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Abstract

Rosa praelucens Byhouwer is an endemic “critically endangered”plant in Shangri-
La County, Yunnan Province, a nationally second-class key protected plant, a
renowned alpine ornamental flower, and an important decaploid rose germplasm
resource that exhibits rich phenotypic diversity within the species. To elucidate
the genetic background of intraspecific phenotypic variation in Rosa praelu-
cens, this study employed next-generation sequencing technology to sequence,
assemble, and comparatively analyze the chloroplast genomes of 40 representa-
tive individuals with distinct phenotypes. The results demonstrated that: (1)
The chloroplast genome sequence of Rosa praelucens ranged from 157,173 to
157,261 bp in length, with only an 88-bp difference among individuals, encod-
ing a total of 132 functional genes primarily associated with photosynthesis
and self-replication. All genes were encoded by 27,155 codons, with codons ter-
minating in A and U being relatively prevalent. (2) The chloroplast genome
of Rosa praelucens contained 36 repeat sequences and 73 simple sequence re-
peats (SSRs), the majority of which were mononucleotide SSRs predominantly
located in the intergenic spacers of the Large Single-Copy (LSC) region. (3)
The haplotype diversity of the complete chloroplast genome within Rosa praelu-
cens was 0.928%+$0.027, with a nucleotide polymorphism of 0.00012. Intergenic
spacers such as petN-trnD and psaA-ycf3 in the LSC region, as well as genes
including rpsl6 and ycfl, exhibited relatively high nucleotide polymorphism.
No large-scale fragment or gene inversion/loss was detected in structural com-
parisons among chloroplast genomes of representative individuals with different
phenotypes. These findings indicate that Rosa praelucens is highly conserved
in chloroplast genome size, sequence, and gene structure, and that the rich in-
traspecific phenotypic diversity is not attributable to variation in the chloroplast
genome.
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Abstract

Rosa praelucens Byhouwer is a critically endangered alpine wildflower endemic
to Shangri-La County, Yunnan Province, and represents an important decaploid
rose germplasm resource with rich phenotypic diversity. To clarify the genetic
basis of intraspecific phenotypic variation, we sequenced, assembled, and
compared the chloroplast genomes of 40 representative individuals exhibiting
different phenotypes. The results revealed: (1) Chloroplast genomes of R.
praelucens ranged from 157,173 to 157,261 bp, with only 88 bp variation
among individuals. These genomes encoded 132 functional genes, primarily
related to photosynthesis and self-replication, comprising 27,155 codons
that showed preference for A- or U-ending codons. (2) Thirty-six repeat
sequences and 73 simple sequence repeats (SSRs) were identified, with most
cpSSRs being mononucleotide repeats located in the intergenic regions of
the large single-copy (LSC) region. (3) Intraspecific haplotype diversity (Hd)
was 0.9288+0.027, withnucleotidediversity( $) of 0.00012. Relatively higher
nucleotide polymorphism was detected in the intergenic regions petN-trnD
and psaA-ycf3 in the LSC region, as well as in the rpsi6 and ycfl genes. No
large-scale inversions or gene losses were observed among individuals. These
findings indicate that R. praelucens chloroplast genomes are highly conserved in
size, sequence, and structure, suggesting that the rich intraspecific phenotypic
diversity is not directly caused by chloroplast genome variation.
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Introduction

Chloroplasts play vital roles throughout the plant life cycle (Wicke et al., 2011).
Most vascular plant chloroplast genomes are approximately 150 kb in length and
maintain a conserved quadripartite structure comprising a large single-copy re-
gion (LSC), a small single-copy region (SSC), and two inverted repeat regions
(IRs) (Wicke et al., 2011; Shetty et al., 2016; Zhu et al., 2016). Although
chloroplast genomes of higher plants are generally highly conserved, certain lin-
eages exhibit large-scale inversions (Sun et al., 2017), extensive repeat sequences
(Guisinger et al., 2011), gene loss or pseudogenization (Ye et al., 2018), and IR
region expansion or contraction (Li et al., 2017; Liu et al., 2017). In most an-
giosperms, chloroplast genomes are maternally inherited (Neale & Sederoff, 1989;
Daniell et al., 2016). Compared with nuclear genomes, chloroplast genomes of-
fer advantages including lower molecular weight, simpler structure, and higher
conservation, while containing abundant repeat sequences including simple se-
quence repeats (SSRs) (Cavalier, 2002). Consequently, they are widely applied
in phylogenetic studies, DNA barcoding, genetic engineering, and kinship anal-
ysis (Dong et al., 2018). With the development of next-generation sequencing
(NGS) technology, an increasing number of complete chloroplast genome se-
quences have been reported, with over 8,500 plant chloroplast genomes currently
deposited in the NCBI database.

Rosa praelucens is a critically endangered plant species endemic to Shangri-
La County, Yunnan (Qin et al., 2017; Ku & Robertson, 2003) and is listed as a
National Second-Class Protected Plant. As a renowned alpine ornamental flower
and important rose germplasm resource, it exhibits rich phenotypic diversity (Li
& Zhou, 2005). Since Jian et al. (2010) discovered that it is the only decaploid
wild rose species (2n=10x=70), numerous studies have investigated its habitat
and community characteristics (Guan et al., 2012), breeding system (Wu et al.,
2014), population status (Zhou et al., 2016), phylogenetic position (Wang et
al., 2018), karyotypic features based on fluorescence in situ hybridization (Fang
et al., 2020), and genetic diversity and structure (Jian et al., 2018a). These
studies have revealed substantial intraspecific phenotypic diversity, particularly
in flower color and form (Li et al., 2013; Jian et al., 2018a).

Understanding how polyploidy modifies phenotypic traits represents a major fo-
cus of evolutionary biology (Balao et al., 2011). Numerous studies have demon-
strated that naturally occurring or artificially induced polyploid plants undergo
genetic and epigenetic changes that alter gene expression, leading to differen-
tiation in genetics, physiology, and morphology, ultimately generating novel
phenotypes (Ramsey & Schemske, 2002). However, the mechanisms underlying
the rich phenotypic variation in decaploid R. praelucens remain unclear. The
high ploidy level has limited the application of many molecular techniques for
studying its genetic background. Jian et al. (2017) reported basic information on
the R. praelucens chloroplast genome, including its size, partition lengths, GC
content, and gene number, revealing a genome length of 157,186 bp—larger than
related species such as Rosa chinensis var. spontanea—with a 505 bp insertion

chinarxiv.org/items/chinaxiv-202403.00309 Machine Translation


https://chinarxiv.org/items/chinaxiv-202403.00309

ChinaRxiv [$X]

between psbM and trnD in the LSC region. Building upon this foundation, the
present study sequenced, assembled, and compared chloroplast genomes from
40 representative individuals with different phenotypes to address two key ques-
tions: (1) What are the sequence characteristics and codon usage preferences
of the R. praelucens chloroplast genome? (2) Do individuals with different
phenotypes exhibit substantial chloroplast genome variation? These findings
will provide essential genetic information for understanding speciation and con-
servation in R. praelucens and establish a chloroplast genomic foundation for
investigating the molecular mechanisms of intraspecific phenotypic variation.

Materials and Methods
Plant Materials

The R. praelucens individual used for chloroplast genome characterization
was collected from Tang’ anpei, Xiaozhongdian Town, Shangri-La County
(99°49 38.1 E, 27°32 16.68 N, 3,248 m). Its sequence has been deposited in
NCBI under accession number MG450565.1. Information for the remaining 40
representative individuals with different phenotypes is provided in Table 1 .
Fresh, healthy leaves were collected in late June 2021, immediately dried with
silica gel, and stored at -4°C for subsequent experiments.

DNA Extraction, Sequencing, Assembly, and Annotation

Total DNA was extracted from leaf tissue using a modified CTAB method.
DNA meeting library construction requirements was sent to Beijing Novogene
Bioinformatics Technology Co., Ltd. for Illumina HiSeq 2000 sequencing.
Approximately 3.5 Gb of 150 bp paired-end raw reads were generated
per sample. Raw data were filtered using NGS QC Toolkit v2.3.3 (Pa-
tel & Jain, 2012) with default parameters to obtain high-quality clean
reads. Chloroplast genomes were de novo assembled using GetOrganelle
(https://github.com/Kinggerm/GetOrganelle). Assembled genomes were
automatically annotated with CpGAVAS (Liu et al., 2012), followed by manual
correction of gene boundaries using Geneious 9.1 (Kearse et al., 2012). Physical
maps were generated using OGDRAW (Lohse et al., 2013).

Chloroplast Genome Structure Analysis

Gene composition was analyzed for the R. praelucens chloroplast genome
(NCBI accession MG450565.1) using Geneious software. Codon usage bias
was analyzed using MEGA 6.06 (Tamura et al., 2013) to calculate relative
synonymous codon usage (RSCU) values and AT content. REPuter software
(https:/ /bibiserv.cebitec.uni-bielefeld.de/reputer) (Kurtz et al., 2001) was used
to identify forward and reverse repeats with parameters set to minimum length
$ $20 bp and sequence identity >85%. Simple sequence repeats were identified
using MISA (Beier et al., 2017) with search thresholds of $ $10, $ $5, $ $4, $ $3,
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$ $3, and $ $3 repeats for mono-, di-, tri-, tetra-, penta-, and hexa-nucleotide
motifs, respectively.

Comparative Analysis of Intraspecific Chloroplast Genomes

Mauve (Darling et al., 2004) was implemented in Geneious to align chloroplast
genomes from 40 representative individuals and detect large-scale inversions or
losses. DnaSP v5.10 (Librado et al., 2009) was used to calculate haplotype
diversity (Hd) and nucleotide polymorphism (7) across intraspecific chloroplast
genomes and to identify highly variable regions.

Results
Chloroplast Genome Structure of Rosa praelucens

Basic characteristics of chloroplast genomes from 40 representative individuals
are summarized in Figure 1 [Figure 1: see original paper| and Table 2 . Genome
length ranged from 157,173 to 157,261 bp, with only 88 bp variation among
individuals. The largest genome (157,261 bp) belonged to individual 7-1, while
the smallest (157,173 bp) was from individual 2-5. The LSC region varied from
86,300 to 86,353 bp (53 bp difference), with individual 7-1 having the longest
and 2-5 the shortest. The SSC region ranged from 18,765 to 18,803 bp (38 bp
difference). IR region length was consistently 26,054 bp across all individuals,
indicating that genome size variation primarily originated from the LSC and
SSC regions. GC content showed no significant differences among individuals,
with whole-genome GC content at 37.2%, IR regions at 42.7%, LSC regions at
35.2%, and SSC regions at 31.2%.

Gene Composition of the Rosa praelucens Chloroplast Genome

The chloroplast genome encoded 132 functional genes, including 87 protein-
coding genes, 37 tRNA genes, and 8 TRNA genes (Table 3 ). Among these, 45
genes were associated with photosynthesis, 76 with self-replication, and 11 had
unknown functions. Six protein-coding genes (ndhB, rpl2, rpl23, rps7, rpsi2,
ycf2), seven tRNAs (trnA-UGC, trnl-CAU, trnl-GAU, trnL-CAA, tranN-GUU,
trnR-ACG, trnV-GAC), and four rRNAs (rrn16, rrn28, rrn4.5, rrnd) were com-
pletely duplicated in the IR regions. Thirteen genes contained one intron (petB,
petD, ndhA, ndhB, rps16, rpl2, rpl16, rpoCl, trnA-UGC, trnl-GAU, trnK-UUU,
trnL-UAA, trnV-UAC), while ycf3 and clpP each contained two introns. The
rps12 gene was trans-spliced, with its 5 end in the LSC region and 3 end
duplicated in the IR regions.

Codon Usage Bias in the Rosa praelucens Chloroplast Genome

Codon usage analysis revealed 27,155 codons encoding all genes, with leucine
being the most frequent amino acid (2,765 codons, 10.85%) and histidine the
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least frequent (530 codons, 1.95%). A- and U-ending codons were predomi-
nant. Except for trnL-CAA, trnS-GGA, Arg-AGG, and Gly-GGG, all preferred
synonymous codons (RSCU > 1) ended with A or U (Table 4 ).

Repeat Sequences in the Rosa praelucens Chloroplast Genome

Thirty-three forward repeats and three reverse repeats were identified, mostly
20-30 bp in length (Table 5 ). The longest repeats were located in the rps12-
trnV(GAC) intergenic region and the ndhA intron. Most repeats were dis-
tributed in the LSC and IR regions, with nine spanning different regions (e.g.,
repeat 1 started in both the IRB and SSC regions).

Simple Sequence Repeats in the Rosa praelucens Chloroplast Genome

MISA analysis identified 73 SSRs, including 50 mononucleotide repeats, 13 din-
ucleotide (AG/AT/TA/TC), 5 trinucleotide, 11 tetranucleotide, and 2 hexanu-
cleotide repeats; no pentanucleotide SSRs were found. Most SSRs (65) were
simple types, with only eight compound types and no interrupted types (Ta-
ble 6 ). Fifty-eight SSRs (79.5%) were located in the LSC region, five in the
SSC region, and five each in the IRA and IRB regions. Only 23 SSRs resided
within genes, with the remainder in intergenic regions. Seventy-four percent of
mononucleotide SSRs consisted of A /T repeats, consistent with the hypothesis
that ¢cpSSRs primarily comprise short adenine or thymine repeats rather than
guanine or cytosine repeats.

Intraspecific Chloroplast Genome Sequence Variation

Intraspecific chloroplast genome variation was minimal across the 40 individu-
als. Whole-genome alignment detected 58 variable sites defining 22 haplotypes,
with haplotype diversity of 0.928%+%$0.027 and nucleotide diversity of 0.00012.
Both genic and intergenic regions showed low polymorphism, with relatively
higher diversity in the LSC intergenic regions psbl-trnS(GCU), trnS(GCU)-
trnG(UCC), trnG(UCC)-trnfM (CAU), petN-trnD(GUC), petA-psbJ, and psaA-
ycf3, as well as in the rps16 and ycf! genes (Figure 2 [Figure 2: see original
paper]). Mauve alignment revealed no large-scale rearrangements, inversions,
or gene losses among individuals (Figure 3 [Figure 3: see original paper]).

Discussion and Conclusion

Although chloroplast genomes are generally conserved in gene content and or-
der, long-term adaptation to different environments can cause size variation,
structural rearrangements, and IR region expansion or contraction among con-
generic species (Daniell et al., 2016). The 40 representative individuals of R.
praelucens exhibited chloroplast genome sizes of 157,173-157,261 bp encoding
132 genes primarily involved in photosynthesis and self-replication. Compared
with related species such as Rosa chinensis var. spontanea (Jian et al., 2018b),
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R. lucidissima (Zhao et al., 2019), R. banksiae (Yang, 2019), R. odorata var. gi-
gantea (Yang et al., 2014), R. laevigata (Yin et al., 2020), and other Rosa species
(Chen et al., 2019; Cui et al., 2022), the R. praelucens chloroplast genome is
approximately 500 bp larger but similar in GC content, gene composition, and
arrangement, indicating that Rosa chloroplast genomes are relatively conserved
with minor interspecific differences primarily in non-coding region length.

Codons serve as the link between nucleic acids and proteins. Analyzing codon
usage bias and identifying optimal codons can inform the design of expression
vectors to improve target gene expression, with important applications in crop
breeding and improvement (Qi et al., 2015). The R. praelucens chloroplast
genome showed preference for A- and U-ending codons (RSCU > 1), with leucine
as the most frequently used amino acid and histidine the least. This pattern
is consistent with codon usage in Rosa chinensis var. spontanea (Jian et al.,
2018b), providing a foundation for studying molecular evolution and heterolo-
gous expression of relevant genes.

Chloroplast SSRs (cp-SSRs) are uniparentally inherited and exhibit high in-
traspecific polymorphism, serving as important genetic markers for evolutionary
and population genetic studies (Cavalier, 2002; Provan, 2000; Flannery et al.,
2006) and for constructing genetic maps in crops (Powell et al., 1995; Xue et al.,
2012). Poly-A and poly-T repeats likely possess greater structural stability than
poly-C and poly-G repeats (Gragg et al., 2002), which explains why most plant
chloroplast SSRs consist of adenine or thymine repeats. The 73 cpSSRs iden-
tified in R. praelucens were predominantly mononucleotide repeats composed
of short A/T repeats located mainly in LSC intergenic regions, consistent with
patterns in Rosa chinensis var. spontanea (Jian et al., 2018b) and other plants
such as Camellia (Ding et al., 2022; Deng et al., 2024) and Seriphidium (Jin et
al., 2023).

Previous studies have identified highly variable regions among Rosa species pri-
marily in LSC intergenic regions (trnK-rps16, ps16-trn@Q, trnS-trnG, atpF-atpH,
rps2-rpoC2), coding regions of rps19 and ycf1, and intron regions of rpl2, rps16,
and ndhA (Jian et al., 2018b). In contrast, intraspecific nucleotide polymor-
phism in R. praelucens was low, with relatively higher diversity limited to a
few LSC intergenic regions (petN-trnD(GUC), petA-psbJ, psaA-ycf3) and genes
(rps16, yefl). Combined with Mauve alignment results, these findings demon-
strate that R. praelucens chloroplast genomes are highly conserved in sequence
and structure, with no large-scale inversions or gene losses, indicating that in-
traspecific phenotypic variation is not attributable to chloroplast genome varia-
tion.

In summary, this study provides a detailed analysis of R. praelucens chloroplast
genome characteristics, including gene composition, codon usage, and SSR fea-
tures, along with comparative genomic analysis of individuals with different
phenotypes. The results demonstrate high conservation of chloroplast genome
size, sequence, and structure within the species, with no evidence of large-scale
rearrangements or gene losses. These findings provide fundamental chloroplast
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genomic data for the conservation and utilization of R. praelucens and indi-
cate that the rich intraspecific phenotypic variation is not caused by chloroplast
genome variation. Given the decaploid nature of R. praelucens, further sys-
tematic investigation should focus on chromosome number and structure, gene
expression, and epigenetic modifications.
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