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B K3EZ (Hibiscus mutabilis) Fks 7 s A, & Ji = v B 1 2 MO Tl ofn 25 AR » AR AR 32
P BT G P RERRE , ISR LA SR B L SRR A SRR R, [FIIHONIR TR T8 S ik
FE[KZH (chloroplast DNA, cp DNA) istfL 5 20, 1% 3CEFE T — MRS H AT 3 MR FEEIRE mFh (.
WA L AR L CHSEEY ), FEE R4 Nlumina NovaSeq i H 435 PR HEAT & VO
SR G153 3 258N cp DNA 751, 4G AMBNC & e IR G 6% (H. taiwanensis)Flk
HE R EAKE . RHEM cp DNA, ZSCHARMEE 4 Bl AARZERF T 3 N FEEIT T cp DNA i filgh
FRERI LR T, el T HAG A BWERE ., 458EH: Q) “AlEa « @R’ “HPHE W
IH- 2544 5L BRI 20 510K 5 0531 9 160 880, 160 879. 160 920 bp, FEK% H #4109 130 4, M 85 MR A4D
BE[R 8 MXBER RNA FlI 37 AM%i2 RNA. (LU TR, ARFERBIM T 3 AN Fh I &b 68 5%
FEM- SRS R 2B FE AR ST, SR B X (IR)H4 K 26 300 bp; ARBERIRAELE IR [X &4 T Wi, 2 5 25 745
F125 598 bp. R)RHKEHHTRM, FiF 3 NMFEB—MER, HHEEIERER Ry
X, RURFEREMEEERIEG R R R HETAERNARE, KR, GIEFRMMERARE. 3%
ML KBREETESRZG G R L. ()ARERE 3 ANiFhz Al feis i SRS R4 751 X 0 9, 75K/ T
[X (LSC/SSC) KFE I, ‘Bl « ‘&fai’ . “4LFHR 40512 89 355 bp/18 925 bp. 89 353 bp/18 926
bp. 89 400 bp/18 920 bp, H M HE G FHIFAZ IR Z AL I A T RIE 7 FARic A DNA 68, o]
DIAE R S 5 8 ) F 4600 . (B)ARZE R AP 1 5 S K SRR SR R 2 22 S el SRR R B, fRYE
PEBEARS FRIKR, IEW T ARIER M SEARIE R 1) BERBALRHIE . ZoCA B FRATHE I T 1 3 A
TR P B £ VS S R S R T TR A (R AR AE RN (B (R G B R R, FE AR TEZE T (1) R 465 e R
R b P B FR AL T I A R 2 T ) B R
R OKER, GEER, HWREERA, »Tiaid, REKEN
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Comparative analysis of the chloroplast genomes of three cultivars of
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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. mutaibilis in a hybrid combination (H.
mutabilis cv. Danbanbai, H. mutabilis cv. Jingiusong, H. mutabilis cv. Mudanfen) to investigate evolutionary
characteristics between the cultivars of Hibiscus and its related species, and clarify the phylogenetic relationship
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between the cultivars of Hibiscus and with its related species, as well as explore the genetic model of cp DNA of
H. mutaibilis at the same time. We first sequenced the three cultivars of H. mutaibilis using lllumina NovaSeq.
After assembly and annotation, three complete chloroplast genome sequences were obtained. The cp DNA 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 cp DNA of 4 species of Hibiscus and 3 cultivars
of H. mutabilis, and completed its phylogenetic tree reconstruction. The results were as follows: (1) Total size of
chloroplast genomes of H. mutabilis cv. Danbanbai, H. mutabilis cv. Jingiusong, H. mutabilis cv. Mudanfen was
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 cp DNA 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 chloroplast genome 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 chloroplast genomes 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 chloroplast genome of Hibiscus were proved. This study will
help us to understand the evolutionary characteristics and phylogenetic relationship of chloroplast genomes of
three cultivars of H. mutabilis and H. taiwanensis, and provide basic data on chloroplast genome for accurate
identification of the cultivars of H. mutabilis and breeding of excellent cultivars.

Keywords: Hibiscus mutabilis, Hibiscus taiwanensis, chloroplast genome, molecular marker, phylogenetic
relationship

KZEZE (Hibiscus mutabilis) 5 AIEFEAE, EIZERIRKER, JEr=THE, BRI AR WH X 6 75
i HAEREH HAL IR (20505, 2019). ASEREARBRM M. BE. FIRIIREST, 7RI Ak
W A E BN HMME OFMS%E, 2012). ECHES TR K DRSO T i EAR ER M LN, 5 E
T2 HUR T SRR FLE I A (F2E, 2017). (HKBIDLRIAN Tk & 1 E SR 458 S FUR 2278 5y Al
(BB AL OC REG R A% SRR R A 73 AN OC SR o R ZEZHAT b 20 2R A AR T HE G OR &,
X T ARTFER AP E] 2458 DA i P i B A B X (FkER5E, 2021). HVE 3% (Hibiscus taiwanensis)
Sk IR 2R, INETAEE, E-T el El, &SHEramEAR (Lim, 2014). 4 E
HidE, BEFEEIAFFRUUTARIER, XA Stk BB E AR )B4, 15 # 2t ARk
E, Bk, AEEREWHETREAZ B IAF (DENE, 1984). b, RERS GEEFIRE 2 R-AL,
Ak B2 57.89%, 1% 5 A ZE b 2 1] A8 R A8 B % 62 5% H 25 T T L, T AR JE % 15 S 1 4 A8 A8 R %)y 8.33%,
EARMEIAZ IR TR, XSRS TR RN . BHEE B BB E ERATEE RS T
FEARIGTE AT S, BRARAR S PR B A 3 b 2 [8) R 153 4% 738 S 0P A P B PR 5 TN R385 b 220K
I (Amar et al.,, 2019). Kk, FRATFHEEI K E L FEHEE S, CUEREHS LR P 8L 2 5, HPuE
FIHERf LSS 2 EATT, NI SE AT A FH X L
2 R BE R 2H (cp DNA)K/INA 75~250 kb, KZHHEYIH) cp DNA HRZ) 120 NMERA R, Az
RNA (tRNA). #Z#E1A RNA (rRNA) Fl1H H 7wt 2 [ (protein-coding gene, PCGs)(Daniell et al., 2016). cp
DNA M., mERY . B EZ o8008 S, CHEMNH T FhRcT KRG K E ST
FHHEAESE, 2019). ERRER 22 (ORI 5T 38 B - SRR JE DR TREAEAE D BAL O R 7 TH A IR KA 34, ik
O O AEYN IR AL AL IR L B (REERESE, 2017). AT AR T ARIER I 7T R 2 EREARTEHRE B FI(E
%, 2017; A/NKREE, 2021)FMbE o B(BRERSE, 2021, 204, 2021), fif/bAG 6T ARIERE MR A DL &
HHIGGMAEEG KRBT TR, A8 EARIFER G AR S R LR 2 40 B F SR 408 R 9T



RS T —EMHEE, Abdullah 25(2021) 5 — OB FEARZERTE N I =M cp DNA BET T AL
BT, (B GO RIERNY 3 MR R, JERERAR. ARFAMVEEESE (20200 XG53
BRI SRR R ZH 3R AT T s s RBRAF(2021) K I BRI 82 | — BUAR SEA PR A0k R si i, FFER
T R S et s, 75— R LRt R MUEYIE SRR R, HADM S EE —En
RWEE LS, 2018), (HERAHZ 2T 4R B AR E RSB EE S, 85Iy 55 4Z T e
FAHLE G A BT SRS B AR AN AT SR 500 R AN S 5€ T 7T o 10 2840 D L A R AR S 28 it M (1) 18 A 15
BARA, B AR XA SR W E] S 5 IE b G 18 FE2R A cp DNA AR Tt . XA ORKPEAS T A %
T R BRI RIEIRECR B FE. BT op DNA JFdE#E BE RIS, REERZHEFHEYH v BEERE
&, RPN EEONR R, Ak, DE Y cp DNA fA7E R RIEAL IR BAL LR
(Neale & Sederoff, 1989), FTLIAN T HREARTFEERM cp DNA 4L 7720, FATER — MR HE TR 3 MAE
P, O AR SRR P B R b 6 T R SR AR R AT LU R RGER T AT

A TR DL R s (L)ATERR 3 AN b S LI b 6 S i SRR L DR A A A 4 AR AIE 2
(QARFERE RGN AH EFERSRE R R (3)TEM SR AR FEDE 4 ¥ 4 AN Z5 44 J7 THI, BE 75 A H Sl P 45 72 11
I F ARt El DNA 252 (4) $RFAARTEZE cp DNA HEfL 77 3. AWF AU AR SR M A 4 e . LA 5T
AEPEA R . R ik & SR AL S 20 5 — Tt L 5ok

L MRS T

1. 1 AR RFRIRIE
3 AR A K E R T A b (104°8'11" E. 30°45'52" N), 258 83 A °(H. mutabilis cv.
Danbanbai). “4:#K2°(H. mutaibilis cv. Jingiusong). “4t:F#;°(H. mutabilis cv. Mudanfen). X =AN@f 458
M, HAp Pl B, PP 2R, ST A% XA T XA FER S 18 4L J7 20
BATIR o WAESHFERE, B M Hrb ARG, B8 6—9 H, <&M Arhiemph, 1€
W 9—10 H. WES ERE, SHKOUNEIE, MR, 7 FRENLES, JAPFEES. AR
NEIAE, A, GEPH A S0 5 R R AP IR RV P, B IAEAR LT

Ko LGP EEIEMAINGET 10 H N, 255, N8R, Atk . Brms BRI .
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a. ‘HEE ;b AP s oo SRR d BIEER.
a. H. mutabilis cv. Danbanbai; b. H. mutabilis cv. Mudanfen; c. H. mutabilis cv. Jingiusong; d. H. taiwanensis.
BIRR T 3 ANATER SN & 18 S AL I TR A FFAIE
Plate I Morphological characters of flowers of three cultivars of Hibisucs mutabilis and H. taiwanensis



1. 2 ZFH 4 DNA KRB

RAE 3N ZES R R, B B CTAB 35 A Fr 4 4 b R B JE K 2H DNA. {8 1 1%35
JE K RE A FE UK AT Y ekl (Quant-iT PicoGreen dsDNA Assay Kit)iEfli DNA F=# i1 m &AW E . KA
Ilumina TruSeq Nano DNA LT 3% fill 2% SE 3G A2 22480 A F BEOK/IN(insert size) >y 400 bp [ DNA SCHE. [
F Illumina NovaSeq “F- 4 %} DNA 3 JE#E4T A 5 (paired-end, 2150 bp). DNA HEHUK I 7 T A 5176 g 5
URAR VA R A IR A F] 58
1. 3 MR A PR 4H B 4H F A E R

A3 20 5G 1R 4A % (raw data), Zid#dlEidJE)E, E 5618 NOVOPIasty (Dierckxsens et
al., 2017)4fF (k-mer = 39) MEATHLREDHE, AT rbcl FENE AR T 751 (seed sequence). 285
FIFHTELEFE T GeSeq(Tillich et al., 2017)E R LR FERIZH 751, 31 Geneious v9.0.2(Kearse et al., 2012)3
ITFIRIE, RIEEHAERGER 3 &75) LA NCBI A2, FiEr . <SR, 4 PHn (1751
55399 MZ846191. MZ846192. MZ855502. ffBlifEZFE/F Oranellar Genome DRAW(Greiner et al., 2019)
22 | kSRS DR 2 O B A . BTSRRI R A5 O MKO37807, 7R VA 71 H 1 R (Xu et al., 2019).
AR B HoAd SRS R 512 R 8T NCBIL, HbEgifE B LE 1.
1. 4 HEREEFHA LB

1 i1 MISA(MicroSatellite identification tool)(Beier et al., 2017)iRHIARTER 3 AN GAP . GIEZER . A,
RMEEFER AP P EFS (SSRs). SHE: L HK(mono). XUZHRR (di). =HEHER (tri). WUZH
1% (tetra). TiA%1FER (penta). /SAZTFEE (hexa) SSR /N XE4r %4 10, 5. 4. 3. 3. 3. F|H
REPuter(Kurtz et al., 2001)K 73 AT A FE%E 3 /> i FhoRl £ 72 3 Z A4 I8k DRI 20 v 1) 2 45 25 Y (Hamming R 55 3%
BN 3, BEEFR/ACE RS 30). B IRscope (Amiryousefi et al., 2018)2HI AR 2% 3 ML Fl. &
IR, R RARERAH IR WHRY sk M. /4 mVISTA(Mayor et al., 2000) ]
Shuffle-LANGAN B ARTERE 3 NEhFI. GBI ARE. RAEEMMSAREE R AT 54T 4/ Eext, B
PEAG R 2 ) (AR . 3 DNAsp6(Librado & Rozas, 2009)¥k i3 51 2 8] IR T BR 2 5. fd
Geneious v9.02(Kearse et al., 2012) 73 5l $2 BRI ) & A 4a il X 355(CDS), 77 2 # DL SE RN AR B — 2%
SR J5 FH Codon W(Sharp & Li, 1987)1151X 46 CDSs [1[7] S A1~ I AH XS5 F & (related synonymous codon
usage, RSCU).

1.5 REK BT

{8 FH phylosuite(Zhang et al., 2020) X FH2HL 17 MFp SRR TE R 414 CDSs, Ml 2% B & BRI A
LG, Bl MAFFT %t FE 54T Euxt, 15 H MACSE At 531, #:% F Gblock 1455 Lt e 31,
J&i i concatenate ThREW 751 5 B . ] Modeltest HCEFAS I B FEAZ R B A AL Sy JIC+1+G. fii ] MrBayes
B AEE4T ULH-H7 (bayesian inference, BI) 3 7. 5T Markov chain Monte Carlo (MCMC)#.i2%, iz47—T Jift,
£ 1000 FCHL—ERI, HT 209% 00 U EZWAEAR L7, BRI A T8 — 8. A 1Qtree AT & KM
SRy% (maximum likelihood, ML) 43T, B N 1 000, fJo 4 20 485 S F 7E 26 F2 7 iTOL(lvica & Peer, 2021)
BT AL

* 1 AWEFLATE R PR A FRF GenBank [T 514

Table 1 Names and GenBank sequence numbers of the plant species selected in this study

Ykt Fr 3% 5 Vb Fr 345

Species Accession number Species Accession number
K KR259989 R NC048518
Hibiscus syriacus Thespesia populnea

N NC042239 T R NC053702

H. rosa-sinensis Abutilon theophrasti

PN/ NC045873 &% NC053839

H. canabinus Alcea rosea

g MT644160 Ehigd MT106775

H. tiliaceum Malva verticillata



THEA R NC030195 HEBL NC051877

H. hamabo Sida szechuensis
Sy NC008641 SEE FEAHR MK820674
Gossypium barbadense Ceiba speciosa
G. thurberi GU907100
2 45 R 50

2.1 WHERAERDR 4 B ARRE

wE 1FR,  CEREET R CERa KRBV, 42 160 880 Al 160 879 bp, XAHZE—A
TS, AP BB S RTHIFIIE R R ZE R, 160 920 bp. —F 1) cp DNA EIH #LAY (1) )Y 4
EIRGEH, ¥ —x R MEEX (IRa M1 IRb, K 26 300 bp) DAL —ANKE#E TIX (LSC, KJE5
5124 89 355. 89 353. 89 400 bp) Fl—~/INEEE DX (SSC, K454 18 925 bp. 18 926 bp. 18 920 bp) 41
o MFE 2 iLUEH GIEFAN LSC XK EK T 3 MR LA, MAeMPNEE, HilRE 5

“ERKMI 1) LSC X5 SSC XK EANAH 2 1~2 bp, {HE “4HFHE” FHZEEK.

RIEFR AR R — I A5 130 MER, 7 85 MR FAgwI LA (PCGs).37 1~ tRNA 18 4 rRNA.
K2 R R DA DU AU BT LSC X B SSC X A, HoH SSC X A4 13 ANH:[H, u$E 12 4~ PCGs (ndhF.
rpl32, ccsA. ndhD. psaC. ndhE. ndhG. ndhl. ndhA. ndhH. rps15. ycfl) 11 /™ tRNA (trnL-UAG), LSC
XHF 85 N, HLHE 63 4~ PCGs fil 22 1~ tRNA. VA 17 NMERTE IR XEHR, 3 6 /> PCGs (rpl2.
rpl23.ycf2.ndhB. rps7.rps12). 7 4~ tRNA (trnl-CAU. trnL-CAA . trnV-GAC , trnl-GAU . trnA-UGC . trnR-ACG ,
trnN-GUU) A1 4 4~ rRNA (rrn16. rm23. rrnd.5. rrn5). ycfl K E5ik SSC XAl IR [X, rps12 FEK 55—
EFALT LSC X, HABPAAMEF67 T IRs X o 17 MEFEF AW T, yef3 il clpP FE A AW & 1.
JIT A FE DR H e JE L AR T RE X 7 IR AHOCRE L DB R AR DGR R N Al B R =2, 4 SRR DRI W A FRAT B
JeoRfER 3,

‘B’

H mutabilis cv. Danbanbai
160 880 bp
e

H. mutabilis cv. Jingiusong
160 879 bp

SRR
H. mutabilis cv. Mudanfen
160 920 bp

i H: @3 @4 Os He W7 Os H9 Mi0 My Hi2 @304
LOtEARS L 2 E RSN 3. MOREEY: 4. ATP 5 llE; 5 NADH BN 6. HEIH SRR IEEKILEE; 7. RNA
BEH; 8. MPEAEA/PTI(SSU); 9. BbikE R KTE(LSU); 10. #i3 RNAs; 11. Bk RNAs; 12. clpP. matk %



l; 13, HARFED: 14, RIS B SEAE (yef) .
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 (SSU); 9. Ribosomal proteins (LSU); 10. Transfer RNAs; 11. Ribosomal RNAs;
12. clpP, matK; 13. Other genes; 14. Hypothetical chloroplast reading flames (ycf).
Bl 1 AR A G A AL DR ZH A 3 R
Fig. 1 Physical map of Hibiscus mutabilis chloroplast

T2 ORHEE 4N CRESARIEEE 3 ANl SRR T R ZH B ACRRAIE LA
Table 2 Comparison of chloroplast genomes among four species of Hibiscus (including three cultivars of H.

mutabilis)
AHE R K S Size (bp)/ GC & & GC content (%) HEFH
Hibiscus Number of gene
REAE NREENX RAEEIX RAEEX S EAmIDER 2Rk iz
Genome SSC LSC IR Total PCGs RNA/IRNA RNA/tRNA
IR’ 160 880/36.9 18925/31.5 89 355/34.7 26 300/42.6 130 85 8 37
H. mutabilis cv. Danbanbai
X 160 879/36.9 18926/31.5 89 353/34.7 26 300/42.6 130 85 8 37
H. mutabilis cv. Jingiusong
“HFHRY 160 920/36.9 18 920/31.5 89 400/34.7 26 300/42.6 130 85 8 37
H. mutabilis cv. Mudanfen
B 161 056/36.9 18918/31.5 89538/34.7 26 300/42.6 130 85 8 37
H. taiwanensis
PN 160 951/37.0 20246/31.3 89509/34.9 25598/42.9 130 85 8 37
H. rosa-sinensis
N 161 022/36.8 19831/31.1 89701/34.7 25745/42.8 130 85 8 37
H. syriacus

3 RFER M SRR A 2 I E B
Table 3 List of genes in the chloroplast genome Hibiscus mutabilis

PSE -
U F A4 Group of gene FPH4ZFR Name of gene
Gene category Number
) rpl2a*, 23a, 32, 22, 16*, 14, 36,
A KRR Large subunit of ribosome gene P 20, 33 11
. ) . rps7a, 15, 19, 3, 8, 11, 12a*, 18,
KA /N ZEFZE R Small subunit of ribosome gene P 14
4, 14, 2, 16*
RNA ZE& 1l 7 FE 4]
rpoA, rpoB, rpoCl*, rpoC2 4
DNA-dependent RNA polymerase gene
A RNA Z£ X Ribosomal RNA gene rrnl6a, rrn23a, rrnd.5a, rrnsa 8

trnl-CAUa, trnL-CAAa, trmV-GACa,
trnA-UGCa*, trnR-ACGa, trnl-GAUa*,
trnN-GUUa, trnL-UAG, trnP-UGG,
trnW-CCA, trnM-CAU, trnV-UAC*,
B trnF-GAA, trnL-UAA*, trnT-UGU,

#i2 RNA ZE[X Transfer RNA gene 37
trnS-GGA, trnfM-CAU, trnG-GCC,
trnS-UGA , trnT-GGU , trnE-UUC,
trnY-GUA , trnD-GUC, trnC-GCA,
trnR-UCU, trnG-UCC*, trnS-GCU,

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

RIKAHIEEH
Self-replication



B RS Photosystem | gene psaC, J, I, A, B 5
psbH, N, T, B, E, F, L, J, Z, C,

He&r R4EER Photosystem 11 gene 15
D, M, I, K, A
NADH %14 J5 i Y 5 5E R ndhBa*, H, A*, I, G, E, D, F, C, "
Subunits of NADH-dehydrogenase gene K, J
et N
. MR E GV A
Photosynthesis . petD*, B*, G, L, A, N 6
Subunits of cytochromeb/f complex gene
ATP &P HFE A Subunits of ATP synthase gene atpB, E, I, H, F*, A 6
A R — Tl R R A il R IE R ) thel L
Large subunit of rubisco gene
RS R T Translation initiation factor infA 1
ATP i A P 3E p FE
. clpP** 1
ATP-dependent protease subunit p gene
ALY Maturase gene matk 1
HWEREE AR E Envelope membrane protein gene cemA 1
HoAth e K] LT A SR AR K] a0eD L
Other gene Subunit of acetyl-CoA-carboxylase gene
¢ T4 €3 & U BE R A L
ccs
C-type cytochrome synthesis gene gene
BV IR - 3 A 1] A
ycf2a, ycfl, ycf4, ycf3** 5

Hypothetical chloroplast reading frames(ycf)
SN Total 130

* —ANWET Y AN AT a HERE.
*. One intron; **. Two introns; a. Duplicated gene.

2.2 IR A 55 #r

IS RO 3 3 AN Al BTSSR R ARHEMZRARELRIZH 1) IR/LSC A1 IR/SSC 121 5 [X 455 1 325 (K]
SPATIRGG, ARA) IR H sk ekl 4s . & 2 B, IR/ILSC AT IR/SSC i F B 23 A i 3 R AL FE rpsd9. rpl2.
ycfl, ndhF, trnH, AKJE% 3 MNFl 5 G 2ER 2 6 IR 7 —3. 6 254 SSC/IRa i1 #3514 yefl R,
FEARFERA GBS SSC X K5 4 026 bp, ﬁﬁﬁﬁ%fr%%nﬂtfr%ﬁﬁ SSC X & 4373l 5599 F1 5 083 bp.
ndhF JE K 7E 6 267 51 R 3547 T SSC X P, HH AR RN 578 324 11 ndhF 22 (K12 SSC/IRb 41 5324 32 bp,
ﬁ%ﬁﬁﬁmﬁwmmﬁﬁﬂmmm%lf6m$ﬂ¢ﬁﬂ?mbzm,ﬂﬂﬁi%ﬂ TEIEEEM rpl2
FE[RIEE LSC/IRb 34 7434175 103 bp, RHEFRIA S 67 bp, AMEFEAL S 113 bp.

JLB JSB JSA JLA
Ak 83 bp 4 tml
H. syriacus 89701 bp ], 25745 bp /) 19831 bp I 25745
13k
p mm 55991p J1)6bp o0 b
| Mo -_ |
H. rosa-sinensis 89509 bp 25598bp /) 20246 bp J[—_255% ]
2bp _103p 20p
A 2 ‘ ez o
H. taiwanensis 89 538 bp /363000 1 18918 bp /} 26300
EFUMQ 4556 th J1080 g 250 irnil
H. mutabilis cv. d 89 400 bp /3630080 /i 18 920 bp // 26 300
R - 103ty
H. mutabilis cv. Jinqii 89353 bp /[”_363000p 1) 18926 bp I} 26 300
2bp _103bp 2
e o < -32bp
H. mutabilis cv. D: i 89355 bp /[ 263000p 1/ 18 925 bp /}

&l 2 AR, K. KBS 3 MM ERRAR RAELZX (IR). KEHEIX (LSC). /h
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FLEE DX (SSC) %L
Fig. 2 Comparation of the junction between LSC, SSC and IR regions of chloroplast genome among Hibiscus
taiwanensis, H. syriacus, H. rosa-sinensis and three cultivars of H. mutabilis

2.3 HEEM RS RESFH 24T

M EEFH] (microsatellite DNA), tHIYfEjHF 5| E & (simple sequence repeats, SSR), & 1 % 6 bp [
BHEFH, Tz m T s aik R4, SSR BA & E LSRR R, RO EEIR . Pl 4 22 FI L 5]
TEEIA M EFRE (Chenetal., 2015). ASCH, FRATHT T 6 Ff SSR (. = =, 4. Fi. AR SSR)
1E 6 KM SRR AP 5 A. WK 3R, BERZIIARZERES, S 66.67%F] 74.55% 4
&, PILCHAM A EERANERIE S . KRIEE 3 M) SSR 3k 95, G EESHAEFIERL, A
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Fig. 3 SSR analysis of chloroplast genome in Hibiscus taiwanensis, 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 chloroplast genome in Hibiscus taiwanensis and three cultivars of H.
mutabilis
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Fig. 5 Sequence identity plot of the six chloroplast genomes(using Hibiscus mutabilis cv. Danbanbai as a
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Fig. 6 Comparative analysis of nucleotide variability among Hibiscus taiwanensis, H. mutabilis cv. Mudanfen, H.
mutabilis cv. Jingiusong and H. mutabilis cv. Danbanbai
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Fig. 7 RSCU values of all protein-coding (CDS) genes for chloroplast genomes from 15 species (including three
cultivars)
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Fig. 8 Phylogenetic relationships of the 15 species (including 3 cultivars) inferred from ML and BI analyses based
on 76 shared protein-coding genes
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