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Abstract: Objective Themeda japonica was used as the experimental material to compare its chloroplast genome characteristics
with those of two congeners, T. triandra and T. quadrivalvis, and their phylogenetic relationships with the closely related species.
Methods Using the Illumina HiSeq high throughput sequencing platform, the chloroplast genome of T. japonica was sequenced for
the first time. SPAdes and CpGAVAS2 were used to assemble and annotate it, respectively. CodonW, DnaSP, and MISA were used to
perform a series of comparative genomic analysis with two species of plants of the same genus, and the maximum likelihood (ML)
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method was used to construct a phylogenetic tree. Results The three chloroplast genomes were 138 735—138 961 bp in length,
with a typical tetrad structure, and a total of 129 genes were annotated; compared with the two species of the same genus, the
inverted repeats (IR) contracted by 2 132 bp, the large single copy region (LSC) expanded by about 4 000 bp, and the small single
copy region (SSC) did not change much. Codon preference analysis showed that the codons with the highest and lowest relative
abundance in the three chloroplast genomes were the same, while the relative abundance of synonymous codons was slightly
different, but the difference was not significant. Nucleic acid polymorphism analysis showed that the nucleic acid polymorphism
values (Pi) of the sequences in the inter-region of the three chloroplast genomes were generally higher than those of the shared gene
sequences, and the IR region was more conserved than the LSC and SSC regions. A total of 38, 36 and 37 simple sequence repeats
(SSR) and two long sequence repeats were detected in the three chloroplast genomes, respectively. Phylogenetic analysis indicated
that T. japonica was most closely related to T. triandra. Conclusion The comparative analysis of chloroplast genome characteristics
and phylogeny between T. japonica and two species of Themeda was carried out, laying the foundation for the species identification
of the three species and the study of genetic diversity and phylogeny of Themeda.

Key words: Themeda japonica (Willd.) Tanaka; Themeda; chloroplast genome; phylogenetic analysis; high-throughput sequencing;

codon preference
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AT C4 JuE EH B 2F M A HB, B R R
P MEPH S RS A A Fves X AR 28 S & 35F
REREENR)Z N2 EEREN B, Rk
V95 2 — B ER b S S A, e An Lk
E, ZAKFFERELY. Bib. HRgESan, 3
AR (hAEARE) M (EEP R ) HIh
0E, HAeRLR N6, R, B
2. WRERIBMThEL, FEHTHRITHE. KK
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AEMMNNE, H R 3 MY S SN A
FHABL, R O B Fh %58 T7 MR =& X 3 TT
TEESEE R VR LB S, DR 53835 1 7 92
X E T Bt AT #b 78 BN G
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P JRAEYI SRR R AT LR, b TiX 3 F
S i-Ey/ i e R PR EAEE SR Ry Ny T (/SR
BRZ M. MRESFIAERGKEEEE,
R TR RS HAD 2 PR R A IR s
M TSI, B 1 TS B e AR PR 4



¢E$ 2023458 $543% H 108 Chinese Traditional and Herbal Drugs 2023 May Vol. 54 No. 10

» 3263 »

P HVRE . FERHB R RAEKE R R, NEBHE
WhisL 2 RS RGO AR AR AR .
1 MR5RE%
1.1 ##

T HAE IR AR A T 1 44 0 BH T R PR
FEM P RAT IR (35°11733"N, 112°45'56"E), H
TR R K 22 AR 2 Bt AR MRk 22 b S~ 1) 28042 0 3

BRI 5 R AR E B Y S 5 T, japonica
(Willd.) Tanak, FEALCRAE T rE B K S5 A TE
SEIEFRAS S A TJ-2022101206. #B43H H REA & fik:
W IEIa, SN EEAS RIS, FHICE K
EREFEE T80 CUKMIRIES . 7 NCBI
B P b R B BT G R RS R L B
RIGARIE S B 1.

F 1 HEYHARKIE
Table 1 Plant samples used in this study

U W KR GenBank E35
1 J& & Themeda anathera (Nees ex Steud.) Hack. NCBI NC_059838
2 YFF T arguens (L.) Hack. NCBI MT505006
3 % T. arundinacea (Roxb.) Ridley NCBI NC_035014
4 T. avenacea (F.Muell.) T. Durand & B. D. Jacks. NCBI NC_066807
5 T. cymbaria Hack. NCBI NC_059839
6 T. huttonensis Bor NCBI NC_059840
7 ¥#75% T japonica (Willd.) Tanaka T R B OP897809
8 /NEEL T, minor L. Liu NCBI NC_059841
9 KA%E T. mooneyi Bor NCBI NC_059842

10 rh4E7% T, quadrivalvis (Linnaeus) Kuntze NCBI NC_035492
11 T. strigose (Buch.-Ham. ex Hook.f.) A.Camus NCBI NC_059843
12 T. tremula (Nees ex Steud.) Hack. NCBI NC_059844
13 BarfAsE T T. triandra Forsk. NCBI MT505020

14 # T.villosa (Poir.) A. Camus NCBI NC_035021
15 Pseudanthistiria umbellata Hook. f. NCBI NC_059837
16 Hyparrhenia variabilis Stapf NCBI NC_040112

1.2 ME{EEEZ DNA fIRBSSBENF

HX 100 mg FEASH LR Fr, RIS 5 Af AR
) DNA 207 & ( IEBOE AN TREARAFD
BEAT 2 FE K2 DNA $REL. R i 8 KT 200
ng/p H. Azso/Azgo [ 7E 1.8~2.0 ) DNA 3% 2 i 3
WERE B A RA R ik, &K DNA H T30
FIFEAT Nlumina HiSeq XUl 5, o FFK: 2 150
bp, ZBRAKH & reads Ji5 753 clean reads.
1.3 MERGEREBHERSER

{8 SPAdes (v 3.11) FfFxt F—H133f) clean
reads 4T IERIZHZH 359, fiiff] Bandage (v0.8.1) K
PFFEEA T4 e B R SR AR DR ZH PP 4 S A 1261 . DARA]
FLAA B8 SR SE R 4] (GenBank B %5 -
MT505020) NZHEFH, LT H CpGAVAS2
(http://47.96.249.172:16019/analyzer/home ) X 35 i ¥
2R R TR, R RAEFARIES,

EALZ NCBI #d e, HE357y OP8I7809. #ix)ni
i F 7E 26 . H Chloroplot ( https://irscope.shinyapps.
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DRIZH 4 AN S rWedin S5 9 skae AT nT AR 3 420, JF:
i AR T CPISdraw £:filiX 3 ANH-ZRAARIE R 4H
(K38 7K. f#i ] CodonW (v 1.42) #AEXT ik 3 Fif
T ) o A 5 LR 40 P 91 04T [ SCB8 R AH A
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AN H BRI E . A fEZ& T H mVISTA
(https://genome.lbl.gov/vista/mvista/submit.shtml) [
Shuffle-LAGAN 00 _Fik 3 a4k 47 i 23 4k
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HEL P 1 o o A i DR 26 JE 47 1 5 25 55 41 0 i 182,
HSHOH B HIR SSR: EE R IGN 10, 1
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Themeda japonica
Plastid Genome
82 CDS; 8 rRNASs; 39 tRNAs
138,736 bp
GC: 39%

2 HRESH
2.1 WEEMRAERERELN

FisdR et i EE, 453 251 JE% clean
reads, H. clean reads Jii &EH KT 30 HUBZE & L
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736 bp, FAMAWIURSER, B2 A EPE X
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FETEH HE . FTRLAN 387 5A h ARE  2 v,
- 4 4 I TR 20 K 5 /% 138 735~138 961 bp P,
Bl hi s B B i SR R R e . X 3 P AE
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Fig.1 Gene map of T. japonica chloroplast genome
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Table 2 Genomic base composition of chloroplast of T. japonica, T. triandra and T. quadrivalvis

Y MFEEFH/op LSC XIg/bp IR Xisi/bp SSC X i8i/bp GC/% LSC X GC &/% IR X1+ GC &/% SSC X1+ GC &/%

HER 138 736 84 883 20 652 38.57 36.69 44.18 32.76
FTHifA# s 138735 80 621 22783 38.57 36.43 43.94 32.77
HagE 138 961 80 822 22783 12576  38.53 36.37 43.95 32.78
#*3 HEEMFAEEREFIREFAES
Table 3 Genes present in chloroplast genome of T. japonica
S FE R R R HE
He &R LR Rubisco iV 3 rbcL 46
JERG | W HE psaA, psaB, psaC, psal, psaJ
FHRG N I psbA, psbB, pshbC, pshD, psbE, psbF, psbH, psbl,

EEie=LuE 175

RNA A

HoAh I K]

AREFE A
Mt

ATP & Rl Ir 3
it 3K bif AT Ik
NADH fit & g i &

NS PN 2

& # DNA ) RNA R4
FEREAR SR (/N 2

FZHER RNA

332 RNA

AT

WML

HEIW

BAVE AT
ALt 3% C 2Pk
A

psbJ, psbK, psbL, psbM, psbN, psbT, psbZ, ycf3

atpA, atpB, atpE, atpF, atpH, atpl

petA, petB, petD, petG, petL, petN

ndhA, ndhB, ndhB, ndhC, ndhD, ndhE, ndhF,
ndhG, ndhH, ndhl, ndhJ, ndhK

rpll4, rpll6, rpl2, rpl2, rpl20, rpl22, rpl23, rpl23, 30
rpl32, rpl36

rpoA, rpoB, rpoC1, rpoC2

rpsll, rpsl2, rpsl2, rpsld, rpsls, rpsls, rpsl8, rpsl6,
rpsl9, rpsl9, rps2, rps3, rpsd, rps7, rps7, rpss

rrnd.5S, rrn4.5S, rrn23S, rrn23S, rrn5S, rrn5S, 47
rrnl6S, rrnl6S

trnL-UAG, trnN-GUU, trnR-ACG, trnA-UGC,
trnl-GAU, trnV-GAC, trnL-CAA, trnl-CAU,
trnH-GUG, trnK-UUU, trnQ-UUG, trnS-GGA,
trnS-UGA, trnG-GCC, trnfM-CAU, trnG-UCC,
trnM-CAU, trnT-GGU, trnE-UUC, trnY-GUA,
trnD-GUC, trnR-UCU, trnfM-CAU, trnS-GGA,
trnT-UGU, trnL-UAA, trnF-GAA, trnV-UAC,
trnM-CAU, trnH-GUG, trnP-UGG, trnW-CCA,
trnl-CAU, trnL-CAA, trnV-GAC, trnl-GAU,
trnA-UGC, trnR-ACG, trnN-GUU

matK 5

cemA

clpP

infA

CCsA

ycf4 1
129

x4 BEE. MRABRSEMPEETSAERBNERSLESERKE
Table 4 Number of genes and number of duplicate genes in chloroplast genome of T. japonica, T. triandra and T. quadrivalvis

W)k IR % ZHAR IR [X 3 X %
B 0 Y A B A tRNAS rRNAs
B HL 129 39 8 16
Rz 41 35 DL 129 39 8 19
HrAgE 129 39 8 19
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th 129 MR, B 82 /Mfi i B A, 8 1~ rRNA
LRI 39 A tRNA [, H IR X &4 16 &
SR Fr 82 ANt A 1 3k R T DU HE AN IR T
A8 4 25 46 DA R B AE G K (photosynthesis
related genes ), 30 A H & & il 7 % K&
(self-replication related genes), 1 ANAZ%NThAEHE K
(unknown function genes) i1 5 H AL Cother
genes). f£ tRNA ZERH, trnl-CAU. trnl-GAU.

trnV-GAC. trnS-GGA f-7EX#% U1, rRNA [1) 4 Ffifk
(rrn4.5S. rrn23S. rrn5S. rrn16S) FEAENFE L,
TR IR Xy R 16 NEA, AR RAH 31 5 A
HAEE D T 3 AR, 508 trnH-GUG. rpl2
FT rps19 FEA o PR )RR 32 B BT B X
WeRBER, I AR NHX 3 NMFEET T4
Frortt. HIE 2 nIAL B R IR XU T R
W4 %, X3 LSC 5 IRb J LSC 5 IRa fi

trnA-UGC . trnR-UCU . trnL-CAA . trnN-GUU . TR R S HoAth 2 ANPIFRASTE

ns a I5B 154, . na

R ol gty M
B [use / si,ﬂﬁih;j{{: / 2’0,652h1;|SSC / %xﬂ / gbplLSC “
18736bp  w e e

O vy o

. o = =

WTA;L-;EI?%;?“i\Isc/ %?Imb %ﬁ? / H?mbpltlﬂp

53

JLB. JSB. JSA. JLA 73 B FTIMSRARFERIH 4 N TR 2

JLB, JSB, JSA and JLA respectively represent the junction sites at the four boundaries of chloroplast genome

E2 ®E

AR RI(A

HEMRFEREBIDE DT

Fig. 2 Genomic boundary analysis of chloroplast of T. japonica, T. quadrivalvis and T. triandra
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A R 20 1) ) SC3 RS T AR =E RS AN, (H
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(UGG) FIHIREERM (AUG) 4b, HABEILEH
HEZNEWT . Leu, KR (Arg) MR (Ser)
A6 MNFUERS T HER (Gly). @i (Vab.

A FREBARE N BA AT &L FRARE R, e
The histogram of each amino acid from left to right is T. japonica, T. triandra and T. quadrivalvis
3 EEE. MAESEMPLEEHRAERAR X HRFEMERER

Fig. 3 Relative abundance of synonymous codons in chloroplast genomes of T. japonica, T. triandra and T. quadrivalvis
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N 3 FftiE AT PR 2 o 43 S R 105 AN A
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AR PR 1) [X A P A PRI 2 P o B 2 Tt . e
AT ULE H, X P FI ) Pi R = T A B P4,
H IR X3 AHL T LSC. SSC XIHE Jyfitsy, x5
5 g AHIA]. EEE I, ik 10 A PiERT
0.001 I ZAR X 35 (cesA. rm23S. rps7. ycf3. rps3.
rpl16. rps8. infA. petB. rps18); fE[AIX ¢, ff

B 9 /N PifEKT 0.003 #5848 [X 35 (ndhE-ndhG+
ndhG-ndhl . rpl2_2-trnH-GUG . psbZ-trnG-GCC .
trnT-GGU-trnE-UUC . trnE-UUC-trY-GUA . trnY-
GUA-trnD-GUC . petN-rpoB . trnV-UAC_1-trnM-
CAU). RANFAFRAL 7R, PRI 2 i RAR X
AT F TR AR R L M 4 E
24 fEEBEEFYI (simple sequence repeat, SSR)
SKEEFFIRIESH

Wi 6 Frow, A 3 AN Sk Jik DRI 2 v 43 Sl A
# 38, 36+ 37 1~ SSR. 3 /M LRAAIEDE 4 A A
M) 2 Fhig LR CRAZH IR S MV H IR E
52, BRZ AR BEZ Y PR BEER
HEZHANT EE, HELHIo8 HKEE Y 10~
17, W HRESA=FHH N GTAG £E, T

A 0.003 A
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A-the nucleic acid polymorphism analysis of common genes
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Fig. 4 Nucleic acid polymorphism analysis of chloroplast genome

B-the nucleic acid polymorphism analysis of common inter-region genes
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Fig. 5 Comparative analysis of chloroplast genomes of T. japonica, T. quadrivalvis and T. triandra
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Fig. 6 SSR analysis of chloroplast genome of T. japonica, T. triandra and T. quadrivalvis
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WA, Wl 7 Bian, 3 /NIHERARSE DR 4 A A A
3| 2 MK EHE K4 (long sequence repeat), {145 IE
i) 5552 FE 51 (forward repeat sequence) A1[a] 3 8 &
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Fig. 7 Long sequence repeat analysis of chloroplast genome of T. japonica, T. triandra and T. quadrivalvis
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Fig. 8 Phylogeny analysis of T. japonica based on chloroplast genome
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