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1 E: —4% (Erigeron annuus) YEN—F ARAEY), XRELMWL KRR, AFh 2 R AES ARG BA M E
¥, ABFSEAA lumina NovaSeq 6000 i E —4E % i DNA FE5), R SPAdes v3.10.1 i 40 2 —4F % M- 44 i A
2, LI/NZER (Erigeron canadensis, MT806101.1) M2RIASERA S, X —FE M SRIL R A 2540 . F#1E . SSR fif
Mo IR AL SGHAERN AT 08, 53R — AR GRS N4 2K 153 283 bp, AT. GC &40k 62.95%.
37.05%, HIEKEFEIX (LSC) 84 833 bp, /NHEFENIX (SSC) 18412bp, KMEKE X (IRa fl IRb) 25019 bp, —
AEFEN SRR L A AL A ) 132 AN, AR E ISR 88 4, %38 RNA K 36 4, MEBHAR RNA K 8 4, %
IBINRE G TN AU K2 SEATERM IR 45 4, AREHIMEIERIL 73 4 HABERIL 6 4. RAThfE
FEH AL 8 >, FE— M SRR IR 4 P LA 3R 200 455 4514/ SSR i i, 43-Mi#E LSC. SSC. IR X3k SSR %4
BIH 126, 40, 344, 43915 SSR A AEULTE N 63%. 20%. 17%, VI HIREE S4a0His, T8 2 AT i,
HRKE=BHREE N CRR, EFE TTA, TAA Hil TAT, SR, —FE5/NMNEREG LR RIT, A5
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Abstract: Erigeron annuus, a member of the Asteraceae family, is widely distributed in tropic, subtropical and temper-
ate regions of China. It is a plant native to North America, which was introduced to China at the end of the nineteenth
century as an ornamental plant. E. annuus has great medicinal value. Its whole plant has been used in folk medicine for
the treatment of indigestion, enteritis, epidemic hepatitis, lymphadenitis, hematuria, acute inflammation, malaria and
obesity. E. annuus could be a phytoremediator for metal- and metalloid-contaminated soils. It can degrade diesel effec-
tively, has strong tolerance and accumulation for uranium, cadmium, zinc, lead, and antimony, and can be distributed in
soils with high pollution levels. Hence, In this study, it was to explore the characteristics of chloroplast (cp) genome and
its phylogenetic relationship, laying a foundation for the further development of species identification, control and full
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utilization of E. annuus. The complete cp genome of E. annuus was assembled and sequenced by Illumina Nova Seq
6000 Sequencing platform and SPAdes v3.10. software. Taking the cp genome of E. canadensis (MT806101.1) as a ref-
erence, the genome feature and phylogenetic analysis study were investigated. The cp genome of E. annuus was a cir-
cular and quadripartite structure with a total length of 153 283 bp. The GC and AT content of the cp genome was 36.77%
and 63.23%, respectively. The cp genome of E. annuus had four typical regions, containing a pair of inverted repeats
(IRs, 25 019 bp) that were separated by the large single-copy (LSC, 84 833 bp) and small single-copy (SSC, 18 412 bp).
In total, 132 genes were predicted, consisting of 88 protein-coding genes, 36 transfer RNA genes, and 8 ribosomal RNA
genes. The genes were divided into 4 categories according to the functions, including 45 photosynthesis genes, 73
self-replication genes, 6 other genes and 8 genes of unknown function. SSR site analysis revealed that the cp genome
sequence contained 200 SSR loci in total, which were spaced disproportionately through the genome with the largest
number of SSRs distributed in the LSC region, followed by the SSC and IR regions. LSC, SSC and IR regions had 126,
40, and 34 SSRs, respectively. The number of SSRs in LSC, SSC and IR regions was accounted with 63%, 20% and 17%,
respectively. The SSRs were mononucleotides, especially for A/T. The second most abundant motif type was the trinu-
cleotide type, especially TAA, TAT and TTA. Phylogenetic analysis showed that E. annuus was closely related to the
plant of E. canadensis. This study revealed the cp genomic information of E. annuus and would provide essential data
for further studies on genetics, phylogeny, utilization and prevention of this species. This study revealed the chloroplast
genome information and identified the phylogenetic branches of E. annuus, which would provide molecular theoretical
support for further research on population genetics, phylogenetic geography, adaptive mechanism and management of E.

annuus.
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—4FE3% [Erigeron annuus (L.) Pers. |3 & T4
B ( Asteraceaec ), 22350 ( Astereae ), K&EJE
( Erigeron), — s PAEA A, TR r= AL 3E W,
FUAEE Bt AR, BT 2404 T3
U —EE AN, R 4 B AR
AAZY, BAWEMHE . HEkEri, e
KA W AE — AP IO A B I
1R BRI, AR KR ST g
S B G B A /s BRUEL A AR T i 4 R )
—EEHN N —MEE S E MK BTG Y 11
FITRBERIY , ®F Cd I Zn %54 8 B Se3h BLA 4kt
(1 & S TN 32 RS, RS A — R AR
Y, PR ERMON KR AR 2R RS
RGERAEREm, HIKEASHEITIIAL
=AM AR R4 B 0T R YA —AE T
AL AR Bl AL Bt
FIHMRE L, A X—FZE M SR 5 KA
FEOE . P80 3 AT SOHAH G R G0 B 40 BT 55 i oK UL
fiiA .

m2¢4& ( chloroplast, CP ) J& A&k (o 4 4 42 it
e DG AR, TIIFEEA1E R SR A
R E TR, PR T SR Sk
S B LR SN N N = S RIS
Iy IRZER , o — KB DLIX (large single copy

region, LSC ), /NEALFE DX ( small single copy
region, SSC ), /% ] L & [X. A( inverted repeat region
A, IRA ), M EXEIX B (inverted repeat region B,
IRB)M . S P41 1< BE— & AE 120~ 170 kb Z [,
M RS 110~130 DHER , 29 40 AL 22 508
BAER L B REERO, AR AL N L f TR A
MR, TERZBUAEY) oM R s, Rkt &
ORI E A, A8 H % S WAR ) 7 30 1 i Ak
B EMEE AR, S8 T YR
ettt SLIRE . RE Ak E M KGR SR ]l
ol A3 1 56 R A5 MR IS 2 220 Bt — 1S
FFEORM R JE, MY ERAER T Z 5,
22 Fh S FHAE Py 110 - S A 5 DR 20 4T 5 0 2 i

WABMEAXEE (Aster ). 1 HZJE
( Heloanthus ). K i J& ( Erigeron ). & J&
( Artemisia ), >R & J& ( Cynara ). & E &
(Lactuca), KM 4:%5/® ( Pityopsis) %527,

AW DL —4E3E A, AR m e, X
B 5 B —AEE M SRR SE AL 4540 . JPAIFRIE . 5
TGN T A 00 25 5, T8 5856 5 I vh i ML Je 5
28 H AW W) 1 5% % OC R 55 Uy T AT 4 i 5
5%, BIERRE—FENBIE . RERE . #Hk
3 2 K 5 U5 T R 5 By B 45 00 90 29 8 4+ 21
e AERT
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1 #MRl57E=E
1.1 et
PR R — 45 2 R AR T A I T 28 R IX

W BN SCRE B B RN (27°53731°N,
111°54'2"E ), AHYIFREA L)/ N SCRHE B4 =
oIS B IAT Y R R E . R A —4F
AR RA RS R et e, AR AER R s T
—80 C i RIRvKAE T, &,

1.2 FHik

12.1 DNA #E LA 5o HY2IENA
DNA JHRARAAERHE (dbnt) A R A 1A 5
K41 DNA 28GR & (DP305) $#2H, Jf#at
NanoDrop2000 43 5 BE TR0 Bt Big W56 e e Tk K
s DNA BT A B o K g ST i ) DNA A
P U R B AR R FR A m AT,
¥ %A Illumina NovaSeq 6000 “F-%5, f#if] fastp
0.20.0 ( https://github.com/OpenGene/fastp ) {4
XF D I B AT S AR B S BT & reads, 45 F
18 635 007 4% reads( Qx4 97.49%, Q30 N 93.02% )
B JSSL A AR

122 vk EAamE 28 M NCBI T
#H O & FM/N&EH ( Erigeron canadensis, MT
806101.1) YLK 2ILHA TSI N ES M, R
SPAdes'**!v3.10.1( http://cab.spbu.ru/software/spad-
es/ ). SSPACE v2.0 ( https://www.baseclear.com/se-
vices/bioinformatics/basetools/sspace-standard/ ).
Gapfillerv2.1. 1293 ( https://sourceforge. net/projects/
gapfiller/ ) 72k 2H B A X S A Ak PR 2 A7 21
B RCIE, Ao 3 58 1 — 4 3 SR AR FROR I A 4
A A AE B prodigal v2.6.3 (https://www.
github.com/hyattpd/Prodigal ) 1 FeM-4¢1A& Ry CDS,
{#i F§ hmmer v3.1b2 ( http://www.hmmer.org/ ) 7E4&
BAFI RNA, i FH7EZ 3K} aragorn v1.2.38
( http://130.235.244.92/ARA GORN/ ) Fiitill tRNA ,
B blastv2.6 ( https:// blast.ncbi.nlm.nih.gov/
Blast.cgi ) FEXTZHAL TS, SRIF R AT R ¥
TR SE ) —4F 3 M SR AR R T A P9, TR 3
ff OGDRAW ( https://chlorobox.mpimp-golm.mpg.
de/OGDraw.html ) il /f iS4 35 PR 2 &3

123 rhsp AR E B ARSI oA ]
MISA v1.0 ( MlcroSAtellite identification tool,
http://pgre.ipk-gatersleben.de/misa/misa.html ) 7£ &
A3 A — AR TE M AR 2 BRI 4 SSR A6, L]
Find repeats 1. H 3R 1% /N&E H | £ H L&

( E. multiradiatus ), %% K% ( E. breviscapus).
Fre2 % (E. bonariensis) 5§ 4 R BER 4119 LSC 7
%, SSC JFFIAI IR JF31, R MAFFT 4"
AT Z A X, & JE i RAXML v8.2.10

(' https://cme.h-its.org/exelixis/software.html ) %X
4, #H GTRGAMMA #i%Y, rapid Bootstrap 53
Hr, bootstrap=1000, HHERK KLRRZGZELEW .

2 ZBRERW
21 —HEEMHFEERALEN

— A I SR A I PR 4 — A MR Y oA 2
My, HERZH 4K M 153 283 bp, AT, GC &84
14 62.95% .37.05% o H L 45 KR4 DLIX(LSC )
84 833 bp, GC &t ly 34.87%; /NAFE T IX (SSC )
18 412 bp, GC %2} 30.95%; KM EE X (IRa
M IRb ) # 25019 bp, GC &gk 42.98% (% 1,
B 1), —AF M SRR SE R 4 3L R Hh 132 FhIE R,
it 2 L CRNA LRI rRNA FE K431k
88,36, 8 (£ 1),

x1 —FEEMHSEERARE

Tab. 1 Characteristics of chloroplast genome of E. annuus
25 Category i H Item iR Description
2R A SE R 25 R R/ op  REAFE ILIX 84 833
INEAPE DX 18 412
S ) X 25019
i 153 283
HE K 2H 1 S 132
ity 3 K] 88
tRNAs 36
rRNAs 8
GC & ht/% KA DL 34.87
INEAPE DX 30.95
S EL X 42.98
TH{H 36.27
B /% A 31.46
T 31.49
C 18.48
G 18.57

22 MEEEEHEBMESR

FE IR 4 28 C R B A X SE 5L ot
AAEHAICHE ( photosynthesis genes ). [ T il
FEH ( self-replication genes ). F:fthFE A ( other
genes ). AHIIIHEILH ( genes of unknown function )
PURZE (3R 2), YA VEFAOCE R 244 5 45k
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chloroplast genome
[l photosystem I 153283 bp
. photosystem II
[l cytochrome b/f complex i2
- L2
ATP synthase lp{; v
D NADH dehydrogenase o
[ RubisCO large subunit Y
. RNA polymerase

D ribosomal proteins (SSU)
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[ clpP, matk
[l other genes
>
D hypothetical chloroplast reading frames (ycf) &
. transfer RNAs wo =
‘ &
. ribosomal RNAs ﬁx

1 —FEMHZEEERA

chloroplast genome of E. annuus

Fig. 1

A A5 13 (subunits of photosystem 1), 15 4>
Y& RS 11 £A (subunits of photosystem 11 ),
12 /> NADH [ A HE A ( subunits of NADH de-
hydrogenase ). 6 ™40 il (4 K & & W) 9 % 5& A
( subunits of cytochrome b/f complex ), 6 I~ ATP
A WA ( subunits of ATP synthase ), 1 4~ iR
¥ i B 52 Ak g K IF € 3L [ ( large subunit of
rubisco ); HIRE Hil I H EZAAFE 11 MK E
F R FEFE A (proteins of large ribosomal sub-
unit ), 14 PMEHHA/NTFEK (proteins of small
ribosomal subunit ), 4 /> RNA &V FEIE A
( subunits of RNA polymerase ). 8 /> rRNA A
136 4~ tRNA JEH 5 BEAMEAF 6 I AT RE S A
Ko 8 ARMTIREFEA . Hirh ndhB. rpl2. rpl23,
rpsl2. rps7. rrnl6. rrn23. rrnd.5, rrn5, trnA-UGC,
trnl-CAU . trnl-GAU . trnL-CAA. trnN-GUU, trnR-
ACG. trnV-GAC. ycfl, ycf15 Hl ycf2 ¥ 5 2 %
DUEEP 18 DM EERE AT 1 AN E T, 20008 ndhA

ndhB(2). petB. petD. atpF. rpsl2 (2). rpsi6.
rpoCl. trnA-UGC(2). trnG-UCC. trnl-GAU(2).
trnK-UUU., trnL-UAA. trnV-UAC, 2 MREREH
2N T, 9K clpP Fil yof3, (HA3E B2,
AW ERR] 8 NARMINAEE A (ycfl(2).
ycf15(2) . ycf2(2). ycf3. ycfd) 47575 Fl FH ek i 43
FHARTF-B Lo e 174 .
2.3 IR I RAIFHE

i FHAEZE W3 TRscope ( https://irscope. shin-
yapps.io/irapp/ ) il X LK, HE—FESLZE
k3% (E.multiradiatus ), %25 ( E. bonariensis).,
%5 7E KE(E. breviscapus ). /N ¥( E. canadensis )
4 YRR LSC.SSC Al IR X (il Rpr & (K 2),
XS AR R SRR SE R 4 A XS, IR X
BEONRSE, HR BER /R 24 326~25 019 bp., rps19
FERAL T LSC/ARD X, Hirp—4F 3% | A5 2250
JEAE KA/ E R LSC FIIRD [X [ 4 5k 42 2 AH
[/, 128 217, 62 bp, Z7 KEZETE LSC 1 IRb IX
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Tab. 2 Genes present in chloroplast genome of E. annuus

JE[H 432 Gene category FHF 4340 Group of gene

FHAFR Gene name

psaB. psaC. psal. psal

psbB, psbC., psbD., psbE. psbF., psbH, psbl, psbJ., psbK,
psbM, psbN, psbT. psbz

ndhB’(2), ndhC, ndhD, ndhE, ndhF, ndhG, ndhH. ndhl,
ndhK

petB’, petD’, petG, petlL, petN

atpB, atpE. atpF"., atpH. atpl

rpll6”, rpl2°(2). rpl20, rpl22, rpl23(2), rpl32, rpl33, rpl36
rpsl2’(2), rpsl4, rpsl5, rpsl6’, rpsi8, rpsi9, rps2, rps3,
rps7(2), rps8

rpoB, rpoCl’, rpoC2

rrnl6(2), rrn23(2), rrnd.5(2), rrn5(2)

trnA-UGC’(2) , trnC-GCA , trnD-GUC , trnE-UUC , trnF-GAA ,
trnG-UCC, trnG-UCC", 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 ,
trnS-GCU , trnS-GGA , trnS-UGA , trnT-UGU , trnV-GAC(2) , trnV-UAC” ,

CCA, trnY-GUA, trnfM-CAU

NeEVE A LA subunits of photosystem I psaA.,
subunits of photosystem II psbA.,
psbL .
subunits of NADH dehydrogenase ndhA” |
ndhJ,
subunits of cytochrome b/f complex petA,
subunits of ATP synthase atpA.,
large subunit of rubisco rbcL
subunits photochlorophyllide reductase —
EEA- KB~ proteins of large ribosomal subunit rpli4,
proteins of small ribosomal subunit rpsii,
rps4,
subunits of RNA polymerase rpoA,
Ribosomal RNAs
Transfer RNAs
trnW-
oA 3 P maturase matK
protease clpP™
envelope membrane protein cemA
acetyl-CoA carboxylase accD
c-type cytochrome synthesis gene CCSA
translation initiation factor infA
other -
RFIRESE

conserved hypothetical chloroplast ORF ycf1(2), ycf15(2), ycf2(2), ycf3™ . ycf4

H: "RREFIANEGT; TRREE2AINET

(2) Fmes Nk 2 IR

Note: "indicates one intron in the gene; * indicates two introns in the gene; (2) means twice copy gene.

KA 9N 212, 67 bpe X 5 FREH 1Y rpl2
FEHBA T IR KN, —4FZEH 1 tmN AL
F IRa X3k, MZEH GE. FLm, MiE GE
F/NEE RO A F IR KDY s — 4% A7 7E 2 4 yefl
R, 4 BI7E SSC/IRb i Ay sk, BiES ISB A
567. 12 bp, SSC/IRa i1 FIX Ik 45K, FEES JSA
RSB K 4482 bp Al 15 bp, 1M HiAth 4 FhtH H
TE4E 14 yofl 36 A ; SSC/IRb AR iR, —4Fi% .
ZH CIE i GEAVNE R ndhF SR 4
F£ SSC I NPt , 1M Fr 22 B I A7 45 2] ndhF
FEH L3 5 A TR AY tmH 25 R4 ER7E LSC X X,
ETR
24 MEEEEELS SSR L mari

i/l MISAv1.0 (http://pgre.ipk-gater-sleben.de/
misa/misa.html ) 7EZ& AKX — 432 - A ik R 4 7

TEEHIT (SSR) ALfisrHr (Kl 3), HEfE—4FE%
-2 AL DR 20 oAr 36 31 200 N FTE 1Y SSR 7
M, JMAETE LSC. SSC. IR X[y SSR i3 4
126, 40, 344, S5 B SSR i S AL E N
63%. 20%. 17%. AR EL ot 139 4,
FELLA M T BE, BHETTRESR BT 20 4,
FEZLLAT fI TA B F, AR E R T 106 1,
FE L TTA . TAA Fl TAT ¥ . PR 6 E 3
JC 134, FELL TATT Ml TTAT K&, AEH#R
A HIC 34, 394 TACTA , TATAT ., TTAGA.,
VLI — A M SR IE R 4 P A/T B3 S 03, A
A EYE . X 5iZWR T AT &b 62.95%
(25 A — 3

25 REXBHM
B —AE % SRR TR R 55 1 21 FhiE
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E. annuus
153 283 bp

217bp 62bp

o

E. multiradiatus [LSC
152 281 bp

trnN
72 bp
894 b,

E. bonariensis

153 014 bp $1755" 62bp
P

496 bp

. 84 871 bp
E. breviscapus [LSC [

567bp 12bp
23 bp
2 220 bp

/»107
24326 bp 0°8

e

4482bp 15bp

'C}
4494bp  567bp

19711 bp

152357 bp

N
72b
sofer/

116 bp 567bp  4482bp

217bp 62bp

E. canadensis [LSC
152721 bp

217bp 62bp 894 pr

p
4495bp 566 bp ! 419166?)%/
894 bp 19 bp
75 by
7
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Fig. 2 Border regions of complete chloroplast genomes of E. annuus and four Asteraceae plants
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Fig. 3 Number of SSR motifs in E. annuus

Yyt RARIERN AL P51, DA IRAE TR} 25 3 5% s A
Y1 3E3% (Ixeris polycephala ) S /M4 &k & R
(FE 4), WS RER, —FES —HEE
( Solidago decurrens ). g 485 ( Symphyotrichum
subulatum), £ K& | i KE., FLE, /D
¥R ik ¥ ( Lagenophora cuchumatanica) %
=13 b, BmmayEREEI—2 N
KEEN 5 MYMAEELRKRE, —FESR

JE I /NERL (MT806101.1) B7E—ie, B 2 4

3 itig

2R R 20 A 2 5 1 S RO S A A [
SESE BRI, AR AR A A REC .
2R PRI D AW PN 3 ol PR 2L o i o R
S 2, HA R DR AT PRI ) A R
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100

— NC_053705.1 Solidago decurrens

85

91 100

100

L NC_050667.1 Symphyotrichum subulatum

100 NC_056169.1 Erigeron multiradiatus
{ NC_043882.1 Erigeron breviscapus

NC_035884.1 Erigeron bonariensis

-Erigeron annuus
1—0()|: MT806101.1 Erigeron canadensis

99

100

NC_034819.1 Lagenophora cuchumatanica
NC _042944.1 Aster hersileoides

NC_058574.1 Aster sampsonii
Wi: NC_046503.1 Aster hypoleucus

100 — NC_048508.1 Heteroplexis incana

100

81

100 100

91

L MK942054.1 Heteroplexis sericophylla

100 NC_ 042913.1 Aster tataricus
—|: NC_040126.1 Aster indicus
_|: NC_056301.1 Aster pekinensis

100 NC _034996.1 4ster altaicus

{ NC _027434.1 Aster spathulifolius
76 NC_ 058273.1 Aster ageratoides

—— MZ292735.1 Aster batangensis

100 L MNI122101.1 Aster flaccidus

NC _037605.1 Eschenbachia blinii
NC _046514.1 Ixeris polycephala

B 4 ETHREEREAMENRZLZER

Fig. 4 Phylogenetic tree based on complete chloroplast genome

TE A [] 9y 6] 1) 2R 56 i A AUF 5 v A S 4 i 48—
P2 R S A S DR A K B — R 107~218 kb,
ANFEPFDZ A RS A AR R, HAS B A AR b =%
JE IR X B R A sk a1 AHIRST BT RS
1) — 43 SRR R A1 KN 5 4500 5 3G i Bk
TS RAHLT . — 43 SR AR S PR 42—
AL U R 25, 2Kk 153 283 bp, S
JB A W N E R (152721bp ). £ H K E
(152281bp). Mi# K& (152357bp ). FLLH
(153014 bp ) Z5/, 50 A 4R Y42
RIENH K (149.51~153.20 kb ) HHILEE, —4F
2 S H T R Y RGE B A A A 3 A K A
KB AR ASE R A AT, GC 4
HR 62.95%. 37.05%, HmmEEX (IRs)
H GC Sk F R (42.98% ), X5 H AR
Wi AR R LA — B0, —AERESE 4L
PEDUIX (LSC) 84833 bp, /NAFENIX (SSC)
18 412 bp, XA EREIX (IRs) 25019 bp, H£ &
K (AT: 62.90% ., GC: 37.10%; LSC: 84 881 bp.,
SSC: 18 102 bp. IRs: 24 692 bp ). 45 # K& (AT
62.80%. GC: 37.20%; LSC: 84 789 bp. SSC:

18 110 bp. IRs: 24 691 bp ) #fE 2= HIR/N, FH
254 SSC il IRs X I, #1122 300 bp 2477, i
il IRscope LE#T, KILCEE P ILAPFht
LRARIE A G5 R AR/ N s BE RS, (R SC M IR
W FAT A X S, X 5 IR BAAEC O Rl A
TRIE AR IR SR 25 R — B, FLESHAL 5 Fh2g
BFUT 21 Fh i 4 S R L DR A R 4T LU B 4T s 2 PR
FEDRV2R 9 B A BEARARL, (B TE rpsl9. rpl2,
ycfl, trnN. ndhF . trnH il rpl23 436 A 221k,
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