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Effect of LED mixed light conditions on the glucosinolate pathway in

brassica rapa
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Abstract In the agricultural industries, LEDs are used as
supplementary, as well as main lighting sources in closed
cultivation systems. In cultivation using artificial light
sources, various light qualities have been tried to supplement
fluorescent lamps to promote plant growth and metabolism.
Microarray analysis of Brassica rapa seedlings under blue
and fluorescent mixed with blue light conditions identified
changes in three genes of the glucosinolate pathway. This
attracted attention as functional materials highly expressed
3.6-4.6 fold under latter condition. We selected four more
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genes of the glucosinolate pathway from the Brassica
database and tested their expression changes under fluor-
escent light mixed with red, green, and blue, respectively.
Some genes increased expression under red and blue mixed
conditions. The Bra026058, Bra015379, and Bra021429; the
orthologous genes of CYP79F1, ST5a, and FMOGS-OX1 in
Arabidopsis, are highly expressed in Brassica rapa under
fluorescent mixed with blue light conditions. Further,
Bra029355, Bra034180, Bra024634, and Bra022448; the
orthologous genes of MAMI1, AOP3, UGT74B1, and
BCAT#4 in Arabidopsis, are highly expressed in Brassica
rapaunder fluorescent mixed with red light conditions. The
various light conditions had unique effects on the varieties of
Brassica, resulting in differences in glucosinolate synthesis.
However, in some varieties, glucosinolate synthesis increased
under mixed blue light conditions. These results will help to
construct artificial light facilities, which increase functional
crops production.
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photometer (Thermo Fisher Scientific Inc., USA)E ©]-8-3}¢
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dT) (Clontech Laboratories, Inc., Takara Bio company, USA)
£ AHE-8lo] cDNAE /d5k3ith cDNA TS 984l
42°C, 60+ ®F3- 5 70°Col| A 107t §E3 A Azt
UA} A/ E DNAE FF o= 3o primerE ©]-§-35}0]
Prime Taq DNA pol. (GeNet Bio, Korea)2 PCR WH-2 4
) 5} 9 THBIOER thermal cycler: Bioer Technology Co., Ltd.,
China). PCRZ A& pre-denaturation+= 95°Coj| A} 5&, 95°C
o A 30% denaturation, *Zz}o|H 2 GC contento] wa}
58°C T+ 60°Col| A 30% annealing, 72°C 1¥9] extension
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//bioinfo.ut.ee/primer3-0.4.0)& ©|-&35}o] A2} cHTable 4).
QA W WY =M

A7 95S ol FANSE ST G R 24
(Quantitative PCR analysis)& =33} AT} 3HHE 02 2 3)
5190 Forward primer/Reverse primer+= Z}Z} 3 pmol,
50X ROX dye+ 0.4 ul, DEPC-distilled water 3.6 ul, 10 ul
AccuPower® 2X GreenStar gqPCR Master Mix (Bioneer, Korea)
2 Hrlste] & ukS Bu]2 20 ulE a1, BIO-RAD Real-

time thermal cycler (CFX)E AF&3}o] PCR HI-&-& 433}
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sulfatase 200 W A 2f3t & Wgsteo] 2204 o7
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o] 2 ml e-tubed] T F E4] Zof 0.2 um syringe filter=
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of ol Wol 13 R4 28 A% % WAAA T o
108 3o 2545 gata2 @& slurry]] 0.1 M sodium
acetate (pH 4.0) 100 ml-& E33t Tt 2447+ A1 =
ACQUITY Ultra performance liquid chromatography (UPLC)
H-Class System (Waters, USA)E ©]-&3}o] UPLC EA4&
ety
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Fig. 1 Spectral distribution and intensity of LED chambers. LED bulbs in chambers irradiated sharp peaks of Blue, Green, and Red
light (A). Each peak point at 455, 524, and 625nm. Fluorescent light (FL) was mixed half and half with each blue (B), green (C),
and red (D) LED, respectively. Each color line reflected the light source bulb, blue, green, and red. Black line indicates fluorescent
light. Sky-blue, light green, and pink indicate spectral distributions under mixed conditions with blue, green, and red, respectively
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Fig. 2 Overview of light-regulated genome expression by cluster
display: Hierarchical clustering analysis was performed with
genes up or down regulated twofold above by light condition
in each light quality. Genes with a P Value below 0.05 were
collected. For hierarchical clustering analysis, we used average
log?2 ratios. The color scales are shown below. Positive numbers
represent gene up-regulation (red color) and negative numbers
represent gene down-regulation (green color). Expressed genes
in 7 day old seedlings of B. rapa, after 24 hour treatment with
light conditions of: fluorescent light (FL), fluorescent + blue
light (FLB) and blue light alone (B) were compared to fluorescent
light (FL). FL/FL, continuous fluorescent light versus fluorescent
light; FLB/FL, continuous fluorescent + blue light versus fluorescent
light; B/FL, continuous blue light versus fluorescent light

178974l ot 5o FMFS Esto] AR fH
Wol A wdo] Skt f-42e == 1270, JAH 4
2= 107§ 2 Zth(Table 1). GO A et A7}, &
A g 2o A= 1,295709F 1,5987
77y o 7 9 gasklal e 2
1171} 8719 F--A7F 2-2F U3
(Table 2). FF5 MY &

HQl FAAEY GO termS w43 & FDR Z}o|
5kl GO termE &3+ A3} A xp3tatof| i 355 of
UL A Z(Kim 2004) S FZAI = 0| E A 7|4
Todst= FAAZE 1978 AR 5 37 =S Felskal
TH(Table 3). mfo]m=ojg o] tlojEHo]Ael H7|A Y
H 5 (SEC ID)= Bra026058, Bra029355, Bra034180 -G =}
= 4 SFIAEYolE FAo st FHA
AT1G16410 (CYP79F1), AT5G23010 (MAM1), AT4G03050
(AOP3) A A= QI Gltk(Table 4). o] FHA= A
A Fo = HEo] FaEe (At 33, 53,
-60.40)) A} JFF 3k 2o M= 22} 44, 4.6, 3.6
v g o] F71FTHIE 3A). A= 7|49 4bgtE
A stAY A AAA we3E WA 5k A4S (Halliwell
19974 ore) IS AAst= o 49 HA Aol
CHOsawa et al. 1992). o] & 4] &3}5HE A S(phytochemicals)

o x0

O SN

Table 1 Light regulated Gene expression changes: Summary
showed up-regulated and down-regulated gene expression,
beyond twofold, by each light condition (P Value < 0.05).
Expressed genes in 7 day old seedlings of B. rapa, after 24
hours of light condition treatment, (continuous fluorescent light
(FL), blue (B), and fluorescent + blue light (FLB)) for 24 hours
were compared to fluorescent light (FL)

Total
Up Down -
Sample set . . significant
regulation regulation
genes
B/FL* 1,513 1,789 3,302
FLB/FLY 12 10 22

“blue light versus fluorescent light(FL).
blue light + fluorescent light versus fluorescent light(FL).

Table 2 GO analysis of genes significantly regulated by light
conditions. The number of B. rapa genes which have orthologs
in Arabidopsis TAIR9 were calculated. With a False Discovery
Rate < 0.05, Gominer categorized each gene according to mode
of gene expression, either up- or down- regulated

Total
Up Down -
Sample set . . significant
regulation regulation
genes
B/FL* 1,295 1,598 2,893
FLB/FL” 11 8 19

“blue light versus fluorescent light (FL).
blue light + fluorescent light versus fluorescent light (FL).
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Fig. 3 Gene expression in B. rapa seedlings under blue light mixed conditions. We screened the gene change under Fluorescent +
blue light (FLB) conditions compared with Fluorescent light (FL) conditions. Genes changes in response to FLB/FL are shown in
the graph with those in response to B/FL (blue light (B) compared with fluorescent light (FL)) (A). White and black indicate FLB/FL
and B/FL, respectively. Error bars were calculated by two replicates in microarray data. Hierarchical clustering analysis was performed
with genes up or down regulated by both light conditions, FLB and B (B). Genes with a P Value below 0.05 were collected. For
hierarchical clustering analysis, we used average log2 ratios. The color scales are shown at the top. Positive numbers represent
up-regulation (red color) and negative numbers represent down-regulation (green color). We clustered the data using KMC analysis
of MeV4.8 (MultiExperiment Viewer : http://www.tm4.org/mev.html) program

Table 3 GO term enrichment analysis of genes regulated by light conditions in each light combination. GO term enrichments were
calculated with AgriGO ( Zhou et al., 2003; http://bioinfo.cau.edu.cn/agriGO/index.php). The 37,767 genes were used as total gene
set in the AgriGO web-site for Arabidopsis. Analysis was performed to compare FL to FLB. AgriGO categorized each gene according
to their GO terms, biological processes, cellular components, and molecular functions. We submitted 19 genes that were up-or
down-regulated by FLB conditions compared to FL and collected GO terms with FDR less than 0.05

Number in

GO term Ontology Description input list P Value FDR
GO0:0019758 P glycosinolate biosynthetic process 3 1.40E-06 5.40E-05
G0:0016144 P S-glycoside biosynthetic process 3 1.40E-06 5.40E-05
G0:0019761 P glucosinolate biosynthetic process 3 1.40E-06 5.40E-05
GO0:0019757 P glycosinolate metabolic process 3 4.60E-06 8.80E-05
G0:0019760 P glucosinolate metabolic process 3 4.60E-06 8.80E-05
G0:0016143 P S-glycoside metabolic process 3 4.60E-06 8.80E-05
GO0:0016138 P glycoside biosynthetic process 3 9.30E-06 0.00015
GO0:0016137 P glycoside metabolic process 3 2.10E-05 0.0003
GO0:0044272 P sulfur compound biosynthetic process 3 2.80E-05 0.00035
GO0:0034637 P cellular carbohydrate biosynthetic process 3 9.70E-05 0.0011
GO:0006790 P sulfur metabolic process 3 0.00018 0.0019
GO:0016051 P carbohydrate biosynthetic process 4 0.00036 0.0034
GO:0005975 P carbohydrate metabolic process 3 0.00082 0.0073
GO0:0044262 P cellular carbohydrate metabolic process 3 0.0012 0.0095
GO0:0019748 P secondary metabolic process 3 0.0018 0.014
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Table 4 List of genes used in RT-PCR analysis. Putative genes related to the glucosinolate pathway were screened in the B. rapa

gene chip database of GGBio (http://www.ggbio.com/)

A.thaliana

Forward primer 5™-3’

SEQ_ID Annotation - —
- homologue Reverse primer 5-3
“CYP79F1, BUSI, SPS1; CYP79F1 (CYTOCHROME P450 TCGTCAAGATACCA T ,
79F1); oxidoreductase, acting on paired donors, with 5> -TCGTCAAG CCACCCTCG-3
Bra026058  ATI1G16410  incorporation or reduction of molecular oxygen, NADH or
NADPH as one donor, and mc?’rporatlon of one atom of 5" ACGACACGAAACGCAATTCA-3
oxygen
“MAM1, IMS3; MAMI1 (METHYLTHIOALKYLMALATE 5-CGAACAAGCTCCCAGACAAG-3’
Bra029355  AT5G23010 SYNTHASE 1); 2-isopropylmalate synthase/
methylthioalkylmalate synthase” 5-GGCGATGGTTTGGATGGTTT-3'
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superfamily protein

5-TCATCAGTCGCAAACGGTAA-3’
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Fig. 4 RT-PCR analysis of genes expressed in Brassica rapa
under different light conditions: Genes (listed in Table 4) were
analyzed by reverse-transcript (RT) PCR. RT-PCR products for
up-regulated genes in Brassica rapa under four light conditions:
fluorescent light (FL), fluorescent + red light (FLR), fluorescent
+ green light (FLG), fluorescent + blue light (FLB) were loaded
in 1% agarose gel and electrophoresis carried out
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Fig. 5 Quantitative PCR analysis of Brassica rapa genes expressed by different light conditions: Genes listed in Table 4 were
quantitatively analyzed by real-time PCR. Quantitative RT-PCR of mRNA regulated by four light conditions: fluorescent light (FL),
fluorescent + red light (FLR), fluorescent + green light (FLG), and fluorescent + blue light (FLB). qRT-PCR was performed on:
Bra026058 (A), Bra029355 (B), Bra034180 (C), Bra022448 (D), Bra024634 (E), Bra015379 (F), and Bra021429 (G) with three
technical replications using the Bio-Rad system and the SYBR Green I master mix in a 20ul volume. White and black indicate 7
and 14 day old B. rapa seedlings, respectively. Error bars were calculated from three replicates of experiments
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Fig. 6 Glucosinolate contents in three Chinese cabbage varieties: Tsao Huang Pa, Chiifu, and BP79. The seedlings were grown for
7 days. After they were cultured for four days under fluorescent light and 2 days in the dark, they were treated for 24 hrs under
three light conditions. The white, gray, and black bars indicate fluorescent light (FL), fluorescent + red light (FLR), and fluorescent

+ blue light (FLB), respectively.

The names of glucosinolate trivial were written by abbreviation: pro, progoitrin;

rapha,

glucoraphanin; napin, gluconapin; canapin, glucobrassicanapin; brass, glucobrassicin; nastur, gluconasturtin
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