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T B 20464 5338 (Sanicula rubriflora F. Schmidt) J& A 25 FHME I RIY) , 20k TR 5 H AL 25 IR & f Y 2 1R
i B OC 2 AEE AP 80, 8 3l e et 00 6 RO 20 A 5 e i S R B 200 ), ) A 05 825 T T 6 4
PEHEATDHE R, 1 U HRAE 2116 78 7 S S A e DR 20 25480 TR A5 ) R - g R 56 PR A 50T , 4 AL ) 43S
Wit I BT SR BB R o S. rubriflora M 2R3 PR 2H 7 91 9 K )8 O 155 721 bp, Hod 4 35—~ 85 981
bp B K HLFE DL X (large single copy, LSC) Fl—-~ 17 060 bp A4 /N ¥1.$5 Ul [X (small single-copy region, SSC) , ‘B A T#%
Wi~ 26 340 bp 1Y 2 [ # & [X. (inverted repeat sequence , IR P& TF o I 4E7AF GRS RIL N 2 GC F 1M 38.20%,
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Chloroplast Genome Structure and Interspecies Relationship
of Sanicula rubriflora
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Abstract As a kind of medicinal herb, Sanicula rubriflora ¥. Schmidt is easily confused with other medicinal
plants of the same genus after drying and interspecific relationship is controversial. The structure and
characteristics of the chloroplast genome of S. rubriflora were reported for the first time, the sequencing data
was spliced and annotated using bioinformatics methods, and the chloroplast genome structure and phylogeny
were further analyzed. The length of the chloroplast genome sequence of S. rubriflora was 155 721 bp, including
a large single copy region (LSC) of 85 981 bp and a small single copy region (SSC) of 17 060 bp, and were
separated by inverted repeat sequence (IRs) of 26 340 bp. The GC content of the chloroplast genome of S.
rubriflora was 38.20% and contained 129 genes, 84 protein-coding genes, 37 tRNA genes and 8 rRNA genes
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respectively. The chloroplast genome structure of S. rubriflora was highly conservative. The coding genes

contained a total of 51 907 codons, with 5 095 leucine and 689 tryptophan. Simple repeated sequence analysis

revealed a total of 32 sites, and most of them were single base repeat A/T type. The clustering results of the

chloroplast genome supported that the subfamily Hydrocotyloideae was a relatively primitive group in the

Umbelliferae family. The subfamily Saniculoideae and Apioideae were sister groups, which were the more close

relationship of the Umbelliferae. Sanicula was a relatively natural group. S. rubriflora and S. flavovirens were

related sister species, but their morphology and geographical distribution were quite different. The results

provid a basis for the interspecies identification of the genus Sanicula and lay the foundation for further study of

its phylogenetic relationship and interspecies evolution.
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A1, it HE A 100~200 4, A4 2 11 5 4 5 HE 1A 80
AAiAT IRNA JE] 30~32 4, rRNA JER 4420 i
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BEPUVEE AR I, AR ) Sr 2K IR GERE
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i AR AR SE A RESR BE AR FRATT B 22 | B S e i Bk
PR X TSR 10 2R 8 kA AT A6 B 4 i
S, TEAE I8 A% 22 REPE R LR AP 33 1%~ 55 T THT L 7
BTz AR

214678 512 (Sanicula rubriflora F. Schmidt) X
3G T R 1 2 Wi L AE 5B TR
S RO T B, B RE | b 2 0, WA A R A
AN Z AR E R 2 , BLAT AR 98 ) 24 FH A bl 2205
WA . i AP A S 8 2 58 (Engler system)™ (I
RS 2 48 (Hutchinson system) ™ | 50 B 45 Wi R 42
(Cronquist system)" " DL e ¥ F A KB ZH N
(Angiosperm Phylogeny Group IV, APGIV )" %5 %7
MY 2K RGP = —A HARRY RS, B3
J& T I Bl (Umbelliferae ) 28 .52 W F} (Saniculoi-
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N, B AL (e [ R R rh A7 2R
=4 AL TR RIE R A D
YO AR R €ITE I El SIE RN e e S i U
R , £ AL T3 Lk AL PR AL BIF 580 T2 B
KIEJE T YIRSEE RG] R
B RS NG, AR e i A e o I 4
ARANAYIF 2705 B X £LAE 72 T3 5 B - Ak
ST Y 208, 456 CARIER PR (Apia-
ceae) T I SR AR BE DR A HEAT REBIFFE L5 SR , T LA
HBGRIBF Y E  ARAF L RELE
SR Z AN A B AR R

1 #MR57EE®

1.1 Mtk

EARIRIED JL R RIWNE 2 T Cr S S o
AR A A TS B AR LLIE (1277297 16.66"N,
42°5'5334"E) , R4 5 Li et al. LP185179, Pkt
TS AE T VKA R -4 "CEE ] o SEIEARASAE I T
VLR A Y PR A4 (Herbarium of Zhejiang Univer-
sity, HZU) N o
1.2 DNA#E. 5

FIAE ¥y 5 K 41 DNA %55 & (Sangon Biotech,
b b ) 4 AT 4B S TSR e S R ZH DNA
TS ) DNARE BT W2 350 bp B F B, Hg 2k
R SCHE B J5 f# FH Tllumina HiSeq Platform (11lu-
mina, 25 W BF, IR JE ) X A S e X A9 152 B
AT .
1.3 " THARARANEEREH

Bk T g SRR FE N 41 (GenBank %585
NC_033343)JifE2% ¥4I, {#i] FastQC v0.11.7"
X e A5 2] 19 Raw reads BCHE 47 0 8 4, 22
BRI 5T B PP 51 # Sk, 345 15 [t it Clean reads ¢
P& o BT A BY Clean reads 55 % ¥ 9 47 HEXT,
ARAG 5 I LR AR FE RN AH SC B 751 . H SOAPdeno-
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vo2 R M HEA T PR AL %S, e Je R FH NOVOPlasty ™
X AR HATAMI . R Geneious v11.0.4" %k
PEIERE, VAR R 22 1Y 2 11 20 A5 2 TR A S 3 2 1
T AL T NS AN TR
OGDraw (https : //chlorobox. mpimp-golm. mpg. de/OG-
Draw.html) 7 £k T 5 2 i i & {4 & PR 20 1 318 ]
o A5 IR A LLAE AR R R R 21
i3 Sequin X FHE5E 2 NCBI,
1.4 v RBRARESH

F| FH MISA (https : //webblast.ipk-gatersleben.de/
misa/ ) TE LA 5 BT 2146728 &35 vh fi] B 8 52 7 41
(simple sequence repeats, SSR) , #] Hf CodonW 1.4.2

VL0 A8 72 K2 58 Y 1 B RH 0 1 45T 3 (relative
synonymous codons usage, RSCU) , RSCU>1 £/~ %
BT AT, RSCU<1 FeRiZ 3 5 10 FH 4%
%, RSCU=1 F/n IS 1507 A
15 X aXerRhABaAl EEFFedn
R HF

MONCBI R 4% AR B4 20 Fif A4 ) -2 (A B
A%, LA Bl (Araliaceae ) il [ 8 2% L&
(Schefflera delavayi) FHMEHE . {fi ] MEGA 7.0 1)
FRRAMIRIE (55 2 KW WA, 1145 P
PHEY) , T SRR, W3R DT RS K
F oA, ALY E N 1000 UK

Fz1 NCBIFEER 20MEMUARIMEHEFBELTZEERAFTS
Table 1 Chloroplast genome sequence numbers of 20 species of Umbelliferae and outgroup of S. delavayi from NCBI

T4 WA ke
Plant name Subfamily Name Serial number
¥ 3E 8% Schefflera delavayi(Franch.) Harms ex Diels Agljijgjiae NC_022813.1
Hydrocotyle verticillata Thunb KR HM596070.1
K32 Hydrocotyle sibthorpioides Lam Hydrocotyloideae Drude KT589392.1
24 i 551 Bupleurum boissieuanum H. Wolff NC_036017.1
Bupleurum falcatum L. NC_027834
JIIIZ: Chuanminshen violaceum Sheh et Shan KU921430.2
W% N Daucus carota L. DQ898156.1
Hansenia oviformis(R.H.Shan) Pimenov & Kljuykov NC_035055.1
Hansenia weberbaueriana(Fedde ex H.Wolff) Pimenov & Kljuykov ApioijazeﬂDrude NC_035053.1
Peucedanum insolens Kitag NC_033344.1
¥ T 17 Pleurospermum camtschaticum Hoffm NC_033343.1
i1 & Foeniculum vulgare Mill NC_029469
L7 Apium graveolens L. NC_041087.1
% JLJ7- Cryptotaenia japonica Hassk NC_046737.1
T PH7E 53¢ Sanicula giraldii Wolff MT528256
#AE7F 172 Sanicula flavovirens Z.H.Chen, D.D.Ma et W.Y.Xie MT528257
Sanicula odorata(Raf.) Pryer & Phillippe o MT528258
T F 78 3% Sanicula lamelligera Hance Saniiiiiﬁrude MN966729
21 #7852 Sanicula rubriflora F. Schmidt MT528260
A8 T3 3% Sanicula chinensis Bunge MK?208987.1
ELJAE 5 2% Sanicula orthacantha S. Moore MK293943

TE - G SO A O [ MR

Note: The plants without Chinese names are foreign species

2 FERS5HMH

2.1 aRZTaXTREEARALEMHH

LT A7 SR SR AR FE I 41 (GenBank %55
MT528260) 4= K: 155 721 bp, GC 7% &} 38.20% .
KB L5 DL (LSC) X 35k 24 85 981 bp, /N1 H 45 I

(C)1994-2022 China Academic Journal Electronic Publishing House.

(SSC) X 38k 4 17 060 bp ,— X &[] B & X I (1)K i
539K 26 340 bpo 1 AEAR 55 IR A5 PR 24 2
K 3 129 LA, 4145 84 4~ 1 T g 3L A, 37
A~ tRNA LR A8 S rRNA JER (ILIE 1), Horp1s
NERPEH LN E T2 05EH Celp P Alyef3)
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EHE2NNEFLFE2), B RN STl L
4 58 A5 S DR A ) e B S ] AR R A 7Y
FRIKF . AR TR SRR IE A K £
F14) 1o S5 R A AFLARL 44 B 1 35 PR AR 93 D) B 40 A 3 K
A8/ SR SO AR ARG SE A
a5 RS | HEE SRS AR 410
R b/ BAYIEN ATP A REEE R NADH il &
fiftg 55 A Fl RubisCO KO 5 55 2802 S5 4k A

FALHIAATCAIIEDN 734>, AL BHA RNAZEH (RNA
AW L R A AN T 2 (Ribosomal Small
Subunit, SSU) #4443 (Ribosomal Large Sub-
unit, LSU) AIRNA JE[A] s 55 =TT EAE (Open
Reading Frame, ORF) FIHA % 1 By 5B 611U
Fe—BERFIDIREREA 54, G AR AR A A
D | Tk A RACREEED A A 3R C YA
GE AR s a shiA AR (2 2)

R2 ARTERMEFEERATEER
Table 2 Genes contained in S.rubriflora chloroplast genome

b Py BN 2 Bid
Classification Gene Family Gene Name Quantity
JeFESE 1
Photosystem 1 psa A,psa B,psa C,psal,psaJ 5
RGN psb A, psb B, psb C, psb D, psb E, psh F, psb H, psb I, psb J, psb K, 15
Photosystem I psb L,psb M,psh N,psb T,psb Z
M e R bif G .
S VERIA Cytochrome b/f complex pet A, pet B",pet D,pet G,pet L,pet N 6
Genes for -
photosynthesis ATP S .
ATP synthase atp A,atp B,atp E,atp F ,atp H,atp | 6
NADH Jiii & i ndh A*,ndh B*,ndh C,ndh D,ndh E,ndh F,ndh G,ndh H,ndh I,ndh J, 1
NADH dehydrogenase ndh K
AL A YN b L 1
RubiscoCO large subunit
rRNA rr 16%,rrn 23%,rrn 4.5%,rrn 5° 8
RNA % 5 i Iy 5 -
RNA polymerase rpo A, rpo B,rpo C1",rpo C2 4
TEbE AR /N IE 2 (SSU) rps 2°,rps 3,rps 4,rps 7¢,rps 8, rps 11, rps 127, rps 14, rps 15, rps 16", 13
Ribosomal protein(SSU) rps 18, rps 19
3R ;
Self-replication PRI (LSU) rpl 14,rpl 16, rpl 2", rpl 20, rpl 22,rpl 23%,rpl 32,rpl 33,rpl 36 11

Ribosomal protein (LSU)

trn A-UGC®,trn C-GCA,trn D-GUC,trn E-UUC,trn F-GAA,trn G-GCC",
trn G-UCC,trn H-GUG, trn I-CAU?,trn I-GAU®,trn K-UUU",trn L-CAA?,

tRNA trn L-UAA",trn L-UAG,trn M-CAU,trn N-GUU?,trn P-UGG, trn Q-UUG, 37
trn R-ACG?,trn R-UCU, trn S-GCU, trn S-GGA, trn S-UGA, trn T-GGU,
trn T-UGU, trn V-GAC?,trn V-UAC",trn W-CCA, trn Y-GUA,trn fM-CAU
SN A Maturase mat K 1
PR cem A 1
Envelop membrane protein
2B A YR 1L e .
FElIE Subunit of acetyl-CoA-carboxylase
Other genes §
N (0 28 C By L A ces A 1
Synthetic gene of cytochrome C
[/} Protease clp P~ 1
5 5% )i 8 K Transcription promoter inf A 1
KA REHL A - NN
SPRE 5 ] S HE
Unknown PR ABE ) S AR T 1] A yef 1.yt 2¢.ycf 3.yt 4 5

function gene Hypothetical chloroplast reading frames

TEARFBERA A REE S AN ST T RERER SN ST

Note:? represents the gene has two; " represents the gene contains one intron; ™ represents the gene contains two introns

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.
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E1 gHTEEAMEEEREARE
Fig.1 The chloroplast genome of S. rubriflora

2.2 aREEFTEAAREESTEASH

21 A8 AR B3R 4 B 3 R AL 51 907 A % 5
TR 2) . Hp g2 e =2 &S5 095
D (9.81%) , 5 /b 1Y 52 4 2 R 689 1~ (1.74%)
21k %S - UAA fif T B 5 o 0 % (UGA
2.07% ; UAG 1.55% ; UAA 2.15%) , 5 B i 28 &
3 (S. orthacantha )™ — 3, 214675 G %1
fli & UUU , UCU , UCC , UCA , UAU ,UGU , UUA |
UUG ., CUU ,UAA ,UGA ,CAU ,CAA ,CGA ,AGA |
AGG ,AUU ,AUA ,ACU,ACC ,ACA ,AAU . GAU ,
AAA ,GUU,GUA ,GCU,GCC,GCA ,GGU ,GGA |
CCU ., CCC ., CCA . GAA, 3t 35 Fl | JC Ml & 1
UGG . AUG 2 Flr, fifi I 450 2 5 IK (9 oy UUC 45 3
27 Fp
23 AREEXHEZARAREAT LT LA
2H

LIRS AR A A 324~ SSR(IER 3),
KHBSr SSR BT RR EE (251~,78.13%) , W%
HWIREEA 61 (18.75%) , ERELZA 11, BRE

(€)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

I E A SSRAM, HAx SSRs ¥y A SR THL . 414K
AR LSRR B S P SR T LSC X (23 4),
IRa . IRb .SSC X A4 X AL F 34
2.4 FREFGTEAA R ARHH

ARG R B M A 95% UL R E AR
LR R . RGN R, 20 MR RHEY)
B 53R 3 2R - KA =2 A (Hydrocotyloideae ) |
AR 5 R} (Saniculoideae ) F1 73 F} (Apioideae) .
Ry R R KA S R 2 R ) ZETE R
SEBFIR MR P AHEY) 5 2 TS ARHEY)
R — 3 IR IR SR, R RIS

ARG SR B A 4 Ry 2 3, o BHAR (S,
giraldii )5 3 2R — 3, RN AS 5252 (S. odorata )
5 HAR TP G 3R O — RS, e o 72
R Ry — 3, Fe Ay 5 AR TSR JE AR A R —
Ko A S PAEY Th LA T3 S HARAR TR (S
flavovirens ) T F— 3, i F A2 T3 (S. lamelligera)
AR W3 (S, chinensis) FNELRI AR S0 X R — 3,
BHEE N 95%(ILIE3) .
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2500
OffTIERSCU
116 B %E Number
2000 [
084
1500 | A 1.32
144 .
; . 1161’2 125 112 o8 102
1000 [ 113 T o e 137
135 083 086 068 123 078 F 107 L4 1
. i
500 - 1 3p 96 o 077 455 | T e 0.65 d34 0.63 0,69 07"
57 10 1218 so |7 0% ¢ i 048 4 op 48
3
0 UUU UUC|UCU UCC UCA UCG AGU AGC|UAU UAC|UGU UGC(UUA UUG CUU CUC CUA CUG|UAA UGA UAG[CAU CAC|CAA CAG|CGU CGC CGA CGG AGA AGG|UGG
R HER BAm [bam SER RAFWT | 2R (AR HE% 45
Phe Ser Tyr | Cys Leu TER His | GIn Arg Trp
2500 r
136
2000 f
1.17 1.34
A 1.05 B
1500 [ =
138
0.78 =
137 2Jgs 08¢
1000 [ 1 0.66
PP bds [ | 102, 18 'Y S = 136 =
128 i » .03 098 & ¢ 1pst 0.62
500 [ o 0.66 o 1° 0% ! B o 075 LIS 105 17 062 o " 0.69
4] fof 47 6 0.62 4o, o3 44 5 7
0 4 4 L9 452 41} 4o H H 2
0 AUU AUC AUAJAUG|ACU ACC ACA ACG|AAU AAC|GAU GAC|AAA AAG|GUU GUC GUA GUG|GCU GCC GCA GCG|GGU GGC GGA GGG|CCU CCC CCA (CG|GAA GAG
SLER [RE WEm [RABHNRA R BT B N Ham el REAR
lle Met Thr Asn | Asp | Lys Val Ala Gly Pro Glu
HIERRFIZE Types of amino acid
B2 AHETEXFHEFEERAFBFHEMNENERE
Fig.2 The number and RSCU of codons in the chloroplast genome of S. rubriflora
3 itig 451 22 5, RE RS T 4 1) Sl st AEL P b 9 RAE )

LIk BN B A D RE S e 2 U T
I 20 s i e Ul A (22 e e s
AL RIS Bl AT AL o 26 e = (3
SR ERIE R T MR e iR MELU ED
AT B, O AR 3R BRI A RS S S
WFFE b, ZLAEAR o b 3R B R ORLY) , T i
BTSRRI RS IRE HAT B, S s T
A IR A 22 S AN R 202 TR AR e B 5" AR X
XA SR T AT HER 28 . DR ASIE S
Or TR REXS TR R 2328 5 b e A E S 4 4t
W

M2 (RS N 21 B A B R st A%, b Sz AL g
PR R4 L BERS PR AL e BE I R I (R B, ol
() A4 AT AR A , HL i 2 (A Ak X 20 1 51 22 1)

(C)1994-2022 China Academic Journal Electronic Publishing House. All rights reserved.

) B AS AL AR B, 3k B4 B RE S 11 N B 4 3 B A
28U b AR B AR IE NV, T AR B A
Y U KA B EY R IR BA R E . b
& HE W)L DR 20 2 E BT AR TP T 91 1 A T
J& WO T SIS EE BB FE T TS 81,
Fr Bl gy 1 e SR BEE B D AT R iy Fh 2k
B, A FH SRR PR 2 SRR ) K 7 AL
FHEREME L Deng X1 250 (Angelica
nitida) JEAT SRR 5, % IS T (An-
gelica dahurica) T H I 2%, Ge ZE20 %) KA =2 (Hy-
drocotyle sibthorpioides ) 17 W& /A J [ 20 I ) JF:
B HN S I B v 25 B 54 8 T IR, Huang
SECTR S A A SR R 2 A BT L 2R )8 (Camel-
lia) J& & 13 RV P AT OB 02K . MiABFFE 4R
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100 NC033344.1 Peucedanum insolens
100 DQ898156.1 Daucus carota
100 NC029469.1 Foeniculum vulgare
100 NC041087.1 Apium graveolens
100 ——— NC046737.1 Cryptotaenia japonica Apioideae
KU921430.2 Cluanminshen violaceum
100 100 NCO035055.1 Hansenia oviformis
00 100L— N(C035053.1 Hansenia weberbaueriana
NCO033343.1 Pleurospermum camtschaticum
- - NC036017.1 Bupleurum boissieuanum

L NC027834.1 Bupleurum falcatum
MT528256 Sanicula giraldii
MT528258 Sanicula odorata
1 MT528260 Sanicula rubriflora
100 MT528257 Sanicula flavovirens
MT96729 Sanicula lamelligera
100 - MT208987.1 Sanicula chinensis
95L MT293943 Sanicula orthacantha
—— HM596070.1 Hydrocotyle verticillata
100l KT589392.1 Hydrocotyle sibthorpioides
NC022813.1 Schefflera delavayi

0.005
—

B3 ETARTEXZMEEZEYHREEERAFIINREHAR (ABFIBELE DINEED
Fig.3 Phylogenetic tree based on chloroplast genome sequence of S. rubriflora and relative species (outgroup of
Schefflera delavayi)

100

Saniculoideae

Hydrocotyloideae

®3 ARTERMHFEEEAHHSSR
Table 3 SSR in the chloroplast genome of S. rubriflora

g O FREERS RN R Lk BRI &5 M WEREEFS KU Eha 3 i IX 35k
No.  Type SSR Size Start End Area No. Type SSR Size Start End Area
1 P1 (A)10 10 3931 3940 LSC 17 P1 (TH11 11 67 017 67 027 LSC
2 P1 (A)10 10 5140 5149 LSC 18 P1 (A)10 10 67 383 67 392 LSC
3 P2 (AT)9 18 10586 10603 LSC 19 P1 (A)10 10 72 305 72314 LSC
4 P1 (T)10 10 13205 13214 LSC 20 P1 (A)11 11 72 945 72 955 LSC
5 P1 (A)14 14 13831 13844 LSC 21 P1 (T)10 10 79 926 79 935 LSC
6 P1 (T)11 11 19593 19603 LSC 22 P1 (T)13 13 81 858 81870 LSC
7 P1 (T)12 12 27323 27334 LSC 23 P1 (T)11 11 84 358 84 368 LSC
8 P2 (AT)9 18 30725 30742 LSC 24 P1 (T)14 14 86 052 86 065 IRa
9 P1 (A)13 13 32475 32487 LSC 25 P1 (T)11 11 100139 100 149 IRa
10 P2 (TA)7 14 46111 46124 LSC 26 P1 (T)10 10 104 129 104 138 IRa
11 P2 (TA)6 12 48190 48201 LSC 27 P2 (AT)9 18 121034 121051 SSC
12 P1 (T)10 10 55915 55924 LSC 28 P1 (T)15 15 127760 127774 SSC
13 Pl (T)10 10 61948 61957 LSC 29 P1 (T)11 11 128 044 128 054 SSC
14 P2 (TA)7 14 63379 63392 LSC 30 P1 (A)10 10 137565 137574 IRb
15 ¢ (A)lltattacatata(AT)9 40 65045 65084 LSC 31 P1 (A)11 11 141554 141564 IRb
16 P1 (A)10 10 66835 66844 LSC 32 P1 (A)14 14 155638 155651 IRb

TE:PL R s P2 YR ;¢ 2T IR
Note: P1.Represents a single nucleotide ; P2.Represents a dinucleotide ; c.Represents a polynucleotide

TR LT A AR T2 5 W MR 4 R DR 21 45 0 R AT 4R
18, WAL R o1 M e S I 1O R it —
R TR SR A B SR AR TR, A
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