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Genome survey and characteristic analysis of Ligusticum chuanxiong
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Abstract: Objective To analyze the genome size and characteristics of the Chuanxiong (Ligusticum chuanxiong Hort.) by using
flow cytometry and high-throughput sequencing technology, which provides a basis for the detailed sequencing of L. chuanxiong
genome and the study of molecular mechanisms. Methods The genome size of L. chuanxiong was estimated by flow cytometry to
use Lidou [Vigna radiata (Linn.) Wilczek.] and Ludimian (Gossypium hirsutum L.) with known genome size as internal standard
plants. High-throughput sequencing technology was used to conduct survey analysis of the L. chuanxiong genome. Then,
bioinformatics was used to analyze the genome size, repeat sequence, heterozygosity, GC content, gene prediction, annotation and
gene family identification and other information of L. chuanxiong. Results The genome size of L. chuanxiong was estimated to be
about 3 058.37 Mb, the repeat sequence, heterozygosity rate and GC content were respectively about 79.79%, 2.16%, and 36.32%. It
showed that the genome of L. chuanxiong was characterized by high repeatability, high heterozygosity and large genome. A total of
34 864 genes were predicted, and 30 737 genes were annotated in the functional database, and 53 genes were annotated in ferulic
acid synthesis. A total of 2058 specific gene families and 2001 single-copy gene were identified. Conclusion The genome size,
genome characteristics, functional genes and gene families of L. chuanxiong were initially obtained, which provides a reference for
further whole-genome sequencing of L. chuanxiong, and also provide some gene resources for elucidating the biosynthesis of ferulic
acid and other medicinal components in L. chuanxiong.
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Fig.3 K-mer distribution to estimate genome size

of7 TR ZH R/ 1) B A9 B 24 A AR B DR AL O
R, TEFTE A SR A R0 139 AN XS
A 34 SNP, fhEH)IEERNARAREREE,
299 2.16%. K-mer BATFERKHE, WBER)IE
BERHAEAER I E R E, 7 5 R R
KNG 2 440.13 Mb, 29511 25 3L B 41 1)
79.79%. GLA)NEETSES. SaEe. KERA
SRR FFIE M
34 JIISEREBLEEN GC SENHT

ffHH 222.04 Gb =B EEHE, HET K=41 4%
72412 973 787 A contig A1 8 119 089 /™ scaffold.
contig N50 &y 286 bp, N90 &y 131 bp, KK EFik
F| 26 842 bp, MK N 3 198 598 874 bp; scaffold
N50 4 493 bp, N90 Jy 191 bp, H AKJE A 29 779
bp, MKEEN 3 284 536 081 bp. 1, contig il
scaffold 1] NS5O {EARX kG, WIRERH T )15 &
ARG R . @I X HBER contig 31T GC FEM
guit, R TR RRAN GC FELIN 36.32%
(B4, wMFEARFREN GC Mk, A5
W 0 773 AT TR A 12
35 JIISERBEEFSH

HEFHIGI SRS KA 2 250 901 770 bp,
ZINFERZ KN 73.60%, (KT K-mer M fliH
HEFYIEE, RFETREEHEBORIRS], S8
B EE VIR 6.19%. VERE L, AEisFRR
W EE P HI R K EZ R 2 02625 Mb, HiH,
KARuEE T4 (long terminal repeated, LTR) J&#x
FEMEEICH, HREEAM 14.14%, HIKZRKHTE
HH I (long interspersed nuclear elements, LINE),
Hi 2RI 0.49%. SSR B & /741 K 24 49.41 Mb,
di SRR ZH ) 1.62%, HEE TN 2.44%.

20

15¢

10}

IR RIE

20 30 40 50 60
GC JFi&E 7 50%
4 JISEFEAE GC ZEMFINNFRE

Fig. 4 GC content and average sequencing depth of L.

chuanxiong genome
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Fig. 5 GO annotations of L. chuanxiong genes
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Fig. 6 KOG functional classification of L. chuanxiong genes

MWIERGREM T, NEL T b 1S, 4
AR TR A TR o, JIE S5 E1% b
SHAR R AT B, A SCREE R /D
SRR IR SEAE, SRR AR BT WL FoRE,
W NITERI 73 SOR O, BURASR ), HEEEES

B, SRR AR S R BE B SR TS N,
P R e, BHACEE BRIz .
3.8 S5MMEREMERMER

BT 2|55 M R B8y, B TR b AR
WIERURRE, ARSI, EERT A



*912 F8 B 202328 B54% B3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3
A NI
31165
13086
35- [_]Other gene
[ Unique gene
I Multi copy gene
Hi% 30+ One copy gene
22965
12956
254
N3 20
e
T sy
104
e 5
19863
11786 0
WTF T % ) iEAN
C
JIE
(k]

Tree scale:0.1

— HF

—_— i

A-KH 5 FFSE AR F RN TR B-ARFEZRRFFZRNAR C-RERFR (ORI RS B RSHFHE 100%)

A-Venn diagram of gene families from five related plant species B-composition of different categories of gene families C-phylogenetic tree (blue

circle means the bootstrap is 100%)

B7 NEEREFREEERZRGLER

Fig. 7 Gene family identification and phylogenetic tree of L. chuanxiong

WESE TAENES . AR A, BIEERRI A
B EEAFE COMT A CCoAMT 122224,
FEZE5RME R NERR N WEERR-4-208 .
FHGIR-3-FAUHE . INMERR-O- F SEFE R Il 4-F S IRAH
B A JEBNE. FFEIR OFREWEER M. 27 O-
FREL IR ARSI . NEIE I A-O-FIL RS . A
LA A 5N WM AR R C4. 23R
JNE 2 5R8RER A1) o R, AT T
B KEGG ARSI A E Y & S ik
12 (map00940) AHREHE, WIRTEEIR & U FEIAH G
FERHHT TR, BH 53 ANIhReSERE 5 2 EE R
HRIERT (R Do Hi, Jmidmibg-0- A%
M 4-75 SRR A TR ZEHIR O-F AR REIR L
FE I WNHFBE AR A-O-F B RS iSRG L R 3 H 2
AN ERIEHE DAL, T00 )15 2R DR A AR A ) T R
— A s R AR PR
4 e
FERAME T — AN EVR G B R SR,
TR R IE R G BB T IR T R ist

fe e WA K. RAERRSEAR TR, &
T 35k AT ZH 0 5 AR T DAKHRE S 4 b 26 B 4H gk AT DU
F, R A B 507 306 P 7 5 34T 582 F0
A, RAIRBZYFER AT, dEim T RS
BE R4 23T, 2009 4, BRAARIEAIBAOTE g A
TR TR, MR, R 2 B AR R A
TR HET R F BN KRR S A YA
IZH7KT-RIE AL, A BT e BH 24 FERE D3 1 1 o 2
A AR R E R Z MR R, ARG HBA R
5 FR 2 ERE 1 L P R I R K B R R
BEE TR, o2 R RS B R AR R R
PRIPFEAL | HE EAR R0,

A SR P I A P AR R s A 4 )
T3 0T )15 B R 2 AT I B o sl xRt PR AR A
HNERERHAR N7 3 897.12 Mb 13 034.28 Mb,
T S E R K-mer 20 HT, 255 2 N HTES B
fEE N E R K/NR 3 058.37 Mb, J& T3 215
KWV Rl ABFFRMAA )N ZHEREAE GC FEA
36.32%, A THREFERIA GC & ENAAT 25%~



FED 2023FE2 8 $54% H3W  Chinese Traditional and Herbal Drugs 2023 February Vol. 54 No. 3

* 913

*1 BEIHRERSMIENEE

Table 1 Genes covered in the synthesis of ferulic acid

S5

KO %H

EESEAEE]

Gene ID

PAL

C4H
C3H
COMT

4CL

HCT

K10775

K00487
K09754
K13066

KO01904

K13065

15

Final. GeMoMaRNAS8150 R2.1. Final. GeMoMaGENE22547.1 RO.1.
Final. GeMoMaGENE13790.1 R1.1

Final. GeMoMaGENE18800.1 RO0.1

Final. GeMoMaRNA28548 R4.1. Final. GeMoMaGENE7004.1 RO.1

Final. GeMoMaRNA19647 R2.1. Final. GeMoMaRNA26573 R2.1.
Final. GeMoMaGENE12592.1 R0O.1. Final. GeMoMaRNA26573 R3.1.
Final. GeMoMaRNA26573 R4.1. Final. GeMoMaRNA19647 R1.1.
Final. GeMoMaGENE12592.1 R1.1. Final. GeMoMaRNA19611 R1.1.
Final. GeMoMaRNA9578 R1.1. Final. GeMoMaGENE9264.1 RO.1.
Final. GeMoMaRNA9577 RO.1. Final. GeMoMaRNA37499 RO.1.
Final. GeMoMaGENE10450.1 RO.1. Final. GeMoMaGENE18725.1 R1.1.
Final. GeMoMaGENE25.1 R0O.1. Final. GeMoMaGENE19164.1 R3.1

Final. GeMoMaRNA36980 R0.1. Final. GeMoMaAT3G21240.1 R1.1.
Final. GeMoMaGENE21063.1 R1.1. Final. GeMoMaGENE21063.1 RO.1.
Final. GeMoMaRNA24793 R0.1. Final. GeMoMaRNA5565 RO.1

Final. GeMoMaGENES8816.1 R1.1. Final. GeMoMaGENE2205.1 RO.1.
Final. GeMoMaGENE6989.1 RO0.1. Final. GeMoMaGENE16353.1 RO.1.

Final. GeMoMaGENES562.1 R1.1. Final. GeMoMaGENES5325.1 R0.1.

Final. GeMoMaRNA3684 R2.1. Final. GeMoMaGENE30103.1 RO.1.

Final. GeMoMaGENE3442.1 R1.1. Final. GeMoMaGENES562.1 RO.1.
Final. GeMoMaGENE30103.1_R1.1. Final. GeMoMaGENE2204.1 _R0.1.
Final. GeMoMaGENES247.1 R1.1. Final. GeMoMaGENE21397.1 RI1.1.
Final. GeMoMaGENE16353.1 R1.1

HQT K13065
CCoAMT  K00588 6

—

Final. GeMoMaRNA3684 R2.1
Final. GeMoMaGENE1183.1 R0.1. Final. GeMoMaRNA24943 R2.1.

Final. GeMoMaGENE1183.1 R1.1. Final. GeMoMaGENE16758.1 R1.1.
Final. GeMoMaGENE31028.1 R0O.1. Final. GeMoMaAT4G34050.1 R0.1
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