate transporters, and genes of the NRT2 family are high
affinity transporters, whose functioning requires the participation of NRT3. Up to now, the
molecular features and the regulation of nitrate transporters have been studied mostly in
the model plant Arabidopsis thaliana. The molecular characterization of all NRT family
genes has not yet been conducted in poplar, which is a model plant for genetic analysis in

tree species.

Earlier studies on poplar suggested that the response to N fertilization of poplar growth
and wood properties were species-specific traits. We hypothesized that these traits also
show intra-specific variation in response to N fertilization, because large differences in
plant productivity were found among poplar genotypes. To investigate the role of NRT

genes in poplar growth, four questions will be addressed in the present thesis.
(1) Which genes are members of the NRT family with functions in poplar?

The first task was to identify the NRT family members in poplar using all NRT family
genes in Arabidopsis as query sequences. 68 PtINRT1/PTR, 6 PtNRT2, and 5 PtNRT3
genes were retrieved from the poplar genome database for P. trichocarpa. This distribution
shared common patterns with Arabidopsis, rice and lotus. In order to further investigate
the properties of the PtNRT genes, a bioinformatic analysis of the complete gene set of the
PtNRT family was conducted. A phylogenetic analysis revealed that the NRT proteins in
poplar and Arabidopsis belonged to two main clades: NRT1/PTR members to clade | and
NRT2 and NRT3 members to clade I1. In addition, gene multiplication and gene loss were

found in the PtNRT family of poplar compared to the AtNRT family of Arabidopsis.

To examine whether PtNRT genes in poplar are expressed, we studied the transcript
abundance of 79 PtNRT genes using the public and unpublished microarray experiments
representing five tissues in poplar. The microarray profiles revealed the expression of 52
PtNRT1/PTR, 4 PtNRT2, and 3 PtNRT3. Ten genes were not present on the microarrays

Xl
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V. Summary

and for ten genes no significant transcript levels were detected. The preferential
expression of a number of the PtNRT2 and PtNRT3 genes were found in roots and leaves.
Genes of the PtNRT1/PTR family were expressed in the roots, leaves, developing xylem,
stem elongation segments and mature xylem. The distinct expression pattern of
PtNRT1/PTR, PtNRT2, and PtNRT3 genes pointed to possibly diverse biological functions

in specific tissues.
(2) How does N fertilization and drought stress affect the expression of PtINRT genes?

As drought may diminish the N uptake by roots, the effects of nitrogen and water
availability on the expression of 17 PtNRT genes in roots, stem elongation segments, and
developing xylem of P. trichocarpa were analyzed by gRT-PCR. All members of PINRT2
(PtNRT2.4A, PtNRT2.5A/B, and PtNRT2.7) and PtNRT3.2A were significantly down
regulated by N fertilization and drought stress, which suggested the possible functions as
high affinity nitrate transporters. N fertilization caused decreased expression of PtINRT1.7
in the developing xylem and increased expression of PtNRT1.9B in the stem elongation
segments. We found that 6 PtNRT genes in the developing xylem and of 8 PtNRT genes in
the stem elongation segments were only regulated by drought, but not by N fertilization.
These results revealed that the effects of N fertilization on expression of PtNRT genes
were mainly in roots. However, many drought regulated PtINRT genes were observed in
not only roots, but also in the stem elongation segments and the developing xylem. This

suggested that drought might diminish the long distance transportation of nitrate.

(3) Does the N-uptake ability influence the responses to N fertilization and drought on
plant growth in different poplar demes?

Natural phenotypic variations provide a framework to study the relation between the
adaptation traits of plant growth and the genetic variations. Plants of five Populus tremula
demes (A = Austria, G = Geismar Germany, R = Russia, H = Halle Germany, F = Finland)
were used to study the physiological performance of tree growth in response to N
fertilization and drought stress. We found strong growth differences among the poplar
demes. After one month of N fertilization, the biomass and N contents were highest in the
plants of deme A and least in the plants of deme R. A regression analysis showed that plant
biomass and N contents in the five demes were significantly correlated in low nitrogen

(LN) and high nitrogen (HN) treatments, respectively. A higher intercept of the regression

Xl
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