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Sequencing and analysis of transcriptome to reveal regulation of gene expression
in Salvia miltiorrhiza under moderate drought stress

LI Xiao-yan, ZHOU Jing-wen, YAN Zhu-yun, CHEN Xin
School of Pharmacy, Chengdu University of Traditional Chinese Medicine, Chengdu 611137, China

Abstract: Objective To analyze the molecular mechanism of different tissues of Salvia miltiorrhiza in response to moderate drought
stress by transcriptome sequencing. Methods The roots and leaves of 4-month-old S. miltiorrhiza from moderate drought stressed
group and control group (the relative water content in soil was 55%—60% and 75%—80%, respectively) were used as the test material.
And the transcriptome sequencing analysis was carried out by using Illumina HiSeq 2000. After obtaining transcriptome data, gene
function annotation, differentially expressed genes (DEGs) screening and and co-expression network analysis were performed. Results
A total of 58 085 Unigenes were obtained by transcriptome sequencing. Among them, 28 846 Unigenes were annotated, and there were
1 853 and 1 457 DEGs in roots and leaves, respectively. The GO enrichment results showed that the DEGs of the roots and leaves were
both significantly enriched in metabolic process, stimulus response, cell structure, and catalytic activity, etc. The KEGG pathway
analysis showed that DEGs in roots were significantly enriched in DNA replication, plant hormone signal transduction, plant-pathogen
interaction, and carotenoid biosynthesis, etc. And the DEGs in leaves were mainly concentrated in amino acids, alkaloids, and
phenylpropanoid biosynthesis. The genes of key enzymes involved in phenylpropanoid and terpenoid biosynthesis were up-regulated by
moderate drought stress, which might be the basis for accelerating the accumulation of active ingredients in leaves and roots of S.
miltiorrhiza. AP2 /ERF, bHLH, bZIP, WRKY, and MYB transcription factors were significantly differentially expressed in roots and
leaves. Gene co-expression network analysis predicted transcription factors that may be involved in regulating the expression of

terpenoid genes under moderate drought stress. Conclusion The high-throughput transcriptome sequencing revealed the regulatory
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characteristics of moderate drought stress on gene expression in different tissues of S. miltiorrhiza, which could provide scientific basis

for further research on the biosynthesis mechanism of medicinal components of S. miltiorrhiza and reasonable irrigation in cultivation.
Key words: Salvia miltiorrhiza Bge. ; drought stress; transcriptome sequencing; differentially expressed genes; transcription factors
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2.5 qRT-PCR ¥iE

I3 AN FE AL BN PSR S RNA H
NovoScript® 1st Strand cDNA Synthesis Kit 15477 £1i¥
R cDNA, R FRE 20 5 T )54 qRT-PCR
KB L KEGG #@48H 5 IR A = E & ik
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# 1 RT-PCR #8457 5[4
Table 1 Specific primers of qRT-PCR amplification

ERLZH GEFED)

EFGIY (5°—3)

G (5°—3%)

Actin AGGAACCACCGATCCAGACA GGTGCCCTGAGGTCCTGTT

HDR2 (¢33737.graph_c0) ATCGTATTGGGTTGACAGCGAGAAA TATGCCGTTTGCAATACTTCATAGC
DXS4 (¢29762.graph_c0) CGTAGACAGGCAGAAGATT AACTGGTCGGTCCTCAAT

HMGR (¢35323.graph_c3) TTCTTGACACCAACCAGTT CAGTGACAATGCCATCCA

4CL9 (c20556.graph_c0) GGAGCACTGTTGTCACTAT GGTATTGTAGCCACGAGTT

TAT (c28345.graph_c0) GGCAGACCACAATACAGT TAGACCTCATCGGCTATCA
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Table 2 Clean data statistics of each sample
2H ) HH clean reads %\ clean bases % GC/% =Q30/%
X HE i 20 065 215 5964 689 082 48.44 95.33
UiKs 21218 836 6317 748 212 48.84 95.48
T s 26 181 629 7 805 247 040 48.40 95.26
i 28 354 775 8 444 066 754 49.71 95.23

1 2K 8576 4~ (30.91%)

W TR 7!‘4659 A (16.79%)
Erythranthe guttata 2 877 4~ (10.37%)
Ceratocystis platani 1 312 /]\ (4.73%)
Ceratocystis fimbriata 1 248 1~ (4.50%)
P12 757 4 (273%)

TS 663 4 (2.39%)

Dorcoceras hygrometricum 423 A~ (1.52%)
Thielaviopsis punctulata 186 1~ (0.67%)
A 148 4 (0.53%)

HAlh 6892 1> (24.84%)

1 f3% Unigene 5 Nr ¥#EZE BLAST LE X894 95 %6
Fig. 1 BLAST comparison between S. miltiorrhiza Unigene

and species in Nr database
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Fig. 2 GO function classification of DEGs in roots (A) and
leaves (B) of S. miltiorrhiza under moderate drought stress
LOC105176065 WF.AY X1 K[, %8240 sh i
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(PREDICTED: metalloproteinase 1-like). 22145
Hl L K (cysteine proteinase cathepsin L,
CTSL). HHFAF G 10 JEH .
3.3 ERFTIEEEN KEGG EESH

53 5K SRR oY) DEGs #E1T KEGG #
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*3 ERTEEFEEFEEMN KEGG EE
Table 3 Significantly enriched KEGG pathways of DEGs
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PR AR AR RIS, HPHE hRiE

SR RR SR REERIE



* 1604 -

¢ 3% Chinese Traditional and Herbal Drugs 3 51 % 25 6 #§ 2020 3 A

x4 AESRPZEETEPEFIENIERREHREER

Table 4 Genes of terpenoid metabolic pathway regulated by moderate drought stress in roots of S. miltiorrhiza

HRES KT SRR KEGG i&f%
29089.graph c0 T HRKERMES (mevalonate kinase, MK) MVA
35323.graph ¢3 L 3-FREE-3-HIERR CWAENE A JRRE (3-hydroxy-3-methylglutaryl-coenzyme A reductase, HMGR) MVA

€20558.graph ¢l Tii

3-FRdE-3-FEE L - A B JEEE 1 (3-hydroxy-3-methylglutaryl-coenzyme A reductase 1, HMGR1) MVA

€20558.graph c0 T HMGRI, partial MVA
29762.graph c0 L 1-AE-D-AKE-S-BERR A R 4 (putative 1-deoxy-D-xylulose 5-phosphate synthase precursor, DXS4) MEP
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cl7845.graph c0 I FREREEMABMIEEE GA3ox2 i
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c31738.graph c0 L T KEE MRAMAUNER 8 MR (carotenoid cleavage dioxygenase 8 homolog B) EIEANY 3
23592.graph_c0 LR Bl p-#HE b FEFRALEE 2 (PREDICTED: beta-carotene hydroxylase 2) KHY MK
c26541.graph_c0 LI AMIELE P450 CYPT07A99 KHY MK
c21507.graph c0  EiR  B-#A% MERIEMEE (beta-carotene hydroxylase) K MR
c35680.graph_c0 i NAFMAE LW (Phytoene desaturase) KL bR
c9406.graph_c0 LR 9-MRAIFENUMENRE (9-cis epoxycarotenoid dioxygenase) KHY MK
c19023.graph_c0 R B TR AE (PREDICTED: zeaxanthin epoxidase) EKHY MR
c31278.graph_c0 i AHMEELEK P450 CYP707A102 KL bR
29344.graph c0 I T 4R RE M 9 (PREDICTED: cytokinin dehydrogenase 9-like) FKE
c26420.graph_c0 T FKEK O-FIMEEBIEHEBN (zeatin O-glucosyltransferase) FXRE
33390.graph ¢l ki EIEFEMER (squalene monooxygenase, SQLE) A =,
31295.graph c0 T FEEPEIEERR o-PkEE FEEEEEY (isoprenylcysteine alpha-carbonyl methylesterase) S

c19045.graph 0 L1

acetylglucosaminyltransferase-like)
27665.graph c0 L REEMEA LOC105168318

24793.graph c0 LI
acetylglucosaminyltransferase )

B-14-H FEHERE B A 4-B-N- LR AR AT B G (beta-1,4-mannosyl-glycoprotein 4-beta-N-

B-la-HBEMERED 4BN- LB A EEEHEE LB (beta-1,4-mannosyl-glycoprotein 4beta-N-N-F fif
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methylglutaryl-coenzyme A reductase, HMGR),

HoA ¢35323. graph ¢3 (HMGR) IR L i,

c20558.graph_c0. c20558.graph_cl (HMGR1) ]
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reductase 2, HDR2). & & 5 ia | F+ =t
o WE R AR O B e D W R A R A AR

(copalyl diphosphate synthase, CPS). Ul5¢A24s
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3.5 qRT-PCR HiFEFEFRIA
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HDR2. DXS4. HMGR LA KN Kt KA & ik
KA IR 4CL9. TAT #47 qRT-PCR 73 #7.
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HMGR R F ) 3R3E B, 4CL9. TAT %
RLE i h ) ik B, 5 B s 2L 45 R rh 2
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Table 5 Genes of terpenoid metabolic pathway regulated by moderate drought stress in leaves of S. miltiorrhiza
RERmT  REEN JEFER KEGG &1
29089.graph_c0 T HRLERHM (mevalonate kinase, MK) MVA
c20558.graph c1 L 3-FRAE-3-FEL L R4l A iRJ5EE 1 (3-hydroxy-3-methylglutaryl-coenzyme A reductase 1, HMGR1) ~ MVA
¢20558.graph_c0 i HMGRI, partial MVA
33737.graph_c0 il 4-FRdE-3-FE- 20k “HERRIL S 2 (4-hydroxy-3-methylbut-2-enyl diphosphate reductase 2, HDR2) MEP
c26661.graph_c0 Tl FMEE AR T HEE (isopentenyl pyrophosphate isomerase, IPP) IPP
c18427.graph_c0  FiF 2R LR LA A RERRIE ST (geranylgeranyl diphosphate reductase) GGPP
c29141.graph_c0 Tl ZBEIRHBESE (copalyl diphosphate synthase, CPS) -y
¢31122.graph c0 T MMM SE (kaurene synthase, KS) it
22036.graph c0 T FRERAEMEHAEKED (gibberellin biosynthesis-related protein GA200x2) -y
c19023.graph_c0 B FI: EKHFIFEAMNE (PREDICTED: zeaxanthin epoxidase) EKE bR
c9406.graph_c0 LR ORI EXUNENE (9-cis epoxycarotenoid dioxygenase) EKE bR
c23592.graph 0 EiR . B-#1% M FIZLEE 2 (PREDICTED: beta-carotene hydroxylase 2) EE bR
26541.graph c0 il ZHfLELE P450 CYP707A99 R bR
26420.graph c0 T FAKE O-HIMEBEHEHM (zeatin O-glucosyltransferase) FRE
¢36084.graph cl LI EIEHINFERES (squalene monooxygenase, SQLE) RIFRE, =5, f5Es
c21867.graph_c0  TiH  4Hfffs 5 P450 710A11 2K [h]
c33158.graph_c0 LI P TEEAEE (lupeol synthase) 2K [h]
c22442.graph_c0 i B-14-H B WEME & 4B-N- £ Tt 202 0 &) B 2k % W (beta-1,4-mannosyl-glycoprotein 4beta-N-N-ZHE
acetylglucosaminyltransferase)
33421.graph c0 iRl ZHHLELE P450 CYP73A120 2B
¢30422.graph cO T Tilll: probable NAD (P) H dehydrogenase (quinone) FQR1-like 3 isoform X1 R
c20556.graph_c0 LI 4-FTRR: HlG A EHEF 9 (4-coumarate:coenzyme A ligase 9, 4CL9) 2B
c28345.graph c0 il BRARRHEEME (tyrosine aminotransferase, TAT) 2
Al - IR 02 1 2 e B8 T A — B
: = SE T R A . . ,
3] BT 3.6 EETRIEERETHEM
@ 2.5 FFS R HEHR A 1 128 % Unigene #%7F
20 BN T B TR T, SRR RA
= 38 MR 126 DR T EE D 0 R IE K A2
= 1.0 s
0s 1, M RE 28 NFIEK 73 AN R 1B Y
N SRR AL, Het VR B T4 B S
HDR2 DXS4 HMGR 4CL9 TAT N T
84%A 65%. MK 6 FIAI, HRANH hZRRIEKR L
B 45 m X R s SK ) - BE B
i) = S 4 e 78R F 5% AP2/ERF. bHLH. bZIP,
1 351 WRKY. MYB 4, Ht AP2/ERF M¥HR%, £
2301 HRb 224 20 LM . HSF B8 7 26 AR o
7 251 g Ls .
Bl BRI L, T C2H2. GRAS 253K 1% i&
' \
157 JEEF 5 e g N B A A 2Ry S
ool A LS 93 AP S R R 3k e i ]
. ] Virarl A >, = j: , El LV / \4;(—‘ N ﬁ
o I e N S oK B S BT, A B A

B 3 BEETEMET 5 4 Unigene ZEFSIR (A) FRt
(B) HhHIHEXRIEE

Fig. 3 Relative expression of five terpenoid genes in roots
(A) and leaves (B) of S. miltiorrhiza under moderate
drought stress
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Table 6

factors under moderate drought stress

Major differentially expressed transcription

R H
EHTFHH FRTFEHE B TFHE TMETFEHE

APY/ERF 13 0 7 3
HSF 12 0 3 0
C2H2 8 2 0 0
bHLH 6 3 4 2
bZIP 6 3 4 1
WRKY 8 1 3 2
GRAS 6 0 0 0
HB-HD-ZIP 5 1 3 1
NAC 5 1 1 0
MYB 3 1 2 3
MYB-related 5 0 3 2
LOB 2 2 2 0
e = ;wmll m'cgms?tw_‘s‘nng‘_
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