Transcriptome analysis reveals different physiological mechanisms of
drought avoidance between the relict conifers Abies pinsapo Boiss and
Cedrus atlantica
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BACKGROUND
Drought avoidance mechanisms can be genetically correlated with contrasting adaptive capacity in climate change-induced declining tree species. Thus,
characterizing the mechanistic connections between gene expression and the resulting drought resilience (sensu Lloret et al. 2011) may be highly valuable
for the conservation of several endangered drought-sensitive forests. Some relict tree species are particularly vulnerable to the current changing climate, as
they grow near to their tolerance limits. Following recent evidences of climate-induced decline and mortality, we focus on two relict conifers, Abies
pinsapo, a drought-sensitive fir, and Cedrus atlantica, which a priori shows wider drought resilience, as experimental models.
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RNA extraction and de novo transcriptome assembly
Transcriptomes (4 biological replicates per treatment/response) were sequenced by
RNA-sequencing (Illumina HiSeq2500). De novo transcriptome assembly was carried
out in C. atlantica to be used as reference transcriptome (Trinity, Grabherr et al.
2011). It was functionally annotated with BlasttoGO (Conesa et al. 2005). For A.
pinsapo, a previously published reference transcriptome and functional annotation
was used (Perez-González et al. 2018).
Bioinformatic analysis
- Differential expression (DE) analysis using EdgeR package in R (FDR<0.05) (Robinson
et al. 2010) between the following pairs of treatments/responses in both species: I
vs C, E vs I and DR vs NR.
- Weighted co-expression gene analysis using the R package WGCNA (Langfelder and
Horvath 2008, 2012) to obtain modules of co-expressed genes.
- Overlapping analysis between the genes inside the obtained modules and the
pairwise comparisons DE genes to select the most relevant modules (Fisher’s exact
test, P<0.05).
- Molecular interaction network on the selected modules using Cytoscape (Shannon
et al. 2003) to identify highly interconnected genes or “hub genes”.
- GO term enrichment analysis of the selected modules and their hub genes (GOseq,
Young et al. 2010) to identify the most important functions and processes in each
drought stage/response (FDR<0.05).
- SNP calling (freebayes, Garrison and Marth 2012) in DR and NR individuals in A.
pinsapo to obtain single nucleotide polymorphisms (SNPs) between responses.
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CONCLUSIONS
- Statistically significant differences in gene expression among the different
drought treatments (Immediate I and Extended E).
- Contrasting gene expression between responses (drought resilient DR and
non-resilient NR individuals) in both species.
- Obtention of uniquely differentially expressed genes in drought resilient
individuals of A. pinsapo while in drought sensitive individuals in C.
atlantica, showing two different strategies of response to the same abiotic
stress (drought).
- We identified SNPs related to drought resilience in A. pinsapo, suggesting
candidate genes mechanistically involved in its drought adaptive capacity.
- These findings may provide key information regarding conservation
strategies for A. pinsapo, C. atlantica and other threatened conifers under a
climate change scenario
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