Conifers have a preference for ammonium
over nitrate as a nitrogen source
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Kronzucker et al (1997) Nature 385: 59-61
Canton et al (2005) Photosynth Res 83: 265-278 Dpto. Biologia Molecular y Bioquimica. UMA



Genes responding to ammonium nutrition and mycorrh

1 Deficiency

N O
1 I Excess

Transport _

Protein synthesis and degradation —
Miscellaneous p—

Signal transductiun—

(S —

Stress/defense —

Unknown

Miscellaneous

Cell division

Transport

Cell signaling/communication

Cell structure

Defense/stress
Metabolism
Protein synthesis/degradation

Unknown function

No homology ——'

ization

DDownregulated genes
B Upregulated genes

Tt T T

CIDeficiency 0 5 10 15 20 25 30 35 o 5 10 15 20 2 0 3B
B Excess %, Diﬁerentially expressed genes % Differentially expressed genes

Deficiency Excess

114 35 1 14 35IDay5after‘£reatment Days after inoculation
Aluminium induced protein 1 51530

Glutamine dumper
Thioredoxin h

Cellulose synthase

Chorysmate synthase
Glutamine synthetase 1b
Proteasome 26S

Unknown
Late embryo abundant protein

Metallothionein
Granule-bound starch synthase

Antimicrobial peptide

Water stress protein
Phosphoglucomutase
AUX/IAA protein
Antimicrobial peptide 1
Chalcone synthase

Malate synthase

Embryo abundant protein

Aldose 1-epimerase |
Asparagine synthetase

Asparagine synthetase

NADP+-isocitrate dehydrogenase
WRKY
Senescence associated protein

Pathogenesis related 10
Asparaginase

RING-H2 Zinc finger
NADH-dependent glutamate synthase

Polygalacturonase I I
Antimicrobial peptide 2

Mitogen activated protein kinase
RING-H2 Zinc finger
Caffeoyl-CoA O-methyltranferase

Aspartate aminotransferase

PN

NADP*-isocitrate dehydrogenase Il
Arginase

Ornithine-della-aminotransferase

Pathogenesis related 10

Xiloglucan endo-transglucosidase
Late embryo abundant protein

Color key
-2 0 2

_ Glutamine synthetase 1b Disease resistence gene

= - Defensin I I I
-2 0 2 Flavonol synthase
_ Tubulin alpha

Canales et al (2010) Amino Acids 39, 991-1001
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Identification of genes regulated by ammonium nutrition
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Canovas et al (2009) Amino Acids 37, 45-46 Biclogla Molecular y Bioguimica. UMA



Mycorrhization is regulated by ammonium nutrition
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The members of the b-barrelin family are primitive

antimicrobial peptides
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Canales et al (2011) Plant Cell Environ 34, 1443-1453
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PpAMP1 expression is enhanced by ammonium
supply in maritime pine roots
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AMP1 and ammonium uptake in maritime pine roots
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— Functional identification of ammonium transporters
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Castro-F—QEdrl'guez et al (2014) unpublished  Dpto. Biologia Molecular y Bioquimica. UMA



Transcriptional regulation of phenylalanine biosynt hesis

de la Torre et al (2009) Plant Physiol 1491648-1660
Craven-Bartle et al (2013) Plant Journal 74, 755-766 Dpto. Biologia Molecular y Bioquimica. UMA



|dentification of a MYB 8 regulatory element in the promoters of PAL,
GS1b and PAT % rocen

Electroporation
of maritime pine protoplasts

Gomez-Maldonado et al (2001) Plant Mol Biol Rep 19,361-366
Craven-Bartle et al (2013) Plant Journal 74, 755-766 Dpto. Biologia Molecular y Bioquimica. UMA



Myb factors regulate phenylalanine biosynthesis in maritime pine
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Canales et al (2012) Front Plant Sci 3, 100
Craven-Bartle et al (2013) Plant Journal 74, 755-766 Dpto. Biologia Molecular y Bioquimica. UMA



Concluding remarks

New developments in structural and functional
genomics of pine

Functional and regulatory analysis of key
genes/pathways

New knowledge for the production of biotech trees w ith
Increased N use efficiencies and enhanced biomass
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