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Analysis on chloroplast genome of Wikstroemia indica
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Abstract: [Objective] This study is aimed to clarify the structure traits of chloroplast genome and phylogenetic
status of medicinal plant Wikstroemia indica, providing a scientific basis for the resource protection and
sustainable utilization of W. indica. [Method] An Illumina high-throughput sequencing platform was employed
to acquire the chloroplast genome sequence which was then assembled, annotated, compared and analyzed
using bioinformatics technologies and software. [Result] The chloroplast genome of W. indica was an annular
quadripartite molecule with a length of 149 864 bp and composed of a large single copy (LSC, 86 347 bp), a
small single copy (SSC, 10 601 bp) and a couple of inverted repeat (IR, 26 458 bp) and 124 genes were
annotated in the chloroplast genome. In the chloroplast genome there were a total of 24 180 codon, which were
divided into 64 types of which 30 types of codon were used frequently and 29 of them ended with A/T.

Altogether 93 chloroplast simple sequence repeat (SSR) were identified from the chloroplast genome with
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Mononucleotide being the predominate type taking up a number of 72 and the motifs formed by A/T
contributing the most and obvious variations were observed in IR boundary between W. indica and closely
related plants whereas sequence alignment and phylogenetic tree revealed that W. indica shared high sequence
identity with W. nutans. [Conclusion] The chloroplast genome of W. indica exhibited typical structure of plant
chloroplast genome, and possessed codon preference and several SSRs with rich polymorphism. Additionally,
the chloroplast genome of W. indica showed the closest similarity to W. nutans. [Ch, 5 fig. 2 tab. 24 ref.]

Key words: Wikstroemia indica; chloroplast genome; codon preference; simple sequence repeat; sequence

alignment; phylogenetic relationship
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Figure 1  Chloroplast geome of W. indica
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Table I  Gene composition and annotation in . indica chloroplast genome
FE A5 HNIRE &R
ATPE i atpA, atpB, atpE, atpF", atpH, atpl
WM EDFEAY  petd, petB', petD', petG, petL, petN
NADHJ & ndhB'*, ndhD, ndhE, ndhF, ndhH, ndhK
e FRs | psad, psaB, psaC, psal, psaJ
R KRG psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN, psbT, psbZ
AR NI rps2, rps3, rpsd, rpsT*, rps8, rps11, rps12*, rps14, rps15, rps16', rps18, rps19
EHEARE AR rpl2'™, rpll4, rpl16', rpl20, rpl22, rpl23*, rpl32, rpi33, rpl36
RNA R4 rpoA, rpoB, rpoCl1', rpoC2
BUERHERRBIERE  yef1*, yef2*, yef3?, yefd
HAh LR matK, rbcL, cemA, accD, ccsA, clpP
TZHEARNAs rrnd.5*, rrn5*, rrnl6%*, rrn23*
trnH-GUG, trnK-UUU', trnM-CAU, trnl-CAU*, trunV-UAC", trnF-GAA, trnL-UAA", trnT-UGU, trnS-
FEZRNAS 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, trnW-CCA, trnP-UGG, trnL-CAA*, trnV-GAC*,
trnl-GAU'* | trnA-UGC'*, trnR-ACG*, trnN-GUU*, trnL-UAG

Bl EARIFR S INNE T, EARF RSN E T, Fon RAGHHIEN, *oR X% DL

50
4.5 +
4.0
3.5
8 3.0
3 2.5
% 20
1.5
1.0
0.5
0
Ala ArglArg2 Asn Asp Cys Glu GIn Gly His Ile LeulLeu2 Lys Met Phe Pro Serl Ser2 Thr Trp Tyr Val end
GCC CGC GGC CcucC cee UCC ACC GuC
HILR
H2 T Eetak R B % 5T 49 RSCU 1A
Figure 2 RSCU value of all codon in W. indica chloroplast genome
x2 THEIMEREEEZA SSR ARG
Table 2 Summaries of SSR loci in W. indica chloroplast genome
G3A XH FTEAL S
S AT ¥t
LSC SSC IR IGS Intron CDS
HRHTR A/T 72 56 8 8 48 14 10
AT/AT 9 9 0 0 5 3 1
TR AC/GT 1 1 0 0 1 0 0
AG/CT 1 1 0 0 1 0 0
. L AAT/ATT 3 1 0 2 1 2 0
= AAG/CTT 1 1 0 0 0 1 0
AAAT/ATTT 3 2 1 0 1 1 1
DU R AATC /ATTG 1 0 1 0 0 0 1
AATT/AATT 1 1 0 0 0 0 1
TAZAT IR AATAG/ATTCT 1 1 0 0 1 0 0
At 93 73 10 10 58 21 14

Vil LSCAHRHFEI X ; SSCH/NAFEIX; IRNRMELIX; IGSEHERFEX; Intron & F; CDSHKZRIGIX
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Figure 3 IR boundaries divergence of chloroplast genomes from 5 Thymelaeaceae plants
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Figure 4 Multiple alignment of chloroplast genome sequences from 5 Thymelaeaceae plants
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Figure 5 Phylogenetic tree among various plants including W. indica

3 it

PRI TR SRR R ZH  LSC. SSC F 35 Z [H] iy —XF IR TR, 52 0 Ay ol A A 40 - 5
B R 2 S AL g PRPROBUEE DO AR S5 R U T RE T AR R BE D A Iy 149 864 bp, LA T T AEY 4%
PRIEDIZH 110~160 kb JE I YU, T8 £t R B ALY GC & 0 37.5%, 5 1 i 45 B B 75
JE' | 5B} Leguminosae MM AL Papilionoideae!™ | %%} Orchidaceae!"” S 1) I 3 AR F PR 21 3153 17
TERVEE GC & RAHFT . MRS AV N PAT BN IEES . 552 BDEIREE A AR D 3R i ik
BRI, RIS R D, MR EE R AT e AR TR R R 4, S 38U GC F i
Bk HeAh, #AR GC &% b DNA B4 5) fifhle, I mT LU JE 2R SE P L A B2l DA BE 3k 17 A
SRIEFE . TERERBCRMAR b, T8 EM SRR R A 124 DEE, DUSGAVEFARC R B R nt2x
WA S W B BRI N T, AT A AR AR RS R A A SRR Y DR, T RF T AR A 21
B A AR DR ZH ) SRR AE

T ASREESE . AR ERVE T N S —E 53 A S A E N B ST, AT g 2
MR B 2% 1 AR BHIERY TN RE . AWEFETE 1 A E SRR BE P 20 K B 30 g 43 T % 5 1~ (RSCU> 1),
F345 20 P& FL R b B0 - F0 1 AR 2 SRS, 3 S AU R G At ] SCRE A S At
BR T gmi%st 2R (Lew) B UUG, HAb @t s i 1 ROR G IAEAR 2 A/T. i H., 7EZWA% Leu Y 6 Fftfa] S
-, UUG /&l AR5 m % 157 (RSCU=1.26), HEZE 3 i, & id/2 UUA (RSCU=1.84), Hik
J& CUU (RSCU=1.30), HHICTT I, T iR A R 20 it 20 Bl 2 508 DL e 26 0k 3 f i AR 2R
RLBRAE Y A/T BB T, B — & AR 7 O de o AH ) 0 %88 %1 O 4P Hh BRTE S AR AE R B AE
Lonicera japonica ‘Damaohua’ "1 15 R M 8 Ananas comosus™ SR .

SSR Jy—Fh HAT £ 5 25V 1% DNA ARic, JERF SRy s ) . 2R 0Ar L Koty it 4% 14
W BT EMEA T B FIH MISA BPEXE T 8F M 2riR SSR #EATE M MGETT, AT RS
93 Lk SSR, H UL A B¢ T GAE S HAH iU HEFY , JUHIZ polyA B poly T BAAZ TR MRS, LIy
i AE LSC I IGS i &, 5L & B Iris typhifolia™ . & Y8 B Pandanus tectorius'™ . V1 §§ 2 Helenia



304 WroIL R R K A R 2024 4E 4 F 20 H

speciosa** ZEFE Y SSR 5 s AT .

IR B A Ay 2 S A PR 2 rp 3 B i i RS IG IX, (H IR 4% & AR skl , i i IR T3 &
A SRR IE K E A, L, IR AR Rt R (R I R 21 25 I EBLFR bR . AWFE & 2L -
TEFE SANSE AL R & T A Y IR 1A 2 SSC F IRB Z a1 JSB BA B B A ., I A%
Xt s T E 54032 R @ i S A Y 7E 1GS (U1 psbE-petL . atpF-atpH) 25 F 9w it X EL A il kAR
5o RXELE RN LR IRFE RN ALP 5 AT A T 8F T M HAT W R i S BRI . ok, ARGk b
MR T T8 ER b B M S OGRS YIRS R, BRI R

4 Zik

AW R FW] . T8 E MR 4y 149 864 bp IR AU U /31K 43 T, GC &K 37.5%,
124 DEP G IR I A/T 45 BB %75 SSR L polyA I polyT iz e £, T &F F 540%h=E
WEARITHISEG R,

5 5% X

(1] B/, CLARKE JIHONG LIU. M4g{RRE ATt e (] Atk 5 R BLE IR, 2008, 35(1): 21 - 28.

XING Shaochen, CLARKE J L. Progress in chloroplast genome analysis [J]. Progress in Biochemistry and Biophysics,
2008, 35(1): 21 —28.

[2] DANIELL H, LIN C S, YU Ming, et al. Chloroplast genomes: diversity, evolution, and applications in genetic engineering
[J/OL]. Genome Biology, 2016, 17(1): 134[2023-07-01]. doi: 10.1186/s13059-016-1004-2.

[3] SONG Yun, ZHAO Wenjun, XU Jin, et al. Chloroplast genome evolution and species identification of Styrax (Styracaceae)
[J/OL]. Biomed Research International, 2022, 2022: 5364094[2023-07-01]. doi: 10.1155/2022/5364094.

[4] LIU Qing, LI Xiaoyu, LI Mingzhi, et al. Comparative chloroplast genome analyses of Avena: insights into evolutionary
dynamics and phylogeny [J/OL]. BMC Plant Biology, 2020, 20(1): 406[2023-07-01]. doi: 10.1186/s12870-020-02621-y.

[5] JOIH, HAN S, SHIM D, et al. Complete chloroplast genome of the inverted repeat-lacking species Vicia bungei and
development of polymorphic simple sequence repeat markers [J/OL]. Frontiers in Plant Science, 2022, 13: 891783[2023-
07-01]. doi: 10.3389/fpls.2022.891783.

(6] PP S G 2. P EEYIES2E) (M]. Juat: Blea i, 1995.

Committee of Flora of China. Flora of China (Volume 52) [M]. Beijing: Science Press, 1995.

(7] TR A2 B BR). TR T2 AR HECE UTH M. TN T ZRBH T R, 2019.

Guangdong Medical Product Administration. Standard for Traditional Chinese Medicine in Guangdong Province (Volume
1) [M]. Guangzhou: Guangdong Science & Technology Press, 2019.

(8] TVREAE, SKURMH, BRAK, 5. TR B2 S A MG PR ST E I (0], R 2h, 2018, 49(8): 1964 — 1976.

YIN Zhenhua, ZHANG Juanjuan, CHEN Lin, et al. Research progress on chemical constituents and biological activities of
Wikstroemia indica [J]. Chinese Traditional and Herbal Drugs, 2018, 49(8): 1964 — 1976.

(9] IBfLar, IR, 2540, 2. 1R EAMRETE PO I ST e (1], o s SHERERTIE, 2020, 37(3): 46 — 48.
ZHENG Chuanqi, FENG Guo, LI Wei, et al. Research progress on bioactivity and anti-tumor effects of the Wikstroemia
indica [J1]. Studies of Trace Elements and Health, 2020, 37(3): 46 — 48.

(10] SKAE, B, & RtJE, 55, 78 £ SRR IE SRS 3 R 7w b [0 SR R}, 2023, 52(1): 60 — 66
ZHANG Qun, CHEN Ying, CAO Shengxuan, et al. Characterization of leaf functional traits of Wikstroemia indica and its
responses to soil factors [J]. Subtropical Plant Science, 2023, 52(1): 60 — 66.

(117 prite R, RRZA 5, RBEAR. AN]SR AL B 1 8F ERD 7 & 05z L. mrplolk B, 2016, 44(2): 8 — 11.

FANG Hailing, DENG Shaoyong, ZHU Peiling. Effects of seed priming with different agents on seed germination of
Wikstroemia indica [J]. South China Forestry Science, 2016, 44(2): 8 — 11.

(127 BEIPK. fm R 22 RRE R AL P SRR 204 L] Pl R 2741, 2021, 42(1): 1 - 6.

HUANG Qionglin. Complete sequencing and analysis of chloroplast genome from Alpinia officinarum Hance [J]. Chinese

Journal of Tropical Crop, 2021,42(1): 1 —6.


https://doi.org/10.3321/j.issn:1000-3282.2008.01.004
https://doi.org/10.3321/j.issn:1000-3282.2008.01.004
https://doi.org/10.7501/j.issn.0253-2670.2018.08.034
https://doi.org/10.7501/j.issn.0253-2670.2018.08.034
https://doi.org/10.3969/j.issn.1009-7791.2023.01.009
https://doi.org/10.3969/j.issn.1009-7791.2023.01.009

5541 5 2 W RIS TR EM SRS R 45 Hr 305

[13] R, ARYR T, PHIEREL, 45, S SUA ISR Ak D L 4540 5 e SRR 0 A7 O] R 28537 25 55 I PR 25 B, 2023, 34(1): 115 —
122.

WU Minhua, ZOU Zhenning, YE Xiaoxia, et al. Structure and sequence characteristics of chloroplast genome from
Pandanus tectorius [J]. Traditional Chinese Drug Research and Clinical Pharmacology, 2023, 34(1): 115 — 122.

[14] BENDICH A J. Circular chloroplast chromosomes: the grand illusion [J]. Plant Cell, 2004, 16(7): 1661 — 1666.

[15] ZHANG Yanjun, DU Liuwen, LIU Ao, et al. The complete chloroplast genome sequences of five epimedium species: lights
into phylogenetic and taxonomic analyses [J/OL]. Frontiers in Plant Science, 2016, 7: 306[2023-07-01]. doi: 10.3389/
pls.2016.00306.

[16] DANIELL H, LEE S B, GREVICH J, et al. Complete chloroplast genome sequences of Solanum bulbocastanum, Solanum
Iycopersicum and comparative analyses with other Solanaceae genomes [J]. Theoretical and Applied Genetics, 2006,
112(8): 1503 — 1518.

[17] BRAIE. Fii 7 J A - SR RE PR AR AE 5 RGEAATE (D). R IRy, 2021.

QIAN Shaojuan. Chloroplast Genome Characteristics and Phylogeny of the Genus Daphne [D]. Kunming: Yunnan Normal
University, 2021.

[18] ZHAO Xueli, ZHU Zhangming. Comparative genomics and phylogenetic analyses of Christia vespertilionis and Urariopsis
brevissima in the Tribe Desmodieae (Fabaceae: Papilionoideae) based on complete chloroplast genomes [J/OL]. Plants,
2020, 9(9): 1116[2023-07-01]. doi: 10.3390/plants9091116.

(191 XU, X358, FIBTE, 55, 2RHMHA -G R B D 2T R (] o R HF A AP B U, 2023, 42(7): 73 = 79.

LIU Haoyu, LIU Likuan, WANG Zhenglei, et al. Research progress on chloroplast genome of Orchidaceae [J]. Chinese
Wild Plant Resources, 2023, 42(7): 73 — 79.

[20] K44, b A 2, phmitly, 55, TOMPHE Y M SR SR 454 S5 EAL 30T (1], rhRizly, 2017, 48(24): 5070 — 5075.

SONG Ju, LONG Yuehong, LIN Limei, ef al. Analysis on structure and phylogeny of chloroplast genomes in Araliaceae
species [J]. Chinese Traditional and Herbal Drugs, 2017, 48(24): 5070 — 5075.

[21] SR, XSS, A, % SHAERBAEM-LRARSE R AL SRS T A e v 0BT (1] Wil 274, 2023, 35(4): 821 — 830.
ZHANG lJiaqiang, LIU Huichun, WANG Jie, et al. Analysis on codon usage patterns of chloroplast genome of Lonicera
Jjaponica cv. Damaohua [J]. Acta Agriculturae Zhejiangensis, 2023, 35(4): 821 — 830.

[22] WtfatE, BEOCOR, R ST, S5, P8 AR R 2 5 0 - (m 4 PRS0 B (0] B VER 2441, 2022, 43(3): 439 — 446.

YANG Xiangyan, CAI Yuanbao, TAN Qinliang, et al. Analysis of codon usage bias in the chloroplast genome of Ananas
comosus [J]. Chinese Journal of Tropical Crops, 2022, 43(3): 439 — 446.

(23] FABH, TR, 1K, 55 Uk & RS R BE DR 2 B OHRAAE 3BT (1] b 4f, 2023, 31(6): 1656 — 1664.

LU Zhengyang, YU Fengyang, XIAO Yue’e, et al. Complete chloroplast genome and characteristics analysis of Iris
typhifolia [J]. Acta Agrestia Sinica, 2023, 31(6): 1656 — 1664.

[24] oK%, B, BN, 5. MBS 2r AR N 2R AE RO R GE R T 04 L. M1, 2023, 42(4): 10 - 17.

WU Yongfei, YANG Xuelian, YAN Li, ef al. Analysis on chloroplast genome characteristics and phylogeny of Helenia
speciosa [J]. Seed, 2023, 42(4): 10 — 17.


https://doi.org/10.3969/j.issn.1009-7791.2023.01.009
https://doi.org/10.1105/tpc.160771
https://doi.org/10.3969/j.issn.1006-9690.2023.07.011
https://doi.org/10.3969/j.issn.1006-9690.2023.07.011
https://doi.org/10.3969/j.issn.1006-9690.2023.07.011
https://doi.org/10.7501/j.issn.0253-2670.2017.24.002
https://doi.org/10.7501/j.issn.0253-2670.2017.24.002

	1 材料与方法
	1.1 了哥王的采集和处理
	1.2 叶绿体基因组测序、拼接、基因注释和图谱绘制
	1.3 密码子偏好性和SSR分析
	1.4 序列比对分析
	1.5 系统进化分析

	2 结果与分析
	2.1 叶绿体基因组的结构和基因特点
	2.2 密码子偏好性分析
	2.3 SSR分析
	2.4 IR边界比较
	2.5 序列比对
	2.6 系统进化分析

	3 讨论
	4 结论
	参考文献

