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ABSTRACT

The chloroplast genome (cpDNA) plays an important role in the evolutionary
history of various plant species. However, most records of cpDNA focused
on a representative of a plant taxon. How are interspecies and intraspecies
cpDNA evolutionary patterns? To provide hints for this question, we conducted
comparative genomic analyses of genome size, structure, gene content, and
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. . sequence variations among examined Calophyllaceae interspecific and
comparatlve genomics, 0 S o 0 o
interspecies intraspecific cpDNAs. The results indicated a conservation of genome structure
intraspecies, and gene content in both interspecies and intraspecies groups. Within the

intraspecies group, Calophyllum inophyllum had a stable genome size and high
pairwise identity (99.998%) compared to a variable genome size (from 161,444
bp to 161,473 bp) and pairwise identity (from 99.7% to 99.98%) of Mesua ferrea.
Consequently, M. ferrea cpDNA has higher single-nucleotide polymorphism
sites and indels compared to C. inophyllum. Otherwise, interspecies cpDNAs
exhibited a diversity of genome size and different sequence variation rates
between Calophyllum and Kielmeyera species. Comparative genomic analyses
revealed conserved and diverse patterns during the evolutionary history of
interspecies and intraspecies Calophyllaceae cpDNAs.

plastome evolution

Copyright (c) 2026 @author(s).

1. Introduction (Do et al. 2013; Henriquez et al. 2014; Downie and

Jansen 2015; Givnish et al. 2016). Therefore, most

The chloroplast genome is an essential part of
angiosperms, which contains genes responsible for
performing photosynthesis (Daniell et al. 2016;
Dobrogojski et al. 2020). Additionally, chloroplast
genomes are useful genomic resources to trace
evolutionary history, to explore population genetics,
and to develop molecular markers (Song et al. 2023;
Yue et al. 2023). Previously, studies of the chloroplast
genome focused on one individual, which was treated
as a representative species in the family and orders
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of the previous chloroplast genome studies provided
information about the interspecies evolution, which
revealed a high conservation of chloroplast genomes
regarding quadripartite structure (including a large
single copy (LSC), a small single copy (SSC), and
two inverted repeat (IR) regions) and gene content
(including 79 protein-coding genes, 30 tRNA genes,
and four rRNA genes). However, some exceptions
were observed in the chloroplast genome, such as the
lack of one inverted repeat region in Fabaceae (Qin et
al. 2025) and the absence of the SSC region in Asarum
species (Lim et al. 2018; Wang et al. 2021; Choi et al.
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2024). Additionally, gene loss and duplication events
were reported in different plant families (Do et al.
2014; Yao et al. 2015; Xu et al. 2015). These results
indicated specific changes in the chloroplast genomes
across land plants.

Recently, the advancement of sequencing
technology triggered the rise of pan-chloroplast
genomes of plants (Magdy et al. 2019; Go et al.
2024; Wang et al. 2024). Specifically, 321 complete
chloroplast genomes of five species and two varieties
of pepper were compared to identify variable sites,
which were successfully used to develop molecular
markers (Magdy et al. 2019). Another pan-chloroplast
genome study of 95 Hibiscus syriacus revealed the
conservation of genome structure and gene content
and proposed the #rnS-psbZ region as a potential
sequence for distinguishing H. syriacus cultivars
(Go et al. 2024). A comparative genomic study of
the 322 Prunus mume chloroplast genomes located in
China and Japan demonstrated a classification of six
lineages, which are useful for further genomic studies
of P. mume (Wang et al. 2024). The increasing number
of pan-chloroplast genome studies will provide new
insights into the evolution of plants.

Most recent pan-chloroplast genome studies
focused on ornamental, industrial, and agricultural
plants. The results indicated a diversity pattern of
chloroplast genome sequences, although gene content
and genome structure were conserved. Therefore, a
question remained for wild plants: whether interspecies
and intraspecies chloroplast genomes had a diversity
or conservation pattern? We hypothesize that the
chloroplast genomes of interspecies and intraspecies
Calophyllaceae exhibit both conserved and diverse
patterns during evolutionary history. To deal with this
issue, we employed ten complete chloroplast genomes
of seven species of Calophyllaceae, representing
both interspecies and intraspecies groups, to conduct
comparative analysis regarding genome size, genome
structure, gene content, and sequence variation. The
number of samples in the current study is small;
however, the outcomes of this study provide initial
information about evolutionary patterns of interspecies
and intraspecies chloroplast genomes, which are
essential for further studies examining population
genetics and molecular marker development.

2. Materials and Methods

2.1. Data Acquisition

Previously, chloroplast genomes of Calophyllaceae
were reported, of which the chloroplast genome of
Calophyllum brasiliense (MW853786) was a partial
sequence, so it was not used in the current study (Trad
et al. 2021). Additionally, in the current study, we
focused on interspecies and intraspecies comparisons
within the genera of Callophyllaceae. However, only the
complete chloroplast genomes of Caraipa heterocarpa
(MW853787) and Mahurea exstipulata (MW853790)
were available in the Caraipa and Mahurea genera,
respectively, and thus were not employed for comparative
analyses. In a previous study, we reported the complete
chloroplast genome of Calophyllum inophyllum but not
an in-depth comparative analysis (Huynh et al. 2024).
Therefore, in the current study, we used our reported
chloroplast genome and an available sequence of C.
inophyllum (OL679531) for further analyses. After
screening the complete chloroplast genomes that
are suitable for interspecies and intraspecies within
genera, ten complete chloroplast genomes of seven
Calophyllaceae species were downloaded from the
NCBI database (https://www.ncbi.nlm.nih.gov/nuccore)
under GenBank format (Table 1). The dataset includes
three records of Mesua ferrea, two chloroplast genomes
of C. inophyllum, four species of the Calophyllum genus,
and two members of the Kie/meyera genus (Table 1).

2.2. Genome Feature Characterization,
Comparative Genomic Analysis, and Variant
Discovery

Geneious Prime is a bioinformatics software that
integrates various tools for sequence analysis (https://
www.geneious.com/). Therefore, in the current study,
we employed various functions related to genome size,
genome structure, gene content, and sequence variation
for analyzing the data. Specifically, for characterizing
the basic features, ten chloroplast genome sequences
were imported to Geneious Prime v2024.1 to extract
the information of genome size, genome structure
(including four regions of large single copy -LSC, small
single copy-SSC, and two inverted repeats-IRs), gene
content, and GC (Guanine and Cytosine) content. For
comparative genomic analysis, the complete chloroplast
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Table 1. List of examined Calophyllaceae species and their chloroplast genomes features

Unique protein-

Species Accession Total length LSC length IR length SSC length coding genes/
number (bp) / %GC (bp) / %GC (bp) / %GC (bp)/ %GC (RNAS/IRNAS
Mesua ferrea MK995181 161,473 /364 88,763 /34  27,614/42.1 17,482/30.6 79/30/04
MNO052680 161,470/36.4  88,760/34  27,614/42.1 17,482/30.6 79/30/04
MT621164 161,444 /364  88,747/34  27,614/42.1 17,470/30.6 79/30/04
Calophyllum membranaceum MW801233  160,820/36.4  88,913/34  27,165/423 17,577/30.6 79/30/04
Calophyllum polyanthum ON881640 160,750 /36.5  88,971/34  27,195/42.3 17,389/30.6 79/30/04
Calophyllum soulattri OP573228 160,381 /364  88,680/34  27,624/42.0 17,453/30.6 79/30/04
Calophyllum inophyllum OL679531 161,169 /36.4 89,049/339 27,345/422 17,430/30.6 79/30/04
Calophyllum inophyllum PP808711 161,169/36.4 89,049/339 27,345/422 17,430/30.6 79/30/04
Kielmeyera coriacea MW853789  159,470/36.6 88,263/343  26,490/42.7 18,219/30.6 79/30/04
Kielmeyera appariciana MW853788  158,986/36.6 87,648/342 26,519/42.7 18,300/30.5 79/30/04

genomes were aligned using MAUVE embedded in
Geneious Prime v2024.1 with default settings (Darling et
al.2004). The aligned sequences were used to calculate
the pairwise identity among surveyed intraspecies and
interspecies members of Calophyllaceae using Geneious
Prime v2024.1. To locate the sites of single-nucleotide
polymorphism (SNP) and insertion and deletion
(indels) among the examined Calophyllaceae taxa, the
function of “Find Variants/SNPS” of Geneious Prime
v2024.1 was used with the options of “1” for Minimum
Coverage, “0.25” for Minimum Variant Frequency, and
other default settings.

3. Results

3.1. Intraspecies and Interspecies Chloroplast
Genome Features

Among surveyed intraspecies and interspecies
chloroplast genomes of Calophylaceae, genome size varied
from 161,444 bp to 161,473 bp in M. ferrea individuals,
from 160,381 bp to 161,169 bp in Calophyllum species,
and from 158,986 bp to 159,470 bp in Kielmeyera
species (Table 1). Consequently, the lengths of LSC,
SSC, and IR regions also fluctuated among the examined
Calophyllaceae. In contrast to genome size variation, the
total GC content of chloroplast genomes was quite stable,
except for Calophyllum polyanthum, of which the GC
content was 0.1 % higher than that of other Calophyllum
species. Similarly, the GC content of LSC, SSC, and IR
regions remained unchanged in the intraspecies chloroplast
genome, whereas a slight variation was found in the
interspecies chloroplast genome. For example, there was
a 0.1 % difference in the GC content of LSC and SSC

regions of the Kielmeyera species. Among Calophyllum
species, the GC content of the IR region varied from
42% to 42.3%, while that of the LSC region altered by
0.1% (Table 1).

In contrast to the variation of genome size and
GC content, the genome structure of interspecies and
intraspecies chloroplast genomes of Calophyllaceae was
stable, which had a quadripartite structure including a
large single copy, a small single copy, and two inverted
repeat regions. Consequently, the number of core genes
was the same among examined species, including 79
protein-coding genes, 30 tRNA genes, and four rRNA
genes (Table 1). However, there were minor changes at the
junctions between LSC, SSC, and IR regions (Figure 1).
For example, the LSC/SSC/IR junctions were the same in
C. inophyllum. A similar trend was observed in M. ferrea,
except for one record with a longer length (86 bp) from
the junction site to the end of the ndhF gene. Among
Calophyllum and Kielmeyera species, there was a shift
of LSC/IRB junctions from the intergenic spacer between
rps19and rpl2 in C. polyanthum to the coding region of
rps19 in two Kielmeyera species, C. inophyllum, and C.
membranaceum, and to the intergenic spacer between
rps19 and rpl22 in C. soulattri. The SSC/IR junctions
are located stably in the ycfl coding region. Still, the
length from junction site to the start codon of ycf7 varies
among surveyed species (i.e., 1117 bp in Kielmeyera
species, from 1736 bp to 1909 bp in Calophyllum taxa,
and 1908 bp in Mesua ferrea). Another difference in the
SSC/IR boundary is the space from the junction site to
the end of the ndhF gene, which was adjacent to ycf]
and ndhF in K. appariciana and a space from 3 bp to 86
bp in other examined species. A similar pattern was also
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Figure 1. Comparison of junctions between LSC, SSC, and IR regions of Calophyllaceae chloroplast genomes. JLB: junction between
LSC and IRB regions. JSB: junction between SSC and IRB regions. JSA: junction between SSC and IRA regions. JLA: junction
between LSC and IRA regions. The vertical dashed line indicated the junction sites. The lines represent the sequences and regions
and do not show the exact lengths of the chloroplast genomes

found in the LSC/IRA junction, of which the length from
the junction site to #rnH-GUG ranged from 2 bp to 137
bp among surveyed Calophyllaceae species (Figure 1).

3.2. Variations Among Examined Chloroplast
Genomes of Calophyllaceae

The similarity of chloroplast genomes among
intraspecific Calophyllaceae varied from 99.7% to
99.998% (Table 2). Within C. inophyllum, the pairwise
identity is 99.998 %. The pairwise identity of interspecies

chloroplast genomes was also high but lower than 99.7 %
as observed in the intraspecies group (Table 3). Notably,
the similarity of Kielmeyera and Calophyllum species
was lower than 99%, which was 98.499% between K.
appariciana and K. coriacea, 98.988% between C.
soulattri and C. membranaceum, and 98.916% between
C. soulattri and C. inophyllum.

Further analysis of SNPs and indels revealed differences
between intraspecific and interspecific chloroplast
genomes (Table 4). Specifically, the number of SNPs
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in intraspecies chloroplast genomes (i.e., 81 sites in M.
ferrea and 3 sites in C. inophyllum) was significantly
lower than that of interspecies chloroplast genomes of
Callophyllum (611 sites) and Kielmeyera species (287
sites). A higher number of indels was also observed in
Calophyllum (213 sites) and Kielmeyera interspecies
group (158 sites) compared to 63 indels in M. ferrea
(Table 4, Table A.1, Appendix). Another remarkable
difference was the length of indels among surveyed
Calophyllaceae species. In particular, the intraspecies
chloroplast genomes had 1-20 bp indels, whereas the
lengths of indels in interspecies chloroplast genomes
ranged from 1 bp to 457 bp. Within the intraspecies
group, C. inophyllum had fewer SNPs and no indels
in comparison to 81 SNPs and 63 indels in M. ferrea.
Among the interspecies group, two Kielmeyera species

had fewer SNPs and indels but longer lengths of indels
in comparison to Calophyllum species (Table 4, Table
A.1, Appendix).

4. Discussion

“Whether interspecies and intraspecies chloroplast
genomes of plants had a diversity or conservation
pattern?” is not a difficult question because the answer
is predictable. Specifically, some plants will exhibit
a conservation trend or a diversity pattern, whereas
others might have both patterns of chloroplast genomes.
However, which family or which genus possessed these
patterns in their chloroplast genomes? The answer to
this question remains unknown, and the diversity or
conservation pattern might affect further applied research

Table 2. Pairwise identity of intraspecific chloroplast genomes of Calophyllaceae

Calophyllum

Species inophyllum Mesua ferra Mesua ferra Mesua ferra Mesua ferra
(PPS0ST11) (%) (MK995181) (%) (MNO052680) (%)  (MT621164) (%)  (NC_049111) (%)

Calophyllum inophyllum 99.998 N/A N/A N/A N/A
(OL679531)

Mesua ferra (MK995181) N/A 100 99.704 99.952 99.972

Mesua ferra (MN052680) N/A 99.704 100 99.700 99.720

Mesua ferra (MT621164) N/A 99.952 99.700 100 99.980

Mesua ferra (NC_049111) N/A 99.972 99.720 99.980 100

Table 3. Pairwise identity of interspecific chloroplast genomes of Calophyllaceae

Kielmyera Kielmyera Calophyllum Calophyllum Calophyllum Calophyllum
Species appariciana coriaceae membranaceum inophyllum polyanthum soulattri
(MW853788) (MW853789) (MW801233) (OL679531) (ON881640) (OP573228)
(%) (%) (%) (%) (%) (%)

Kielmyera appariciana 100 98.499 N/A N/A N/A N/A
(MW853788)

Kielmyera coriaceae 98.499 100 N/A N/A N/A N/A
(MW853789)

Calophyllum membranaceum N/A N/A 100 99.117 99.591 98.988
(MW801233)

Calophyllum inophyllum N/A N/A 99.117 100 99.215 98.916
(OL679531)

Calophyllum polyanthum N/A N/A 99.591 99.125 100 99.058
(ON881640)

Calophyllum soulattri N/A N/A 98.988 98.916 99.058 100
(OP573228)

Table 4. Summary of SNP and Indels quantities and size of indels in the chloroplast genomes of the examined Calophyllaceae species

Group Number of SNPs Number of indels Length of indels (bp)
Mesua intraspecies 81 63 1-20
Calophyllum intraspecies 3 0 0
Calophyllum interspecies 611 213 1-151
Kielmeyera interspecies 287 158 1-457
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based on chloroplast genomes. Therefore, the question
seems simple, but the answer plays an important role in
further applied genomic studies of plants.

In the current study, we found a conservation of
typical quadripartite structure among interspecies and
intraspecies Calophyllaceae chloroplast genomes. As a
result, the gene content of chloroplast genomes is quite
stable, which contains 79 protein-coding genes, 30 tRNA
genes, and four rRNA genes. Previous studies revealed
a stable structure of the chloroplast genome with a large
single copy, a small single copy, and two inverted repeat
regions (Xu et al. 2015; Smith 2017; Dobrogojski et al.
2020). However, the tripartite structure was also found in
Fabaceae and Aristolochiaceae, caused by the lack of IR
and SSC regions, respectively (Lim ez al. 2018; Wang et
al.2021; Choi et al. 2024; Qin et al. 2025). Additionally,
there were reports about gene loss (i.e., loss of inf4 and
rps16 across angiosperms) and gene duplication (such as
triplication of #7nl-CAU in Melanthiaceae and duplication
of trnfM-CAU in Actinidiaceae) in chloroplast genomes
(Millen et al. 2001; Do et al. 2014; Yao et al. 2015;
Schwarz et al. 2015; Mohanta et al. 2020; Algahtani and
Jansen 2021). Another remarkable event regarding gene
content was the pseudogenization and deletion of ndh
genes in Orchidaceae resulting from the transition from
photosynthetic to non-photosynthetic lifestyles (Lin et al.
2015,2017; Kim et al. 2023). Among non-photosynthetic
plants, the genome structure and gene content of the
plastid genome changed dramatically (Schelkunov et
al. 2015; Wicke and Naumann 2018; Wen et al. 2022;
Goedderz et al. 2024). For example, the plastid genome
of Didymoplexis pallens had a quadripartite structure,
whereas those of Gastrodia species only remained
circular (Wen et al. 2022). Another report of plastid
genomes in the Epipogium genus revealed a quadripartite
and tripartite structure in E. roseum and E. aphyllum,
respectively (Schelkunov et al. 2015). Besides the
alteration of the genome structure, the gene content of
non-photosynthetic organisms decreased extremely.
For instance, only 21 tRNA, 4 rRNA, and 36 protein-
coding genes were annotated in the plastid genome of
Danxiaorchis singchiana (Orchidaceae) (Lee e al. 2020).
A more severe reduction of gene content was found in
E. roseum and E. aphyllum, of which 29 and 27 unique
genes were observed in their plastid genome (Schelkunov
et al. 2015). Different comparative studies of plastid
genomes among non-photosynthetic plants have been
conducted; however, they focused on the interspecies
level, which exhibited significant changes in genome

structure and gene content. A recent genomic study of
the holomycotrophic orchid, Neottia listeroides, revealed
a quadripartite structure but a difference in genome size
between samples collected in Tibet, China (94,499 bp) and
those from Yunnan, China (from 107,116 bp to 110,855
bp) (Shao et al. 2023). Furthermore, the gene content of
N. listeroides was stable with 35 protein-coding genes,
eight rRNA genes, and 38 tRNA genes. These results
revealed that non-photosynthetic plants also exhibited
both diverse and conserved patterns of plastid genomes,
although they had higher selection pressure than their
photosynthetic counterparts. Therefore, further research
on intraspecies plastid genomes of non-photosynthetic
plants is needed to uncover the hidden tracks of evolution.

Although genome structure and gene content were
quite stable among interspecific and intraspecific
chloroplast genomes, the genome size varied across
plants. For example, comparative analysis of 14 species,
including mycoheterotrophic and photosynthetic plants
of Vanilloideae and Apostasioideae, revealed a significant
difference of genome size, which varied from 70,498
bp to 162,174 bp (Kim et al. 2023). The remarkable
variation in genome size between photosynthetic and
non-photosynthetic plants may be attributed to deletions
within the plastid genome of non-photosynthetic plants.
However, among autotrophic plants, the genome size
of interspecific chloroplast genomes was also altered,
resulting from the IR expansion. For instance, among
eight examined Polygonatum species, the boundary
between IRb and LSC regions shifted within the rp/2-
rpl22 region, resulting in the variation of IR region length
from 25,008 bp t0 26,451 bp (Yan ez al. 2023). Similarly,
the shift of the IR/SSC junction was observed in five
Dipodium species chloroplast genomes, of which the total
length ranged from 142,949 bp to 152,956 bp (Goedderz
etal.2024). However, variation of LSC/SSC/IR junctions
occurred at different rates (Jost and Wanke 2024). In
particular, among Piperales species, the chloroplast
genome of Saururaceae had stable junctions of LSC/SSC/
IR regions, whereas those of Asarum (Aristolochiaceae)
species exhibited extreme changes of the boundaries.
In the current study, the variation of IR/LSC/SSC
junctions was more severe in Calophyllum species
than in Kielmeyera species (Figure 1). Consequently,
the genome sizes of Calophyllum chloroplast genomes
altered from 160,381 bp to 161,169 bp, whereas those
of Kielmeyera species were from 158,986 bp to 159,470
bp (Table 1). On the other hand, the intraspecific
chloroplast genome of Calophyllaceae possessed steady
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junctions (Figure 1). Therefore, the genome size of the
intraspecific chloroplast genome should be the same
(i.e., C. inophyllum chloroplast genome) or variable
(i.e., M. ferrea chloroplast genome). Another genomic
study revealed that variation of SSC/IRb junctions was
observed in Paphiopedilum barbigerum chloroplast
genomes (Guo et al. 2021). A recent study examining
pan-chloroplast genomes of Prunus mume distributed in
China and Japan revealed both constant and variation
in genome size, whereas the genome structure and gene
content were constant (Wang et al. 2024). Another
chloroplast genome-based population genetics study
of a living fossil plant, Ginkgo biloba, also exhibited
the patterns of conservation and diversity of chloroplast
genomes regarding genome structure, genome size, and
gene content (Nie ef al. 2025). These results indicated
the variety of genome size among interspecific and
intraspecific chloroplast genomes. Although the same
genome size was found among intraspecific chloroplast
genomes, there has not been a record of the same size of
interspecific chloroplast genomes within a plant family.
Therefore, more chloroplast genome data of interspecific
samples should be included in further comparative
genomic studies.

For sequence variation analysis, the number of
SNPs and indels has been quantified in interspecific
and intraspecific chloroplast genomes of different plant
families. For example, there were 118 SNPs (composed
of 45 transitions and 73 transversions) and 130 indels
(including 47 non-repeat-, 22 repeat-, and 61 SSR
indels) in 65 plastomes of Ziziphus jujuba (Hu et al.
2022). Similarly, 95 H. syriacus chloroplast genomes
contained 193 SNPs and 61 indels, whereas 322 P. mume
chloroplast genomes had 455 SNPs and 201 indels (Go
et al. 2024; Wang et al. 2024). Among interspecies
chloroplast genomes, the quantity of SNPs and indels
differed from family to family. For instance, there
were 1476 SNPs and 322 indels in the nine Camellia
species chloroplast genomes (Chen et al. 2023). In
Araliaceae, seven Panax species had 1783 SNPs in
the chloroplast genomes (Nguyen et al. 2020). Most
previous studies examining sequence variation focused
on the quantification and characterization of SNPs and
indels within an interspecies or intraspecies group. A
recent study about the diversification of peanuts revealed
variation of SNPs and indels in the intraspecific and
interspecific chloroplast genome (Zheng et al. 2024).
These previous results indicated a variable trend of

interspecies and intraspecies chloroplast genomes.
In the current study, we also found the different
quantities of SNPs and indels among intraspecific and
interspecific chloroplast genomes of Calophyllaceae,
which might reflect the evolutionary patterns of each
group. Specifically, the intraspecies chloroplast genomes
exhibited a conservation trend in C. inophyllum and a
diversity in M. ferrea. Meanwhile, only a diverse pattern
was found in the interspecific chloroplast genomes of
Callophyllaceae. These results suggested co-existence
of both patterns in intraspecies chloroplast genomes,
whereas this phenomenon in interspecies chloroplast
genomes needs further verification.

Obviously, the number of complete Calophyllaceae
chloroplast genomes in the current study is small. It
might not be sufficient to confirm the entire evolutionary
history of interspecies and intraspecies chloroplast
genomes. Additionally, Calophyllaceac might not
contain chloroplast genomes that exhibit all possibilities
of evolutionary trends. Furthermore, genome size,
genome structure, gene content, and sequence variation
of chloroplast genomes might not reflect all aspects of
evolutionary history. However, the current results from
Calophyllaceae and previous findings in different plant
species shed new light on the evolution of the chloroplast
genome at the intraspecific and interspecific levels.
Therefore, further genomic studies should enlarge the
sample size and focus on comparative analysis between
species and genera of the family. Additionally, large plant
families such as Asteraceae, Orchidaceae, and Fabaceae
are good candidates for exploring the evolutionary trends
of interspecies and intraspecies chloroplast genomes.

In conclusion, the previous and current genomic
data provided the possibility of conserved and diverse
patterns of interspecies and intraspecies chloroplast
genomes regarding genome structure, gene content,
genome size, and sequence variation among plant
species. We demonstrated the co-existence of diversity
and conservation of intraspecific chloroplast genomes
(Figure 2). However, the conservation of interspecies
chloroplast genomes needs more evidence to be
confirmed. Furthermore, plastid genomes of non-
photosynthetic plants might contain interesting clues for
tracing these two opposite patterns of evolution. The
selective pressure of plastid genes should be included in
further comparative genomic studies to fulfill the overall
evolution of organelles in plants. Finally, we demonstrate
a need for pan chloroplast genome studies not only for
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Figure 2. Proposed schematic diagram of evolutionary patterns in
intraspecific and interspecific chloroplast genomes of
plants

valuable plants but also for wild plants that still hide
different aspects of evolution.
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