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Abstract: The light-emitting-diode (LED) as precision modulation light sources were used in this
study with 3 treatments comprised of red (R) light, blue (B) light and combination of red and blue light
with proportion of 3: 1 (3R1B), white light as the control. The content of main nitrogenous substances
including total nitrogen, nitrate nitrogen, ammonium nitrogen, free amino acids and soluble protein,
activities and gene expression of key enzymes from nitrogen metabolism including nitrate reductase(NR),
nitrite reductase (NiR), glutamine synthetase (GS), glutamate dehydrogenase (GDH), asparagine
synthetase (AS) and glutamate synthase (GOGAT) in leaf of tomato seedlings with ‘SV0313TG’ as
experiment material were determined. The results showed that the nitrate nitrogen content and activities of
NR and GDH and gene expression levels of 6 key enzymes for nitrogen metabolism under treatment of
3R1B were significantly higher than those of other treatments and the control, and the soluble protein
content was also higher under this treatment than that of red and white light. While no significant
difference was found between this treatment and blue light. In addition, the content of ammonium nitrogen
and free amino acids under blue light was significantly increased compared with those of other treatments
and the control, and activities of NR, NiR, GS and GOGAT, as well as relative expression of NR, NiR,
GS2, FdGOGAT and LEASI were significantly higher than those of the control. Comparing with white
light, red light significantly reduced the total nitrogen content, and activities of NiR, GOGAT, GDH and
AS and expression of GDHI were inhibited as well. In conclusion, in comparison with white light, the
total nitrogen content and activities of some nitrogen metabolizing enzymes were reduced by red light.
However, the content of free amino acids and ammonium nitrogen were enhanced by blue light.
Combination of red and blue light could improve transcription levels of nitrogen metabolism-related
enzymes and activities of some key enzymes in this pathway, thereby, promoting nitrogen absorption and
converting into soluble protein. It is evidently that the combination of red and blue light with appropriate
proportion could promote the nitrogen assimilation and the absorption of transformed nitrogen in tomato
seedlings, accelerating substances accumulation, and then, stimulating the growth of tomato seedlings.
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1.1 R H R 5t
TR T 2016 4F 8—11 HAE Ll ZR ARV R A7 bl 25258 vl H il =8 S8 e N UM = N EAT o il
A F A ‘SV0313TG’ (Solanum lycopersicum, Seminis Vegetable Seeds 23w, &), ZLiAmRFI.
fEZFE, AT HOGEEN S0 fLE MY (RO A =2:1) o FHEVER2 dH 12 FlEl
Uy 2 At FHC 7 TR e e, — i — DR BIE S KBBR8 i A K 6.5 cmy % 6.5 cm. 1 10
em MJERMAT IR E TR RN TR S MR TTIHL D Fmie ks g R, KH 4 FiAF LED 6
PEBEATEZR, AL (657.1 nm). Wt (457.2nm). 085 (3: 1, ATMEURLL) 418 6M Dt
R, AR FE G A e Bl 2 LK 1. LED ey B EIai sk E G R A .
TR 5 4 IEE B, F G 300 pmol - m? - s, JGBRHAT 3415FX J6E 1 (Spectrum Technologies
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JNEIGE s AS WEPES BAER (2007) WJ73KIIE .

H A B AR A DCHEIE R RT-PCR 43 H7: KA Trizol IFIHHELFE S RNA, FJH 5X All-In-One RT
MasterMix (with AccuRT Genomic DNA Removal Kit; ABM, G492, 15 KD i F & 3 5 i cDNA.
¥ GenBank H' NR. NiR. GS2. GDHI. LEASI | FAGOGATI 3£ R {14 K ¥4, FIH Primer 3.0
wi HIEERRE 51 GR D, 5IEHAMREH R AR CZBO AR Bl cDNA IR,
DI I -7 i 9¢ 6 E B PCR [ Actin B N 2, R G K514, 7% EvaGreen Express 2X qPCR
Master Mix (ABM, Master Mix-ES, MNZEK) R A H D BREEAT 9¢ 6 2 & PCR § 384600 H 1
FEN S KT o [N FERP: 95 CHi#A 30s, 95 CATE 5s, 60~ 65 CiEk 30s, 72 ‘CHEAH 20 ~ 30
s, 45 MIEHR . K 2780 E0 Pl e B PCR F R HEAT AL FE, K3 AR P 2 DR R AR X
Fek B 2 R E

%1 RT-PCR 31455

Table 1 Real-time PCR primer sequence

B SRS BX IER5IFS] (5'—30 RESIRFS (5'=37

Gene name Accession number Primer sequence Primer sequence

NR NM_001328498.1 CAACTTCCCTCCTTCATCCAA CGTCATCGTCATCCTCGTCTT

NiR NM_001346905.1 CGCAGAAACAGGAAGGATACAG AACCATACTCATCAGCCAAACG
GS2 NM._001323669.1 GAATCTATCCCTTCGCCACAA ACGGTTAGCAACTCCCCATG
FdGOGAT XM_010319707.2 TGCGGTAAGTGATGAGGACAGT TTCCCCATTGAACCAAGAGC
GDHI1 NM_001246921 GAGGATGGGAGGCGTAAGAA CTGAGGTCCAAGCCAGTAAACA
LEASI NM_ 001319849 AAAGCTGCTAAGCAATGGGG ACAGTGAAGTGAAACTCGTGGTG
Actin FJ532351.1 AGAACTATGAATTGCCTGATGGAC TGAGCACAATGTTACCGTAGAGG

] DPS7.05 Fil Microsoft Excel 2007 A% B4 AT G 0 A A1 2218, 132 1 Duncan’s #8567
T Z HILE A Z= 5 B MR (P<0.05)

2 HEREHT

21 AEAFRHERAEHE SR, MEE. RAARTEMNESRE BOKM

2 WA, SXFIEAHLE, BOCRLERA S B R EE M s R SR, A
WOLAHE TR S B BIm, AN SR EZER:, 406 TR E BRI vE
PEE A SR SRR E 2R BB REYE S ER S &, 4AE 0 FHSE S =
BRI 2, SR 2B 2 PRI

F2 ARMEMHEMTHELE. WEA. ESENTREEARSENKME
Table 2 Effects of light quality on content of total nitrogen, nitrate nitrogen, ammonium nitrogen

and soluble protein in leaves of tomato seedlings

e 4%/ (mg-g' DW) AR/ (mg-g'FW)  HAZR/ (mg-g'FW)  A[¥IEEA Y (mg- g FW)
Light quality Total nitrogen content Nitrate nitrogen Ammonium nitrogen Soluble protein

FOt G i) 43.41b 3.05b 8.21b 23.57b

White (Control)

21 Red 3281¢c 2.86b 7.82b 22.18b

W Blue 47.57 a 2.50¢ 1030 a 26.99 a

Z1/# Red/Blue (3:1)  44.68 ab 337a 7.01¢ 28.55a

He ARNEFEERRA I ZE R 22 (P<0.05) .

Note: Different small letters mean significant difference among treatments at 0.05 level.
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22 TEEFRMEMSEMFIFERER S SHFMN
FEZ M IR 17 MR EER (R 3D , Hi, REAEAR. BEKR. NEK.

)

IR R RAINAR SB R, AP EE R, S RAL, B NI R R R
HSHREFET E, P, BEEEROANZARNEAR S EV R AT TNEAR. HER
A 28R 2 e 5 e T I 200 S A R AR U IR 5 B I W o P A1

F3 RRMBEHGEHAHFEEEREE (mg-¢' FW) BRI

Table 3 Effects of light quality on content (mg- g FW) of free amino acids in leaves of tomato seedlings

R 1% O ) White ( Control) 216 Red ¥ Blue 21/#i Red/Blue (3:1)
Amino acid it L6 A51/% i Lel/% i L6 A51/% Ers Lel/%
Content Proportion Content Proportion Content Proportion Content Proportion

RAGTE Asp 9.08 ¢ 15.31 1596 a 26.64 16.48 a 20.77 10.97b 14.60
FAIR Thr 2.67a 4.50 0.47b 0.78 0.12¢ 0.15 246a 3.27
225 1% Ser 1.51¢ 2.55 0.46d 0.77 2.55a 3.21 2.05b 2.73
B4 ® Glu 422a 7.12 282¢ 4.71 4.15a 5.23 3.55b 473
H2 % Gly 0.48 ¢ 0.81 0.61 ¢ 1.02 124 a 1.56 0.90b 1.20
NEIR Ala 4.14 ¢ 6.98 4.13 ¢ 6.89 9.18a 11.57 579b 7.71
R IR Val 7.64b 12.88 7.77b 12.97 7.80b 9.83 9.65a 12.84
HAR Met 042a 0.71 0.60 a 1.00 0.66 a 0.83 0.54a 0.72
ForE R e 2.0l a 3.39 1.27b 2.12 1.38b 1.74 246 a 3.27
SRR Leu 3.06b 5.16 2.56¢ 4.27 3.72a 4.69 3.62a 4.82
Ji% = Tyr 1.75a 2.95 1.23 be 2.05 092 ¢ 1.16 1.53 ab 2.04
RN Phe 2390 4.03 339a 5.66 2330 2.94 340a 453
T Lys 262b 4.42 201 ¢ 3.35 1.64d 2.07 297a 3.95
N His 0.64 a 1.08 0.59a 0.98 0.40b 0.50 0.62a 0.83
&R Arg 442a 7.45 1.70d 2.84 232¢ 2.92 3.12b 4.15
& R Pro 12.71d 21.43 15.17 ¢ 25.32 2528 a 31.86 22.09b 29.40
IR Trp 0.56 a 0.94 0.18 ¢ 0.30 0.18 ¢ 0.23 041b 0.55
K Total 59.31 ¢ 100.00 59.92 ¢ 100.00 79.35a 100.00 75.13b 100.00

W ANF/NGFREFORG N 2 R B (P<0.05) .

Note: Different small letters mean significant difference among treatments at 0.05 level.

2.3 AERMBEMGEM R REE R

HE 2 m 50, xR, RGO RE R m A4 v NR FI GDH &1, 20l 1
64.60%F1 28.60%, WIGAEE N GDH yG M &HAK; S0 AL, 2041406 T NiR W tE 27t &, H
5T REZER; BT GS Ml GOGAT G W& m TR, 2683401 T GOGAT #&iE; 5
XTREAHLE, 2GRS GG R T AS W&k, 406k

24 AESRMEMGEM R KREBERE RN

I 3 ATLE Y, SR AL BEA L, D ALA AT 6 Rl N Rk W i .
W NR RIEEALTAWEALE6, 2R AR, HME 2 i ARDEFAHE T NiR
M GS2 RIE R AAEL, B LIRREAR, 206G H B s X, R 2 G 2
ZEdts 6 F FAGOGAT Wi/ sy T, WA 0B RIEELAb BN GDHI AR &
EEHEE, HUE A%, HABAEE LEAST FIAD RE B B3 L, aiEds ke, ¥
W2, K.
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Fig.2 Effects of light quality on activities of key enzymes from nitrogen metabolism in leaves of tomato seedlings
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FARHHEAEAR AR A BRI B R R 2R M 55, 201D AUABFTUIAY, 200
A R LL B I PE R A W RS . R A R, WA gk A%, 19995 3K
A AE, 201D, A, SXTIRFIR AL, 04GR I 48 B AR T T
T, (RO R E E R, BRI AT B AN R RS b 6 5 Ao i e As
[, RILHAP R NV B 24 a5 A B P A AR & i WA my, RT3 AT
T AL B A E R, SRR O NP AR D ERS, Al Aike, RS E
TCARTER ARG, Ry S BRI & R Ak 48, dhim et 8 A i & il % (Kowallik, 1982)

R R & W SR L2 NR. GS. GOGAT. GDH 45— &4 A4S et i 2 5 1
N AEAL K52 (Lam etal., 1996; FlistFs, 2003; VERFERIE M, 2004). NR EHEALESR
Al B AR RE P I BRI, VR /N — e R L s TR I A AR K (Solomonson &
Barber, 1990). NiR /2% [Ffbit FEH 5 2 AN OCHERE, 76 mS Ao, I NOy 2] NH, 11 [RI 16
A EAT, R P EMASSAIE R A M NiR 58k (E8I 25, 2016) . AWFFTEE KN, i
LA ERTEE E A B AT I e NiR dEPE. IR AT 3 s 7 NR G, XS5 A AP S | (%
B, 1999) —F, WX AL IR AR AL AR NOy ALy NH,RE 1S R4 GS
H GOGAT BRI A 2 S5 W2 iy A AR 0 23R 1%, E EHLE R AL A WL i
KEMEH GERE 55, 2000, ZLE41E6AH PSR T BT RS %4403~ GS/GOGAT if i
B, MM T F A T TR A 0% AR IR (2007) BRI WG A R TR S
JHI B GS . XETLHASE (20000 fE/KFERIG R, WG s /KRS i Ak KA &A%, A
ZI6 R NR. GS Fl GOGAT 3 HEARXT AR, ARI 4 RS 2 Bl AR, rigdl & emiEs
IR EA. R R R, TR TP T GS WA, A FfkRE s, 2
MR IR A T PR (105 1 GDH Rl AS J&) 24778 TAEMIA N I E L H B, DLER T
B T S R AR N AR BRI R AR B e ASRBG T, 2041 G ab B R 3 i 4 v
S GDH S HEEO EOR Al A 30 0] 4% 5, AS W PEASAL A AR i, 2 W% 40 21 32 S i 32 v
GDH & P [ A B AR 2 145 el A2 b 2 1 AR 2R

ANFEDERACFE N, NR F GDHI AE#: 5K FE F KRR a3 Ie A —35, 117 NiR. GS2.
FAGOGAT #1 LEASI WK T 25, UilH NR Fl GDHI 1E 5% R RV R ok R b R 3
PR 50 53 Rk DGR 11 2 DR A R SLAS R AEAN R I B AN AR R AR kA, —
12 H 6 T 15 G S DR S KPR IA - I LR 20 6 DR A S /K- R R 1 AT — AN I Al i 1003 5
Ty 7T, R R IR A 2 AW TS, 1 GOGAT A Wif L, —Fi&LL NADH 1524
MR ) NADH-GOGAT, Fj— Pl DL AL 8 A E I AR Fd-GOGAT (Sechley et al., 1992),
ARG ZACRH b4 T G4 (Lam et al., 1996), {HETFAIRSE TR . a7
2o A D ARG Hb B RS ORI BR e R s AR SRS R I 0%, A Rt AR R T
MU 32— 1T
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