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Abstract: The whole chloroplast genome of the medicinal plant Paeonia mairei H. Lév. was sequenced using
the Illumina HiSeq X Ten platform and then assembled, annotated, and characterized by bioinformatic methods in
this study. The complete chloroplast genome of P. mairei is 152 731 bp in length with the typical quadripartite
structure, which consists of a large single copy-region (LSC, 84 402 bp), a small single copy-region (SSC, 16 969 bp),
and a pair of inverted repeat regions (IRa and IRb, 25 680 bp), with an overall GC content of 38.4%. A total of
136 predicted genes, including 90 protein-coding genes, 38 tRNA genes and eight rRNA genes were identified.
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Among these, seven protein-coding genes, seven tRNA genes and four rRNA genes were found duplicated in

the IR regions. In addition, 28 dispersed repeats, 10 tandem repeats, and 64 simple sequence repeats were detected

within the whole chloroplast genome of P. mairei. Comparative analyses between 12 Peaonia species showed that

the chloroplast genomes are highly conserved in length, gene content, gene order, and GC content. Meanwhile, the

noncoding sequences (intergenic regions and introns) show a higher variation than the protein coding sequences,

and sequences from the LSC region and SSC region are more variable than those from the IR regions. P. mairei

was inferred forming in a distinct clade with P. lactiflora, P. obovate, and P. anomala subsp. veitchii with a 100%

bootstrap value and is phylogenetically closest to P. lactiflora. These results may provide a basis for further genetic

studies and the development and utilization of medicinal P. mairei.
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Figure 1 Chloroplast genome map of P. mairei. Genes inside and outside the circle are transcribed in a clockwise and counter clockwise
direction, respectively. Genes are color-coded based on their functions. The grey area in the inner circle indicates the GC content of the
chloroplast genome.

Table 1 Gene composition in the chloroplast genome of P. mairei. Bold font indicates genes duplicated in the IR regions;  represents pseu-
dogenes; " and © indicate genes with one and two introns, respectively; ¢ indicates the gene has 2 separate transcription units; © indicates the

gene spans the large single copy region and the IR region

Category Gene group Gene name
Self-replication ~ Large subunit of ribosome rpl2°, rpl23, rpl22°, rpll6°, rpll4, rpl36, rpl20, rpl33
DNA-dependent RNA polymerase rpod, rpoB, rpoCI°, rpoC2
Small subunit of ribosome 1ps7, rps12°9, rpsi5, rps19°, rps3, rps8, rpsll, rps18, rps4, rpsi4, rps2, rps16°
Ribosome RNA Genes rrnl6, rrm23, rrnd.5, rrn5
Transfer RNA Genes trnl-CAU, trnL-CAA, trnV-GAC, trnl-GAU®, trnA-UGC®, trnR-ACG, trnN-GUU,
trnL-UAG, trnP-GGG, trnP-UGG, trnW-CCA, trnM-CAU, trnV-UAC®, trnF-GAA,
trnL-UAA®, trnT-UGU, trnS-GGA, trnfM-CAU, trnG-GCC, trnS-UGA, trnT-GGU,
trnE-UUC, trnY-GUA, trnD-GUC, trnC-GCA, trnR-UCU, trnG-UCC®, trnS-GCU,
trnQ-UUG, trnK-UUUP, trnH-GUG
Photosynthesis Subunits of ATP synthase atpB, atpE, atpl, atpH, atpF®, atpA
Subunits of NADH-dehydrogenase ndhB®, ndhH, ndhA®, ndhl, ndhG, ndhE, ndhD, ndhF, ndhC, ndhK, ndhJ
Subunits of cytochrome b/f complex  petD®, petB®, petG, petL, petA, petN
Subunits of photosystem I psaC, psaJ, psal, psaAd, psaB
Subunits of photosystem IT psbH, psbN, psbT, psbB, psbE, psbF, psbL, psbJ, psbZ, psbC, psbD, psbM, psbl, psbK,
psbA
Subunit of rubisco rbcL
proteins photosystem I assembly yef4, yef3©
Other genes Subunit of acetyl-CoA-carboxylase accD
c-Type cytochrome synthesis gene cesA
Envelop membrane protein cemA
Protease clpP*
Translational initiation factor infA
Maturase matK

Proteins of unknown function

yef2, yef15, ycf68:, yef1¢
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Table 2 List of genes with introns identified in the chloroplast

genome of P. mairei

. Length/bp
Gene Location
ExonI IntronI ExonII Intron II Exon III
rpsl6 LSC 236 815 40
atpF LSC 411 691 159
rpoCl LSC 1617 700 435
yef3 LSC 153 749 228 735 126
rpsi2 LSC-IR 114 - 232 535 26
clpP LSC 228 658 292 675 71
petB LSC 6 758 657
petD LSC 9 645 525
rpll6 LSC 9 1 005 399
rpl2 (x2) IR 435 668 393
ndhB (%2) IR 756 682 777
ndhA SSC 540 1015 543
trnK-UUU LSC 35 2452 37
trnG-UCC LSC 23 702 48
trnL-UAA LSC 37 524 50
trnV-UAC LSC 37 573 39
trnl-GAU (x2) IR 37 938 35
trnA-UGC (x2) IR 38 717 35

KB 78 273 bp, £k SR L PR 20 S KB 1) 51.2%,
H126 091 ME T T4 . Hh, %% 2K Leu K %
071 AR e vy, 352 7350k, 405 RV RS T A R
1) 10.5%, 111 9 i 2 Bt 28 B8 1) %5 65 156 A 28 AR, AR
296 K, 5 R RS T R 1.1%
2 EERFFIEN

LI F] 28 A [R]If # E K FEA/N T30 bp HE SR
J7 F TR A ABLBE K T~ 90% P AN & A4 [ e 5 27 41, A
F5 14 4~ 9l L #E & (palindromic repeats, P)+ 12 4™ IE [A]
& & (forward repeats, F). 1 > H % # & (complement
repeats, C) il 1 /M= [ 5 & (reverse repeats, R), H A&
YN 30~64 bp. Rl E] 10 2 K JEVuF A 18~33 bp
MEBREBREE T B EEE T YL 4D XA 5
A, Horpr, LSC XM SSC X % 2 2%, R IXBI N 21K,
P IR [X 4% 3 2%, R KE 510923 M4 0. LA
7 64 > SSRs, WHH 44 > FAZH TR 13 DXL H BR A

7T =R SSRs, VUAZ B R « A% R S 4% H IR
SSR A F) . b, #5114~ SSRs 735140 #i TR (4
YA B K matK rpoC2 - atpB -~ cemA~rps3 Fl ycfI 1) 4w i
X P9, HR YA T AR gm it X (F 45 5 B ] X A0 P 55
TIX)o
3 MAEMEMRAEEREBLR ST

NN AT 245 575 24 )@ Hopth 11 Fhod M- 434k 4 5
75 1) LB o A 2 R LT 2. B4R B 12 A4 b
F14) e 453 s 356 [ 2 356 [ A0 SR Py 7 B — 55, TR, LSC
XA SSC X FHIA LT IR X fFfEde 248 %, i HAH
FEHMERIG T oI . b, EIATZ 5 HAh 11
b AE ) W & Ak 35 TR A 7 B AE rps16-trnQ - psad-yef3-
trnL-trnF « petA-psbJ ndhF-trnL - rps15-ycf1 %5 3& [A [A]
X, LI rpoCI < rpll6 - ycfl 3K B W & F X 38 17 16
B 22 5 o 12 /NP R4k 42 R 2H L LSC . SSC
IR X (1) K FE A2 Ak 56 Bl 43 ) 2 152 153~154 405 bp.
84 365~86 057 bp. 16 679~ 17 059 bp £ 24 863 ~
25 745 bp, GC 7 &= 4244 38 [l 73 ) 2~ 38.3%~38.5%-
36.6%~36.8%- 32.6%~33.0% K1 43.1%~43.2% (#
3). Uk4h, CORREL iR it 545 21 B (] - £ 44 42 K& K]
K AL 5 LSC.SSC Al IR [X K Ji 48 4k, 2 [ f) 4 5
PR Er 58 0.657 4.0.360 7 F10.371 8.
4 REEENH

RGRKB AR LR (B3), WEEWATZEN
BIAT 24 )& 12 IR L 100% 52 H57 - By — AN ST
PR, 5SEERNEHERIX K. [, X
12 ar DLtk — 2B X120 9 3 N IRGLH R 0 3, Ho,
[ >K AT 2 B BEAT 2] ARAT A 2RI SE TR AT 2 4 A
VIFAE B — > 5 R B SCRE RN 100%, FF H 32 [ ~5 24 A1
ATUIIN R GO0 R, M RIH R A . SR B4 PHAH
sect. Moutan ¥ 7 AW F0 78 L 100% 1) SCFF 2 RN —
X, FHEAEAT G BIHAK R R EBEANRGEKE R
b, A Z -6 AT 252 sect. Onaepia A ST-4E 71

Table 3 Comparison of chloroplast sequences of P. mairei and other 11 species from Paeonia

. Whole genome LSC SSC IR
Species Length/bp G+C/%  Lengthbp  G+C/% Length/bp G+C/% Length/bp G+C/%
P, mairei 152731 38.4 84 402 367 16 969 327 25 680 431
P obovata 152 698 38.4 84387 367 17027 327 25 642 432
P lactiflora 152747 38.4 84 412 367 17033 327 25651 4.1
P anomala subsp. veitchii 152 682 38.4 84 398 367 16978 327 25653 43.1
P rockii 152 821 383 84 477 36.6 17048 326 25 648 43.1
P ludlowii 152 687 38.4 84 426 367 16983 327 25639 4.1
P. delavayi 154 405 38.4 86 057 367 17 050 327 25 649 43.1
P ostii 152 153 38.4 85373 36.7 17054 327 24 863 43.1
P, jishanensis 152 628 38.4 84292 36.7 17 044 327 25 646 431
P. decomposita 152601 38.4 84265 367 17 036 326 25 650 43.1
P, sufffuticosa 153 119 38.4 84 570 36.6 17 059 326 25745 432
P, brownii 152228 385 84265 368 16 679 33.0 25 642 432
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Figure 3 Maximum likelihood phylogenetic tree of 12 species from Paeonia inferred using dadaset of the whole chloroplast genome

sequences. Numbers beside each node are bootstrap values (BS)
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