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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 MAMI, AOP3, UGT74Bl1, and
BCAT#4 in Arabidopsis, are highly expressed in Brassica
rapa under 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 ©]-835} o
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= 343517] 9@l RevertAid™iderrMA, ienti Strand ¢cDNA
Synthesis Kit (Fermentas, Lithuania)& A}-8-5} ¢4t} MinElute
Reaction Cleanup Kit (Qiagen, Germany)& A}83}o] ¢cDNA
E AL 1 ugd c¢DNAY] 30 uLe Cy3-9mer primers
(Sigma-Aldrich, USA)S Y1 98°Cof| 4] 1087+ & A 2]3}
o] Cy3 A DNAS AT 10 uLo] 50X dNTP
mix (ZF 10 mM)Q} 2 uL 9] Klenow fragment (50U primers)
(Sigma-Aldrich, USA)E @1l 37°Cof|A] 24| 7} 5ot Hb-g-A]
71 &, 3£ A% DNAE isopropanol= 2 AA]A 13 uL9| &
2 =4t} Spectrophotometer 2 =5 =7510] 10 mgd
DNARHS wpo]a g ofgo] &4 3to] o] &&qict 72+ ME

o] &A1} h=ol(NimbleGen, USA)S @1l ufo| 2 6fF| 9|
2} A 42°Col| 4] 16-18 A]7F 52 MAUI chamber (Biomicro,
USA) ol A =493t wh-g-& x3gstgict. Wash T, IT, I
(NimbleGen, USA)Z A& 35}o] Folql= Cy3& Xﬂ A8kl

71 %, GenePix scanner 4000B (Axon, USA)Z Cy3
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com)o| A =3P = ity &3 ¥-g =3 & Nimblescan
(NimbleGen, USA)Z 2 1340 g OIU] 2] AEE BAEY
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QA9 match® G AR} 22 & 18,7257 o], GOMINER
(Ashburner et al. 2000; Zeeberg et al. 2003) (http://www.
geneontology.org, http://discover.nci.nih.gov/gominer/) 2 -3-2]
3} GO (Gene ontology) term= £4135}9=4d] GO term}
expression mode (Under, Over, Change)ol] w2} 2+ FAA=
25235} t) One-sided Fisher®] Gol4 #HAWHO=R P
ValueE AARFA L, 100705 292 F8A] False discovery
rate (FDR) gho] 0.05 m]wkel GO termS FE351% L, o &
AESHA 714 (biological processes), A} 7|5(molecular
function), 71231 A|3E Q A (cellular component) Al 7}A| &
wFokth FL 23 v]iiste] FLBOA W o] 7}
F= A4St AR disjA= AgriGO (Zhou et al.
2003; http://bioinfo.cau.edu.cn/agriGO/index.php) & ©] &5}
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42°C, 608 HF-3- 3 70°Cof| Al 1087t vF-3-2 XA F T
UaF A= DNAE FFOZ 319 primers ©]-8-3}9]
Prime Taq DNA pol. (GeNet Bio, Korea)= PCR HF-3-& <
S 5} A THBIOER thermal cycler: Bioer Technology Co., Ltd.,
China). PCRZ -2 pre-denaturation™= 95°Co| A 5+, 95°C
oA 30z denaturation, Zz}o|H 2] GC contento] wz}
58°C = 60°CoJ| 4] 30% annealing, 72°C 182] extension
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Z2lo[M HMZ 29l 75% methanol 2 ml& 7} thg oFslA E3tsto] 3
2,000 rpm, 10°C, 1057}
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o3t Zafolw| wj3 A EST dIOlEitﬂlOléﬁ} NCBI
SAA ARE Z5)] & I7] A4 LS primer3 program (http:
//bioinfo.ut.ee/primer3-0.4.0) ©|-&-5}o] A| 25} tH(Table 4).
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(Quantitative PCR analysis) =383} AT} 392 02 2 5)
5191 0w Forward primer/Reverse primer~= ZFZ} 3 pmol,

50X ROX dye+= 0.4 pl, DEPC-distilled water 3.6 ul, 10 ul
AccuPower® 2X GreenStar qPCR Master Mix (Bioneer, Korea)
= H7}slo] & Wk HmE 20 ulE 511, BIO-RAD Real-
time thermal cycler (CFX)& A}&-5}¢] PCR W32 4345}
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72°Coll Al 1027 REGAIZ] & =8I
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o] 5}of 45k ATt. Sephadex-A-25 powderS 21 Al
ofF o "ol 12} FFE 28 Al 9 JAA 7L oF
108 Zo 2F4E gt 2 -2 slurryo]] 0.1 M sodlum
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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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T ¢ AL, FEFTS RAHEA A, A, sA4EE LI Y PRl ANFS Edste] AR f 1
Sl 2AFE = Qe AHIE ol &SHGIThFig. 1B, €, WollA o] Sk R = 127], AR A
and D). 447t FYU3 PS5 oA At fFHE FE A= 10712 S H(Table 1). GO 42 343t 2}, &
AolA FEEd EdHs @ 44 Ed ans v A ddd 2o A= 1,295709F 1,5987) 9] fA RS0
Akl AH(Huseby et al. 2013) 24 7F FufFst & 35 242 A F7F 9 Aasiea 23 2= 42
ZZA(FL: Fluorescent lamp)y} @450 FMFe Tt 1179 8719 A7 242 9d 71 2 a5kt
Z7(FLB: Fluorescent lamp +Blue), 18] 31 %A o} 3(B: (Table 2). §F53 FAML &3 2AHA & HIE
Blue) 7ol 24A17F ¢ w2 AlA F THE FHY uf Hl FHAE9Y GO terms A7 - FDR gho] 0.050]
olmZolg o] £A& st FFF 242 7IFS 51Ql GO termE FET A3 ARSI o oh-E o
2 PFeH AFS £t AP eh)x ohal & A(Kim 2004) SR A= ol E FA 712
Ak A4 kA 2AG A G e A vlold  Boelaks §HATE 197] §A% F 3 9SS FHelaty
E ASLAT st £A% Ao, A gdBS 2AEE th(Table 3). mfo]aARojg o] glo]guo] A H7|HE
AL A5 AT v o] AR e o] HEkyF uf & H 5 (SEC ID)= Bra026058, Bra029355, Bra034180 54 =}
A YeEbgoy AN 23g oA wE Hstst = 474 SFIAEYE A st AR
GRS S7t AA EcHFig 2). A UG 24| ATIGI6410 (CYPT9FD), AT5G23010 (MAMI), AT4G03050
A g o] 2w o] FUHE AR o WS Al A (AOP3) FAAR S EIK(Table 4). o] F-A = &
Al 4,5537) 5 151370012 o] A FAAY = M gdFois Wdo] FAaEJe KA 33, 53,

FL/FL FLB/FL B/FL

[ ——

=-2.00 =2.00

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
log2 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

-6.44l) M} YPFs St 2= 27 44, 46, 3.6
o T@o] S7FsA L™ 3A). A= 7189 4keks

= 3LAFSL A (Halliwell
1974 oFe) S AAIsk= o 49 A Aol
CHOsawa et al. 1992). o] & 2] &3}8}& & E(phytochemicals)

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

GO term Ontology Description I\E;lllie{isitn P Value FDR
GO:0019758 P glycosinolate biosynthetic process 3 1.40E-06 5.40E-05
GO:0016144 P S-glycoside biosynthetic process 3 1.40E-06 5.40E-05
GO: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
GO0:0019760 P glucosinolate metabolic process 3 4.60E-06 8.80E-05
GO0:0016143 P S-glycoside metabolic process 3 4.60E-06 8.80E-05
GO:0016138 P glycoside biosynthetic process 3 9.30E-06 0.00015
GO: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
GO0:0006790 P sulfur metabolic process 3 0.00018 0.0019
GO0:0016051 P carbohydrate biosynthetic process 4 0.00036 0.0034
GO0:0005975 P carbohydrate metabolic process 3 0.00082 0.0073
GO0:0044262 P cellular carbohydrate metabolic process 3 0.0012 0.0095
G0:0019748 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/)

j Forward primer 5™-3’
SEQ_ID A thaliana Annotation p. —
N homologue Reverse primer 5-3
“CYP79F1, BUSI1, SPS1; CYP79F1 (CYTOCHROME P450 _, ,
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oxygen
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Bra029355  AT5G23010 SYNTHASE 1); 2-isopropylmalate synthase/
methylthioalkylmalate synthase” 5-GGCGATGGTTTGGATGGTTT-3
) ) 5'-CCGGGGAGAGGAACATTGTA-3’
Bra022448  AT3G19710 BCAT4; branched-chain aminotransferase4 : p
5'-CACTTGGAAAAGCACGACGA-3
5'-CGAATCCTTCAAGCTCCACG-3’
Bra024634  AT1G24100 UGT74B1; UDP-glucosyl transferase 74B1 , ,
5-GAAGGACAGAGCAAACGGTG-3
. . . 5'-CTGACAAGTTCACCACCACG-3’
Bra015379  AT1G05000 STSa; Phosphotyrosine protein phosphatases superfamily ; ;
5-TTAGCCGGATCAGGGAATCC-3
5'-CCGCATTTCCTCCAGACATG-3’
Bra021429  AT3G02580 FMGSOX1/ STE1, DWF7, BULI; sterol 1 : ;
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Bra034180  AT4G03050 AOP3; 2-oxoglutarate (20G) a}nd Fe(II.) dependent oxygenase , ’
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). gqRT-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



254 J Plant Biotechnol (2015) 42:245-256
DWHH W5 2dclA Bek 44 SR 34 B AR |4 BAR F2E WL gk F2RA B0l
T A0l Feo] 22 0033} 0.055 uM/EDWE 2 E o] Helat A¥ AANE F A4 BT 24
o} 39 7}sH9chFig. 6) oA 36-46ME 27} o1 §A% NS 2S5 A%
2 AR W R 27 AF ¢ 24 dAEE o SRIZAEECIE §4 FARE S glolE o]~
Aol dae Fu A0 deid PP ANYS o4 o Ausie] 4, & FAS FYEe) 47 TR
FFeol £ 2xo] WY FEAEN 2FIAE 2o vhgste] Wdlo] Wakst=A] wEAsH=H A
o= thate] ARG B 4 YST AN AT BY Y B3 2ABol e} 4% £ 2ANAE WHo] £
S BAS Bo FUSITE 2ol 48 FANA F. 71k §A4S0] 9tk 22t o7 e) CYPI9FI, ST
ZH 3o o]fo| 531 Q)= LED FYL t}oFst 5 FMOGS-0X19} o] &AME #2191 Bra026058, Bra0153799}¢
Ao HE MUHOR o] §F 4 Gk o[FW LEDY 5 Bra02l9: HAF 2AA wdFol Frhstao
4 ol&sto] A& AT 545k= thAR=S A MAMI, AOP3, UGT74Bl, BCAT4¢] o]FA&FAAkal
A A 7)ol Bh B GAAES HES FAAZ 4= 9l Bra029355, Bra034180, Bra024634, Bra022448 A A5 w
Lo 2 A W RAke] e 4B BN E o A4 BEF 204 o] ZAsth £ A
X 07 o]gstal A9 7|eAS T A = Fofl AT SFFAEY0lE A Atk WS FFl
A& nhdsted 712 A2E AT 5 vk B 43wt Aol & EYoy HIHA] S FIAEY ol EVF B4
of Ararvh of H U wjF FHY SRIAEYNE Fe EFT 2AA FAo] Srskeh ol At
o oS 2AstY] 7|5 AFLANEA o] & HMAE & R S AAAA 7IeHeR 4% a4
B 4 G A ATk BRI EClE 4 Ashs ARW 2AS 24SEY 98% 7% AR
St L ol o5 A E = A SH(sulphate assimilation)  E RS2 AR ECH
28] YIS onR YrEthe W AR diAkbE S
ol WO v(Huseby et al. 2013), Ak ool Toish= #
Azet A 2RI OlE A FAAEC] Foll o] References
) 24 Witk Bvt ok BT g AAeks)
o] I A} 27|90 7+ YA A ok W T ALALE <] An CG, Hwang YH, An JU, Yoon HS, Chang YH,_ Shor% GM,
ol Tot AlmaA o] st AT oA We sty o] s Hwagg. SJ (2011) Effect of.LEDs (L.1ght Emitting Diodes)
L oo _ o e a6 S 3 - irradiation on growth of paprika (Capsicum annuum ‘Cupra’).
?i:r"t‘ OL]_JO_‘LOJ—E 01%6:]'04 TI‘E—'E_" }\g’jf?’.]"\:‘ A]f\eoﬂﬁ "é— J Bio-Env Cont 20:253-257
de A& oR offstHA 7eH o2 % =S Ashburner M, Ball CA, Blake JA, Botstein D, Butler H, Cherry JM,
AAEHE 2 A4S 2ASEY 8% 7|2 R E A Davis AP, Dolinski K, Dwight SS, Eppig JT, Harris MA, Hill
o2 At DP, Issel-Tarver L, Kasarskis A, Lewis S, Matese JC,
Richardson JE, Ringwald M, Rubin GM, Sherlock G (2000)
Gene ontology: tool for the unification of biology. The Gene
Ontology Consortium. Nat Genet 25:25-29
Ab Ab Awad MA, Wagenmakers PS, Jager AD (2001) Effects of light on
o . flavonoid and chlorogenic acid levels in the skin of ‘Jonagold’
2 A 2 e s gy A TA(Z A apples. Sci Hort 88:289-298
3 PJ01002502)2}F AFA thuto] @ 19 214+ (PI01106902) Brew CT, Aronchik I, Kosco K, McCammon J, Bjeldanes LF,

of A9lo] o8 L.

b5 e

o

sl e LED= 94| Fg EFsFe JT20 o] &
= AR opyeh, Al Al AlaE o] 9o} wl- T ot

Fadolth dEFs ol &3t AldA ol FFel BF

42 FAAPE A w7t Qo] ek 7 FFFe
MY BUY 20N RN TEF 24 v

e
ZAFGE 5 ol ARojdo] BAS sud AT MR &

Firestone GL (2009) Indole-3-carbinol inhibits MDA-MB-
231 breast cancer cell motility and induces stress fibers and
focal adhesion formation by activation of Rho kinase activity.
Int J Cancer 124:2294-2302

Butler WL, Siegelman HW, Miller CO (1964) Denaturation of
phytochrome. Biochem 3:851-857

Cha YS, Oh SH (2000) Investigation of gamma-aminobutyric acid
in Chinese cabbage and effects of the cabbage diets on lipid
metabolism and liver function of rats administered with
ethanol. J Korean Soc Food Sci Nutr 29:500-505

Cho JA, Son DM, Kim JM, Seo BS, Yan SY, Kim BW, Heo BG
(2008) Effects of LEDs on the germination, growth and
physiological activities of amaranth sprouts. Kor J Hort Sci
Technol 26:106-112



J Plant Biotechnol (2015) 42:245-256

255

Choi MK, Back GY, Kwon SJ, Yoon YC, Kim HT (2014) Effect of
LED light wavelength on lettuce growth, vitamin C and
anthocyanin contents. Protected Hort and Plant Factory
23:19-25

Du Z, Zhou X, Ling Y, Zhang Z, Su Z (2010) agriGO: a GO
analysis toolkit for the agricultural community. Nucleic Acids
Res 38:W64-W70

Ebisawa M, Shoji K, Kato M, Shimomura K, Goto F, Yoshihara T
(2008) Supplementary ultraviolet radiation B together with
blue light at night increased quercetin content and flavonol
synthase gene expression in leaf lettuce (Lactuca sativa L.).
Environ Control Biol 46:1-11

Faulkner K, Mithen R, Williamson G (1998) Selective increase of
the potential anticarcinogen 4-methylsulphinylbutyl gluco-
sinolate in broccoli. Carcinogenesis 19:605-609

Halliwell B (1997) Antioxidants: the basics-what they are and how
to evaluate them. Adv Pharmacol 38:3-20

Hangarter RP (1997) Gravity, light and plant form. Plant Cell
Environ 20:796-800

Heo JW, Lee YB, Kim DE, Chang YS, Chun C (2010) Effects of
supplementary LED lighting on growth and biochemical
parameters in Dieffenbachia amoena ‘Camella’ and Ficus
elastica ‘Melany’. Kor J Hort Sci Technol 28:51-58

Huseby S, Koprivova A, Lee BR, Saha S, Mithen R, Wold AB,
Bengtsson GB, Kopriva S (2013) Diurnal and light regulation
of sulphur assimilation and glucosinolate biosynthesis in
Arabidopsis. J Exp Bot 64:1039-1048

Hwang MK, Huh CS, Seo YJ (2004) Optic characteristics
comparison and anlaysis of SMD type Y/G/W HB LED. J Kor
Ins Ilumin Electric Install Eng 18:51-21

Irizarry RA, Bolstad BM, Collin F, Cope LM, Hobbs B, Speed TP
(2003) Summaries of Affimetrix GeneChip probe level data.
Nucleic Acids Res 31:e15

Johkan M, Shoji K, Goto F, Hashida S, Yoshihara T (2010) Blue
light-emitting diode light irradiation of seedlings improves
seedling quality and growth after transplanting in red leaf
lettuce. Hortscience 45:1809-1814

Kim JA, Kim JS, Hong JK, Lee YH, Choi BS, Seol YJ, Jeon CH
(2012) Comparative mapping, genomic structure, and
expression analysis of eight pseudo-response regulator genes
in Brassica rapa. Mol Genet Genomics 287:373-388

KimJA, Lee YH, Hong JK, Hong SC, Lee SI, Choi SG, Moon YS,
Koo BS (2013) Effects of light quality using LEDs on
expression patterns in Brassica rapa seedlings. Kor J Hort Sci
Technol 31:607-616

Kim JK, Chu SM, Kim SJ, Lee DJ, Lee SY, Lim SH, Ha SH,
Kweon SJ, Cho HS (2010) Variation of glucosinolates in
vegetable crops of Brassica rapa L. ssp. pekinensis. Food
Chem 119:423-428

Kim JW (2010) Trend and direction for plan factory system. J Plant
Biotechnol 37:442-455

Kim MR (2004) Bioactivities of sulfur compounds in cruciferous
vegetables. 2004 Annual meeting and international symposium
on the current prospects of functional and medical food. Jeju.
The Korean Society of FSN. p.150-157

Klein RM (1979) Reversible effect of green and orange-red
radiation on plant cell elongation. Plant Physiol 63:114-116

Kojima M, Nakano Y, Fujii H (2010) Light stimulation triggered
expression of genes coding for vacuolar proton-pump
enzymes V-ATPase and V-PPase in buckwheat. Biosci
Biotechnol Biochem 74:1507-1511

Kopsell DA, Kopsell DE (2008) Genetic and environmental
factors affecting plant lutein/zeaxanthin. Agro Food Ind
Hi-Tech 19:44-46

Lee JJ, Lee YM, Shin HD, Jeong YS, Lee MY (2007) Effects of
vegetable sprout power mixture on lipid metabolism in rats
fed high fat diet. J Korean Soc Food Sci Nutr 36:965-974

Lee NY, Lee MJ, Kim YK, Park JC, Park HK, Choi JS, Hyun JN,
Kim KJ, Park KH, Ko JK, Kim JG (2010) Effect of light
emitting diode radiation on antioxidant activity of barley leaf.
J Korean Soc Appl Biol Chem 53:685-690

Lund EK, Smith TK, Clarke RG, Johnson IT (2001) Cell death in
the colorectal cancer cell line HT29 in response to
glucosinolate metabolites. J Sci Food Agric 81:959-961

Lund JB, Blom TJ, Aaslyng JM (2007) End-of-day lighting with
different red/far-red ratios using light-emitting diodes affects
plant growth of Chrysanthemum x morifolium Ramat. ‘Coral
Charm’. HortScience 24:1609-1611

Mun JH, Kim JA, Park SW(2014) Effect of light quality on the
glucosinolate pathway in Brassica rapa seedling. Konkuk
University master's thesis.

Nagaharu U (1935) Genome analysis in Brassica with special
reference to the experimental formation of B. napus and
peculiar mode of fertilization. Japan J Bot 7:389-452

Okamoto K, Yanagi T, Takita S, Tanaka M, Higuchi T, Ushida Y,
Watanabe T (1996) Development of plant growth apparatus
using blue and red LED as artificial light source. Acta Hort
440:111-116

Osawa T, Katsuzaki H, Hagiwara H, Hagiwara H, Shibamoto T
(1992) A novel antioxidant isolated from young green barley
leaves. J Agric Food Chem 40:1135-1138

Padilla G, Cartea M, Velasco P, de Haro A, Ordas A (2007)
Variation of glucosinolates in vegetable crops of Brassica
rapa. Phytochem 68:4536-4545

Pedras MSC, Sarwar MG, Suchy M, Adio AM (2006) The
phytoalexins from cauliflower, caulilexins A, B and C:
Isolation, structure determination, synthesis and antifungal
activity. Phytochem 67:1503-1509

Redovnikovi¢, IR, Gliveti¢, T, Delonga, K, Vorkapi¢-Fura¢, J
(2008) Glucosinolates and their potential role in plant.
Periodicum Biologorum. 110: 297-309

Shiga T, Shoji K, Shimada H, Hashida S, Goto F, Yoshihara T
(2009) Effect of light quality on rosmarinic acid content and
antioxidant activity of sweet basil, Ocimum basilicum L. Plant
Biotechnol 26:255-259

Smyth GK (2004) Linear models and empirical bayes methods for
assessing differential expression in microarray experiments.
Stat Appl Genet Mol Biol 3:1-25

Urbonavicitité A, Samuoliené G, Sakalauskiené S, Brazaityté A,
Jankauskiené J, Duchovskis P, Ruzgas V, Stonkus A, Vitta P,



256

J Plant Biotechnol (2015) 42:245-256

Zukauskas A, and Tamulaitis G (2009) Effect of flashing
amber light on the nutritional quality of green sprouts.
Agronomy Res 7:761-767

Wang X, Wang H, Wang J, Sun R, Wu J, Liu S, Bai Y, Mun JH,
Bancroft I, Cheong F, Huang S, Li X, Hua W, Wang J, Wang
X, Freeling M, Pires JC, Paterson AH, Chalhoub B, Wang B,
Hayward A, Sharpe AG, Park BS, Weisshaar B, Liu B, Li B,
Liu B, Tong C, Song C, Duran C, Peng C, Geng C, Koh C, Lin
C, Edwards D, Mu D, Shen D, Soumpourou E, Li F, Fraser F,
Conant G, Lassalle G, King GJ, Bonnema G, Tang H, Wang
H, Belcram H, Zhou H, Hirakawa H, Abe H, Guo H, Wang H,
Jin H, Parkin IA, Batley J, Kim JS, Just J, Li J, Xu J, Deng J,
KimJA, LiJ, YuJ, Meng J, Wang J, Min J, Poulain J, Wang
J, Hatakeyama K, Wu K, Wang L, Fang L, Trick M, Links
MG, Zhao M, Jin M, Ramchiary N, Drou N, Berkman PJ, Cai
Q, Huang Q, Li R, Tabata S, Cheong S, Zhang S, Zhang S,
Huang S, Sato S, Sun S, Kwon SJ, Choi SR, Lee TH, Fan W,
Zhao X, Tan X, Xu X, Wang Y, Qiu Y, Yin Y, Li Y, Du Y,
Liao Y, Lim Y, Narusaka Y, Wang Y, Wang Z, Li Z, Wang Z,

Xiong Z, Zhang Z (2011) The genome of the mesopolyploid
crop species Brassica rapa. Nat Genet 43:1035-1039

Whitelam GC, Halliday KJ (2007) Light and plant development.
Annual Plant Reviews, Volume 30. Blackwell Publishing Ltd.
Oxford

Workman C, Jensen LJ, Jarmer H, Berka R, Gautier L, Nielser, HB,
Saxild HH, Nielsen C, Brunak S, Knudsen S (2002) A new
non-linear normalization method for reducing variability in
DNA microarray experiments. Genome Biol 3:1-16

Zang, YX, Kim HU, Kim JA, Lim MH, Jin M, Lee SC, Kwon SJ,
Lee SI, Hong JK, Park TH, Mun JH, Seol YJ, Hong SB, Park
BS (2009) Genome-wide identification of glucosinolate
synthesis genes in Brassica rapa. FEBS J 276: 3559-3574

Zeeberg BR, Feng W, Wang G, Wang MD, Fojo AT, Sunshine M,
Narasimhan S, Kane DW, Reinhold WC, Lababidi S, Bussey
KJ, Riss J, Barrett JC, Weinstein JN (2003) GoMiner: a
resource for biological interpretation of genomic and proteomic
data. Genome Biol 4:R28



