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Abstract: [Objective] This study screened and analyzed the differentially expressed genes and metabo-
lites in Brassica napus L. seedlings under different light conditions to provide basis for understanding an-
thocyanin synthesis mechanism. [Method] High quality seeds of inbred line GLH4 of Brassica napus L.
were selected and planted in flowerpots. The seeds were cultured under 300 pmol/(m” «+ s) light in an arti-

ficial climate chamber until the stage of 2 leaves and 1 heart. Then, two different light treatments of high
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light 700 pmol/(m” « s) and low light 300 pmol/(m” + s) were performed. The phenotypes of rape seed-
lings were observed at the ages of 0,24,48,72 and 96 h. The first true leaf of rapeseed treated with differ-
ent light conditions for 96 h was collected, and the transcriptome data of GLLH4 was obtained by high-
throughput sequencing technology. Then,the KEGG differential gene analysis was performed by bioinfor-
matics method,and two differentially expressed genes were screened and verified by RT-qPCR technology.
Ultra-performance liquid chromatography (UPLC-MS) ,tandem mass spectrometry (MS) and software An-
alyst 1. 6. 3 were used to process the metabolome data of rapeseed seedlings. The metabolites were then
qualitatively and quantitatively analyzed and used for statistical analysis to screen different metabolites un-
der the two treatments. [Result] Phenotypic observation of rapeseed seedlings at 0,24,48,72 and 96 h
showed that the color of stem and leaf turned purple under strong light treatment,and it gradually dark-
ened with the extension of induction time. A total of 9 840 differentially expressed genes were found by
KEGG analysis of transcriptome, and the differentially expressed genes involved in different light treat-
ments were significantly enriched in 20 pathways. The most differentially expressed genes were metabolic
pathways (1 751),followed by secondary metabolic pathways (986). A total of 248 differential metabolites
were detected by metabolome analysis with the most for flavonoids (81). Flavonoid metabolites included 7
anthocyanins,and expression levels of anthocyanin, anthocyanin 3-O-glucoside, cornulin and petunia 3-O-
glucose reached extremely significant levels. Only differentially expressed genes and differentially expressed
metabolites in the flavonoid metabolic pathway reached extremely significant levels. The validation results
of top 8 differentially expressed genes were consistent with the results of transcriptome analysis. [Conclu-
sion] The changes of color in organs and tissues induced by light were related with the changes of anthocy-
anin accumulation and related gene expression.

Key words: Brassica napus L. ;anthocyanins synthesis; Brassica napus L. cultivation
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Fig. 1 Phenotypic observation of Brassica napus seedlings under different light treatments
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Fig. 2 KEGG enrichment of differential genes of Brassia napus seedlings under different light treatments
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Table 1 KEGG analysis of key enzyme genes of pigmentoglycin biosynthesis pathways Brassica na pus
seedlings under different light treatments
FPKM s L 3k (i
S 1D M _ . I KEGG 70 i 11 ¢ SEIH 44
Gene 1D Gene symbol A"H"J{f & {fi . KEGG annotation Gene name
High light Low light  log: (FoldChange)
K05280 2 ¥ 3'- i A @[ EC. 1. 14. 13,
21| (BHFF)) K 3" E (A)
unigenel15904 LOC106419056 18.63 1.23 4.02 K05280 flavonoid 3'-monooxygenase [EC:
1.14. 13. 217 | (RefSeq) flavonoid 3*-mo-
nooxygenase (A)
K05280 25 % i 3'- B & [ EC. 1. 14. 13.
21| (2% FF)) 2K BB 3" AN R (A)
unigenel 19225 LOCI106419056 9.01 0.74 3.74 K05280 flavonoid 3'-monooxygenase [ EC: F3'H
1. 14. 13. 217 | (RefSeq) flavonoid 3'-mo-
nooxygenase (A)
K05280 2K ¥ 3'- A [ EC. 1. 14. 13,
21| (B 73 J M 3" i (A
unigene50442  LOC111197716 28.62 0.79 5.28 K05280 flavonoid 3'-monooxygenase [ EC:
1.14. 13. 217 | (RefSeq) flavonoid 3'-mo-
nooxygenase(A)
K00660 £ /Rl & [ EC: 2. 3. 1. 74 ]| (&
. . - - 1 ne ) A K A 3 RE (A
unigenel 06024 LOCI106372253 181.78 11.54 4.05 K00660 chalcone synthase [EC:2. 3. 1,747
(RefSeq) chalcone synthase 3-like (A)
K00660 4 /K fifl & A [EC: 2. 3. 1. 747 | (%
: aas - . . PP AR A 3 R (A)
unigenel7741 LOC106431192 15. 88 0.32 5.73 K00660 chalcone synthase [EC:2. 3. 1,747 CHS
(RefSeq) chalcone synthase 3-like (A)
KO00660 #F /K il &5 W[ EC. 2. 3. 1. 74| (&
. . - P A AR A3 (A
unigenel0008  LOC106367233 378.72 24.57 4.03 K00660 chalcone synthase [EC:2. 3. 1,747
(RefSeq) chalcone synthase 3 (A)
K00660 % /K il & @[ EC: 2. 3. 1. 74] | (&
i . S D A K A 3 AR (A
unigene63686  LOCI111204286 80.03 4.85 4.13 K00660 chalcone synthase [EC:2. 3. 1,747
(RefSeq) chalcone synthase 3-like (A)
KO01859 #5 /K 5 M i [EC:5. 5. 1. 61| (&
% 75D 45 IR Sk i 3 (AD
unigenel09238 LOC106440667 27.75 1.03 4. 82 K01859 chalcone isomerase [EC:5.5.1. 6]
( RefSeq ) probable chalcone-flavonone
isomerase 3(A)
K01859 2 /K i 57 #4 i (EC:5. 5. 1. 61| (%
73D A K R S R T CAD
unigene44887  L.OC106412109 11.02 1.73 2.75 K01859 chalcone isomerase [EC:5.5.1. 6] CHI
( RefSeq ) chalcone-flavonone isomerase
(A)
K01859 £ /R F My il [ EC:5. 5. 1. 61| (&
750D A5 K B S H il 3 CA)
unigene50179  LOC106419065 39.99 2.56 4. 05 K01859 chalcone isomerase [ EC:5.5.1.6]]

( RefSeq ) probable

isomerase 3 (A)

chalcone-flavonone
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1.

.07

K01859 A /Kl F M A [ EC.5.5. 1. 61| (&
2 7 5 A R R - S8 R SR (A
K01859 chalcone isomerase [EC:5.5.1.6]]
( RefSeq )
(A)

KO01859 A /K S+ M A [ EC.5.5. 1. 6| (&
BTG A IR - S A A
K01859 chalcone isomerase [EC:5.5.1.6]]
( RefSeq )
(A)

chalcone-flavonone isomerase

chalcone-flavonone isomerase

CHI

unigenel 04224

unigene50500

LOC106443698

LOC106419433

63.

.31

83

L1

.46

.92

K05278 Bl fi A W [ EC: 1. 14. 11. 237 |
(ZH 7 H)) ¥ R 4 i/ 25 B 3% 1k i
(A)

K05278 flavonol synthase [ EC: 1. 14. 11.
23]| (RefSeq) flavonol synthase/flavanone
3-hydroxylase (A)

K05278 % fi i & WG [EC: 1. 14. 13. 237 |
(B 7 5)) 8 B4 B/ 6 3-F% 1k i
(A)

K05278 flavonol synthase [EC: 1. 14. 11.
23]| (RefSeq) flavonol synthase/flavanone
3-hydroxylase (A)

F3H

unigenel01096

unigene27076

unigene42982

unigene42983

unigene46935

unigene58267

LOC111209098

LOCI11197936

LOC106447075

LOC106448797

LOC106419838

LOC106441083

l

23.

.49

63

. 66

. 20

. 80

.44

.99

.61

.02

.19

.84

.72

. 80

.97

.30

.24

.48

K09753 WAEBEAAF A 36 AL EC. 1. 2. 1.
U] (ZHF I REEB AR A X 1
FECA)

K09753 cinnamoyl-CoA reductase [ EC: 1.
2.1.447| (RefSeq) cinnamoyl-CoA reduc-
tase 1-like (A)

K09753 Py Mt s A i 5[ EC: 1. 2. 1.
4411(ZHZ P ) WAEBLHEE A & FERE 1
FECA)

K09753 cinnamoyl-CoA reductase [ EC; 1.
2.1.447| (RefSeq) cinnamoyl-CoA reduc-
tase 1-like (A)

K13082 X3y fi — %0 e B By 4-14 i filg/ 8
A EEEIEC. 1. 1. 1. 219. 1. 1. 1. 2347 | (&
A A R B A8 R (A

K13082 bifunctional dihydroflavonol 4-re-
ductase/flavanone 4-reductase [ EC:1. 1. 1.
219.1. 1. 1. 234 ] | (RefSeq) dihydrofla-
vonol-4-reductase (A)

K13082 BT fig — & ¥ i B 4-38 J5L g / 355 1)
A EEF(EC:1.1. 1. 219. 1. 1. 1. 2347 | (&
) 2 A B R 438 R (A
K13082 bifunctional dihydroflavonol 4-re-
ductase/flavanone 4-reductase [ EC:1. 1. 1.
219.1. 1. 1. 2347 | (RefSeq) dihydrofla-
vonol 4-reductase-like (A)

K09753 AAEREATG A i JREELEC: 1. 2. 1.
4411 (SH D RWHBEAEE A R 1R
(A)

K09753 cinnamoyl-CoA reductase [ EC; 1.
2.1.447| (RefSeq) cinnamoyl-CoA reduc-
tase 1-like (A)

K09753 WAL A i JHEE[EC. 1. 2. 1.
4411 (ZH P H) WA BRI A B 1R
(A)

K09753 cinnamoyl-CoA reductase [ EC; 1.
2.1.447| (RefSeq) cinnamoyl-CoA reduc-
tase 1-like (A)

DFR
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unigene58719

unigene80324

LOC106403158

LOC106416147

47

. 36

.19

.64
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K13082 BT fig — 4 ¥ i B 438 J5L g / 355 J)
A EEF(EC:1.1.1.219. 1. 1. 1. 2347 | (&
P50 A A AR SR (A)

K13082 bifunctional dihydroflavonol 4-re-
ductase/flavanone 4-reductase [ EC:1. 1. 1.
219.1. 1. 1. 2347 | (RefSeq) dihydrofla-
vonol 4-reductase (A)

K09753 AEBEAAF A 36 A EC: 1. 2. 1.
411 (EHPFD RAHBEAEE A R 1R
(A)

K09753 cinnamoyl-CoA reductase [ EC: 1.
2.1.447| (RefSeq) cinnamoyl-CoA reduc-
tase 1-like (A)

DFR

unigenel 7279

unigene4 9772

unigene52807

LOC111214282

LOC106440807

LOC106375745

47.

52.

.12

.41

. 60

.95

.00

.18

.51

K05277 8 75 % 2 UM A [ [EC: 1. 14.
11.197[ (B % 51 JC (5 46 75 3 U 4 i
BECA)

K05277 leucoanthocyanidin  dioxygenase
[EC:1. 14. 11. 19] | (RefSeq) leucoantho-
cyanidin dioxygenase-like (A)

K05277 Tt 16 % R XU %A # [ EC: 1. 14.
11. 191 (2% F#5)) ANS.ANSI,ANS2 J&
{04675 2 DU & (A

K05277 leucoanthocyanidin  dioxygenase
[EC:1.14.11.19]] (RefSeq) ANS.ANSI.
ANS2;leucoanthocyanidin dioxygenase (A)

K05277 J {4 15 7 2 AU A i [EC: 1. 14.
11.19] | (B 550 JTC a4 7 28U &
(A)

K05277 leucoanthocyanidin  dioxygenase
[EC:1. 14. 11. 19] | (RefSeq) leucoantho-
cyanidin dioxygenase (A)

ANS

unigene6388

LOC106354433

.84

.73

K10757 # i B 3-O-7 %5 B 5L B i EC.
2.4.1.91]| (&% 3] UDP-¥§ 3t 5 ¥ il
78D2 FE(A)

K10757 flavonol 3-O-glucosyltransferase
[EC:2.4.1.91]| (RefSeq) UDP-glycosyl-
transferase 78D2-like (A)

UF3GT

unigene35131

unigene37494

unigene88102

unigene90090

LOC106354014

LOC106391170

LOC106402852

LOC106393030

77

.62

33

.09

.74

.27

. 06

.42

.22

K20888 A 2 4 2 L bl 5L 6 % Bf MUR3
[EC:2. 4. 1. -1 (ZF )5 51 A i B2 7L
WEILAE RS GT17(A)

K20888 xyloglucan galactosyltransferase
MURS3 [EC:2. 4. 1.-]| (RefSeq) probable
xyloglucan  galactosyltransferase  GT17

(A)

K20888 A 5 4 2= 7L bl 5L % B B MUR3
[EC:2.4.1.-11 (Z % 7 51 A R b2k 7L
BEEELE RS GT14 (A)

K20888 xyloglucan galactosyltransferase
MURS3 [EC:2. 4. 1.-]| (RefSeq) probable
xyloglucan  galactosyltransferase  GT14

(A

K20888 A7) 5 4l 2 7L W% 3k i B [ MUR3
LEC:2. 4. 1. -1(SF )5 5] A5 B 2F FL b
IR KATAMARIL [FEY (A
K20888 xyloglucan galactosyltransferase
MURS3 [EC:2. 4. 1.-] | (RefSeq) xyloglu-
can galactosyltransferase KATAMARIIL
homolog (A)

K13648 a-1,4-2 3| 4 B R 5 2 B [ EC. 2.
4.1.43]| (B 551> 2% FLME s iR 2k 5%
WG 8 FE (A

K13648 alpha-1, 4-galacturonosyltrans-
ferase [EC:2. 4. 1. 43] | (RefSeq) galactu-
ronosyltransferase 8-like (A)

GTs
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Continued table 1

H K 1D
Gene 1D

E IR

Gene symbol

FPKM

S

High light

55t

Low light

2 S

PO A4

log; (FoldChange)

KEGG Zfg i %
KEGG annotation

E AR

Gene name

unigene93167

unigene9470

LOC106348760

LOC106401900

.29

.65

.09

. 66

K18789 ANHEEL £ — 5 -1,3- KBEILEE RS
LEC:2. 4. 2. 4111 (B H FID B
il At5g20260(A)

K18789 xylogalacturonan beta-1, 3-xylo-
syltransferase [EC: 2. 4. 2. 41] | (RefSeq)
probable glycosyltransferase At5g20260
(A)

K20779 E3 % 1 J£ i RNF168[EC. 2. 3.
2.31][(Z % 4 LON Jik i -7 5 45 19
HAMPFIEEND 3H (A

K20779 E3  ubiquitin-protein  ligase
RNF168 [EC:2. 3. 2. 317 | (RefSeq) LON
peptidase N-terminal domain and RING
finger protein 3-like (A)

GTs

unigenel0266

unigenel06179

unigenel 6853

unigene50500

unigene93567

LOC106405224

LOC106382906

LOC106440268

LOC106419433

LOC106440149

33.

63.

18.

.78

28

17

83

68

.43

.16

.08

.46

.30

.24

.67

.64

.92

. 66

K05278 T i i & Wi [ EC: 1. 14. 13 . 23] |
(P JE MR B R X2(A)
K05278 flavonol synthase [EC: 1. 14. 11.
23]| (RefSeq) flavonol synthase 3-like iso-
form X2 (A)

K05278 B i 4 fiff [ EC: 1. 14. 11. 23] |
(ZH 7 H) S W R A 3 FF (A

K05278 flavonol synthase [ EC: 1. 14. 11.
23] | (RefSeq) flavonol synthase 3-like (A)

K06901 MFS # iz & 1. AGZA Kk  H# 1E
W/ IRWERE BB | (S HFR)) JREEN /5
BEIS BB AZG1(A)

K06901 putative MFS transporter, AGZA
family, xanthine/uracil permease| (RefSeq)
Adenine/guanine permease AZG1 (A)

K05278 # il B 4 fE[EC: 1. 14, 13 . 23] |
(B 7 5) 8 B4 B/ 5 3% 1k i
(A)

K05278 flavonol synthase [EC: 1. 14. 11.
23]| (RefSeq) flavonol synthase/flavanone
3-hydroxylase (A)

K06901 MFS ¥4 15 8 [ . AGZA FH% | ¥ 5L
W/ FREENEB B | (SHFH)) RIS/ 5
TR 32 35 il (A

K06901 putative MFS transporter, AGZA
family, xanthine/uracil permease | (Ref-
Seq) Adenine/guanine permease

FLS

unigenel 16439

unigenel 16444

unigene21248

unigene22997

LOC106371447

LOC106371449

LOC106391500

LOC106398793

48.

.18

.01

34

68

.15

.39

.77

.19

.03

.39

.69

K10775 %N &M A [ EC: 4. 3. 1. 247 |
(BH)F ) N R e A 2 B (A
K10775 phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24] | (RefSeq) phenylalanine
ammonia-lyase 2-like (A)

K10775 279 & 2 fit [ i EC. 4. 3. 1. 24] |
(ZHF 5 MR A LOCI06371449
(A)

K10775  phenylalanine ~ ammonia-lyase
[EC:4.3.1.24]| (RefSeq) uncharacterized
protein LOC106371449 (A)

K10775 2N AR it A W[ EC.4. 3. 1. 24|
(2% %)) PAL-BR-1.PAL1 . PAL2; %15
TR i il

K10775 phenylalanine  ammonia-lyase
[EC: 4. 3. 1. 24] | (RefSeq) PAL-BR-1,
PAL1,PALZ2;phenylalanine ammonia-lyase

K10775 275 & 2 fit & i [ EC. 4. 3. 1. 24 ] |
(ZHTFH) RN TRl 1 FE (A

K10775  phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24] | (RefSeq) phenylalanine

ammonia-lyase 1-like (A)

PAL
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H K 1D
Gene 1D

E IR

Gene symbol

FPKM

(55
High light

5

Low light

ot

2 5RO
Xt £
log; (FoldChange)

KEGG Zfg i %
KEGG annotation

E AR

Gene name

unigene4453

unigene5741

unigene86417

unigene94498

unigene94499

unigene94502

unigene98680

LOCI111197696

LOC106425291

LOC106452446

LOC106384062

LOC106388514

LOC106388513

LOC106382579

16. 27

[
e
©

26.39

.27

. 06

.02

. 88

.41

K10775 25 & 2 fit | i [ EC. 4. 3. 1. 24 ] |
(ZHFH) RN 2 F (A
K10775 phenylalanine ammonia-lyase
[EC:4. 3. 1. 24| (RefSeq) phenylalanine
ammonia-lyase 2-like (A)

K10775 ZE 75 & 2 fit & i [ EC. 4. 3. 1. 24 ] |
(ZH 7D AR R & & 128 8 2R i 25 3
(A

K10775 phenylalanine ammonia-lyase [ EC:4.
3.1.247| (RefSeq) low quality protein phen-
ylalanine ammonia-lyase 3-like (A)

K10775 N % 2 fi 2 i [ EC: 4. 3. 1. 24 ]|
(ZZFH) RN R AR 2 B A
K10775 phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24] | (RefSeq) phenylalanine
ammonia-lyase 2-like (A)

K10775 #1752 B2 fit & i [ EC. 4. 3. 1. 24 |
(ZFEP5) HHE R AR (A
K10775 phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24] | (RefSeq) phenylalanine
ammonia-lyase 1-like (A)

K10775  Pi A M it A B[ EC. 4. 3. 1. 247 |
(S5 5) KN AR A 1 AE (A
K10775  phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24 ]| (RefSeq) phenylalanine
ammonia-lyase 1 (A)

K10775 # Pi A M it s B[ EC. 4. 3. 1. 247 |
(ZHJF5) KA AT 1A
K10775 phenylalanine  ammonia-lyase
[EC:4. 3. 1. 241 | (RefSeq) phenylalanine
ammonia-lyase 1-like (A)

K10775 % N & R fit @ Bl [ EC. 4. 3. 24 ] |
(5% I3 1) K 75 S R 2 FECAD
K10775 phenylalanine ~ ammonia-lyase
[EC:4. 3. 1. 24] | (RefSeq) phenylalanine
ammonia-lyase 2-like (A)

PAL

e 8 6 AL B SR 4 1 B S P 2 SRR
FEKFERETAMAED , TS 5HEEZE W
WARR Y KA MYB.bHLH WD40™ | 4 4z
FEFERAE B i Blast B8 4 ot AR 35 56 b il

AN K F 228 A L N A G S A% MYB i3t
102 4>, 4a % bHLH (%) 85 4>, 46 WD40 [ 41

AL ZBAEBLT 1A DL i D G B [ — o e 5 K]
5 K BB PR VR AR SRR [ B9 R Bl R A TR
— > FE IR G IR W AE 5 2R OR O A DR 7 T 2 A 3
AP AE 295 DL 4677 36 O OC 38 I 32O A &

F2 ARAARLEHEABMXRYENEREREF
Table 2 Differential transcription factors of Brassica napus seedlings under different light treatments
s e 584 BRIk TR EL 2 S AR X AL
Number Family Total Up Down logs (FoldChange)
1 MYB 102 88 14 —8.87~9.16
2 AP2 98 74 24 —4.33~8.04
3 bHLH 85 31 54 —8.20~9.16
4 NAC 54 36 18 —4,48~6. 82
5 WD40 41 14 27 —2.80~4.44
6 bZI1P 36 26 10 —8.87~6.17
7 C2H2 33 24 9 —4.73~4.58
8 C2C2 28 18 10 —3.61~4.81
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2.3 AEERAEMIELYEBNB AW

Xt 28 55 6 RSB G KE 37 96 h 119 T 3% 4 B AT AR
I 22 S LA BT 45 2R (&1 3) R T, SR G 5 248
A28 AU (DMs) , Hoh 182 AU R 30 F R,
66 MR BN T U . AU 32 A A B 2K

80

D
(=]
T

Z= 3Ry E
Number of different metabolites
3%} —
(=} =

RS VR AT A IR BORZR R . b B R
7 LU A R (32,6600, H U Oy B R K HL AT A
(14.51% ), BE B A0 26 N & 4% 51 & 5. 24% A0
10.08%.

H T Down; [ £ Up

1

: ﬂé]%]% é]fmjl&lﬁ

8 9 10 11 12 13 14 15

1. G IR AT a5 2. M2 3. WM F 4. IG5 5. WIS ;6. AR AT AW 7. dE/E R XA AEW 5 8. W5 9. B
10. M| R AT A 5 11, AT RR AT AR s 12, AR Wk 13, 2 s 14. 25515, HiAlh

1. Amino acid and derivatives;2. Carbohydrates; 3. Phenylpropanoids;4. Lipids;5. Flavonoid; 6. Organic acids and derivatives; 7. Vitamins and

derivatives; 8. Phenolamides; 9. Alcohols; 10. Indole derivatives;11. Nucleotide and derivates;

12. Alkaloids;13. Polyphenol; 14. Terpene;15. Others
B3 AN IR Ak 3 9 S &) 1 25 S A0 0 25 1 4 AT

Fig. 3 Quantity analysis of different metabolites in Brassica nupus seedlings under different light treatments
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5 A B i AR i A 1) 22 5 3 DR RN 22 S AR i e 1
KB B K. R R EA s 81 A
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Z AL F 3k KA AL, TS T 28 B AL & )
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KA RT-qPCR J7 % , XJ 5 't &b PR3 =5 4y w5 P

J v IR B i HLTE 45 2% b X B 3 e AR T 8
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ELIP2) 756153 %) 25 Fnt v i 2% 58 & 35 5 5
i (1) 3B < 177 348 57+ 3K 5 e S A A BT 4 R — B0 R
1) ik R 389 37 58 0 52 e 1 26 3k L O iE S R T (ETLPL,
EILP2) fi% 5t N ¥ (MYB114) fE58 )6 F A #18
LT 4 ANEE LR (F3'H ,CHS ,DFR ., FLS) fi%##%
SEHF(WHLH28) B2 615 5 463k (H Rk & 3L,
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I AL RGN G

39w

DGR AW A K K F R A0 TR 5 O Ak B AT
DA — SE A 1) 5 5% 4% B FAL BE A% R B R AR K
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Bt 375 S N ) 3B I 7 R 25 5 i L L 2
NG AR R BRI B X — R SRR A P
BEFELE R AR — B, TR AR AR UL A
IR S 00 35 SR 4B BT LAEE X ' IR 75 S A 4 2 B A
AR Z X BTN N e Y B 6
AL EE R T AT XM E .
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Fig.4 RT-qPCR validation of differentially expressed genes in flavonoid pathway in Brassica na pus

seedlings treated with intensive light
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