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Abstract: [ Objectives ] The research will elucidate the regulation mechanisms of NO, re-utilization by 1-am-
inocyclopropane-1-carboxylic acid (ACC) and reveal the physiological mechanisms of nitrogen (N) redistribution
at later growth stage of Brassica napus. [ Methods ] High N efficient variety Xiangyoul5 (No.27) and low N
efficient variety 814 (No.6) were cultured in sand under 15 mmol/L nitrogen condition. ACC (50 mL 100 pmol/L)
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was irrigated every 7 days and the corresponding Arabidopsis thaliana wild type (col.0) and mutant plants (nrtl.5)
under greenhouse and environmental chamber respectively, to investigate the regulation mechanisms of NO;™ re-
utilization and its relationship with nitrogen use efficiency (NUE) during the later growth stages. [ Results ] The
relative expression of BuNRT1.5 was significantly inhibited by ACC and senescence. Compared with the control
treatment, NO; distribution ability in phloem sap was decreased significantly, resulted in NO; content of the
lower leaves was increased significantly, NO, content of middle leaves was decreased significantly, but there was
no significant changes of NO,™ content in upper leaves under ACC treatment, thus lead to the N content of plant
tissues and seeds were increased significantly, and NUE based on biomass and seeds yield were decreased
significantly. It was suggested that the N re-utilization capability is significant regulated by NRT1.5 gene. Using
Arabidopsis thaliana wild type (col.0) and mutant (nrtl.5) plants to further elucidate the above results, compared
with the wild type (col.0), higher proportion of NO, accumulated in the older leaves, lower proportion of NO,
redistributed from older leaves to new leaves through phloem sap in mutant nr¢1.5 plants during the later growth
stage, redistribution ability of NO;™ from older leaves to new leaves during senescence decreased significantly.

[ Conclusions ] N re-utilization efficiency was regulated by ACC significantly at the later growth stages of
Brassica napus, redistribution contents of NO,™ in phloem sap was decreased in Arabidopsis mutant (nrtl.5) or
Brassica napus under ACC treatment, higher proportion of NO,™ accumulated in older leaves and cannot be re-
utilized efficiently at the later growth stages. Therefore, NRT1.5 is an effective means to improve the crop NUE by

increasing N redistribution and re-utilization during the later growth stage.
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Table 1 Sequences of qRT-PCR primer for rape

FEH5 Gene information

1EM5 4 Forward primer

S5 |4 Reverse primer

BnActin (AF111812)

BnNRT1.5 (EV220114)

GGTCGGGACCTCACTGATTC

CAATCTACTTGATCGCATTG

CAACGGAATCTCTCAGCTCC

CCTGTAGGCTTGAAGTTTCG
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Table 2 NO; content and proportion in different leaves of different B. napus genotypes at flowering stage

ni A fb3 R rh gt AR/ TR g
Genotype Treatment Lower leaf Middle leaf Upper leaf Lower/middle leaf ~ Lower/upper leaf
(ng/g) (ng/g) (ne/g) (%) (%)

6= CK 88.68 +8.77 cB 328.77£10.32 bA 442.85+17.25 aA 26.64 D 19.92C

No.6 ACC 253.44+2730bA  147.56 + 15.46 cB 500.10 + 37.86 aA 16145 B 51.13B
(b # Change rate (%) 185.8 -95.6 12.9

27 % CK 82.93+2.02bB 114.93 £39.296 aB 142.41 £25.87 aD 77.11C 59.37B

No.27 ACC 246.60 +53.50 aA  113.10+32.006bB  231.60 + 41.50 aC 220.99 A 105.98 A
A5 {k % Change rate (%) 197.4 -1.6 62.6

H (Note) : BHRSEAR/NG FREFRRBEHEEIE 2 5735 5% 1% 7KF- Values followed by different lowercase letters indicate the horizontal

data significant differences at the 5% level. AN[F]
indicate the vertical data significant differences at the 5% level.

NO,™ & it & B Lt i > iy > N,
6 5 L 5t NO, SRR Em T 275, H
RPF R E L NO, SRESARE. 3
BIAEIINT B NO,- R hfErh . B, JFH 6 %55
Fit B NO, & it SRS T 27 45

ACC bR )5, 6 S 45 HBAI i NO, & &Iy
ARy BERRE > TRERAE > Rt 27 SRR
NO, & AR R FHpt > Bt > shgnt . At
TP, SRR R AR R NO, AR
o MIRRM - NO, A3HC HL ] K A2 o 6 5 R BT
A NO, Fr 5 iR, LA NO, 1 HL (A e X if
FEAR 230K 26.6% F1 19.9%, ALF5 F 42 = 2
161.4% F151.1%. 27 5 F bt St . Edget
NO, BB N 77.1% . 59.4%, AbFRJG L4 = 2
221.0%. 106.0%. 6 ZH &t NO, & it i EFF

5 R IR S HEEE L 22 538 5% 3K Values followed by different capital letters

YRR . UL ACC AbEREE I TR B NOy 14y
fi, XFREEH R NO, S ik, W4t
R NO, PN

F3HEREY, RREIESCRIMSEAA 6 S0t A
PR NO, Frit bl 27 51 o AN b Pl ity S 49 g 5
HINO, AR, (ARSI () > Zfk
(FHRIyY o b Bl ] iF 5 ) B2 358 NOy & it EL AN T o
6 S M H M N 52.4%, 1 27 5 E /0
79.6%, “FETFRELE BT 22 SR R Y R A
FEIE 6 T HIHTHE AR NOs WREE AL R . JTAE
W65, 27 5M P NO, ®EFALE,

ACC M5, 6 F&M | Fit I NO, &
WE R ERI, B TNET 49.7%, HTRET
40.39%; 27 S ML NO, ST T 42.8%,
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Table 3 NO; content and proportion in phloem sap of the old leaves and new leaves in different B. napus genotypes

T NO, &t S iz, EAS RIS ot Rl 18] ) 5 0 A

il Genotype 4b 3 Treatment M Old leaf (ng/mL) Bt New leaf (ug/mL) M AHT Old/new leaf (%)
6 CK 23.95 + 1.43 bA 46.57 £9.34 aA 52.39+745B
No.6 ACC 12.05+2.70 bB 27.76 +£3.93 aB 43.08+341B
(LR Change rate (%) ~49.69 ~40.39

27% CK 22.76 £ 3.22 bA

No.27 ACC 13.24 £ 1.49bB

AR fL# Change rate (%) —42.83

28.71 £ 1.43 aB
28.78 +2.86 aB

0.24

79.60 £ 13.43 A
4597+137B

# (Note) :

Boig Ja A RNG PR R RN R HEEE R 22 53K 5% B3 7K Values followed by different lowercase letters indicate the
Yy

horizontal data significant differences at the 5% level. (¥ J5 AN [ KE FHEF R B HEEAR R 22 7k 5% .3 7KF Values followed by different

capital letters indicate the vertical data significant differences at the 5% level.
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Table 4 The variation of seed yield and N use efficiency of different B. napus genotypes

o g fhsm AW bR Ay TR A APRL A HERAE
o Biomass Seed yield N content of plant N content of seed Total N of pant
Genotype Treatment
(® (& (mg/g, DW) (mg/g, DW) (g¢/plant)
65 CK 4137+135b 7.42+0.29 ¢ 37.96+2.65a 45.54+0.56 ¢ 1.78+0.11b
No.6 ACC 33.26+3.08¢ 5.61+0.09d 38.39+1.00a 5456 +0.70 a 1.90+0.23b
254k Change rate(%) —24.32 -32.32 1.15 16.53 6.53
27%  CK 48.17+1.85a 8.64+0.14b 37.14+1.02a 50.52+1.68b 1.79+0.15b
No.27 ACC 4847+226a 10.17+£0.06 a 3798+131a 50.57+0.79b 2.15+0.04 a
B Change rate(%) 0.12 15.1 2.25 0.1 20.25
e e A S o L L= Sz e s L =
o e R A s WeddE s #%Fg/fﬁ%éﬂ *%ﬁffg/ﬁ*ﬂiéﬁk
Total N of seed Biomass/N uptake Seed yield /N uptake
Genotype Treatment NHI HI
(g/plant) amount amount
65 CK 034+£0.01c¢ 0.19+0.02 ¢ 0.18 £0.006 ¢ 27.95+2.23b 4.59+0.01 ab
No.6 ACC 0.39+0.08 bc 0.21 £0.02 bc 0.17+£0.004 ¢ 24.02+2.70 ¢ 334+034¢
AEHE % Change rate(%) 14.32 7.35 -5.88 ~14.06 -27.23
27%  CK 043+0.04ab 0.24+0.02 ab 0.18+0.004 b 30.03+2.02a 558+0.25a
No.27 ACC 0.51+£0.01a 024+0.02a 0.21 +£0.008 a 26.35+0.90 be 4.28 £0.84 be
E L% Change rate(%) 16.42 224 15.29 ~12.25 233

#E (Note) :

differences at the 5% level among treatments.

2.3 SHSE BaNRTI1.5 ERERIEEX ACC RN

[RIFVEEE G A F/NG R R AR BRIE] 22 553K 5% .3 /KT Values followed by different lowercase letters indicate significant

EM T 153.1% . Vi AtNRTI1.5 R Z )5,

K1 3R8, ACC B )5, 27 1 6 SHE{EH
DL KA R BaNRT1.5 3k % F %, i
ACC Lb3A] L S 2 0 v 5 B4 5 81 BnNRT1.5 1
Fiko AN TEACW], ARV BaNRT1.5 )3kt
WETE, FHEENT BnNRTI.5 A4 mE1A
SEH.
2.4 AtNRTIL1.5 57+ R RFIE #B TR+
NO, B2 R m A

*K5FKW, col.0 &M NO, & B EMTH
i, NO, & EM /N 59.0%, [A7E nrel.5-3
AR, &0 NO, FE W E S TR, NO, &g

NO, 7fEIR I &M i R

M2 6 B, AINRTI.5 72 SFEIUR I 9 B35
Tl NO, E it FIAr L E o col. 0 ) Je 8 7 W
NO, &t} 4530 pg/mL, W& THEH h o,
nrtl.5-3 ) R NO, & 20 59.07 pug/mL,
BERTHE &R, 5 col0 MLk, TR nrtl.5-3
BT NO, i T % 67.3%, KFIERE
FHAKF-; BB R NO, i TR 36.7%, ik
2R WEKF-. col.0 W NOy & & &0 /Ht
FE BN 45.6%, i nrtl.5-3 HELBIE I 87.9%, Ui
ANRT1.5 5378 SE W AE R ) B2 A T NOy 7RI TR Z
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Fig. 1 Relative expression of BuNRT1.5in shoot of B.
napus genotypes
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Table 5 NOj; content and proportion in old leaves and new leaves of two A. thaliana genotypes

FE[R Y M (ng/g) it (ug/e) T (%)
Genotype Old leaves New leaves Old leaves /New leaves (%)
col.0 3535+£2.17bB 60.27 +7.46 aA 59.01 B
nrtl.5-3 59.07 £ 3.68 aA 39.37+8.33bB 153.07 A
ARk Change rate(%) 67.10 —34.68

H (Note) : F¥i/E ANF/NG FA: TR HEHEEE ] 22 5735 5% 23 /K Values followed by different lowercase letters indicate the
horizontal data significant differences at the 5% level. $XE)5 AN [E K G 78 3R B HERWE 7] 22 735 5% .3 /KT Values followed by different
capital letters indicate the vertical data significant differences at the 5% level.

*6 TRIMEIFTZM . FHFIERTIR N0, SEKELA

Table 6 NO; content and d proportion in the phloem sap of old leaves and new leaves in two Athaliana genotypes

HEFI A & (ug/mL) B (ng/mL) AR (%)
Genotype Old leaves New leaves Old leaves /new leaves
col.0 20.62 £ 0.79 bA 45.30£2.65 aA 4557+1.65B
nrtl.5-3 13.06 + 1.69 bA 14.82 + 1.03 bA 87.88+5.17 A

AF{k# Change rate (%) _36.67 6728

H (Note) : HHEFEARR/NG FHREZFREHEE DR 2 73k 5% .3 7KF Values followed by different lowercase letters indicate the
horizontal data significant differences at the 5% level. (¥ J5 AN [ KE FHEF R B HEEAR R 22 7k 5% .3 7KF Values followed by different
capital letters indicate the vertical data significant differences at the 5% level.
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Table 7 The variation of yield and N use efficiency of different Athaliana genotypes

8458 Index

H M7= 5 Biomass (g)

AFRL= i Seed yield (g)

FaRE S A& N content of plant (mg/g, DW)

K107 %= N content of seed (mg/g, DW)

FEAK 4% Total N of plant (g/plant)

FPRL 4% Total N of seed (g/plant)

AR E NHI

WRFREL HI

NUE (Z:#7= =/t 4% Biomass/N uptake amount

NUE (KL= /i Rk 4 %A Seed yield /N uptake amount

col.o nrtl.5-3 AR LR Change rate (%)
1214.18 £176.94 a 731+ 80.53b —65.90
303+3745a 135+24.79b —123.08
2476 £ 1.41b 3547+1.72a 30.19
3450+ 1.11b 41.50+153a 16.87
238.98 £ 1491 a 230.70+14.20 a -3.59
104.42£10.90 a 56.15+10.84b -85.96
0.25+0.01 a 0.18+0.02b -35.87
0.33+0.01 a 0.24+0.02b -39.80
5.06+0.45a 3.16+£0.19b —60.15
1.27+0.10a 0.58+0.11b —115.34

# (Note) : HIREAF/NG FRR A EHEEDRE R 22 535 5% 837K Values followed by different lowercase letters indicate the

horizontal data significant differences at the 5% level.
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