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Complete genome sequencing and BGLU gene
family analysis of Angelica dahurica
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( Key Laboratory of Distinctive Chinese Medicine Resources in Southwest China, Chengdu University
of Traditional Chinese Medicine, Chengdu 611137, China )

Abstract: Angelica dahurica is a common species of medicine and food homology, which is not only a common clinical
traditional Chinese medicine, but also a spice, with a wide range of uses. In order to obtain the whole genome sequence
information of A. dahurica, we used A. dahurica var. formosana leaf DNA as material, and the Nanopore sequencing

technology was used to establish its nucleotide sequences database, then genome assembly, function annotation and
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evolution analysis were carried out by bioinformatic methods. The results were as follows: (1) A total of 662 Gb of the
third-generation data were obtained after fittering the original sequencing data, with the Read N50 about 32 932 bp. The
assembled A. dahurica genome size was 5.6 Gb, Contig N50 was about 806 638 bp. (2) The genes were with gene
annotations accounted for 66.47% after being compared with functional databases such as NR, KOG and KEGG. The
result of KOG gene annotation was that the protein function of A. dahurica concentrated in the general functional
prediction, posttranslational modification, protein turnover, chaperones and signal transduction mechanisms. GO
functional classification indicated that the genes of A. dahurica concentrated on cell biological processes and
components. KEGG analysis found that the A. dahurica genes mostly involved in metabolic pathways. (3) And 45 genes
of BGLU family were identified in A. dahurica. In this study, the whole genome of A. dahurica is resolved by the third-
generation sequencing technology for the first time, which provides important theoretical references for the systematic
biological study and the further study of the function of BGLU in the growth and development of A. dahurica.
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185 P. EHLEFRZ AR Q. B =W A=W & B, Fed MR R —RINEETI ; S. ThRERM; T. {55 SHLH;
U. P SRS V. BIELE W, AN RS Y. AR s Z. AR,

A. RNA processing and modification; B. Chromatin structure and dynamics; C. Energy production and conversion; D. Cell cycle control, cell
division, chromosome partitioning; E. Amino acid transport and metabolism; F. Nucleotide transport and metabolism; G. Carbohydrate
transport and metabolism; H. Coenzyme transport and metabolism; I. Lipid transport and metabolism; J. Translation, ribosomal structure and
biogenesis; K. Transcription; L. Replication, recombination and repair; M. Cell wall/membrane/envelope biogenesis; N. Cell motility;
O. Posttranslational modification, protein turnover, chaperones; P. Inorganic ion transport and metabolism; Q. Secondary metabolites
biosynthesis, transport and metabolism; R. General function prediction; S. Function unknown; T. Signal transduction mechanisms; U.
Intracellular trafficking, secretion, and vesicular transport; V. Defense mechanisms; W. Extracellular structure; Y. Nuclear structure; Z.

Cytoskeleton.
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KOG function annotation classification chart
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L a2, ZEYERE; 3. ZHEEYER; 4. F5HS; 5. RERGKLR; 6. E; 7. KFIRE; 8. MM Y5
B 9. RS 100 —A Wl R 10 AR RR ; 12, B i 13, At RR; 14, A5 15, UAE AR ; 16. BRE P
17. 4HIIE; 18, A ESHRAL; 19. W5 FE G 20, 428 ; 21, 4000 ; 22, AHMIHSAL; 23, S FIL AR 35 24, 43 FIhREIETY
a5 25, R TIRE A S G 26, Fmintk; 27, [F S I 28, RGBS HGRIF IR E; 29, MEALNGTE; 30. 455, 1~
14, EYppd R 15~22. A9y s 22~34. 2 T IfE,

1. Cell killing; 2. Multi-organism process; 3. Multicellular organismal process; 4. Signaling; 5. Immune system process; 6. Localization;
7. Developmental process; 8. Cellular component organization or biogenesis; 9. Biological regulation; 10. Single-organism process; 11.
Metabolic process; 12. Response to stimulus; 13. Cellular process; 14. Reproduction; 15. Membrane part; 16. Membrane-enclosed lumen;
17. Membrane; 18. Organelle part; 19. Macromolecular complex; 20. Organelle; 21. Cell; 22. Cell part; 23. Molecular transducer activity;
24. Molecular function regulator; 25. Transcription factor activity, protein binding; 26. Transporter activity; 27. Signal transducer activity;
28. Nucleic acid binding transcription factor activity; 29. Catalytic activity ; 30. Binding. 1-14. Biological process; 15-22. Cellular component ;
22-34. Molecular function.
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Fig. 2 GO annotation classification chart
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JE 5 20. RNA P& 21. MAPK 55381 ; 22. MMM EE 5, 23. NF-kappa B {5518 #%; 24. PI3K-Akt {5 5 #%; 25.
v 26. ZH A0 ; 27, GO RERARMIIRE r 25 28, AL LA S I IR 29. NOD RESZAR(S S % 5 30. ML) - AR 5 31. Toll #5321k
{5l 5 32 Toll Ml Imd {55 il 33. AEIAMEMT; 34, & A5 Sl 1~13. U 14~20. 4G (5 BALHE; 21~24. 3R5EfS
BALH; 25~27. At ; 28 ~34. HLIARE.

1. Microbial metabolism in diverse environments; 2. Carbon metabolism; 3. Biosynthesis of amino acids; 4. Phenylpropanoid biosynthesis;
5. Purine metabolism; 6. Starch and sucrose metabolisms; 7. Glycolysis/Gluconeogenesis; 8. Oxidative phosphorylation; 9. Pyrimidine
metabolism; 10. Pentose and glucuronate interconversions; 11. Amino sugar and nucleotide sugar metabolisms; 12. Glycerophospholipid
metabolism; 13. Tryptophan metabolism; 14. Protein processing in endoplasmic reticulum; 15. Spliceosome; 16. Ribosome; 17.
Nucleocytoplasmic transport; 18. Ubiquitin mediated proteolysis; 19. mRNA surveillance pathway; 20. RNA degradation; 21. MAPK signaling
pathway ; 22. Plant hormone signal transduction; 23. NF-kappa B signaling pathway ; 24. PI3K-Akt signaling pathway ; 25. Endocytosis; 26. Cell
cycle; 27. Oocyte meiosis; 28. Neurotrophin signaling pathway; 29. NOD-like receptor signaling pathway; 30. Plant-pathogen interaction;
31. Toll-like receptor signaling pathway; 32. Toll and Imd signaling pathways; 33. Thermogenesis; 34. Insulin signaling pathway. 1-13.
Metabolism; 14 — 20. Genetic information processing; 21 —24. Environmental information processing; 25 —27. Cellular process; 28 — 34.

Organismal system.

Bl 3 KEGG IhgtiERE
Fig. 3 KEGG function annotation diagram
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Table 1  Physicochemical properties and subcellular localization of AdBGLU family proteins
LR HHXT I PEH
Fi HE D Number of o ik Theorcii:'al Total R jl:li l;;tic Grand HE AL
Number Gene 1D . Relative number  Instability P average  Subcellular
amino pl . index .
. molecular of atoms index of hydropa- location
acids . -
weight thicity
. ) A
AdBGLUO1  >evm.model.contig_30308_np12.2 86 9 761.19 10.35 1388 40.46 91.74 0.277 Nucleus
\ . ) o
AdBGLUO2  >evm.model.contig_30308_np12.3 57 6 466.10 4.62 889 15.95 82.11 0.261 .
Cytoplasm
. 1A
AdBGLUO3  >evm.model.contig_28255_np12.3 641 72 592.77  6.02 10 144 37.66 80.66 -0.291 |
Chloroplast
. -2t A
AdBGLUO4  >evm.model.contig_52431_np12.2 259 29687.46  8.44 4171 35.24 96.25 0.054
Chloroplast
AdBGLUO5  >evm.model.contig_52794_np12.2 512 58 122.58  5.89 8 067 28.22 77.93 -0.276 Vﬁii%e
AdBGLUO6  >evm.model.contig_4149_np12.12 492 56 116.18 5.49 7776 31.44 79.86 -0.381 Vﬁ%ﬂ%e
. LE=20N
AdBGLUO7  >evm.model.contig_3487_np12.4 641 72 634.86  6.10 10 153 38.25 80.66 -0.293
Chloroplast
. _ 20 M %
AdBGLUO8  >evm.model.contig_2826_np12.18 479 55784.70  5.76 7 698 22.53 69.98 0.506 Nucleus
\“““r]
AdBGLU09 >evm.model.contig_6813_np12.9 531 60 685.64 5.28 8 387 36.57 77.10 -0.310 V{ﬁl'lﬁle
. ) o4
AdBGLU10  >evm.model.contig_15195_np12.3 54 6 007.75 4.52 845 19.51 99.26 0.019
Cytoplasm
. ) o
AdBGLUI1  >evm.model.contig_5102_np12.18 58 6 671.41 4.62 920 18.04 85.69 0.074
Cytoplasm
. -2t A
AdBGLU12  >evm.model.contig_41190_np12.1 475 54912.12  6.44 7 643 35.78 80.11 -0.419
Chloroplast
AdBGLU13  >evm.model.contig_51569_np12.1 249 28 330.9 5.04 3959 28.72 81.41 -0.39 VZ%I[%(:
y ) o4
AdBGLU14  >evm.model.scaffold_848_np12.18 253 28 731.25  7.09 4012 44.65 89.72 0.019 |
Cytoplasm
. -2t A
AdBGLU15  >evm.model.contig_13620_np12.1 189 21 311.79  5.01 3002 30.18 111.27 0.35
Chloroplast
. 200 J5
AdBGLU16  >evm.model.contig_875_np12.20 310 35326.65  7.09 4982 34.39 94.32 -0.22 N
Cytoplasm
41
AdBGLU17  >evm.model.contig_5591_np12.41 73 8 246.25 4.4 1148 35.45 78.9 -0.156 AL
Cytoplasm
. ) o 0
AdBGLU18  >evm.model.contig_5591_np12.42 80 9 061.28 5.04 1275 23.91 99.87 0.085
Cytoplasm
. 20 a5t
AdBGLU19  >evm.model.contig_7151_np12.13 157 17 864.13  6.04 2 465 26.02 73.89 -0.346
Cytoplasm
. ) R
AdBGLU20 >evm.model.contig_4524_npl2.5 62 7 085.97 5.8 985 26.27 81.94 0.324 Nucleus
. 210 ot
AdBGLU21  >evm.model.contig_6554_np12.21 52 5934.62 4.76 829 18.43 99.23 -0.448
Cytoplasm
. 210 ot
AdBGLU22 >evm.model. contig_8631_npl2.4 473 52 735.38 6.57 7 307 23.91 72.98 -0.364
Cytoplasm
AdBGLU23  >evm.model.contig_8631_npl12.5 518 58 661.26  5.45 8 155 28.05 82.82 -0.237 it

Vacuole
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Gl A ID Number of L Theore{i;al Total 1R Xli };z:tic Grand FEfiL
Number Gene 1D . Relative T number  Instability P average  Subcellular
amino pl . index .
. molecular of atoms index of hydropa- location
acids . .
weight thicity
45
AdBGLU24  >evm.model.contig_26865_np12.1 132 14 503.44  9.84 2 034 52.37 68.64 -0.495 Farik
Chloroplast
AdBGLU25  >evm.model.contig_8414_npl2.6 107 12 102.53  5.09 1 661 11.18 80.28 -0.342 Viﬁl%e
. 40
AdBGLU26  >evm.model.contig_9063_np12.8 281 31082.92 4.84 4352 34.54 91.28 0.025 Nucleus
. HRES
AdBGLU27  >evm.model.contig_16310_np12.17 638 73 116.7 7.08 10 241 32.27 83.71 -0.289
Chloroplast
AdBGLU28  >evm.model.contig_5761_np12.10 511 58 131.95 8.07 8 096 29.65 80.94 -0.264 Vﬁi%le
. i 5
AdBGLU29  >evm.model.contig_4290_np12.7 74 8 391.65 7.00 1 140 52.63 56.76 -0.043
Cytoplasm
. W2 A
AdBGLU30  >evm.model.contig_9965_np12.1 51 5765.41 4.24 800 18.36 93.53 -0.271 .
Chloroplast
s
AdBGLU31 >evm.model.contig_5955_np12.1 396 44 314.95 5.76 6 198 30.14 78.81 -0.391
Chloroplast
AdBGLU32 i _ 240 Hfu it
>evm.model. contig_62681_npl2.3 930 106 242.47  6.17 14 772 36.27 74.69 0.486
Cytoplasm
. gy
AdBGLU33  >evm.model.contig_3403_np12.17 121 13 148.77  4.78 1827 38.14 80.5 0.043
Cytoplasm
. . _ W2 A
AdBGLU34  >evm.model.contig_15768_np12.11 507 58 332.13  6.81 8 127 37.22 81.79 0.371
Chloroplast
. . 20 M ot
AdBGLU35  >evm.model.contig_9908_np12.3 77 8 591.58 4.64 1178 11.55 83.64 -0.196
Cytoplasm
. 210 ot
AdBGLU36  >evm.model.contig_20919_np12.2 295 33 829.6 6.75 4 802 26.76 113.25 0.259
Cytoplasm
. ik
AdBGLU37  >evm.model.contig_20919_np12.4 321 36 622.81 6.75 5194 25.13 110.44 0.214
Chloroplast
. 200 J5
AdBGLU38  >evm.model.contig_3686_npl2.4 510 59 022.16  8.89 8 224 22.41 73.59 -0.456
Cytoplasm
. . 2000 J5
AdBGLU39  >evm.model.contig_4890_np12.4 303 33 883.74  9.21 4740 37.2 79.41 -0.257 .
Cytoplasm
. LEE20N
AdBGLU40  >evm.model.contig_10929_np12.6 228 25724.04  6.42 3638 29.16 106.75 0.226 .
Chloroplast
. ) AR
AdBGLU41  >evm.model.contig_40130_np12.2 85 9 541.12 9.74 1 368 43.04 111.18 0.048
Cytoplasm
. _ -2t A
AdBGLU42  >evm.model. contig_9053_np12.1 177 20 452.06  5.85 2 831 51.96 78.14 0.401
Chloroplast
. _ W2 A
AdBGLU43  >evm.model.contig_4791_np12.1 78 8918.13 5 1242 26.56 93.85 0.228
Chloroplast
. . _ LE220N
AdBGLU44  >evm.model.contig_5084_np12.19 511 58 990.4 9.18 8 224 22.79 71.02 0.442
Chloroplast
. A
AdBGLU45  >evm.model.scaffold_6091_np12.6 269 31269.15  9.95 4 431 61.86 78.25 0.643

Nucleus
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Fig. 7 Phylogenetic analysis of BGLU gene families in Angelica dahurica var. formosana and Arabidopsis thaliana
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KRG, 47 R T A G R KA SR | I
FERMEE TR (EREFF,2022), 1F
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Table 2 Analysis of secondary structure of AdBGLU family proteins
. . oM pAS MG A
Number Gene ID Alpha helix Beta turn Extended strand ~ Random coil

(%) (%) (%) (%)
AdBGLUO1 >evm.model. contig_30308_np12.2 30.23 5.81 20.93 43.02
AdBGLU02 >evm.model. contig_30308_np12.3 28.07 3.51 33.33 35.09
AdBGLUO3 >evm.model. contig_28255_np12.3 41.34 5.62 12.64 40.41
AdBGLUO4 >evm.model. contig_52431_npl2.2 42.47 4.63 19.31 33.59
AdBGLUOS >evm.model. contig_52794 _np12.2 39.06 6.05 16.99 37.89
AdBGLUO6 >evm.model. contig_4149_np12.12 36.99 6.5 16.87 39.63
AdBGLUO7 >evm.model.contig_3487_npl12.4 40.09 4.84 12.95 42.12
AdBGLUOS >evm.model. contig_2826_np12.18 35.70 7.72 18.16 38.41
AdBGLU09 >evm.model. contig_6813_np12.9 39.36 6.97 16.20 37.48
AdBGLU10 >evm.model. contig_15195_np12.3 53.7 9.26 14.81 22.22
AdBGLU11 >evm.model.contig_5102_np12.18 41.38 6.90 24.14 27.59
AdBGLU12 >evm.model.contig_41190_np12.1 37.26 7.58 17.26 37.89
AdBGLU13 >evm.model. contig_51569_np12.1 41.77 6.83 13.65 37.75
AdBGLU14 >evm.model.scaffold_848_np12.18 39.92 5.14 18.58 36.36
AdBGLU15 >evm.model. contig_13620_np12.1 46.56 6.35 13.76 33.33
AdBGLU16 >evm.model.contig_875_np12.20 39.35 6.45 16.13 38.06
AdBGLU17 >evm.model.contig_5591_np12.41 45.21 4.11 6.85 43.84
AdBGLU18 >evm.model.contig_5591_np12.42 42.5 11.25 18.75 27.5
AdBGLU19 >evm.model.contig_7151_np12.13 38.85 8.92 17.2 35.03
AdBGLU20 >evm.model. contig_4524_np12.5 54.84 3.23 12.9 29.03
AdBGLU21 >evm.model. contig_6554_np12.21 51.92 15.38 11.54 21.15
AdBGLU22 >evm.model.contig_8631_npl12.4 36.15 6.55 18.18 39.11
AdBGLU23 >evm.model.contig_8631_npl2.5 38.42 7.53 15.06 39.00
AdBGLU24 >evm.model. contig_26865_npl2.1 22.73 10.61 15.91 50.76
AdBGLU25 >evm.model.contig_8414_npl12.6 35.51 7.48 22.43 34.58
AdBGLU26 >evm.model. contig_9063_np12.8 28.83 8.9 25.27 37.01
AdBGLU27 >evm.model.contig_16310_np12.17 41.07 4.55 13.64 40.75
AdBGLU28 >evm.model. contig_5761_np12.10 40.12 5.87 17.22 36.79
AdBGLU29 >evm.model. contig_4290_np12.7 17.57 12.16 25.68 44.59
AdBGLU30 >evm.model.contig_9965_np12.1 45.10 9.80 15.69 29.41
AdBGLU31 >evm.model. contig_5955_np12.1 34.09 7.32 15.91 42.68
AdBGLU32 >evm.model. contig_62681_np12.3 36.24 8.28 18.71 36.77
AdBGLU33 >evm.model. contig_3403_np12.17 17.36 9.92 34.71 38.02
AdBGLU34 >evm.model. contig_15768_np12.11 37.67 8.09 17.16 37.08
AdBGLU35 >evm.model. contig_9908_np12.3 42.86 5.19 24.68 27.27
AdBGLU36 >evm.model. contig_20919_np12.2 43.39 5.76 18.98 31.86
AdBGLU37 >evm.model.contig_20919_np12.4 41.43 5.61 20.25 32.71
AdBGLU38 >evm.model.contig_3686_np12.4 37.65 6.67 17.06 38.63
AdBGLU39 >evm.model. contig_4890_np12.4 41.91 7.59 11.55 38.94
AdBGLU40 >evm.model.contig_10929_np12.6 49.56 4.82 21.05 24.56
AdBGLU41 >evm.model. contig_40130_np12.2 21.18 5.88 23.53 49.41
AdBGLU42 >evm.model.contig_9053_np12.1 38.42 3.95 11.3 46.33
AdBGLU43 >evm.model.contig_4791_np12.1 41.03 7.69 21.79 29.49
AdBGLU44 >evm.model. contig_5084_np12.19 38.55 7.44 17.81 36.20
AdBGLU45 >evm.model.scaffold_6091_npl2.6 40.52 2.60 11.15 45.72
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FH R, A 34 CAH FEH HA AL A FE IR A4 &
X 7 R, FH IR)BE 325 X5 A6 BT 5A 188 46 AR Y
CAH BRI REHEAT R R, & IR B A AR [R] 1Y 4 £k
IIHE (Wang et al., 2020) ; 75 [ 46 51 AR AR 19 0F 58
&M MaBGLU1 3£ X F AR B 25 0 AR Ko
PR EAT SCHEVE T (Wu et al., 2022) ;72 R &
R B ITBETE v, & B PT 3R Tk & 5 K
ITE BT REAR B G s e B AE T . PAL (CAH 55167
GEAYAG RGEE TR TR L SEH X
PEREL N A IE A 2 (R AR IR BGLU £
g L HAE FTE TR E s = PR R
BGLU L BOs A s R B e &9, S A4
H R ) 24 07 A O, J0 HE X A W Ak A
Yylhac e R, AN B AR S 4> GRBGLU sk
IE PR EEAR A B ZN P (TR 2 45, 2023)  HIRIOT
H AtBGLU10 AT LAMEAL IR 25 ABA 1977 2E (Lee et
al., 2006) , AtBGLU21-23 A4 MR i 75 B 25 K
fift (Ahh et al., 2010) , AtBGLU42 % 5% S ALK XS
2 R B HEPT T (VT A, 2022) , AHF 5T Ir 3R AR
EOF = Irioe S N IS D SR i i = o LR i N
BLA3E BORE O JE R A 42 i B i L i, LA E AN
B3,

HET, EAEIIRE 7 b & B 48 > BGLU %% 3k
, Bk d &k B 26 4 ( Gomez-Anduro et al.
2011) ,/KFEH & Bl 40 4~ (Opassiri et al., 2006) ,
K kI 42 A (W FHEE 4 ,2019) , Fifi H AR &
53 AN (k=% ,2023) , HAE &KL 51 A4 ( Yang et
al., 2021) , ARWFFEAENT HIEH Y€ H 45 4~ BGLU
FWGIHE A, IF 0 Hb A7 BAL P I 905 M 5 gy
LTI A 2 1 e A A 11 D TN L 2 NI )
H X 4518 5 K Y - A Tl A AR
—Z ( Kristoffersen et al., 2000) , AdBGLU & [K %
TSR BT | R 25 A M o S R AR 25
BRI % 5 IR 3R M ) 435 M s ol S 2 A G T
RBRC N 2R I E T RS> T B AR, 754
WENZS 5 ZM AR SR, siaEPFEEL
FIfEEREBMAEGY, BT R REKETHA R A
MIHER TR A G R RN
Bk X ATBE R 5 AdBGLU J: R I BEI ZREA 55,
AdBGLU W B b FIE fF SR AW A
A EEAEA, AT Ay ik — 245 7R AR T A
R A BE1R 5 Fl 3 T B4 1) B 4 48 i 40 #1L48
At

4 BEKR

BRI P BOE . A% 2 R IR AR A R
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