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ABSTRACT: OBJECTIVE To excavate the key genes of drought stress response of A. sinensis, and carry out the comparative analy-
sis with the transcriptome data of the main cultivars ‘ Mingui 1’ and ‘ Mingui 2 of Angelica sinensis (Oliv. ) Diels. METHODS

With the fresh leaf and root tissues of two cultivars of A. sinensis as materials, a cDNA library was constructed. The Illumina HiSeq™
4000, a second-generation high-throughput sequencing platform, was used for sequencing analysis, and key enzyme genes in response
to drought stress were screened from differentially expressed genes ( DEGs). RESULTS A total of 584 423 236 clean reads were
obtained from transcriptome sequencing, in which the percentage of Q20 ( base amount =20% ) and Q30 (base amount =30% ) were
above 97.47% and 92.64% , and the GC content ranged from 42. 78% to 43.15%. A total of 1 894 DEGs were screened from the
leaves and roots of two cultivars of A. sinensis, the numbers of which were 674 and 1 220, respectively, and they had 338 shared
DEGs. The GO enrichment results showed that the annotation classification of DEGs of two cultivars of A. sinensis in the same tissue
part mainly included cellular process, metabolic process and catalytic activity. KEGG analysis found that the DEGs were significantly
enriched in plant-pathogen interaction, MAPK signaling pathway-plant, phenylpropanoid biosynthesis and plant hormone signal trans-

duction pathways. The detailed classification annotation results were consistent with the trends of GO and KEGG analysis. Based on the
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functional annotation results, 60 drought resistance genes were excavated. HVA22C, KRPI, PUB23, DREBIB and Bpl0 were selected

to verify their expression levels by qRT-PCR. and the results showed their genes expression level were consistent with the transcriptome

sequencing gene expression trends. CONCLUSION The two cultivars of A. sinensis have some differences in drought resistance path-

ways such as abscisic acid regulation, osmoregulation, scavenging of reactive oxygen species and regulation of other functional proteins,

and the screened drought resistance genes can provide data references for further research on the molecular mechanisms of A. sinensis in

response to drought stress.
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A - plant morphological comparison; B — sampling parts, the arrow points to the
sampling parts.
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Fig.1 Plant morphological comparison of ‘ Mingui 1’ and
‘Mingui 2’ under the same degree of drought stress and sam-

pling parts
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Tab.1 Information sheet for A. sinensis
Cultivars name Tissue site Sample number(n =3)
Mingui 1(M1) Leaf MIL-1 M1L-2 MIL-3
Root MI1R-1 M1R-2 MIR-3
Mingui 2(M2) Leaf M2L-1 M2L-2 M2L-3
Root M2R-1 M2R-2 M2R-3
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Tab.2 Specific primers of qRT-PCR amplification

SERH O K B R & A R R (qRT-PCR) 47 34 4% 3

Gene Primer sequence Amplification
name (5-3) length/bp
HVA22C F:TTCAACGGAGCTAGTATTGCCTACG 175
R:TCTCCAAAGCCTCAGTTCCATTCTC
KRPI F:GGTGATGTGAATGGAGATGGAGTTC 106
R:CTTCTTCAAGCCAAACCTCAGATTC
PUB23 F:ACGGCATCCAAAGAATCCCAACTC 175
R:TAACCCGCTCCTGCTGCTTCC
DREBIB F:GTGTTGCCAGCTTCCAGTAATCC 93
R:TCTACGCCTCACTCCTCTGTAAAC
Bplo F:TCCAAGACCCAACCCACAAGG 147
R:AGAGGTGTATCCGATGGTATGAAGG
ACT F:TGGTATTGTGCTGGATTCTGGT 109
R:TGAGATCACCACCAGCAAGG
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42.78% ~43.15% ;¥ #¢ 5 clean reads $F47 74|
FEXF, 79 i o 2 U g AR b 3l A 136 283 756
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Tab.3 Quality analysis of transcriptome sequencing data of A. sinensis

No. Raw reads Clean reads/% Clean reads/bp 020/% Q30/% GC/ % Mapped reads Mapped ratio/ %
MIL-1 45 403 718 45 123 184(99.38) 6 673 603 863 97.97 93.75 42.83 40 424 439 89.59
MIL-2 56 479 970 56 136 434(99.39) 8 310 128 766 97.79 93.39 42.95 50 542 876 90. 04
MIL-3 51 450 794 51 103 374(99.32) 7 610 806 624 97. 64 93.00 42.91 45 316 441 88. 68
M2L-1 49 972 658 49 665 860(99.39) 7 374 089 668 97.87 93.53 43. 14 44 735 242 90. 07
M2L-2 47 873 956 47 583 270(99. 39) 7 024 011 837 97.91 93. 66 43.10 41 434 239 87.08
M2L-3 49 948 026 49 632 084(99.37) 7 375 539 235 97.47 92. 64 42.93 44 482 152 89. 62
MIR-1 46 193 770 45 851 916(99.26) 6 790 909 357 97. 60 92.96 43.15 37 046 874 80. 80
M1R-2 48 730 572 48 436 458(99.40) 7 068 058 117 97.95 93.82 43.04 38 902 366 80.32
MIR-3 46 580 816 46 266 062(99.32) 6 862 726 173 97. 69 93.13 42.91 37 217 870 80. 44
M2R-1 43 229 068 42 923 476(99.29) 6 341 975 820 97.58 92. 88 43.01 34 686 284 80. 81
M2R-2 55 754 104 55 400 420(99.37) 8 232 259 847 97.58 92.90 42.78 42 144 671 76.07
M2R-3 46 570 526 46 300 698(99.42% ) 6 884 153 864 97. 69 93.10 42.95 36 909 107 79.72
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A - Leaf tissue difference group; B — Root tissue differential group; C — Venn diagram; Red, blue and grey indicate significantly up-regulated, significantly down-regulated

and non-significant DEGs, respectively.
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Fig.2 Volcano plot and Venn diagram of DEGs in ‘ Mingui 1’ and ‘ Mingui 2’
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A - leaf tissue difference group; B —root tissue differential group; the horizontal coordinate is the GO functional category, and the vertical coordinate is the number of the func-

tional genes (yellow means up-regulated, blue means down-regulated) .
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Fig.3 GO functional classification of DEGs of ‘Mingui 1’ and ‘ Mingui 2’
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A - leaf tissue difference group; B —root tissue differential group; Rich factor (number of DEGs in this pathway divided by total number of DEGs in this pathway, ordinate is

annotation pathway ).
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Fig.4 KEGG enrichment pathway of DEGs of ‘Mingui 1’ and ‘ Mingui 2’
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A - leaf tissue difference group; B —root tissue differential group.
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PERTREMS SR T M1 (K 4) .
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347%;“, Photosynthesis
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I Hormone biosynthesis
I Respiration
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9.79% [ secondary metabolism
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[ ] Bio-signaling
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- Primary metabolism

Unrepetition / Characterized
- Repetition / Uncharacterized

Fig. 5 Detailed classification of DEGs of ‘Mingui 1’ and ‘ Mingui 2’

&4 LG EAH K DEGs 447

Tab.4 Analysis of DEGs related to drought resistance of A. sinensis

Gene log,FC Expression
Sort Subclassification Comment name —_—
abbreviation Leaf Root pattern
Abscisic acid regulation DREBIB Dehydration-responsive element-binding protein 1B 2.9 3.03 UR
DREBID Dehydration-responsive element-binding protein 1D 2.82 230 UR
ERD7 Protein early-responsive to dehydration 7 1.58 118 UR
ERDIS Protein early-responsive to dehydration 15 .54 L.41 UR
HVA22A HVA22-like protein a 1.82 1.84 UR
HVA22C HVA22-like protein c L9 2.87 UR
MPK3 Mitogen-activated protein kinase 3 216 2.02 UR
FER Receptor-like protein kinase FERONIA .83 L 11 UR
PUB23 E3 ubiquitin-protein ligase PUB23 L9 249  UR
PUB9 U-box domain-containing protein 9 1.85 1.20 UR
Osmotic regulation AGP41 Arabinogalactan protein 41 1.46 1.48 UR
APF2 Aspartyl protease family protein 2 .10 2.05 UR
ASPI Aspartic proteinase Aspl .82 1.65 UR
At3g56050 Probable inactive receptor-like protein kinase At3g56050 .28 1.29 UR
At4g16563 Probable aspartyl protease At4gl6563 .63 1.54 UR
ERD4 CSCl-like protein ERD4 .31 L35 UR
NTL9 Protein NTM1-like 9 ( Calmodulin-binding NAC protein ) .15 1.37 UR
PERK1 Proline-rich receptor-like protein kinase PERK1 .70 2.64 UR
KRPI1 Calcium-binding protein KRP1 3.68 1.78 UR
RALFL33 Protein RALF-like 33 .56 1.17 UR
RXW8 CSCl-like protein RXW8 .43 2.03 UR
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455% 4( continued )

Gene logsFC Expression
Sort Subclassification Comment name —_—
abbreviation Leaf  Root pattern
TPP] Probable trehalose-phosphate phosphatase J 2.59 1.16 UR
TPS7 Probable a-trehalose-phosphate synthase .16 1.23 UR
Reactive oxygen scavenging AAO L-ascorbate oxidase (ASO) .62 233 UR
AO L-aspartate oxidase .04 1.21 UR
At3g08610 NADH dehydrogenase [ ubiquinone ] -1.98 -2.36 DR
Bplo L-ascorbate oxidase homolog 3.55 4.50 UR
CYP76A2 Cytochrome P450 76A2 .29 2.51 UR
SDR2a Short-chain dehydrogenase reductase 2a 2.15 2.08 UR
Regulation of other Aquaporin SYPI21 Protein Syntaxin of plants 121 2.70 1.89 UR
functional proteins Response protein At2g40140 Zinc finger CCCH domain-containing protein 29 1.78 1.01 UR
At4g27290 G-type lectin S-receptor-like serine/threonine-protein kinase At4g27290 232 1.25 UR
ATL6 E3 ubiquitin-protein ligase ATL6 1.18 1.46 UR
BAP2 BON1-associated protein 2 230 1.54 UR
DGK1 Diacylglycerol kinase 1 1.01  1.49 UR
DGK2 Diacylglycerol kinase 2 2.64 219 UR
FLS2 LRR receptor-like serine/threonine-protein kinase FLS2 1.41 2.93 UR
GATAS GATA transcription factor 8 2.80 1.17 UR
NCL Sodium/ calcium exchanger NCL 2.59 2.69 UR
NHLIO NDR1/HINI-like protein 10 1.55 1.36 UR
NHLI3 NDR1/HINI-like protein 13 2,32 1.02 UR
PBL3 Probable serine/threonine-protein kinase PBL3 1.56  1.51 UR
PCR2 Protein plant cadmium resistance 2 1.56 1.58 UR
PCRK1 Serine/ threonine-protein kinase PCRK1 .24 101 UR
RPVI Disease resistance protein RPV1 2.22 217 UR
WRKY40 Probable WRKY transcription factor 40 1.58 2.49 UR
WRKY53 Probable WRKY transcription factor 53 .13 1.53 UR
Cell wall construction ~ CDC20-1 Cell division cycle 20. 1, cofactor of APC complex .92 1.23 UR
CESA2 Cellulose synthase A catalytic subunit 2 3.21 221 UR
CHIT3 Hevamine-A 1.48 1.13 UR
CSLCI2 Probable xyloglucan glycosyltransferase 12 .14 1.27 UR
DCR BAHD acyltransferase DCR .65 1.8 UR
MUCI21 Xylan glycosyltransferase MUCI21 .66 1.51 UR
TBR Protein trichome birefringence .39 107 UR
THEI Receptor-like protein kinase THESEUS 1 1.67 1.08 UR
XTHI5 Xyloglucan endotransglucosylase/hydrolase 15 2.59 173 UR
XTH22 Xyloglucan endotransglucosylase/hydrolase protein 22 2.85 1.27 UR
XTH23 Probable xyloglucan endotransglucosylase/hydrolase protein 23 3.07 2.35 UR
XXT3 Probable xyloglucan 6-xylosyltransferase 3 1.60 1.66 UR
XXT5 Probable xyloglucan 6-xylosyltransferase 5 1.63 1.26 UR

#::UR — FJR;DR - Tk,

Note : UR — up-regulated; DR — means down-regulated.

3.3 =R EKHHHEH qRT-PCR BiF

R A 1 U 7 53 400 P 485 R %8 348 4 O S 66 A
17 5 1 43 B, Bl BL 3 P 52 A0 56 3% Rl HVA22C
KRPI ,PUB23 .DREBIB Bpl0 47 qRT-PCR 5 iF
(n=3), S5 ILE 6,5 4> HEHL R 7E W & Fh 2415
I e FHAR Hh 238 A8 A0 O 55 2 sk L R TR 3R GA
A F, UL AT S 3 B8 v SRR R, 5
(EXTi

T 22 s 2024 1 6 J1 55 59 0 12 1)

4 it

TRIEE ALY A KA T N EE RGN RZ
— A L T A AN A S R A
Bk M2 Z AR, 9 X2 MR =) &
JIE AR o e S L0 Py B AR ] ol 2R R sk Ak
FEHRSC DI REIE N, 2 B 7 i AR O R AR IR AT 5
OB EEE T B AR5 5 it % 3 5t ol 24 1
PEATHe AL P, 455 GO (KEGG FIRG 4i 2 g 1 B
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Fig. 6 qRT-PCR expression verification of key genes in A. sinehsis. n=3,x s
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