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PLASTOME REPORT

The complete plastome sequence of Polylepis rugulosa Bitter 1911 (Rosaceae), 
an endangered tree species native of the Andean cordillera of South America

Roberto Contreras-D�ıaza,b, Julio C�esar Ch�avez-Galarzac and Wilson Huanca-Mamanid,e 
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ABSTRACT 
Polylepis rugulosa Bitter is an endangered species native to the central and northern Andes and is one 
of the woody species that form the highest altitude woodlands in the world. Despite its ecological 
importance, genomic information for P. rugulosa is scarce, which limits our understanding of its evolu
tionary relationships and hinders the development of conservation strategies. In this study, we 
assembled the complete chloroplast genome of P. rugulosa and conducted phylogenetic analyses using 
25 chloroplast genomes. The chloroplast genome is composed of 155,163 bp, with a typical quadripar
tite structure: a large single copy (85,290 bp), a small single copy (18,761 bp), and two inverted repeats 
(26,556 bp each). A total of 129 genes were identified, including 84 protein-coding genes, 37 tRNA 
genes, and 8 rRNA genes. Phylogenetic analysis confirmed the placement of P. rugulosa within the 
Sanguisorbinae clade (Sanguisorbeae tribe). This is the first report of the complete plastome genome 
of a Polylepis species, providing valuable genomic data for conservation strategies and for reconstruct
ing the biogeographical history of the genus Polylepis in South America.
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Introduction

The Rosaceae family comprises about 90 genera containing 
approximately 3000 species (Longhi et al. 2014). In the genus 
Polylepis (Rosaceae), 45 species have been currently recog
nized, grouped in five sections and distributed in the central 
and northern Andes (Espinoza and Kessler 2022). Polylepis 
rugulosa Bitter. is a tree or shrub characteristic of semiarid 
Andean cordillera from south-western Peru and north- 
western Chile and is one of the woody species that grows at 
the highest altitude in the world, between 3400 and 4100 m 
a.s.l. (Schmidt-Lebuhn et al. 2006). Polylepis species provide 
valuable ecological services such as biodiversity conservation, 
soil erosion control, carbon capture, protection of water sour
ces, and as medicinal plant for local communities (Cuyckens 
et al. 2016; Espinoza and Kessler 2022).

In Chile, the conservation status of P. rugulosa is catego
rized as endangered species (MMA 2023). Adaptations such 
as small, thick leaflets with wax layers and sunken stomata, 
the development of protective pigments, and higher effi
ciency in net photosynthetic rate due to the effects of water 
and temperature stress limitations have contributed to a bet
ter ability of the response of Polylepis species to the extreme 
environmental conditions in high Andean regions (Garc�ıa- 

N�u~nez et al. 2004; Gonz�alez et al. 2007; Rodriguez-Caton 
et al. 2021). Unfortunately, the highly complicated taxonomic 
situation within the genus causes difficulties in the species 
classification (Espinoza et al. 2019), making it necessary to 
search for new approaches that support a precise delimita
tion. For example, plastome genomes are highly valuable in 
taxonomy and phylogeny, as they are mainly maternally 
inherited and highly conserved (Ch�avez-Galarza et al. 2021; 
D�ıaz et al. 2022) and offer valuable information regarding 
evolutionary processes and species delimitation (Wang et al. 
2024). For this reason, we used NGS and assembled the com
plete chloroplast genome of P. rugulosa to determine its 
phylogenetic relationship compared to other species of the 
Rosacea family.

Materials and methods

The fresh samples of P. rugulosa were collected near 
Chapiqui~na town of Provincia de Putre in Chile (GPS: 
18�24’29.00’S, 69�30’28.00’W; 3,641 masl) (Figure 1). Moreover, 
the voucher specimens (EIF17383) were deposited in the 
Herbarium EIF of the Facultad de Ciencias Forestales y de la 
Conservaci�on de la Naturaleza (https://sweetgum.nybg.org/ 
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science/ih/herbarium-details/?irn=126262), Universidad de 
Chile (Nicol�as Garc�ıa; ngarcia@uchile.cl).

The total DNA of P. rugulosa was extracted using a modi
fied CTAB method (Contreras-D�ıaz et al. 2022). Genomic 
paired-end sequencing (PE150) was performed on an Illumina 
NovaSeq 6000, generating approximately 24GB clean reads. 
Trim Galore (Krueger 2019) was used to filter low-quality 
reads and sequencing adapters. The paired-end reads were 
qualitatively assessed and assembled using SPAdes software 
3.15.5 (Bankevich et al. 2012). Contigs related to chloroplast 
were mapped to the reference genome of Sanguisorba offici
nalis (NC_044694) (Meng et al. 2018) using Geneious Prime 
2023.2 (https://www.geneious.com/) (Kearse et al. 2012). The 
complete plastome genome was annotated using the online 
tool CPGAVAS2 (Shi et al. 2019) and the circular map of the 
plastome genome was generated using the CPGView pro
gram (Liu et al. 2023). The annotated plastome genome was 
submitted to GenBank with the accession number OQ834952.

Phylogenetic analyses were conducted using complete 
plastome genome sequences of 23 species of the family 
Rosaceae, and two species of the family Rhamnaceae were 
included as outgroups. The complete plastome genome 
sequences with default parameters were aligned using 
MAFFT software (Katoh and Standley 2013). The best-fitting 
nucleotide substitution model of sequence evolution, model 
TVMþG4, was determined using the Corrected Akaike 
Information Criterion (AICc) through Modeltest-NG on XSEDE 
(Darriba et al. 2020). The maximum-likelihood (ML) inference 

was carried out using RAxML-HPC BlackBox v.8.1.12 
(Stamatakis 2014) with 1,000 bootstrap replicates, using the 
CIPRES Science Gateway v3.3 (Miller et al. 2010). Non- 
parametric bootstrap support (BS) values were used to meas
ure the internal nodes of the resulting trees.

Results

We sequenced the plastome genome of P. rugulosa (GenBank 
accession number: OQ834952) using Illumina NovaSeq 6000 
platform with an average coverage of 8117x (Supplemetal 
Figure S1). The plastome genome is composed of four 
regions, with a total length of 155,163 bp (Figure 2). The two 
inverted repeat regions (IRs) contain 26,556 bp and are sepa
rated by a large single copy region (LSC) of 85,290 bp and a 
small single copy region (SSC) of 18,761 bp (Figure 2). The GC 
content in the plastome genome was 37.3%. A total of 129 
genes were predicted, including 84 protein-coding genes 
(PCGs), eight rRNA genes, and 37 tRNA genes. Six unique 
PCGs (rps12, rps7, rpl2, rpl23, ndhB, and ycf2), seven unique 
tRNA genes (trnA-UGC, trnI-GAU, trnL-CAA, trnI-CAU, trnN-GUU, 
trnR-UGC and trnV-GAC) and four unique rRNA genes (rrn16S, 
rrn23S, rrn4.5S, rrn5S) were located at the IR regions. In the 
complete plastome, fourteen genes (rps16, rpoC1, petB, petD, 
rpl16, rpl2, ndhB, ndhA, trnK-UUU, trnG-UCC, trnL-UAA, trnV- 
UAC, trnI-GAU and trnA-UGC) contained one intron each, 
whereas two genes (ycf3 and clpP) contain two introns 

Figure 1. Photographs of Polylepis rugulosa Bitter, taken by Wilson Huanca-Mamani, near Chapiqui~na, Provincia de Putre, Chile (18�24’29.0’’S, 69�30’28.0’’W). (A) 
Flowers and leaves branch, (B and C) field photos of two complete trees. It is a perennial tree, reaching a height of between 3 and 7 meters. It has reddish-brown 
bark that peels off in fragments and a diameter that can reach up to 1 m. Its leaves are pinnately compound, with 1 to 3 leaflets, ranging from oval to circular in 
shape. The upper surface is glossy, while the underside has whitish hairs. The inflorescences, measuring between 4.5 and 10 cm in length, are hanging and consist 
of hermaphroditic, actinomorphic flowers that lack petals.
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(Supplemetal Figure S2). The rps12 gene was a trans-splicing 
gene (Supplemetal Figure S3).

The resulting ML tree revealed two main clades with high 
bootstrap value (BS ¼ 100): one containing the outgroup spe
cies Barchemiella wilsonii and Spyridium villosum (Rhamnaceae), 
and the other containing all 23 Rosaceae species (Figure 3). 
Within the Rosaceae cluster, three subclades were identified: 
the Potentilleae clade consisting of P. lineata, S. adpressa, P. 
mongolica, P. glabra, F. iturupensis, F. viridis, F. nipponica and F. 
pentaphylla (BS ¼ 100); the Colurieae clade including G. japoni
cum, G. aleppicum, C. longifolia, G. macrophyllum, G. rupestre 
and G. urbanum (BS ¼ 100); and the Sanguisorbeae clade, cor
responding of H. abyssinica, A. nipponica, A. pilosa, A. coreana 
(Agrimoniinae), P. rugulosa, S. tenuifolia, S. officinalis, S. stipulata 

and B. extipulata (Sanguisorbinae) (BS ¼ 100). This analysis 
strongly supported P. rugulosa as a sister species of Sangui
sorba species (BS ¼ 100) (Figure 3).

Discussion and conclusion

Genomic research with NGS technology has revolutionized 
the field of genomics, allowing efficient sequencing of com
plete chloroplast genomes (Moore et al. 2006). Here, we suc
cessfully assembled and annotated the chloroplast genome 
sequence of P. rugulosa for the first time. In fact, no complete 
chloroplast genome sequencing data have been publicly 
available in the Polylepis genus.

Figure 2. Schematic map of overall features of the chloroplast genome of Polylepis rugulosa. The map contains six tracks in default. From the center outward, the 
first track represents the forward and reverse repeats indicated by red and green arcs, respectively. The second and third tracks are represented by short bars, indi
cating tandem repeats and microsatellite sequences, respectively. The fourth track shows the plastome structure: large single-copy (LSC) region, small single-copy 
(SSC) region, and inverted repeated regions (IRA, and IRB). The fifth track shows the GC ratio in dark gray. The genes are shown on the sixth track. The optional 
codon usage bias is displayed in the parenthesis after the gene name. Genes are color-coded by their functional classification. The transcription directions of the 
inner and outer genes are clockwise and counterclockwise, respectively. The functional classification of the genes is shown in the bottom left corner.
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Our results showed within the Sanguisorbinae clade that P. 
rugulosa formed a highly supported clade with Sanguisorba 
species (BS ¼ 100). A phylogenetic analysis study of whole 
plastomes showed a like relationship between Polylepis spe
cies and Sanguisorba species, however P. rugulosa was not 
included on this study, and the more than 130 whole plas
tomes of Rosaceae reconstructed not available for analysis 
from GenBank (Zhang et al. 2017). In our study, the ML analy
ses of plastome data strongly supported P. rugulosa and 
Sanguisorba species as monophyletic groups, which were 
placed within the Sanguisorbinae clade (Sanguisorbeae tribe). 
Thus, these molecular results are compatible with previous 
studies of the genus Polylepis and Rosaceae family (Potter 
et al. 2007; Longhi et al. 2014).

With this study about the chloroplast genome of 
P. rugulosa, we improve our understanding of its phyl
ogeny in the hope of aiding the conservation of this valu
able species.
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