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Abstract: Pecteilis susannae and P. hawkesiana are rare and endangered species with important medicine and ornament
value. However little is known about the genetic information of these two species. In order to understand the basic
characteristics of the chloroplast genome of these two Pecteilis species and to develop molecular markers for species
identification ~conservation genetic and phylogenetic analysis the genome skimming approach using next-generation
sequencing methods was used to generate chloroplast DNA sequences in this study. The chloroplast genomes were
assembled and annotated by bioinformatics analysis. Simple sequence repeats ( SSRs)  single nucleotide polymorphisms
(SNPs) and insertions and deletions ( InDels) were identified. Furthermore comparative chloroplast genomic and
phylogenetic analyses were conducted with closely related species. The results were as follows: ( 1) The newly sequenced
chloroplast genomes of P. susannae and P. hawkesiana were 154 407 bp and 153 891 bp in size. They comprised a pair of
26 550 bp and 26 523 bp inverted repeats ( IR) that separated a large 84 204 bp and 83 756 bp single copy region
(LSC) and a small 17 103 bp and 17 089 bp single copy region ( SSC) respectively. Both chloroplast genomes
contained 111 unique genes including 77 protein-coding genes 30 tRNA and 4 rRNA genes. (2) Ninety-four simple
sequence repeats ( SSRs) were identified in the P. susannae chloroplast genome and 92 in that of P. hawkesiana. ( 3)
Comparisons of two chloroplast genomes revealed that there were nucleotide variations including 706 single-nucleotide
polymorphism sites and 152 InDels between the two Pecteilis species of which several markers ( cpInDel 067) could
discriminate the two Pecteilis species. (4) The one most divergent gene ( accD) and the nine most divergent intergenic
regions ( rps19-psbA  matK-irnQ-UUG  psbM—psbD  itrnT-UGU—-ndh] accD-psal ycfd—cemA clpP—psbB ndhF -
irnL-UAG  rps15—ycf1) among genomes were detected. (5) The phylogenetic analysis based on the chloroplast genome
sequences revealed that P. susannae P. hawkesiana and Habenaria dentata are closely related. The molecular markers
(SSRs InDels and hotspots) developed from the chloroplast genomes of two Pecieilis species in the present study can be
used to identify related species and provide valuable genetic resources in utilizing and conserving natural resources.

Key words: Pecteilis susannae P. hawkesiana chloroplast genome molecular markers phylogeny
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A. ; B. ; C.
A. Flowers of Pecteilis susannae; B. Plant of P. susannae;

C. P. hawkesiana.

1

Fig. 1 Pecteilis susannae and P. hawkesiana
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o GC o
AT o (ssC) . (LSC) . (IRa.IRD) .
Genes located outside the outer rim are transcribed in a counterclockwise direction whereas genes inside the outer rim are transcribed in a
clockwise direction. The darker gray in the inner circle indicates GC content of chloroplast genome of P. susannae and the lighter gray indicates

AT content. Small single copy ( SSC) large single copy ( LSC) and inverted repeats (IRa IRb) are indicated.

2

Fig. 2 Chloroplast genome map of Pecteilis susannae and P. hawkesiana
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Table 1  Basic characteristics of chloroplast genomes Table 2 Genes in chloroplast genomes of
Pecteilis susannae and P. hawkesiana
Ttem Pecteilis susannae P. hawkesiana
Genotype G
. 154 407 153 891 crope ene name
Genome size ( bp)
1 psaA  psaB  psaC psal psa]
- Photosystem 1
LsC 84 204 83 756 olosystem
LSC size ( bp)
| psbA  psbB psbC  psbD  psbE
SSC Photosystem ][ psbF  psbH  psbl  psb] psbK
SSC size ( bp) 17103 17089 psbL psbM  psbT  psbZ
IR petA  petB* petD*  petG
IR size ( bp) 26 550 26 523 Cytochrome b/f complex petl,  petN
77 77 ATP atpA  atpB  atpE  atpF*
No. of protein coding genes ATP synthase atpH  aipl
rRNA 4 4 NADH ndhA* ndhB* ( x2) ndhC
No. of rRNA NADH dehydrogenase ndhD ndhE ndhF ndhG
ndhH ndhl ndhJ ndhK
tRNA 30 30
No. of tRNA N rbel,
GC RubisCO large subunit
Total GC content ( %) 365 36.6 / pafl=  pafl
1SC Ge Photosystem assembly /stability
= factors
GC content in LSC ( %) 340 341
RNA rpoA  rpoB  rpoCl* rpoC2
SSC GC RNA polymerase
GC content in SSC ( %) 28.9 28.9 Py
) ( SSU) ps2  rps3 psd mpsT ((X2)
) IR (’_C 43.0 43.0 Small subunit of ribosomal rps8 rpsll rps12* ( x2)
GC content in IR ( %) proteins ( SSU) rpsld mpsl5 rps16*  psl8
rps19 ( x2)
. . ( LSU) pl2% ( x2)  rplld rpll6*
H. chejuenszs\ N N Large subunit of ribosomal  rpl20 pl23 (x2) mpI32
. . proteins ( LSU) pl33  rpl36
H. cruciformis\ o clpP1** matK accD ccsA
Other genes infA  cemA
(yef) ¥l ygf2 (x2)
Hypothetical chloroplast reading
) frames( ycf)
2 RNA rrn4.5 ( X2) S ( X2)
Ribosomal RNAs rrnl6 (( X2)  rm23 ( X2)
° RNA imAUGC * ( x2)  1rmC-GCA
Transfer RNAs trnD-GUC  trnE-UUC trnkF—
3 GAA  trnfM-CAU  trnG-GCC *
imG-UCC*  tmH-GUG ( x2)
trnl-CAU* ( X2)  trnl-GAU* ( x
3.1 2)  tnK-UUU* trnl-CAA ( X
: 2)  unL-UAA *  umL-UAG
N N trnM-CAU ~ trnN-GUU ( x 2)
) . . trnP-UGG  trnQ-UUG  trnR-
( Satyrium) . ( Amitostigma) ACG ( x2)  tmRUCU trnS-
G deni GCU trnS-GGA trnS-UGA
( Gymnadenia) imT-GGU  tmT-UGU  trnV-GAC
146 754 ~ 156 120 bp( Kim et al. (x2) tmV-UAC* tmW-CCA
trnY-GUA
2020) .
2 . 1 y B 2 ;

(x2) 2 o
Note: * represents gene containing one intron, ** represents

gene containing two introns; ( X2) indicates gene has two copies.
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A. . B.
SSRs

A. Number of different types of SSRs in the chloroplast genomes; B. Number of SSRs identified in coding sequence ( CDS)

(IGS) and introns in the chloroplast genomes.

3

(1GS)

intergenic spacer

Fig. 3 Simple sequence repeats ( SSRs) in chloroplast genomes of Pecteilis susannae and P. hawkesiana

4
Fig. 4 Patterns of nucleotide substitutions among
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and P. hawkesiana
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Table 3 Mutations InDels and mutation rates for the chloroplast genomes of Pecteilis susannae and P. hawkesiana

100 bp 100 bp
Region Mutations InDels Total length Mutations per 100 bp InDels per 100 bp
CDS 210 11 78 915 0.266 11 0.013 94
1GS 381 108 37 865 1.006 21 0.285 22
Intron 136 38 2 180 6.238 53 1.743 12
IR 48 8 26 575 0.180 62 0.030 10
LSC 517 131 84 586 0.611 21 0.154 87
SSC 141 13 17 143 0.822 49 0.075 83

A. ; B. B

A. Nucleotide diversity values of intergenic spacer; B. Nucleotide diversity values of coding genes.
5 ( Pi)

Fig. 5 Comparative analysis of nucleotide diversity ( Pi) values among
chloroplast genome of Pecteilis susannae and P. hawkesiana

°

Boxes above or below the main line indicate genes adjacent to borders.

6 3 3 LSC.SSC 1R
Fig. 6 Comparison of the borders between neighboring genes and junctions of LSC SSC and IR regions
in chloroplast genomes in three Pecteilis species and three Habenaria species
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x ¥ 50% ~100%

The x-axis corresponds to coordinates within the chloroplast genome and the y-axis shows the percentage identity in the range 50% to 100%.

7 3 3
Fig. 7 Alignment of chloroplast genome sequences of three Pecteilis species and
three Habenaria species with P. radiata as a reference
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Numbers at nodes are bootstrap support values.

8

Fig. 8 Phylogenetic tree conducted based on chloroplast genome sequences
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