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Characteristics of Chloroplast Genomes and Phylogenetic Analysis of Artemisia Species
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Abstract: Artemisia species have important medicinal and economic values. The research on the chloroplast
genome will provide references for the classification, identification and resource utilization of Artemisia
species in China. Based on the chloroplast genome sequences of 29 Artemisia species,the characteristics,re-
peats and structural variation of chloroplast genome were compared by using bioinformatics software such
as REPuter, MISA and DNASP. The phylogeny of Artemisia species was analyzed by IQ-TREE. The re-
sults showed that chloroplast genomes of Artemisia species were composed of a large single copy (LSC)
region,a small single copy (SSC) region and a pair of inverted repeats (IRs),and the length ranges of 29
chloroplast genomes were from 150 858 bp to 151 318 bp with similar GC content. All Artemisia chloro-
plast genomes were annotated with 114 unique genes,including 80 protein coding genes, 30 tRNA genes
and four rRNA genes. The long repeats of Artemisia chloroplast genomes were mainly composed of for-

ward repeats and palindromic repeats,and the length of repeats was mainly from 30 bp to 49 bp. SSR was
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mainly composed of A/T bases,in which mononucleotide repeats were the most,followed by tetranucleoti-
de repeats. Among the 30 high frequency codons with RSCU value greater than 1,13 codons ended with A
and 16 codons ended with T. Chloroplast genome structures of Artemisia species were highly similar,and
no gene rearrangement or inversion events were detected. Eleven nucleotide variation hotspots with P; >
0. 007 were detected,including eight in LSC region and three in SSC region. The nucleotide polymorphisms
in single copy regions were higher than those in IR regions. Phylogenetic analysis demonstrated that Arte-
misia species were divided into four clades,and the branching structure supported the classification of sub-
genera Artemisia and Dracunculus. The chloroplast genome structure of Artemisia species is conservative,
and the identified repeats and nucleotide polymorphism hotspots can be used as molecular markers for the

classification,identification and the study of genetic diversity of Artemisia species. The study provides a scientific

basis for the population genetics research, resource development and utilization of Artemisia species.
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Table 1  Statistics of chloroplast genomes of Artemisia species
K /bp GC H (%)
YyFh RS
e A LSC SSC IR JE IR 41 LSC SSC IR
ol 8 (AL absinthium) MK 188885 151 193 82 982 18423 24 894 37. 40 35. 48 30.79  43.06
WAL (A annua) KY085890 150 952 82772 18 268 24 956 37.48 35.57 30.82  43.08
W (A. argyi) KM386991 151 192 82 928 18344 24 960 37. 46 35. 54 30.87  43.08
I (AL argyrophylla) MF034022 151 189 82 927 18344 24 959 37. 46 35. 54 30.87  43.08
B4 (AL capillaris) KU736963 151 056 82821 18309 24 963 37. 46 35.56 30.72  43.08
F# (AL caruifolia) MG951483 151 091 82 830 18343 24 959 37.45 35. 54 30.82  43.05
& (A, dracunculus) SRR8208350 151 042 82 811 18313 24 959 37.48 35.57 30.79  43.09
WKIEH (A, freyniana f. discolor) MG951487 151 275 82 965 18 340 24 985 37.45 35.53 30. 85 43.05
Wi (A, frigida) 1X293720 151 076 82 740 18392 24 972 37.48 35.58 30.83  43.06
X (A, fukudo) MK569048 151 021 82761 18348 24 956 37. 46 35.56 30.73  43.07
ALK (AL giraldii) 0OK128342 151 072 82838 18316 24 959 37.47 35.56 30.78  43.09
F13E#5 (A, gmelinii) KU736962 151 318 83061 18335 24 961 37. 42 35. 49 30.83  43.06
FE LA (AL hallaisanensis) MG951490 151 015 82 823 18286 24 953 37.48 35.57 30.75  43.11
H# (AL japonica) MG951491 151 080 82 844 18310 24 963 37. 46 35.56 30.70  43.08
W& 1385 (AL kaschgarica) SRR17224952 151 091 82 808 18 345 24 969 37. 44 35. 54 30.67  43.06
JiE 8] (A keiskeana) MG951492 150 858 82 622 18340 24 948 37.51 35. 62 30.84  43.08
8L # (A lacti flora) MW411453 151 159 82 897 18344 24 959 37.47 35.55 30.89  43.07
SR (AL lancea) MG951486 151 112 82 878 18318 24 958 37.49 35.57 30.90  43.09
R ES (AL maritima) MK532038 151 061 82 801 18 344 24 958 37.45 35.56 30.70  43.06
11 (A montana) MG951493 151 150 82891 18341 24 959 37.47 35.56 30.87  43.08
JRUEHE (A, nakaii) MG951494 151 020 82 760 18 348 24 956 37.45 35.56 30.73  43.07
WYL (A, ordosica) MN932370 151 209 82 980 18303 24 963 37. 44 35. 54 30.87  42.99
WL (AL princeps) MG951495 151 193 82932 18343 24 959 37. 46 35. 54 30.87  43.07
21 (AL rubripes) MG951496 151 133 82 874 18341 24 959 37.48 35.56 30.89  43.08
¥ EE (A, scoparia) MN385624 151 060 82834 18282 24 972 37.45 35.56 30.75  43.05
¥ (A, selengensis) MG951497 151 255 82 942 18385 24 964 37. 46 35.55 30.79  43.09
KHF# (A, sieversiana) MG951499 150 910 82 710 18300 24 950 37. 46 35.56 30.80  43.06
Fa LI (A, stoloni fera) MG951500 151 144 82 878 18346 24 960 37,47 35.55 30.88  43.08
H &5 (A tangutica) MT701043 151 140 82 885 18 336 24 960 37.47 35.55 30.89  43.08
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Fig.1 Types and distributions of long repeats in chloroplast

genome of Artemisia species
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Fig. 3 Amino acid composition of chloroplast genome

of Artemisia species
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