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ABSTRACT: Ochnaceae DC. includes more than 600 species that exhibit potential values for environmental ecology, ornamental, pharmaceuti-
cal, and timber industries. Although studies on phylogeny and phytochemicals have been intensively conducted, chloroplast genome data of
Ochnaceae species have not been fully explored. In this study, the next-generation sequencing method was used to sequence the chloroplast
genomes of Ochna integerrima and Ochna serrulata which were 157329 and 157835bp in length, respectively. These chloroplast genomes
had a quadripartite structure and contained 78 protein-coding genes, 30 tRNAs, and 4 rRNAs. Comparative analysis revealed 8 hypervariable
regions, including trnK_UUU-trnQ_UUG, rpoB-psbM, trnS_GGA-rps4, accD-psal, rpl33-rps18, rpl14-rpl16, ndhF-trnl_UAG, and rps15-ycf1
among 6 Ochnaceae taxa. Additionally, there were shared and unique repeats among 6 examined chloroplast genomes. The notable changes
were the loss of rpl32in Ochna species and the deletion of rps76 exon 2 in O. integerrima compared to other taxa. This study is the first com-
prehensive comparative genomic analysis of complete chloroplast genomes of Ochna species and related taxa in Ochnaceae. Consequently,
the current study provides initial results for further research on genomic evolution, population genetics, and developing molecular markers in

Ochnaceae and related taxa.
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Introduction

Ochnaceae DC. contains 36 genera of 638 species distributed
in the tropical region.! Ochna, the second-largest genus of
Ochnaceae, contains 79 species which are distributed in tropi-
cal regions of Africa and Asia.! New species of Ochnaceae
have been also reported recently.>* Previously, morphologies
were the main topics of study in Ochnaceae that assisted in
classification.””” Moreover, biogeography of Quiinoideae, an
Ochnaceae subfamily, and divergence time for Ochnaceae were
conducted.®? For phylogenetic analysis, different data were
employed, such as nuclear and chloroplast genomes.10-12
Recently, phylogenetic relationships and new infrageneric clas-
sification of Ochnaceae have been proposed based on nuclear
genes and exon data.'3!4 These studies provide the most com-
prehensive classification of Ochnaceae up-to-date.

In addition to phylogenetic studies, the medicinal compo-
nent of Ochnaceae species has also been explored. Different
chemical compositions have been screened in Lophira and
Ochna species.”> 8 These phytochemical analyses revealed
antioxidant, anti-inflammatory, antibacterial, antiviral, and
antiproliferative features. In Ochna taxa, oils and ochnafla-
vone were detected in Ochna afzelii R.Br. ex Oliv., Ochna ser-
rulata (Hochst.) Walp., and Ochna pretoriensis E.Phillips.
These results revealed the potential of Ochnaceae members,
especially Lophira and Ochna, as a new source for medicinal
production.

Chloroplast is vital to most land plants due to its function
for performing photosynthesis.’” Chloroplast contains genetic
materials called chloroplast genomes (cpDNA), which have
genes related to photosynthesis. cpDNA is a circular quadri-
partite molecule composed of a large single copy (LSC), a small
single copy (SSC), and 2 inverted repeat regions (IRs).2
Together with the nuclear and the mitochondrial genomes, the
cpDNAs store the traces of the evolutionary history of land
plants through various genomic events (ie, gene deletion, dupli-
cation, and pseudogenization). For example, deletion of one IR
region in cpDNA was found in gymnosperms and legumes.?1??
Gene deletion or pseudogenization was more common in het-
erotrophic species such as parasite and mycoheterotrophic
plants.?3* Additionally, sequence data of cpDNA were applied
to reconstruct the phylogeny of land plants.?> These studies
revealed the value of cpDNA in elucidating the evolution of
plants. In Ochnaceae, chloroplast genome sequences of ZTestulea
gabonensis Pellegr. (GenBank accession MZ274137), Lophira
lanceolata Tiegh. ex Keay (MZ274136), Lophira alata Banks ex
C.F.Gaertn. (MZ274135), and Sauvagesia rhodoleuca (Diels)
M.C.E.Amaral (MW772237) were reported.??” Although
studies on phylogeny and medicinal features among Ochnaceae
were intensively conducted, only 4 out of 638 species had
records for complete cpDNA, which is insufficient to elucidate
the evolutionary history of Ochnaceae and Malpighiales in
general. Notably, there is no record of complete chloroplast
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Figure 1. Flower of Ochna species: (A) flower of Ochna integerrima and (B) flower of Ochna serrulata.

genome in 2 largest genera including Ouwratea and Ochna of
Ochnaceae that might contain different genomic events (e,
gene deletion, pseudogenization, and duplication) during the
evolutionary history.

Therefore, in this study, the Illumina sequencing was used
to obtain the entire chloroplast genomes of Ochna integerrima
(Lour.) Merr. and Ochna serrulata. The newly sequenced chlo-
roplast genomes together with the 4 previously published ones
of Ochnaceae were used to (1) investigate genomic evolution
regarding gene content and order, (2) locate highly variable
regions among cpDNA of Ochnaceae, and (3) characterize
repeats in 6 available cpDNA of Ochnaceae. This study pro-
vides the first comprehensive comparative genomics analysis of
the complete chloroplast genomes which are essential for fur-
ther studies on evolutionary history, molecular marker develop-
ment, and population genetics in Ochnaceae.

Materials and Methods
Plant materials and DINA extraction

Fresh leaves of Ochna integerrima and Ochna serrulata were col-
lected at Can Tho City, Vietnam (N 9°58'19.423'E105°44'
24.011"; Figure 1). There is no specific permission required for
collecting Ochna species in Vietnam. The leaves were dried in
silica gel until the total genomic DNA extraction step which
was done using DNeasy Plant Mini Kit (Qiagen, Germany).
The quality of extracted DNA was checked using gel electro-
phoresis and the Nanodrop One spectrophotometer
(ThermoFisher, USA). The samples which exhibited clear
bands on agarose gel and showed a concentration of ~100ng/pLL
(with a 260/280 ratio of ~1.8 and 260/230 ratio of 2.0-2.2)
were further processed to the next step.

Genome sequencing and assembly

The high-quality DNA samples of O. integerrima and O. serru-
lata were used to prepare the sequencing library using the Ultra
II DNA Library Prep Kit for Illumina (NEB, UK). The library

preparation was processed in accordance with the protocol of

the manufacturer and sequencing was conducted using the
Illumina NextSeq 1000 system with a 150bp paired-end read-
ing. Raw data of 3.361.080 reads and 3.926.308 reads were gen-
erated for O. integerrima and O. serrulata, respectively. The
obtained raw reads were quantified by FastQC?® and the low-
quality reads (containing N bases and Qscore <20) were fil-
tered using the Trimmomatic tool.?” The filtered reads were
then assembled to obtain chloroplast genome by NOVOPlasty
software (version 4.3.1) with the chloroplast genome of Lophira
alata as the reference.’* The newly completed cpDNA sequences
were annotated using GeSeq.3! The gene contents were manu-
ally checked by Geneious Prime v2022.1 to confirm the start
and stop codons of each gene (https://www.geneious.com).
Additionally, tRNAScan-SE was used to validate the tRNA
sequences.’>33 The complete cpDNA sequences of O. inte-
gerrima and O. serrulata were deposited to GenBank with acces-
sion numbers OQ130028 and OQ130029, respectively. The
maps of cpDNA were illustrated using OGDRAW program.3*

Campamz‘ive genomic analysis

The complete cpDNAs of 4 species in Ochnaceae were
downloaded from NCBI, including Sauvagesia rhodoleuca
(MW?772237), Testulea gabonensis IMZ274137), Lophira lan-
ceolata (MZ274136), and Lophira alata (MZ274135). The total
of 6 cpDNA sequences of Ochnaceae (the above mentioned
species and 2 from this study) were imported to Geneious
Prime to extract the information on length, GC content (%),
junctions among LSC, SSC, and IR regions, and the number of
genes. MAUVE embedded in Geneious Prime was used to
align 6 cpDNAs.3

The aligned sequences were used to calculate nucleotide
diversity (Pi value) with a window length of 2000 sites and
step size of 200 sites using DnaSP 6.3¢ Phobos program in
Geneious Prime was used to identify simple sequence repeats
(SSRs) with categories of mononucleotide (at least 10bp in
length), dinucleotide (at least 12bp in length), trinucleotide
(at least 15bp in length), tetranucleotide (at least 16bp in
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length), pentanucleotide (at least 20bp in length), and hexa-
nucleotide (at least 24bp in length) repeats.” REPuter pro-
gram was used to locate long repeats (at least 20 bp in length)
which include forward, reverse, complement, and palindromic
types.3® All repeats were checked for length and location in
Geneious Prime.

Phylogenetic analysis

The complete chloroplast genomes of Ochnaceae species
and related taxa were downloaded from NCBI (Supplemental
Table S1). The cpDNA genome of Galphinia angustifolia
(Malpighiaceae) was used as an outgroup. A total of 73 pro-
tein-coding regions (except ycfZ, ycf2, rpl23, rpl32, rps16, and
infA because of gene loss and pseudogenization among sur-
veyed chloroplast genomes) were aligned to make a data
matrix using MUSCLE program.3® The jModelTest 2.1.10
program was used to identify the best model for the data
matrix.0 Consequently, GTR+I+G model with Akaike
information criterion was selected for the data matrix to
reconstruct phylogenetic relationships between Ochnaceae
and related taxa using Maximum Likelihood (ML) and
Bayesian Inference (BI) methods. For the ML method, the
IQ-TREE 2 server was employed with 1000 bootstrap repli-
cations.” Meanwhile, MrBayes v3.2.7 program was used for
the Bayesian Inference method with 1,000,000 generations
that resulted in a split frequency of less than 0.01.4> Then, a
total of 25% of the samples were discarded for BI method.
The phylogenetic trees were illustrated and modified using
Figtree v1.4.4 (http://tree.bio.ed.ac.uk/software/figtree/).

Results

Feature of chloroplast genomes in Ochnaceae

In Ochnaceae, the length of available cpDNA ranged from
157300bp to 159925 bp, in which L. alata had the largest size
0f 159925 bp. In our study, the chloroplast genomes of O. inte-
gerrima and O. serrulata were 157329bp and 157835bp in
length, respectively (Figure 2, Table 1). The overall GC con-
tents of Ochna species (36.7%) were slightly higher than other
species including 8. rhodoleuca (36.4%), 1. gabonensis (36.5%),
and L. alata and L. lanceolata (36.4%). The lengths of LSC, IR,
and SSC regions varied among examined species (Table 1).
There were 79 protein-coding genes, 30 tRNAs, and 4 rRNAs
in cpDNA of 8. rhodoleuca, T" gabonensis, L. alata,and L. lanceo-
lata (Tables 1 and 2). Our chloroplast genome annotation
showed that the same numbers of tRNAs and rRNAs were
found in the 2 Ochna cpDNAs; however, they only contain
78 protein-coding genes (Figure 2). The absence of functional
gene resulted from the deletion of 7p/32 gene which located
between ndhF and trnl-UAG in SSC region of Ochna cpD-
NAs. Another remarkable feature was a deletion of the second
exon of #ps16 in O. integerrima, causing the pseudogenization
of the 7ps16.

Ochna integerrima
157,329 bp

Ochna serrulata
157,835 bp

3 coP. maik
mmmmmmmm
0 hypohetica chioroplas reacing frames (yf)

Figure 2. Map of the chloroplast genome of Ochna integerrima and O.
serrulata. Genes positioning outside the circle are transcribed clockwise,
whereas genes found inside the circle are transcribed counterclockwise.
Genes with different functional groups are colored. LSC, large single
copy; SSC, small single copy; IRA-IRB, inverted repeat regions.

Albeit the lengths of cpDNA varied in Ochnaceae, the con-
tents of junctions among LSC, SSC, and IR regions were rela-
tively constant (Figure 3). Specifically, the junction between
SSC and IR regions located in the coding region of ndAF and
yefl in all examined taxa. A part of ycfI (ranging from 872 to
875bp) and ndhF (ranging from 8 to 21bp) were found in IR
regions. Notable, the IR regions in §. rhodoleuca extended to
include #rnH_GUG, resulting in duplication of #rnH_GUG.

We calculated the value of nucleotide variability (Pi) and
revealed that more highly variable regions were found in LSC
and SSC than those in IR (Figure 4). There were 8 variable
regions including trnK_UUU-trnQ_UUG, rpoB-psbM, trnS_
GGA-rps4, accD-psal, rpl33-rps18, rpll4-rpl16, ndhF-trnL_
UAG and 7ps15-ycf1, which had high Pi value (Pi > .04). Two
regions of trnK_UUU-trnQ_UUG and rpl14-rpl16 exhibited
the tops of variability (Pi > .06) in 6 Ochnaceae species.

Composition of repeats in six chloroplast genomes

The simple sequence repeat analysis revealed fewer repeats
present in the cpDNA of O. integerrima (63 repeats) and O.
serrulata (62 repeats) than in other taxa which contained 73 to
98 repeats in their cpDNAs (Figure 5A, Supplemental Table
S2). Among 6 categories of SSRs, there were no records for
penta- and hexanucleotide repeats in cpDNA of all surveyed
species. Two tetranucleotide repeats were present only in §.
rhodoleuca, which were 16bp in length. Trinucleotide repeats
were found in 4 out of 6 examined taxa, of which the longest
length (24bp) was detected in L. alata. The mono- and dinu-
cleotide repeats were found in cpDNAs of all 6 taxa, of which
the longest lengths were 25 and 42 bp, respectively. The largest
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Table 1. Features of chloroplast genomes among surveyed species of Ochnaceae.

SPECIES SAUVAGESIA TESTULEA LOPHIRA LOPHIRA OCHNA OCHNA
RHODOLEUCA GABONENSIS LANCEOLATA ALATA SERULATA INTEGERRIMA

Accession number MW772237 MZ274137 MZ274136 MZ274135 0Q130029 0Q130028

Size (bp) 157300 157502 159869 159925 157835 157329

Overall %GC 36.4 36.5 36.4 36.4 36.7 36.7

LSC length (bp) 86021 85248 88064 88096 88123 87639

% GC in LSC 34 34.4 34.2 34.2 34.4 34.4

IR length (bp) 26571 26567 26446 26456 26074 26074

% GC in LSC 42.5 42.4 42.5 42.5 42.6 427

SSC length (bp) 18137 19120 18913 18917 17564 17542

% GC in LSC 30.2 29.9 30.1 30.1 30.5 30.6

Protein-coding genes 79 79 79 79 78 78

rRNA 30 30 30 30 30 30

tRNA 4 4 4 4 4 4

Table 2. Gene content of chloroplast genomes among Ochnaceae species.

GROUPS OF GENES NAMES OF GENES

Ribosomal RNAs rrn4.5, rrn5, rrn16, rrn23

Transfer RNAs trnA_UGC?, trnC_GCA, trnD_GUC, trnE_UUC, trnF_GAA, trnG_UCC*, trnG_GCC,
trnH_GUGS, trnl_CAU, trnl_GAU*, trnK_UUU?, trnL_UAA*, trnL_UAG, trnL_CAA,
trnfM_CAU, trnM_CAU, trnN_GUU, trnP_UGG, trnQ_UUG, trnR_UCU, trnR_ACG,
trnS_GCU, trnS_UGA, trnS_GGA, trnT_GGU, trnT_UGU, trnV_UAC*, trnV_GAC,
trnW_CCA, trnY_GUA

Photosystem | psaA, psaB, psaC, psal, psaJ

Photosystem |l psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbdJ, psbK, psbL, psbM,
psbN, psbT, psbZ

Cytochrome petA, petB*, petD*, petG, petL, petN

ATP synthases atpA, atpB, atpE, atpF*, atpH, atpl

Large unit of Rubisco rbcL

NADH dehydrogenase ndhA*, ndhB*, ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK

ATP-dependent protease subunit P clpP*

Envelope membrane protein cemA

Large units of ribosome rpl2%, rpl14, rpl16*, rpl20, rpl22, rpl23, rpl32, rpl33, rpl36

Small units of ribosome rps2, rps3, rps4, rps7, rps8, rps1i, rps12*, rpsi4, rpsi15, rps16™Y, rpsis8, rps19

RNA polymerase rpoA, rpoB, rpoC1*rpoC2

Initiation factor infAY

Miscellaneous protein accD, ccsA, matK

Hypothetical proteins and conserved reading frames ycfi, ycf2, ycf3*, ycf4

*, genes with introns; P, pseudogene only in O. integerrima; §, duplication in S. rhodoleuca.
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Figure 3. Junctions comparison among large-single, small-single, and inverted repeat regions in 6 Ochnaceae species. JSA: junction between LSC and
IRA. JSA: junction between SSC and IRA. JSB: junction between LSC and IRB. JSB: junction between SSC and IRB. The numbers outside the boxes
indicate the base pair distance between annotated regions. The distances are not drawn in proportion.

mononucleotide repeat was found in pséE-petL region of T
gabonensis cpDNA, which also contained the largest trinucleo-
tide repeat in ndhF-rpl32 intergenic space (Supplemental Table
S2). Most of SSRs were composed of A and T nucleotides and
located in the non-coding regions.

Similar to SSRs, long repeats in cpDNAs (ranging from 20
to 42bp) were located mainly in non-coding regions (Figure
5B, Supplemental Table S3). Among 4 examined repeat types
including forward, reverse, complement and palindromic types,
only forward and palindromic repeats were found in 6
Ochnaceae taxa. Additionally, forward repeats were more
abundant than the palindromic counterparts. In 6 surveyed

species, 1! gabonensis had the highest number of repeats (30
records) whereas the lowest number of repeats was found in O.
integerrima (13 repeats). Among repeats, there were 22 unique
ones in cpDNA of T gabonensis, followed by S. rhodoleuca
which had 19 unique repeats (Supplemental Table S3). Only 3
unique repeats were found in L. lanceolata and O. integerrima.
In contrast, there were 5 shared repeats among 6 surveyed taxa,
located in #rnS_GCU, trnS_UGA,trnS_GGA, psad, psaB, psbT-
ps6N intergenic space, ndhA intron, and rpsi2-trnV_GAC
intergenic space. In Lophira species, there were 5 shared repeats
whereas only 3 shared repeats were found in Ochna taxa

(Supplemental Table S3).
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Figure 4. Nucleotide diversity of 6 chloroplast genomes in Ochnaceae.
Abbreviations: IR, inverted repeat regions; LSC, large single copy; SSC, small single copy.
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Figure 6. The phylogenetic tree of Ochnaceae and related species inferred from 73 protein-coding sequences in the chloroplast genomes using
Maximum likelihood and Bayesian inference methods. The bold names indicate newly generated chloroplast genome in this study. The numbers indicate
posterior probability (PP) and bootstrap (BS) values. Only values of PP <1 and BS <100 were shown on the phylogenetic tree. The names on the right

side represent family names of the samples.

Phylogenetic relationships between Ochna members
and related taxa

The Maximum Likelihood (ML) and Bayesian Inference (BI)
analyses resulted in the same topology of phylogenetic trees
(Figure 6). The monophyly of Ochnaceae was highly supported
(BS=100 and PP=1). Within the Ochnaceae family, Ochna spe-
cies was close to those of Lophira. Meanwhile, Testulea gabonensis
was sister to all other surveyed Ochnaceae taxa. Furthermore,
highly supported monophyly of Clusiaceae, Calophyllaceae,
Hypericaceae, Podostemaceae, and Rhizophoraceae families were

found (Figure 6).

Discussion

The newly sequenced cpDNAs of Ochna species have a similar
structure to the published relatives in Ochnaceae (Figures 2
and 3, Table 1). However, 8 hypervariable regions were found
in 6 examined species (Figure 4). Previously, hypermutable
areas in cpDNA were identified among land plants that had
specific variable regions.*3* A notable change in cpDNAs of
Ochnaceae was the expansion of IR region that included
trnH_GUG in §. rhodoleuca (Figure 3). Contraction and expan-
sion of IR regions resulted in different sizes and gene contents
of cpDNA.#4 The junctions among LSC, SSC, and IR
regions were previously classified into 5 types based on the
gene content in Liliales.*” However, the genomic data of het-
erotrophic species revealed complex characteristics of LSC/
SSC/IR junctions, and no quadripartite structure was also

recorded.*8-20 Therefore, it is difficult to identify a common
trend of LSC/SSC/IR boundaries among angiosperms. In this
study, although LSC/SSC/IR junctions were relatively stable
in the intergenic space between 7p/22-rps19, the shift of zrnH_
GUG to IR regions of 8. rhodolenca revealed a possibility of
structural changes in cpDNA of Ochnaceae members.
Therefore, more complete cpDNAs of Ochnaceae should be
conducted to understand an overview of the evolution of LSC/
SSC/IR boundaries.

In cpDNA, SSRs and long repeats were valuable tools for
studies on genetic diversity, evolutionary history, hybridiza-
tion, and molecular markers among land plants.”’2 In 6 sur-
veyed Ochnaceae species, SSRs and long repeats were located
across cpDNAs non-coding and coding regions (Supplemental
Tables S2 and S3). Besides shared repeats among Ochnaceae,
there were unique repeats in each of the surveyed taxa. These
unique repeats are helpful information for developing
molecular markers and studying the evolutionary history of
Ochnaceae species.

Gene loss in cpDNA was common in heterotrophic plants
because genes related to photosynthesis are not necessary.”>>*
However, in autotrophic plants, loss of genes seldom occurs.
Previously, deletions of some genes such as 7ps16, infA, rpl32,
and ycf# were identified in various species.**>7 The loss of
genes in cpDNA was replaced by homologs that were trans-
ferred to the nuclear genome.’>58-¢0 The reason for gene loss
could be the presence of hypervariable regions. For example, in
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the cpDNA of Lathyrus odoratus L., yef# was lost, and there was
a region in which the mutation rate was 20 times higher than
related taxa.’! This higher rate could be the possible explana-
tion for the loss of yf# in L. odoratus. In the current study,
results of nucleotide diversity revealed higher Pi values in the
regions containing 7ps16 and rp/32 compared to other areas in
cpDNA of Ochnaceae (Figure 4). Additionally, #72K_UUU —
trnQ_UUG intergenic space had SSRs in examined species
(Supplemental Tables S2 and S3). These features in cpDNA
suggested a high possibility of genomic events regarding gene
content, complete particularly deletion of 7p/32 and partial loss
of rps16 in Ochnaceae. Specifically, 7p/32 was lost in O. inte-
gerrima and O. serrulata whereas exon 2 of 7ps16 was not found
in O. integerrima (Figure 2, Tables 1 and 2). The loss of 7ps16
and 7p/32 were previously reported in Populus and Euphorbia
species.>>¢ Additionally, continuous deletion of 7ps16 regions
was found in cpDNA of Melanthiaceae members.®? In 2
Ochna species, loss of 7ps16 exon 2 was found in O. inte-
gerrima, whereas full rps16 was intact in O. serrulata, suggest-
ing different stages of 7ps16 loss in Ochna as well as related
taxa in Ochnaceae. Previously, a comparative analysis of 18
complete cpDNAs of Passiflora (Passifloraceae, Malpighiales)
revealed the loss and pseudogenization of various genes (ie,
accD, rpl20, rpl22, rps7, rps16, rpod, ycfl, and ycf2) as well as
deletion of one IR region.>

In previous phylogenetic studies, partial chloroplast
genomes and 353 nuclear genes resulted in a highly sup-
ported backbone phylogenetic tree of Ochnaceae including
Medusagynoideae, Quiinoideae, and Ochnoideae sub-
families.®101113 Although the monophyly of most genera of
Ochnaceae has been revealed, polyphyletic status of
Sauvagesia and Campylospermum need further investiga-
tion.!? Additionally, the phylogenetic relationships at the
infrageneric level witnessed low support, suggesting that
more genomic data should be employed for phylogenetic
studies of Ochnaceae.!! In the current study, although the
data of 73 protein-coding regions revealed high support
within Ochnaceae, the low number of samples did not reflect
the overall relationships (Figure 6). In Ochnaceae, there
were only 6 complete cpDNA sequences among 638 species
in this current study. Therefore, more genomic data should be
obtained to explore the overview of evolutionary history,
especially gene loss in cpDNA and infrageneric relationships
in the Ochnaceae family.

Conclusions

This study provided the first comparative genomic result of
complete chloroplast genomes in Ochnaceae that includes
potential taxa with ornamental values, the pharmaceutical and
timber industry, and environmental ecology. The results
revealed a stable trend in the structure of chloroplast genomes
of surveyed Ochnaceae taxa. However, 8 hypervariable regions
were identified among 6 surveyed Ochnaceae species, which
can be applied for reconstructing infrageneric relationships in

Ochnaceae. Additionally, the partial deletion of 7ps76 and
complete loss of 7p/32 in Ochna species suggested various
potential genomic events in Ochnaceae that might correlate
with speciation in Ochnaceae. Therefore, complete chloroplast
genomes will provide essential data for further research on
genomics, evolutionary history, and genetic populations in
Ochnaceae and related taxa.
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