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ABSTRACT

ARTICLE HISTORY

The Swiss pine (Pinus cembra) is a montane tree in Central Europe and, therefore, known for its hardiness against severe winter colds. The seeds are harvested and eaten as pine nuts. We assembled and
characterized the complete chloroplast genome of P. cembra to serve as a valuable resource in future
genetic studies. The complete plastome sequence is 116,609 bp in length and contains 113 genes
including 79 protein-coding genes, 30 tRNA genes, and 4 rRNA genes. A phylogenetic analysis of 34
Pinus plastome sequences shows that Pinus sibirica is the nearest relative to P. cembra and that there is
a distinct clustering together with the other members of the section Quinquefoliae.
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Pinus cembra, also known as Swiss pine, is a conifer tree in
the Pinus genus (family Pinaceae) that grows in the Alps and
Carpathian Mountains of central Europe at 1200–2300 m altitude. The slowly growing trees of this species are long-lasting
and can reach an age between 500 and 1000 years. Pinus
cembra is a member of the subgenus Strobus (white pine
group) – one of the two subgenera in the genus. The complete chloroplast genome sequence of Pinus cembra repre-
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sents the first genome sequence resource for this species
and will extend the existing organelle genome resources, currently comprising chloroplast genome sequences of 33 species and the mitochondrial genome sequence of Pinus taeda
(https://www.ncbi.nlm.nih.gov/genome/organelle/).
The reference specimen (PICEM_1_1) was selected for
sequencing from the Arboretum of the Thuenen Institute of
Forest Genetics, Grosshansdorf (Arboretum number 122/CIII).

Figure 1. Phylogenetic tree (maximum likelihood) based on whole-plastome sequences of Pinus species and Larix sibirica (outgroup). Bootstrap values (%) are
shown above branches. The phylogenetic tree was constructed based on a whole-plastome alignment using the ‘Maximum likelihood phylogeny’ tool of CLC-GWB
including bootstrap analysis with 100 replicates (other parameters: construction method for the start tree ¼ UPGMA; nucleotide substitution model ¼ Jukes–Cantor).
The assignment of the Pinus species to the two subgenera Pinus and Strobus and related sections is provided on the right side.
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Needles were sampled and DNA (Voucher specimen: sample
accession PICEM_1_1; stored at the Thuenen Institute of
Forests Genetics) was extracted according to Dumolin et al.
(1995). Standard genomic library preparation and 150 bp
paired-end sequencing were performed using Illumina HiSeq
4000 (Illumina, San Diego, CA, USA) at 1 haploid genome
coverage (GATC Biotech AG, A Eurofins Genomics Company,
Konstanz, Germany). Reads were adaptor-clipped using MIRA
(Chevreux et al. 1999) and assembled using NOVOplasty version 3.6 (Dierckxsens et al. 2017) with the partial P. cembra
rbcL gene as seed (NCBI Genbank acc. DQ353720.1) and the
Pinus sibirica chloroplast genome as reference (NCBI
NC_028552.2). Reads mapping to any of the possible assemblies (bowtie2; Langmead and Salzberg 2012) were reassembled using SPAdes version 3.12 (k ¼ 55,89,127)
(Bankevich et al. 2012). Resulting contigs were ordered and
scaffolded using Mauve version 2.4.0 (Darling et al. 2010) and
the P. sibirica chloroplast genome as reference. Overlapping
contigs were manually joined; remaining gaps were closed
using GapFiller version 1.9 (Boetzer and Pirovano 2012). The
resulting circular sequence was functionally annotated using
the GeSeq server (Tillich et al. 2017). The complete chloroplast genome sequence of P. cembra (Genbank MN536531)
has a total length of 116,609 bp and consists of a large single-copy region (63,891 bp), a small single-copy region
(51,722 bp), and two inverted repeat regions (473 bp, each).
The annotated sequence contains 113 genes including 79
protein-coding genes, 30 tRNA genes, and 4 rRNA genes. The
CG content of the complete sequence averages 38.7%.
A phylogenetic tree (Figure 1) was created based on multiple sequence alignment (CLC-GWB version 12, Qiagen
Aarhus, Denmark) of 34 complete chloroplast DNA sequences
of Pinus species from both subgenera Pinus and Strobus. Larix
sibirica (Pinales, Pinaceae) served as an out-group using artificially rearranged conserved sequence blocks of the chloroplast DNA sequence to match the synteny observed within
the genus Pinus.
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