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AREFE=AmM LSRN REEERALLE ST
EER G B BB, RER, BNUR, BNE, B R,

(LN ARl ga B AR BEIRS A S R B A SR %, AR 610065 2. JRARTIT AR, J#R 610083 )

W E. KRER (Hibiscus mutabilis) FI35 D7 518 A, I JR = v F 1) o 2 AR Flfn 25 AR . A T 8RR
JERE i i B G AR R JEEL YR A S R ) B L5 3 G R SR 2500 R DL RIS R S it
K20 (chloroplast DNA, epDNA) FYIRAE 3, IZSGEFE T — MR HE TR 3 DARIFERF L MAh (¢ Bl
SR 4EPER ), S8 )+ 5 Hlumina NovaSeq XFH: cpDNA #4755 NP . S 20 B E 15
B 3 5240 cpDNA #5456 % B BN E L SE R T 2k A 515 2595 (H. taiwanensis ) F13E A 3 R 2 ) AR HE |
RHFER) cpDNA X ARHEE 4 B AR SERFN T 19 3 A S AP EAT T cpDNA AL BURN 25 #4 F#1E 1 F A o0 BT, I 58 B
THRGREWEE, S5REW. (1) I SR H P 1Y cpDNA JF 51K B4 51 160 880,
160 879,160 920 bp, FEFELH ¥ 130 4>, Hoh 8 A A% HE A 85 A4~ M4k RNA 8 1§42 RNA 37 1>,
(2) B AT A R s, RZEZ AN T 3 A F S 3T 2 b 5 18 JE 4 cpDNA b & BE AR ST, i ] L A2 X
(TR) #1284 26 300 bp; ABEFIRMELE IR K& T URZE, 47510 25 745.25 598 bp, (3) REK B4R
NG FR 3 A FE R AR R S B ERE R A SRR S, R KRG L KR R &
KA FHEE T ARBERURRE R ISR G5 828 2 Fh S IEARME M KRRBEAE R R T, (4) K
JERE 3 AP Z M REE AT cpDNA JF 4 X 43 FF , FE R/ /NELEE DLIX (LSC/SSC) B I, ¢ B 1 ¢ SRk« 4t
P8 235100 89 355 bp/18 925 bp .89 353 bp/18 926 bp .89 400 bp/18 920 bp, I H M &2 J5 51| % R %
FEME M T & T 5 2 T HRiC A DNA ST 0D | AT RLAVE A 5 Bl 8 5 (00 1 450, (5) AR 5% 5 b < P
F1° 5 ¢ &R0 cpDNA 25 555/, SRS R Bl , IRIEPIH BEAR S FARAY LR UE T K JE%E cpDNA 15
RIBLHFE , 2L RAT B T A T/ 3 AR JER T S 575 % cpDNA 11 32F Ak A% A1 F1 4 ol ] 14 3R
GRE RFR, WA TR TR0 e % AR RS Ak F AL T cpDNA Jy I 1 LAl 7R,

K RTER, AR, HMRAILRA, TR, RELEN

RESES: Q943 XEAARIRA: A XEHES 1000-3142(2022)12-2007-14
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LI Zhenbing', REN ting', DENG Jiaojiao', CHEN Junpei', ZHOU Songdong' ",
ZENG Xinmei’, MA Jiao®, LI Fangwen’

(1. College of Life Sciences, Sichuan University, Key Laboratory of Bio-Resource and Eco-Environment of Ministry of Education ,
Chengdu 610065, China; 2. Chengdu Institute of Landscape Architecture, Chengdu 610083, China )

Abstract: Hibiscus mutabilis is native to China with a long cultivation history, and is an ancient garden tree species and
medicinal plant. In this study, we selected three cultivars of H. mutabilis in a hybrid combination ( H. mutabilis
cv. Danbanbai, H. mutabilis cv. Jinqiusong, H. mutabilis cv. Mudanfen) to investigate evolutionary characteristics
between the cultivars of H. mutabilis and its related species, and clarify the phylogenetic relationship between the
cultivars of H. mutabilis and its related species, as well as explore the genetic model of chloroplast genome (c¢pDNA) of
H. mutaibilis at the same time. We first sequenced the three cultivars of H. mutaibilis using Illumina NovaSeq. After
assembly and annotation, three complete chloroplast genome sequences were obtained. The cpDNAs of the related
species H. taiwanensis from our group, and H. syricus and H. rosa-sinensis from the gene bank. Then we carried out
comparative analysis on composition and structure of cpDNAs of four species of Hibiscus and three cultivars of H.
mutabilis, and completed its phylogenetic tree reconstruction. The results were as follows: (1) Total sizes of cpDNAs of
H. mutabilis cv. Danbanbai, H. mutabilis cv. Jinqiusong, H. mutabilis cv. Mudanfen were 160 880, 160 879, 160 920
bp, respectively, and the total gene number was 130, including 85 protein-coding genes, eight ribosomal RNAs, and 37
transfer RNAs. (2) The comparative analyses showed that the cpDNAs of three cultivars of H. mutabilis and the related
species H. taiwanensis were highly conserved, and the inverted repeat regions (IR) were all 26 300 bp; H. rosa-sinensis
and H. syriacus shrank to at 25 745 and 25 598 bp, respectively. (3) The phylogenetic analysis revealed that the three
cultivars were planted into a monophyletic branch, and then together with H. taiwanensis into a high support branch,
indicating that H. mutabilis and H. taiwanensis had the closest relationship; Compared with H. syriacus and H. rosa-
sinensis, H. mutabilis and H. taiwanensis were more closely related to H. hamabo, H. tiliaceum and H. canabinus. (4)
Three cultivars of H. mutabilis could be distinguished by ¢cpDNA sequence, the length of LSC/SSC of H. mutabilis
cv. Danbanbai, H. mutabilis cv. Jingiusong, H. mutabilis cv. Mudanfen were 89 355 bp/18 925 bp, 89 353 bp/18 926
bp, 89 400 bp/18 920 bp, respectively. And candidate molecular markers and DNA barcodes had been developed from
repeat sequence and nucleotide diversity analyses, which could be used as a tool for cultivars identification. (5) The
cpDNAs of H. mutabilis cv. Danbanbai and H. mutabilis cv. Jingiusong showed a minimum difference and had the closest
phylogenetic relationship. According to the relationship between their female and offspring, the maternal genetic
characteristics of the cpDNAs of Hibiscus were proved. This study will help us to understand the evolutionary
characteristics and phylogenetic relationship of cpDNAs of three cultivars of H. mutabilis and H. taiwanensis, and provide
basic data on cpDNA for accurate identification of the cultivars of H. mutabilis and breeding of excellent cultivars.

Key words: Hibiscus mutabilis, Hibiscus taiwanensis, chloroplast genome ( cpDNA ), molecular marker,

phylogenetic tree

AKIEHE (Hibiscus mutabilis) 265646, )& 5

42 #

AN T8 7 R 4R 2 5 5 SO SIS i R 1) i 4% 5%

SERARER IO T [ R R SR R X
Ao, HAER @ H B AWK (54 %,
2019) , A FER BA B i [ Bk R AR Il B BE
T3, e BEl bR B A T A O A CORRS 25
2012) o BRI AR ) bel < 30 LA B0 T i AR 58
T S B, F 55 T VF 2 HUR P L A B AT
ANTRIAE I B i F (EA2,2017) o {H2 K RLK

R AR R RRZANWY AR OC R
B, XK T8 28 BEAT i P o 28 DA SR 1 HE SR % 06
F TR JEAR i R B) 2 52 DL KRR b B ) ik F R
HEZEE L (KBS, 2021), 58 EH (H
taiwanensis ) ) 45 Ji 3k FEE B 11 A, IR E TR AE
J& B T v B L R M RE A R A A
(Lim, 2014), #EhEMEY EICE, G5 ERIER
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TR TERE, XA Ry G 3 4 ik LA B = RRLAE
B MG &SN EREE, W, A% E RS
PIE AT REA WA Y 2 A (S EHH, 1984) . itk
IPRFERE G ERMAE G 438, LR EN
57.89% , X 5 AR ZE 5 Bl 2Z ] Z 52 B A SRR
62.50% AH2ETC )L, 1 AR 28 5 R M A8 A R Ny
8.33% , 5 ARME A2 38 T R AL, 3X 76 SRR B I
RWET SRR R, WAL ME BN L8 5 3K
ITCIEFE 43 T A AR 35 A8 ) R % B, W 4 % 15 b
BT Az S G5 h 22 0] 119 35 4% 728 S5 X600 3 % R 9 A R
PER GRS Fh 2 5CH 22 ( Amar et al., 2019)
PR, AT ZEIT & 2 L5 B, AMERERS L
BEFR R P 545 22 5, I D SRR B 4 e AT
AT B A R ki A1) FH 3% 26 ) Ff ( Peng et al.,2021)
-2 AR BE P 2 ( cpDNA ) K/ 75~250 kb, K
LRI cpDNA H K2 120 45 K 4 AL, 45
iz RNA (tRNA) A% BE{K RNA (rRNA) FIEE A
Jt 2 15 3L [ ( protein-coding gene, PCGs) , cpDNA
PR 25 R 1T BRL o B AR ST 8 DU B 2 T oy F o /D 9
BB T FARICTE ARG R E S
(A5 ,2019) , Bk Z RS R I, it 4k
A I PR T 7 A 0 s A el R T LA AR R AR
SRR 28 1A AR ) 35 A 5 AR i BT T (B
85,2017) , ATASEFAERMI KR ZERTEKR
AR T A E 22,2017 A /NS 2021) Filik
2Ny b (BREESE 20215 T4 ,2021) , B4 -
TR SR it ] LA K 5 HG 3 2% ol ) 5 2% OC 2R B AF
F, BER, A¥EEREEMNGEERD
cpDNA 4347 Fll 26 2% 3¢ R L BUS T — /& W it
J#& , Abdullah % (2021 ) &% — ¥ % A 46 A LR 7E N
() 3 AR cpDNA BEAT T I e A0 L 38 40 7, (H
HAFFXS G N A HERN 3 AT R Y,
Bl K, AS 1 BAAY Xu %5 (2019) % 6 78 5 1Y
cpDNA HEAT T 038 ; 5K B 55 (2021) 2Rk 49 4 L 85
WL T — BB K JE 4% 0 b A0 A8 B e B 4, OF BRI
THAFEE L, MR E R, 7F— R
S AR A T AL RN SR G B IR X R A A
— B WA FEMME (M C5F,2018) | (H LR 2 2 T
(4 4 —F 500 B A T o s A {5 R, A O
PRI 20 J2 1 B 5 R 45 6 A B 1 RS A R R A b
FIFRG KR MY Fh U BT, g A R kA A
(R R A8 i P 35 A% 5 JBAR 2 H R A W AR JE %%
Fofi ] B 5 3 2 Fh 5 V5 JE % 8] 1) cpDNA AH A

8, MR HLBE G T R 2 AP i R4 L 5 AL R
PR B AFSE, T cpDNA I AR #F 2 B R %
HOURTER Z 8008 AW h Bk &R st 4%, Bt 7E
TR F N ARG, A, DI
Y H) cpDNA £7 15 A F 38t 4% A1 BK 3818 1) L4
(Neale & Sederoff, 1989), N TH R K FEH K
cpDNA 5% 75 =0, FATH I — D J2 L H A5 i 3
AR FETE AN, B IR R JE2% R S LR G R
4% cpDNA HHAT LRI MR G R B 5347,

ARSI LU B2 . (1) K% 3 4
i o 2 FLT 25 Fh 65 T8 JEZR 1Y epDNA A A b b e
fiE 5 (2) AR HAE G 78 JE28 BA B R 2%
LK F 5 (3) 1E cpDNA [ 4 B A 25 44 75 1T, RE 75 T
KR EEE I 4> T AR sk DNA 2008055 (4)
FEAR I cpDNA WAL 720, WP A5 K AR
FER MRS IR A s AL e R IR R
v e 7 B AL AN 5 — s Ok,

1 #HEF*

1.1 RERZE R #F RISk IR

34K K g R R B RS T A B
(104°8'11" E 30°45'52" N), /5 Bl
(H. mutabilis cv. Danbanbai ), ¢ 4 k &5 ( H
mutaibilis cv. Jingiusong) | ‘ #: P} K’ (H. mutabilis
cv. Mudanfen) , X 3 N FR A3 A, Hirp ¢ B
M SRR AP AR Rk O —
P BB ) T 05 AR S W AR Y 352 4% 5 Uik AT
RUF . IAERRERT , SOl A At PhR
RAE A Ay 6—9 H | G R Sy i AE i il
W 9—10 A, WIEE FRE, @R hE
WAL, MESR AL, A T ARSI, 34k 2 R 4555,
CEHUE D O BRI AE, AL A, A PR A K
WU R ORI, AP B AETE Rl )
HAF YRR LR M K, I 2 Fh 5 1 S 2% 1 46 1)
WGT 10 AR, 8552 6 0 Bk, Frhali b, FERY
JEABME N R,
1.2 EFE 4 DNA 2 BV 7

RAE 3 AR WA BRI R, TR
CTAB ¥E I Fr 20 21 rp S HCE R 2 DNA L {1
1% 33 fig W% & e B Uk A0 2¢O B¢ B (Quant-iT
PicoGreen dsDNA Assay Kit) PEAE DNA F=9) (1) it &
FIHe . % lumina TruSeq Nano DNA LT S
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il 2 S8 I FE A AR A R BE K/ (insert size) N
400 bp ) DNA 3CJF . W Hlumina NovaSeq “F &
X} DNA 3CJ%E #F 47 A0l /¥ ( paired-end, 2% 150
bp) o DNA I I Py 249 75 1 5t IR A5 4 ik PR R 4
A PR A 5E
1.3 cpDNA HJZR3EFNERE

BA YRR B T E A5G 1 R UG B (raw
data) , £ of £ ¥6 i 98 J5, fff FH NOVOPlasty
( Dierckxsens et al., 2017) /4 (k-mer = 39) #f
FTEH DR, e V8 KR 1Y rbel FEAE R ¥
75 ( seed sequence ) , Al F 7F £& & 52 GeSeq
(Tillich et al., 2017) { B cpDNA J¥ 4, 3 H
Geneious v9.0.2 ( Kearse et al., 2012) # 47 F sh &
IE, A ERE R 3 &7 1% % NCBL £
L R Ry 7 S A R i DS LI R |
N MZ846191 \MZ846192 MZ855502, ff Bl e £k
J¥ Oranellar Genome DRAW ( Greiner et al., 2019)
2:1hl cpDNA RO B 1, B KA FS 5 H
MK937807, 75 4 A Tt H 19 HF 52 iR (Xu et al.,
2019) . ASCr A9 H Al cpDNA J 51135 T 2T
NCBI, HIEAF R ILE 1,

*x1 ik AR Z R0 GenBank F 5 &S

Table 1 Names and GenBank sequence codes
of the plant species selected
1|45 ==
Speci Accession Species Accession
pecies code pocies code
- At . KR259989 - ﬂﬁ]ﬁ} NC048518
Hibiscus syriacus Thespesia populnea
A LS
H. rosa-sinensis NC042239 Abutilon theophrasti NC053702
3 %
jtﬁ;ﬂt% NC045873 % NC053839
H. canabinus Alcea rosea
O oy
H. tiliaceum MT644160 Malva verticillata MT106775
A AR
H. hamabo NCO30195 Sida szechuensis NCOS1877
Y 1o Tl=)
. (ﬁ‘%*’% NC008641 %Hn#ﬁﬁ MK820674
Gossypium barbadense Ceiba speciosa
G. thurberi GU907100

1.4 cpDNA L& 4 #7

ffi F§ MISA ( MicroSatellite identification tool )
(Beier et al., 2017) , PUIARSEZE 3 Al A B 5 72
FERE AMERRAEER P i LR TS (SSR) .

SHROCE PRI (mono-) R R (di-) \ =
B R (wi-) VU A 17 MR (tetra-) | L B 1 R
(penta-) NHEEAFHR (hexa-) SSR B /N &2 I
49 10.5 4 .3.3.3, FIH REPuter( Kurtz et al.
2001) K73 AR EZE 3 A b BTG ¥ %% cpDNA
T Y A 2 A ( Hamming B0 25 1% & 8 3, &2 ¥ 5
M e/ KB BR W h 30)., 1 Bl IRscope
( Amiryousefi et al., 2018) Z: il A JEZ¥ 3 /> ity Ffr B
BUE TR KPR cpDNAIR 31 7194 5K Ak
45, {8 Fl mVISTA ( Mayor et al., 2000) 1 [y
Shuffle-LANGAN 2R A TERE 3 A4~ fl B B 15 75 5%
B RFEFRHER) cpDNA FEFIHEFT 425y x| AT
A 77 5 Z [6] B AL . f# F DNAsp 6 ( Librado &
Rozas, 2009) #F 15 e 91 2 (8] A A% 1 IR 22 251
# H Geneious v9.02( Kearse et al., 2012) 4351 #£ Ht
BEAYRP R E A AL X (CDS) , FEEZH I
FEHAUR B 1 %, 1] Codon W (Sharp & Li,
1987 ) HH535% 48 CDS 1Y [F] S5 ith 5 1 A 1 32
(related synonymous codon usage, RSCU) ,
1.5 REREDH

i F phylosuite ( Zhang et al., 2020) $£HX 17 4~
Pifl cpDNA 1) CDS, i 2 8 52 e PR AR 2 i
5, 8 MAFFT Xf )3 91 5 47 b X, 2 J5 i
MACSE {4k ¥ 31, i Gblock & BY L %t 47 14 7 41,
2l JH concatenate ) fE ¥ ¥ 41 £ B, il
Modeltest 48 I f5e A% 1 R B AUBE R JC+I+G, (il
H MrBayes BEFT 1 uf/ﬁ;ﬁ( Bayesian inference, BI) 45
Mro #£F Markov chain Monte Carlo (MCMC ) 555,
AT 1x107 AR, 5 1 000 FRH 1 #RA% , F 209% (Y 1
MHERACFEAR T3 AR MR T — B,
i 1Qtree #E 47 fix K AL #R 725 ( maximum likelihood ,
ML) 43471, B2 AR 1 000, K d 45 54 ] 78
LB T iTOL(Ivica & Peer, 2021) #4734k,

2 HEREH A

2.1 cpDNA EAR4HHE

WE PR, RIREE R SRR K R 2=
SRS 435 R 160 880,160 879 bp, (U AH 22 1 4~
B3 T < E P10 BE 5T 2 b U R R A 22
5,20 160 920 bp, =1 cpDNA 2 3 i 4 7Y (1)
DU AR BOIR 25 4, ¥ i 1 X% iz 18] B & X ((inverted
repeats, IR) (IRa Fll IRb, K4k 26 300 bp) LA
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R2 AEEINTH(BEREXE3 N MH) cpDNA ERRFELLER

Table 2 Comparison of cpDNAs among four species of Hibiscus (including three cultivars of H. mutabilis)

KE/GC &t
Size (bp)/GC content (%)

FEHEH

Number of genes

P

Species name

HHAMM BHEE Hiz

K 4 2 D1 X AN HIX =3
Wﬁf g.enf{me /J\Eﬁsj?c) . kiﬁ;‘fc) " fim%EE T()ttl:{ A RNA/ RNA/
PCGs rRNA tRNA

CHIRE 160 880/36.9 18 925/31.5 89 355/34.7 26 300/42.6 130 85 8 37
H. mutabilis cv. Danbanbai
¢ ARk 160 879/36.9 18 926/31.5 89 353/34.7 26 300/42.6 130 85 8 37
H. mutabilis cv. Jinqiusong
PR 160 920/36.9 18 920/31.5 89 400/34.7 26 300/42.6 130 85 8 37
H. mutabilis ¢cv. Mudanfen
[ERLE DS 161 056/36.9 18 918/31.5 89 538/34.7 26 300/42.6 130 85 8 37
H. taiwanensis
PR 160 951/37.0 20 246/31.3 89 509/34.9 25 598/42.9 130 85 8 37
H. rosa-sinensis
PN 161 022/36.8 19 831/31.1 89 701/34.7 25 745/42.8 130 85 8 37

H. syriacus

K 1A RKEFED X (large single copy, LSC, K 43
R 89 355,89 353 .89 400 bp) A1 1 4~/NEAtE D
X (small single copy, SSC, K F 7 %l & 18 925
18 926 .18 920 bp) i, MFE 2 vUUFEH, G4
JEAR LSC XK I AT 3 AR SE A, T
TERRFR YR, B 5 R AT 1Y LSC X 5
SSC XK EAHZE 1~2 bp, (A5 HEPPH HZEEK,

ARIEFEM cpDNA A 130 S 25 85 4
HHSIBIEE (PCGs) 37 4~ t(RNA 1 8 4~ rRNA,
REFHR LU TP BT LSC X 8 SSC X
i o SSC XA 13 AN FEE L, fL4E 12 4 PCGs
(ndhF . rpl32 . ccsA ., ndhD | psaC ., ndhE . ndhG . ndhl
ndhA .ndhH .1ps15 ycfl) 1 1 4~ tRNA (trnl-UAG) ;
LSC XA 85 2L [H, 4L 4% 63 4~ PCGs Al 22 4~
tRNA, A 17 DEEHTE IR K EE, G 6 1
PCGs (rpl2 .rpl23 ycf2 .ndhB .1psT .rps12) 7 /1> tRNA
(trnd-CAU | trnL-CAA . trnV-GAC . trnl-GAU . trnA-UGC |
trnR-ACG . traN-GUU ) 1 4 4~ rRNA (rrnl6 . rrn23 .
rrm4.5 .rrnS) , yofl H s #K SSC X FT IR [Z,rpsl2
FEHE NN FOL T LSC X, Hofth 2 A~4h i F A
T IRs X, 17 MEEHEA 1 DN E T, yef3 H clpP K&
AT 2 ANINE T, By B DA IR BEAS T RERI 73 g 3
IRAROCHE AL ' 1 AR G 35k RRIH Al B DY) =28,
TR Z AR R E3R 3
2.2 IR AR5 iR

I PR ZE28 3 A b BB T S AR R

A cpDNA 1Y IR/LSC Al IR/SSC 11 5t X 3, iy J
LA AR, U0 IR 9 sk sl s . anigl 2 B,
IR/LSC F1 IR/SSC i1 F Mt i 43 Aiv 9 3 X 0 4%
rps19 pl2 yefl \ndhF (trnH , K FE48 3 i fh 5 6
TR Z M IR I —3, 6 5751 SSC/TRa i1
FEYIH yefl FEPH R JEW AN 578 JE4 SSC XK
FEY R 4 026 bp , T AEARAEFIARER) SSC XA B 57
Bh'5 599 .5 083 bp, ndhF FEINTE 6 2575 Hh
fLF SSC XN, Hh R SER N G 185 SEH N ndhF
[ SSC/IRb i1 F 3558 32 bp, Hi4y 2 FhiE i A
150 bp, [FFE,pl2 FEETE 6 55751 b 4 7 F IRb
XN, R OR SE28 RN 5 18 SE 200 mpl2 JE R LSC/
IRb #1355 103 bp, REEFE A 67 bp , KRR
%113 bp,
23 MEEHMIDESTMNEEFIHH
B2 P ( microsatellite DNA ) , 5,1y faj B /7
5| E & (simple sequence repeats,SSR) ,7& 1 ~6 bp
(B F A, | iZ 04 T cpDNA, SSR H.A & J&
ZAMERVRE S SRS SE DR U PR a8t £ 2 3k
EVER A M EFRIC (Chen et al., 2015), 7EA
e, AT T 6 Ff SSR (B = Y L,
AN SSR) TE 6 45 cpDNA K431, i 3
P, B Z MBI REL, &tk
66.67% F| 74.55% 55 | 34 L HA BT A 8 52 2 A Hn
EAIAL L, KIEHE 3 AMFIR SSR Bk 95, 6
IR S HARW TR, A 96, 1E X IR RAEEFIA
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Table 3 List of genes in the cpDNAs Hibiscus mutabilis

S Y B bl SR AR Kokt
Genotype Group of gene Name of gene Number
FARMIRIEN oA S N pl2a*,23a,32,22,16%, 11
Self-replication Large subunit of ribosome 14.36.20.33
gene gene T

[ NN = 57 mpsTa, 15, 19,3, 8, 11, 14

Small subunit of ribosome
gene

RNA B £ B2
DNA-dependent RNA
polymerase gene

BBV RNA 2L
Ribosomal RNA gene

5E35 RNA JE[H

Transfer RNA gene

12a%,18,4,14,2,16%

rpoA ,rpoB ,rpoC1 3%  1poC2 4

rrnl6a,rrm23a,rm4.5a, 8
rrSa
trnl-CAUa , trnl.-CAAa, 37

trnV-GACa ,trnA-UGCa* ,
trnR-ACGa ,trnl-GAUa*
trnN-GUUa , trnL-UAG ,
trnP-UGG ,trnW-CCA ,
trnM-CAU , trnV-UAC*,
trnF-GAA trnL-UAA * ,
trnT-UGU ,trnS-GGA ,
trnfM-CAU ,trnG-GCC ,
trnS-UGA ,trnT-GGU ,
trnE-UUC ,trmY-GUA ,
trnD-GUC ,trmC-GCA
trnR-UCU ,trnG-UCC*

trnS-GCU ,trnQ-UUG,
trnK-UUU* ,trnH-GUG

et

Photosynthesis

et R gE 1A

Photosystem I gene

e RGN

Photosystem Il gene
NADH 4 ft i J5 i 7. &
N

Subunits of NADH-
dehydrogenase gene

MR R W
N

Subunits of cytochrome b/
f complex gene

ATP 5 I HEJE (K]

psaC,J,1,AB 5
psbH,N,T,B,E,F,L,J, 15
Z,C,D,M,1,K,A

ndhBax, H, A% I,G,E, 12
D,F,C,K,J]

petD B% G, L,A,N 6

atpB E 1, H,F* A 6

Subunits of ATP synthase gene

R — 1l R il R
RubisCO large subunit gene
BFR A T

Translation initiation factor

rbel 1

infA 1

Foflb FE R

Other gene

ATP P 4 11 Rl
p BEA

ATP-dependent  protease
subunit p gene

AL N

Maturase gene

(UE 0% SR S
Envelope membrane protein
gene

STRAR A R AL IV
S

Subunit of acetyl-CoA-
carboxylase gene

C AN 5, 32 F I K]
C-type cytochrome synthesis
gene gene

AEGSE 1 I 2t A 58] T HE
Hypothetical ~ chloroplast
reading frames ( ycf)

clpP % 1

matK 1

cemA 1

accD 1

cesA 1

yef2a,yefl, yofd, yef3 5

JEH Total

130

e LARE T = 2 AAET; a BEER,

Note: * One intron; ** Two introns; a. Duplicated gene.

BEIM 63 R 110, 22 SR, AR IERR 3 A i il
B KRR A DIATE 6 fh 2 2 M T E T
P AR AP A EABRTREL, KX
2% 3 ARG BT SO L [R] XA TE T
YHA AT RRE S, W5 E A 2 D T
MR, ARJER 3 D E A, PRk B X 5
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A. H. mutabilis cv. Danbanbai; B. H. mutabilis cv. Mudanfen; C. H. mutabilis cv. Jingiusong; D. H. taiwanensis.
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Plate I Morphological characteristics of flowers of three cultivars of Hibisucs mutabilis and H. taiwanensis

T
yoo-suw

LE Ek
-y H mutabilis cv. Danbanbai
v, 160 880 bp

iy

H. mutabilis cv. Jinqiusong
160 879 bp

“HAHRY

H. mutabilis cv. Mudanfen o
12123

160 920 bp o e

B B B 04 O B W
Os Eo Mo W Bz BhisCh4
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1. Photosystem I; 2. Photosystem II; 3. Cytochrome b/f complex; 4. ATP synthase; 5. NADH dehydrogenase; 6. RubisCO large subunit;
7. RNA polymerase; 8. Ribosomal proteins small subunit (SSU); 9. Ribosomal proteins large subunit (LSU); 10. Transfer RNAs; 11.
Ribosomal RNAs; 12. clpP, maiK genes; 13. Other genes; 14. Hypothetical chloroplast reading flames (ycf).
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Fig. 1 Physical map of cpDNA in Hibiscus mutabilis
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Fig. 2 Comparation of the junctions between LSC, SSC and IR regions of cpDNAs among

Hibiscus taiwanensts, H. syriacus, H. rosa-sinensis and three cultivars of H. mutabilis
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Fig. 3 SSR analysis of cpDNAs in Hibiscus
tatwanensis, H. rosa-sinensis, H. syriacus

and three cultivars of H. mutabilis
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A. Number of four repeat types; B. Number of repeat sequences by length.
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Fig. 4 Analysis of repeated sequences of cpDNAs in Hibiscus taiwanensis and three cultivars of H. mutabilis
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Y axis indicates the percent identity ranging from 50% to 100%.
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Fig. 5 Sequence identity plot of the six cpDNAs

(using Hibiscus mutabilis cv. Danbanbai as a reference)
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X axis indicates the names of protein-coding genes and genes intergenic regions; Y axis indicates nucleotide diversity of each window.
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Fig. 6 Comparative analysis of nucleotide variability among Hibiscus taiwanensis, H. mutabilis

cv. Mudanfen, H. mutabilis cv. Jinqiusong and H. mutabilis cv. Danbanbai
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Red and white indicate higher and lower RSCU values, respectively. Right of the figure shows the phylogenetic relationship among species.
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Fig. 7 RSCU values of all protein-coding (CDS) genes for cpDNA from 15 species (including three cultivars)
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Numbers on the branch are bootstrap support values and posterior probability. * represents maximum support in all two analyses.
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Fig. 8 Phylogenetic tree of the 15 species (including three cultivars) inferred from

ML and BI analyses based on 76 shared protein-coding genes
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