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Abstract: In this study, Cymbopogon winterianus was used as the experimental material, and the DNA sequence of C.
winterianus was sequenced using the Illumina NovaSeq 6000 sequencing platform. The sequencing data were assembled
with GetOrganelle v1.7.7.0 software to construct the chloroplast genome. Referring to the known chloroplast genome of
C. flexuosus, the chloroplast genome of C. winterianus was annotated, and the genomic characteristics were analyzed
and a phylogenetic tree was constructed. The chloroplast genome of C. winterianus was 139 823 bp in length, with a
typical circular quadripartite structure. The GC content was 38.45%, and the AT content was 61.55%. It included a large
single-copy region (LSC) with a length of 82 214 bp, a pair of inverted repeat regions (IR) with a length of 21 368 bp,
and a small single-copy region (SSC) of 14 873 bp. A total of 130 genes were annotated in the chloroplast genome of C.
winterianus (including 85 mRNA genes, 37 tRNA genes, and 8 rRNA genes). In addition, among the annotated genes,
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there were 16 double-copy genes, accounting for 12.31%, including 7 tRNA genes, 4 self-replication genes, 4 rRNA
genes, 2 protein genes with unknown functions, and 1 NADH dehydrogenase subunit gene. A total of 144 SSR loci were
detected in the chloroplast genome of C. winterianus, with mononucleotide repeats being absolutely dominant, mainly
A/T. After comparing the boundaries of the inverted repeat sequences of four Cymbopogon species, it was found that C.
flexuosus, C. pospischilii, and C. winterianus exhibited extremely high homology in gene structure and species. Among
them, the ndhH gene was located in the small single-copy region (SSC), and the ndhF gene was located in the boundary
region between the SSC and IRb. However, C. winterianus had an additional rps3 gene in the LSC region compared with
C. flexuosus and C. pospischilii. Phylogenetic tree analysis showed that C. winterianus had the closest genetic relation-
ship with C. pospischilii and C. citratus (MK593547.1). This study completed the assembly and annotation of the com-
plete chloroplast genome of C. winterianus, analyzed the characteristics of the chloroplast genome of C. winterianus,
and preliminarily explored the phylogenetic position of C. winterianus within the genus Cymbopogon. It would lay a
good foundation for the phylogenetic, genetic diversity, and genomic studies of Cymbopogon plants, as well as for the

discovery and utilization of important functional genes.
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M RubisCO large subunit
[] photosystem assembly/stability factors
[l RNA polymerase

[@ ribosomal proteins (SSU)

[ ribosomal proteins (LSU)

[ transfer RNAs

M ribosomal RNAs

[ clpP, matK

W other genes

[[J hypothetical chloroplast reading frames (ycf)

[l ORFs o]
[@ origin of replication g §
[ polycistronic transcripts g

Cymbopogon winterianus

chloroplast genome

139 823 bp

B1 MEEFHEEEEA

Fig. 1 Chloroplast genome of C. winterianus
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Tab. 1 Base composition of chloroplast genome of C. winterianus

X1} Area Al% T/% Cl% GI% K& Length/bp GC/%
LSC 32.05 31.66 18.31 17.97 82214 36.28
SsC 35.35 31.78 16.89 15.98 14 873 32.87
IRA/IRB 27.76 27.67 22.31 22.26 42736 4457
SR 31.09 30.46 19.38 19.07 139 823 38.45

2.2 MEREEFEASE H R 2 A, JREERZE AL N A 16

TE 5 i S (R R 40 139 823 bp 117471
SR E] 130 AN (7 85 4~ mRNA
A | 37 4~ tRNA FE K, 8 4 rRNA K (% 2 ),
FRYESE P e ) HH B T RE, MO r A R Ak
4 NREE, SRR EERMOCHER . A RE
FOREE . HABFE | RENTIHEREA .

AR LI, a3 12.31%, 20l 7
/M tRNA JE[A (trnA-UGC, trnl-CAU, trnl-GAU ,
trnL-CAA, trnN-GUU, trnR-ACG, trnV-GAC ). 4
ANHIRE R ALK (rpl2, rpl23, rpsl2, rps7).
4~ rRNA A (rrn16, rrn23, rrnd4.5, rrn5), 2
MARMIIFEE F SR (yefl, yc15) Al 14 NADH
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Jii B I R (ndhB ), 5 B, yefl,
ycf3, ycfd, ycl5 iX 4 A>3 PR 7E JTUH: B 56 R 44
SR PR RE S A A YIRE, TR EGE A T £
TSR SIS T I B AR X AT T RE AT 5
7N

BEAN, T 5 B S A 56 R 4L v i) T 43
BERBATNE T, RAEDEERT A 148

2PNE T, H ol I ERSH LANET,
43 5J& ndhA, ndhB. petB, petD. atpF. rpl16,
rpl2, rpsl6, rpoCl, trnA-UGC, trnG-GCC, trnl-
GAU, trnK-UUU, trnL-UAA, trnV-UAC, 3 {3
H&H 24 NETF, 25008 rpsl2, clpP, ycf3,
PIRIE R DIIN =t oy o 3N N Yl el Sl b
HN
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Tab. 2 Annotated genes in chloroplast henome of C. winterianus

T FH AR
Group of genes Name of genes
psaA, psaB, psaC, psal., psal
psbA, psbB, psbC. psbD, psbE, psbF. psbH, psbl. psbJ, psbK, psbL, psbM,
psbN, psbT, psbZ
ndhA’, ndhB’(2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH, ndhl, ndhJ, ndhK
petA, petB', petD’. petG. petl. petN

s
Categoryof genes

SeA1EFMIIEEEA Subunits of photosystem |

Subunits of photosystem 11

Subunits of NADH dehydrogenase
Subunits of cytochrome b/f complex

Subunits of ATP synthase atpA, atpB, atpE, atpF’, atpH, atpl
Large subunit of rubisco rbcL
Subunits photochlorophyllide reductase
3R AN Proteins of large ribosomal subunit

Proteins of small ribosomal subunit

rpll4, rpld6 . rpl2° (2), rpl20, rpl22, rpl23(2), rpl32, rpl33, rpl36
rpsli, rpsl2™(2), rpsl4, rpsl5, rpsl6’, rpsls, rpsio,

rps2, rps3, rps4, rps7(2), rps8

rpoA, rpoB, rpoC1’, rpoC2

rrnl6(2),rr23(2),rrn4.5(2),rrn5(2)

Subunits of RNA polymerase
Ribosomal RNAs

Transfer RNA trnA-UGC'(2)., trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA, trnG-UCC, trnG-
GCC', trnH-GUG , trnl-CAU(2) . trnl-GAU'(2) . trnK-UUU" , trnL-CAA(2) .
trnL-UAA" |, trnL-UAG , trnM-CAU , trnN-GUU(2) ., trnP-UGG , trnQ-UUG ,
trnR-ACG(2) . trnR-UCU , trnSGCU , trnS-GGA, trnSUGA, trnT-GGU , trnT-UGU ,
trnV-GAC(2), trnV-UAC", trnW-CCA, trnY-GUA, trnfM-CAU
HAb A Maturase matK
Protease clpP"”
Envelope membrane protein cemA
Acetyl-CoA carboxylase
c-type cytochrome synthesis gene CCcsA
Translation initiation factor infA
KA REFEE Conserved hypothetical chloroplast ORF ycf1(2). ycf3™ . ycf4. ycf15(2)

e TNEAH LANE TR TSR 2NN TR QAT AR T LIIER, S P I RN I R LA
Note: * is a gene containing one intron; * is a gene containing two introns; (2) is a gene with a copy number greater than 1, and the
number in the parentheses indicates the copy number of this gene.

D). AEFREL PITHER (2 1), =i
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89.1% ., H. K& GIC. AT . AACG/CGTT .
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AL G R 2 FroR . 78RR SR -t

PRILN 2 b Ity 5 R H IR E A o, KL
i i EMRAR O IR EE o0 (130 1 ),
VIR PR E S A0 (8 1), MU HIRE L HIC (3

AAAAT/TTTTA, 7351 4.1%.1.3%. 1.3%. 1.3%,
XBEZE LI AST Bl L TR T 55 B S R 2
ES S R O e R VA= 2 S el = T O B S i
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Fig. 2 Types and numbers of SSR loci in
chloroplast genome of C. winterianus

24 RAER IR XBRILBRHH
WERF 5 6 MRARHEY ( £k /NE
IKFE . MR WP A RS SRS ) Bt
GRARFEN A IR X Bh AT b o3 Ar, 45 5R L
Kl 3, X EERAFHE Y A - 23 A4 5 P 41 K B A
T 134 502~140 384 AN Z A, Fi FRAE 20

Zea mays
140 384 bp

Triticum monococcum
136 885 bp

Oryza sativa

134 502 bp
psal 35bp. 2'3' trnl
Cymbopogon citratus [R607550 B3

139 878 bp

Cymbopogon flexuosus
139 715 bp

Cymbopogon pospischilii
140 219 bp

Cymbopogon winterianus
139 823 bp | trH

20bp 2188 bp
n

K BEM/INEI R B HEFIAR IR Ol - KA. /N2
DS NIIINGE S N - AN ALEE i i o
Tk MFEHEF . 5DPHRF5INE:FH 7R
DR &35 b FNRR 2 1 R B0 MR A s A R PE . ndhH
EHENMF/ANRFEDX (SSC), HKE R 1181
ABEFEXT, i ndhF JEE W47 F SSC 5 IRb 193
TR, KB 2217 LN, {H7E LSC XJR
HEFIMFES . 5SHFHEEFL 1 4 rps3
KA,
25 REEENH
HERMNEFEFEEF R TN RGE KB H
A7, BEI T ARAT 0 T A 5 SRR S R 47 91
NCBI B i 3L 16 75 23 @ At 1 1) i 4k
SERA PN T2 EITFHI T, HEid igtree #ff
WRRGERKBW (F4), g5, MFEFEFE L
MWEF Bk, 5ITUEE R AEE E Rok,
VLA S TR PSR R RO ; TERGEK B
H, HAR 14 DARIFEFEEYERIS 1450
%, H R (C. citratusMK593547.1 ), 5 i
A (C. pospischilii ) 5 JTUH: By 3 1) 18t 14 1 25 4
AN, RN FZF 5B & (Co citratus
MK593547.1), B HhiHEF 5 2 0] i) 35 2% K R fx
. HEFEENE, BRiFER (C ctratus
MK593547.1) 5 55 4 2 Mg A RAE R — 5
Y, WiEs 3N NHEFRFRAE AL, HAbAH
[ G REA I 45 F RAE T @ A i 53 3

Inverted repeats

JSB JS4

3088bp 207 bp

rps/15

|
1019 bp_, 163 bp

B3 RAEMT7TIMMPHEESERA RAAVEETEE
Fig. 3 Schematic comparison of IR boundaries in complete chloroplast genomes of seven Gramineae species
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Fig. 4 Maximum likelihood clustering results of 17 species based on complete chloroplast genomes
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