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3. ZHITPIRARE MR SRR A, BT 650500 )

B OE: AR am ORI 25 B BR 5 (Radix Aconitum Vilmoriniani ) A% 5 i BTt 0520 Y R 2 0F 5
FIAH Mumina HiSeq 4000 1 38 H 0777 5 X5 4 B 10 A [k 1 5 b 28 57 55 8% 5 (0 I S O L PRI 201 J T )
23 W P R B 4L TR R AR W M 8 2 T B L S R S R AR R SR T O R R R B W,
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R T trnK-UUU=trnQ-UUG 578 S i X8, (3) BT 2 DR M R K T 3R] | JS-1-4 QJ-1-
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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 10 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 trees. The results were as follows: (1) The full length of chloroplast genome of the 10
cultivated varieties from different regions were 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 GC content of chloroplast genome of 10 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 SSR sites, and genome comparative analysis found that the length of
chloroplast genome of 10 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 , yc¢fd—cemA , ycf1 and
ndhF, etc. (3) Phylogenetic analysis based on the two datasets showed that JS-1-4, QJ-1-2, LX-1-3, 1J-3-2 were
closely related to Aconitum wilmorinianum and 1Q-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 complete chloroplast genomes, 1.J-4-3
was closely related to A. delavayi and 1.J-1-2 was closely related to A. duclouxii; while in the phylogenetic tree which was
constructed based on the protein coding gene sequences (PCGs) , 1.J-4-3 was closely related to A. episcopale and 1.J-1-2
was closely related to A. contortum. In summary , the hybrid origins of cultivation of Radix Aconitum Vilmoriniani include
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.

Key words: cultivated Radix Aconitum Vilmoriniani, chloroplast genome, sequence characteristics, phylogenetic

analysis, species identification

T WG F 45 « B T A - A PR 2 53 T 110 AR B B 5 5 SR R AT 5T 1893

5 5 (Aconitum vilmorinianum ) N B B Bl
( Ranunculaceae ) & 3k J& (Aconitum ) & & 3k &
(Ser. Volubilia) ZAF =AY, /3 i T = m
AR (2x B e 5N P AR, AR TR $R2 100 ~
2 500 m A UL HHE DA F (o A ) A o R R B 2
1979) , MO MR, A, TEEHAHY
A 22 Bl i 2R AR Wi, B AR XUOTE 3 I Ik
A RIS D (R SE,2017) , J2 &~ F AL
2 RN A EmEEL LR E
TR 2 — (B ALDF 55,2021 ), A8 R 9 25
{H. B SHZGT R, el B 2SR B A B
(B3 88 R 425 3 1 0 AT DX BB R B A B R A
Uy, JAER, FEORE I N TNk AR 5 3R A T (F
WU, 2012)  FEm FERY VTP (K AN IH ORI
FRX) VL, T 5855 1 XA 50K RS ARk 15 A A A7
RO T BT IR )R, SR, B AT LA A B
SEH R 2R BEAT T2 BT R R AT A0 BT I R
BV S B RN, 53— HRE A B R
F AR 5 e 3l 3 3 R DU B R (3 U 4%, 2020) , B

B Ve O Sk R M 20, it AR U R
Xof S5 i 0] PR 3R Y BIF AR AT 2
BRI 2R R VR AE 1974 4F T 1996 4F R (1)
(=mB 25 fbrMEY HHLE . ¥ 2 (Radix Aconiti
Vilmoriniani) & & E Fl HH ¥ # ¥ 5 (A
vilmorinianum ) S, M 5 2 (A. austroyunnanense ) fY
P (=8 AR, 1974 28 TLETT,1996)
2005 R = 7 4 T 25 BA AR UE ) SO SR T B
By —FhAE ) R IR, I 1T 25 M 44 Ty B HE 5 (Radix
Aconitum Vilmoriniani) ( 2 5 & 6 & 24 5 848 31
J71,2013) . (mRMYIE) (h ER B R WY
W5, 2000) Hc#, B 5 5 5 H M S EE S
AR BRI AR 8—10 T R 5 AR
10 A BRIy 1Y, R R H] TR 97 KGR |
rhOXURESE | BRFT 00005 55 5, TR FE AR AR R] , FAT)
R BRAS[R) 1, DT AR B B 5 2 B AT BB B RS R
P VO RN 5E B SR LRI B, 48 iR S W g A A
], T T3, B S R R R PR A —
BB AR AR P B T SR A7 Y B A o O R
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B AR Y 5, AT L, B R S AR AR o R P
A BEAEAE PP 5 TR 2% ()1 O, 28 105 3524 4 ot 2 A8
FarE . Sk @Ay 2 Ahia) SR B B S
AR HE LA DX 301 (4 w8 1 45, 2020) |, 52 1B 36 5% 52
e AR ARTE &5 A6 8 48 AL AR 00 B0 M AR 6 45
TERNN A 25  IUREEE SIE S5 %0 BT
FTAEE | URR IR 25 0 A5 T AN RE ME B IX 1) 3k
AW (FEEFESE, 1986; B i ftg 3% —,2005; 4
FEARAE 2006, B L E ,2013) , Bk, FIH > 74
Y27 T B I ) B R S A A B i, T DA U Sk R R 2
M,

S A 2 22 B0 i S A ) RN A0 38 43 e 28 S R A
A AT 56 A R R R AR AR 2 i A
e o H EEAI S A A SRy R A Wk
JE S AR L R 40 ( chloroplast genome ) ( A4y 55
2022) , MERpARIE R 2l X F i 5 24 FH AR 9 %% U0 A
KPR o FARIE DL S B R 4 X REGEAE Y 28
BEMRI RS AT R R HA EETTHEK (Jansen et al. |
2007 ; Wicke et al., 2011 ; Z25CH %5 ,2020) , T4
K, B — AR 7 B R & I AR 4 AT R
I, A OB 2 1 I S A 5 PR AH W A 36, 4
B 5 T AW F 5 B9 Vs & B (Shinozaki et al.
1986; Ohyama et al., 1986) . i AF|FH P ¥ 5% [a]
B X ITS (k& FE4% 2003 ; Luo et al., 2005) psbA-
irnH FEA (R 5 45, 2020) M T 5L B A Y)
ARG LB RFR, EW)E K AR RE UL H g
GORR, IR — Loy 5 R, 8 T o 2K
BRI 535 1% 8 5 53 AS — B W SRR L TR 4 nT DU A
S DNA 8 45T i %5 A8 4 1) i o A7 o ff 46 531)
BEAR B 45 (2022) BRI SR A 4 56 R 4 7 51 4
BT ELEMRE AN BIF RS SR W
KR HyFp

AHIEGE AR B BT 10 /> 2 B L08R 1% ol A
Ak, X AATT B S B i S A I DR A A R AT 0 4]
e TERE, $8 o HIEA Ty 51 F S5 A R AT, [R B 25 A
32 R R S JE Wy R i - S A S5 IR 20 40 o b
10 MR M RGE KT LR, IRWTLLUTR#()
R« VR 9 T R R % R A S A AR A
FWUAF O, HET T30 7 88 5 5 25 b i ) AN FRUE
AHIE GRS BH B 5 B ) Ak 5 AU () L, I O R
By () BE AR ) 2 8 AL IR | G BT R A
W HR A — e B4

1 AR5 77 %

1.1 SRIe 4 #

TR E R B AR A AR B OE BE
PR =S IR AN TR B KT & SR
FeHh (3R 1), VRl BRI, >R 420 fof SR O 1
MR R AT

1 WV HERREER

Collected information of 10 cultivated varieties

Table 1

KA o ZE i K
Collection C 7 Longitude  Latitude  Altitude
location ode (E) (N) (m)

RN 74
Tangdan Town,
Dongchuan District
AN HTTX T GJ-1-3
Duimen Mountain,

Geijiu City

HOK b S JS-1-4
Puxiong Township,
Jianshui County

[N -7 LJ-1-2
Tar’an Township,

Lijiang City

HH YL K% & LJ-3-2
Tai’an Township,

Lijiang City

[N -7 LJ-4-3
Tai’an Township,

Lijiang City
BTl
it

DC-2-2 130°02" 26°09’ 2 850

103°11' 23°21’ 2 260

103°04' 23°29’ 2 220

100°05’ 26°47' 3 000

100°06" 26°48’ 2728

100°05’ 26°44' 2910

LQ-1-3 102°30’ 26°04' 2 620
Ganhaizi Sayingpan,

Luquan County

PR =S
Santang Township,
Luxi County
THAKT S
Yongning Township,
Ninglang County

T 825 140 QJ-1-2

Yaoshan Town,
Qiaojia County

LX-1-3 103°48’ 24°27' 2 220

NL-1-3 100°48’ 27°26' 2 600

103°07’ 27°10’ 2 440

1.2 4R {K DNA RIS F

fifi FH Bio Teke 2\ w] AAF 4 5L [ 2H DNA $2 Bt
& 4 HUT B 4 B 4 3 41 DNA,
NanoDrop 2000 i 43 66 BT (36 88K Gttt
IRBHE A BRAS D) K DNA 4[5 | 2R 350 i et
e FEL VKA I DNA J5t £, R i 5 % S5 34 A1 T 28



10

T WG F 45 « B T A - A PR 2 53 T 110 AR B B 5 5 SR R AT 5T 1895

AW B 2RO BR A W AT DNA SCZEM IR
JH Tlumina HiSeq 4000 =3 il F7 - & #5470
1.3 MR EEE A AR ERMYEEE RS

I Fe 3JeAe 04 I 4 B HE (raw data) FHAR A NGS
QC Toolkit( Patel & Jain, 2012) 3471 & , ffi Fi Bk
INSHL, B R AR & 1Y reads J5 3515 15 41 2% )7 51
(clean reads), = % 5 L J§ ¥ ¥ I A
vilmorinianum ( NC_038094 ) ) 45 A4 2t [K 41 ¢ %71
F F NOVOPlasty ( Dierckxsens et al., 2017 ) # 4%
10 DA BT A clean reads FE1T de novo 24H%% | k-mer
HIXE N 39, RALEL T B Annotation Tool
GeSeq ( Tillich et al., 2017) #f 47 1 #, Jf 78
Geneious R11.1.5 214 ( Kearse et al., 2012) H ik
(TP 305 P O o= N S S I RIS SN
OGDRAW-Draw ( Greiner et al., 2019) 7E£k T H. %
Tl - S A D] 2 ) 3L RT3 A e B TR Y
cpDNA ¥4 4% F GenBank %4 2 v | IF 3K 15 A
NOH) OB % 5 (. DC-2-2, O0P227195; GJ-1-3,
0P227196; JS-1-4, OP227197 ; 1.J-1-2, OP227198 ;
1J-3-2, OP227199; LJ-4-3, OP227200; LQ-1-3,
0P227201; LX-1-3,0P227202; NL-1-3, OP227203;
QJ-1-2,0P227204) .
1.4 M FEEEAIES

{fi FH7E 2R T. 2. MISA ( Beier et al., 2017) %f4%
750 (1) ] B 8 42 3 ( SSR) #EA TR, S 80 B
H¥ F B2 ( mono-nucleotide ) SSR = 10, — #% 1 IR
(di-nucleotide) SSR = 5, = # # & ( tri-nucleotide )
SSR=4, /U4 # M2 ( tetra-nucleotide ) SSR =3, H.#%
2 ( penta-nucleotide ) SSR =3 FI 75 # 11 & ( hexa-
nucleotide ) SSR=3 |
1.5 M FEEFEAL KRS

fif H IRscope 7E £k T. B ( Amiryousefi et al.,
2018) X 10 A HE i - S AR RE R 20 4 A> X80 57
PEAT 22 5 00 M, LA BE B 5 08 255 4 il
mVISTA ( Frazer et al., 2004) 7£ ¢k T. B, 2k
shuffle-LAGAN #RxCHEAT 5 3k J R (A [N 20 42 )7
S EEXT, % DnaSP (Rozas et al., 2017 ) &4
TE 10 > oAk B b i g R R TR A 09 A% IR 2 A T
(nucleotide diversity, Pi) , ZECUNT . &4 17 200
bp (step = 200 bp), & H K & 600 bp ( window
length =600 bp)
1.6 REXRE D

SRR 10 A FE5 dh 2z 8] 1 240 56 2R DL R AE 5

LEHEY P RGE LB E, N EEREDE
B (NCBD) FET 32 48 & £ 2k g 4
{NE =S S N a1 I A N7 N7 i 8 W L N R A
( Consolida ) Fi{¥) C. orientalis(NC_047292) ,1 Fizg
% )& ( Delphinium ) 6 %) i& 5% B [ D. anthriscifolium
(MK253461) J1E 0 Ah 2R, F UM R 48 AL Y
(£ 2), R MAFFT v.7.0 # 17 & 77 51 L *F
(Katoh & Standley, 2013) , [f] B & £5 f KA SR 74
( maximum likelihood, ML) #1 U1 i} 3 ( Bayesian
inference, BI) #E4T &R 48 & G 43 H7 LA hin 45 5 4 ]
{55, ML B 7E XA Phylosuite ( Zhang et al., 2020)
AT, AR E N 1 000 U, BT AR A K fi
JH Phylosuite #Fi#EA7#9 2, 242 5 2 000 000 1X,
MG 5 R B I 4 1Y 58 R R 9% 1R 48 B 78 (Markoy
chain Monte Carlo, MCMC) , UL Bl HILA 1E A58 86 44,
125 1 000 fUHAE—IK, & 57 bumn-in BBt 25%
W AFEA, JF BAE V¥R 22 k2 0.01 IR
I, IR A 1 20— B

2 HERH A

2.1 HEEEERAEREHFEFR D%

55 R 00 FAEH W) 1) W S R Ik R 241 45 4 A 2%
fBL, 10 ARG b i SRR L PR 20 424K 155 744 bp(LI-
1-2) ~155 937 bp(DC-2-2) (& 1), 5 #L 71 fy pg 43
PRIR 25 7, B — X J2 17 # & X (inverted repeat,
IR ) W B AR By i AR L RV A 53 Ry — A R L4
DUIX (large single copy region, LSC) Fl—>/NHL$E
DX ('small single copy region, SSC) , H: K /)43 5
26 170 ~26 236 bp .85 453 ~86 548 bp .16 921 ~
17 007 bp, 10 AFE i g SR SE LA+ o0 AR5F R
AR /NFNEEF AL, T H GC & 384 38.1%, #B
EAW A AT a2k, A -2 pA R 8 20 1 R
(3R 3) W, 10 ANFE G i SRR R R 20 Y A
W7 A —B, & 131 AR, PG E H
TRt FE R 85 4~ #5i2 RNA JE[H (tRNA) 37 A4~ Ail
MR RNA £ (rRNA) 8 1>,

10 ANk 55 5 10 35 PR 8 45 2 B 19 R[] o] L 4y
H 4 RIS (1) SRERIVEAHSEMZER ; (2) 56 h
YERIAR G B LR (3) HM FE A 5 (4) R A1 D) hg 2k
PR 5 5 53 B3 A G 1) ik DR 6 A W 1R 2 1 I
FER RNA ALY rRNA JERFT tRNA JER
Horf (RNA SE B I 22 5 506 A1 AR G 56
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Table 2 Published species list and its information

for phylogenetic tree construction

GenBank
B4 i 44 TR T 2 hz ke
. Chinese name Latin name GenBank
Genus . . .
of species of species accession
number
JERS N R, A. vilmorinianum NC_038094
Avoni
conttum INGREDS A. hemsleyanum NC_038095
BHILEk A. delavayi NC_038097
[PAREDS A. forrestii MZ959044
i EESS A. episcopale NC_038096
EZ S A. ramulosum OM289059
NS S A. bulleyanum 0K323949
TR 53k A. owrardianum OM289057
TR R B 1 A. austroyunnanense MN635745
IR A. pendulum NC_053848
[INSEL R 27 A. flavum NC_056280
)%k A. duclousii 0M328070
Ak A. stylosum 0M328071
w53k A. contortum NC_038098
— A. ciliare NC_031420
— A. jaluense subsp. KT820668
Jaluense
P EREDS A. japonicum subsp. KT820670
napiforme
B[ AEDS A. kusnezoffii NC_031422
53 A. carmichaelii NC_030761
253% A. volubile KU556690
— A. chiisanense NC_029829
— A. austrokoreense KT820663
FAITEERSS A. monanthum NC_031423
ALk A. coreanum NC_031421
— A. pseudolaeve NC_035892
EAUEDS A. finetianum NC_036358
e 23k A. longecassidatum NC_035894
— A. angustius NC_036357
— A. reclinatum MF186593
53k A. sinomontanum NC_036359
4 Jii A. barbatum var. KT964698
puberulum
— Gymnaconitum NC_033341
gymnandrum
KR C. orientalis NC_047292
Consolida
AR LR D. anthriscifolium MK253461
Delphinium

T — FoRTEs TP B &) R B Bl i b
P
Note: — indicates that the Chinese name of this species can not be

found in the electronic Flora Reipublicae Popularis Sinicae.

FEACRG 1 W OLFRS 1T EF NAD(P)H
AR R A0 (5 R b/t B A RIER  ATP
il 5 DRI R 8 T A M 2 Ak il R 7 6 R [ HE rh
HEVEMRGE R G i 2 HA R L 6 4~ oK
HIDJREFEA 8 A, FER L LR & 21 X% I
S A 2 MR 3 (rpl2 rpl23) 2
BN HE (rps7 (rps12) 4 4~ rRNA JE[H (rrd.5 .
rrnS rrnl6 rrn23) 7 4 tRNA £’ (1rnA-UGC (trnl-
CAU .trnl-GAU .trnL-CAA tranN-GUU _trnR-ACG | trnV-
GAC) .1 1> NADH Wt & (ndhB) 3 4> AR H ) fig Hk
W (yef1 yef2 .yef15) (£ 4) o
2.2 &M EREERE A SSR 74

10 ARG S A - 2 1A 35 D9 2 v 2R 8 B 60
(LJ-1-2) ~73 > (JS-1-4) SSR i i (K 2 A) , f0 4%
28~37 AL R SSR s 13~ 16 P A% H R
SSR i &5 .6 ~9 > = HZ AT R SSR i 5 .6 ~9 > PU#%
TR SSR 78 .2 ~5 DAL H R SSR 7 A, AR &
AR SSR i &L, AR ER S L& K
(44.4% ~51.5%) , HHEFHEL H0 A/T . C/G,
B L E 2 BT AT/TA, =B L 552 ¥ AAT/ATT,
ATC/ATG, VU B, 2 5 52 B 50 AAAG/CTTT  AAAT/
ATTT Fl AATG/ATTC AATT/TTAA, FLls & &2
JG AATAT/ATATT J& 10 R & 3 1 SSR (K 2.
B) . 10 ARE: i it A4 BE PR 20 vf SSRs 19 53 A1
BT (K 2.C),LSC X & A 534 4~ SSRs, SSC
X & H 42 4~ SSRs, IR X %7 88 /1~ SSRs, A [A] B
fin SSRs 7E 3 A~ X 5 L AN S AR ] . LSC Xy
78.6% ~83.1% ,SSC X} 10.8% ~ 14.7% ,IR X K
5.6%~8.6%,
2.3 IR ARy KK L DR

ARG T 10 A% 35 b i S 0 5L R 20 1Y
IR XA S50 DL 3, 10 ANEE & SR JE A
ZH K FEAE 155 744 bp(LJ-1-2) ~ 155 937 bp(DC-2-
2) Z [, IR X3 1 K & 26 127 bp (DC-2-2) ~
26 170 bp(JS-1-4 QJ-1-2  LX-1-3  LJ-4-3) ,LSC X
A JE N 86 496 bp(LJ-1-2) ~86 680 bp( DC-2-
2),SSC XA K K 16 921 bp(LJ-3-2) ~17 007
bp(LQ-1-3,GJ-1-3 NL-1-3 . DC-2-2) , It A £ i 1)
LSC . SSC il IR XL R/VHAL, IR X 5 SC X34
FEFEARST B A RE S SR L D 40 Y TR X A H:
oAt b TRV I AT 22 55 10 SRR SH Y rps19 FE (K 1y
#i B IRb X 63 bp; B& LQ-1-3,GJ-1-3 NL-1-3, DC-
2-2 4 ARG rpl2 KN 1486 bp 4, HARFE
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Chloroplast genomes of
10 cultivated varieties

155 744 ~155 937 bp

W %%% 1 Photosystem I
B R Photosystem II
[ LS AH  Cytochrome b/f complex
[ ATP #  ATP synthase
[] NADH %(ftif /il NADH dehydrogenase
B —BMERRRILR XIS RubisCO large subunit

s
AN
NN

G S5
O semgearse/ sz P yistability factor J& N
B RNABRABIE  RNA polymerase A N
[0 #2344 2 1 /8 T 3 Small subunit of ribosomal protein (SSU) & £

[ #:85 1k 2 1 O 4 Large subunit of ribosomal protein (LSU)

W #:5Z RNA Transfer RNAs

W #%%E/k RNA Ribosomal RNAs

W cippP. matk#£ W clpP. matk

[ Jtft L Other genes

[ {8 5% it 5k 4% 3% HE Hypothetical chloroplast reading frames (yef)
O JF i 4E ORFs

O #s% 2 B F Translation initiation factor

W £ 74 54 Polycistronic transcripts

)
"‘/7/% e

RIE] B FR AN Rl D RE R IR, HLZR 2208 S 1) 5142 X (IRa 1 IRb) AW R, B0 DRE 38 R A1 43 R /1N (SSC) FIR (LSC) B8 DX,
VAT P DR U 1 10 7 s, A1 B ik DR I 17 Tl e % RR (AN BRI SRR GC i RO (AR AT i,

Colored bars indicate different functional groups. 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 GC content, the light gray to AT content.

1 10 s R e A E R AYE EiE

Fig. 1 Physical map of complete chloroplast genome in 10 cultivated varieties

() rpl2 K JEH4 4 1 490 bp ; ndhF FE K BE 2 IRb/SSC
113 ~ 119 bp; Ir A K 5 B9 yoft 5E A 35 44 15
SSC X Fl TRa X, 3 H. yefl FH KFH /0 F SSC X
(4 012~4 027 bp) , 141 286 bp {ii T IRa X ; 7F
10 MHF 5 1 IRa/LSC 1 B3940 F rpl2 1 trnH F
], ernH FE R ES TRa/LSC 14 120~126 bp,

24 EHFEEEALLLXT

DI 5 R 5 2% (] mVISTA 78 28 T H X}
10 A% 15 i 18 I 2 (A Bk DR 21 38 47 4 1 8 EE X, LA
OIHE 10 AR EG S B SR SR N AL F S 22 5% i
P 4 T, 10 AR i A0 35 DR A i B AR S, o
IR X B RS , gt X AR 45 T g i X B AR SF
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Table 3 Basic information of chloroplast genome of 10 cultivated varieties

43 %

Ealipege Sen| KEAE DX /NEPE DLIX Sl A X
Complete chloroplast genome LSC SSC IR

B IR B

Gene number

WA BRHA iz
EEh) A E A E A SR g A RNA RNA

EL PoS=N
Number e CCUTEC e CORTRLgepe OCOTRL o gepe OCITRL Cwrme Tagm o omm sEm

Length Length Length Length Total ~ Number of  %{i Lig
content content content content .
(bp) (%) (bp) (%) (bp) (%) (bp) (%) number protein Number ~ Number
7 ¢ ¢ ¢ of genes  coding  of IRNA  of tRNA
genes genes genes
JS-1-4 155 849 38.1 86 585 36.2 16 924 32.6 26 170 43.0 131 85 8 37
QJ-1-2 155 857 38.1 86 582 36.2 16 935 32.6 26 170 43.0 131 85 8 37
LX-1-3 155 845 38.1 86 582 36.2 16 923 32.6 26 170 43.0 131 85 8 37
LJ-3-2 155 872 38.1 86 625 36.2 16 921 32.5 26 163 43.0 131 85 8 37
LJ-4-3 155 884 38.1 86 606 36.2 16 938 32.5 26 170 43.0 131 85 8 37
LQ-1-3 155 818 38.1 86 555 36.2 17 007 32.5 26 128 43.1 131 85 8 37
GJ-1-3 155 818 38.1 86 555 36.2 17 007 32.5 26 128 43.1 131 85 8 37
NL-1-3 155 811 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-1-2 155 744 38.1 86 496 36.2 16 944 32.6 26 152 43.0 131 85 8 37

HEA 10 AR G - S AR K D P 91 vh A7 7 — 26
AR XK B, B R ILEH [E] IR X irnK-UUU -1rnQ-UUG |
trnC-GCA — trnT-GGU | trnT-UGU - trnL-UAA | atpH -
atpl . trnP-UGG—psa] ,rbcL—aceD | ycfd —cemA [ rpl16 -
rps3 LASEER mpl20 (yefl 55,

P S o 15 e B R R X R R IR 2
PR, DIARTE T 20 BT 1 10 AR K 5 i S R 3k R 241
HOR TR DR Y 22 52K, i 18 S T i IR £
PEMERYZEALTE I 0~0.009 15, &% W 2 FEE K
F0.006 1y J2 % A 8] B X ornY-GUA - irnE-UUC |
cesA—ndhD | petD —rpoA VL } 3 K trnS-GCU | yef1 |
rpl16 .ndhF ,5E K 0] {7 X cesA —ndhD 78 55 % 5 iy
AT IR Z FEPEE Ol 0.009 15, 85728 57 3_ 407 4 A
T LSC I SSC X, IR DX A S BUAR S & 14 11 B, L
&8RS mVISTA 7E2k T H A 45 3R — 2,

25 B BEMAZEE SN

ST R AN )P R B b 11 B R 1 2 ) 2R &
KF L EEE 10 AR SR SE P21 5 51 2L R K
NCBI T #1932 755 3K & 51 2 25 A2 4 b
P31, T PR B A ( 4z it 2 PR TR 2 1 31
5T 4 5 R TR 4 ) \%Uﬁfﬁﬂﬁﬁlxlﬂﬂﬁﬁ%
(ML 1 BI) # e R (B 6,1 7) o S5 Ry
BN, 42 KK JE P AV RAE R — K3, A 53k R
938 3 S (#5885 kW A s A Sk T

J&) B s Sk Jw AR, 10 RIS R T
53w . LAAS [R)B0Hs 4 3 57 1 AL A T 41 1 46
AR E S, T iR 4 S D A R Y R
GRBWIE LR, LI-1-2 SERBREE (A, pendulum) %5
3TN R R 00 3 a, AFHE(99/1), FE)N Lk
(A. duclouxii) 5E% X R ¥ ;L.Q-1-3,GJ-1-3 \NL-1-3
1 DC-2-2 5H M 5 % (A, austroyunnanense ) % N4y
Y b, THER(100/1); 1J-4-3 5 D H 53k (A
delavayi) . W 1T % 3k (A. forrestii ) 55 3 >4 F LU
(100/1) BSZRFR BN I3 ¢, G H IS LRGN
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NI, HEE S A E BT RG R, AT
A BT A DR e 1 A 1) R e AR 1 S L) -
1-2 5811053k (A. contortum) B R4y 37 a, L%
(88/1) ;LQ-1-3 GJ-1-3 \NL-1-3 1 DC-2-2 5 {EL i T
BN b, THFF(100/1) 5 LI-4-3 57655 153k
(A.episcopale) 5 H-1115% 3K 5 4 YR (74/1) 1Y
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Table 4 Functional classification of chloroplast genome genes in 10 cultivated varieties
FE T e L5 L 2 Fx B
Gene function Gene category Gene name Number
ERCe ik PS MR R WA pl2(X2) rpl14 rpl16 .rpl20 .rpl22 rpl23( X2) .1pl33 . 1pl36 10
Related to Large subunit of ribosomal protein
self-replication (LSU)
KRR (/N3 rps2 \rps3 .rps4  rpsT (X 2) [ rps8 rpsll rps12 (X 2)  rpsl4 13
Small subunit of ribosomal protein rpsl5 rps18 rps19
(SSu)
RNA R 5T rpoA .rpoB .rpoC1 [rpoC2 4
RNA polymerase
HEIR RNA rmd.5(x2) . rmS5(%x2) rml6( x2) 23 (%x2) 8
Ribosomal RNAs (rRNAs)
32 RNA trnA-UGC ( x2) . trnC-GCA . trnD-GUC | trnE-UUC | trnF-GAA | 37
Transfer RNAs (tRNAs) trnfM-CAU ,trnG-GCC | trnG-UCC | trnH-GUG | trnl-CAU ( X2) |
trnl-GAU( x 2) | trnK-UUU . trnl-CAA ( X 2) | trnL-UAA | trnL-
UAG .tirnM-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
B A (REES HFRG 1 psaA .psaB psaC .psal .psa] 5
Related to Photosystem 1
photosynthesis
WERG 1 psbA .psbB . psbC .psbD .psbE psbF .psbH \psbl ,psb] ,psbK  psbL | 15
Photosystem 1T psbM psbN . psbT ,psbZ
NAD(P) H &ALk 5 ndhA .ndhB ( x2) . ndhC . ndhD . ndhE . ndhF . ndhG . ndhH . 12
NADPH dehydrogenase ndhl .ndhJ .ndhK
YR b/f 2 Ak petA \petB petD petG petL petN 6
Cytochrome b/f complex
ATP [iff atpA ,atpB | atpE ,atpF atpH ,atpl 6
ATP synthase
TR A W R A rbel, 1
RubisCO large subunit
FoAl LB T matK 1
Other gene Maturase
AT infA 1
Translation initiation factor
& it clpP 1
Protease
AR A cemA 1
Envelop membrane protein
CTRAATE A 2R ACRE T accD 1
Subunits of acetyl-CoA-carboxylase
C RN A (8 2R G L A cesA 1
C-type cytochrome synthesis gene
AN S I ) T AE yef1(X2) \yef2(X2) \yef3 yefd \yef15(X2) 8

Unknown gene Hypothetical chloroplast reading frames

TR MRS I R P JT T, B A = 2540
RHEEZY | [R) N SO R 75 28 250, ke 2 S iy i L mT
AE 23 A 2 B o ol 288 5 19 22 S O T S )
2yt B AR E M, H2Y 2 e AR, HATA

SEECOR T R S ) A A A BT, X AR A 4y
(TEMe 45 ,2014) 25 H0E (IR £ 325 ,2019) 1
A 2R M (EIRAE,2020) 2507 1 BT T RS, i
UL e B o B o R DA ) T R 3R TR 20 1
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Fig. 2 Simple repeat sequences (SSR) analysis of complete

chloroplast genome in 10 cultivated varieties

A o AT g 3 R B AR R A W A R
OIATOT R 10 AR K it A 4 Sk PR TR 4R iE
MABG LT RF IV TG, 4521 Bos, 10 4
AR ity B I S AR R AL R/ IR, 2 DL SR ) |
FELRSY (9 DU 7RG R A7 A, (145 4 03,1 4> 1LSC

X 14> SSC XA 1 X IR X, M- 44 KL [H 20 K JiF 2%
5L 190 bp, GC F 3478 38.1% , HATHH B AT i
T B RE R 131 AR, X5 53k JE Al R Y
R AL A Y 25 53 T 53 A BL (Liu et al., 20205
Zhang et al., 2021) , Ui H I 2 A 5 R 4 3 A o R A
1 75 R J AT [R) 22 B AR PR S

-2 A R 4 PP A SSR PR G 78 B0 7 T A
AE FRRRE 28NS 52 H HEA R R
e W =N T P T I R ¥ (- 2= L s T
Gy AR il B & FP AT 7 T AT 58 (Pauwels et al.,
2012) , AWFFEHE AL BT T HAE 10 AR S
R I R 3 PR 4 v A & B 60 ~ 73 4~ SSR v i,
HEAZ TR SSR (o Hie K, R Oy AT R, #5 U1
H KGN, SSR F B >, A/T R AT IR
BELEA AT/TA BB HREERERRAR, =
MR 28 2 AN & AAT/ATT, iX 5 2= &5 fiil
5 (2018) TFFE Y 2o B 44 iR B A B B 1 i S A
PRI 2H H SSR 28 AU —F, 3k 48 SSR v i AT UK 18 BT
B [0 5 Fast A5 2 AH D F o BRI 3% 2 FAm i,
SR IS A DR 2 o BB (S, (EL I DR 45 4 0 R/
FE 10 Dk BE i SR AR SE R 4109 IR/SC i A
— AN, X 10 AN AR 5 R AT 47 50T, K
fATEY LSC SSC A1 IR X 38k Y K /NF 78 40 i3 22 5+
350 K 86 496 ~ 86 680 bp.16 921 ~ 17 007 bp.
26 127~26 170 bp, &7~ H3E B 83, 4 xF F
LSC XA SSC X, IR X H R LRAF X Al g2 i T IR
DX ) 5T B PR 2 7 58 A8 e AR Il el 3 DR 46k
HAEAT 8 I, BBk 55 7 b X AR 5 % A 09 4 R
(Chen et al., 2015) , TG FEfh rps19 . ndhF yef1 F
trnH FER 1 KNG A 78 4 A i BT 25 7
/N, FETF mVISTA 762k T H 1 DnaSP #1473 #r 45
TR, 10 AFE LA — S0 A8 S5 OoR B R 1 X B,
trnK-UUU - trnQ-UUG . trnY-GUA — trnE-UUC | trnC-
GCA - trnT-GGU | trnT-UGU - trnL-UAA | aipH — atpl |
trnP-UGG—psa]  rbcL —accD | ycfd — cemA | rpl16 —rps3
DA Kz Fe I rpl20 | yef1 . ndhF %5 | Park %5 (2017) FI
Meng 55 (2018) A AHMIAY Ao 25 . TE LI RY
WFEE ndhF —trnl  psbA—itrnH psbD —itrnT M trnT—-
trnl 55 B BB T 53K R 1) &R 58 & & 5T (Hong
et al., 2017) ,{H 53k J& Fir i) 3 2 OC R AR B S 2R
U (R | A Ji ik S0 S P X B, sl /F il DAVE
B DNA S50005 T 88 5 5 K 5 S Ja AL ) 9 )
e ARG LB RLRET TV,
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Fig. 3 Comparison of the junction between LSC,SSC and IR regions of chloroplast genome among the 10 cultivated varieties
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ranging from 50% to 100%.
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Fig. 4 Comparison diagram of chloroplast genome of 10 cultivated varieties
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Fig. 5 Nucleotide diversity of chloroplast genomes of 10 cultivated varieties
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If the species name is not marked in Chinese, it means that the Chinese name of the species can not be queried in the electronic Flora

Reipublicae Popularis Sinicae. The same below.
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Fig. 6 Phylogenetic tree of 44 species using maximum likelihood (ML) and Bayesian

inference (BI) methods based on complete 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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