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Abstract: [Objective] China is the modern distribution and differentiation center of Spiraea plants. S.

media and S. pubescens are sympatric species of Spiraea distributed in the forest-grass transition zone of
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Inner Mongolia, northern China. Analysis of chloroplast genomic differences between the two species can
provide a basis for identifying plant relatives in the same genus. [Method] In this study, the complete
chloroplast genome sequences of the two species were obtained by assembly and annotation using second-
generation sequencing technology and Illumina Novaseq 6000 platform, and the sequence structures were
analyzed using bioinformatics methods to construct phylogenetic trees. [Result] The total length of
chloroplast genome of S. media was 155 916 bp with 36.72% total GC content, and the total length of
chloroplast genome of S. pubescens was 155 942 bp with 36.76% total GC content. Both were annotated to
obtain 130 genes, 111 of which were unique, containing 78 protein-coding genes, 29 tRNA genes and 4
rRNA genes. S. media and S. pubescens detected 238 and 241 simple repeats, respectively, with codon
preference ending in A or U over codon preference ending in G or C and the genomic variation regions were
mainly distributed in non-coding regions. They were both with the largest number of codons encoding
leucine and the least number of codons encoding cysteine. The phylogenetic tree showed that these two
species formed a sister group, and had a relatively close relation. Spiraea and Sibiraea were closely related,

showing a sister group relationship. [Conelusion] The results of the study can provide basic information for

the phylogeny, taxonomic identification and resource development and utilization of Spiraea.

Key words: Spiraeca pubescens; Spiraeca media; chloroplast genome; phylogeny
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F1 28 MEY M REEFELE GenBank BERS
Tab. 1 GenBank accession No. of chloroplast genomes of 28 species
Y)Ff Species Al Family WAL Subfamily J& Genus %5 Accession No.

—— Spiraea insularis iRl Rosaceae G52k %j W El Spiracoideac 452845 )& Spiraea MT412405.1
RG4S Spiraea trilobata %Rl Rosaceae  F54k %5 W} Spiracoideae  F52k %)@ Spiraea MW822176.1
FERG L F Spiraea blumei Rl Rosaceae  Z5ZR %G WA} Spiracoideae  F528% )& Spiraea MN418904.1
S MG 4 Spiraea mongolica FEHIEL Rosaceae  G524:3§ L} Spiracoideae  F54 %5 )& Spiraea MT732945.1
BG4 Spiraea thunbergii R Rosaceae 454k %§ W F} Spiracoideae  F54k %5 )& Spiraea ON357873.1
MALSE 25 Spiraea japonica %Rl Rosaceae  F54k %5 W} Spiracoideae G525 )& Spiraea MZ981784.1
S BBk Sorbaria sorbifolia var. stellipila Rl Rosaceae 52k WA} Spiracoideae B ERMJE Sorbaria MN026875.1
ALk Sorbaria kirilowii Rl Rosaceae G523 IR} Spiracoideae B EkMEJE Sorbaria MT528154.1
WM BBk AME Sorbaria arborea R Rosaceae 452835 WFL Spiracoideae  B¥MFJE Sorbaria MN901450.1
A AL Sibiraea angustata TRl Rosaceae G54k %5 LR} Spiracoideae  #EVLIE)E Sibiraea MT982125.1

Aruncus aethusifolius %Pl Rosaceae 52k 3 WA} Spiracoideae S TFIRJE Aruncus MZ882398.1
BTtk Aruncus dioicus var. kamtschaticus FERL Rosaceae  F5283 1R} Spiracoideae BT IKJE Aruncus MW115132.1
RAEF Physocarpus amurensis F R} Rosaceae 452855 WA Spiraeoideae  RFH B J& Physocarpus MK911770.1
H Y Exochorda racemosa %Rl Rosaceae  F54k 55 W} Spiracoideae  [1RSHEJE Exochorda 0L449947.1
HH ERSHE Exochorda serratifolia Rl Rosaceae  Z52R %G WA} Spiracoideae  FEYHE)E Exochorda MZ981786.1
JLBH9T Rubus arcticus Rl Rosaceae  #7%VF Rosoideae BT 8 Rubus 01891648.1
JEVUEAE T Rubus sachalinensis TR Rosaceae  #7%VF Rosoideae BT 8 Rubus MW085086.1
ILHIEK Rosa davurica Rl Rosaceae ¥ 7I#} Rosoideae 3% )8 Rosa MW381769.1
BILTF Geum aleppicum ARl Rosaceae  #74E#} Rosoideae PEILTE I8 Geum 0K509085.1
Je2E R Agrimonia pilosa FEHFl Rosaceae AR} Rosoideae WHEEJE Agrimonia MT040192.1
Hiky Sanguisorba officinalis Rl Rosaceae T F} Rosoideae ki J& Sanguisorba MF678801.1
AL HMF Cotoneaster integerrimus Rl Rosaceae  SEH A} Maloideae #)FJ& Cotoneaster MZ475328.1
HILMIT Cotoneaster melanocarpus ARl Rosaceae SR EA} Maloideae H)FJ& Cotoneaster MK561977.1
13HF Malus baccata Rl Rosaceae SV FL Maloideae YR8 Malus KX499859.1
164 Malus asiatica TR Rosaceae ¢RIV F} Maloideae ¥ 58 Malus MW115593.1
TEMM Sorbus aucuparia subsp. pohuashanensis 5 1%F} Rosaceae ¥ F W} Maloideae 1EMKE Sorbus ON478195.1
4 @M Dasiphora fruticosa ARl Rosaceae  FATHEIEAL Apocynaceae 4 #&#)8 Dasiphora MF683841.1
JRIET Ostryopsis davidiana HEAFL Betulaceae JRIET 8 Ostryopsis MG386376.1

VE: RN E TR E A E D L E AR Z R34 . FF. Notes: “— represents that the Chinese name of the species cannot be

queried in the electronic Flora Reipublicae Popularis Sinicae. The same below.

1.2 MRFAE
12,1 »+44k4 A H 486 DNA 25 0l 5
B G5 26 46 it 52 B DNA, A Tlumina
Novaseq 6000 ~F & X $2 L[] DNA 147 X i (PE) Il
JF o M4 AR LR 20 DNA FI 32 HC5 I 5 35 i R ol 4
SRR A R A BRA 7] 58 e
122 oA RAGEE | EFERRR
FIH fastp B A0 R a6 B 88 BT 1L D8, 22 BRAKH
& reads J5 IR RO - A SPAdes v3.10.1 i
174 %, kmer 7 BIEFH 55, 87 121, HEAKFIS
# SN 4 . i ] SSPACE Al Gapfillerr 3k 75 37 42
(scaffolds) H3E 7GR I (gaps) » LR HEI S L% B
T2 Bk 55 282 (Spiraea thunbergii, NC_064734)[1]
2 B R 2H 7 SR N 2 2% e 9 AT H 3% 5 1
% . ¥ H prodigal v2.6.3 V£ B M SRR 1 85 A g 1D
Ft [A (protein-coding genes, CDS), f# H hmmer
v3.102 B A I RNA, f# H] aragorn v1.2.38 Tl

tRNA. 4 NCBI L&A ML ZFh, S
FH P, SR 514 blast v2.6 HLxT 4 3% 197 51, £
I RERICAR BRIERERA € 2 45714 5E, 345
BRANITERE . RS U P 8132 52 B GenBank %%
WP, AT 1 FEGE A FIRR L. 55 265 1K 8 5%, 43l
 OP649568 Fll OP649569, #it Jri fifi /. OGDRAW il
SRR I DR 2
123 vHap kR B 4009 16 2 B 5 Ao 5 AT A 45
2T

f A vmatch v2.3.0 8 AF AT IR 181 S IA) [E]
SCRIE AN 4 Fh 2R B (R BAE B R A AR I, L e
1% /N K (minimum length) % 4 30 bp, i B 0 55
(hamming distance) A 3. i A MISA #4470 4
B 4 7 51 (simple repeats, SSR), ZH % B N: 1 ~
SCHABRIEEH G 8 IR LA ), 2~5,3~3,4~3,5~
3, 6~3. [ EATHS Perl HIBIAS 5 SRS TAH
X {4 F & (relative synonymous codon usage; RSCU) .
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WOGRYE 1 Photosystem 11 X
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I A} ATP synthase ATP w
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W AL FR AL BRI 3L RubisCO large subunit

W B4l RNA polymerase RNA

0 ¥ A/ NIEHE Ribosomal small subunit (SSU)
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OO BE M4 A ) §52HE Hypothetical chloroplast reading frames
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Fig. 1 Gene map of Spiraea media and Sp

R FHD, AT RS0k M, FIFH MAFFT
ARG M S A L DR 2 R AT 22 7 B EE R, K bt
LA RAXML v8.2.10 %44, EH GTRGAMMA
R, rapid bootstrap 437, bootstrap = 1 000, % F
KSRIEA IR R R K EW

2 HER G0

21 RIEFLFMEEFEFHREERASERE
EARHFHE

I 73 21 1) R I 5 24 4 R - 25 2 2 - e R 3k
DR 20 29 D URE IR 4 0y IX S48 i, i 1 s, i

ns

me

2 [ -t (A T LR 4 P

iraea pubescens chloroplast genomes



53 FS

W A5 A B T PR B VB [XIWIIY 5 2 3 0 5 2 4 v 4 A DR 28 B AT 9

107

14~ LSC. 14~ SSC A 1 % IRs(IRA F1 IRB)4L ¥
KKV 45 2% % i 2 44 7 %1 4= K 155 916 bp, LSC
K% 4 84 390 bp, SSC K 4 18 842 bp, IRs K J&
N 26 342 bp, & GC & &N 36.72%; L 552k %
SRR H1 4K N 155 942 bp, LSC K JE 4 84 361 bp,
SSC KM 18 895 bp, IRs K J&F v 26 343 bp, & GC
RN 36.76% (3R 2). 2 ML GC & &N
IRs > LSC > SSC, X & 1 T IR X & H R Z M b

& RNAGrRNA) MI#% 12 RNA(IRNA)

AHF T 2 i 2k 2 A IR AL )V E R A5 B
130 ANZEA, Horp 111 ANERFEEMAE T, BF 78 1
CDS. 29 ™ tRNA JEEF1 4 > rRNA HEH, KK ILHEE
R AR BB A I G . 36 3 B e i () 3
KA Z PO RE, 3 FhDh e K 45 5 o B 3 & HilAH ¢
LIRS A AR F AR OGS R R L A B [A]

i IRs X H SR, 2 Fhdh 28 56 1 SR AR L ] v

x2 RISHELE. TESFEFTREERAREHK
Tab. 2 Base composition of chloroplast genome of S. media and S. pubescens
RREZELR56 S. media TEGL% S. pubescens
[X 1% Region
KJF Length/bp A%  T/% G/% C/% GC/%  KJE Lengthop A/% T/% GI% C/% GCl%
KHEH T4 LSC 84 390 31.98 3346 1685 17.72 3457 84 361 31.94 3345 1688 17.73 3461
/N L1 SSC 18 842 3478 3499 1429 1594 30.23 18 895 3471 3492 1433 16.03 30.36
SR [ B JF75b IRb 26342 28.79 2872 2201 2049 42.50 26343 2877 2872 22.02 2048 42.50
R EFJFFa IRa 26342 28.72 2878 20.49 2201 42.50 26343 2872 2877 20.48 22.02 42.50
S Total 155916 3123 32.05 18.03 1870 36.72 155942 3120 32.04 18.05 1872 36.76
x3 KIFELHE. TEFEFHTREERATRER
Tab. 3 Annotation information of the chloroplast genome of S. media and S. pubescens
FR Thik FR FER 4R
Gene function Gene group Gene name
A L AS NS " "
Proteins of large ribosomal subunit rpll4, rpl16*, rpl2*(2), rpl20, rpl22, rpl23(2), rpl32, rpl33, rpl36
LR B /T rpsl1, rps12%*(2), rps14, rps15, rps16*, rps18, rps19, rps2, rps3, rps4, rps7(2),

Sk ekl

Self-replication

Proteins of small ribosomal subunit

RNAE A RNA polymerase

¥ ARNA Ribosomal RNAs

rps8
rpoA, rpoB, rpoC1*, rpoC2
rrn16(2), rrn23(2), rrn4.5(2), rrn5(2)

trnd ~ UGC*(2), trnC ~ GCA, trnD ~ GUC, trnE ~ UUC, trnF ~ GAA, trnG ~
GCC, trnG ~ UCC*, trnH ~ GUG, trnl ~ CAU(2),
trnl ~ GAU*(2), trnK ~ UUU*, trnl ~ CAA(2), trnL ~ UAA*,

#4IZRNA Transfer RNAs trnL ~ UAG, trnM ~ CAU, trnN ~ GUU(2), trnP ~ UGG, trnQ ~ UUG, truR ~
ACG(2), trnR ~ UCU, trnS ~ GCU(2), trnS ~ UGA, trnT ~ GGU, trnT ~ UGU,
trnV ~ GAC(2), trnV ~ UAC*, trnW ~ CCA, trnY ~ GUA, trnfM ~ CAU

Mp A

& &4 | Photosystem [

HE& RS Photosystem 11

psaA, psaB, psaC, psal, psaJ
psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, psbJ, psbK, psbL, psbM, psbN,
psbT, psbZ

v
g@fﬁtfﬁfjﬁﬁﬂgf dehydrogenase A AHB*(2), ndhC. ndhD. ndhE, ndhF' ndhG, ndhH, ndhl, ndhJ, ndhK
Jea e
. 4 bR A
Photosynthesis Cﬂif)i%ifme ?/fccliﬁlplex petA, petB*, petD*, petG, petL, petN
ATP &5
Subuncilts of ATP synthase atpA, atpB, aipE, aipF™, aipH, atpl
A LA N beL
Large subunit of rubisco roe
JN A Maturase matK
A B Protease clpP*
i s 1 Ak g
HAbIEA Envelope membrane protein cem
Other genes 2. CoA 2 1L 5
Acetyl CoA carboxylase ace
C HIZ0 a0 3% & Rk ]
. cesA
C type cytochrome synthesis gene
\,‘-—» FARD 2 Fir il 130 ME A1
KA RE LR TRST HIRE TT J B 15 HE B

Genes of unknown function

Conserved hypothetical chloroplast
open reading frame

Yef1(2), yef2(2), yef3**, yefd

V2R —ANE T =3RRI NNE T (OFRRFIRFE L. Notes: * means one intron; ** means two introns; (2) means two copies.
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YH WS AT, 114 CDS % [H (atpF. clpP,
ndhA~ ndhB. petB. petD. rpl16. rpl2. rpoCl. rps12,
rps16)F1 6 4~ tRNA K (trnd ~ UGC, trnG ~ UCC,
trnl ~ GAU. trnK ~ UUU, trnL ~ UAA. trnV ~ UAC) &
H1IAHEET, 1 CDS ZEE e EH 2 MHE T
22 RUFEKFNLIESLZFIHREEFRANES
54 #T

2R, K I BRR 0 25 2 56 1 1 1 5 42 5 - 4 ik
FEAH AL EMESF D, kEEERED. [
CEFPAD K HANEE (C B4 FRB (R D,
P RR S 2 4G SR AR SR R A rp, K2 BB B 7K
JEHBLE 30 ~ 39 bp 2 [i] . KR F S5 28 45 M 4 AR L K 2
Y B 45 NKJELE 30 ~ 50 bp Z A EE P, 1
515 NMEMER (14 130 ~39 bp, 1 4> 40 ~49 bp).
24 A~ [8] 52 H 4 (20 4~ 30 ~ 39 bp, 3 4™ 40 ~ 49 bp,
1150 ~ 59 bp) 5 4Nz [a] FL A (30 ~ 39 bp) F1 1 4
HAME T (30 ~ 39 bp); 5Lk 4 i SR R 4 3
LR R2AKELTA, G 15N IEREE (4
A~ 30 ~39 bp, 14> 40 ~ 49 bp)., 23 ME L EE (19
A30 ~39 bp, 34> 40 ~49 bp, 1 450 ~59 bp). 34
S A (30 ~ 39 bp) A1 1 AN HANEE (30 ~39 bp).

6] 5 5 52 A o M R B, I 5 2 3 I S A
RIZH b 238 /> SSR A7 ki, 7% 158 N ERAZ T IR
SA TR, 70 N =R A 8 MU TR .+
JE G5 28 45 S AR JE R A5 241 > SSR LR 7 £,
5 154 MRZHR. 6 > I HIR. 68 =%
iz 10 NVUREF R (3% 5). PIRhEE LR 4 1 SSR 71 %
DAL 1) B X B 4 B DX 340 4 A IRk, K2 50
SSR FBAL T LSC X3, HZ& IR Al SSC X33k, —
HYILLRAHFRM = ZTREENE, AT 1%

HRERLRAmZ .
23 KRIFLFNTEFLRHREERATDT
REFIES 1

TR i S AR L 1 IR SO RS A AN

Sk, AN [ A A 3 DR 2L R SO S T 3 22 AR
K, AFE AR o ) B I A S . 24 RSCU >
1 I, RoRZ T Ay o BROIE 5 56 F 1
JEG5 £ 5 M SRR L R 20 b 04T 85 MR A g LA,
53 26 514 F1 26 519 NE ¥, —F %018 H
AR, W 2 Fros, RS 26256 1) CDS 1, 4w
155 2 BR (Leucine, Lew) )10 T & &5 2, LA
% (Cysteine, Cys) % i1 & & I, Hh Him AR
(Methionine, Met) fl {2 % fig (Tryptophan, Trp){X H
1 AT o B FH IR [F) OB RS 1 2 S B S
R (Isoleucine, Ile) ) AUU, 1 F & /b B /& 9w 1id 2~
it & R 1 UGC. RSCU > 1 (%1% 748 31 Fh, Hrp
29FLL ABL U SR, 1IX5 SSR /i 4 R — 5. &
B V9 i 5 206 4 I SR AR SR TR A X A BR U &5 R I & 0D
Tt E T G 8 C & RMIFEL T
24 SHMELFEEYHREERABDRLSHT

2 R 3 TR ZH R R 45 84, TR &5 LSC Al SSC
LA 4 AT 5, B JLB(LSC-IRb). JSB (IRb-SSC)-
JSA(SSC-IRa)F1 JLA(IRa-LSC). AW 5T bb#: 1T +
JES5 85 BRI S5 2256 Je 3 6 Flt 6] J& 3 S W b () 320
T2 O, SR S b A B B A AR LT 3D
JLB(LSC ~ IRDBCA LR, ¥IALT rps19 FE K g 5
X Ao 704k F A P LE ISBARL-SSC), L 4k
Wi FIRGF LR =R AL yofl FER M ndhF %
R ERX, EESKEAN 15bp, 11 bp i T IRb [X
I, RRO.S5 26236 Spiraea insulais- WL Mie
FLH . BRE LT yefl HFEMRwIGIX AN, H
BRI GE 265 . B ERG A 1) ndhF B:KA 5 ISB
H B ; JSACSSC-IROIIAL T yefl FH A, yofl K&
A 4561 ~4 573 bp T SSC X5 JLA(IRa-LSC)
YINLT rpi2 BEDURA trnH BE R 2 (B ARG RS X, 5
FEiT nH R
25 SHEKFEMFEERAFIIEZRSN

N T SR SRR R A T B I 2 SRR, A A

R4 FHELRFHREEERAESFT

Tab.4 Repeat sequences in the chloroplast genome of the two Spiraea species

Yrkh EHESE I HEE S HAEE it

Species Forward repeat Palindrome repeat Reverse repeat Complement repeat Total
WK G52854 Spiraea media 15 5 1 45
+ G445 Spiraca pubescens 15 3 1 42

x5 BAMELFHREEREAD SSR XBRYE

Tab. 5 Types and amounts of SSRs in the chloroplast genome of the two Spiraea species

Yt B HRR TR ZHIR VA% R it
Species Mononucleotide Dinucleotide Trinucleotide Tetranucleotide Total
WKL S5 285G Spiraea media 158 5 70 8 238
RS2k Spiraea pubescens 154 6 68 10 241
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[5i) S ARG (0T
Relative synonymous codon usage

[77) SCARE Bt~ AR X fe
Relative synonymous codon usage

8 F 5284 Spiraea pubescens

0
Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

8 RV 554825 Spiraca media

0
Ala Arg Asn Asp Cys Gln Glu Gly His Ile Leu Lys Met Phe Pro Ser Thr Trp Tyr Val

I Ty PR Y B B I R 1) BT B RS s L THRE T 1 e R R R R SCEE RS T AR X (8 LY S AT . The bottom square represents all the

codons encoding each amino acid; and the height of the upper column represents the sum of the relative synonymous codon usage values of all the

codons.

2 MR SEF AL CDS #i%F % H RSCU A
Fig. 2 Codons of chloroplast genome and their RSCU values

I mVISTA #ART 8 NG5 2% J (1 S R ik (R 21
BEAT T X T (B 4. G5 R I S5 @
SRAR T D BN DR 57, A8 S 3 R AR AE L [R) B
X . Hr, LSC X728 55 72 B e i, IRs X 48 S5 75 3 ot
AN, ARSFEELET yefls ndhF rpoC2 matK %53 K 1)
i X I8 2L A 5 10 % 57 o 18 F DnaSP6 At
8 it % £ 45 i AL A7 - A i TR 4L v A S S SR AT O
AT 5. ZEREM, 8 ML I T TR
ZFEPE(E R 0.001 56, Ho SSC X H IR 2 - 1 1E
5K, 3174 0.003 104, FERAR RS, IR XL
¥R 2 FE R B A, P38 0.000 227, H B E KT 3
f A XI5, BEARBON IR SF o BEAMETRIE 1 A5
AT B (R 2 A 1 {E > 0.006), 2 LSC X )
22, AN Em AR A ER 2 MM >
0.006), 437N LSC X ] psal. rpl16+ rpll4 Fl SSC

X yefl.
26 FELERRGLZEN

T MAFFT FAF 5 - AR [ P 51 i 47 2 8
e, SR A 4% oK 8L 2K ¥ (maximum likelihood, ML)
HEILRGRKENE 6, 8 RER, RGEREMT
TEEAREYRT 85%, 15 I & . 29 /N il
B Fp FEALE R — K3, 4 55 M8 )& (Dasiphora) #
% J& (Rosa) Hu fiy J& (Sanguisorba)~ % 7 % J&
(Agrimonia)~ )T J& (Rubus)- #1175 J& (Geum)
BT R B R R HE, &3 PR B 5 oAk ok ) 26
B o 4% )& 5 i LA & (Sibiraea) 35 % Ok R0,
BB KRR 8 MELHEN D03 fEIX—
53R, ARG 2R3 (S, japonica) BS54k, 5 HAR
FER R G R RBIL; LR GRS 45 (S.
blumei) T =585 (S. trilobata) % N—>Z, g T
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177 bp JSB',.\O bp ISA —1 375 bp JLA.» 67 bp
/1504 bp /2232 bp 7 72bp /74 bp
F_ i)
KW 55 2845 Spiraea media [LSC 84390 bp E 26 342 bp !ssc 18 842 bp iIRa 26342 bp [LSC
pl2
155916 bp 1504 bp.
172bp 107 bp 1049bp 4bp 4561bp 1049 bp 177 bp—
~+177 bp 2221 b 1 375 bp -89 bp
/1504 bp 11bp P T2bp /74bp
pl2 trnN
G544 Spiraea pubescens [LSC___84 361 bE TRb 26343 bp |SSC 18 895 bi |IRa i 26343 bp |LSC
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v
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/1504 by (2232 bi " 72b 74D
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155 949 bp 1504bp /
172bp 107 bp 1046bp 88 bp 4573bp 1046 bp 177 bp=
177 by 2221b 1375 by 88D
/1504 bp 11bp P b T Tabp
=RUELAY Spiraea trilobata [LSC___84 417 bp b 26 343 bp |SSC 18 878 bp [ IRa 26343 bp |LSC
155 981 bp 1504bp /
172bp 107 bp 1049bp 4bp 4570bp 1049 bp 177 bp+~
178 bp > 1387 bp 88 bp
/1504 bp 2238b /" 72bp /74 bp
pl2 tnH
WAESLAY Spiraea japonica [LSC___82 225bp _|IRb 26 342 bp [SSC 18914 bp [ IRa 26341 bp [LSC
rpl2
153 822 bp 1504 bp /
171bp 108 bp 1061bp 10bp 4567bp 1061 bp 177 bp+~

/150405 2230 ont P Tioa?
_ s [
BERELA Spiraca thunbergii [LSC 84360 bp [IRb 26 341 bi Issc 18 880 bp [ IRa 26 341 bp [LSC
155922 bp 1504bp
172bp 107 bp 1048bp 86 bp 4571bp 1048 bp 177 bp=~
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3 GFEAJE 8 MR IR WA LB B

Fig. 3 Chloroplast genome boundary analysis of eight species from genus Spiraea
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Fig. 4 Analysis of mVISTA sequences in chloroplast genomes of 8 species in genus Spiraea
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Fig. 5 Nucleotide diversity value of chloroplast genome
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Fig. 6 A phylogenetic tree constructed based on chloroplast genome sequences of 30 species
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