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Abstract: Inula japonica, Inula hupehensis and Inula linaariifolia are all medicinal plants of Inula L. in the
Compositae family, and Inula hupehensis is endemic to China. In order to compare their genomic sequence
differences and provide scientific basis for their germplasm conservation and development, we obtained and
analyzed the complete chloroplast genomes of these three species. Total DNAs were extracted from fresh leaves and
subjected to next-generation DNA sequencing. NOVOPIlasty was used to assemble the chloroplast genomes from
the sequence reads. CPGAVAS2 was used to annotate the genes and repeats in each genome. Lastly, phylogenomics
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analysis was conducted using RAXML. The results showed that the total length of the chloroplast genome of
Inula japonica, Inula hupehensis and Inula linaariifolia is 150 754, 150 909, and 150 812 bp respectively, each
consisting of a large single copy region, a small single copy region and a pair of inverted repeat regions. In
addition, the G/C content of all three chloroplast genomes was approximately 37.7% and each encoded 111 unique
genes, including 79 protein-coding, 28 tRNA and 4 rRNA genes. Meanwhile, 32, 33, 34 simple repeat sequences,
18, 22, 18 tandem repeat sequences and 33, 37, 38 scattered repeat sequences were identified in three species.
Phylogenomic analysis showed that all three species of Inula L. and Pluchea indica were clustered together, with
the relationship between Inuleae and Senecioneae closer, suggesting that Inuleae may have originated from the
Senecioneae, not the Cardueae. The data in this study not only enriches the chloroplast genome database of Inula L.,
but also lays the foundation for the future studies of species identification, phylogenetic relationships, evolution

history and genetic diversity of Inula species.
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Table 1 Summary of the plastome features for the three Inula L.

species. LSC: Large single-copy region; SSC: Small single-copy
region; IR: Inverted repeat

Features I. japonica  I. hupehensi I. linaariifolia

Length Total 150 754 150 909 150 812

LsC 82 427 82 552 82 474

SSC 18 431 18 453 18434

IR 24948 24952 24 952
GC Total 37.72 37.71 37.71
content/% LSC 36.05 35.94 35.96

SSC 31.29 31.25 31.25

IR 43.01 43.01 43.00
No. of Total 131 131 131
gene Protein 87 87 87

coding

tRNA 36 36 36

rRNA 8 8 8
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Figure 1  Graphic representation of features identified in three Inula L. species plastomes by using CPGAVAS2. The map contains four

rings. From the center going outward, the first circle shows the forward and reverse repeats connected with red and green arcs, respectively.

The next circle shows the tandem repeats marked with short bars. The third circle shows the microsatellite sequences identified using MISA.

The fourth circle is drawn using draw gene map and shows the gene structure on the plastome. The genes were colored based on their func-

tional categories, which are shown at the left corner.
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Table 2 Gene contents of the three Inula L. plastomes

Gene fuction Group of genes Gene names Amount
rRNA rRNA genes rrn23S (x2), rrnl6S (x2), rrn5S (x2), rrn4.5S (x2) 8
tRNA tRNA genes trnH-GUG, trnK-UUU, trnQ-UUG, trnS-GCU, trnC-GCA, trnD-GUC, 36

trnY-GUA, trnE-UUC (x3), trnR-UCU, trnS-CGA, trnT-GGU, trnS-UGA,
trnG-GCC, trnM-CAU (x2), trnS-GGA, trnT-UGU, trnL-UAA, trnF-GAA,
trnM-CAU (x2), trnW-CCA, trnP-UGG, trnL-CAA (x2), trnV-GAC (x2),
trnA-UGC (x2), trnR-ACG, trnN-GUU (x2), trnL-UAG, trnR-ACG
Self replication  Large subunit of ribosome rpl14, rpl16, rpl2 (x2), rpl20, rpl22, rpl23 (x2), rpl32, rpl33, rpl36 11
DNA dependent RNA polymerase rpoA, rpoB, rpoC1, rpoC2 4
Small subunit of ribosome rpsll, rpsl2 (x2), rpsld4, rpsl5, rpsl6, rpsl8, rpsl9, rps2, rps3, rps4, 14
rps7 (x2), rps8
Photosynthesis ~ Subunits of ATP synthase atpA, atpB, atpE, atpF, atpH, atpl 6
Subunits of photosystem 11 psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbM, psbN, 15
psbT, psbZ, ycf3
Subunits of NADH-dehydrogenase ndhA, ndhB (x2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK 12
Subunits of cytochrome b/f complex petA, petB, petD, petG, petL, petN 6
Subunits of photosystem | psaA, psaB, psaC, psal, psal 5
Large subunit of rubisco rbecL 1
Other genes Subunit of Acetyl-CoA-carboxylase accDh 1
c-type cytochrom synthesis gene CCSA 1
Envelope membrane protein cemA 1
Protease clpP 1
Translation initiation factor infA 1
Maturase matK 1
Unknown Conserved open reading frames ycfl, ycfl5 (x2), ycf2 (x2), ycf3, ycfd 7
Total 131

PRiS T 294K, (5 EE1.12%. 3/NFR AR R RS T 1 AH
X [\ S %05 F 9% (relative synonymous codon usage,
RSCU) fH AL . LA, 349 Fl 5 44 2 1 )5 2 B [X
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69.81%), 43 % & T 45 — i (54.35%. 54.34%. 54.35%)
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sequence). & I # & /7 51| (tandem repeats sequence) £l
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(33). IX48 SSR E T4 Ai 1E 1GS 1A & F /7 41 o, 3k
R 38 K. REMPRERELTHHATELE
P AV, ATIAT Z % B R EE )7 52 i W E AL,
X 5 Wang 25081 (1) 4z i — 5, RISk B 5144 1) SSR i
HH %5 polyA B poly T = & 7 51 2H i, fEVF 2 M P AR /b
THEHRBKGHCELIFH . EIX3INYIFH 44
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Flycfl. 25K, X 34 AKTE SSRs (141 H 1 GC
o A EERRTE.

T Ji€ 78 A6 I A @ 78 16 F0 42 - e 78 1 - Ak B [
o BRI 18.22.18 N BEE H 7 41, 1X L7 5|
HERITZ A ARME R T 90%. KREHEE A2
MHEEHIC. HEHITHIKZ 10 bp F|32 bp A55.

ACTE 35 527 A ) B B e o BARREE 7 ok A T
BN, FEA R SCESMIENES2MER . D
e-value /N T~ 10y BI{H, WE 78 A6 i 2 4 5k I8 20 B e
2 HIAHE ) S EE R A 15 %% < 1E [ 5 2 P 41 20 4%
WAL AL N 17.20 5% ; Lt e 1679 18.20 5% . fx K
(1) B AT B 0 48 bp, 7 AR TE 2 A yef2 B[R 4 B 7
o XEEG PPN AL TR R G K E 5k
MR A B LR
3 EFEERZLAENN

X ok B &R AE TR 49 4 J& 1) 51 AN PR A1 2 A 4b
B TP (AR I, ) (1 59 AN FAT B 5T 51
KBSREFG GRSk b & B8 5 AR Fl
RIEE—E, SkankdaR—8(®2). mER, &
RIEEARL AT 73 9 4 3, AR E R (Gnaphalieae) . % ¥ %
JZ& (Anthemideae) 8y —3¢; S5 jik (Astereae) kK
— 3 T HOL %K (Senecioneae). Jit 7 1€ % (Inuleae). [f1]
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Table 3 Details for the simple sequence repeats in the three Inula L. species

. . . 1. japonica 1. hupehensi 1. linaariifolia
SSRnr. Location Region Motif Repeat number Position Repeat number Position Repeat number Position
1 rpsl6 Intron A NA NA NA NA 10 6113
2 rpsl6-trnQ IGS A 13 7070 14 7 090 10 7071
3 trnC-petN IGS A 17 9757 15 9778 16 9758
4 trnC-petN IGS T NA NA 10 97 96 NA NA
5 trnE-rpoB IGS T 12 12 569 11 12 597 12 12578
6 rpoB Exon A 10 13 255 10 13282 10 13 264
7 rpoC1 Intron A 14 16 486 11 16 529 13 16 511
8 rpoC2 Exon A 11 22783 NA NA 11 22 807
9 rpoC2-rps2 IGS T NA NA 10 23 156 10 23140
10 atpl-atpH IGS A 12 24 927 NA NA NA NA
11 atpl-atpH IGS T 10 25872 10 25911 10 25896
12 atpF-atpA IGS T 10 27 816 10 27 855 10 27 840
13 trnR-trnS IGS A 10 29 622 NA NA NA NA
14 trnT-pshD IGS Cc NA NA 10 31115 NA NA
15 pshC-trnS IGS T 13 34 455 11 34525 18 34 480
16 psaA-ycf3 IGS T 12 41332 25 41 401 11 41 362
17 psaA-ycf3 IGS A NA NA 10 41416 NA NA
18 ycf3-trnS IGS T 10 43701 NA NA 11 43730
19 trnT-trnL IGS T 10 45776 NA NA NA NA
20 trnT-trnL IGS A 11 45 809 15 45 887 13 45 839
21 ndhC-trnM IGS T 13 49503 13 49 584 13 49534
22 atpB-rbcL 1IGS T 10 53016 10 53097 10 53 047
23 accD-psal IGS A NA NA 13 57 181 NA NA
24 psal-ycf4 IGS T 10 57 706 11 57 792 11 57 769
25 ycf4-cemA IGS T NA NA 10 59414 NA NA
26 psbE-petL IGS A 15 63 824 16 63918 17 63 888
27 rpl33-rps18 IGS TA 12 66 098 12 66 193 12 66 164
28 clpP Intron T 16 68 731 19 68 826 13 68 797
29 rpoA Exon T 10 76 303 10 76 426 10 76 357
30 rps8-rpl14 IGS T 14 78 734 16 78 857 19 78 788
31 ycfl5-trnV IGS A 16 98 083 20 98 208 20 98 130
32 rrn5S-trnR IGS A 12 105 665 12 105 794 12 105 716
33 ndhF-rpl32 IGS T 11 110 369 NA NA 12 110 420
34 rpl32-trnL IGS A 11 110988 15 111 115 11 111 040
35 rpl32-trnL IGS A 10 111 643 10 111 774 10 111 695
36 ccsA-ndhD IGS T NA NA NA NA 10 113112
37 ccsA-ndhD IGS T NA NA NA NA 10 113 155
38 ndhD-psaC IGS A 10 114 702 11 114 833 10 114 756
39 ndhG-ndhl 1IGS A 10 116 384 10 116 522 10 116 438
40 ycfl Exon TCT NA NA 15 125744 NA NA
41 trnR-rrn5S IGS T 12 127 507 12 127 658 12 127 561
42 trn\V-ycfl5 1GS T 16 135 085 20 135 236 20 135139

H 2% % (Heliantheae). ¥ = /i (Eupatorieae) %5 A —
;SR (Cardueae) BN —SZ. HEETENEN, KB
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Figure 2 Molecular phylogenetic analyses. Plastome sequences of 59 common proteins present from 51 species were used to construct the

phylogenetic tree with the maximum likelihood method implemented in the RaxML. Two taxa, namely, N. tabacum and A. thaliana, were

used as outgroups. Tribes to which each species belongs are shown on the right side of the tree. Bootstrap supports were calculated from

1000 replicates

5T B HORG R RPN, 5RBIECREG R RRT, B
PN TR ACTRACIRIR I T B 7 T e
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