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Abstract: To explore the structural features of Artemisia parviflora chloroplast genome and its
systematic position. We employed high-throughput sequencing technology for genome sequencing
and analyzed by bioinformatics tools. The results were as follows: (1) The chloroplast genome of
A. parviflora was 151 047 bp, with a typical circular double-stranded tetrad structure, and the GC
content was 37.5%. (2) Total 115 unique genes were annotated, including 81 protein-coding genes,
four rRNA genes, and 30 tRNA genes. (3) Sixty-eight simple sequence repeats (SSRs) and 37 long
repeat sequences were detected. (4) The codon usage bias was weak in the A. parviflora
chloroplast genome, and natural selection mainly contributed to the codon usage bias.
High-frequency codons tend to ended with A/U. (5) There was no obvious expansion or
contraction of the inverted repeat (IR) regions. Five high variation regions (trnH-psbA,
rpll16—rps3, ycf15—trnl-UAG, ndhA, and ycfl) were identified which could be used as potential
molecular markers for identifying Subgen. Dracunculus species. (6) Phylogenetic analysis
revealed the systematic position of 4. parviflora within Subgen. Dracunculus and elucidated the
phylogenetic relationships among the various subgenera of Artemisia. This study lays the
foundation for future molecular marker development and phylogenetic research of Artemisia
species.
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Fig.1 Gene map of the Artemisia parviflora chloroplast genome
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Table 1 Basic features of the Artemisia parviflora chloroplast genome

¥8hr Index HfH Value

HFH K/ Genome size (bp) 151 047

LSC XK & Length of LSC region (bp) 82 833

IR XK ¥ Length of IR region (bp) 24953

SSC XK J& Length of SSC region (bp) 18 308
& GC % & Total GC content (%) 37.5
LSC [X GC % GC content of LSC region (%) 35.6
IR X GC & GC content of IR region (%) 43.1

SSC [X GC % GC content of SSC region (%) 30.7
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Table 2 Functional classification statistics of genes of the Artemisia parviflora chloroplast

genome
e SR 441 S 4K W
Category of gene Group of gene Gene name Number
JeEAFEH HERG 1 psad, psaB, psaC, psal, psaJ 5
Photosynthesis Photosystem [
HERSG I psbA, psbB, psbC, psbD, psbE, psbF, 15
Photosystem I1 psbH, psbl, psbJ, psbK, psbL, psbM,
psbN, psbT, psbZ
IR EER b B petA, petB®, petD", petG, petL, petN 6
Cytochrome b/f complex
ATP & Rl atpA, atpB, atpE, atpF", atpH, atpl 6
ATP synthase
NADH Jiit Z ndhA*, ndhB*(x2), ndhC, ndhD, ndhE, 12
NADH dehydrogenase ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
LAY e A N e rbeL 1
RubisCO large subunit
HIE RNA &G rpoA, rpoB, rpoC1”, rpoC2 4
Self-replication RNA polymerase
R /N 5 1ps2, rps3, rps4, rpsT(X2), rps8, rpsll, 15
Small subunit of ribosome (SSU) rps12*(x3), rps14, rps15, rps16”, rps138,
rps19
B R B K2 rpl2(x2), rpl14, rpl16°, rpl20, rpl22, 11
Large subunit of ribosome (LSU) 1pl23(x2), rpi32, rpl33, rpl36
iz RNA trnd-UGC*(x2), trnC-GCA, trnD-GUC, 37
Transfer RNAs trnE-UUC, trnF-GAA, trnfM-CAU,
trnG-GCC, trnG-UCC", trnH-GUG,
trnl-CAU(X2), trnl-GAU"(x2),
trnK-UUU", trnL-CAA(X2), trnL-UAA",
trnL-UAG, trnM-CAU, truN-GUU(%2),
trnP-UGG, trnQ-UUG, trnR-ACG(X2),
trnR-UCU, trnS-GCU, trnS-GGA,
trnS-UGA, trnT-GGU, trnT-UGU,
trnV-GAC(x2), trnV-UAC", trnW-CCA,
trnY-GUA
B RNA rrnd.5(x2), rrn5(x2), rrn16(x2), 8
Ribosomal RNAs 711n23"(x2)
FoA A LTRAHEE A AT aceD 1
Other genes Subunit of
acetyl-CoA-carboxylase
C R40H L A R cesA 1




C-type cytochrome synthesis
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Note: * and ** indicates the gene contains 1 and 2 introns; (x2) and (x3) indicates the gene has 2 and 3 copies.
22 ERFFH

VT 2 7 P P S R DR 2 rh A 31 68 A SSRs A7 i, HA RE AL T LSC X . #ii%
HRESHERS (421 , HPH 97.6% MBI ES N A/T
M- BHFRESR (R 3) . HillIE, A/T. AT/AT. AAT/ATT. AAAT/ATTT. AATT/AATT
& AATAT/ATATT ) EE 50 7 Hik B 7 88.2%, KW SSRs Al A/T Bifdk . FLAs I E
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Table 3 Type and number of SSRs of the Artemisia parviflora chloroplast genome

SSRs J¢7H HE R Kt i (%)
SSR type Repeat unit Number Ratio (%)
PRHR AT 41 97.6
Mononucleotide C/G 1 24
TIER
AT/AT 8 100
Dinucleotide
=R AAG/CTT 1 25
Trinucleotide AAT/ATT 3 75
AAAG/CTTT 1 8.3
DU %L g AAAT/ATTT 5 41.7
Tetranucleotide AATC/ATTG 4 333
AATT/AATT 2 16.7
FZER
AATAT/ATATT 1 100
Pentanucleotide
LR
AACTAT/AGTTAT 1 100

Hexanucleotide
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Fig.2 Type and number of long repeat sequence of the Artemisia parviflora chloroplast genome
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Fig.3 Analysis of relative synonymous codon usage of the Artemisia parviflora chloroplast
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Fig.4 Analysis of codon usage bias factors of the Artemisia parviflora chloroplast genome
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Table 4 Frequency distribution of ENC ratio

HIR A e HE ZH A0
Class boundary Class middle value Number Class frequency (%)
-0.15~-0.05 -0.1 3 5.6



-0.05~0.05 0 21 389

0.05~0.15 0.1 24 44.4
0.15~0.25 0.2 1 1.9
0.25~0.35 0.3 2 3.7
0.85~0.95 0.9 3 5.6

2.4 FH)E RS

8 mVISTA Map R BRI LT TR, PAE B4 (Artemisia hancei) [ SRAREE DR 2H
YERNZZ5, S 9 Tl 8 W J@ AEL A 1) - R AR 5 DRI AH 3R AT 2 91 LU X 20 #T o 45 SR 3R B X e - A B
DR 2 (1) &5 R AN BE DRI B AR AH [F], - ARGt X1 22 e 1t K T2t X, IR X 22 e W e/ T
LSC XA SSC X (¥ 5) . BHREZSMEIriioR, BILKNE] 498 M EMALA, I
R 2% ASTEAE(P) IV BB A2 A6 9 0~0.009 72, ~FE{E N 0.001 10, FrilH 5 4> P>0.005 F A8 5
XK, 535K trnH - psbA~ rpl16 —rps3< ycfl5 —trnL-UAG~ ndhA F1ycfl (& 6) .

matk ot pbC
kRl GO K-UUL P16 ek 5B nC-GCA pst mGUA P8 poC2 Z’;’ﬂ» ﬂmuw .Hpr\lm(?—l‘l;(" DTSR amthiC “<
BB A. hancei (= - N GUESEUTE T > ion h bt
Wik A. capillaris 1
Wi A. desertorum
A A. d I it |
Ak A. giraldii ii— o - i e i— i s |
Lir A. japonica — |
Wb A. ordosica - i E
EW A scoparia . —
Wi ist sk A. parviflora T T T T T T T T 9 -
Ok 4k 8k 12k 16k 20k 24k 28k 32k 36k
i aipB psbF psi2
— <—— < {

accD  psal

A
pshy_psbEE pe
—»—»v-»-»—» s 'J‘.w

PpsbB psbN petts

cpp
{m— ool b

40k 44k 48k 52k 56k 60k 64k 68k 72k

2 w2

- - imL-CAA

D oA e s : yer2 mL-CAA
>~ e J' ) iml-CAU {

AR Contig 76k 80k 84k 88k 92k 96k 100k 104k 108k 112k
ot

= JEH Gene T - ENGUUMS TS maGe e el itz yer2 micaU
M Y} 5F Exon R ~ A T T G \E» i

JEBEIX UTR -

JE4ifg1X CNS

{E{#RNA mRNA =

116k 120k 124k 128k 132k 136k 140k 144k 148k

B s 9 MR Y s A R A 71 Lt 2 A
Fig.5 Sequence alignment analysis of the nine Subgen. Dracunculus species chloroplast

genomes



0.015 LSC IRb SSC IRa
&
= 0.010 yef1
£
BE
) % " tmH-psbA ycflS-tmL-(AG
[16-1ps 3 ndhA
oy / IpHL6-1p:
X © _
hé 0.005
S
Z 7 L i
0.000 14 ¥ [ hl L M fwnn A

0 50 000 100 000 150 000
J¥ I Sequence length (bp)
Be6 9FEILEEYMRiEERARERS ST
Fig.6 Nucleotide polymorphism analysis of the nine Subgen. Dracunculus species chloroplast
genomes
2.5 IR KA 54T
9 Fh e i U JE A b S R BE R AL IR XK BEAE 24 953~24 972 bp 2 1], IR X3 5 [ %

R 2 A EN (B 7)o BREBYE (Artemisia ordosica) Ak, HRWF) LSC X5 IRb [X
LF OLB) BB T rps19 AW . FrA¥f) LSC X5 IRa XA F (JLA) INF rpl2 %
KA trnH 3£ 2 18] . BT PR SSC X5 TRa XA F (JSA) BN T yefl IFN. FiEY
FhE) IRb X 5 SSC X5+ (JSB) ¥IHEE ndhF FEIK 41~72 bp NS . 1X 3K BH 74 g 4 18 -t
R IR [XE"J{%F;?FDJZ?%%I [R5 FoAt e i 0 R A ) B A AR AL, R A W B O 9 5k s 4 L
Fo WM, HRVPE R IR 55 AR FRRE L7772 ]2 IR LR

JLB JSB JSA JLA
219 bp 60 bp 56'bp 4434bp 558 bp 8bp
PR 519 yef | 4991 bp g
A. parviflora 82 833 bp /[ 5aes3es / 18308 bp
219 bp, 60 bp S4bp 4434bp 1567 8bp
R . . i i ¥
; S l I I 18282 bp

A.scoparia

72bp
L 19 57000 / 4443bp. 558 135 bp

T id I R— g

A. ordosica 82 980 bp /) 24963 bp / 18 303 bp / 24963

72bp

219 be 6D bp ndhF 4 -N,\hn 558 t_)E 8bp tnH
_1ps 19| yef 1 5 000 bp
e o et / (m—"e //#

50 bp

Y ZWDE’ngD 4 431bp,558 bp 8bp H
ﬂéib,ﬂéﬁi. ,_[_m_ yef | 4988 bp §
A. giraldii 82 838 bp / 24959 bp / 18316 bp /i 24959

R1sbeyEpbe “op -

/ [ — tmH
[_-_q__ /—‘_m_ yef 1 4988 bp
A dracunculus 82 808 bp /) 24959 / 18314 bp /224959

72bp

3 219 bp 60 bp ndhF 4443 bp|558 bp 850\ yinH
W — ML . ,—TL-_ ot S0
A. desertorum 82 869 bp / 24 962 bp / 18 301 bp / 24 962

67bp

T4 B 22000y o [ 9P trmH
. et S0
A. capillaris 82792 bp /) 24963 bp / 18302 bp /[ %4963

46 by
EE 219 bp, 60 bp e 4434 bp 558 8bp
FiEtin 28bp,p e tmH
N I22 s 19 I2 yof 1 4991 bp.
A. hancei 82823 bp i 24953 bp g 18286 bp /[ 224953

B7 9MEELBREYHSEERA IR KGR BT

Fig.7 Comparative analysis of the IR region boundaries of nine Subgen. Dracunculus species

chloroplast genomes



2.6 RGKE T

T 53 ME R EY SRR A K & A g 78, A8 (djania) A2
(Ajania tenuifolia) 225 (A. nematoloba){E RAHNERE, FIH VIM-Hrik (BD Al KR
RiE (ML) WERGIKER . 45 RN 2 Mdt i 732 A A 8] i) #0 P 5 4 B 22 8075 /iR R
HEEMCFRE (F 8) o M4 Jiao & (2023) X & JE N &I JE 1 &# kil 7, AW 18
JEVIF LB S A, BFEE R RE R B S E 4575 8 f& Subgen. Ponticae
3. Hr, B mMEEEWER N3 MEETRREASLEA, K& —
SCHIBR IR ST, o 1 45 785 S J ) B BN — AN 003, AL TR L 58 . Subgen. Ponticae 1]
PRSP 73 Tk B A 1 45 T S 2R R N o 8 W J& I T VIR SR B — MR R 70 3,
b L BybE R E (Artemisia capillaris) 107 (A. desertorum) & & (A. scoparia)
BN—3C, VIME S EEAE RN S 3 RRWSCHNERIRERE . A, HRAKE (4
giraldii) 57 (A. dracunculus) RN—3, AT JE 7 S HEER



10011 [ gk A. princeps OP359063.1

F3%#; A. stechmanniana OP823401.1
E 4 A. lactiflora OP359057.1

FHH Y A indica ON381734.1

Sem 1l A. stolonifera MG951500.1
¥ A.argyi NC_030785.1

43/0.54 %S[EE B %
1% A. montana KF887960.1 Subgen. Artiemisia

4102 3% A. rubripes MG951496.1
Hi&# A. tangutica MT701043.1
J&#E A. lancea OP359058.1
Ik A. lancea MG951486.1

M- A. argyrophylla MF034022.1
%46 # A. myriantha OL944395.1

67/0.99

R s A, absinthium NC_066024.1
|00_‘/| t{:]ﬁﬁ% ] . T3 I
A. absinthium var. calcigena MK188885.1 Subgen. Absinthium
69/0.64 771 K A. sieversiana MG951499.1
[ 31 B RE A. gmelinii KY073390.1 Subgen. Ponticae
23/0.98 W A. frigida 7X293720.1 T 8
A =54nH4EH; A juncea ON871800.1 Subgen. Absinthium
T W A. selengensis ON968865.1 [ #I )& Subgen. Artiemisi

ki A. dracunculus NC_066025.1

HJuKHE A. giraldii OK128342.1
FHikiE A hancei NC_049571.1

100/1

100/1

1001 — @ P Rg4tHE A. parviflora OP837546.1 T
— Eg@g A. desertorum NC_063905.1 Subgen. Dracunculus
84067 L $EE R A scoparia NC_045286.1

10071 HilfhE A. capillaris KY073391.1
Eq.ig A. japonica MG951491.1
9N —MYbTE A ordosica NC_046571.1
H#h A. apiacea MG951483.1

W A. fukudo KU360270.1
TOO0/T N ..
L 5008 — Ry A. nakaii MG951494.1
#AEHE A. annua MF623173.1

JH-2E#E A. brevifolia MT948202.1

KPR A karatavica ON871801.1

TR IE 4 H; A borotalensis ON964524.1 SR
PIRT4HFE A. ferganensis ON871797.1 Subgen. Seriphidium
A. leucotricha ON871803.1

XM #; A. maritima MK532038.1

A. santonicum ON871807.1

WA A, kaschgarica OL890688.1

VhiisEdE A. santolina ON871806.1

HACHIEE A. finita ON871798.1

1001 s 8% A, gmelinii var. incana MG951487.1 Subgen. Ponticae
Widb4iE A. lercheana ON871802.1

oo/ [ 4154255 A. sublessingiana ON871811.1

HEEE A, terrac-albac ON871812.1

FRZA#E A. schrenkiana ON871809.1 R

Vb4 Seriphidium sawanense NC_070205.1 Subgen. Seriphidium
R S. minchunense NC_070202.1

R4 A. scopiformis ON871810.1

?}zgggg A. transiliensis ON871813.1 BHEIR

JigiE] A. keiskeana MG951492.1 [ Subgen. Dracuncutus

2584 Ajania nematoloba NC_079655.1
g 5145HE Outgroup

M4 A. tenuifolia NC_079657.1

100/1 93/1

S
0.000 5

B8 ETHRAEENAEORLFINEERRGEKEN
Fig.8 Phylogenetic tree of Artemisia based on the protein-coding sequences of chloroplast

genomes



3 WieH4iR

T PR BT B, VR A SRR L R AR L 4 B R T TS 2 TR 1
B AR, GUIAE, 20230 H IR XA AR AR 9 sk sl i, 2 W 08 p b o
PRI RIZHAR XS PR 5F . B4k, 5 LSC XA SSC XAHLEL, IR X[ GC & & i HF 41 22 7t i
No XATHES IR XN AL A GC & & RNA £ (GC &8N 55.1%) Hx. HIEHA
YRR T RBUKIILE (Wuetal, 2020; Zhang et al., 2023) , £ IR XE4EHFH 4414
B[R H S ke 7 ke & R EH .

R A A P 2 45 2 A [R) — 2 B R 1) 221 [) SCE RS 1 I A FH AR AN ], SR 2 i
W EE R, SRR S KB HE VMK (Najafabadi et al., 2009; Zhang et al., 2018;
Wang et al., 2023) o AW 55 I 75 T L 725 - A D R 2L ) 0 145 P A PR 2 55, LA v 58
AU S5 . x5 B yb i F A6 oK 2500 8 W R A 0 2580 13 P R MEARAE AR L (AR 5E,
2022) o AP 38.9% I K B 0 A AR PR 52 RAZ TR JTREE, T 61.1 % JE K 2 -
F 152 E AR IE SRS o Nie 55 (2014) X 2 B A7) -2 A4 Sk DRI 2H 5 05—~ 05 FH 4 28 18 5 i [
FoTR BRIEFE R ERHE. A, RS (2020 HHRRIMMIRE (Drynaria)
TEL) P o i 5 DR 2L %) 86 R~ P (i 3 22 52 1) A8 T 7 IR R ] o X 3R ISR 25 55 AR AT IR 1 ol
A g2 ELAA AR BA 25 A 15 A =

MR AR BL R ZH 1Y) SSRs B L g% . i E A S A e e SRR L, WA AR A
SE IR SC RIS T AR LA B B A DT T 1S R AR (Kaur etal., 2015) o AHFS
FE VG g S SRS R A P R BT 68 > SSRs A7 A, SRS [E T JB M b SSRs AL R A7
BMRKER. HAX (4 indica) « HEE (A tangutica)  HICKE B SBvb 8 A 75 Ji s
F 191 4> 201 A~ 39 AN 47 /> SSRs ALk, IX Ui AR E Jm P 1) SSRs FEAR MR AFAE —
SEZEF (CERMESE, 20225 Yuetal,2022; R, 2022) . X—IRIEHEME (Firmiana)
Mez2)g (Yucca) MY ERARFERIA P FRAAAE (Bhar 358, 2021 £ K&E, 2023) . It
b, ASHIEFEIE IV e e SR AR B R A B BRI SSRs N FE, H KGR UL
FRERM A IRESR HWm T A/T S, X5 A B2 AT 7o ah AL Gl
&, 2023) o R, HmEZARE (Prinsepia) MEETAIE (Buplewrum) [WWFFANFE, 185 &
RS2 21 A 5 DUECE 3G 0T SSRs #i B R b I ol (CE AR, 20225 KDL,
2021) o B, RRERGETARKESBHEYE SSRs 7 Fhnic R Figt£E 2 AT 5T

2 A 5 ERT 2H 1R 2 5 (X 5 AR 4 B X 1) 70 F-IE AR 3R A2 FE 22 57, 16 TR R 40 2K 1 &
GURBVI (BEFE&RETET, 2022) o Jafid X PFEAE X R, 1&H T s %0 2oKF
MRGER BT, Bl HFEH2E (Lietal, 2019) o M, JAEGAS X Ak 55 B A
P, BERELRAN, EHTRES LK RGERKETI, G, J&. MhRF NELL
4325 (Shaw et al., 2007; XIERSE, 2012) o AHFFCRIL 9 Fiole W J@ AR M SR LR 591 1)
ARG AL X 22 PR B ik v T4 X, X 5 AT E R 2 4G5 R AR oW 2 B 11 1 41 2 S e e —
# (Liuetal., 2013; Shenetal.,, 2017) . {HF—&HE, ABFILYEEH 5 AL X,
433N trnH-psbA-~ rpl16-rps3~ ycfl 5—trnL-UAG ndhA F ycfl » XI55 (2009) FIH trnH-psbA
XIS IN SR T HACE (A annua)  WREMNEE (A caruifolia) . LA, trnH-psbA
yefl X IgrE FoAth i SR AR ) P o 82 ) 1 28U /= B A8 % (Shahzadi et al., 20200 o Kim
(2020) FFFEERY] aceD FEIAT yofl BRI AMYAE ) J& R s B2 2 a8k, i L R O 5
BHEYIZ 53 FHRC 0 77 o BRI, ASHI 70 e th 1) v 728 e DX 3 T 1 DA R e o S SR P i )
TELE 7T TR -

AHIE TR I W@ AN 2 8 R BN — 3, IfE VR EAE LEN, XRPIXHA
T (R 2 0% R0, i35 0@ 85 4 N 2 8 & NI — N4, Hobbs 55 (2013) BT



R 3 v Ja O J RN e B s s 3 N 2 R X5 RS Jiao 55 (2023) HET %K ZH SNPs 44
P (R E T 45 S AH — B0 T 0 i M AR — K93 S I b R 2 HE, 28 v I DU T b A A g
BB, XEERE Jin 25 (2023) 3T AL DK 2 B OB 7T 45 AR — 2, 15 Jiao ZF (2023)
BT RN 4L SNPs B T 78 45 BATAE 2 5 AT WL, A2 2 DR 20 B0 R - S A 2 D] 20 K a7
VIFh RS0 B W TR BER I — B0 AR e 2 et . AR, RRBERAH B BER B AR R E, R
IR AR RN C R, EEREK BT ARG (EARTE, 2023) , HItZRE
ERHAKHEFE, HiDARAREY RS RGO FEET 5. AL, R IR N4 E & 1)
=R (A. juncea) N 5 B E W BYIM AN — . KGR IFF Malik % (2017) K =%
25 7 2R O R A BRI 4510 o AN TS T IIT A ©L 8 AT 1) v S8 R A b A s [R) 4 25040 o
i A R AT ERT R A, R R PRI S R (W B R M, AR B N & R K 4 R AB T 42
LA

AR TR R I PEF L 5 T B SR GO R, WA AR T4 A SR, R4
B AR SR L A, 5 R AT R ) 25 R BRI — 2 T EPRIRIR R B AR, R 3~5
R 25 B M TP Bl B B B A SR B AL, I SHE X Ik RS AR
H, 1991 o« AR T RGKE iR A E S 54RO RBOE, BIFIRHE
b BRA, ABFICIE KRB E W E N I e E A S A R 2 &M, XS5 BN T &
GRBWREE R —F (Kimetal., 2020; Yuetal., 2022; Jinetal,2023) , HS5ESZHES
SR RAFAE— B . L, XT8R2 8 HIVF A B A TESRMERE £ 117
T s LA Bt A T 1R SRR o

g LRI, AR RARIE T pE S SR AR SR R AT A, IR AT T LA AR IE AN R
MRAKEKRFR. SiREKWH, PRHE T GRIER AR RN 451 1 IR XU FARRH RS
T W R 5, E R HARIE BRI . LAk, SRR TS B E B A A AR S X T
VE RS0 IR F D AL 7 TARIE « RGUK B /T dizs 1 U g4t v 1K R g7 B i N &
JEB RS E KRR XL HONIRN T B R IE N RGR B R R et 7 HES
%,

S CHR:

AHAMEETHUNISA AR, HOPPER W, 2012. In vitro antimicrobial activity on clinical microbial
strains and antioxidant properties of Artemisia parviflora[J]. Ann Clin Microbiol Antimicrob,
11(1): 30-36.

AMIRYOUSEFI A, HYVONEN J, POCZAI P, 2018. IRscope: an online program to visualize the
junction sites of chloroplast genomes[J]. Bioinformatics, 34(17): 3030-3031.

BEIER S, THIEL T, MUNCH T, et al.,, 2017. MISA-web: a web server for microsatellite
prediction[J]. Bioinformatics, 33(16): 2583-2585.

BISHT D, KUMAR D, KUMAR D, et al., 2021. Phytochemistry and pharmacological activity of
the genus artemisia[J]. Arch Pharm Res, 44(5): 439-474.

BORA KS, SHARMA A, 2011. The genus Artemisia: a comprehensive review[J]. Pharm Biol,
49(1): 101-109.

FAN SJ, GUO XX, 2022. Advances in research and application of plant chloroplast genome[J]. J
Shandong Norm Univ(Nat Sci Ed), 37(1): 22-31. [8£5F 4, 7575, 2022. {HY SRR FE K
BT 7T e S Je D] L AR R 22 224l (A AR BR 2R » 37 (1) = 22-31.]

GREINER S, LEHWARK P, BOCK R, 2019. OrganellarGenomeDRAW (OGDRAW) version
1.3.1: expanded toolkit for the graphical visualization of organellar genomes[J]. Nucl Acid Res,
47(1): 59-64.



HOBBS CR, BALDWIN BG, 2013. Asian origin and upslope migration of Hawaiian Artemisia
(Compositae-Anthemideae) [J]. J Biogeogr, 40: 442-454.

IRUM S, AHMED H, MIRZA B, et al., 2017. In vitro and in vivo anthelmintic activity of extracts
from Artemisia parviflora and A. Sieversiana[J]. Helminthologia, 54(3): 218-224.

JIAO BH, CHEN C, WEI M, et al., 2023. Phylogenomics and morphological evolution of the
mega-diverse genus Artemisia (Asteraceae: Anthemideae): implications for its circumscription
and infrageneric taxonomy[J]. Ann Bot, 131(5): 867-883.

JIN GZ, LI WJ, SONG F, et al., 2023. Comparative analysis of complete Artemisia subgenus
Seriphidium (Asteraceae: Anthemideae) chloroplast genomes: insights into structural
divergence and phylogenetic relationships[J]. BMC Plant Biol, 23(1): 136.

JIN 1J, YU WB, YANG JB, et al., 2020. GetOrganelle: a fast and versatile toolkit for accurate de
novo assembly of organelle genomes[J]. Genome Biol, 21(1): 241.

KATOH K, MISAWA K, KUMA K, et al., 2002. MAFFT: a novel method for rapid multiple
sequence alignment based on fast Fourier transform[J]. Nucl Acid Res, 30(14): 3059-3066.
KAUR S, PANESAR PS, BERA MB, et al., 2015. Simple sequence repeat markers in genetic
divergence and marker-assisted selection of rice cultivars: a review[J]. Crit Rev Food Sci Nutr,

55(1): 41-49.

KEARSE M, MOIR R, WILSON A, et al., 2012. Geneious Basic: an integrated and extendable
desktop software platform for the organization and analysis of sequence data[J].
Bioinformatics, 28(12): 1647-1649.

KIM GB, LIM CE, KIM JS, et al., 2020. Comparative chloroplast genome analysis of Artemisia
(Asteraceae) in East Asia: insights into evolutionary divergence and phylogenomic
implications[J]. BMC Genomics, 21(1): 415-431.

KUMAR S, NEI M, DUDLEY J, et al., 2008. MEGA: a biologist-centric software for
evolutionary analysis of DNA and protein sequences[J]. Brief Bioinform, 9(4): 299-306.

KURTZ S, CHOUDHURI JV, OHLEBUSCH E, et al., 2001. REPuter: the manifold applications
of repeat analysis on a genomic scale[J]. Nucl Acid Res, 29(22): 4633-4642.

LAN ZH, TIAH XF, SHI YH, et al., 2022. Chloroplast genome structure characteristics and
phylogenetic analysis of Artemisia indica[J]. Chin J Chin Mat Med, 47(22): 6058-6065. [==5H
W, BT, IMER, &, 2022. L H X Artemisia indica W R AR U AW M RARKE
SR, REd 22 &, 47 (22) : 6058-6065.

LI HT, YITS, GAO LM, et al., 2019. Origin of angiosperms and the puzzle of the Jurassic gap[J].
Nat Plants, 5(5): 461-470.

LIN CH, HAN JY, YAN XL, 2023. Application and prospect of chloroplast genome[J/OL]. Mol
Plant Breed: 1-7 [2023-07-03].https://kns.cnki.net/kcms2/detail/46.1068.S.20230703.1048.002.
html. [MRIEMT, FHERHE, E/N3%, 2023, mHgRAR IR R 2H 1 B H A il s R 22 [J/OL] .4 TH8
WIE Fh: 1-7 [2023-07-03]. https://kns.cnki.net/kcms2/detail/46.1068.S.20230703.1048.002.
html. ]

LIN R, LIN YR, 1991. Flora Reipublicae Popularis Sinicae: Vol. 76 [M]. Beijing: Science Press:
243 [M4E, MATE, 1991 PEEME: B-ETHNE ML AL BlEAl R 243, ]
LIN YR, 1995. On the floristics of Artemisia L. in the world[J]. Bull Bot Res, 15(1):1-37. [#F

jH, 1995. e EBEMX R ] YT, 15 (1) : 1-37.]

LIU C, LU YQ, SHI ZL, et al., 2023. Characteristics of chloroplast genomes and phylogenetic

analysis of Artemisia species[J]. ] NW For Univ, 38(3): 78-86. [XIi#, =S JERK, A, 2%,



2023. H JE Y SR I R A AR AE S BEAL [T]. PEAEAREBE 24, 38 (3) : 78-86. ]

LIU J, ZHANG HQ, FAN X, et al.,, 2012. Phylogenetic relationships and maternal donor of
Hystrix and Leymus species as revealed by chloroplast atpB-rbcL sequences[J]. Acta Pratac
Sin, 21(5): 77-85. [XI#, skigEE, N2, 25, 2012. F T MK apB-rbel FH1IRTHEE
JE AR JE AV R G K B BRI L], Bk, 21 (5) = 77-85.]

LIU T, JI YH, 2009. psbA-trnH sequence analysis from chloroplaston medicinal plants of
Artemisia[J]. Chin Agric Sci Bull, 25(12): 46-49. [XI¥, ZigfE, 2009. & &2 H Yt
& EH) psbA-trnH P50 53t L], R E AR S238H, 25 (12) « 46-49. ]

LIU Y, HUO NX, DONG LL, et al., 2013. Complete chloroplast genome sequences of Mongolia
medicine Artemisia frigida and phylogenetic relationships with other plants[J]. PLoS ONE,
8(2): e57533.

LU QF, HUANG ZH, LUO WH, 2021. Characterization of complete chloroplast genome in
Firmiana kwangsiensis and F. danxiaensis with extremely small populations[J]. Biodivers Sci,
29(5): 586-595. [Fhiard:, BTEXK, FKICH, 2021 AR/NMEEBUGHED) VKA FHEEAE
AR (4] P S AR S ERT AL RRAE (D). AR 26, 29 (B) @ 586-595. ]

LU QF, LUO WH, 2023. Analysis of codon usage bias in chloroplast genome of Begonia
guangxiensis[J/JOL]. Mol Plant Breed: 1-20 [2023-09-05]. https://link.cnki.net/urlid/46.1068.S.
20230905.0920.002. [Ffi#F =, 4&3CH, 2023. ) VU Ak 5 -G i 5 DR 20 5 1 (i 4 A2 0 M
[JJOL]. 4 FHEA & Fh: 1-20 [2023-09-05]. https:/link.cnki.net/urlid/46.1068.8.20230905.
0920. 002.]

MALIK S, VITALES D, HAYAT MQ, et al., 2017. Phylogeny and biogeography of Artemisia
subgenus Seriphidium (Asteraceae: Anthemideae) [J]. Taxon, 66(4): 934-952.

MAO LY, HUANG QW, LONG LY, et al., 2022. Comparative analysis of codon usage bias in
chloroplast genomes of seven Nymphaea species[J]. ] NW For Univ, 37(2): 98-107. [Bi.E,
WK, Rz, 55, 2022, 7 FlE g J e A - o A4k DR AL Y 1 i 4 12k 23 LD ). P B
2E2ER, 37 (2) : 98-107. ]

MASUDA Y, YUKAWA T, KONDO K, 2009. Molecular phylogenetic analysis of members of
Chrysanthemum and its related genera in the tribe Anthemideae, the Asteraceae in East Asia on
the basis of the internal transcribed spacer (ITS) region and the external transcribed spacer
(ETS) region of ntDNA[J]. Chromosome Bot, 4(2): 25-36.

MAYOR C, BRUDNO M, SCHWARTZ JR, et al., 2000. VISTA: visualizing global DNA
sequence alignments of arbitrary length[J]. Bioinformatics, 16 (11): 1046-1047.

MCARTHUR ED, POPE CL, FREEMAN DC, 1981. Chromosomal studies of subgenus
Tridentatae of Artemisia: evidence for autopolyploidy[J]. Amer J Bot, 68(5): 589-605.

MCINERNEY JO, 1998. Replicational and transcriptional selection on codon usage in Borrelia
burgdorferi[]]. Proc Natl Acad Sci USA, 95(18): 10698-10703.

NAJAFABADI HS, GOODARZI H, SALAVATI R, 2009. Universal function-specificity of codon
usage[J]. Nucl Acid Res, 37(21): 7014-7023.

NIE XJ, DENG PC, FENG KW, et al., 2014. Comparative analysis of codon usage patterns in
chloroplast genomes of the Asteraceae family[J]. Plant Mol Biol Rep, 32(4): 828-840.

NYLANDER J, 2004. MrModeltest v2. Program distributed by the author[J]. Bioinformatics, 24:
581-583.

QIAN RJ, YE YJ, HU QD, et al., 2022. Complete chloroplast genome of Gladiolus gandavensis
(Gladiolus) and genetic evolutionary analysis[J]. Genes, 13(9): 1599.



QU XJ, MOORE MJ, LI DZ, et al., 2019. PGA: a software package for rapid, accurate, and
flexible batch annotation of plastomes[J]. Plant Meth, 15(1): 50.

RAN R, 2022. Comparison of chloroplast genomes and phylogenetic analysis of 5 Artemisia in
north china[D]. Hohhot: Inner Mongolia Agricultural University: 1-48. [f#48, 2022. Jb75 5
T B Y S AR R RS Rt A (D] REAEERS: ASERR:: 1-48. ]

RICE P, LONGDEN I, BLEASBY A, 2000. EMBOSS: the european molecular biology open
software suite[J]. Trends Genet, 16(6): 276-277.

RONQUIST F, TESLENKO M, MARK PVD, et al., 2012. MrBayes 3.2: efficient Bayesian
phylogenetic inference and model choice across a large model space[J]. Syst Biol, 61(3):
539-542.

ROZAS J, FERRER-MATA A, SANCHEZ-DELBARRIO JC, et al., 2000. DnaSP 6: DNA
sequence polymorphism analysis of large data sets[J]. Mol Biol Evol, 34(12): 3299-3302.

SHAHZADI I, ADBULLAH, MEHMOOD F, et al., 2020. Chloroplast genome sequences of
Artemisia maritima and Artemisia absinthium: comparative analyses, mutational hotspots in
genus Artemisia and phylogeny in family Asteraceae[J]. Genomics, 112(2): 1454-1463.

SHAW J, LICKEY EB, SCHILLING EE, et al., 2007. Comparison of whole chloroplast genome
sequences to choose noncoding regions for phylogenetic studies in angiosperms: the tortoise
and the hare III[J]. Amer J Bot Mar, 94(3): 275-288.

SHEN XF, WU ML, LIAO BS, et al.,, 2017. Complete chloroplast genome sequence and
phylogenetic analysis of the medicinal plant Artemisia annua[J]. Molecules, 22(8):1330.

SHEN ZF, LU TQ, ZHANG ZR, et al.,, 2021. Condon preference chloroplast genomes of
Drynaria[J]. Guihaia, 41(2): 266-273. [JL5R 75, FEESAL, 5KEZR, &5, 2021. HBRE M ik
SN A F T IREFE A D). ) 0EEY, 41 (2) : 266-273.]

SONG WC, CHEN ZM, SHI WB, et al., 2022. Comparative analysis of complete chloroplast
genomes of nine species of Litsea (Lauraceae): hypervariable regions, positive selection, and
phylogenetic relationships[J]. Genes, 13(9): 1550.

WANG F, ZHAO WZ, DONG ZH, et al., 2022. Analysis of chloroplast genome characteristics of
Prinsepia[J]. Chin J Trop Crop, 43(9): 1759-1770. [£ &, ®&ASCHH, &7, %5, 2022. Fit%
KIEAEYI SR ARTE RN AR AE 20 A [0, Ba B4k, 43 (9) = 1759-1770. ]

WANG F, ZHAO WZ, DONG ZH, et al., 2023. Analysis of the chloroplast genome characteristics
of 6 species of Yucca[J]. Bull Bot Res, 43(1): 109-119. [£ &, B CHE, #E=Z, 2%, 2023.
222 J& 6 PE Y AR FE R ALRRAE 20 A 0] ST, 43 (1) = 109-119. ]

WANG J, HE WC, XIANG KL, et al., 2023. Advances in plant phylogeny in the genome era[J]. J
Zhejiang A & F Univ, 40(1): 227-236. [E745, B, [mdhF], 25, 2023. LKA RAR R
MARG KBV TR [J]. LR R4, 40 (1) = 227-236. ]

WANG ZK, LIU Y, ZHENG HY, et al., 2023. Comparative analysis of codon usage patterns in
nuclear and chloroplast genome of Dalbergia (Fabaceae)[J]. Genes, 14(5):1110.

WICK RR, SCHULTZ MB, ZOBEL J, et al., 2015. Bandage: interactive visualization of de novo
genome assemblies[J]. Bioinformatics, 31(20): 3350-3352.

WU LW, NIE LP, XU ZC, et al., 2023. Comparative and phylogenetic analysis of the complete
chloroplast genomes of three Paeonia Section Moutan Species (Paconiaceae)[J]. Front Genet,
11: 980.

YU JY, XIA MZ, WANG YC, et al., 2022. Short and long reads chloroplast genome assemblies
and phylogenomics of Artemisia tangutica (Asteraceae)[J]. Biologia, 77(4): 915-930.



ZHANG DJ, REN J, JIANG H, et al., 2023. Comparative and phylogenetic analysis of the
complete chloroplast genomes of six Polygonatum species (Asparagaceae) [J]. Sci Rep,
13(1):7237.

ZHANG MY, ZHANG YQ, LI YM, et al., 2021.Complete plastid genomes of Bupleurum chinense
DC. And B. boissieuanum H. Wolff, with comparative and phylogenetic analyses of medicinal
Bupleurum species[J]. Acta Pharm Sin, 56(2): 618-629. [5k B¢, K[y M1, 22K K, 25, 2021.
JBSEH L AL R SR A ik DR AL AT K S T 25 T - SR AR SR R L L S &R 48
REHHTI]. 5% 54k, 56 (2) : 618-629.]

ZHANG RZ, ZHANG L, WANG W, et al., 2018. Differences in codon usage bias between
photosynthesis-related genes and genetic system-related genes of chloroplast genomes in
cultivated and wild solanum species[J]. Int J Mol Sci, 19(10): 3142.

ZHOU LJ, SANG XQ, SUN YY, et al., 2012. Pesticidal activities and active ingredients of
Artemisia[J]. Acta Agric Univ Jiangxi, 34(4): 699-705. [JAF| 45, FWeiE, #hkit, 25, 2012,
5 R R AR 24 5 1 R A RS o (0] TP AR K224 4]), 34 (4D + 699-705. ]

ZHU TT, ZHANG L, CHEN WS, et al., 2017. Analysis of chloroplast genomes in 1342 plants[J].
Genomics Appl Biol, 36(10):4323-4333. [KiF4, K&, BR4, &, 2017. 1342 MEY)
2R AR R0 0 0], R A 2 5 HAY)F, 36 (100« 4323-4333. ]



