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Foreword

Picea abies

Almost four years back, twenty partners from eleven European countries and
two from Canada set out with a common goal: to develop integrative and
multidisciplinary genomic research in conifers. Their efforts, along with close
collaboration with other conifer genomic initiatives worldwide, are going hand
in hand to develop a strong genomic resource base for better adapted temperate
forest ecosystems. Twenty three research papers have already been published in
peer reviewed journals and there are many more to come as the project slowly
comes to an end. This newsletter reports the research progress highlights from
30-42 months, and gives a glimpse of long embedded secrets that have been
deciphered from the enormous conifer genomes.

Overview

Picea sitchensis

Genomic resources | A first draft assembly for Pinus sylvestris has been prepared
and Pinus pinaster sequencing has been completed.
A new software PipelineMaster1000 was developed for rapid SNP (single nucleotide polymorphism) discovery. 16,493 high quality SNPs have been reported
from Pinus sylvestris. SNP database has been established for Pinus pinaster using
transcriptome sequencing of ten different genotypes.

Adaptive capacity | Reference transcriptome is being prepared from sequence
datasets of Pinus pinaster. Thirty-nine modules of co-expression have been
grouped using clustering of gene co-expression network analysis.
A model has been proposed to explain the impact of the environment in the
adaptive response in the maritime pine.
Studies of small non-coding RNA showed that the most expressed length was
21 nucleotide followed by 24 nucleotide.
Functional genomics of nine transcription factors genes associated with growth
and wood formation is being studied in Pinus pinaster using genetic transformation of embryogenic tissue. About 30,000 genes in the embryos and 21,000
genes in the megagametophytes were differentially expressed with a fold change
higher than two between different embryo developmental stages. Based on their
expression pattern, seven genes have been identified as strong candidate genes
for being involved in the transition from cleavage to development of a dominant
embryo.
Candidate non-coding RNAs and mRNAs that are differentially expressed between epitypes of Norway spruce have been identified using next generation sequencing and by qRT-PCR.

Comparative genomics | A model has been proposed to through light on
karyotype evolution in gymnosperms.
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A comparative analysis of genome-wide estimation of gene expression showed
codon bias in highly and widely expressed genes. Results also suggested that the
expression of single-copy genes was higher in most or all of the tissues compared
to multi-copy gene families.

Computational genomics | Draft assembly of Pinus pinaster has been produced.
Genome portal (ORCAE) has been set up to disseminate the genome annotation
results.
SNP catalogue has been compiled for Pinus sylvestris.
A phylome has been constructed using gene prediction data from Pinus taeda.
This would be useful for correct interpretation of the transcriptome-based gene
prediction for maritime pine.

Pinus pinaster

Translational genomics and breeding tools | The first genomic prediction proofof-concept study on maritime pine has been published.
A highly-multiplexed SNP Infinium genotyping array has been developed. This
genotyping array provides the largest genotyped platform developed to date in
maritime pine, with 7252 workable SNPs.
Pinus sylvestris

Dissemination and integration | New contacts have been established with
Japanese research teams working on Cryptomeria japonica, Pinus radiata genome
research groups from New Zealand and Australian and the Russian boreal conifer
species genome research group. ProCoGen co-organised an open discussion
workshop at the IUFRO Tree Biotechnology conference in June 2015.

Work Package Objectives and Progress in Brief
Development of Genomic Resources (Work Package 1)
Objectives | To develop both de novo genome sequences and extensive
catalogues of genetic variation for two species of pines: Scots pine (Pinus
sylvestris) and Maritime pine (Pinus pinaster). The next generation sequencing
has opened new doors for tackling conifer genomes, and the availability of
sequence data from Picea abies, Picea glauca and Pinus taeda will be a great
asset for assembling and resequencing related conifer species. In addition, SNP
(single nucleotide polymorphism) discovery through resequencing is a promising
tool in studying ecological genomics of local adaptation. This project will also
greatly contribute to integrating European and Trans-Atlantic efforts, and will
take conifer genomics a step further.
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Main results from 18 to 42 months

Pinus sylvestris

• P. sylvestris genome sequencing | Presently we have a first draft assembly
from diploid (needle tissue) of ~20X PE (300bp) and from haploid tissue
(megagametophyte tissue) of ~30X PE (150bp) and ~30X PE (650bp). After
filtering and redundancy reduction the coverage was reduced to ~12.5X for
diploid data and ~22.5X for haploid data. Current assembly size (without
scaffolding) is 8.8Gbp with 15.3 million contigs and NG50 of 675bp.
• P. sylvestris genome assembling | full length ESTs from Sitka spruce have
aligned well with P. sylvestris genome. Therefore, despite the small size
(~30% of the 22.5Gbp genome) the unique and low complexity regions of
the genome have assembled well. Possibilities of assembly improvement by
using reference guided assembly based on Pinus taeda genome are also being
explored.
• Pinus pinaster sequencing | Shotgun sequencing based on paired-end libraries
(3kb, 6-8kb and 10-12 kb insert sizes) from a callus derived from a single
megagametophyte was completed (ref. Table 1). Estimated genome coverage
is larger than 65X. This sequencing data along with data provided by the
Spanish National Project PineGenSeq is currently being used to assemble the
P. pinaster genome (Fernández-Pozo N. et al. 2011, Canales J. et al. 2014).
• SNP (single nucleotide polymorphism) discovery |
P. sylvestris- The first analyses using exome capture technique were conducted
in collaboration with Kirst laboratory, University of Florida. This experiment
involved 44 samples across most of the latitudinal range, screened using
baits based on Pinus taeda genome (Neves et al. 2013). A new software
PipelineMaster1000 was developed for rapid SNP discovery. After strict
filtering 16,493 high quality SNPs were reported. Further SNPs will become
available from studies on patterns of diversity and LD being conducted in
work package 5. This study is being based on exome capture using baits
from P. sylvestris transcriptome assembled by VIB on this project. This will
improve the specificity of exome capture to a great extent.
P. pinaster- SNP basic database for maritime pine has been established using
transcriptome sequencing of ten different genotypes. It is available under:
http://bioinformatics.psb.ugent.be/supplementary_data/procogen/

Paired-end
libraries

No. of
libraries

No. of
runs

DNA
isolation

Library
construction

GS-FLX
sequencing

3.5 kb

4

8

completed

completed

completed

6-8 kb

4

6

completed

completed

completed

10-12 kb

8

9

completed

completed

completed

Total

16

Table 1: Progress update of paired end sequencing of P. pinaster.
Pinus pinaster
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Discovery of Adaptive Capacities (Work Package 2)
Objectives | To study the functional regulation of growth and adaptive
responses to abiotic stresses via transcriptome sequencing, transcript expression
profiling, small RNA (sRNA) discovery and profiling, identification of transcription
regulatory networks and characterization of epigenetic dynamics in contrasting
developmental and environmental conditions. The functional regulation of
growth and adaptive responses will be focused on: drought stress studies in
Pinus pinaster and cold acclimation in Picea abies and Pinus sylvestris. The
molecular tools developed in earlier national and international projects will
form the stepping stones for intensive studies in this project. ProCoGen will
integrate the outcomes from other European initiatives like SUSTAINPINE,
NovelTree, EVOLTREE and other European initiatives, creating a new dimension
in conifer research.
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Figure 1:
Proposed model for adaptive
responses in maritime pine.
(Cañas R. A. et al. 2015)
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+

• Development of cell and tissue-specific transcriptomes:
- Maritime pine from the Oria provenance, in Southern Spain was used for
this study. Using the Laser Capture Microdissection (LMD) (Cañas et al.
2014) technique cell and tissue-specific samples were selected for
transcriptome characterisation. The sequence datasets are being processed
for the assembly and preparation of a map of transcriptional activity.
- A clustering of gene co-expression network analysis was performed using
the contigs data. Thirty-nine modules of co-expression could be grouped
from this analysis. For validation of gene clustering, the association of the
expression pattern of gene families to particular gene modules was
analysed. For detecting transcription factor families different samples were
used: dry embryo, embedded embryo, germinated embryo, 10 days and
2 months seedlings and expression was compared under different levels
of ammonium nutrition (manuscript in preparation).
• Transcriptome dynamics during an annual cycle of growth:
Seasonal and developmental changes in metabolite and transcript profiles in
needles of adult maritime pine trees growing in natural conditions have been
examined. Needles were collected from 25 years old trees during a year
cycle. This study included metabolomics and transcript analysis. The gene
expression profiling was performed on the same samples as metabolite
profiling. Hierarchical clustering of the microarray samples clustered the
samples by season. A model was created to explain the impact of the
environment in the adaptive response in the maritime pine (ref. fig. 1). This
model claims that the environment regulates the transcriptome expression.
This regulation manages the fine adjustment of the metabolite content,
which in turn governs the development of the trees (Cañas et al. 2015).
• Transcriptome dynamics associated to drought-stress:
- An experiment was set up using four vegetatively propagated F1 genotypes
from the full-sib cross Gal1056 x Oria6 based on their contrasting

-

Main results from 18 to 42 months
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Pinus taeda

Picea abies

Picea sitchensis

phenotypes for drought response. These ramets were subjected to drought
stress for morphological and physiological characterisation.
- To decipher the molecular mechanism involved in drought stress response,
INRA BIOGECO implemented a field experiment using two full-sib families
(Corse-Landes and Landes-Morocco), to display different responses to
drought stress. TDR probes and meteorological stations were installed to
assess the soil moisture gradient and the environmental condition.
- The Maximum Daily Shrinkage (maximum of diameter (M) - minimum of
diameter (m) per day) or MDS was used to phenotype the two progenies
over dry periods. Typically, the decrease in radial growth and severity of
water stress were directly proportional, owing to the dehydration of the
inner bark. This study included an analysis of water stress in early and late
summer. An ecophysiological characterisation was performed on the
extreme phenotypes. During water stress, high MDS phenotypes were
able to function in a greater range of water potential. They were also able
to recover better during the night.
- Needles were sampled at two different time points on both families and
phenotypes. Twelve cDNA libraries were prepared for each mapping
family: six for early and six for late summer. Differences in the contigs
were found between the seasonal moment and the family. A qPCR
validation was done on a subset of differentially expressed genes (DEG)
for further gene-set and subnetwork enrichment analysis to find genes
and pathways involved in drought stress response.
• Small non-coding RNA (sRNA) discovery and identification:
- A pipeline for the automated analysis of sRNA sequencing datasets was
implemented. The focus was on deploying a limited set of tools with
sufficient performance and ease of maintenance and extensibility that
allowed the identification/prediction of sRNA classes, conserved and novel
sRNAs elements, their target genes and analysis of their expression profiles
in a given dataset.
- The analysis of approximately 100 million unique reads obtained from 35
sRNA libraries of Pinus pinaster, corresponding to different tissues,
developmental stages, locations and stress conditions, allowed categorising
sRNAs in different classes, including conserved and putative novel miRNAs
and ta-siRNAs.
- The most expressed sequence length was 21nt, followed by 24nt. Generally,
the number of 21nt unique reads was higher than the 24nt reads, however
this ratio largely depended on the tissue/developmental stage.
- The 305 detected conserved reads, belonging to 41 miRNA families were
on an average highly expressed as compared to non-conserved reads, and
mapped to a total of 1723 unique target genes. A subset of these target
genes was validated by degradome sequencing.
• Understanding the transcription regulatory network associated with key
processes:
- Functional genomics of nine transcription factor genes associated with
growth and wood formation (MYB1, MYB8, MYB14, MYB20, MYB23,
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DOF5, MADBOX4, NACx, NACataf) was initiated in P. pinaster through
genetic transformation of embryogenic tissue.
- 12 overexpression (OE) and/or ihpRNA (RNAi) contructs were investigated:
6 constructs from previous projects: MYB1-RNAi, MYB8-OE & RNAi,
MYB14-RNAi, DOF5-OE & RNAi (batch 1) as well as 3 constructs for
putative gene targets of MYB (CAD-RNAi, cynnamyl alcohol
dehydrogenase) and DOF5 (GS1a-OE, GS2-OE, glutamine synthase).
6 constructs obtained from Univ. Málaga: MYB23-OE, MYB20-OE,
MADBOX4-OE, NACx-OE & RNAi, NACataf-OE (batch 2).
- Phosphinothricin-resistant lines were cryopreserved (2-10 lines) for all
constructs from batch 1, and 5 constructs from batch 2. Only MYB20-OE
failed to produce any line.
- After PCR tests of selected lines from batch 1 constructs, transformation
rate was estimated in the range 9.6-22.0 (OE) or 0.4-18.0 (RNAi) transgenic
lines per gram embryogenic tissue.
- Somatic embryos were obtained from 1-3 transgenic lines per construct
(total: 25 lines) and successfully germinated and acclimatised (batch 1).
Acclimatisation rate was high and similar to controls for most transgenic
lines (84.1% overall). Transgenic plants were confirmed for most lines
despite high escapes rate in some cases.
- Putative adverse effect of MYB14-RNAi and MYB8-OE on transformation
rate was observed. DOF5-RNAi may also have a negative effect on somatic
embryo development but positive effect on germination rate.
- Plant growth data and morphology data have been collected for constructs
from batch 1 after up to 12 months (MYB1-RNAi, MYB8-OE & RNAi,
DOF5-OE & RNAi, GS2-OE, GS1a-OE) or 42 months growth (MYB14RNAi, CAD-RNAi) in the greenhouse (ref. fig.2). Preliminary analyses did
not reveal any difference between transgenics and controls.
- Both transgene copy number and targeted gene expression data analysis
has been completed for transgenic plants obtained from 1 MYB14-RNAi
and 2 CAD-RNAi lines.
- Transgenic plants and controls from batch 1 constructs were sampled at
age 16 (MYB1-RNAi, MYB8-OE & RNAi, DOF5-OE & RNAi) or 70 months
(MYB14-RNAi) for biochemical and/or molecular investigations.
- Changes in gene expression during early embryo development in P. sylvestris
were studied using data derived from NGS and qRT-PCR analyses. About
30,000 genes in the embryos and 21,000 genes in the megagametophytes
were differentially expressed with a fold change higher than two between
different embryo developmental stages. Based on their expression pattern,
seven genes have been identified as strong candidate genes for being involved
in the transition from cleavage to development of a dominant embryo. Next
focus would be on understanding the function of these candidate genes.
• Epigenetic dynamics associated with growth and adaptive responses:
- Candidate non-coding RNAs and mRNAs that are differentially expressed
between epitypes of Norway spruce have been identified using next
generation sequencing and by qRT-PCR.

Figure 2:
Transgenic plants and controls
managed at FCBA GMO
greenhouse facility (1-year-old
plants). Constructs from batch 1
targeting MYB1, MYB8 and DOF5
transcription factor genes.
Photo: F. Canlet (FCBA)
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Figure 3:
Pinaceae – Cupressaceae
comparative mapping. Results for
an e-value cut-off of e-30 for
homolog unigene identification
and a threshold of at least four
homologs shared between the two
maps to determine an orthologous
LG block. a) Positions of the 143
orthologous unigenes mapped for
representative species of both
Pinaceae and Cupressaceae.
Orthologous LG blocks are
indicated by color-coded ribbons
connecting the Pinaceae (in gray)
and Cupressaceae (in white)
linkage groups (LG). LG number
and genetic distance in cM are
indicated outside the circle.
Pinaceae LGs are ordered from 1 to
12 and C. japonica LGs are ordered
to facilitate graphical visualization.
b) Representation of the more
parsimonious model of evolution
of the identified orthologous LG
blocks mapped on Pinaceae and C.
japonica. Each orthologous LG
block determine a contiguous
ancestral region (CAR). Identified
CARs are numbered from 1 to 20.
(de Miguel et al. 2015)

Bud set and bud burst are known adaptive traits (phenology) that are
epigenetically regulated and affected by temperature during
embryogenesis. Norway spruce model system is being set up using new
methods developed in the frame of ProCoGen for characterisation of DNA
and histone methylation underlying these traits of interest.
An attempt will be made to compare Norway spruce results with the
Maritime pine case study using plant material produced by FCBA for a
model genotype already extensively characterised at transcriptomic and
biochemical level.
Epigenetic studies are also being carried out on different tree families and
natural populations in separate tasks on this project to study the differences
in maritime pine DNA methylation caused by drought stress and their
possible impact on different biological activities allowing the tree to
sustain the low water availability.

Comparative Genomics (Work Package 3)
Objectives | To integrate genomic resources developed in different European
and North-American model conifer species, and to carry out comparative studies
for acquiring better information about their evolution and effective transfer of
information to enable the study of other conifer species. Comparative mapping
and gene content and order analyses will throw light on various aspects of
conifer genomics like: chromosome and genome evolution, phylogenetic
relationships and provide markers for GS (genome selection) based breeding.

Main results from 18 to 42 months
• Comparative mapping of highly dense genetic maps (SNP based maps) of
representative model conifer species:
- High density gene-based linkage mapping was used to compare the
karyotype structure of two families of conifers separated around 290
million years ago: Pinaceae and Cupressaceae.
- Not much was known about karyotype evolution in gymnosperms until
recently, high density gene-based linkage mapping was used to compare
the karyotype structure of two families of conifers separated around 290
million years ago: Pinaceae and Cupressaceae, and a model was proposed
by de Miguel et al. (2015) for the first time, based on the fusion of 20
ancestral chromosomal blocks that may have shaped the modern
karyotypes of Pinaceae (with n=12) and Cupressaceae (with n=11) (ref.
fig.3). The considerable difference in modern genome organisation
between these two lineages contrasted strongly with the remarkable level
of synteny already reported within the Pinaceae. This model also suggested
a convergent evolutionary mechanism of chromosomal block shuffling
that would have shaped the genomes of the spermatophytes.
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• Comparative genome analysis:
- A comparative analysis of genome-wide
estimation of gene expression was
performed on two fully sequenced
representatives of the conifers Picea abies
and Picea glauca, to throw light on the
role of gene expression and natural
selection in molding the evolution of
protein-coding genes in these species.
Coding sequences for 26,597 and 27,721
genes were obtained from Picea abies and
Picea glauca genomes respectively. For
both the data sets respective annotation
and gene expression data were generated
by microarrays and RNA-Seq from eight
different tissues. Analysis of the gene sets
from both the species showed a
correlation between codon usage and
gene expression. Highly and widely
expressed genes preferentially used same
set of optimal codons in both the species
for better translational efficiency. Results
also suggested that expression of singlecopy genes was higher and in most or all
the tissues than multi-copy gene families
which were found to be more tissue
specific. Codon bias was also higher for
gene families showing higher expression
(ref. fig.4). Functional enrichment also
showed very different overrepresentation
of functional division between single and
multi-copy gene families. Higher rates of
sequence divergence and higher gene
expression variation were observed in
large gene families as compared to smaller
gene families including single-copy genes.
This study also demonstrated that
selection was possibly affecting gene
expression influencing translational
efficiency and accuracy. Furthermore,
pathway position was found to influence
patterns of gene duplication in both the
species. It was also observed that there
was selection pressure to maintain

Figure 4:
The graphs show the relationship between gene expression, codon bias,
GC content with gene duplication. (a) shows the results for Picea abies,
and (b) shows the results for Picea glauca. (De La Torre et al. 2015)
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housekeeping and highly expressed single-copy genes. (De La Torre et al.
2015).
Another comparative study on three recently published genomes of conifer
species: Picea glauca, Picea abies and Pinus taeda sheds light on the unique
features of the conifer genomes such as genome size and transposable
elements, long introns, non-coding and short RNAs, reproductive biology
and conifer specifi gene families. It also mentions recent advancements in
conifer genomics like developments in functional genomics, SNP discovery,
genetic linkage mapping, applications of conifer genomics in breeding
and recently established conifer databases (De La Torre et al. 2014).
COS marker development and phylogenetic analyses has been done for
31 gymnosperms and 34 angiosperms. (manuscript in preparation).
Single copy genes have been used to infer evolutionary differences (rate
of molecular evolution) between gymnosperms and angiosperms.
(manuscript in preparation).

Computational Genomics (Work Package 4)
Objectives | To perform genome assembly and structural and functional
annotation, systems biology analyses and an efficient and user-friendly data
management. Structural annotation will identify protein coding genes,
transposable elements and non-coding genes on the assembled genome.
Information from transcriptome data will help in establishing transcriptional
regulatory networks using softwares to link potential regulators and targets.

Main results from 18 to 42 months
• A preliminary draft assembly of the P. pinaster genome has been produced
• Software has been optimized to annotate the P. pinaster genome and a
genome portal (ORCAE) has been set up to disseminate the genome
annotation result to the ProCoGen community. Other genome analyses are
currently ongoing, the results of which will be released to the community as
quickly as possible.
• An exome capture probe set has been constructed based on the previously
obtained COS markers dataset. This dataset consists of approximately 11’000
probes and is already validated in a pilot study.
• Following the strategy that was designed for P. pinaster, an SNP catalogue
has been compiled for P. sylvestris.
• Comprehensive phylogenomics analyses have been conducted on
transcriptome sets derived from six different conifer species.
• A phylome was constructed using the gene prediction publicly available for
Pinus taeda. Owing to the fact that P. taeda and P. pinaster are closely related,
this phylome would be useful for the correct interpretation of the
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transcriptomic-based gene prediction for P. pinaster. The phylome included
the following proteomes: Pinus taeda as seed, Pinus pinaster, Picea glauca,
Picea abies, Arabidopsis thaliana, Populus trichocarpa, Zea mays, Amborella
trichopoda, Selaginella moellendorfii, Physcomitrella patens and Chlamydomonas
reinhardtii.
• Detailed phylogenetic results and phylome are available on the PhylomeDB
website.
• A conifer oriented comparative genomics platform is also being set up
• Systems biology analysis for investigating conifer traits is ongoing.

Translational Genomics (Work Package 5)
Objectives | To identify and quantify associations between variation at the
genotypic and the phenotypic levels to enable genome assisted breeding and
natural resource management. Thus, translating basic scientific discoveries into
applications would result in a more accurate and efficient breeding.

Main results from 18 to 42 months
• Statistical association between markers and phenotypes and between markers
(LD patterns):
- Isik et al. (2015) performed the first genomic prediction proof-of-concept
study on maritime pine. This study was based on genotyping of two

Breeding simulation models
for strategy optimization

Schematic diagram of tasks within
work package 5

Financial costbenefit analysis
assessment of
genetic diversity
at natural ranges
diversity
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management
and
pre-breeding

breeding

Picea
sitchensis

QTL detection and
prediction for breeding

Pinus sylvestris

Pinus pinaster

management and
pre-breeding tools

fingerprinting
and traceability
of stands
Picea abies
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successive generations of breeding population using 2500 SNP markers.
Linkage disequilibrium between the markers was determined and the
applicability of genomic selection for growth and stem straightness
improvement was explored. Apart from this, three statistical models:
Genomic Best Linear Unbiased Prediction (GBLUP), Bayesian ridge
regression and Bayesian LASSO were compared to determine their
efficiency in genomic predictions (genomic estimated breeding values)
for the two traits under study.
Out of 2500 SNPs, 2184 were mapped on 12 linkage groups of the
maritime pine genetic map. The overall intra-chromosomal linkage
disequilibrium was low r2= 0.01. Linkage disequilibrium corrected for
genomic relationships derived from markers was even smaller (r2V= 0.006).
Low LD proposes that a larger set of markers would be needed to discover
QTLs controlling complex traits which are in LD with the markers for
more effective genomic prediction. The overall predictive ability of markers
for stem sweep and tree height was higher compared to diameter.
The statistical models did not differ evidently for different model evaluation
statistics. The predictive ability of markers for growth and stem sweep
was 0.50 even though low average LD was observed in the population
with one cycle of breeding. The accuracy of GEBV was increased by
sampling the progeny for model validation.
Besides, this predictive mode of analysis, the same dataset was analysed
following a LD mapping approach. As expected only one barely significant
association (q<0.1) was detected for stem straightness. QTLs for these
two mandatory traits of the breeding programme were also detected
using classical linkage analysis using a three-generation outbred and a
three-generation inbred pedigree.
Plomion et al. (2015) report the discovery of SNP markers in maritime
pine, from RNA-seq and amplicon resequencing data. They have developed
a highly-multiplexed single nucleotide polymorphism (SNP) Infinium
genotyping array and have carried out genotyping for maritime pine trees
from i) a three-generation inbred (F2) pedigree, ii) the French breeding
population, and iii) natural populations from Portugal and the French
Atlantic coast. A large proportion of the exploitable SNPs (2,052 / 8,410,
i.e. 24.4%) segregated in the mapping population and could be mapped,
providing the densest ever gene-based linkage map for this species. Based
on 5,016 SNPs, natural and breeding populations from the French gene
pool exhibited similar level of genetic diversity. Population genetics and
structure analyses based on 3,981 SNP markers common to the Portuguese
and French gene pools revealed high levels of differentiation, leading to
the identification of a set of highly differentiated SNPs. A subset of these
enabled the development of a diagnostic kit (Sequenom technology) that
would replace the biochemical assay (based on terpene content analysis)
currently used to determine the putative origin of adult forest stands in
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Aquitaine before the collection of seeds and their distribution for
commercial purposes in France.
This SNP based Infinium genotyping array provides the largest genotyped
platform developed to date in maritime pine, with 7252 workable SNPs.
This array would give a better insight into the molecular basis of polygenic
quantitative traits, through multilocus association models. It also presents
a valuable tool for genomic selection proof-of-concept in maritime pine
population of limited effective size. This tool would be an asset for
population and conservation genetics, and breeding of this species.
• Evaluation of economic efficiency of integration of genomic information into
previously investigated breeding scenarios:
In order to get economical insights to help design new detailed breeding
strategies and methodologies, various scenarios were described by the
breeders of maritime pine breeding cooperative according to breeding per
se as well as the corresponding silvicultural schemes and end products for
Pinus pinaster in the French context. All these scenarios included details of
costs and income at each step and year. During the third year of the project,
a first round of silvicultural simulations and economic computations were
done. After a thorough critical discussion these results and scenarios were
adjusted. These elements are currently being processed for publishing.
• Polymix breeding and paternity analysis:
Polycross mating systems are widely used in forest tree breeding for genetic
testing. Backward selection based on polycross testing assumes equal male
reproductive success and true half-sib progeny. Vidal et al. 2015, carried out
a study to investigate the departure from these assumptions in a maritime
pine polycross trial and secondly, to evaluate the consequences for heritability
and breeding values estimations. A total of 984 offspring from 98 half-sib
families were genotyped with single nucleotide polymorphism markers to
recover the full pedigree for this study. Paternity was assigned successfully
for 90 % of the offspring at a 99% confidence level. Thus, concluding that
there was an 11% pollen contamination rate, assuming contamination when
no genotype from the polymix composition could be identified as a father.
The paternal contribution to the offspring varied amongst the males, but the
departure from half-sib assumption was moderate, since the average genetic
correlation within the family was 0.26. Heritability and breeding values for
girth at breast height and stem sweep were estimated using individual-tree
mixed models with either partial or full pedigree information. The results
highlighted a minor bias in heritability estimation due to unknown paternity,
as well as a high correlation for estimated breeding values between the
partial and full pedigree models, suggesting that the genetic merit of the
parental generation for backward selection was adequately predicted using
the partial pedigree model.

ProCoGen

Integration and Dissemination (Work Package 6)
Objectives | To integrate efforts in this project with similar large-scale initiatives
e.g. in North America and Canada and to ensure efficient transfer of knowledge
and applied outcomes of the project to other research groups as well as to
organisations involved in conifer breeding and management.

Main results from 18 to 42 months

Photo sources page 1 (wiki commons): Bugaboo
forest fire: Mark Wolfe/FEMA; Unter der Rinde:
Smial; Dry earth on Sonora desert: Tomas
Castelazo; Logging in Finnish Lapland: Greenpeace Finland
Photo sources page 2: Picea abies: Leo Michels;
Picea sitchensis: Gerald and Buff Corsi©California Academy of Sciences.
Photo sources page 3: Pinus pinaster-male cones:
Meneerke Bloem; Pinus sylvestris var. hamata
foliage and cones: Bulgaria;
Photo sources page 4 (wiki commons): Pinus
sylvestris: Jonathan Kington; Pinus pinaster:
William Scot;
Photo sources page 6 (wiki commons): Pinus
taeda: US NPS photo; Picea abies: MPF; Picea
sitchensis: Roland Tanglao;
Photo sources page 10: Polytent nursery_pine
breeding: Didier Bert_INRA.tif
Photo sources page 11: Workpackage 5:
Wiki commons: Picea sitchensis cone and
foliage, MPK; Pinus pinaster - male cones,
Meneerke bloem; Pinus sylvestris with light
snow cover, Loch Garten, Nethybridge, Scotland,
57∞14'44"N 3∞42'09"W, 240m altitude, Lee
Carson; Norway spruce, MPF.)
Photo sources page 12: Pinus pinaster plantation,
Didier Bert, INRA, France; Photo source page 13:
Young Picea BFW_Herfried Steiner;
Photo source page 16 Kámoni Arboretum
Szombathely, Hungary BFW_Vedhu Krystufek

• ProCoGen partners have continued working closely with US, Canadian and
other European initiatives, and have established new contacts with Japanese
research teams working on Cryptomeria japonica, Pinus radiata genome study
groups in New Zealand and Australia, and Russian boreal conifer species
genome research group.
• The second dissemination workshop was held in September in Hungary, in
collaboration with the FORGER project to address forest genetic resource
management issues.
• The third training workshop was held in Vienna, Austria.
• The fourth training workshop and two dissemination workshops are being
organised in Dec. 2015 in Orléans, France.
• The ProCoGen blog has over 2,800 viewings from 70 countries till date.
• So far 23 publications in peer reviewed journals and two book chapters have
already been published.
• ProCoGen partners have participated in meeting of other EU projects,
symposia, and other international events like the Conifer Genome Summit in
Québec, Canada and the IUFRO “Genetics and Conservation of White Pine
Species” in the USA.
• ProCoGen along with representatives of different conifer genomics initiatives
organised an open discussion workshop this year at the IUFRO Tree
Biotechnology meet in Florence, Italy on “Advancements in Conifer
Genomics”.
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Events
Training Workshop | The third training workshop
was held in Vienna, Austria from 11th – 12th Mar.
2015. The theme was „Bioinformatic and trees“. Due
to the technological advancements in the field of
sequencing and high throughput genotyping there is a
flood of sequencing data today. To meet this challenge
it is essential to use appropriate tools to interpret and
deal with this voluminous data. Keeping this in mind,
topics related to advancements in bioinformatics, their
applications and shortcomings were addressed in this
workshop. Eight invited speakers from Europe, Canada
and the USA, lectured before an audience of about 32
people at this event. The audience comprised of project
members, local researchers and students.
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Contact
Coordinators:
Prof. Carmen DÍAZ-SALA
University of Alcala, Spain
E-mail:
carmen.diazsala@uah.es
Dr. Maria-Teresa CERVERA
INIA-CIFOR, Spain
E-mail:
cervera@inia.es
Dissemination & Training
Dr. Berthold HEINZE
BFW, Austria
E-mail:
berthold.heinze@bfw.ac.at
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Dissemination Workshop | The second
dissemination workshop on “Genomics and
conservation of genetic resources” was held in Kámoni
Arboretum Szombathely, Hungary from 1st - 3rd Sept.
2014. This workshop was organised by BFW in
cooperation with the FORGER EU FP7 project. It was
an effort to interact with stakeholder from the forest
based industry sector, as well as young researchers and
scientist from EU countries not involved in this project,
with special focus on the Central-Eastern European
region. The workshop was attended by 30 people, out of these 15 were
participants from six different countries and the rest were speakers and organisers.
Apart from lectures, excursions were also organised to the clone collection,
seed orchard sites and Kámoni arboretum.
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