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Effects of nitrogen and red and blue light on NiR enzyme activity
and gene expression in Amaranthus tricolor L. seedlings

CHEN He, WANG Le, ZHAO Chunli, XIAO Fang, ZHEN Youfeng, LIU Shengcai”

(Institute of Horticultural Plant Bioengineering, Fujian Agriculture and Forestry University, Fuzhou 350002, China)

Abstract To study the response of amaranth NiR gene to nitrogen metabolism regulated by different ammonium and
nitrate ratio and red and blue composite light ratio, a NiR gene named AtrNiR (GenBank Accession no. MT374155)
was cloned from Amaranth by RT-PCR combined with gRT-PCR, its relative expression was analyzed and the activity of
NiR enzyme was measured. The results showed that 1) The AfrNiR gene contained an open reading frame of 1 785 bp
in length, which encoded 595 amino acids; 2) Bioinformatics analysis indicated that the protein molecular formula of
AtrNIR is Cagsr Haseo Neos Og73 Sps s With a relative molecular mass of 66.47 ku. It is a hydrophilic protein; 3) Phylogenetic
tree analysis showed that the AtrNiR protein sequence has the highest homology with that of Beta vulgaris L.,
Chenopodium quinoa Willd. and Spinacia oleracea L. and has similar function; 4) The analysis of nitrite reductase
content in Amaranth seedlings showed that the nitrite reductase activity is the highest when the molar ratio of NH, " -N to

NO; " -N was 10 : O at different ammonium nitrate ratios for 3 days. When the molar ratio of NH, * -N to NO; ~ -N was
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3 : 7, the nitrite reductase activity is the highest for 6 days. The nitrite reductase activity was the highest under the

treatment of R © B =2 : 8 with different red and blue light ratios for 3 days. It can be seen that NO; —-N and blue light

can improve the NiR enzyme activity of amaranth seedlings; 5) gRT-PCR analysis showed that AtrNiR expression was

highest when the molar ratio of NH, * -n to NO, ~ -N is 5 : 5 at different ammonium nitrate ratios for 3 days. The AtrNiR

expression was the highest under the treatment of R : B =2 : 8 with different red and blue light ratios for 3 days. The

results suggested that the nitrogen absorption and nitrogen metabolism of Amaranth, seedlings were improved by the

appropriate ratio of nitrogen and red and blue combined light energy. The study provides theoretical support for the

factory production of quality amaranth.

Keywords Amaranthus tricolor L. ; nitrite reductase; enzyme activity; gene clone; expression analysis

W3 (Amaranthus tricolor 1.)J& A4 H W&l
BRI — A R 2R TE TR E R L &
AR R B F R R A IR R
EREMFHEAEFRMEMGHME . R T IIE
U A AR AR 7 AT DLR DG IR AR ) T R AT AR
ME IR TR FOCRUEAEY) T R E W 2 MR
Z . AR BEWAKEE LA HEAEFRITR
Z— SRR K ZE R EE EEAEH] B W
B B R N B A R (NO; ) S R
(NH, D2t oA i 2 Fh E 2 Tl A R
B A Y 0 A R A R PR A A
WA iR 36 J5 [ (nitrite reductase, NiR) 2 & % [F 1k
WA R OC HE IR, 5 6 TR E 5L B (nitrate
reductase, NR) A [t 8, 5 X NiR 09 #f 58 & >
Lahners 55"/ p7 S5 42 1 7 £k NiR 20 F 4549, Bl
JE TR KR MR BRI L SR/ A A e A
R b 3 mE B NGR LT g Ah o xR
YA A OC Bl SR R M E WA o AR
FH L AEXS 7K R L F il B TCRN AR B S5 R W 0 BIF 9T
KB G A B AT B A AR NGR kPR AR X
Fb i A RGE A A P e S AT &
M7 216 R T $i v Bl bR B K A& 90 3% & BE 8 42
HERE AR SRR T FE AR SR I B Y R BT
A5 OGRENS 35 3 A A A O I 3 R A A
PR P s A R A D A B SO b i
JGHE B AT OBG s I 4 B ORORE 4 B 8 A
R

{E2 H R T AN W) 2088 526 O6RE Hox Z AR Y
S T 22 A v T A I (NRO A 2 It i 5 18 il
(glutamine synthetase, GS) M & & B & W
(glutamate synthase, GOGAT) X 3 Fft fiff 1% 1 i %F
NiR B P B 5 AR D R 5% oK BTl 2 4R
1 F NR # NiR FEH A5 M NR.NiR . NRT
FIAMT 4 A HE PRk 53 #r AN T) B Fo 21038 52 45 Dl % ot

SAABRE e . LLOE S B AR, v BE T /AR
WG LR AerNGR FEIH I 22 T A [A) 8 R B B
HoAh PR S NiR i 9 36 24, DA S8 5K R AerNiR
FER ) Rk A8k DA ORI FE R R IR S L L 8
FAEAMC AT AT L0 2 A OGRE Lk, hy
OB B SR A T W I8 S 800 B SR
i Af R — 2 W 98 00 2% AerNGiR 3 [H ) BB 25 5
FEn [ Ao o R Aok i S T 5 350190 i TR 5k 0 I i
[L7ENGCAE YR EE S

1 #ME5FE

1.1 ##

ZN I S AR e o v S RSN g =S
AR 2 Bl ZAE Y A= ) TR 5 T F it
1.2 Fi&

1.2.1 #MH4R

B RLL SR T S B A TR 2 2R 4K
B SORHE FR L | (A 15 R L2 80 L) . AR I 15
MEEHL R 6 24, B2 3 %, AR FRMNA 5 mL
2RI K RO IR B 3% % (25 °C, 16, O BB )
12 h/ DR 7 d W44 15 35 AN S 200 pl A 78
TR K S DR IR T8 4R A

SRIG IR 5 AL 3R N1~ N5 (3 1) [ 4 55 32 10
A 5 mL N W DLER 2848 K 9 %4 B8 (CKD .
ZIE K MR Ak S A RS R E IR K 3 A
B5 37 LM BHE g — R 2 T HORE L 43 S AE 35 557 3
A6 d s, BURE & i IRl A7 b, R A O AR
T —80 “Cvk4 H F NiR i 76 7 I 52 | 08 3¢ &
RNA $##H % qRT-PCR 43 #1. A J5 23K 5 i 5 i
FERRECLL . BRI E 3 IREE .

[FIRE 3 B8 LR ik 3R 7 d BRI IS 10 B
HEEFRMINA 5 mL N3 (e AU He) % 7 B R
R B R LLHE 66 T 337 B R A i
R : BU Red : Blue) =0 : 10(116 pmol/(m* * s)),
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R:B=2: 8(108 pmol/(m® * s)) R : B=4: 6
(148 pmol/ (n* + $)) R * B=6 3 4(159 pmol/(n’ * s)),
R:B=8: 2(171 pmol/(m’ » s)) R B=10: 0
(201 pmol/(m* « $)) T} & MM ] 12 h/d, #F

B3 ANEFRIATRE N 1 CE S FER SR 3 d HUkE:
sty 140 R Al R - TR AT IR AT T — 80 “C KA
FIT NiR W5 P € 2 qRT-PCR 34 4 b 2
WH3IKEE,

F1 TEAET NBEREEHE/REL
Table 1 Ammonium and nitrate molar ratio of N solution under different treatment
Ak B AR AR NH, "-N/ NO; -N/  (NH,;),SO,/ NaNO,/
Treatment NH,"-N: NO; -N  (mmol/L) (mmol/L) (mmol/L) (mmol/L)
CK 0:0 0 0 0 0
N1 0: 10 0 287.1 0 393.6
N2 37 84. 8 200. 4 310.9 274.7
N3 5:5 142.3 143. 8 521.8 197.1
N4 7:3 202.9 87.2 744.0 119.5
N5 10: 0 287.7 0 1054.9 0
1.2.2 L% & RNA 2 Z cDNA 4 & 1.2.3 3% AtrNiR A H L%

AL T m R e AW HEARARA AN L
WEZ2 1 RNA $2 B0 0 & 52 B0 2R 4 8 B RNA,
PEIBOUG R 120 By B Wl B5E 5 vl Dk ARG T G 58 kL 2
5 Al 52 5% & By B &= 43 % Ot B2 3T ( Thermo
Electron Corp, USA) KM $2 B H AY T 3% RNA # 5
W lE , - F) A Gene Racer™ & #|] & (TaKaRa) 4 1%
HUH 9 00 38 b1 B RNA 5% 568 cDNA, I R 5%
S cDNA #E47 NiR S A FofE

HR A T 3% 5% Sk 41 %% 4 (SRA . SSR924089-
SSR924092) . A FEHE FEHh NiR H K ¥4 R B, £
WIS NBCI 5 St NiR #4777
Foxt, # B A 58 % ORF JF % A B, #l
DNAMAN #5158 2% NiR #: 1 (1) ORF FofE 5]
Y (3 2), M TaKaRa LA Taq #8] 5 # 417 PCR
PHE YIS S BB W BE I UK T A
R K e ae M L Bl B B E A B SE R 0 B R B

*x2 SI9F5
Table 2 Primer sequence
GIR/ER S 195 (5'-3") &
Primer name Primer sequence (5'-3") Description
AtrNiR-ORF-F GATGGCTTCTCTTCCAGTAAA ORF 5iiF

AtrNiR-ORF-R
qRT-AtrNiR-F
qRT-AtrNiR-R
qRT-Atr NR-F
qRT-AtrNR-R
qRT-AtrAMT-F
qRT-AtrAMT-R
qRT-AtrNRT-F
qRT-Atr NRT-R
EFla-F

EFla-R

CGATTAGCTTACTGCTCTGC
CTAGAGTGGAGGAAAGAGATGGG
GACGGTGAAAGAGTCCAAGC
GGCTGAAATCAACGCTCTTAAT
CGGAACATAGTGGAGAGGTACAG
CTCATCATGTCTTGCAACGC
AGGTAGGTGGTGTCGACGG
CGGCAGATACTACCAAGAAAGTTG
CGGTTCCATTAAACACTGTGATC
GGGATGCTGGTATGGTGAA
ACGGGTCATTTCTTCTTCTGAG

ORF validation

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR

qRT-PCR
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VIR I, 2 )5 38 3 TA 5 B, $k HCA: Bl i BA P e
B AT #2 TR, DR VRV LS i AT O PCR &1, T
106 B Byt B W R i H Dk G T 5 K RO R A B Y 2%
YRR il 32 B b BTN A AR R BE DR BCA BR 2 B
i .

1.2.4 AHBEE&EF 5T

fifi Fi ExPASy-Prot-param ( https: // web.
expasy. org/protparam) ., Plant-mPLoc Chttps: /
www. csbio. sjtu. edu. cn/bioinf/plant-multi) .
NCBI-CDS Chttps: / www. ncbi. nlm. nih. gov/
Structure/cdd/wrpsb. cgi) . ExXPASy-PROSITE %X
& Chttps: // prosite. expasy. org) . NetPhos 3. 1
(https: / www. cbs. dtu. dk/services/NetPhos)
PSIPREDChttp: / bioinf. cs. ucl. ac. uk/psipred) K&
SWISS-MODEL(https: / swissmodel. expasy. org/
interactive) 5 7E 2% B4 T 2 15 25 1 %) B4 4 I IF
20 10 A 25 R e B P RE L AL EE 1 B TR
i EEH RS U R E A =R, A
DNAMAN #4753 NiR 5191 8cit 91 B 4%
Ke e Xt MEGA-X 4 Neighbor-Joining 152
HORB B R BRA(E 8 NiR 2 (1 R G
1.2.5 NiR Bg#E M 2

i B3 N B 88 2R W) BOR A R 2 A 19 NiR i it
PR U S TR el sR S UE o A R R DRI S i Y
HE
1.2.6 qRTPCR 4 #

FE SR 1 U 3E ArrNiR JEP ORF e fitl % it
FEOAS 58 f SRIB R 5 1 W OF MR 00 S B s) 20 e %
(SRA :SSR924089-SSR924092) ¥ 114 ¥ A A i 34
7orh oy ok a g AtrNR (nitrate reductase) .
AtrAMT ( ammonium transporter ) A1 AzrNRT
(nitrogen transporter) M X & & R X4 7 5| ¥
(% 2), g qRT-PCR KM A [F AL B AtrNiR .
AtrNR Atr NRT 1 ArtAMT FERTE iR A8 59
FKiKE B, M SYBR Premix Ex Taq™ i 5 &
(TaKaRa) ,qRT-PCR X WK Z& A 20 pll, B4 5
WH 3AEYFER . FHAP K LightCycler 480 1%
ar o TR A A RN FR LR EFLa, #I ] 2755
Bt A4 DR B AT R IA
1.2.7 ¥ o547

il Excel 2010 ZE 3+ % ¥l . i H SPSS 22. 0
Sy BT AR 25 S W & PR 8 Origin 2017 23 i 4%
SR

2 HRE5SH

2.1 TE3E AtrNiR ¢DNA FE3IH &

DA R U032 A R A9 cDNA 1 AR 3 i
i, 32 si LB PEAR B T 1E 3 NiR FE A cDNA f
BOREIT519 . 47 PCR §7 B4 50 F ORF(E 1), &%
KA NiR FEH 1) ORF £, fir 4 N AerNiR
(GenBank % 3% 5 MT374155), Ti 3¢ AwrNiR i [H
ORF 4Kk 1 785 bp. Zwhih 594 P& IR .

1 2 3 4 M
bp

5000
3000
2000
1 500
1 000

750
500

1805 bp

250

100

M., DNA #5#fE DL. 5 000;1~4,AtrNiR FEF B 34 79 .
M, DL.5 000 DNA Marker; 1—4, products of AzrNiR gene.
B 1 353 AerNiR EE M PCR ¥ 18
Fig. 1 PCR amplification of AtrNiR gene

2.2 WX AuNIRBEEEMEEZDT

i FIAE 265 ProtParam T %S ArrNiR %
PR 44 % 2 1 0 B AL PR T, R B AerNiR 2R 43 15X
A Caosr Husor Nizg Oz Sog » X 43 F BT i 4 66. 47 ku,
PG SFHL SR 6,00, SR FE0CR 9 358, BFBIH K
FEHCH —0. 316, 7 LA AT AtrNiR J& B K& F .
fii F§ NCBI-CDS K PROSITE il 5 1145 #4) 5% & 2
Ref fl, R ZE O &A1 AR SF 455, A
PLLN02431 superfamily (& 2), th 5t & ferredoxin-
nitrite reductase, I G L &AL F ¢ 5 89 5 AL B .
fdt ] PSORT 800 3. 40 Jifd 2 £, & iZ 65, 2%
"R ME A T 28 B 4K (mitochondrial) . 21. 7% 1] g 4
E T IR (nuclear) LA M 13. 096 7] GE 4 57 T 2 g
Ji Ceytoplasmic) . fifi F§ #F £k # {4 PSIPRED i
AtrNiR # I R W, BRIz &E 1 R TG
LW & M FnoocBBOBE O L 4 0N 43.03%
36.81% ., M A SWISS-MODEL i ll & 11 = 2% 4%
g o O PRAZAR 0 S A3 3% NiR AR hy 45 #g 3 ik 8 4
Wi 75— 8k 91, 68 % (& 3), @it MEGA-X
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Fig. 2 Conservative domain search of amino acid sequence of AtrNiR

B0 AtrNiR 2 (15 NCBI i & S 20 FlAE Y
19 NiR 2 FE AL 20 8 & B8, 20 Ff NiR 2 (1 43
5 AL S AtrNIR 548U T L S TSR KX
FAEM NIR HARN 14503 (F D,
2.3 AEAEXTSLEH NiR B iE 4R 20
ANFEAS TG L N AR B 3 d 5, TSR A
NiR B G 1 fe 5 A0 2 NS % 900 Ak B, 55 5% R 20 A L
A2 AR N2 R AL L, 5 CK A )
F a5 (H 2 N2, N3 Fil N4 &b F 2 [A] NiR B % Pk %
AR (B 5a)) . AREAHE b N % AL 31
6 dJ7. WA H NiR B 06 M 5 s 02 N2 A

B3 BN ACNR = 4L HLLBR N AR B e N3 A B D5 4y
Fig. 3 Predicted three-dimensional structure NiR 6 P 5 5w 56 B4 A0 b S s b e S 2%
of amaranth AtrNiR S e SR A B NIR BENG M & EBE A NH, T -N Al
74 Fii Solanm lycoperscum(XM 015201252.2)
100 _Ij B Capsicum mmum(XM_ _016684117.1)
o8 WA Nicotiana tabacumn(XM_ 019401643. 1)
45 TS Solanum tuberosum(XM 006349563.2)

[—— 7% Vitis vimifera(NM_ 001281265.1)
98— #1% | Daucus carota(XM_ 017371255.1)

27

UFGST Arabidopsis thaliama(NM_ 127123.3)
W3 Amaranthus tricolor(MT374155)

W3 Spinacia oleracec(XM_ 022011102.1)

% T3 Beta wuilgaris XM_ _010677274.2)
T: Fi4 Chenopodium quinoa(XM 021870438.1)

62 [~ JI1J§k Morus notabilis(XM_ 010109635.2)
L 54 Bucalypius grandis (XM_ 010030169 2)

o 479: K Glycine max(NM_ _001287455.1)
IKEERE Prumus persica(XM_ 007201118.2)

39

100

27 e 7% K\ Carica papaya(XM_ 022041026. 1)
56 _: B Ricimus commmis(XM 002518717.3)
99 RZE Manihot escuienta Crant(XM_ 021770342.1)

— /K Oryza sativa(NC_ 029256.1)
100 b 3k Zea mays(NC_ 024462.2)

533 B BE R 1000 K A I RE ARG RS H 4L

The number on the branch represents the percentage of 1 000 repeated samples in accordance with the clustering.
4 AtrNiR BEH R Gt LB
Fig. 4 Phylogenetic tree for AtrNiR protein
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(a) Nitrite reductase activily of amaranth seedlings is treated
with different ammonium and nitrate ratio for 3 days
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(b) AFIEEASHC L AL PO dJm HER4)) i NiR ERE
(b) Niltrite reductase activity of amaranth seedlings is treated
with different ammonium and nitrate ratio for 6 days

8:2

6:4 10:2

Kb Treatment
() FHIFIEL S BC AN R LT R L AR T3 5 D4l i NiR BB T

(¢) Nitrite reductase activity of amaranth seedlings was treated with the same
ammonium and nitrate ratio and different red and blue ratio for 3 days

CK~N5 7R F BRI (0 0,0:10,3:7.,5:5.7:3,10:0), ANAIKREFHE:FE
R 0. 01 K22 59 i 3 L AR R/NG F 8RR 0,05 KFE 2R WE. TR,

CK — N5 represents different ammonium and nitrate molar ratio (0 ¢ 0, 0 ¢ 10, 3: 7,5+ 5,

7+ 3, 10 0). Different uppercase letters indicate extremely significant difference at 0. 01 level,

and different lowercase letters indicate significant difference at 0. 05 level. The same below.

BS5 FEAETHNE S NR BEE

Fig. 5

ey 2 s B e FREEH (K 5(b)) . Y4
Ivi) 2z A T b (N3 ¥ T80 AN TR 2T 35 2 A 6 TS B Ak B
3 d, WA NIiR BE PR & it e S AL R R ¢+ B=
2+ 8, LAAR G Ry X B AN [ 241 i G i b A R ) 0
FW NIR & 25X BEEWREE 2 . HE
B X6 BE A1 R [R) 21 5 6 e B &b B ) 06 32 4h 15 NiR fiff
MR ES AR (E 5C)), AT RESE N M AL H 3 d
o ] ek 2
2.4 AREAEXT AtrNiR AtrNR AtrNRT #1 AtrAMT

ERAERKDERIEZENT T

MR AR RS L) N I AR 3 d
Ji s AtrNiR Fl Atr NR %3k it 5 K #B & N3 il
AbHE ek IR IR A AR R NG U TRAL B (IR 6 (a) AN
(b)) A N3 ¥ W b 38 % 0 3% 40 1t AR A B K
PRFEE T DL 8 T N3 2 05 Ze i 58 A [ 20 1 %
Jic b A 1A B AR AUIE L 26 . B AN TR A TE 1 N

Nitrite reductase activity of amaranth seedlings under different treatments

WAL, AcrAMT JER iS5 CK M 28
W B PR 6()) 5T AerNRT JERIFE N1 AL
A R A . 5 CK ML A B 22 5. BEE N
WEWH NH, -N BRI, AerNRT HEH Kk 5 2
M ETHE T RER e, Hoh N4 AT NS ik ab 3T
AtrNRT B RIR S22 5 A B2 (B 6(dD).,

i) TS24 T B SR LA A NS . DA e ok
(R: B=0: 10) N X I, W3 %) 1 25 AN W) 21
BebAb 3 d 5.4 MK R : B=0: 10 Al R : B=
2+ 8 ARFE T ML RIX WG A5 HE 4
A B E 2SS . X AerNiR fl AirNRT &
WIS .R: B=2: 8 kb BT 3 A X £ ik m e i
5 CKMEYWAEWNEEZERE 7)) fM(d));
AtrNR fl AtrAMT EHME. 2% (R B=
0+ 10) b3 JE P AH X 2% 3k it e i 5 LB A FEAH
Fo A b 3 25 5 (B T(h) il (e))
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AbF Treatment

6 AERFHEILL4IE 3 d J§ AtrNiR(a) (AtrNR(b) (AtrAMT(c) 71 AtrNRT(d) EE WM R E
Relative expression of AtrNiR (a)., AtrNR (b), AtrAMT (¢) and AtrNRT (d)

genes in 3 days treated with different ammonium and nitrate ratio
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3.1 TE¥ AtrNiR ERA S

ABIF 538 3 v B TR AE DS AR AR T NGR g
K ORF J¥ 41, fir 45 & AerNiR JF7E NCBI |- 2
5,133 GenBank % %5 . MT374155, W15 B3
G3AT B ARAR S T 2 B, 5% AerNGiR 45 19 2R 1
J& T AACHA G B, LR 7 51 A 5¢ % NiR
S5k, ALY R NIR HEA BA & AR, 505
3 AtrNiR 85 R 4 00 R i il 19 J2 3% 3% Rl S A
1 NiR &M, IfF HACA 7T B A Y &P m o R o —
Ayt DR R FR R AuNiR J§ T NiR
FiE . H5HEMY R NIR & EBA XL,
FEAE WA A AR R RO SR
3.2 AEAREESEIEXITEE NIR BBFER

AtrNiR EEHEM RIZEHF I

e ALY T Bof o, A NO, — 8] NH, - #9 [Rl 4k

L R R AR AR M SR T NIR 58

B EARFR P AR A FE B AL 3 d 5 NiR
fitg 1% M7 NS ALFE N e, X 5 T AR S R —
2, A g R AL BRI OR — B, NiR 32 3 ok B
NH, " -N (19 075 5, 36 PF 42 & 5 Bl A Ab 2 [a) 1
Ji. o e BE O NH,T-NOo2x ## NiR 3G M, (6] B
NO, -N *%F NiR 4 /& # 1 =Y. 43 6 d /i,
NiR A7 PR N2 Ab BEF % . i R [R] 40K i B
B NiR BTG R — AR TR S A P NiR
4 5 DR 3% ik B 4 52 310 4% b PN LE R AN AE TR R Y Y
W, X TR LA 3 d 5 R RBLER,
AtrNiR 5 ArrNR HRAE N3 AbH R ik & 5 . Ut
B NR 5 NiR fe7e b2 b m b s 4, — 3% 2 W
FER I OE R, Aer NR 78 N3 AbHE R Rk s
HLBE#E NH, " -N B 58 56 A X % ik 2
Je L THE T RS X 5 VI S AR g
TR 25 R — 8, (ARAF AR LA T b
3 d W3 NiR BFEHE S ArrNiR 56 A8 b #a $OR —
L AT RE SR R O ACBIE 9T R B B R E A AT T 00 SR



68 hOE R R R

2021 4F 55 26 %

AtrNiRAHX ek 1t

AtrNiR relative expression level

2:8 4:6 6:4 8:2 10:0
Kb Treatment

<
2
18 5
A =
=
v
TE
=~
=
T
= Cc c Cc
0:10 2:8 6:4 8:2 10:0

AbFY Treatment

Aa
L0+ 777
3 %
iz
) 0-8- Bb
®

.
/
0.6—
0.4-
|
_

02+

AtrNR relative expression level

Kb Treatment
1.8 r(d)

1.6
14
1.2
1.0F
0.8 |
0.6 |
04}
02}

AtrNRTAIX ek i

AtrNRT relative expression level

A2

—

8:2

2:8 : .
AbFH Treatment

B7 AREIENXEL(R: B)&I2 3 dF AtrNiR(a) JAtrNR(b) (AtrAMT(c) #1 AtrNRT(d) EE W HEM RILE
Fig. 7 The relative expression of AtrNiR (a), AtrNR (b), AtrAMT (¢) and Atr NRT (d)

genes under different red and blue ratios treatment for 3 days

NiR FEF GBI 1 A B i A Fo At il R ) T
hFEEHE A B RER . AR ER, S 58 EAR
B R AR v R DG PR G IR AN (] B 53 A 2% B AS ) 2H 41
Bk AR A A B 3R 0k 22 5T IRk O S
NiR i % M A] e 02 52 8 4> NGR BRI Kk R ik 5
M) I AS J2& B — NGR 3 X 5% i, B DA 7E AR #F 58 o
AtrNiR Fe [ 3R 35 78 bt 3 5 Wl 15 PR A — 20, X b
T — LR
3.3 AELLIESALLL 353 NiR B iE % & ArrNiR
EEEMREIENZM
MRMEYAR KT EEAE N2 — MK AE
PN B2 R R R 1 TR Y AR AR SR A ) AR
B er W 2 A b O L B T AR O A Bk Y AR
L NIR 2 ARl A 5 A SC B, AR
WFFE s Rl IE RO E A 6n B 15
S H NIR i 36 PR o s T 50— O Mg a2,
VLI LT 2 G OG AR % 52 7 S o NO, [kl
NH, " fRE 73X 5 F A 76 8 A4l i oh i 45 548
—E, HEARMRPHER: B=0: 105 R: B=2:38

AR, AtrNiR . AtrAMT . AtrNR 5 AtrNRT [ #H
Xof 2% 1 H A0S 36 v T Gl Ak B, AT L5 B ARAR AR G
B K 32 W 65 ) K, 18 0 & A O D L B g %
P v O 2 AR I R ) B SR KO 0 SR AR
AWM, ELLER G T AorNiR fil
AtrNRT X} 35 &t & T8 — 8506, 1l AerNR Al
AtrAMT W 2 28 Ak 3OR — 350k B 2010 85 A
KIELRIFLEFOK P RBBRAZAEZ B A
B LT R G O R R AR 43 35 DR SR oK T 1
AT B B — A H D A e R

AWFRF W NIR XA R & NO A 77X 2 4
P E A AR K R R R R AT A G ERE TEAR A O
% AtrNiR FH 5 W8 003 NiR FER 454, LA &
HAEARF AL FLF 0 3238 R Pk, AT B R IR I SE AL R
VIR AL, R 5 S8 i 4T 2 At NRONiR . AMT X
NRT 252 AR 5 8 56 D4 (8] (%) A8 B E H 29 0 LAl .
IR 2 B0 E 45 B0 ) A R AR AR 2
JERN O b B BE AR HE R A AR KDL AR R
U OB T gE R R A I I B R O L RN 2



%8

PRAT 45 . SRR AL S S TR LU X 0 3 4y 17 S i P92 3 Dt i 0% P R M PR 3 3k 9 3 i 69

52 A OBIE LU AT DL 38 42 15 0 5 4 A S S i
PR A 2R A Sk . i s Set— B e
AR TR O X L I R A AR TR R 4l
AU e g BT A BT S 2 IR AT TS
Fo A R LA [ R Ay i R A R TS R
ORI ity e B Ik 53 A 9 2 AR AR AT X o i A
Y LTSS RO Ko A A EE R R R

vy
IS

ST

P

£ %3k References

(1]

2]

(3]

[4]

(5]

(6]

BRZE 2L, BRI, e, KB A W, B AR ME, XA WL O S
AmSPL HE [ G e 3 20 %58 B Rah A L) ], B ARl K%
iz, 2020, 25(12); 19-29

Chen J L., Zhao C L., Wang X, Zheng Y F, Lai Z X, Liu S C.
Transcriptome-wide identification and expression analysis of
AmSPL family members in Amaranthus tricolor L[J]. Journal
of China Agricultural University, 2020, 25(12): 19-29 (in
Chinese)

TKEM ., XCR B, AR, R, WA, Ear, 2
G, R, SRICET LED £1 8 %% 22 I X 7K 5% A8 3% iR
B P THE LD, A AR R . 2020, 41(7) ¢ 436-445

Zhang Y B, Liu W K, Yang Q C, Zha L. Y, Zhou C B, Shao
MJ, Wang Q, Li B S, Wu Q B. Improvement effects of red
and blue LED continuous lighting before harvest on quality of
hydroponic lettuce[ ]J]. Chinese Journal of Agrometeorology .
2020, 41(7): 436-445 (in Chinese)

TE A X SRS TR S i B X e S 7 i R 5T R T 104 LB A 5
[D]. M5 B sl K2, 2007

Wang ] F. Mechanisms and effects of NH; 7-N/NO; ~-N ratio
in nutrient solution on growth and quality of spinach (Spinacia
oleracea 1.) [ D]. Nanjing: Nanjing Agricultural University.,
2007 (in Chinese)

R, ARAKT 0B A R B ™ 1 (9 20 (D]
AL M RO R 2E . 2016

Kuang H L. Influence of nitrogen levels on the growth and
camptothecin content of camptotheca acuminata seedlings[ D].
Nanjing: Nanjing Forestry University, 2016 (in Chinese)
X . A R R A R T 9 R i 5 AR 22
SWFFELD]. B S K, 2016

Liu X S. Nitrogen uptake and metabolism of spinach
(Spinacia oleracea 1.) under nitrate or glycine supply[ DJ.
Shanghai: Shanghai Jiaotong University, 2016 (in Chinese)
Back E, Rothstein S,

Lahners K, Kramer V, Privalle L,

[7]

(8]

L9l

[10]

[11]

[12]

[13]

[14]

Molecular cloning of complementary DNA encoding maize
nitrite reductase[J]. Plant Physiology » 1988, 88(3): 741-746
Seith B, Schuster C, Mohr H. Coaction of light, nitrate and a
plastidic factor in controlling nitrite-reductase gene expression
in spinach[J]. Planta, 1991, 184(1): 74-80

Polecyn W, Lucinski R. Effect of N oxyanions on anaerobic
induction of nitrate reductase in subcellular fractions of
Bradyrhizobium sp (Lupinus)[J]. Antonie Van Leeuwenhoek
2009, 95(2): 159-164

Michelle M. Dose M H S K. The ferredoxin-binding site of
ferredoxin: nitrite oxidoredlactase[ J]. Plant Physiol , 1997, 3
(114). 1047-1053

IMIESE, 05 R, BEEAR, B0, R R, SR A AR TR G
B BeNiR 3T RE B R K B[ T ). FE 20244, 2009, 36(10) .
1511-1518

Sun F F, Jiang F L, Hou X L, Li Y, Yang X D. Molecular
cloning and characterization of nitrite reductase gene BcNiR
from non-heading Chinese cabbage [ J]. Acta Horticulturae
Sinica , 2009, 36(10): 1511-1518 (in Chinese)

R PR, B, M BE, 2L /N2 W R I R
FE R B PR R A SO R g AL RN R R AT LT ). AE R 2011,
37(1): 28-39

She M Y, Chen D D, Feng C, Du LL P, Ye X G. Isolation,
chromosome assignment, and expression assay of nitrite
reductase gene and regulatory sequence in wheat [ ]J]. Acta
Agronomica Sinica, 2011, 37(1): 28-39 (in Chinese)
SARE, AILE, BB CTX AKRE AR A B R Y R
W LT]. A A . 2011, 22(6) ; 1485-1492

Guo Y S, Gu A S, Cui J. Effects of light quality on rice
seedlings growth and physiological characteristics[J]. Chinese
Journal of Applied Ecology, 2011, 22(6): 1485-1492 (in
Chinese)

INIR, BRI, 25, E SR, B RUE . S AR G o 4l i
e AR B A G B E MR g 2w [T ). B 205441, 2016, 43(1):
80-88

Sun N, Wei M, Li Y, Wang X F, Yang F J, Shi Q H. Effects
of light quality on carbon and nitrogen metabolism and enzyme
activities in tomato seedlings[ J]. Acta Horticulturae Sinica ,
2016, 43(1): 80-88 (in Chinese)

FER Ry, sk ED, SR, WA, AR4kE. LED J6iE A IF 6 B
X B R 4 B A K R AR AR AR P B s ) . R ROl R
fi2, 2011, 46(1): 44-48

Tang D W, Zhang G B, Zhang F, Pan X M, Yu ] H. Effects
of different LED light qualities on growth and physiological

and biochemical characteristics of cucumber seedlings [ ] ].



70

L I N =

= IR 2021 4F 45 26 4%

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Journal of Gansu Agricultural University, 2011, 46(1): 44-
48 (in Chinese)

SRR, whE, G, BHEs. oM S ek A Kk
AR AR BT R L) ], FERI 2R, 1999, 25(2): 215-220
Shi HZ, HanJ F, Yuan T, Guan C Y. Effects of red and blue
light proportion on leaf growth, carbon-nitrogen metabolism
and quality in tobaccol J]. Acta Agronomica Sinica, 1999, 25
(2): 215-220 (in Chinese)

AR, FBGE, ZRVF ). R [A) LED St I T 35 it R 4 R 52
it BRI = e 52 A [ ). W T AR AR K % 2 i, 2014, 31(2):
246-253

Wu G L, Zheng J R, Li X K. Effect of different LED sources
on the quality and yield of overwintering pepper in the
greenhouse [ ] ]. Journal of Zhejiang A & F University ,
2014, 31(2): 246-253 (in Chinese)

ZEk M, BERIE, B, XVEL OGBTXT o R4 O 45 R Bk
AR m ], P EJR3E, 2020, 33(7) . 24-27, 55

Qin Y M. Han F Y. Yang H. Liu M. Effects of light quality
on morphogenesis and carbon and nitrogen metabolism of bitter
gourd seedlings[ ] ]. China Cucurbits and Vegetables, 2020, 33
(7): 24-27, 55 (in Chinese)

AT, K, KRB, B s, ERM, I K. bR
XoF S Al R AR IR R e L) ROl R
2018, 35(10): 2489-2499

Hu ] W, Dai X, Song T, Yang X Y, Wang Q J, Sun G Y.
Effect of different proportions of red and blue light on carbon-
nitrogen metabolism and endogenous hormones in mulberry
seedlings[ J]. Pratacultural Science, 2018, 35(10); 2489-
2499 (in Chinese)

L. T R K B RO IR S A B S D], A N AR
LA, 2018

Lin K. Investigation of suitable lighting modes for Lactuca
sativa 1. in protected hydroponic cultivation [ D]. Fuzhou:
Fujian Agriculture and Forestry University, 2018 (in Chinese)
WK, ABEHE ., THRUY . S AR 8 IR 8 (NIR) A (R i 5
RS0 HT ], AR b R 22240, 2012, 43(1): 77-82

Zeng Y D, Shi X Y, Ma F M. Cloning and analysis of NiR
gene in sugar beet[ J]. Jowrnal of Northeast Agricultural
University , 2012, 43(1): 77-82 (in Chinese)

BB, R, B, B, B A 553 AtGAT
B K S b S RSB ], AL 25 4. 2019, 39(2): 199-
209

Zhao C L., Wang X, Pan J F, Peng L Y, Lai Z X, Liu S C.
Cloning and expression analysis of AtGAI gene in Amaranthus

tricolor L[]]. Acta Botanica Boreali-Occidentalia Sinica ,

[22]

[23]

[24]

[25]

[26]

[27]

[28]

2019, 39(2): 199-209 (in Chinese)

L, WRIGET-. 9 3 A 1% 34 D il (NTR) 6 IR 1 5 e 5 4 )
G0 B S RBEREL, 2013, 49(4): 28-30

Ma X L, Chen X P. The molecular cloning and bioinformatics
analysis of nitrate reductase Spinacia oleracea 1.[J]. Food and
Fermentation Technology » 2013, 49(4): 28-30 (in Chinese)
EE, BHEL, RN, ROAK, REWR, SHERE. T E
AL R 19 R KM R R Z A AE AL [T ]. [ 2254, 2016, 43
(1 1-14

Wang J, Li B R, Li X P, Zhu X D, Zhu C G, Jia H F.
Evaluation of N fertilizers effects based on the expression of N
metabolic genes[J]. Acta Horticulturae Sinica , 2016, 43(1);
1-14 (in Chinese)

KR, E B, WSk, A, TEG A, kAR, B
JRURE AN T 48028 7K X R S i TR 3 D T D IV A R 3 R 5
WML ], R E TR S AR 24, 2012, 18(3) . 717-723
DuY C, Wang Y B, Fan W T, Gai Z J. Yu D S, Gu W,
Zhang L. L, Ma F M. Effect of nitrogen fertilization on nitrate
reductase and nitrite reductase activities of sugar beet [ ]].
Plant Nutrition and Fertilizer Science , 2012, 18(3): 717-723
(in Chinese)

AEM, TH, EXUW, FRR, smdid, skE €, DR, it
SR R 30 T Tt D IV i R 3 D 1R 6 ) A F S [ . el 24l
2014, 28(1): 138-145

Diao Z W, Yu X, Wang Y B, Li CF, Gai Z J, Zhang Y F,
Ma F M. Study on nitrate reductase and nitrite reductase
coupling regulation of sugar beet [ J]. Journal of Nuclear
Agricultural Sciences, 2014, 28(1): 138-145 (in Chinese)
IMECZL, TN, BT, B, RRIL, BRE. ARARE
A B 35 0 BRGS0 R IR A TR O P R AR Ok TR 3R 3k 1Y B TR
(1. SRA 23R, 2017, 34(4) : 410-417

Sun M H, Lu X P, Cao X J. LiJ, Xiong J, Xie S X. Effect of
different forms of nitrogen on the activity of nitrate reductase
and expression of the relative genes in Citrus sinensis X
Poncirus trifoliate [J1. Journal of Fruit Science, 2017, 34
(4): 410-417 (in Chinese)

PRIL, SRS, LA, T M. SElRR. 20 2 a0 QA
KAEERBH AR R L)) Bk, 2015, 29(7):
1285-1291

Chen Q, Meng X Y, Jiang X M, Yu S W, Wan X C. Tissue
specificity expression analysis of theanine metabolism pathway
related genes in Camellia sinensis []]. Journal of Nuclear
Agricultural Sciences, 2015, 29(7) . 1285-1291 (in Chinese)
Emfh, 28, FERG B, A, SRR, 20 DL B
A 401 B KT A OG B Al B B R Rk p s )], A



%8

PRAT 45 . SRR AL S S TR LU X 0 3 4y 17 S i P92 3 Dt i 0% P R M PR 3 3k 9 3 i 71

[29]

[30]

[31]

2. 2017, 44(4); 768-776

Wang L W, Li Y, Xin G F, Wei M, Yang Q C, Mi Q H.
Effects of red and blue light quality on nitrogen levels,
activities and gene expression of key enzymes involved in
nitrogen metabolism from leaves of tomato seedlings[]]. Acta
Horticulturae Sinica, 2017, 44(4): 768-776 (in Chinese)
Costa-Broseta A, Castillo M, Leon J. Nitrite Reductase 1 is a
target of nitric oxide-mediated post-translational modifications
and controls nitrogen flux and growth in Arabidopsis[ ] ].
International Journal of Molecular Sciences, 2020, 21(19):
1-13

Virsile A, Brazaityte A, Vastakaite-Kairiene V, Miliauskiene
], Jankauskiene J, Novickovas A, Lauzike K, Samuoliene G.
The distinct impact of multi-color LED light on nitrate, amino
acid, soluble sugar and organic acid contents in red and green
leaf lettuce cultivated in controlled environment [ ] ]. Food
Chemistry . 2019, 310(9): 125799

Lobiuc A, Vasilache V., Pintilie O, Stoleru T, Burducea M,

[32]

[33]

Oroian M, Zamfirache M M. Blue and red LED illumination
improves growth and bioactive compounds contents in acyanic
and cyanic Ocimum basilicum L. microgreens[ ] ]. Molecules.
2017, 22(12): E2111

IhatEG, B OH W, FFPH SR, E R4 KRR 6 R X AR
(Chlamydomonas sp 212) =K Bl BE LR B2 [T ]. B 5
WEE A W24 . 2020, 26(4): 1016-1022

Sun J R, Zhao J F, Fu D D, Wang D H. Effects of different
lights on the growth and lipid accumulation of Chlamydomonas
sp 212[J]. Chinese Journal of Applied and Environmental
Biology, 2020, 26(4): 1016-1022 (in Chinese)

kIF. B, M, B, WS, sk, IR, RAL|, 2
TRk, AR Y R 3 I A SE N CsNIR 19 5% B & & 1k 4 #r [ ].
el 2024, 2016, 43(7): 1348-1356

Zhang F, Wang L Y, Cheng H, Wei K, Hu J, Zhang C C,
LiuY, Wu L Y, Li H L. Molecular cloning and expression
analysis of nitrite reductase gene CsNiR in tea plant[ ]J]. Acta
Horticulturae Sinica s 2016, 43(7): 1348-1356 (in Chinese)

FALm B, Tk



