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WE., KA WEE (Chenopodium amaranticolor) HIWFEERFIE R HBEAT T mi@E =
HAERERE M, LR T R AR A RMER R R B R R, KI5}
PRFERIZHEK 152 193 bp, GC & 37.25%, Zwhd 131 NERF, HAEEmRmLER 86 1,
TREFHERH A/U 85 RIS 1. FReR MRS B E 120 b 22 J@ Al ) - 2 AR 2 TR 40 LA 15 7 1)
FEBATE, IR 2 AP 2AE LSC M1 SSC X A=Al H] B X LA A2 ndhF 1 yefT B:PK ;. SSR
DUERARIR B R o F, BRI N A, T; BEER)FHFE NI EMESMEICESR; |
ZRE TS GIERE (Chenopodium formosanum) WISES IR, HHEFETE
Rt 2 535 (Chenopodium quinoa) WIiBALEEES K TSR R . AT NE R
B A S 2R FrR R DL R AR SRRt =%,
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Chloroplast Genome Characteristics and Phylogenetic

Analysis of Chenopodium amaranticolor

KONG Wei-qing, ZHUO Su, YANG Jin-hong
(School of Modern Agriculture & Biotechnology / Shaanxi Key Laboratory of Sericulture, Ankang
University, Ankang, Shaanxi 725000, China)

Abstract: This study conducted high-throughput sequencing, assembly, and annotation analysis of
the chloroplast genome of Chenopodium amaranticolor. The analysis of features and phylogeny of
Chenopodium chloroplast genome discovered that the chloroplast genome of C. amaranticolor was
152 193 bp in size with GC content of 37.25%, encoding a total of 131 genes, and 86 of them were
protein coding genes, which preferred using codons ending in A/U. The collinearity and sliding
window analysis showed that the chloroplast genomes of Chenopodium genus plants exhibited high
sequence similarity, and the nucleotide polymorphism sites were mainly found in the intergenic
regions of LSC and SSC regions, as well as within the ndhF and ycfl genes. The SSRs type in
Chenopodium plants chloroplast genomes were mainly single nucleotide repeats, and the main
component base were A/T. The types of repetitive sequences were mostly forward repeats and
palindrome repeats. The phylogenetic analysis showed that C. amaranticolor was closely related to
C. formosanum. The genetic distance between C. amaranticolor and C. quinoa based on the nuclear
genes is greater than that of chloroplast genes. The results of this study could provide references for
further study on genetic structure and diversity, specific gene mining, and phylogenetic studies of

C. spp.
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#J& (Chenopodium) T N—FHEAMY), 2MHFLH 2508, ZEHEYE SHB
i W KA YEE Y, KRR R, HhEEEE (C quinoa) WG FE 3%
M35 Jm RAE AR, H BRI N — M4 E R amE st FaE Al ZEEY
B RUFm e R, 2 g R 48 204, e sk 32 (Coacuminatum) < 2 (C.
album) /NEE (C. ficifolium)« WR¥FZE (C. berlandieri), BUAE AT H GEIETF & FHBC, Wi
% (Chenopodium amaranticolor) ZZE @Y 3 AMESH — DM, HRARLOREH
—ERIRRENE, B TAERER, EEs X R AE SR AR ET, e R
JUIE R TP, R R IR T2 S ) RS B B AR os A, ARt B RUE
WEERL BLGAEMREER AR 2R 2 M 2

Mo AR B ML A RAZ I LR, TR e S EA R, & FEE s
23 A JEE (R 285 4 120 000~170 000 bp FIFRR DNA 707, H 1986 4 HPIFI £ )
MRk DNA #I Dok, KEEDAER K444 DNA #0504, Hai BaEmET
PRsp i, — Ml K DUIX 3 (Large single-copy, LSC), /NHL$E UI[X 1k (Small single-
copy, SSC), VUMMM ELE Xk (Inverted repeat a/b, IR a/b) 55 4 PMXILMIE, iz
NHTFHEYIFEE . REREMYRRIEME Y. 8k 2024 4 6 H, NCBI A1
BT AR IE R A A EE, . GIEF (C. formosanum) . WRIFEE. Rk EE. ZEnt23R
(Chenopodium bryoniaefolium)  /NE . & H 2% (Chenopodium pallidicaule) - i J 32
(Chenopodium suecicum) F Chenopodium petiolare 7E ) 10 NFH . 10 0 (2 Z24F N LAt
PEWT T2 N AT SRR, A R G B AL B I S I G ) 5% AR AN T

M SR AR L DR 20 A FEAR FE DA bl @, ASHHE SO0 Dl R R AT T AR, 2 e A i H
R AR LRI 2 SOR-AE, IR LB i T 2 B AR SR R A I 54 . GC &, BRI A
HEFH . HEERA YRS, WE T RGEKEN, NiE— B0 B gL 25
K 8L 22 R KR S A5 B BAR BE A

(W ZE SRS WIRFS

1.1 AR
SEIGAd 0 B BE A BMRAT T A B B P R A SR S SR = . M R AiKIE T R
A RBEFERNREE S, 25 T-80°CUKFERAT

1.2 W57V
1.2.1 Gt ZE K4 DNA $2HS vyl &l

i YA N 4] DNA RBUKF & (DP305, TIANGEN A 7], Jbal) $EHitsE g
DNA, B gHAEI B ik AN 20 e 6 BE VA I DNA [ & . SRRk TAEY TR (R K
P34 R 2> =] 3E4T 2 5 A1 MGISEQ-200RS 5y 38 &30l J3~F 65 X s ] 150 bp I
1.2.2 M 244 L DR 2H 20 2B RV RE

fastp FRAF X E SRAF IR LG B0 AT I IR0, 45 2 2B T B SRR o &= 1) 1 458
PL NCBI (https://www.ncbi.nlm.nih.gov/nuccore) &[22 JEAE M LR IE K20 NC 771
2% (R 1), bowtie2 FfF very-sensitive I UIfE T 15k ], spade3.15 I GeSeq X it
B 7 AT B AR RE1), 8 F 4 o 28 SE R 40 2 A OGDRAW 2 il 1) 2 P i 161,
[FJI $252 22 GeneBank #(#li 2, ¥ 3¢5 PP727303.

R 1 3P ER P 5 RAFHE

Table 1 The sequences and characteristics used in the article



BHH Genome KREHEINX LSC PMEEIX SSC KAEEX IR BFS
F Species K GC/% KE  GC/% KE GC/% KJE  GC/% Accession
Length/ bp Length/ bp Length/ bp Length/ bp No.

W3 C. amaranticolor 152193 3725 83675 3531 18132 31.01 25193 42.72 PP727303
BIEF C. formosanum 152195 3725 83677 3530 18130 31.01 25195 4272 NC 086915
C. petiolare 152064 3724 83520 3528 18108 30.92 25218 4276 NC 081912
WR¥FZE C. berlandieri 152194 3725 83676 3530 18132 31.02 25193 4272 NC 085145
ZZM-3E C. bryoniifolium 152166 37.25 83675 3530 18105 3099 25193 42.72 NC 085144
3 C. quinoa 152099 3724 83582 3529 18107 3096 25205 42.74 NC 034949
32 C o acuminatum 152200 37.25 83683 3530 18131 31.01 25193 42.72 NC_054154
/NEE C. ficifolium 151823 3726 83668 3531 17937 31.00 25109 42.75 NC 041200
# C. album 152167 3726 83676 3530 18105 30.99 25193 42.73 NC_034950
BHZEE C. pallidicaule 151293 37.30 82948 3532 17967 31.13 25189 42.75 OR654979
5% C suecicum 151865 37.25 83704 3529 17943 31.01 25109 42.75 OR654989
IKEEHE Oxybasis glauca 151655 36.87 83579 3473 17914 3035 25081 42.77 NC 047226

1.2.3 2RIk R A RF Ik 70 Ay
MegaX A it 22w AR S AL 85 1 B A8 P BOR [R) SO s 1A

FHJ¥ (relative synonymous codon usage, RSCU) U7, MISA 5 AF 4 b i ] 2. 85 5 7 41
(simple sequence repeat, SSR) A7 gil'®, 1% & FGHIL 2 NIEE M B D EEWEH N 10, 5,

4, 3, 3, 3, P> SSR ZI[AIfAIEE>100 bp. f#FH7ELk REPuter Chttps:/bibiserv.cebitec.uni-
bielefeld.de/reputer) 7 #rH A HEEHE )T 5.
1.2.4 L& S Z &0

Mauve 3L xT 22 @ M P SRS R 21 GB VR SO IR 4 B FLIRZR M), mafft 34T
LEF AT HI X0, DnaSP 6 BT HI 2 A0 Piigah i M LAY, wEw DK
& 600 bp, 4 200 bp.
1.2.5 KRG E 7T

TEIKEEFE (Oxybasis glauca) K1 ERARIE R A 7 HANE, D ZBEYR RS K
H KRR mafft LXK ERRAZBE R AE Y SRR B R 212, modeltest 3875 5 (AR &5 # i 80 Hy
GTR+H+G4, i HiZ 45 B Al Raxml-ng #4 i KSR (ML) #EALR),  [F]f {5 F MrBayes
3 Bl R4 B W4, Bootstrap VAR50 %70 SRR, EE 1000 K.
1.2.6 i (4,32 580 5 B 38 DR ik DR R it 0 Ak S AT 1) 38 4% R 25 20 AT

P VIR B R — P T RGEHE A 0 FhRic, FEAE A IR 32 e =T HUR S T8
AR IR AN A . DL E I R DRI 4R (hitps:/treeoflife.kew.org)) 1EZ %,
easy353 ARGV AL (1) FRAE DUAR L IR, S0k B B fIK 8 X 7 55 ), mafft i it 22 5 R 42 1)
[R)JF 38 TUAZIE R AT I LT o [ AN genebank SCAFARREL CDS %1, mafft Xf — 311
[FUE T A AT P LE X . BT JC69 BEAY, 43 Al TH 5 2 AN B DA% 5k [R] A it A4 BE DR 1)
WARIEE .

2 R 550

2.1 2 JEAE W) - S Ak I IR 2H 45 M R AIE

T B L SRS T (B R A SR GG S 16 788 751 4%, RIE LB EELARE B
i, BEITIREHEL 4.82G, 16 762 445 %k, UIMSKFERI4] NC FRHINS % 3Tk, 15
BT € TR AE I A S R A SR V5 2 %1 1180 783 2%, ZMSZE T 1 104.71X, ARt
HERAR LR ZH K 152 193 bp, GC & & 37.25%, HIHABHE BV RAAFERZ 151 293 (&
HZE%) ~152195bp (H5%E). GC & 37.24% ~ 37.30%M4F (K1, £ D. 11410 %E



T 0] - A Ik [R] 20 350 9 BB PR POPR XURE DU 43 AR 2544, LSC K FEAE 82 948 ~ 83 704 bp, GC
i 35.28% ~ 35.32%, SSC A IR K437 17 937 ~ 18 132 bp 1 25 109 ~ 25 218 bp,
GC % & 30.92% ~ 31.13%F1 42.72% ~ 42.76%. Ui L F M- S35 R 41 e DU 43 A i K FE AT GC
SRYS G BRI .

Chenopodium amaranticolor
chloroplast genome
152 193 bp
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Fig. 1 The gene map of C. amaranticolor chloroplast genome

2.2 Uit BRI SR AR BE DRI A )3 R S T e 2R

Iy MO0 B SR AR R R A i g D B R, FRgm AT 131 AR, Horb 8 5 g A AR
(Protein-coding genes, PCGs) 86 />, #%#i{A RNA (Ribosomal RNA, rRNA) 8 />, iz
RNA (Transfer RNA, tRNA) 374 (3£2), SHMBJEHY . 18 MEEA 2 M5 L,
35 7N PCGs (rpl2 rpl23+ rps7+ rps12< ndhB+ ycfl Flycf2), 74 tRNA (trnA-UGC.
trnl-CAU. trnl-GAU. trnL-CAA~ trnN-GUU. trnR-ACG 1 trnV-GAC), LLJK 4 /> rRNA
(rrn16S~ rrm23S< rrm4.58 M rrn5S), FAEER g 54 DL, W€ 22 - 2 A4 5 DR 40 (%) RG50 2
HEEAENET T, BT 8/NPCGs (atpF. petB petD ndhA~ ndhB- rpll6. rps16F1rpoCI)
16 M tRNA (trnd-UGC~ trnG-UCC~ trnl-GAU. trnK-UUU. trnL-UAA 1 trnV-UAC) H 1
MAET, 3D PCGs (yef3+ clpP Ml rpsi2) H 2 AN EF o maK B:RALT ornK-UUU A
T rpsl2 BN BTN, Sy M E S 30 ml AL T LSC A IR X8 (B 1.

2 AR HERREEE S

Table 2 Genes annotated in C. amaranticolor chloroplast genome

BRI FER 43 4 B A FR

Gene Category  Gene group Gene name

RNA [ 1 HE{R RNA Ribosomal RNA rrnl6S’, rrn23S’, rrn4.5S", rrn5S’

RNA gene #3Z RNA Transfer RNA trnA-UGC™, trnC-GCA, trnD-GUC, trnE-UUC, trnF-GAA,

trnG-GCC, trnG-UCC®, truH-GUG, trnl-GAU™, trnl-CAU",
trnK-UUU", trnL-UAG, trnL-UAA", trnL-CAA’, trnM-CAU,
trnN-GUU', trnP-UGG, trnQ-UUG, trnR-UCU, trnR-ACG’,
trnS-GGA, trnS-GCU, trnS-UGA, trnT-GGU, trnT-UGU,



SRR HIES
Gene for self-
replication
PR (e
Gene for
Photosynthesis
HoAth B

Other gene

AR ENEEA

Unknown gene

KRR /N T 2
Small subunit of ribosome

PN

Large subunit of ribosome

RNA ¥4 RNA polymerase

J R4 1 Photosystem 1
J6 &4t 11 Photosystem 11

MPERE S b/f W

Subunit of cytochrome b/f complex

ATP & il 7.3

Subunit of ATP synthase
Rubisco 3%

Large subunit of Rubisco
NADH Jlit U 3%

Subunit of NADH dehydrogenase

5N Maturase

# & & A Envelop membrane

protein

LIBEHNG A FRAL I3

Subunit of acetyl-CoA carboxylase

c RUAREER 15 Rk

c-type cytochrome synthesis gene

el

Protease

R T

Translational initiation factor

DR TR Bl

Conservative open reading box

trnV-UAC", trnV-GAC”, trnW-CCA, trnY-GUA, trnfM-CAU
rpsll, rps127 rpsi4, rpslS, rpsl16", rps18, rpsl9, rps2, rps3,
rpsd, rps7’, rps8

rpll4, rpll6*, rpl2°, rpi20, rpl22, rpl23°, rpi32, rpl33, rpl36

rpod, rpoB, rpoCI”*, rpoC2

psaA, psaB, psaC, psal, psaJ

psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK,
psbL, psbM, psbN, psbT, psbZ

petA, petB”, petD", petG, petL, petN

atpA, atpB, atpE, atpF", atpH, atpl

rbcl

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

matK

cemA

accD

ccsA

clpP™

infA

yefl', yef2', yef3™, yef4

E: REENHCON 2; "R —PMAET: "R 2 PMAET

Note: #represents 2 copy number; " indicates one intron inclusive and **indicates two introns inclusive

2.3 w7 A

M JEAEYIH 254K CDS #) GC & &7F 25.93% ~ 50.00%, T4 38.02%. i1 A[A
fIE GC EEERBK, GC1 & & 31.03% ~ 65.62%, “F¥J 45.96%, GC2 Fl GC3 &&= 11y
39.78%#1 28.34%, GC3 FaEmfk (K 2), KM\EEEYHFAREEFHWEF L A Fl U Bk
5. RSCU Zpffriin, AT 1 IS4 30 Ff, Bk UUG (Lew) 4k, HE 29 DELL
AU BAEZE R, U B S i 1 1) 28 = AN R T A/U (8] 3D

07T
0.6
0.5+

04 r

GCHE
GC content /o4,

02
0.1

03t !

GC_Total

W C. amaranticolor
Ge2 GC3 B C. formosanum
W C petiolare
C. berlandieri
M C. bryoniifolium
W C quinoa

[ oe
‘ l B C. acuminatum
‘ W C ficifolium
I W C album
v‘ I ! W C pallidicaule

M . suecicum

Yy fh Species

B 2 TR K 10 A F R M S5 R A B T H R 2 i

Fig. 2 Composition analysis of chloroplast genome codons of C. amaranticolor and its 10 congeneric species
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(A T HHIEA g
Arg  Asn Asp  Cys Gln  Glu Gly  His ¢ Leu Lys Met  Phe Ser  Thr Trp

666 AT | crg €06 | TcA | Aco 1o
AAT | GAT | TGT | caG | aaG| eoe | caT | ATc | crc | AAG | [ 7t [ coc | act | acc [[7ar | orc
AAC | Gac | 1oc [ caA | GAA| GGa | cac | ATa | crA | aaa [BREGE| 1rc | ccA | age | AcA | TGG | TAC | GTa

E 3 AR 10 NMEBFH-SRREE H LT RSCU 447

Fig.3 The RSCU of chloroplast genome codons of C. amaranticolor and its 10 congeneric species

2.4 EEFH5HT

MISA 4347 22 J@ HE P S AR JE R 41 (1) SSR, - 485 L 87 g R 347 A SRt &5 Tk
HE, HEM44 ~54 4% (HO. PREEENHHEHRS, §HRIKKADNEE 57.45%.
HITRNZWHREER 7 ~ 12 NP RVIREESR 5 ~ 94 O fomi kB %, 3t
34 MBREALRE, BEAZEEAC)n MG & 1 A4k, HAbR it 8 M EI’J_
B DA K T B A A TR . —HEFIDURE R o, FrawREs&H 24
(CG)s FI% 1 ™M(AGGT)s (CTAC)3, it IR XA rrm23S 2R, HAME S DL AT il
J9E. 4rHT SSRs LE L0 R SRAR B R 20 DY 43 AR S5 4 1) 40 A, LSC A 36 4>, SSCH 91,
IRa Fll IRb % 4 4. MIE ) gaid X AL X (K A FERF, 32 My TEEFEFEX, 7 M7
FHETF, 4MITHETF.

Reputer 0T i (HLAE R, EAE 50 ~ 2 D208, JLFEH NIERES (Forward
repeat, F) Fl[A|CEE (Palindrome repeat, P). HEREMIKZLL 30 ~39 bp A, HIKH 40
~49bp K, AR WFirh 3 HEEZ T 60% (K 5).

60 mEREL
& mononucleotide
- Clt 52
o2 4 dinucleotide
- & 30 EEM% .
g 8 trinucleotide
“ 8 20 (e .
Z tetranucleotide
10 = 1 ik i
0 pentanucleotide
¢ of 0‘,,«\ \of “&g 0“&“ “@00‘ 5 &\,\; \\\ @)"'
of“ o Q"’ A &\S e g@'& C g;e
CG-“‘D 801 C’ o (\]0 C- C
' Y FbSpecies

B 4 DR K 10 N FJEF SRR R A SSR 734

Fig.4 SSR in chloroplast genome of C. amaranticolor and its 10 congeneric species
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Fig.5 The type (A) and length (B) of repeat sequences in chloroplast genome of C. amaranticolor and its 10

congeneric species

2.5 @ SRR B R 20 I L 1t 52 H IR 2 e dr

1 F Mauve #4317 2 B 3L R LU 20 A 11 S22 @ FE A AN T 22 8 AR A K 2 32 1) - gk
SRR EAAIL AN . SR EIR, BEEMAHSEERAR 5 MREILAXE, F
B BB AR, T KEEZER) LSC X rbel-trnV-UAC IR F A KA THEIE (B 6). M
M AATE R A 4 MHYE, IR XFFIRIARREIR, LSC M SSC X A A2 H s .

THBNE FAr AT 11 S22 @MY i SR R 20 A R IR 2 REVE SR P AE 0 ~ 0.0244, T
$#10.0057, MPUMALERIF, SSCIX 0.0093 >LSC [X 0.0062> IR [X 0.0012. Pi i F{H 0.0244
1E trnT-UGU-trnF-GAA Kb, KT 0.015 BIIX$IEH LSC X BIERH (BB IX matk-rps16+ psbl-
trnS-GCU. psaA-ycf3. ycf3-trnS-GGA~ rps4-trnT-UGU~ trnT-UGU-trnF-GAA~ psbE-petL-
psad-rpl33 K1 rpl33-rps18 1 SSC X FIFE K E G X ndhF-rpl32 F1 rpl32-trnL-UAG, LLJZHEH
ndhF M yefl W3 (B 7).
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Fig.6 Collinearity analysis of the chloroplast genome of 12 species
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Fig.7 Pi diversity index analysis of chloroplast genomes of C. amaranticolor and its 10 congeneric species
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