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Fhp . ZEBEEAT 51455 7.1 GB. 7.63 GB. 7.23 GB. 6.59 GB #i#i, il Nr. Nt. Swissprot.
KEGG. KOG. Interpro. GO. Intersection. Overall 25K (454 B #EAT & AR I, 435I 70 7 71 024,
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Abstracts Angelica belongs to perennial herbaceous medicinal plants, and early bolting seriously affects the
yield of Angelica, and the molecular genetic mechanism of Angelica bolting is still unclear. This study used
RNA-seq technology to sequence the leaves, stem segments, seeds, and roots of Angelica sinensis, and annotated
all the assembled Unigenes to find the main candidate genes for regulating Angelica sinensis bolting, and
performed functional analysis of candidate genes. The results showed that 7.1, 7.63, 7.23, and 6.59 GB of data
were obtained in the transcription of leaves, roots, seeds, and stems of Angelica, respectively. Protein prediction
through protein databases such as Nr, nt, Swisstorm, KEGG, KOG, Interpro, GO, Intersection, Overall, etc.. 71
024, 59 931, 49 694, 51 832, 55 320, 46 908, 35 598, 17 133, 79 161 proteins were predicted,
respectively.80.13 % of the predicted proteins in all transcripts are homologous to carrots. A total of 2,666 genes
expressed differently in the KEGG pathway are involved in plant signaling; A total of 56 candidate genes were
screened and 56 candidate genes were compared with the genes involved in the regulation of flowering in
Arabidopsis, carrots, and mustard, and 56 candidate genes were compared with nucleic acids in NCBI.
Unigene45683_All, Unigene11264 All, which is homologous to the direct control of bolting AP1 transcription
factor, the integron FT which activates AP1 transcription factor and the FD homologous, and the homologous
gene Unigene4344_All that participates in the optical cycle regulatory gene CO (CONSTANS) are obtained.
Promoted in mustard The expression of AGL24 by bolting integration factor SOC1 can also directly affect the
homologous genes of bolting gene LFY, Unigene468836_All, Unigene7820_All, and CL10006. Contig 2_All.
Therefore, the above candidate genes are likely to participate in the regulation of Angelica pull-related molecular
mechanisms. In this study, the candidate genes associated with bolting of Angelica sinensis were selected, which
is helpful to understand the bolting related molecular mechanism of Angelica sinensis, and provide theoretical

basis for excavating and controlling bolting related genes of Angelica sinensis.
Keywords Angelica (Angelica sinensis), Bolting, RNA-Seq, Homologous genes

45 (Angelica sinensis (Oliv.) Diels) &<l 2 AT AEY), & 0.4~1m, (£ 6~7 H, R 7-9 H.
HEFESMEEN . = I Filg. s, BT HREIRE ., BE W, 5 eEA
PR 90%LA b HIHMGET (FARAER)  PLTRRANZ), BATEMLANIL, I 20 1k i A i i {4

2 P D2 (h S N RSN [ 25 L 2% 51 22, 2005, 46 N ROIL AT 24 4(2005 4Rl #E), pp.89). HURZ5#fL



FZEEE TR, IR By T AR I B (TR AR 4, 2000) R K il (MBS, 2019) M Koy, 4l
BT RBMENEY . 20, AHRURFEWEERANME T REZ MBS, BATZNAEER, X
MNERIFE RS RIERGE . ARG WPRIE RGP AW . TR, BEE AR AR EMAA]
X RAREG DR 5 SREHG N, b 2547 b N A vy bRos R R LRI Y. e, A S5 2 R e OO R SR
W AWIER, HHACE ZH TR Jokk, RS A TRl A4 7= (25D B A PGH
1%, 2005; #Wt45, 2006) .

HBHEE BN Ak —, BT B Z R R, S B M B
ANFESE (¥R, 2018), b, shERFEN LA R SR ENRKE R, EROCEQ0L6)E AR, —H&
Ff IR RIE 20%~30%, BEH|EIET REM, MEREIL 60%~80%, JTHEEMMAT M at. A2
ERE R AE KA A KERES 248, BT EREY > m a5 R 2L, YT e,
T MRED R, &SRB R EER, M T A RN ESHR, 2. HEEFREERIED
K, By k5 I 2 R R IEAVE Y Ae 7 B TSR (FERG 42 5%, 2015). 2 5 HlEE 1 243 K86 738 FR s T
MES L, WEHAEERKENR, B, AR, ANRENZ, ST UE R R FRAR (B M 4%,
2016). HET, BN ZDBMMNESR T BRI B EEOR . BIFHR AT H 25 2 AT 8T 7T,
Eetn, M7k MR (2014)i8 i <A 1 B S A AR a0, BRGNS (2015) F) T NS I8 E R 24 VA 25 HEAT Ab PR
<5 3K 25 (2003) 3 3 0 A Y IO R B 1 R R A Y R T S5 D D 20 0 RS 24 U ik ) AT T T, ORISR

T EE Z WIS 5 AN A I FIVE T . JasEok, WK @S TR, BaUEYI M 7T
FRRRIZHIEW, T AR e CO. RERIBE LFY. MEALE . FLC. VRN ZZ /1§
HIJTAERBEIER . Horh FLC RFIRIEH) 2D, L6 b5 S A1 SOCL M FT, M
THES] N LEY Al APL ZEJTAE R E R, sz TR . Jualig et CO R0 I
REEFED, HERENTHRIEB SR T SOCL. &R AAWMEIMEREN, AHEREEEIEIT LI ek
LFY MR B sAE. £5 Rk, FLC 2 B FMEFE M@ s ER, StEM@mE COo M#E/EM T
FT, szl (ks bl E o e SR APL B LFY, AT E i/ BT 1E .

B 0 PP (RNA-seq) O 2 Kk e Jy— PR BOAS s Ras 1) TR A Il S . ARG ANZEERHAFIIE

SRS, RIS T EM AT RIE R AR — (B IR T 5, 2017). ASEIGXT 2 U



W Bhpy ZZBGHAT RNA-Seq M7, JEIE S WIE b il il 22 A O, AT RIPR LS, R LR GE G

AR [ 2R b il AR AR R
1EREH
1.1 P51 3% Fe g 5 X TR
LR ILIAS 190 388 594 > Reads, ANFIZLZIH1H) Q20/Q30 ¥k 94%, Wi, I LLHT

JEEHIEE 1) HAIEIRTE 7.1 Gb i, WA 47338454 /> Reads, Q20/Q30 F 4L/ 5 98.23%F
94.88%; MR 6.59 Gb £(#i, WIS 43 944 790 4~ Reads, Q20/Q30 F 4Lk 435> 98.28% F1 94.99%;
Fh7ILERS 7.23 Gb #dfE, M5 48 214 288 4> Reads, Q20/Q30 [ 4 tb 75~ 98.05% A1 94.47%; AR it
343 7.63 Gb ¥, W75 50 891 062 1~ Reads, Q20/Q30 [ 43 EL 437l A 94.47% 1 94.59% .
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Table 1 Data Statistics on Transcription Group Sequencing

253 it i i =
Classification Leaf Root Seed Stem
Y/ EFSRER

47 338 454 43 944 790 48 214 288 50 891 062
Total Raw Reads
TEBR G S

47 336 254 43 942788 48 212 110 50 888 708
Total Clean Reads
TEBR G S IR K (nt)

7 100 768 100 6591 718 500 7232 143 200 7 633 659 300
Total Clean Nucleotides (nt)
Q20 (%) 98.23 98.28 98.05 94.47
Q30 (%) 94.88 94.99 94.47 94.59
N (%) 0.00 0.00 0.00 0.00
GC (%) 39.26 42.1 39.33 39.04
15 b 5 B8R (Gh)

7.1 6.59 7.23 7.63

Total clean bases (Gb)

FIH Trinity #1442 1% 366 738 4~ Contigs, ik % e £33 113 573 4> Unigenes, “F#K %4 1 068 nt,

N50 K J& 4 1802 nt (K 1).
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Figure 1 Distribution of lengths of the assembled unigenes in Angelica
1.2 ThEeHERE

BP0 Unigenes i#id 5 Nr (NCBI & A EHE ). Nt (ETURAZ TR R ). Swissprot (R A i P
S HEE). KEGG i . KOG(HZ AW E A FIVR A ) Interpro HE 3 & GO (& KA i Hidls
FE). Intersection. Overall %% [ #48 FE kAT ELxt, 23 300l 7 71 024, 59 931. 49 694, 51 832, 55
320. 46 908. 35 598. 17 133. 79 161 MM H, 7l b AEN 62.54%. 52.75%. 43.76%. 45.64%.
48.71%. 41.30%. 31.34%. 15.09%. 69.70% (¥ 2).
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Table2 Summary statistics of functional annotation for Unigenes

Hodh e K 53 (%)
Databases Number Percentage (%)
Nr 71024 62.54

Nt 59 931 52.75
Swissprot 49 694 43.76

KEGG 51 832 45.64

KOG 55 320 48.71

Interpro 46 908 41.30

GO 35598 3134
Intersection 17 133 15.09

Overall 79 161 69.70
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Figure 2 The species distributions of the homologous proteins of predicted proteins

1.3 Unigenes K] KOG 4r2&

KOG Bfg R3] 55 320 4~ Unigenes (& 3), #{yERERI Unigenes ik 1 i B A miGaiti<. s

{55 % S H14)”(Signal transduction mechanisms) ) Unigenes & 7 062 4>, Jit i ELfi A 12.76%.

* 3 1M1 KOG Zhag 2K L

Table 3 Classification and quantity of KOG functions in Angelica

FFs The e P TR o
Number  Function Quantity Number  Function Quantity
RNA FrAL2E 5 &1 S EESh
1 2506 14 49
RNA processing and modification Cell activation
2 Gt ik gim) 53 5 860 15 Mg JE i, EAREGR 5633
Posttranslational modification, protein
Chromatin structure and dynamics
turnover, chaperones
3 REE A 5 AL 2209 16 ToHL L BT iskm 5 A 1452
Energy production and conversion Inorganic ion transport and metabolism
4 240 M0 JA 01 4 1404 17 DA VI 5 S 6 23 R 1867

Cell cycle control Secondary metabolites
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11

12

13

RIERR I e 18 5 A

Amino acid transport and metabolism
R )18 5 A

Nucleotide transport and metabolism
KA S iz 50
Carbohydrate transport and
metabolism

il iz 5 5 A

Coenzyme transport and metabolism
Jig T iz A 5 A

Transport and metabolism of lipids
FHVE, B R S

Translation, ribosomal structure

e

Transcription

g, EHEBE

Replication, recombination and repair
B R, HRAS 1

Cell wal, membrane Messenger

2036

620

3104

523

2609

3051

4603

1547

1283

18

19

20

21

22

23

24

25

transport and catabolism
R D Re T

Gene function prediction
KA e

Function unknown

LS L

Signal transduction mechanisms

4 B Py 3 % 43
Intracellular transport secretion
B fEAL |

Defensive mechanism
G|

Extracellular structure

7310

Nuclear structure

i A 2

Cytoskeleton

14 114

4962

7062

2588

947

381

257

1226

1.4 ZPAFHARZRRIEERF K GO ThRenRM KEGG @7 i
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Figure 3 The statistics of differentially expressed gene in Angelica Different tissues

Note: The transverse coordinates and longitudinal coordinates in the figure are calculated as the gene expression levels in different
tissues of Angelica; A: Shows the difference in gene expression between root and leaf; B: Statistics on the number of gene expression
differences between seeds and leaves; C: Shows the number of gene expression of stem and leaf; D: Shows the number of different
expression of seed and root genes; E: Statistics on the number of different expression of stem and root genes; F: Statistics on the

number of gene expression differences between stem and seed; All genes are divided into three categories, red representing an



increase; Blue representing downward adjustment, Gray indicates that there is no difference in the expression of the gene in two parts
Gene ontology(GO) =& % /& 5 3 K A 8 1 Bk AT Th ek, EZFN A o Fose £y it
o 104 623 4~ Unigenes 15 2] GO DiRiERHF, S5 68 469 4~ Unigenes, 1 60.28%:;

7y T UIRef 39 977 A Unigenes, 5 35.20%; JHREEIAEMIIL R M4 46 828 1~ Unigenes, i 41.23% (K& 4).

4 2413 Unigene 1) GO ZhE /2

v L M AR 20 AR AR, 3R, 4 AW RS 50 REL; 6: RO 70 AR 2R, 8: 5 T 9 KB I AE; 10:
Z MM LR, 101 Y TR RS, 12: AP F8 fuifdss; 13: B0H; 14: AR RIS, 150 AR, 16: 4K 17: ) RGuid
T2, 18: dHARIGAE; 19: ff#E; 20: 1AL AR, 21 AEVIIN A, 22: 3830, 23: BRI %, 241 (A 3UE R, 250 BRI F 2, 26: 4HifL; 27: 48
MRSy 28: I, 29: JBi2H 73, 30: dlif2s; 31: Ky FRCGW; 32: 4R 4H /3, 33: st FAfs; 34: 414X ; 35: 4> T HL &4, 36:
ANMERE; 37: JLRTAK; 38: iTE; 39: TGALSY; 40: AHEANX Ay, 41: A%, 42: SLAtAEIAR; 43: SLA AR A 5y, 44: K&,
45 HEALTEYE; 46: BIBTEYE; AT: 73 T-E5MTEVE; 48: Fet 8 TG ME; 49: 43 T-IURE R, 50: {5 S AL ARG M, 51 73 TAL I
EME; 52 AR, 531 E IR RSN, 54: 4 T HUAIESN; 55: A FikRIC; 56: R IEZ)

Figure 4 Angelica Unigene’s GO function classification

Note: 1: Cellular process; 2: Metabolic process; 3: Biological regulation; 4:Regulation of Biological process; 5: Localization; 6:
Response to stimulus; 7: Cellar component organization; 8: Signaling; 9: Developmental process; 10: Multicellular tissue process; 11:
Positive regular of biological process; 12: Negative regular of biological process; 13: Reproduction; 14: Reproductive process; 15:
Multi-organism processes; 16: Growth; 17: immune system process; 18: Cell proliferation; 19: Detoxification; 20: Rhythm process;
21: Biological adhesion; 22: Locomotion; 23: Carbon utilization; 24: Pigmentation; 25: Nitrogen utilization; 26: Cell; 27: Cell part;

28: Membrane; 29: Membrane part; 30: Organelles; 31: Macromolecular complex; 32: Organelle part; 33: Membrane enclosed lumen;



34: Extracellular region; 35: Supermolecular complexe; 36: Cell junction; 37: Symplast; 38: Virion; 39: Virion part; 40: Extracellular
region part; 41: Nucleoid; 42: Other organism; 43: Other organism part; 44: Binding; 45: Catalytic activity; 46: Transporter activity;
47: Structural molecular activity; 48: Transcription regulator activity; 49: Molecular functional regulators; 50: Signal transducer
activity; 51: Molecular transducer activity; 52: Antioxidant activity; 53: Nutrient reservoir activity; 54: Molecular carrier activity; 55:

Protein tag; 56: Toxin activity

KEGG (Kyoto Encyclopedia of Gene and Genomes)ifid # &L K 2. k255 T FIAEAL R G055 5 T FO 8
W, RGO AT R YD Re M BE R . iRAE D e DR X 28 KEGG 1RE 1 Unigenes 70 N4 2 . SA5E(E
SO, S SR BRI AEENLARS 5 KA. MEIE TG LR PGS S

&g, HrhZEREIEN 2666 4 Unigenes 2 515 55 5 (K 5).

K 5 7 R AITE KEGG B 4t it
Figure 5 Differential genes are counted in the KEGG pathway
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Table 4 The differential expression of gene relative to flowering in Angelica

ENEEEAE Sy
HE K F K G5 Different tissue expression ERFISER R
KO
Gene Gene ID i Ui iy E Differential expression
Leaf Root Seed Stem
7:5
AP1 K09264  CL8072.Contig3_All 13.47 34.65 20.66 21.07
NO
AN
=}
CL8072.Contig2 Al 216 0 215 2.7
NO
5
CL8072.Contigl All 2.7 479 2.79 7.22
NO
i
CL9349.Contig2_All 1.67 0 21.52 15.98
NO
i
CL9349.Contigl_All 1.74 0 17.48 29.25
NO
=
Unigene7820_All 041 0 39.97 1.06
NO
72
Unigene45683_All 0 0 202.03 18.35
YES
A~
(=)
Unigene21987_All 0.09 0.37 151 10
NO
2
Unigene8770_All 0 0 173.59 16.89
YES
AN
(&)
CL1578.Contig3_All 0 0 1.23 0
NO
AN
(&)
CL1578.Contig2_All 0 0 9.53 0
NO
7;'5
CL1578.Contigl_All 0 0 26.43 0.26
No
CO K12135 CL11021.Contigl All 15.79 0 0.57 0.77 i




FLC

FD

SOC1

K09264

K11450

K09264

K09260

Unigene4344_All

Unigene2473_All

CL7801.Contig2_All

CL7801.Contigl_All

CL11965.Contig2_All
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Unigene29029_All
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Unigenel6014_All

55.63

0.52

1.47

11.89

251

0.59

3.48

2.27

0.19

351

54.67

6.1

17.22

53.33

0.36
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0.83

7.48
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1.23

1.43
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0.9
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CL3664.Contig2_All
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Unigenel4361_All
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38.65

6.02

32.14

37.92

29.34

20.86

0.41
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1.67

1.74
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0
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10.24

25.57

40.33
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109.88

18.17

39.97

15.68

85.86

511

21.52

17.48

0.9

24.74

17.28

18.17

45

46.63

13.84

3.29

0.08

0.07

1.06

23.86

0.14

15.98

29.25

8.27

0.13

izl

No

i

No

i

NO

o

NO

iy}

No

FI

YES

D

YES

il

No

il

No

i

No

oy

No

i

No

o

No

izl

No

i

No

iy}




SVP

FT

No

AN
=
Unigene45683_All 0 0 202.03 18.35
No
=
K09260 CL8626.Contig2_All 29.34 144.67 5.15 13.84
No
4
CL8626.Contigl_All 20.86 105.43 10.72 3.29
No
4
CL10016.Contig3_All 26.88 4,01 0.71 1.61
No
4
CL10016.Contig2_AllI 4,54 0.16 0.18 0.06
No
&
CL10016.Contigl_All 4.05 19.29 0 0.6
No
=
K09264  Unigene7820_All 041 0 39.97 1.06
No
A~
=
CL1578.Contig3_All 0 0 1.23 0
No
I~
=
CL1578.Contig2_All 0 0 9.53 0
No
I~
=
CL1578.Contigl_All 0 0 26.43 0.26
No
4
CL8978.Contigl_All 3.42 3.87 15.68 23.86
No
=
K16223  Unigene23117_All 0 0 3.6 2.18
No

HAT, BRI R T 1) $h 2 IR ML HIAR XS IS I, 5 3B A G IS5/ BE R 52 APL (APETALAZ)#% 5%
Wy, ZRAETEREY AT bl 80 ke R APL, ikt [H KA -
CL8072.Contig3_All .  CL8072.Contig2_All . CL8072.Contigl_All CL9349.Contig2_All .
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