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Abstract This study sequenced the chloroplast genome of Pleurospermum foetens by high throughput technique, and analyzed its struc—
tural characteristics and phylogenetic relationship. The results showed that the chloroplast genome was a typical tetrad structure. The to—
tal length of the genome is 155 057 bp, with 87 protein coding genes, 8 ribosomal RNA genes, and 39 transfer RNA genes. Bioinforma—
tics analysis revealed that the chloroplast genome encodes a total of 26 075 codons, with the highest number of ATT coding for Ile and
the lowest number of TGC coding for Cys, apart from the terminator. The highest relative synonymous codon usage was UUA, and the

lowest was AGC. Additionally, 34 SSR loci were identified, including 27 single nucleotide repeats sequences, 4 double nucleotide re—

( 2019QZKK05020) . (31960046) . -
(U1802232) — (202201AU070057) .
2023.
42(9): 903-918. ZHANGJY YUSL LIZM etal. 2023. Chloroplast genome structure and phylogenetic relation—

ships in the alpine endemic plant Pleurospermum foetens. Genomics and Applied Biology 42(9) : 903-918.
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peats sequences, and 3 complex repeats sequences. The genome size, gene type and GC content of P. foetens were similar with other

Pleurospermum species. A maximum likelihood tree was constructed using the IQ-TREE software , the results showed that P.foetens is

closely related to P.linearilobum and the Pleurospermum branch is a paraphyletic group. This study enriched the genetic information of

chloroplast genome of P. foetens, and laid a theoretical foundation for the development of molecular markers, genetic diversity and phy—

logeography of P. foetens. It also provides support for the systematic evolution of Apiaceae plants.
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o

Color coding based on gene function.

1

1

Figure 1 Gene map of chloroplast genome of Pleurospermum foetens

Table 1 Gene annotation of the chloroplast genome of Pleurospermum foetens

Functional gene classification

Category of genes

Gene name

Genes for photosynthesis

ATP
Subunits of ATP synthase

I

Subunits of photosystem [l

NADH

Subunits of NADH-dehydrogenase
b/f

Subunits of cytochrome b/f complex

I

Subunits of photosystem [

Subunit of rubisco

atpA  atpB  atpE  atpF  atpH  aipl

psbA  psbB  psbC  psbD  psbE  psbF  psbH psbl psb] psbK  psbL

psbM  psbN  psbT  psbZ  ycf3

ndhA  ndhB®  ndhC ndhD
ndhJ ndhK

petA  petB  petD petG petl, petN

psaA  psaB  psaC psal psal

rbel

ndhE

ndhF

ndhG

ndhH

ndhl
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Continuing table

Functional gene classification

Category of genes

Gene name

Self replication genes

RNA
Ribosomal RNA genes

Large subunit of ribosome

ml6"  rm23° 4. 5" ST

mpll4 mpll6 mpl2”  pl20 ml22 mpi23"  ml32 mi33 pl36

DNA RNA rpoA  mpoB  rpoCl  rpoC2
DNA dependent RNA polymerase
sl rps12”  rpsl4 rpslS 1psl6 rpsIS rpsl9 rps2 1ps3 rpsd
Small subunit of ribosome mps7" 1ps8
RNA trnA-UGC™  tmC-GCA  trnaD-GUC  tmE-UUC  tmF-GAA  trnfM—
Transfer RNA genes CAU  trmG-GCC  trnGUCC  trnH-GUG  trnl-CAU™  trnl-GAU"
trnKUUU  tral-CAA” trnl-UAA ~ trn-UAG ~ trnM-CAU  trnN—-
GUU"  tmPUGG 1rnQ-UUG 1rnRACG™  tnR-CCG™  trnRUCU
trnS-GCU  trnS-GGA  trnSUGA  tmT-GGU  trnT-UGU  trnV-GAC”
trnV-UAC trnW-CCA  trnY-GUA
A accD
Other genes Subunit of acetyl CoA carboxylase
c cesA
¢ type cytochrom synthesis gene
cemA
Envelop membrane protein
ATP P clpP
ATP dependent protease subunit P
infA
Translational initiation factor
matK
Maturase
yof 1 yef2" yef4 yoflS
Unknown function genes Open reading frames
Dk °
Note: * is two copies.
1.2 Ile ATT
Cys TGC :
. 3 TAA
87 26 075 ( TAA: 50.6%; TAG: 26.4%; TGA: 23.0%) ( 2) o
2
Table 2 Codons usage frequency of the complete chloroplast genome of Pleurospermum foetens
1% /%
Codon  Amino acid  The internal frequency  Frequency in  Number || Codon  Amino acid The internal frequency  Frequency in  Number
of this amino acid/%  all amino acid of this amino acid/%  all amino acid
TGA * 23.0 0.767 20 CGA Arg 23.0 14. 113 368
TAG * 26. 4 0. 882 23 CAT Leu 13.7 14. 382 375
TAA * 50.6 1. 687 44 TCA Ser 19.2 14.765 385
TGC Cys 24. 4 2. 646 69 AGT Ser 19.4 14.919 389
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Continuing table

/%

1%

Codon  Amino acid  The intemal frequency Frequency in  Number|| Codon  Amino acid The intemnal frequency Frequency in  Number
of this amino acid/%  all amino acid of this amino acid/%  all amino acid
CGC Arg 6.4 3.912 102 GCA Ala 27.8 15.034 392
AGC Ser 5.9 4.564 119 ACA Thr 29.2 15. 149 395
CGG Arg 8.4 5.177 135 CCT Pro 38.5 16. 453 429
CAC His 24.7 5. 906 154 ATC Ile 20.7 17. 335 452
GCG Ala 11.5 6.213 162 TGG Trp 100.0 17.45 455
AGG Arg 10.2 6.29 164 CAT His 75.3 17.987 469
CCG Pro 14. 8 6.328 165 AGA Arg 30.5 18.725 488
ACG Thr 12.3 6. 405 167 GTA Val 35.5 19. 367 505
GTC Val 12.8 6. 98 182 TTC Phe 35.2 19. 981 521
CTG Leu 6.7 7.018 183 GTT Val 37.1 20. 288 529
TAC Tyr 19.4 7.21 188 ACT Thr 39.3 20. 403 532
CTC Leu 7.0 7.325 191 TTG Leu 20.1 21.131 551
GGC Gly 10.9 7.517 196 TCT Ser 29.0 22.282 581
TCG Ser 9.8 7.555 197 CTT Leu 21.8 22.857 596
GTG Val 14.6 7.977 208 GGT Gly 33.4 23.011 600
TGT Cys 75.6 8.207 214 GCT Ala 42.8 23. 164 604
GAC Asp 20.5 8.207 214 ATG Met 100.0 23.241 606
CCC Pro 19.4 8.284 216 GGA Gly 38.3 26.424 689
CAG Gln 25.1 9.012 235 CAA Gln 74.9 26. 846 700
GCC Ala 17.9 9. 664 252 ATA Ile 32.3 27.076 706
ACC Thr 19.1 9.933 259 TAT Tyr 80. 6 30. 029 783
CCA Pro 27.2 11.62 303 GAT Asp 79.5 31.908 832
AAC Asn 24.7 11.735 306 TTA Leu 30. 8 32.368 844
GGG Gly 17.4 12. 004 313 AAT Asn 75.3 35.743 932
TCC Ser 16.5 12. 694 331 TTT Phe 64.8 36. 855 961
CGT Arg 21.5 13.193 344 GAA Glu 74. 1 37.852 987
GAG Glu 25.9 13.231 345 AAA Lys 73.7 39.271 1024
AAG Lys 26.3 13.998 365 ATT Ile 47.1 39. 463 1029
s .
Note: * represents stop codon.
RSCU 1 (
2008) .
( codon usage bias) ( Hersh— RSCU RSCU UUA
berg and Petrov 2008) . AGC(  2), RSCU 1 30
( relative syn—  Leu( UUG) C/G A/
onymous codon usage RSCU) 1o U ( 3),
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20 RSCU
A (Ala) C (Cys) D
(Asp) E (Glu) F (Phe) G (Gly) H
(His) 1 (Me) K (Lys) L (Leuw) M
(Met) N (Asn) P (Pro) Q (GIn) R
(Arg) S (Ser) T (Thr) V (Val) W
(Trp) Y (Tyr); * o

The abscissa represents 20 amino acids and terminators while the ordinate represents the RSCU
value; The different colors of each amino acid correspond to the codon of the same color below;
A represents alanine ( Ala) C represents cysteine ( Cys) D represents asparticacid ( Asp) E
represents glutamicacid ( Glu) F represents phenylalanine ( Phe) G represents glycine
(Gly) H represents histidine ( His) I represents isoleucine ( Ile) K represents lysine
(Lys) L represents leucine ( Leu) M represents methionine ( Met) N represents asparagine
(Asn) P represents proline ( Pro) Q represents glutamine ( Gln) R represents arginine
(Arg) S represents serine ( Ser) T represents threonine ( Thr) 'V represents valine ( Val)

W represents tryptophan ( Trp) Y represents tyrosine ( Tyr) ; * represents stop codon.

2 RSCU
Figure 2 RSCU analysis of each amino acid in the chloroplast genome of
Pleurospermum foetens
3 RSCU

Table 3 RSCU statistics of the complete chloroplast genome of Pleurospermum foetens

Amino acid RSCU Amino acid RSCU
Amino acid Codon Amino acid Codon

abbreviation abbreviation
S Ser AGC 0.349 0 M Met AUG 1. 000 0
Y Tyr UAC 0.383 6 W Trp UGG 1. 000 0
L Leu cucC 0.387 3 P Pro CCA 1.059 2
L Leu CUG 0.389 8 A Ala GCA 1.093 2
R Arg CGC 0.402 6 S Ser UCA 1.153 7
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Continuing table

Amino acid

RSCU

Amino acid

RSCU

Amino acid Codon Amino acid Codon
abbreviation abbreviation
D Asp GAC 0.413 9 T Thr ACA 1.162 6
C Cys UGC 0.454 5 L Leu uuG 1.197 0
G Gly GGC 0.456 6 S Ser AGU 1.214 2
T Thr ACG 0.471 8 L Leu CUU 1.290 0
A Ala GCG 0.475 2 R Arg CGU 1.330 4
Q Gln CAG 0.484 1 F Phe Uuu 1.334 4
H His CAC 0.4850 G Gly GGU 1.367 4
R Arg CGG 0.490 2 R Arg CGA 1.3917
N Asn AAC 0.491 1 Vv Val GUA 1.4259
Vv Val GUC 0.493 0 1 Tle AUU 1.427 8
E Glu GAG 0.496 6 G Gly GGA 1.494 7
K Lys AAG 0.501 7 K Lys AAA 1.498 3
Vv Val GUG 0.571 0 * Ter UAA 1.500 0
S Ser ucG 0.576 9 E Glu GAA 1.503 4
R Arg AGG 0.595 2 N Asn AAU 1.508 9
P Pro CCG 0.598 1 Vv Val GUU 1.510 1
1 Ile AUC 0.605 6 H His CAU 1.5150
F Phe uuc 0. 665 6 Q Gln CAA 1.5159
G Gly GGG 0.681 2 C Cys UGU 1.5455
A Ala GCC 0.698 8 P Pro CCU 1.578 4
* Ter UGA 0.712°5 D Asp GAU 1.586 1
P Pro CCC 0.764 3 T Thr ACU 1.597 3
T Thr ACC 0.768 3 Y Tyr UAU 1.616 4
* Ter UAG 0.787 5 A Ala GCU 1.7329
L Leu CUA 0.797 2 S Ser ucu 1.766 2
S Ser ucc 0.940 1 R Arg AGA 1.789 9
1 Ile AUA 0.966 5 L Leu UUA 1.938 8
s o
Note: * represents stop codon.
1.3 SSR 97 bp 31~40 bp 6
( tandam repeat (4. REPuter
sequence) ( interpersed repeat se— ) 17
quence) i TRF ( forward repeat F)
23 1 055 bp 24 bp o

4

Table 4 Tandem repeat sequence across the complete chloroplast genome of Pleurospermum foetens

Order number

Repeating units length /bp

/bp

Repeating units number

/bp

Repeating sequence size/bp

Location

[ NNV, B SN OSI )

17
20
20
49
17
12

2.5
2.0
2.0
2.0
2.1
2.2

41
39
39
97
34
25

IGS
1GS
1GS

rpoC2  1GS( rpoC2. rpoCl)

1GS
IGS
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Continuing table

/b /b
Order number Repeating units lengﬂ?/hp Repeating units number Repeating sequence si:e/l)p Location
7 13 2.0 25 trnl-UAA
8 17 2.0 33 1GS
9 24 1.9 45 1GS
10 21 2.0 40 rpsl8
11 19 2.0 37 psbT  1GS( psbT~ psbN)
12 15 2.1 30 petB( intron)
13 24 2.1 49 IGS
14 21 3.2 67 yef2
15 15 3.0 44 yef2
16 9 5.9 52 yef2
17 18 3.3 58 yef2
18 12 2.1 24 IGS
19 18 3.3 58 yef2
20 9 5.9 52 yef2
21 15 3.0 44 yef2
22 21 2.6 53 yef2
23 19 3.4 69 yef2
1GS intron o

Note: IGS in parentheses indicates the internal guidance sequence and intron indicates the intron region.

5

Table 5 Interspersed repeat sequences in the complete chloroplast genome of Pleurospermum foetens

1 /bp 2 E
Repeat start 1 Repeat type Size /bp Repeat start 2 E value Gene name of location Region of gene
90 994 F 30 91 009 5. 28E-407 ¥ef2 IRb
149 597 F 30 149 612 5.28E-07 yef2 IRa
8 989 F 30 36 623 2.30E-05 psbl  tmS-GCU(1GS) . 1Rb LSC
psbC  irnS-UGA( 1GS)
39 846 F 30 42 070 6.43E-04 psaB- psaA LSC
89 816 F 30 89 858 6.43E-04 yef2 IRb
92 283 F 30 92 301 6.43E-04 ¥ef2 IRb
150 748 F 30 150 790 6.43E-04 yef2 IRa
85 304 F 31 85 328 1. 78E-04 IGS IRb
92 261 F 31 92 297 1. 78E-04 yef2 IRb
108 474 F 31 132 131 1. 78E-04 IGS IRb IRa
148 312 F 31 148 348 1. 78E-04 ¥ef2 IRa
21 317 F 36 21 366 2. 76E-07 rpoC2 rpoCI( 1GS) LSC
44 841 F 39 99 301 2.62E-12 yef3( intron) LSC IRb
rps12( intron)
44 841 F 39 121 872 2.62E-12 trnl-UAA( intron) SSC LSC
ndhA( intron)
99 299 F 42 121 870 3.50E-16 rps12( intron) TRb SSC
ndhA( intron)
92 257 F 49 92 275 1. 06E-14 yef2 1Rb
148 308 F 49 148 326 1. 06E-14 yef2 IRa
( simple sequence repeat SSR) 27 4

(6 SSR 34 3 /1
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o 88.2%  SSR 27 SSR A
( internal guide sequence IGS) (in- 12 T 13
tron) A/T SSR
6 SSR

Table 6 Information of SSR in the complete chloroplast genome of Pleurospermum foetens

Order number  SSR type SSR Size Start End Location
1 pl (A) 11 11 6 649 6 659 1GS
2 pl (A) 10 10 6 962 6971  1GS
3 pl (A)11 11 7592 7 602 1GS
4 c (T) 10a(T) 12 23 9 494 9516  IGS
5 pl (T) 10 10 13 255 13264  intron
6 pl (A)13 13 13 867 13 879 1GS
7 pl (T) 10 10 15 055 15 064 1GS
8 c (T) 12¢( A) 12 25 16 954 16978 rps2
9 pl (T) 14 14 19 177 19190  rpoC2

10 pl (A) 14 14 23 262 23275  intron

11 pl (T) 12 12 26 911 26 922 1GS

12 pl (T) 10 10 33 285 33 294 1GS

13 pl (A)11 11 33 486 33 496 1GS

14 p2 (AT) 6 12 36 937 36 948 1GS

15 c ('T) 10caaaatttttattictatccegatcccaaatcatgtgtetitctegtaagattgagageaat( A) 10 82 45 433 45514 intron

16 p2 (AT) 7 14 49 800 49 813 1GS

17 pl (T) 10 10 55 447 55 456 atpB

18 pl (A)13 13 56 025 56 037 1GS

19 pl (T) 11 11 60 568 60 578 1GS

20 pl (T) 13 13 83 564 83576 intron

21 pl (T) 17 17 85 647 85 663 1GS

22 pl (A) 10 10 97 671 97 680  IGS

23 pl (T)13 13 99 679 99 691 1GS

24 pl (T) 12 12 103 435 103 446 intron

25 pl (G) 10 10 104 664 104 673 intron

26 pl (T) 10 10 117 120 117 129 1GS

27 p2 (TA) 7 14 120 287 120 300 1GS

28 p2 (AT) 6 12 120 531 120 542 1GS

29 pl (A) 11 11 128202 128212  ycfl

30 pl (C)10 10 135 964 135973 intron

31 pl (A)12 12 137 191 137 202 intron

32 pl (A)13 13 140 946 140 958 1GS

33 pl (T) 10 10 142 957 142 966 1GS

34 pl (A) 17 17 154 974 154 990 1GS

p SSR 1 2 ;c SSR o

Note: p indicates single SSR type followed by the numbers 1 and 2 indicating the number of bases forming the sequence; ¢ indicates composite SSR

type.
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The x-axis is the position of sequences the y-axis is similarity; Gray arrows represents the direction of gene transcription; Blue repre—

sents exon; Cyan represents intron; Red represents noncoding sequences.

3

Figure 3 Comparison of the complete chloroplast genomes of Pleurospermum

10
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10

o

rps19+ rpl22
JLB
rps19

IR gelicoides)  rpsl9 LsCc .
4 IRb/SSC( JSB) ndhF
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SSC/IRa( JSA) yef1
LSC/IRb( JLB) o TRa/LSC
ml2+ yef2, ~ (JLA) .
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4 LSC. SSC 1R

Figure 4 Comparison of LSC SSC and IR border regions of the chloroplast genomes of Pleurospermum

1.5 100%; N ( P. rotun—
20 datum) .

( Eleutherococcus trifoliatus)
ML 97%;

( Coriandreae) ( Coriandrum

sativum) ( 5,

5 20
Figure 5 Phylogenetic tree constructed based on the chloroplast genomes of 20 Apiales species
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DNA Qubit® DNA
DNA o Agilent 2100
Q-PCR
o [Mumina
Nova Seq 6000 PE
150 bpo 2 G raw data Q30 80% o
3.3
Clean data  Linux Get
Organelle v.1.7.5.2( Jin et al. 2020)
FASTA o NCBI
BLAST ( )
CPGAVAS2 ( Shi et al. 2019)
Geneious ( Kearse et al. 2012)
OGDRAW ( Lohse et al. 2007)
3.4 + SSR

EMBOSS explorer
bioinformatics. nl/emboss-explorer/) . CodonW

( Peden 1999) cpDNA

( https: //www.

° REPuter

3 30 bp.

7

Tandem Repeats Finder ( Ben-
son 1999; Kurtz et al. 2001) , MISA
( Thiel et al. 2003)
SSR
= 10 =6
/) =5,
3.5 IR
NCBI 9
( 7
o Microsoft Excel
mVISTA ( Mayor et al. 2000)
Multi4.AGAN 10
( ) o
IRscope ( Amiryousefi et al. 2018)
IR o
3.6
NCBI
20
Geneious 67
CDS IQ-TREE ( Nguyen et al.
2015) ML ( bootstrap
value) 1 000 o
Fig Tree ( http: / /tree.bio.edac.
uk /software /figtree /) .
NCBI

Table 7 Phylogenetic analysis of the genus Pleurospermum obtained from the NCBI database

accession number information

NCBI
Species NCBI accession number
Pleurospermum foetens 0P_583945
Pleurospermum linearilobum NC_060751
Pleurospermum franchetianum NC_060749
Pleurospermum uralense NC_033343
Pleurospermum amabile MT_609922
Pleurospermum rotundatum NC_060756
Pleurospermum rivulorum NC_060753
Pleurospermum angelicoides NC_060754
Pleurospermum longicarpum NC_060755
Pleurospermum apiolens NC_060757
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