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Abstract 

 

Eurya alata is one of the few nectar plants that bloom in winter, mainly distributed in the south of the Yangtze River in 

China. In this research, the chloroplast genome of E. alata is assembled and compared with other seven Pentaphylacaceae 

species. The chloroplast genome of E. alata is 157,190 bp and consists of four parts, among which LSC (87,230 bp) and 

SSC (18,216 bp) are separated by IRa and IRb (51,744 bp). The chloroplast genome encodes 136 genes. They are eight 

rRNA, 39 tRNA, and 89 protein-coding genes. Besides, 35 SSRs and 49 long-repeat sequences are observed. The protein-

coding region of E. alata is less variable than the non-coding region. Phylogenetic analysis shows that Euryodendron 

excelsum is the closest species to E. alata. In this study, the structure and characteristics of the chloroplast genome of E. 

alata were revealed. These results will be helpful for further research in both Eurya and the Pentaphylacaceae family. 
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Introduction 

 

Eurya Thunb. Once the second largest genus of 

Theaceae, is now subordinated to Pentaphylacaceae 

(Chase et al., 2016). There are approximately 130 

species in the genus, mostly located in subtropical and 

tropical Asia, Hawaiian Islands and other areas of the 

southwest Pacific. There are greater than 80 species of 

Eurya in China, which is the modern distribution and 

differentiation center. Besides, Eurya plants are an 

important component of evergreen shrubs in the 

Yangtze River Basin and southern China. Some plants 

in this genus can purify the air and absorb heavy metal 

gas (Pan et al., 2006), and extracts from some Eurya 

plants can restrain the merisis of cancer cells (Park et 

al., 2004, 2005). 

E. alata is a dioecious evergreen shrub or small tree, 

with significant scientific research, ecological and 

economic value. It is also one of the rare precious nectar 

plants that blossom in winter. The honey is white, 

transparent and fragrant. It tastes fresh, sweet and is 

recognized as the king of honey (Pan et al., 2006). 

Meanwhile, tea beverages made by E. alata contain tea 

polyphenols, catechins, and soluble sugar. As a new type 

of tea drink with low caffeine and high soluble sugar, this 

tea beverage is of great quality and with an important 

development value (Wang et al., 2016). 

As the center of photosynthesis, chloroplast genome 

contains a great deal of genetic information, which plays a 

significant part in revealing the mechanism of plant 

photosynthesis, energy and material metabolism (Zhang 

& Li, 2011). Shi et al., have shown that the transcription 

mechanism of the chloroplast genome is complicated, that 

is, the complete transcription occurs not only in the 

coding regions but also in all its non-coding regions (Shi 

et al., 2016). Moreover, the molecular evolutionary speed 

of the coding and non-coding regions is significantly 

different, which can be applied to the systematic study at 

different levels. More and more researchers are using 

chloroplast genomes or protein-coding genes of plants to 

investigate phylogenetic relationships. (Gulden et al., 

2017; Xiong et al., 2018; Xu et al., 2020). 

Nowadays, there is still little genomic information 

about the genus Eurya, and the chloroplast genomes of 

most species in Pentaphylacaceae, however, remain 

unknown. Thus, we sequenced the complete chloroplast 

genome of E. alata and submitted it to GenBank 

(Accession: MK908406). Then we compared and 

analyzed the chloroplast genomes of E. alata and other 

species in Pentaphylacaceae, and their phylogenetic 

relationships were discussed. This study will shed light on 

the development and utilization of E. alata germplasm 

resources. 

 

Materials and Methods 

 

Genome sequencing and annotation: Fresh leaves of E. 

alata were collected in Xianning, Hubei Province, China. 

Total DNA was extracted using the improved CTAB 

method, then sequenced with Illumina HiSeq 2500 

platform and utilized NOVOPlasty to assembly the 

cleaned reads (Doyle & Doyle, 1987; Dierckxsens et al., 

2017). CpGAVAS was utilized to annotate the genomic 

structure, including rRNAs, tRNAs, and protein-coding 

genes (Chang et al., 2012). The genome map of E. alata 

was mapped by OGDRAW (Lohse et al., 2007). The 

annotated chloroplast genome was eventually uploaded to 

GenBank. 

 

Genome analysis and comparison: MEGA7 (Kumar et 

al., 2016) was used for analyzing the relative synonymous 

codon usage (RSCU) in the chloroplast genome. Long-

repeat sequences were detected by the online software 

REPuter (Kurtz et al., 2001), and sequences with different 

match directions were classified into four categories. Perl 

script MISA was used to examine mononucleotide and 

dinucleotide simple sequence repeats (SSRs) (Mudunuri 

& Nagarajaram, 2007). The chloroplast genome of E. 
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alata, Euryodendron excelsum, Adinandra angustifolia, 

Adinandra millettii, Ternstroemia gymnanthera, Anneslea 

fragrans and Pentaphylax euryoides (MK908406, 

NC_039178, NC_035653, NC_035678, NC_035706, 

NC_035709, and NC_035710) were compared using 

Shuffle-LAGAN mode of mVISTA, with E. alata as the 

reference. The boundaries of the junction sites of the 

chloroplast genomes were visualized by utilizing the 

online program IRscope (Mayor et al., 2000; Amiryousefi 

et al., 2018). 
 

Phylogenetic analysis: Two methods served to construct 

the phylogenetic relationships of Pentaphylacaceae. On 

the one hand, MAFFT was initially used to align the 

whole chloroplast genomes (Nakamura et al., 2018), then 

BioEdit (Hall, 1999) was used to visualize and manually 

adjust the multiple sequences, GTR was chosen as the 

optimum base substitution model by jmodelTest2 

(Darriba et al., 2012), and 1000 bootstrap replicates ML 

tree was constructed using the RAxML (Stamatakis, 

2014). On the other hand, the locally collinear blocks 

(LCBs) were extracted from chloroplast genomes using 

HomBlocks (Bi et al., 2018), GTR+I+G and GTR +G for 

different LCBs were selected as the optimum base 

substitution models using PartitionFinder2 (Lanfear et al., 

2017), IQ-TREE was used to perform ML tree with 1000 

bootstrap replicates (Nguyen et al., 2015). 
 

Results and Discussion 
 

Features of E. alata chloroplast genome: The cyclic E. 

alata chloroplast genome is 157,190 bp in length, 

composed of four typical parts, two inverted repeat 

regions (IRa/IRb; 51,744 bp) are separated by small 

single-copy region (SSC; 18,216 bp) and large single-

copy region (LSC; 87,230 bp) (Fig. 1). The chloroplast 

genome GC content of E. alata is 37.34%. GC content in 

the four parts is SSC, LSC, and IRa/IRb from low to high, 

which are 31.04%, 35.31%, and 42.98%, respectively 

(Table 1). LSC, SSC, and IR regions contain 95, 12 and 

29 genes, respectively (Fig. 1). In all, 136 functional 

genes, including 89 protein-coding genes, eight rRNA 

genes and 39 tRNA genes were predicted in the E. alata 

chloroplast genome and divided into different groups 

depending on the gene function (Table 2). 

 

Table 1. Base composition in different parts of the  

E. alata chloroplast genome. 

Region A (%) C (%) T (%) G (%) GC (%) 

LSC 31.68 18.12 33.00 17.20 35.31 

SSC 34.39 14.71 34.56 16.33 31.04 

IR 28.51 21.49 28.51 21.49 42.98 

Total 30.95 18.83 31.71 18.51 37.34 

 

The protein-coding region of E. alata chloroplast 

genome is encoded by 24,003 codons (Table S1), among 

them, the AUU codon encoding isoleucine appeared the 

most, with a total of 985, and the UGC codon encoding 

cysteine appeared the least, with 64 in total. Among all 

amino acids, leucine and cysteine have the most and the 

least codons, 2,532 (10.55%) and 268 (1.12%) 

respectively. In synonymous codons encoding the same 

amino acid, codons ended with A or U have a higher 

number and RSCU, codons ended with C or G have a 

lower number and RSCU. The total GC content of all 

codons was 38.3%, indicating the preference of AT bases 

of codons, which situation is also widespread in many 

other chloroplast genomes (Yi & Kim, 2012; Chen et al., 

2015; Yu et al., 2019). 

E. alata chloroplast genome has 16 intron-containing 

genes, consisting of 7 tRNA and 9 protein-coding genes. 

Thirteen genes have one intron, while clpP and ycf3 with 

two introns (Table 3). The rps12 gene of E. alata is a 

unique trans-splicing gene that contains no introns. Intron 

deletion of rps12 also exists in other species, such as 

Epipremnum aureum (Tian et al., 2018). As a component 

of the eukaryotic genome, introns are closely connected 

with the gene expression process. Introns greatly enrich 

the number and variety of transcription products and 

make a complex regulatory role in the splicing process of 

RNA, which affects gene expression. 

Genome differences among diverse species are first 

manifested by changes in base composition, and GC 

content plays an important part in genome recognition 

(Zhu et al., 2017). There was poorly difference in GC 

content among the seven Pentaphylacaceae chloroplast 

genomes, all of which were about 37%. Besides, E. alata 

has the largest number of genes with 136, followed by 

Euryodendron excelsum with 135 genes (one ycf1 gene 

less than E. alata). The genes of the other five species 

were identical, with 132 genes (Table S2). Seven genes 

lack than E. alata are psbZ, rrn5, trnN-GUU, trnP-GGG, 

trnT-GGU and two ycf1 genes; three genes more than E. 

alata are lhbA, rnn5 and trnG-GCC (Table S3).  
 

Long-repeat and SSRs analysis: In the E. alata 

chloroplast genome, there were 49 long-repeat sequences 

identified, including 15 forward repeats (F), 10 reverse 

repeats (R), 22 palindrome repeats (P) and 2 complement 

repeats (C). Among them, 10 reverse repeats were 18–23 

bp, 15 forward repeats were 18–38 bp, and 22 

palindromic repeats were 18–50 bp (Table S4). 

Simple sequence repeats (SSRs) are abundant in the 

entire genome and show high levels of polymorphism. 

SSRs have consistently been a hotspot in genomic 

research. They can be dispersed in intron, intergenic, and 

protein-coding regions. Regions with high genetic 

diversity also have high mutation rates and polymorphic 

SSRs. As a novel molecular marker, SSR is widely used 

in population genetic and phylogenetic analysis, and one 

of its main sources is chloroplast (Xia et al., 2017; Huang 

et al., 2017; Wang et al., 2019; Tribhuvan et al., 2019). In 

the E. alata chloroplast genome, 35 SSRs were examined, 

containing 32 mononucleotide SSRs (91.43%) and 3 

dinucleotide SSRs (8.57%). SSRs have strong A and T 

base preferences in composition. Of the 32 

mononucleotide SSRs, 12 were A-base repeats, 20 were 

T-base repeats, and the remaining three dinucleotide SSRs 

were also consisted of AT base. The longest SSR is multi-

base AT repeat with a length of 72 bp (Table 4). 
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Fig. 1. Gene map of the Eurya alata chloroplast genome. 

 
Table 2. Gene annotation of Eurya alata chloroplast genome. 

Function Classification Gene 

Self-replication 

DNA dependent RNA polymerase rpoA, rpoB, rpoC1*, rpoC2 

Large subunit of ribosome rpl22,*, rpl14, rpl32, rpl16, rpl20, rpl33, rpl22, rpl232, rpl36 

Small subunit of ribosome rps11, rps122, rps14, rps2, rps16, rps3, rps18, rps4, rps72, rps8, 

rps15, rps19 

Transfer RNA genes 

trnA-UGC2,*, trnC-GCA, trnK-UUU*, trnD-GUC, trnE-UUC, trnL-

UAG, trnF-GAA, trnfM-CAU, trnG-UCC, trnY-GUA, trnH-GUG, 

trnI-CAU2, trnI-GAU2,*, trnL-CAA2, trnM-CAU2, trnN-GUU2, trnP-

GGG, trnP-UGG, trnR-ACG2, trnR-UCU, trnS-GGA, trnS-UGA, 

trnT-GGU2, trnT-UGU, trnV-GAC2, trnS-GCU, trnV-UAC*, trnW-

CCA, trnQ-UUG, trnL-UAA*, 

Ribosomal RNA genes rrn52, rrn162, rrn232, rrn4.52, 

Photosynthesis ATP synthase atpA, atpF*, atpI, atpE, atpB, atpH 

Photosystem I psaB, psaA, psaI, psaC, psaJ 

Photosystem II psbA, psbK, psbI, psbM, psbD, psbB, psbC, psbZ, psbE, psbF, psbT, 

psbH, psbJ, psbL, psbN  

Cytochrome b/f complex petL, petB, petD, petG, petA, petN 

Large subunit of rubisco rbcL 

NADH dehydrogenase ndhE, ndhA, ndhJ, ndhB2,*, ndhC, ndhF, ndhG, ndhI, ndhK, ndhD, 

ndhH 

Other genes Translational initiaton factor infA 

ATP-dependent protease subunit gene clpP** 

Subunit of acetyl-CoA-carboxylase accD 

C-type cytochrome synthesis gene ccsA 

Envelope membrane protein cemA 

Maturase matK 

 Unknow function ycf13, ycf22, ycf3**, ycf4, ycf152 
* Number of introns; 2,3 Copy number of genes 
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Table 3. Exons and introns size of genes with introns in the E. alata chloroplast genome. 

Gene Distribution Exon I (bp) Intron I (bp) Exon II (bp) Intron II (bp) Exon III (bp) 

atpF LSC 411 710 159   

clpP LSC 219 668 291 822 69 

ndhB IRa 756 679 777   

ndhB IRb 777 679 756   

rpl2 IRa 435 662 393   

rpl2 IRb 393 662 435   

rpoC1 LSC 1626 731 456   

rps12 LSC 114 -    

rps12 IRa 240 -    

rps12 IRb 240 -    

trnA-UGC IRa 38 807 35   

trnA-UGC IRb 35 807 38   

trnI-GAU IRa 42 944 35   

trnI-GAU IRb 35 944 42   

trnK-UUU LSC 35 2526 37   

trnL-UAA LSC 37 508 50   

trnV-UAC LSC 37 586 39   

ycf3 LSC 153 737 228 713 126 

 

Table 4. SSRs examined in the E. alata chloroplast genome. 

Type SSR Length Start End Type SSR Length Start End 

p1 (A)11 11 3348 3358 p1 (T)10 10 61239 61248 

p1 (A)11 11 5626 5636 p1 (T)11 11 62024 62034 

p1 (A)10 10 6553 6562 p1 (T)11 11 63663 63673 

p1 (T)13 13 6858 6870 p1 (T)11 11 66230 66240 

p1 (T)10 10 7468 7477 p1 (T)10 10 71437 71446 

p1 (A)10 10 7898 7907 p1 (T)11 11 73549 73559 

p1 (T)10 10 8970 8979 c (A)10(A)11 22 73710 73731 

p1 (T)10 10 11190 11199 p1 (A)12 12 74345 74356 

p1 (A)13 13 13635 13647 p1 (T)10 10 81199 81208 

p1 (A)11 11 17509 17519 p1 (T)13 13 83595 83607 

p1 (T)11 11 19720 19730 p1 (T)12 12 85652 85663 

p1 (T)10 10 27419 27428 p1 (A)10 10 110803 110812 

p1 (T)10 10 33384 33393 p1 (A)11 11 116014 116024 

p1 (A)11 11 43845 43855 c (A)13(T)11 72 125718 125789 

p1 (A)12 12 48889 48900 c (A)10(A)10 27 126922 126948 

p1 (T)12 12 53062 53073 p1 (A)11 11 128382 128392 

p1 (T)10 10 56781 56790 p1 (T)10 10 133609 133618 

p1 (T)11 11 59446 59456      

 

Comparative chloroplast genomic analysis of seven 
Pentaphylacaceae species: Although chloroplast genomes 
are conservative among related species, there are still some 
differences. Chloroplast genomes of seven species in 
Pentaphylacaceae including E. alata, Adinandra 
angustifolia, Adinandra millettii, Anneslea fragrans, 
Pentaphylax euryoides, Ternstroemia gymnanthera, and 
Euryodendron excelsum were compared using mVISTA, 
and E. alata was set as the reference genome (Fig. 2). IRa 
and IRb regions possessed higher consistency than SSC 
and LSC, which is also related to the more conservative of 
IR regions in the evolutionary process. In conserved non-
coding sequences (CNS), 4-10k, 28-34k, 53-54k, 114-118k 
and other regions have considerable divergence. On the 
contrary, the exon regions and the untranslated regions 
(UTRs) have small divergence. Generally speaking, the 
protein-coding region showed strong conservation, and its 
consistency was higher than the non-coding region. 

Boundary analysis of four regions: The chloroplast 

genome is a circular structure with four boundaries 

between IRa/IRb, LSC and SSC, that is, LSC/IRB 

(JLB), LSC/IRS (JLA), SSC/IRB (JSB) and SSC/IRA 

(JSA) (Fig. 3). The contraction and expansion of IR 

boundaries during genome evolution often lead to some 

genes entering IR region or single-copy region and may 

reflect the evolutionary relationships between species 

(Wang et al., 2017). The comparison results of the IR 

region boundaries show that E. alata and Euryodendron 

excelsum were closest in the boundary structure and 

gene order. The ndhf coding regions of these two species 

are at the JSA boundary, and the ycf1 coding region is at 

the JSB boundary. Moreover, the order of genes in the 

SSC region is exactly the opposite, so we speculate it 

was caused by the reversal of the SSC regions of these 

two species, and specific reasons require further 
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research. At the JLB is the rps19 coding region, 

however, the rpl22 coding region of Anneslea fragrans 

enters this boundary, resulting in the distribution of the 

rps19 coding region in the IRb region. In addition, the 

chloroplast genome of Anneslea fragrans has only one 

tiny rpl2 coding region, while the others contain two. 

The trnH coding region of the seven species is 

downstream of the JLA and the distance from the 

boundary is 1-22 bp. 

 

Phylogenetic Analysis 

 

We constructed two maximum likelihood (ML) 

phylogenetic trees of 14 species with whole chloroplast 

genomes and locally collinear blocks (LCBs) extracted 

from 14 chloroplast genomes (Fig. S1), respectively. Both 

trees had identical phylogenetic topologies and most of the 

branches have high bootstrap support (Fig. 4). E. alata is 

far related to Camellia japonica and other species of 

Theaceae and is clustered with Pentaphylacaceae species. 

E. alata and Euryodendron excelsum gather in the same 

branch and form a sister relationship with Adinandra (tribe 

Freziereae). Within all the Pentaphylacaceae species, 

Pentaphylax euryoidesare (tribe Pentaphylaceae) is the 

earliest branch followed by Ternstroemia gymnanthera and 

Anneslea fragrans clade (tribe Ternstroemieae), this 

phylogenetic topology is consistent with APGIV (Chase et 

al., 2016) and previous research (Shi et al., 2018). 

It is worth mentioning that the monophyletic clade 

formed by Sladenia celastrifolia and Pentaphylacaceae 

species with 100% bootstrap support in both two 

phylogenetic trees. Previous results based on DNA 

sequences also suggested that Sladenia and 

Pentaphylacaceae are very close and proposed to merge 

them into a single family according to other morphological 

and embryological characteristics (Savolainen et al., 2000; 

Yu et al., 2017; Tsou et al., 2016; Rose et al., 2018). The 

phylogenetic topologies of two ML trees constructed by 

chloroplast genomes and LCBs respectively support the 

previous results well. 

 

Supplementary Materials 

 

Table S1. Relative synonymous codon usage (RSCU) for protein-coding genes of E. alata chloroplast genome. 

Amino acid Codon Count RSCU tRNA Amino acid Codon Count RSCU tRNA 

Phe UUU(F) 858 1.27  Tyr UAU(Y) 722 1.64  

Phe UUC(F) 493 0.73 trnF-GAA Tyr UAC(Y) 160 0.36 trnY-GUA 

Leu UUA(L) 792 1.88  Stop UAA(*) 41 1.45  

Leu UUG(L) 538 1.27 trnL-CAA Stop UAG(*) 23 0.81  

Leu CUU(L) 537 1.27  His CAU(H) 462 1.57  

Leu CUC(L) 175 0.41  His CAC(H) 125 0.43 trnH-GUG 

Leu CUA(L) 332 0.79  Gln CAA(Q) 637 1.51 trnQ-UUG 

Leu CUG(L) 158 0.37  Gln CAG(Q) 207 0.49  

Ile AUU(I) 985 1.44  Asn AAU(N) 837 1.51  

Ile AUC(I) 420 0.61 trnI-CAU Asn AAC(N) 274 0.49  

Ile AUA(I) 649 0.95  Lys AAA(K) 876 1.48  

Met AUG(M) 583 1 trnM-CAU Lys AAG(K) 306 0.52  

Val GUU(V) 491 1.48  Asp GAU(D) 794 1.62  

Val GUC(V) 155 0.47 trnV-GAC Asp GAC(D) 187 0.38 trnD-GUC 

Val GUA(V) 487 1.47  Glu GAA(E) 904 1.49 trnE-UUC 

Val GUG(V) 190 0.57  Glu GAG(E) 307 0.51  

Ser UCU(S) 550 1.79  Cys UGU(C) 204 1.52  

Ser UCC(S) 299 0.97 trnS-GGA Cys UGC(C) 64 0.48 trnC-GCA 

Ser UCA(S) 360 1.17 trnS-UGA Stop UGA(*) 21 0.74  

Ser UCG(S) 178 0.58  Trp UGG(W) 432 1 trnW-CCA 

Pro CCU(P) 408 1.6  Arg CGU(R) 342 1.39 trnR-ACG 

Pro CCC(P) 189 0.74  Arg CGC(R) 76 0.31  

Pro CCA(P) 299 1.17 trnP-UGG Arg CGA(R) 353 1.44  

Pro CCG(P) 124 0.49  Arg CGG(R) 114 0.46  

Thr ACU(T) 501 1.64  Ser AGU(S) 348 1.13  

Thr ACC(T) 231 0.76 trnT-GGU Ser AGC(S) 106 0.35 trnS-GCU 

Thr ACA(T) 365 1.19 trnT-UGU Arg AGA(R) 424 1.73 trnR-UCU 

Thr ACG(T) 126 0.41  Arg AGG(R) 162 0.66  

Ala GCU(A) 619 1.85  Gly GGU(G) 550 1.31  

Ala GCC(A) 208 0.62  Gly GGC(G) 175 0.42 trnG-GCC 

Ala GCA(A) 376 1.12  Gly GGA(G) 691 1.64  

Ala GCG(A) 137 0.41  Gly GGG(G) 266 0.63  

RSCU: Relative Synonymous Codon Usage 
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Table S2. Genome features of seven Pentaphylacaceae species. 

 Eurya alata 
Euryodendron 

excelsum 

Adinandra 

angustifolia 

Adinandra 

millettii 

Ternstroemia 

gymnanthera 

Anneslea 

fragrans 

Pentaphylax 

euryoides 

Accession MK908406 NC_039178 NC_035653 NC_035678 NC_035706 NC_035709 NC_035710 

Total 157190 157702 156344 156311 157753 158182 156132 

LSC 87230 87144 85743 85698 87225 86524 85635 

SSC 18216 18414 18419 18421 18410 18398 18341 

IR 51744 52144 52182 52192 52118 53260 52156 

Number of genes 136 135 132 132 132 132 132 

protein–coding genes 89 88 87 87 87 87 87 

tRNA genes 39 39 37 37 37 37 37 

rRNA genes 8 8 8 8 8 8 8 

GC content (%) 37.3 37.3 37.4 37.4 37.2 37.2 37.1 

 

Table S3. Differential genes in seven Pentaphylacaceae chloroplast genomes. 

Species lhbA psbZ rnn5 rrn5 trnG-GCC trnN-GUU trnP-GGG trnT-GGU ycf1 

Eurya alata 0 1 0 1 0 1 1 1 3 

Euryodendron excelsum 0 1 0 1 0 1 1 1 2 

Adinandra angustifolia 1 0 1 0 1 0 0 0 1 

Adinandra millettii 1 0 1 0 1 0 0 0 1 

Anneslea fragrans 1 0 1 0 1 0 0 0 1 

Pentaphylax euryoides 1 0 1 0 1 0 0 0 1 

Ternstroemia gymnanthera 1 0 1 0 1 0 0 0 1 

 

 
 

Fig. 2. Genome comparison of seven Pentaphylacaceae chloroplast genomes. The dark blue, light blue and pink regions represent 

exons, UTRs and CNS, respectively. The y-axis represents the percent of conservation. 
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Table S4. Identification of long-repeat sequences in E. alata chloroplast genome. 

Size (bp) 
Starting 

position I 

Match 

direction II 

Starting 

position 

Distance of 

repeat 
E-value Location 

50 77318 P 77318 0 5.48E-21 LSC 

38 94451 F 94487 0 9.20E-14 IRb 

38 94451 P 149895 0 9.20E-14 IRb;IRa 

38 94487 P 149931 0 9.20E-14 IRb;IRa 

38 149895 F 149931 0 9.20E-14 IRa 

36 79790 P 79790 0 1.47E-12 LSC 

35 94459 F 94477 -1 6.18E-10 IRb 

35 94459 P 149908 -1 6.18E-10 IRb;IRa 

35 94477 P 149926 -1 6.18E-10 IRb;IRa 

35 149908 F 149926 -1 6.18E-10 IRa 

30 9242 P 46890 0 6.03E-09 LSC 

31 61682 P 61682 -1 1.40E-07 LSC 

27 10809 P 10845 0 3.86E-07 LSC 

27 30043 F 30068 0 3.86E-07 LSC 

30 94477 F 94495 -1 5.42E-07 IRb 

30 94477 P 149895 -1 5.42E-07 IRb;IRa 

30 94495 P 149913 -1 5.42E-07 IRb;IRa 

30 149895 F 149913 -1 5.42E-07 IRa 

26 90811 P 90811 0 1.54E-06 IRb 

26 90811 F 153583 0 1.54E-06 IRb;IRa 

26 153583 P 153583 0 1.54E-06 IRa 

28 33463 P 33469 -1 8.10E-06 LSC 

28 101552 P 121114 -1 8.10E-06 IRb 

28 121114 F 142840 -1 8.10E-06 IRa 

24 112647 P 112647 0 2.47E-05 IRb 

24 112647 F 131749 0 2.47E-05 IRb;IRa 

24 131749 P 131749 0 2.47E-05 IRa 

27 45222 F 101552 -1 3.12E-05 LSC;IRb 

27 45222 P 142841 -1 3.12E-05 LSC;IRa 

23 30855 P 30882 0 9.88E-05 LSC 

23 48751 R 48751 0 9.88E-05 LSC 

22 32496 P 32496 0 3.95E-04 LSC 

22 38130 P 38130 0 3.95E-04 LSC 

22 96927 P 96953 0 3.95E-04 IRb 

22 96927 F 147445 0 3.95E-04 IRb;IRa 

22 96953 F 147471 0 3.95E-04 IRb;IRa 

22 101558 P 121114 0 3.95E-04 IRb 

22 147445 P 147471 0 3.95E-04 IRa 

25 82409 F 82433 -1 4.63E-04 LSC 

25 94451 F 94469 -1 4.63E-04 IRb 

25 94451 P 149926 -1 4.63E-04 IRb;IRa 

25 94469 P 149944 -1 4.63E-04 IRb;IRa 

25 149926 F 149944 -1 4.63E-04 IRa 

21 9248 F 37069 0 1.58E-03 LSC 

21 28400 F 28420 0 1.58E-03 LSC 

21 37069 P 46893 0 1.58E-03 LSC 

21 38190 F 69566 0 1.58E-03 LSC 

21 73709 R 73709 0 1.58E-03 LSC 

24 10745 F 38001 -1 1.78E-03 LSC 

F, Forward repeat; R, Reverse repeat; C, Complement repeat; P, Palindrome repeat 

 
Supplementary materials: Table S1. Relative 

synonymous codon usage (RSCU) for protein-coding 

genes of E. alata chloroplast genome. Table S2. Genome 

features of seven Pentaphylacaceae species. Table S3. 

Differential genes in seven Pentaphylacaceae chloroplast 

genomes. Table S4. Identification of long-repeat 

sequences in E. alata chloroplast genome. Fig. S1. 

Locally collinear blocks of 14 chloroplast genomes 

generated by HomBlocks. The total length of locally 

collinear blocks is 87,149 bp, the black parts and gray 

parts represent the bases variation locus and consistent 

locus, respectively. 
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Fig. 3. Boundary analysis of four regions among 7 Pentaphylacaceae species. 

 

 
 

Fig. 4. Phylogenetic tree of 14 species constructed by whole chloroplast genomes and locally collinear blocks (LCBs). The bootstrap 

supports of the phylogenetic tree constructed by chloroplast genomes are above the branches, and numbers below the branches 

indicate the bootstrap support (SH-aLRT support / ultrafast bootstrap support) of the phylogenetic tree constructed by locally collinear 

blocks (LCBs) extracted from chloroplast genomes. 
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Fig. S1. Locally collinear blocks of 14 chloroplast genomes generated by HomBlocks. The total length of locally collinear blocks is 

87,149 bp, the black parts and gray parts represent the bases variation locus and consistent locus, respectively. 

 

Conclusions 

 

The noncoding region of E. alata chloroplast 

genome has more mutation hotspots and faster mutation 

rate than the protein-coding region, which can be 

employed in population genetics research. The results of 

the genome structure comparison suggested that inversion 

occurred in the SSC region of E. alata and Euryodendron 

excelsum, the specific reasons are not clear and further 

research is needed. In phylogenetic analysis, some 

branches support of phylogenetic tree constructed based 

on whole chloroplast genome sequence is low, thus, we 

prefer to construct phylogenetic trees with locally 

collinear blocks shared by the chloroplast genomes, 

especially in the case of genome rearrangements. At 

present, only a small proportion of plants chloroplast 

genomes have been sequenced in the genus Eurya and 

Pentaphylacaceae family, and the unresolved issues 

depend on the publication of more chloroplast genome 

sequences in the future. 
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