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Sequencing and analysis of transcriptome to reveal regulation of gene expression
in Acanthopanax senticosus seedling under light quality
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Abstract: Objective To analyze the molecular mechanism of different tissues of Ciwujia (Acanthopanax senticosus) seedling in response
to light quality by transcriptome sequencing. Methods The seedlings of 60 d A. senticosus from moderate light quality group and control
group (LED-1, LED-2) were used as the test material. And the transcriptome sequencing analysis was carried out by using [llumina HiSeq™

After obtaining transcriptome data, gene function annotation, differentially expressed genes (DEGs) screening and and co-expression
network analysis were performed. Results A total of 126 252 unigenes were obtained by transcriptome sequencing. Among them, 92 681

unigenes were annotated, and 7664 DEGs were screened out from three treatment groups. The GO enrichment results showed that the DEGs
of the roots and leaves were both significantly enriched in metabolic process, stimulus response, cell structure, catalytic activity and other
functions. The KEGG pathway enrichment analysis showed that DEGs in leaves were mainly concentrated in phytohormone transduction,
sugar metabolism, phenylpropanoid biosynthesis, and flavonoid biosynthesis. Moderate light quality stress can promote the expression of
key enzyme genes of phenylpropanoid biosynthesis pathway in A. senticosus seedlings, which is the basis for promoting the accumulation of
effective components of A. senticosus. Conclusion The high-throughput transcriptome sequencing revealed the regulatory characteristics
of light quality stress on gene expression in different tissues of A. senticosus, which could provide scientific basis for further research on the
biosynthesis mechanism of medicinal components of A. senticosus and reasonable luminous environment in cultivation.
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genes; transcription factors

RS EHEA: 2023-02-03

EemB: “t=%" EFHEIHLIE (2016YFC0500303)

TEEEN: & K 191—) , L, PK, Az, R, BT AT A BEE S5 KE  Al. E-mail: rocmsw@163.com
*BIEEE: TRA, 9, #9%, NFPZATIFFF 7M. E-mail: wangzhen_yue@163.com



- 4974

FED 20236FE87 $54% H 158  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

FITLIN Acanthopanax senticosus (Rupr. Maxim.)
Harms A TUINEZEAMY), LRI 202
ANy, BAGAEM. FNE 2SS, TR
R =0, BEAMR. B WIRE, AN
Wi\ B RE R . OISR L RIRZ A L2,
R TR IR EAL SRR, 2GR PI & A B
ok E R, HATLLNTRE O EB. BRI, &
FER A BE L E R T ARG, o 3l Fobn e ik
AR ZREA BE W, HiZ RO
AN T HEPR B AR R ST DRI £ ) T ) AR i i 7
oh, e S ' o I B ) 24 4 1 R R T R
RN IR el B S Ay BRI
PR A JE, I P 2 AR AR ] B 22 S R IR FE A
SRR R o N FA B it A 1) 71 L B H RTAIT
TR ST, SEBRE XIS SR AR B AAL
SR S A IRADTIT, AR AL
HIBT FTILE 0100 BT 58 AR T A, 235
T BT R NG B AR BRZH, I FH A s L N R
7= RIS FE A (differentially expressed genes, DEGs)
Iy BT RIS 3¢ 52 B PCR (gRT-PCR) AR, 70#r
ANTE) BT 5 75 (R TN &)y i i s KSR A2 4k, B
HAE T PRI TA 7K B4 ' oo 3 Toin 4l e AR
KA S oL .

1 MRIENEE
L1 R

R TONSEAE BT IR 7R T R -E B
(45°37'N, 31°15'E) , SRR EEIRI
45 NN A. senticosus (Rupr. Maxim.) Harms .
12 {%&F

LED ARG LT, KB G I E AR RHY
AIRAT; HPS B AT, W1 H IR IR A TR 2
#]; Total RNA Extractor (Trizol) , i THIR
2] '; Qubit2.0 RNA A7 &, Life 24 7 ; Qubit2.0
DNA frilli7f &, Life A 5; 4S Red Plus #2244 t4
7, BBI Life Science 2~ ]; #i—# cDNA £ i
% EP0733, Thermo Scientific™/ &) ; SG Fast gPCR
Master Mix(2 X ), BBI Life Science A 7] ; VAHTSTM
mRNA-seq V2 Library Prep Kit for Illumina®, Fg 5% %
ME#% A H; VAHTSTM DNA Clean Beads, B 5t i
BTl Q32866 Qubit 2.0 21T, Invitrogen 247 ;
WH-3 EmiE &G B iias) AR
/v #l; Thermo Scientific Sorvall Legend Micro21R &
A # KR EOHFL, Thermo A#]; Cycler T100™

Thermal PCR 1%, BIO-RAD A #]; DYY-11 HKIX,
e TSR s H6-1 BUR f vk ks, iRk 2
B HLBEFSH A A s FR-980A AIA M e ik 15 4
W&, SEHREE: SW-CI-1D B TEG, I
TR AT SMA4000 UM E /0 e e it
Merinton A 7]; StepOne T 9% €& PCR 1%, ABI
AF.
2 Bk
2.1 HmALIE

RIGAEIZIEER AT, 4 AEBUAEKA
PR B RS T H 3P T DABOR T A2 R B R G )
NIRRT (311, pH~6.0) EfF 12 cm MEFF
R, R BRI TOINAN T . AR AR B A
R ¥ 12 DRSS E MR, SRAMK
IKALHERE AR el 10 d J5, HRTA 2L
FIFFIN 3 Mg, BRI E AR LR
B FOUE, AT A FEDG AR . OB AT 7
LED-1. LED-2 HixfHOGUR = K 849,T C(high pressure
sodium, HPS) , IS HPS %1 R/G/B 46118
B (PPFD) [N 43.7 154.6:1.7; Fik, LED-1
ACEEFIE M0 T W OBEC LI RE (R/G/B, 43.8 ¢
47 :9.2) . LED-2 &bFHE 5% | R O (R/G/B, 743 -
1251 132) o BMREAERPTA NS A E
16 h JGR, BEEIE N 5:00 am~21:00 pm. 7EEA
Seatrh, WEMAHXHEEE (RH) ARSI (704
100 %AH1 25 'C/N8 C (FHR/RME) « BANHIK 75
55 cm 4L PPFD A (94+5) pmol/(m?-s). AbHE 60 d
Js O3 RSO REZE A i AR R Tonet, Beid s
FREHEYR, BT-80 CIRA7%H.
2.2 2 RNA BEEVS4ERANF

BRI PE R R S K, ] Total RNA
Extractor (Trizol) FEHGAFEHE4TE RNA $2HL,
FH Qubit 2.0 A RNA ¥R, Bkt iom
RNA 588 DL S FE DRI 20 5 Gt O RRAGEE 3 A9
FHEG, WELE 3 RS RREG, Bt REE
TA FR A F R 7 S, FE44H Mlumina HiSeq™
WMFF~F & AT e 2 o
2.3 MF#EHELAE K Unigene Ihae R

X IR AE I 7 B AT IR, BRIk, 5l
UL AR BT )G, 3R1S =l = clean reads.
A Trinity 2K clean reads ZH3& /% contig, FJH
De Bruijn #f— /533 Unigene. 251 H
BLAST #14#% Unigene /7 %14 Non-Redundant
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Protein Sequence Database (NR) . Swiss-Prot, 7
[RIAAA (gene ontology, GO) - clusters of orthologous
(COG) « HEZAMEH ML M EKiE
( Clusters of orthologous groups for eukaryotic
complete genomes, KOG) . JFZERE SR RFH H R
215 (Kyoto encyclopedia of genes and genomes,
KEGG) #uffa kX, 3R45% Unigene FIEREAE R
2.4 DEGs 74

% F§ FPKM (fragments per kilobase oftranscript
per million mapped reads) 1% Unigene ]3R5,
FIF EBseq V- & ik it (1) DEGs S, i1 2% 1F
A g 1H=<0.05 HZ= 7550 (fold change, FC) =1.5.
FEXIfimidE H A DEGs #HT GO+ KEGG EH7 1.
2.5 qRT-PCR iF

K qRT-PCR {77 50 ) TN AE K AN R T 3
Ko G BB R 5 A REEBEEE, EA R
YEF %} Daucus carota. PETH. GRH1. PAL3.
GH31 ¥ PCR ¥ 34 5#¥% 1+ W.3% 1. qRT-PCR K 20
uL R R, 4% cDNA B 2 nL. L5149 0.4
uL. U519 0.4 uL. SybrGreen gPCR Master Mix
10 pL+ ddH20 7.2 uL. Wl PETH. GRHI. PAL3.
GH31 3t 4 DMEEMAHKCEEER RIS E, LTE
4k B ZH MRS R 2 vh 3Rk bR R I A
Daucus carota {FANZEER, BAFEMIEAT 3 M
REL . FEFRIAE L HPS X A 2 R R IA &
N1, R 2788,

# 1 qRT-PCR 3|4]
Table 1 Primers for real-time fluorescent quantitative PCR

FEH 51
W3 H Daucus carota 5’-AACGAGGGTGGCTGGTAAAT-3’

groups

3’-CATAAGCGAACAAGTGGTCAAA-5’
H 3R PETH 5’-GAGCCCAGGTCACAACAGAG-3’
3’-GCTGAATACCATGTGCCAAGT-5’
GRHI 5-ACTGGCAAAGTTTAACACTTCCA-3’
3’-AATTCGCTAGAAACTCCAAACTT-5’
PAL3 5°-CATTTGACGAAGATTAAAGGC-3’
3*-TTCAAGTTGTACTAAAGTGAATT-5
GH31 5°-AAGCAATTTCCACAAATACATTT-3’
3’-GATCACATTATAATTCTCTCTTGT-5
3 ER59H

31 NEFEHESEREER

W PE IR S, SRR Os BlEE 73 EUAE
95%LA I, H GC & &IF1E 50%/4 45 - ¥4 clean reads
HEATH I3 126 252 2% Unigene, Unigene 1) Nso

812, HAKELE 1 kb LA L) Unigene 5 17 932
2RI IE B BLAST 24 E{<1X 10 F1HMMER
ZHEME<IX1071, R&IRA 92 681 MHIER
{5 B Unigene, #J7 Unigene & 201 73.41%.
Unigene 5 NCBI F NT %4 P2 1T blastn HLXT,
X E {8 <1X 10710 3 HAHMLEE >90%, coverage > 80%
(LTS, THEHF AT, TS, HAT
TR R AR TE R NT Efs 2 o) Ton
IBRIE P54 IR, BB AR Leo 200 Fobm,  H et 21
eads iZEizt/NT s reads 0, A2 PAUERAAS SIS B A FE i
A2 B HAF 5 Y. {2 HPS Al LED-1 FTA LS )
B2 X2 RAR = NS Panax ginseng C. A. Mey. #
TE55 1 £, 1M LED-2 AFRZRES IR TEFES Panax
quinquefolius LAFFELS 1 £, HAT 10 fizth HPS 5
LED-1 ShFAHIT, 15 LED-2 Z5EK, RHAR AL
R O B R RS BB —E f.
3.2 Unigene BAEZ DI

N T ARG R ) N AR R AR R i A 4 AL
#il, K FH DESeq #EAT /AT 55 2 Fo 33 & il F i
SIS T IR I ) S Mk 2 S S TN, KGR R 2
WEN | FC | >1.5 H g H<<0.05. M\ 3 /™ 4b 2 i
%153 7664 /> DEGs. 5 HPS % HEZHAHEL, LED-1
bt 3699 4> DEGs, H: 2549 4> EifFEH
A 1150 AN FIEZER, LED-2 4kl 2428 4
DEGs, 1662 /> iK1 766 /> T %K, LED-1
5 LED-2 MEtffik 1537 4~ DEGs, 893 4™ L
DRIF 644 AN N UREEDE o R AN [R) ZELA: it o R R 1) 222 S
RBECB SRR b, R RERRIARE PHM
A Gt o BE YR N H bo B1 a5 R
7R, LED-1 fil LED-2 41 B4R 2 R R /b, (HRIE
ZESREBUEOR, T HPS 5 LED-1 ARRIEZE R
o, HEEREE.
33 ERERIEEIR

T R 3 FRALER R 22 R AR K DI REAE R, R
P GO KOG 1 KEGG ##s FE it TR Bl 2 Bow
T DEG HJ GO 7335 8, HR S5 3 2K AWl s,
YHMZH o> Ay T IhAE . TEIX LT d, “ampiE T
R CILBUAR” CEFREEIETE” “MRIREE G
SKIRFIEPE” A “ AR % 22 R AR 2
Horpr “HLRAR” “EIREE GRS AR R “H
TRAE R 2R FR B, SR ‘B
AAGTEYE” A CEFREEIRME” MR E E L.
4k, LED-1 vs LED-2. HPS vs LED-2 1 HPS vs



4976 « PER 20234E8H BH54% BI15H  Chinese Traditional and Herbal Drugs 2023 August Vol. 54 No. 15

HPS vs LED-1

a 20: 1"

L
© LREEESR

157

—lgP

log,FC
HPS vs LED-2

ki
* LEE AR

-10 -5 0 5 10
log,FC
LED-1 ys LED-2
c 204: by
*ERFEER
15-

log,FC

a-HPS vs LED-1 ' DEGs b-HPS vs LED-2 ' DEGs c¢-LED-1 vs
LED-2 ' DEGs B mi AR MR, Hrpatidons b
TR, SOFRTNRER, BORRIEERER

a-DEGs between HPS and LED-1 b-DEGs between HPS and
LED-2 ¢-DEGs between LED-1 and LED-2 Every point in the
graph represents a gene, the red indicating upregulated genes, green
indicating downregulated genes, and black indicating non

differentially expressed genes

B 1 TREYEAHELAE DEGs XLLE
Fig. 1 Volcanic map of differentially expressed genes
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KEGG H T — ¥ . 4 R 57~ LED-1 vs LED-2
Hf5 733 4> DEGs 7t E) 189 4~ KEGG i#&4%, H
15 “CEAGTERRAL” P T R ) R SN L A R
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1078 2% AL R EREAE 220 1~ KEGG 18, H
HTE “CEABERIL”  CRERRMAEYIE R R Rk
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AP B ¢ 15<<0.05 1 53 2 S AR 3t
392 AN, Hod BRI 4E 273, FIAZRLE 119 4,
TEIX S FE R AL FrbniE R AT LA, LED-1 B3R
BT TN 4 B L 4L 4 B 3 R A A R R
R oA KSR A T s RS, 1 H, LED-1 4
R 3E T W BN B A% 8 AR N T RE O
R, 0 25 4R 1 40 B X i 2 3Rk T ) S R R
&, R A R EE T T S A AR R A
B, AR BA LS KEGG MR ki#E
PRIEAT 50 BT s LED-2 J6 i AL EEZH 1 A ¢ {5<<0.05
()5 % 2= F R 4R 3L 201 A, Hop B3R 4
1524, FiAZERFLE 594, LED-2 /i 5 LED-1
SRR R R A B E R, LED-2 Jaffl
THEARBON AT S RAMKE, HX
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F T AR =) B AR B R R R
{HEH T LED-2 St oG ReBeos, i 33l Tohn s 4
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B, 205045 2 AbHLL 5 HPS o IR 2H 1) 22 55 FE D]k
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Fig. 3 KOG annotation of DEGs between different light spectrum treatments
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Fig. 4 KOG annotation of DEGs between different light spectrum treatments
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#z2 TRELES HPS MRBALEKKIHEZERER
Table 2

metabolism between different treatments and HPS control

Significant difference pathway in growth

group

AhFEE EE ID JH P1H

LED-1 ko04075 YW EGESHS 1.25X 1077
k000520 ZIEMERUIZERRBEARHE  0.008
ko00905 HIZEE KL & B 0.028
ko00500 JEXn N HEA Q5 0.036
k000910 AR 0.152
k000908 FKEAEME K 0.374
k000620 A HHER X 1 0.999
k001200 AR 0.999
k000020 FFIERIEIR (TCA FE¥R)  0.999

LED-2 ko04075 WY EESHS 0.021
k000500 & FH EHE AL 0.328
k000908 E R ZEAWE 0.337
ko00905 =K Z AR A B 0.622
ko00910 At 0.650
ko01200 AU 0.908
ko00020 FFIFRIEIR (TCA #H¥F)  0.982

FNZE A A=) G 56 B 35 RS, T IX 3 4% 0%
FALFER N4 K 2 B 2530855« h4h, LED-2
3l TR IR AE AR PR e 2R A, T
i 2l N =i KA AV A A AR B
AR
3.7 qRT-PCR IFEFERIE

NG R 3 4 B v 22 SRR S R IR AT S 1
LT J TOINAE KR B R N RIS A BB 1R AH K
BN 3 AN KBEBGHE R 3E4T QRT-PCR 43477 45 3R 4
K4, 5 PR, ARAE 2 BB AL BE A T E 1 3
FARUIAE G AE, AT LLE H LED-1 J6 i Ab 386 T4
Y B AR KRR IR R & OS2 ) GRHL Al
PAL3 5 HPS i {8 4L AH LbAE i o0 vy o il 45 3 =
ik, LED-2 AR KRR N R BRI AT K
[FIFI HE R GH31 Fll PAL3 ik 8 5 2% = T HPS X
B4 o iX Le 3L K] QRT-PCR W 7t 45 B 5% L 20 /0 W 45
R

®3 TAERALEES HPS MRERERFHEXEEEZFEFRARE

Table 3 Significantly different gene expression pathways related to secondary metabolism in different light quality treatment

groups and HPS control groups

g B ID B Pl
LED-1 k000940 FRIE YA R 4.57X1071
k000360 RN AW 1.29X 107
k000941 KT E A& R 4.82X107°
k000904 R A R 0.078 4
k000902 HRE YA K 0.852 052
k000960 FebE. WRWE FILLIE A B AE P A Ak 0.972 693
LED-2 k000940 FRIE YA R 2.66X107°
k000941 I E AR 2.46X 1073
k000360 RN AW 1.42X10™
k000909 5 s A = hE A=Ak 0.031
k000900 i 2B B A A K 0.041 815
k000902 HRE YA K 0.080 549
k000904 YA R 0.226 124
% 4 LED-1 2345 HPS 3 BH X HEEE qRT-PCR &R
Table 4 qRT-PCR results of key genes in LED-1 treatment and HPS control group
S HPS LEDI
AC AAG 2-aAc AC AAC 2-dAc
GRHI 5.199 29 0 1 0.734 39 ~4.464 9 22.083 546 89
PAL3 4.403 29 0 1 0.687 39 -3.7159 13.140 060 38
%5 LED-2 2345 HPS 3 BH X HEEE qRT-PCR &R
Table 5 gRT-PCR results of key genes in LED-2 treatment and HPS control group
. HPS LED-2
S0 y
ACt AACy 2-AAC ACt AACt 2-AACt
GH31 2.397 61 0 1 0.599 30 -1.798 31 3.478 125 524
PAL3 0.343 29 0 1 -1.58236 -1.925 65 3.799 079 757
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FFOT I AE KA E R R X EE, e
IAE N fe BRI B O EER, 82—
o 2 M L A Y TR 285 T R PR 4 o A 3 = Ak
RAs 5, K, LED ST A [RIEEA E eiH
B AE 7T SRR FT 6 B A A KA R A AR
TR AR T-UE6IE, LED ST e & kit B
TG HRI A, &5 1E ., AR
LB S 1Y 12D 3PS T e b= e P s e 3 L1
HE LR & B, LED-1 YR A1) T A=K
AR B AL /K- I 3 EAE 3k A BRATL A A A2 A
PR IKF, 2k T 2k 0 3R Fobn B i PRI AR s T
LED-2 X FHill T AE A A il , B ARk 3K B
P, HEER MR R K X— SR T
AT SGSAR 22 0 EHIE, 5 LED-1 Yt AbBRZH 22
SEHE R R M B ANA], LED-2 Y6 i BT 71
AR, A 2R R R AR T Uk
T5to LED-2 S ARERAE A Fohn i AR K AR —Fha
BEE, AR TS T — RSB TR,
A% K B PPAR 15 518 TGF-B 15 5 1@
Ras {5 5@, PI3K-Akt {5 5% " SERH M N A
P FE N unigene 193] T ZRRIE. SULFEEN, ¥
SO AN R R 58T KA RN R IRE S
S FIIFEN unigene 2 RFRA AR B3 . F,
BT 2R QRT-PCR IUBFRT4EE, AN LED-2
5T SR ) 0 AU S B i X e
5 i I IR 1) 22 S R AR AR A i s Rl - S R R R TA K
SPRAEAR, T PAL3 /EA PAL B2 KGR 1 22 5
RNBACEIRE N LR, VS RN ERIR
FEYIRIES 18, T H AT A 5EPE RN, A5
WA FIAREENTT PAL3 MIREEIIA BE MW, H
LED-1 "hRiA s & T LED-2 A3, ixX thEE 7%
JEORTTAEA) TR s LA R FE A AR P < BRI R
AR E R A P 6 e

P TOINAE Jyth s B 25 AR, N A 5
T A R 2 PRSI S L2 A T TR T
T2 MR H A CAa S0 TR o
ROy B R B IR AT v B 9T, (H2 H TG
R TN FE R B A, AFLER TR
R FONEE RIS B AR AR . Rt ASKied
IF 5T lllumina HiseqTM W7 F &, Xl Fohnm %
SR TEAT VR Y A de-novo 412, 3R13 17 unigene,

5 NR. SWISS-PROT 454 3L Hudfs e kAT EU X AIVE
B, FESL TR TN DD REFE B . RIS W AN[E]
65 RS AL FE R A TN unigene R IATE LHEAT

TR, bk 2 RE SRS MY

WaRRE. RAWEEDELENERELX

unigene. A FUIE I S IE E AN T, VIR

O SRR A TN PR R AR R AR, R

— BB SR I PN S DR T REAT IR AT IT, WO T

INZGRO 73 B L6 LA DA AR K B A i

1 AU IR BEREA AR I .
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