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Abstract: Objective The chloroplast genome was assembled and the sequence characteristics analyzed with fresh leaves of
Sanicula rubriflora as the experimental materials through high-throughput sequencing, so as to provide guidance for the further
development of the evolution and genetic development of S. rubriflora. Methods The experimental procedures were carried out
according to [llumina's standard operating procedures, including the sample quality test, the construction of library, the quality test of

the sample library and the sequencing of the library, the reported chloroplast genome of Sanicula chinensis was used as a reference
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sequence, and the complete chloroplast genome of S. rubriflora was obtained and assembled, and the assembly characteristic
sequence analysis and evolutionary analysis were performed. Results The chloroplast genome of S. rubriflora had a typical circular
quadripartite structure with a size of 155 700 bp in length. In which a large single-copy (LSC) of 85 979 bp and a pair of inverted
repeats (IRs) of 26 333 bp were disconnected by a small single-copy (SSC) of 17 053bp. A total of 130 genes were annotated,
including 86 protein-coding genes (PCGs), 36 transfer RNA genes (tRNAs) and eight ribosomal RNA genes (rRNAs). AT content
accounted for 61.83% of the chloroplast genome. One forward repeat sequence and three palindromic repeat sequences were
detected. In addition, 168 simple sequence repeats (SSR) sites were detected. The codon corresponding to the protein coding gene
preferred to use A/T base. The codon (I) encoding isoleucine had the highest frequency of use, while the codon (C) encoding cysteine
had the lowest frequency. A phylogenetic tree with maximum likelihood (ML) was constructed based on the chloroplast genomes of
seven reported Apiaceae species and two other species. It was found that S. rubriflora were most closely related with S. chinensis and
S. orthacantha. Conclusion The chloroplast genome of S. rubriflora provides more detailed and complete data for the study of
Apiaceae plants, and provides a reference basis for chloroplast genetic engineering and systematic evolution analysis of this species.
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(KT963037) LLJ 2 FhAEIERHEY I £K Zea mays
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There are four rings on the chloroplast genome map. From the center to the outside, the first circle shows the forward repeat and the reverse repeat

connected by the red arc and the green arc respectively; the second circle shows the tandem repeat marked with a short bar; the third circle is the simple

sequence repeats; the fourth circle shows the gene structure on the plastid; the color of genes is distinguished according to their functional classification

1 T TR REEFEBIKE
Fig. 1 Ring map of chloroplast genome of S. rubriflora
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Table 1 Base composition of chloroplast genome in S. rubriflora
[X 45 ABUG AL AL SR K A% T/% C/% G/%  AT/%  GC/%
MK 1 155700 155700 30.61 31.22 19.40 18.78 61.82 38.18
LSC 1 85979 85979 31.16 32.45 18.63 17.76 63.61 36.39
IRs 85980 112312 26333 28.72 28.36 20.74 22.18 57.08 42.92
SSC 112 313 129 365 17 053 34.19 33.26 16.96 15.59 67.44 32.56
%2 AnTIRMEREAERBTHREER
Table 2 List of annotated genes in chloroplast genome of S. rubriflora
FHThEE K FR A BB
HIREHIMHRL  (RNA F K trnL-UAG . trnR-UCU ., trnL-UAA . trnS-CGA . trnS-GCU. trnN-GUU . trnV-
UAC ., trnY-GUA . trnS-UGA + trnW-CCA . trnE-UUC . trnQ-UUG  trnF-
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1 BER RNA JE ] rrn4.5S. rrm23S. rmSS. rml6S
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TR SO A X E I FE (relative synonymous
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SRR FHEANE, WiFERAR; H AGC 4l
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26 AHTIRSHM 7 HLEREYMHFEEE
E BRI L8 T

AP 5 T S AR R TE (1 B AR R AR
SRR B HRL B AR T EEARRS, [ 1260
FETERIIE 7 Fh<p I RHEY) 5 216728 & S RIS A
FE KRS o b 5 DR 4 2 % 4 R 5 A gk AT E R
(£ . a8 gair, RN 8 i
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FLA 2 b A (R DU o AR S R 2 Rl s R % DLIX A
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Table 3 Codon usage in chloroplast genome of S. rubriflora

il gy ERTRAEN . .
kR BT SO TN LA

FHRER UuU 61.87 743 1.24
UCG 38.13 458 0.76
REEEKR AUU 4751 876 1.43
AUA 30.69 566 0.92
AUC 21.80 402 0.65
#FZR  UAU 81.29 656 1.63
UAC 18.71 151 037
HEE  ACU 4131 468 1.65
ACC 19.06 216 0.76
ACG 10.86 123 043
ACA 28.77 326 1.15
FHER UGU 75.00 180 1.50
UGC 25.00 60 0.50
HER CAU 7432 411 1.50
CAC 25.68 142 0.50
#Elk  UCU 29.26 498 1.76
ucc 1657 282 0.99
UCA 1857 316 111
UCG 10.40 177 0.62
AGU 19.57 333 1.17
AGC 5.64 96 0.34
KABENE AAU 75.52 756 1.51
AAC 24.48 245 0.49
RAEH GAU 80.56 750 1.61
GAC 19.44 181 0.39
BER  AAA 7345 783 147
AAG 26.55 283 0.53
WE® GUU 36.37 439 1.45
GUC 11.76 142 0.47
GUA 36.21 437 145
GUG 15.66 189 0.63
=R UUA 29.73 684 1.78
UUG 2143 493 1.29
CuU 21.95 505 132
Cuc 6.74 155 0.40
CUA 14.08 324 0.84
CUG 6.08 140 037
HE®R GCU 43.99 553 1.76
GCC 18.06 27 0.72
GCA 2721 342 1.09
GCG 10.74 135 0.43
&%, CCU 38.67 367 1.55
CCC 19.18 182 0.77
CCA 2729 259 1.09
CCG 14.86 141 0.59
HZ® GGU 32.18 511 1.29
GGC 11.84 188 047
GGA 3747 595 1.50
GGG 1851 294 0.74
WER CGU 23.58 316 1.41
CGC 6.12 82 037
CGA 22.99 308 1.38
CGG 8.43 113 0.51
AGA 28.06 376 1.68
AGG 10.82 145 0.65
REEE CAA 73.61 597 147
CAG 26.39 214 0.53
AEBR  GAA 73.11 832 1.46
GAG 26.89 306 0.54
5% UGG 100.00 392 1.00
HHER AUG 100.00 502 1.00
%k UAA 50.00 28 1.50
UAG 25.00 14 0.75
UGA 25.00 14 0.75
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Table 4 Comparison of chloroplast genome characteristics of eight plants in Apiaceae

SLN AR SRR GRS ol K/bp JEDE L Gnhd i 2R AL R DX K bp /NE DX bp S 1) R P 81K /bp

IEAF T3 MW690208 155 700 130 86
B4 T 3 MK293943 157 163 129 84
AFH 3 MK208987 154 650 129 84
A H i MWI125613 147 007 128 84
A MT501096 155919 127 81
LEAR MN652885 148 493 127 83
B5 A MN857472 147 834 115 81
SN KT963037 146 918 129 85

85979 17 053 26333
87 547 17122 26247
85263 16 927 26 230
92 415 17 576 18 508
85393 19 760 25383
93932 19 629 36932
93202 17 342 18 654
93 605 17 669 17 822
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- 2 A R DR 2H 1 3R 2R 00 i XP ML) K B AT
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AL A T (1) - S A L (R 40 7 AR A R RE, X 4L
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Mo RA RIS 3, 8 M TEBHEM R T 1
Aoy by LAY RIE G R EIXAS KR
oA b, AR ER S AR R AR R
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3 iR

AHIE 5T R F v 2 R U 5 R ) £ A8 AR SR
CRAAFE R H AT I, JF LA HRER AR &5
MRS A N 22, Rl D 2H 2% L 5 B )
PARBERIZH o AT 4% G5 s S b SR AA B R 4H P 4
FISREL, WK : Ageratina adenophora L.
AL # Smilax china LBOHRIE KA e MEYIFEA
Iy B aRAR, SRJE X SRARHEAT DNA $2HY,
AT P E A, SEI SRR IE DR 28 7 21 ) 3R
L, SRS RED. AGEAE, ART KJaE

WHA (MN652885.1)

BiX. (MN857472.1)

F1E (KT963037.1)

BHHM (MWI125613.1)

100 FE#& L (MT501096.1)

ARG

AFE 3% (MK208987.1)

100

100" EURIAEG 3 (MK293943.1)

UEEFF (NC000932.1)

FK (NC001666.2)

—
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B2 ETHZREEERSA 10 MK ML RELER

#HR

Fig. 2

chloroplast genome sequence by ML method

F o I F v 38 200 7 AR R LL A6 5 A B R 4H.
DNA ZHATHENT, ABE T 555 By Sk g
HUH- 234K DNA PR Z B Ed #2080, R R
BE AL DNA, #HTEm@EEN T, Eia
8 )AL S SR R R A1 T AU S 2 R A
H, FHPrNAER 2R R AT 85 22w AR Sk A
75T BLASTN LLXE, $REUH SCBEH 4244
raw reads, f#FIE A SOAPnuke % reads AT
R EFHE IS 2] clean reads, FFF|H SPAdes
A X e 7 m) AT H AR AR, & e A

Cluster analysis of 10 species using complete
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GapCloser #AFxT2H 38 45 AT AN, A4 358
B LACA M AR IR L PP 51 . AT T Y
THEMEC ARG T %, KK Tk E PR, FEAR
T RIG TR TR gD SRR A, I HAZ T ik
SRR, RIS, DRI Fr i S J
EEAER7e T e
AR 53R JE Sanicula L. 1E 5C B ZE Wi Ff R 4t
(Cronquist system). MEERIA R4, R H R4
(Engler system). # FHEY K E R4t (angiosperm
phylogeny group, APG) VLK (HEMEYE) 5%
AN KA 73 SR AR R R A AR ER
B, HE TR (Apiaceae) . & 5 3 Wk
(Saniculoideae Drude) B2, H 1 — 2648 G 2 J@ HEH YY)
HA—ERNZHNE, WRGRAAERT . %
MRS MLVRAE A R DR, BRI AR S B 1A ML
W i ME 28 NE AR R Th R ot — R 44 1
ROz, Wt (W) P gibniE GalATR)).
HEALYRBEYAHE 18 M, BTRAENAN 12
i, fHZ A E W HE, bR (8] 2R VE, AR AR
TU R KRS FIE. stk eefamM
R FL, AIFEE T A 7T R G0
F B4 AT X A8 AR T S A R A A
TP e Bl v2 4, A T AR G K E R
F. SSR AL mi I Y T 4, AR B R A )
Wt 7SR SEERI TR, iRt
PRFE R TR R GEdtAL 7 e (2 5 1K
RBAR AR ERARAELEZFR
SE R
[1]] Wyk BE YV, Tilney P M, Magee A R. African Apiaceae: A
Synopsis of the Apiaceae/umbelliferae of sub-Saharan
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