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FaEER L, AR RmiE 2, ZEER S, BERE
(1. mFREARF PR, B 6505005 2. =2 K —INIKEE B, B 6505005 3. =F
R KR R SR E SR, ~/ B 6505000
B E. NIREGRHASEMESEM RS (Radix Aconitum Vilmoriniani) #%55 /R & A &, FIH
Ilumina HiSeq 4000 = & I 7 1 G55k B 10 A [R5 5= H 3 50 5 05 G (1 - SRR B PR AH Fe ol e, 480
PO PP A e ERE, I AE G B A T R - SR SR R A R R TT 7 A R R B . 4551
T (110 A FEE 5 A AL R 445K 155 744~155 937 bp, KEAHE DUX AN EAHE TUX 4358 86 363~
86 548 bp. 16 921~17 007 bp, A FEE X K/NA 26 170~26 236 bp, WIERF] 131 MK, (2) FH)%
SEH 60~73 /> SSR i p, FEKALELE MR, 10 NaREs S SR SE A0 BoR H— 2 gk, e F

LX-1-3, LJ-3-2 585 (Aconitum vilmorinianum) %R ZBE; LQ-1-3, GJ-1-3, NL-1-3, DC-2-2 Fll
EF R (A. austroyunnanense) RKRBIT; HeTHEAEERNA2FIMWENRFEKER T LI4-3 55 H
W53k (4. delavayi) RGRFRI, LI-1-2 5ENYk (4 duclouxii) [PRGRFREGT; 3T & AR gmbs
AR R G K B W, LI-4-3 5705 3k (A. episcopale) 4% ZilL, LI-1-2 W 545 11 23k (A. contortum)
KARIT . WA REAR, P I RS P A7 75 P VR 2% IR 2000 [ 8, 32 A 2 R 5 NI e L 5 7 P A
Vi, ARG ISR T 5 3KJE (Aconitum) WHABYIRR, X 0] HE & B H R i E AR E RN R

R REEED, W EH, FIRE, REREH, YMEE
Complete chloroplast genome analysis based study on origins of

cultivated Radix Aconitum Vilmoriniani
SHI Xiaojing!, CHENG Zidan', ZHANG Yingmin?, LI Guodong'?, MA Xiaoxia!*

(1. Yunnan University of Chinese Medicine, College of Traditional Chinese Medicine, Kunming 650500, China; 2.
Yunnan University of Chinese Medicine, First College for Clinical Medicine, Kunming 650500, China; 3. Yunnan
University of Chinese Medicine, Yunnan Key Laboratory of Dai and Yi Medicines, Kunming 650500, China)
Abstract: To study the influencing factors on the quality of cultivated varieties of Radix Aconitum Vilmoriniani, a
toxic medicinal material for traumatology in Yunnan Province, the chloroplast genomes of samples from ten
different cultivation bases were sequenced by Illumina HiSeq 4000 high-throughput sequencing platform. Then
the sequencing data were assembled and annotated followed by analysis of the characteristics of the chloroplast
genomes by bioinformatics tools and construction of the phylogenetic tree. The results were as follows: (1) The
full length of chloroplast genome of ten cultivated varieties from different regions was 155 744-155 937 bp, the
large single-copy region (LSC) and small single-copy region (SSC) were 86 363-86 548 bp and 16 921-17 007 bp
respectively, the size of the inverted repeat region (IR) was 26 170-26 236 bp. The total GC content of chloroplast
genome of ten cultivated varieties was 38.1%, with obvious AT preference, and 131 genes were annotated,
including 85 protein-coding genes, 37 tRNA genes and 8 rRNA genes. (2) These sequences identified 60-73 SSRs
sites, and genome comparative analysis found that the length of chloroplast genome of ten cultivated varieties
ranged from 155 744 to 155 937 bp with moderate expansion. Some variation hot spots were found, such as
trnK-UUU-trnQ-UUG, trnY-GUA-trnE-UUC, trnC-GCA-trnT-GGU, ycfd-cemA, ycfl and ndhF, etc. (3)
Phylogenetic analysis based on the two datasets showed that JS-1-4, QJ-1-2, LX-1-3, LJ-3-2 were closely related
to Aconitum vilmorinianum and LQ-1-3, GJ-1-3, NL-1-3, DC-2-2 were closely related to A. austroyunnanense. In
the phylogenetic tree, which was constructed based on the chloroplast genomes, LJ-4-3 was closely related to A.
delavayi and LJ-1-2 was closely related to A. duclouxii; while in the phylogenetic tree which was constructed
based on the PCGs, LJ-4-3 was closely related to A. episcopale and LJ-1-2 was closely related to A. contortum.
The results indicated that the hybrid origins of cultivation of Radix Aconitum Vilmoriniani included at least the
two original plants: A. vilmorinianum and A. austroyunnanense, and other species of Aconitum even existed in
individual cultivation bases. The mixed origins of cultivation may be one of the influencing factors on instability

of the quality of Radix Aconitum Vilmoriniani.
Keywords: cultivated Radix Aconitum Vilmoriniani, chloroplast genome, sequence characteristics, phylogenomic
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analysis, species identification

T ¥ 5 (Aconitum vilmorinianum ) NTEEFE(Ranunculaceae) 2 3k J& (Aconitum ) & 2 3k & (Ser. Volubilia)
ZAPERAEY), ST R I (2D KoM iad, AT 2100~2500 m ) LiHbEE A (R
EEMEREZ 2, 1979 o HAGHIA AR, AR5, FESHESMSEZ M e 2RAE0m, Bk
KEFE., JEIMIER . fEREMEER (FEEMEE, 2017) , B4, RIBRE EE s mEEL0E
KU F BRI 22 — (G155, 2021 , AEWRSEMAHME. BESHATRK, BV FEKE
PP A BRI B RAZIE R T 43 A DX B el R BT AR SRR v . I AR B S N TR B RIS T (F
WELE, 2012) , fERMEMFETE. @K NMHE BN W WL RS XA BRI RS FiE, A
BRI T R HE R R . SR ERATTRS JLAN R F (1) 25 64 AT E B 2 o R, S
BARGE, A—RHER B S T S RS TE R TE R (ISR, 20200 o EEOEND SR EMEY
M, BRI NEEL, DRI e R R A AR A

PRS2 RIEAE 1974 £ 1996 R ( ZF A 2 bnitE) HRLE: %15 (Radix Aconiti Vilmoriniani)
NEERHEY TS (A vilmorinianum) BIHFT 5 Y (A. austroyunnanense) FIHAR (ZmE AR, 1974;
= AEIT, 1996) , 2005 IR (=R A T AMARAEY 58 B OOK T BB —MHEYRIE, JHEITZ
¥4 AP LY (Radix Aconitum Vilmoriniani) (=FA &M maEEH)E, 2013) . (aEEDE) (h
R} B EREHEY BT, 20000 LR, RS 5EM S AERE BT, SRS 8—10 H,
HEFE SR 10 A, YR, REHTHRT XIEEE . XRER. BRATHh S50, HISEA
ARTE] o AT R AN [F) M DX Fh AR 1) 35 B 55 2504 6 o R B0 X OO IR i 50 T LR I L, B TE S g E
ANFE], B AT T AER], R MO R A A0 A B R R BT R A2 BB A, R A AR
YRR . Bk L, PR SRS AR T REAAAE MRV A S L, B S B R EA R T . BkEME
MIMRE Z, PR FERAENT, TEASMUMELIXON (CREfESE, 20200 , 2N, HEERES. £E
T8 MRPEE SR eSS R N2 h 25, UKEASRESRSEE . IR SE . BRIt S E
SETTIEASREAERA X ) 5 Sk R AEA) (B8 R ERSE, 1986; DMK —, 2005; HIFMHRAE, 20065 J&E, 2013),
RUCRI 2> A 5 F BOIH i R S R R, A BE AR Sk ORI 245 47 i 222

S A2 22 00 SR A AN/ 88 00 i 28 S A AR it AT e A E A AR e RS Sh I B 41 e s, 2P E
ErEgnEss, A HCCRRERA, W SR RE4 (chloroplast genome)  (EALFFEE, 2022) o M4
AR J5 (R 20 5% T 0 12k 245 F AR 25 DT AR R T ) 0 F- A il BA S B PR SR G ok KRBT Y R BE M R AR B R R
HATEE TR (Jansen et al,, 2007; Wicke et al., 2011; ZERHE %, 20200 o TAERBT— M7 H AR K FEIRIE
W7 A AR, C&A MR 2 1t SRR R R D kK 3R, #HESNE o 1 AV 220 F i il s ok &
(Shinozaki et al., 1986; Ohyama et al., 1986) . f§il A FI| F P9 % 5 [A] g X ITS (5K & K45, 2003 ; Luo et al., 2005)+
psbA-trnH 75| CREAESE, 20200 FHE T SLEEMNRAKE KRR, EWEKF EHEAGEU I HE
GRFR, IR —Lem e g5 MR JE T o BEE R S1E Gk A—8G Mk RA T LAESY DNA
TR YA AT R S0, R B (2022) BARIEAL M SRR KA PR E T 5L ER &
G, (H IR FEHE 5 =K R I RSB A

AT LLREE RN 10 AN 5 S R8s SONAEFURPRL, S Ad AT i 58 3 i SR AR L R 40 A b AT . 2HL 3
RS, N HIEAR ARG HRHIE, [FB4SE 32 NO KRR S LB YRR i SR IE R 2 7 51 70 A 10 A $E85
RS RE KRR BUEIE 4 AR T LR R A A 208 5 1R R A RS 2 75 SE A7 70 PR VR 2% 1 25 W
oL, M-S 7 IRE LM ERATRE . AU FUR B0 05 S (PR BRI A8, 9 5 55 5 ) B A
WSE . BEACRIE . A B &R FH S8R T e it — e i BOHE

1 MEHSTHE

1.1 SLEAHR
WE RN RASYE TR FRER. WHE=H2 ., OREHILE. THEERT %583,
IEPEAR AR, SRESHT BT I TR R R AR A G SRS iRl
F 110 MREF PR ER B
Table 1 Collected information of ten cultivated varieties

Rl 4% I te i ik

Collection location Code Lon(%l;ude Latitude (N)  Altitude (m)




RKINX 7 FHE
Tangdan Town, Dongchuan DC-2-2 130° 2' 26° 9' 2850
Area

ANMATR T

Duimen Mountain, Geijiu City

KBS
Puxiong Township, Jianshui JS-1-4 103° 4’ 23° 29/ 2220
County

FRVLTH K% 2
Tai'an Township, Lijiang City

AT R % 2
Tai'an Township, Lijiang City

FRVLTH K% 2
Tai'an Township, Lijiang City
(ERUR= S SR ESE s
Ganhaizi sayingpan, Luquan LQ-1-3 102° 30’ 26° 3.5’ 2 620
County
PR =32
Santang Township, Luxi LX-1-3 103° 48.5' 24° 26.7' 2220
County
THEKT S
Yongning Township, NL-1-3 100° 48.2' 27° 26' 2 600
Ninglang County
R L2
Yaoshan Town, Qiaojia QJ-1-2 103° 6.7’ 27° 9.6’ 2440
County

1.2 &4k DNA REUSHF
{8 Bio Teke A m] HE 5L K20 DNA $2 BRI Gk AT 8 i 4h it v 4 L A 4 DNA #7420, DNA
4[58 3 NanoDrop 2 000 #8766 TH (GEEZEER CIH/RBHECHIRA R SEATHI, BBk f vk
F1T DNA Jot S Al , dor il 4% J5 1845 _E g 3835 A MR 25 BB BR & w2847 DNA SCEER#E, IR FH Illumina
HiSeq 4 000 =i &l J7~F 5 JEAT I T .
1.3 MEBEFRAASE. EREMYEEIESH]
TFFRAFH FLEEE (raw data) FH#UE NGS QC Toolkit (Patel & Jain, 2012) HHATRLJE, {EHERINS
B, BRZRUE N reads G 3SR FRFAL 251 (clean reads) « % 3L B ¥ Y A, vilmorinianum (NC_038094)
H SR LR 20 7 51, FJH NOVOPlasty (Dierckxsens et al., 2017) #4410 /N 35S 5 1 clean reads 4T
de novo %%, k-mer [H1E N 39, KL RBE M Annotation tool GeSeq (Tillich et al., 2017) ATV ERE,
FFAE Geneious R11.1.5 #fF (Kearse et al., 2012) FHEEAT N TR 5 S AR 2 R 417 51 7 A OGDRAW-Draw
(Greiner et al., 2019) 7E£R T H, i SpikSE KA EERE, A 5 B3R5 B0 cpDNA 771 B4&F
GenBank #(# i rf, FFIRAAMHRIA S %S (DC-2-2, OP227195: GJ-1-3, OP227196: JS-1-4, OP227197;
LJ-1-2, OP227198; LJ-3-2, OP227199; LJ-4-3, OP227200; LQ-1-3, OP227201; LX-1-3, OP227202;
NL-1-3, OP227203; QIJ-1-2, OP227204) .
1.4 MGk R A RHE 5 T
fEFHAEZ T A MISA (Beier etal., 2017) XJ & 7 51 (1) 1] B2 B P 7 EATAC N, SH8OE v BAATIR
(mono-nucleotide) SSR=10. —#%HR (di-nucleotide) SSR=5, —#%H M (tri-nucleotide) SSR=4, [
AR (tetra-nucleotide) SSR=3, TL#% R (penta-nucleotide) SSR=3 FI/N#Z R (hexa-nucleotide)
SSR=3.,
1.5 FHEggE:F A B i
f§iH IRscope 7E4k T H (Amiryousefi et al., 2018) X 10 M ARk:: i 2R R FE K4 4 A X 3 Fdb A7 2 5+
IhT. LB NSX T4, £ mVISTA (Frazer et al., 2004) £ T B, KA shuffle-LAGAN 04T

GJ-1-3 103° 11’ 23° 21’ 2260

LJ-1-2 100° 5’ 26° 47' 3000

LJ-3-2 100° 6’ 26° 48’ 2728

LJ-4-3 100° 5’ 26° 44/ 2910




B3 @ gk L R 0 4 P S Le Xt . R A DNAsp (Rozas et al., 2017) FAFMIE 10 ASHRET 5 -2 4R 5 R 40 1)
1% H IR Z FEE (nucleotide diversity, Pi), Z4U1 N : £ 147 200 bp (step=200bp) , & HH & 600 bp (window
length=600bp)

1.6 RGBT

NERDE 10 AN Hels i 2 [ i R RUAMAE S S BEYTTR RE KGN E, MFEEEZKAEYE B0
(NCBD F# T 32 M2 RRN S L @ AN AT 5, Boh, @ig# 1 1 Fh K#F)E (Consolida) 14
W C. orientalis (NC_047292) , 1 #3248 (Delphinium) t8Y) D. anthriscifolium (MK253461) {E N4k
B, ALUMERGRERN (F2) . &5 KA MAFFTV.7.0 (Katoh & Standley, 2013) 47, [FHf ik
B LIARYE (maximum likelihood, ML) 1 J1H-#y% (bayesian inference, BI) #H1T R4 K & 7t ARG ngh
RIT{EEE, ML M IEZE Phylosuite (Zhang et al., 2020) Fit7#E, HREMEEN 1000 %, DU
[ A5 FH 401 Phylosuite EAT R &, 312 52 000 000 18, AR D /R L R4 ) 45 RIS BRI (markov chain
carlo process, MCMC) , PABENLI/E ARG, 25 1 000 FAHIAE—R. &3 burn-in BBt 25% /&40
FEA, HAEPIIAREZFRIRE 0.01 BLNI,  FHIRIAR IFE A R 2 2 20— Foit
K2 HTRGREMMWENCKEYME R LG R

Table 2 Published species list and its information for phylogenetic tree construction

Fih 4 \ Genbank /7415
J& % . Fhhi T 44 Genbank
Genus Chinese r?ame of Latin name of species accession
species
number
HE LG A. vilmorinianum NC_ 038094
JRH 5 3k A. hemsleyanum NC 038095
RENTIEEDR A. delavayi NC 038097
[[IMRETS A. forrestii MZ959044
[ifREDS A. episcopale NC 038096
EZ TP A. ramulosum OM289059
T 5k A. bulleyanum 0K323949
R 1 3k A. ouvrardianum OM289057
MENE N NES Aconitum austroyunnanense MN635745
B A. pendulum NC 053848
NESX 2 A. flavum NC 056280
521153k A. duclouxii OM328070
BHL Sk A. stylosum OM328071
53R w5k A. contortum NC 038098
Aconitum — A. ciliare NC 031420
— A. jaluense subsp. jaluense KT820668
EEENED Y A. japonicum subsp. napiforme KT820670
1653k A. kusnezoffii NC 031422
5,3k A. carmichaelii NC 030761
21535 A. volubile KU556690
— A. chiisanense NC 029829
— A. austrokoreense KT820663
Bl sk A. monanthum NC 031423
ALk A. coreanum NC 031421
— A. pseudolaeve NC 035892
R Sk A. finetianum NC 036358
f=a | =JEN A. longecassidatum NC 035894
— A. angustius NC 036357




— A. reclinatum MF186593

=3k A. sinomontanum NC 036359
2 i A. barbatum var. puberulum KT964698
— Gymnaconitum gymnandrum NC 033341
R

E.E — C. orientalis NC 047292

Consolida -

RE)E S
o W E D. anthriscifolium MK?253461
Delphinium

H: — FoRER TR (PEEYE) HERABZR R34
Note: — indicates that the Chinese species name of this species cannot be found in the electronic Flora
Reipublicae Popularis Sinicae.

2 AR50

2.1 M-SRk 4 FE R 4 FE A 45 MR AE AN 432

5 R Z B T E I i SRR S LA S5 AR AL, 10 ANARES i SRR SR R 4 42 K 155 744 (LJ-1-2) ~
155937 (DC-2-2) bp (1) , EIMAIYPY /- RIIRGEH . BI—XF R mHEE X (inverted repeat, IR)
FEAN IR B SR AR FE DR 28 53 N — AN K8 DX (large single copy region, LSC) Fl—/N/NHL$E I X (small
single copy region, SSC) , H: /N5 26 170 bp~26 236 bp. 85 453~86 548 bp. 16 921~17 007 bp,
10 /M SRR FE R 20 40 ORsF . MO/ FIZE /AL, T B GC & &30 38.1%, #EA BRI AT fw
FPE. AN, M ARIERAERLE RN (R 3) , 10 MERH LR RN N BRI F3EA 5, HE5a
131 MR, HAadEE AR gmISHERE (PCGs) 85 4. %12 RNA HEF (tRNAD 37 ML RNA JEF
(rRNA) 84>,



AE B E R R AR TR B . HIZER R RIESE X (IRa A IRb) G HE], BA TR EEFELA 5 J/h (SSC) FIK (LSC)H
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S
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. mRUCY
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- 10 ANFREE SRR 5k P 4 ik
petD
Q.UU(:‘
Chloroplast genomes of "
ten cultivated varieties kg
matk
155744 - 155937 bp i !
pl2
/Z;Igg:‘i(/

B %% Photosystem |
M Z% 1 Photosystem IT
I 4Mia b8 3244k Cytochrome b/f complex R
[ ATP 8  ATP synthase A \@‘”
[0 NADH 4U4Lif /i NADH dehydrogenase

B B MHRALRS KEE RubisCO large subunit

g oF &
Ol stmsavs/ Bihgk | y/stability factors I8 NE =Y
B RNA R4 RNA polymerase ° & N
O ek UMIESE  Ribosomal proteins (SSU) N s

B gtk kuik  Ribosomal proteins (LSU)
#35RNAs  Transfer RNAs
B EHi{kRNAs  Ribosomal RNAs
B #wpiss, R clpP, matk
B 3Lt Other genes
O siznt4kBIHE  Hypothetical chloroplast reading frames (ycf)
O JrigpgikhE  ORFs
O gzh7  Origin of replication
W i 746344 Polycistronic transcripts

FRPEULIX o PAY P KE DRI NN 17 [ e g, ANPBIRE PRSI 7 [ e s IR K B B ROR GC &, KB oR AT &

The colored bars indicate different functional group. Thick lines indicate the extent of the inverted repeat regions (IRa and IRb),
which separate the genome into small (SSC) and large (LSC) single copy regions. Genes drawn inside the circle are transcribed
clockwise, while those outside of the circle are transcribed counter-clockwise. The dark gray inner circle corresponds to the GC

content, the light-gray to the AT content.

B 110 AN it - AR I PR A B I

Fig. 1 Physical maps of complete chloroplast genome in ten cultivated varieties
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Table 3 Basic information of chloroplast genome of ten cultivated varieties

G2
Number

SAENA KEFEIX /NELFE DX S EEX SR KR

Whole LSC SSC IR Gene number
GC GC GC GC &% HEH RNA  (RNA
Lengthh GC  Length GC  Lengthh GC  Length GC o gk = &
(bp) Conte (bp) Conte (bp) Conte (bp) Conte Total 4% Numbe Numbe
nt nt nt nt  numb & rof rof




(%) (%) (%) (%) erof Num rRNA tRNA
genes Dber genes genes
of
Peote
in
codin
g
genes
JS-1-4 155849 38.1 86 585 36.2 16 924 326 26170 43.0 131 85 8 37
QJ-1-2 155857 38.1 86 582 36.2 16 935 326 26170 43.0 131 85 8 37
LX-1-3 155845 38.1 86 582 36.2 16 923 326 26170 43.0 131 85 8 37
LJ-3-2 155872 38.1 86 625 36.2 16 921 32.5 26 163 43.0 131 85 8 37
LJ-4-3 155884 38.1 86 606 36.2 16 938 32.5 26170 43.0 131 85 8 37
LQ-1-3 155818 38.1 86 555 36.2 17 007 32.5 26 128 43.1 131 85 8 37
GJ-1-3 155818 38.1 86 555 36.2 17 007 32.5 26 128 43.1 131 85 8 37
NL-1-3 155811 38.1 86 548 36.2 17 007 32.5 26 128 43.1 131 85 8 37
DC-2-2 155937 38.1 86 680 36.1 17 003 32.5 26 127 43.1 131 85 8 37
LJ-1-2 155744 38.1 86 496 36.2 16 944 326 26152 43.0 131 85 8 37

10 NSRS i (1 5 R 2% ThBE I AN R T L3 4 KR O 5 HRBIIEH R, @5t a1 AR

ML, @HABIER, @ARFIDIREIEDR . S F B PEA S5 K R A B (I SEE ], RNA

RE

A, rRNA FEFIFIRNA FE, HAp (RNA R ERZ; 50A1MFERMECRERNEEZA RS 1THRR,
Z4: 112K, NAD (P) H & IEFEEIE, 40l sR b/f EA IR, ATP i DR RN i A B B2 AL
B R AFE R, KA EEH RGN EmR 2 HAIERIL 6 4y RENDIGEEER 8 Ay, R LLILpR 5
B 21 AN VR, A4S 2 MZRHA KR Gpl2. mpi23) « 2 NMERHE/NERE GpsT. rps12) . 4 4 tRNA
F K (rrnd .5+ rrnS. rrnl6. rrn23) 7 N RNA A (rnd-UGC- trnl-CAU. trnl-GAU- trnL-CAA - truN-GUU.
trnR-ACG. trnV-GAC) . 1> NADH &AM (ndhB) « 5 NRMINEER (efls yef2« yef3~ yefds yefl5)

(£ .
410 SRS R SRR TR 4 L R 732K
Table 4 Functional classification of chloroplast genome genes in ten cultivated varieties
AR rie S R4 5t
Genp Gene category Gene name Number
function
H & EHH RRE AR rpl2(X2), rpll4, rpll6, rpl20, rpl22, rpi23(X2), 10
75 Large subunit of ribosome rpl33, rpl36
Self-replicati A% ffli {4 2 [ /N T JE rps2, rps3, rpsd, rpsT(X2), rps8, rpsll, rps12(X 13
on Small subunit of ribosome 2), rpsl4, rpslS5, rpsl8, rpsl9
RNA E& 1 rpoA, rpoB, rpoCl, rpoC2 4
RNA polymerase
FZHER RNAS rrm4.5(X2), rrn5(X2), rrml6(X2), rrm23(X2) 8
Ribosomal RNAs
432 RNAs trnA-UGC(X2), trnC-GCA, trnD-GUC, trnE-UUC, 37
Transfer RNAs trnF-GAA , trnfM-CAU, trnG-GCC, trnG-UCC,

trnH-GUG , trnl-CAU( X 2), trnl-GAU( X 2),
trnK-UUU, trnL-CAA(X2), trnL-UAA, trnL-UAG,
trnM-CAU, trnN-GUU(X2), trnP-UGG, trnQ-UUG,




trnR-ACG(X2), trnR-UCU, trnS-GCU, trnS-GGA,
trnS-UGA, trnT-GGU, trnT-UGU, trnV-GAC(X?2),
trnV-UAC, trnW-CCA, trnY-GUA

HEEHA RG] psad, psaB, psaC, psal, psaJ 5
75 Photosystem I
Photosynthes Y& R4 11 psbA, psbB, psbC, psbD, psbE, psbF, psbH, psbl, 15
is Photosystem II psbJ, psbK, psbL, psbM, psbN, psbT, psbZ
NAD(P)H &ALIBJR BRI ndhA, ndhB(X2), ndhC, ndhD, ndhE, ndhF, ndhG, 12
NADPH dehydrogenase ndhH, ndhl, ndhJ, ndhK
R b/f B &K petd, petB, petD, petG, petL, petN 6
Cytochrome b/f complex
ATP [if§ atpA, atpB, atpE, atpF, atpH, atpl 6
ATP synthase
TR L B BE R AL KL rbeL 1
% Rubis CO large subunit
FAFER R matK 1
Other genes  Maturase
ARG T inf4 1
Translation initiation factor
HE N clpp 1
Protease
0 i 2 1 cemA 1
Envelop membrane protein
CEE5HEE A RACKEEH:  aceD 1
Subunits of
Acetyl-CoA-carboxylase
C BI85 iR A ccsA 1
C-type cytochrome synthesis
gene
REFEER AR E M SR ] S AE yefl(X2), yef2(X2), yef3, yefd, yefl5(X2) 8
Unknown Hypothetical chloroplast
gene reading frames

2.2 MEREEFEH SSR 44T
10 RS i b (-2 AR L R H b 3t R B 60 (LJ-1-2) ~73 (JS-1-2) AN SSR fir i (B 2: A) , 4%

28~37 NEAMZIFRE (mono-nucleotide) SSR fi7 /5, 13~16 D #% 1M (di-nucleotide) SSR fi7 &, 6~9 4
= HEHM (tri-nucleotide) SSR A7 /i, 6~9 NMUKH R (tetra-nucleotide) SSR 7 &, 2~5 N FiZEH R
(penta-nucleotide )SSR i 15, A& K I 7S FH 2 (hexa-nucleotide )SSSR 7 41, HAZ FF IR E & |5 b i K (44.4%~
51.5%) o HEFEEEFHRIT A/T. C/G, THZEEEEF I AT/TA. =L E E 0 AAT/ATT. ATC/ATG.

DU AL 5 B0 AAAG/CTTT. AAAT/ATTT Ml AATG/ATTC, TilsiHt 5 5 B 76 AATAT/ATATT #2& 10 /MFE
LA E) SSR (B 2: B) o WHFLEERERE, 10 Nkd: 2R JL R 240 SSRs A A A AN[E] (& 2:
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Fig. 2 Analysis of simple repeat sequences (SSR) in ten cultivated varieties cp genomes
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Gray arrow above the alignment indicate the direction of gene. The dark blue regions represent exons, the light-blue regions
represent untranslated regions (UTRs), the pink regions represent Conserved Non-Coding Sequences (CNS), The y-axis represents
the percent identity ranging from 50% to 100%.
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Fig. 4 Comparison of chloroplast genomes of ten cultivated varieties
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Fig. 5 Nucleotide diversity of ten cultivated varieties chloroplast genomes
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Fig. 6 Phylogenetic tree of 44 species using maximum likelihood (ML) and bayesian inference (BI) methods

based on chloroplast genome sequences
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Fig. 7 Phylogenetic tree of 44 species using maximum likelihood (ML) and bayesian inference (BI) methods

based on protein-coding gene sequences
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