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Study on the absorption and accumulation of nitrate and the expression

of nitrate transporter genes in pineapple
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Abstract: [Objective] Reducing nitrogen use and improving nitrogen use efficiency are two of the cen-
tral concerns in pineapple cultivation. Nitrate transporters (NRT) play important roles in the absorption,
transportation, redistribution and signaling of nitrate and other nutrients, but their roles in nitrate absorp-
tion and redistribution in pineapple remain unclear. [Methods] Two experiments were carried out. The
first was application of 30 mmol - L' NH,NO; to pineapple plantlet, and changes of nitrate contents and
expressions of 40 nitrate nitrogen transporter genes in pineapple roots, stems and leaves were analyzed
every 2 h from 10:00 to 18:00; The second was application of six treatments (30 mmol - L"' NH,NOs, 60
mmol - L' NH,NOs, MS nutrient solution containing 60 mmol - L' NH.NO;, nitrogen-deficient MS nutri-

ent solution, MS nutrient solution and water) to pineapple plantlet, and changes of nitrate contents and

ks HH#A:2022-04-07 1% HH#A:2022-05-15
ESWH . RiFFERXFEFRE TADUH (GDOU2016050256)
TEB BN R, Lo, W1, W75 18 9 A R £ P . Tel: 0759-2383247, E-mail : 1224829291@qq.com;a A3L RS —1EH . XM, &,
BIWEFC L WF A5 AT B R B A Tel:0759-2859159 , E-mail : 1izx2002@126.com
*J# {5 {E+ Author for correspondence. Tel:0759-2859159, E-mail : asiazhang1975@163.com; Tel: 0759-2383247, E-mail : liyz@gdou.edu.cn



5510 PR, 4« P A A TR SO 3R % L s R 1 3 PR R Ut 7 1775

expressions of 40 nitrogen transporter genes in leaves were analyzed in 3rd d, 6th d, 9th d and 26th d af-
ter treatment, and root, stem and leaf weights were analyzed 60th d after treatment. [Results] The nitrate
contents of pineapple roots, stems and leaves all showed higher values at both 10:00 and 16:00; 2 h af-
ter nitrate application (30 mmol - L' NH,NQO:;), the nitrate content in roots increased significantly; nitrate
application also increased the nitrate content in leaves at 18:00, while it decreased the nitrate content in
stems at 14:00 and 18:00 as well as that in roots at 16:00. Twenty-five NRT genes were highly ex-
pressed in roots. Among them, the highest expression levels across all sampling time points appeared at
12:00 for 2 genes that were postponed (AcNRT1.14) to 14:00 or weakened (AcNRT1.12) after nitrate ap-
plication; expression levels of 13 genes peaked at 14:00 that were delayed to 14:00 (4cNRT1.25, Ac-
NRTI1.17, AcNRT1.20, AcNRT1.8, AcNRT1.19, AcNRT1.21, AcNRT1.32, AcNRT1.24, AcNRT1.23, Ac-
NRT1.35,AcNRT1.22, AcNRT3.1) or to 16:00 (AcNRT1.42) after nitrate application; expression levels of
AcNRTI.31 peaked at 18:00, which were advanced to 14:00 after nitrate application; for other genes, the
times when the expression peaked were not altered but the expression level was enhanced (AcNRT1.9,
AcNRTI1.17, AcNRTI1.18, AcNRTI.11, AcNRTI.33) or weakened (AcNRT2.3, AcNRT1.35, AcNRT1I.38,
AcNRT1I.12) by nitrate application. Four NRT genes were highly expressed in stems. Among them, ex-
pression levels of AcNRT1.7 peaked at 14:00 and were enhanced till 18:00 by nitrate application; expres-
sion levels of AcNRT1.17 peaked at 12:00 and 18:00, and both peaks were enhanced by nitrate applica-
tion; expression levels of AcNRT1.5 and AcNRT1.37 peaked at 18:00 and were weakened by nitrate appli-
cation. Twelve NRT genes were highly expressed in leaves. After nitrate application, AcNRT1.31, Ac-
NRTI1.41, AcNRTI1.2, AcNRT2.1 and AcNRT1.36 were up-regulated at 12:00; AcNRT1.34 was up-regulat-
ed at 14:00; AcNRT1.27 and AcNRT1.10 were up-regulated at 18:00; AcNRT1.44 were up-regulated at
both 12:00 and 18:00; AcNRT1.38 were up-regulated at both 12:00 and 14:00; AcNRT1.26 were up-regu-
lated at 12:00, 16:00 and 18:00; AcNRT.4 was down-regulated at 18:00. The six different nitrogen fertil-
ization treatments had different effects on the growth of pineapple plantlet. The MS nutrient solution
treatment had the largest weight gain, followed by the pure nitrogen treatment (30 and 60 mmol - L™
NH.NO:;). The plant weight gain of treatment with nitrogen-deficient MS nutrient solution and water
was the least, but the former promoted root growth. At 3rd d after treatments, except for the treatment
of water (control), the nitrate content in leaves of pineapple plantlet with all other treatments increased.
At 6th d after treatments, except for the treatment of MS nutrient solution containing 60 mmol - L'
NH.NO;, the nitrate content in leaves of plants with all other treatments decreased, indicating that the as-
similation of nitrate was enhanced. At 9th d after treatment, except for the treatments of pure nitrogen
(30 and 60 mmol - L'' NH.NQO;), the nitrate content in leaves of plants with all other treatments de-
creased, indicating that plants treated with pure nitrogen-initiated accumulation of nitrate. At 26th d af-
ter the treatment, the nitrate content of leaves with all treatments decreased significantly, indicating that
the leaves were undergoing a nitrogen- deficient status. Three days after treatment, only a few genes
were up-regulated by the treatments (e.g. AcNRT 1.2, AcNRT 1.43 and AcNRT 1.3 by treatment of nitro-
gen- deficient MS nutrient solution; AcNRT 1.18, AcNRT1.5 and AcNRT 1.37 by water control), and
there was no common up-regulated gene among all nitrogen-containing treatments; most genes reached
their peak expression at 6th day in leaves with water control (AcNRT 1.17, AcNRT 1.42, AcNRT 1.20, Ac-
NRT 1.34, AcNRT 1.41, AcNRT 1.44, AcNRT 1.13, AcNRT 1.30, AcNRT 1.38, AcNRT 2.1, AcNRT1.43,
AcNRT 3.1, AcNRT 1.24, AcNRT 2.3, AcNRT1.25, AcNRT 1.23, AcNRT 1.31, AcNRT 1.37, AcNRT 1.8,
AcNRT 1.9 and AcNRT 1.12) and nitrogen-deficient MS nutrient solution treatment (AcNRT 1.7, AcNRT
2.1, AcNRT 1.33, AcNRT1.36, AcNRT 1.12, AcNRT 1.2), but only 3 genes were shared by both; 6 days
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after treatment, 8 genes (AcNRT 1.11, AcNRT 1.19, AcNRT 1.24, AcNRT 2.3, AcNRT 1.25, AcNRT 1.37,
AcNRT 1.8 and AcNRT 1.32) were highly expressed in leaves of plants treated with 30 mmol-L"' NH,NO;
but not in those treated with 60 mmol-L"' NH,NO;; Except for AcNRT 1.11, AcNRT 1.19 and AcNRT 1.32,
these genes were also highly expressed in those with water control. 26th day after treatment, the highly
expressed genes were mainly found with 30 mmol - L' NH.NO; treatment (AcNRT 1.5, AcNRT 1.11, Ac-
NRT 1.19 and AcNRT 1.35), nitrogen- deficient MS treatment (AcNRT 1.14, AcNRT 1.21 and AcNRT
1.22) and water control (AcNRT 1.6 and AcNRT 1.10), but no genes were shared by these three treat-
ments. [Conclusion] The contents of nitrate and the expressions of nitrate transporter genes in various
tissues of pineapple plantlet showed diurnal variation patterns, and nitrate application could change the
time when the peaks of these two events occurred; the expression of nitrate transporter genes was affect-
ed by the nitrogen status of the plant. AcNRT 1.13, AcNRT 2.1 and AcNRT 1.12 genes may be related to
leaf nitrogen uptake, and AcNRT 1.14, AcNRT 1.21 and AcNRT 1.22 genes may be related to leaf nitro-
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gen redistribution.
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Fig. 1 Diurnal changes of nitrate content in various tissues of plants treated with 30 mmol- L' NH.NO; and water
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Table 1 Effects of six nitrogen treatments on the weight of various tissues of pineapple plantlet
L T B i 5 R A 57 B R SR ETHRE
Treatment  Leaf fresh weight/g Leaf dry weight/g Root fresh weight/g  Root dry weight/g  Stem fresh weight/g ~ Stem dry weight/g
Nn 112.748 3+12.918 3AB  17.4754+1.906 0 ab  8.843 2+4.122 1 2.277240.5232  6.769 0+0.731 7AB  0.828 4+0.0952 A
Nhn 123.186 5£24.382 4 A 19.1459+4.1673a  9.437 0+2.1954 2.296 6+0.549 8  6.9332+0.926 8AB  0.880 1+0.144 8 A
Nhm 121.398 6+£18.298 2 A 18.685 4+3.769 8 ab  8.088 2+3.006 7 1.922 240.6459  6.907 6+1.208 0 AB  0.858 0+0.178 4 A

Nd 101.456 2+13.622 1 AB
Nm 141.640 0+26.462 3 A
Nw 72.191 0+£5.261 5 B

15.583 3+2.954 2 ab
19.349 9+3.279 4 a
12.626 2+3.058 8 b

9.189 2+3.668 4
10.671 0+£3.743 5
6.139 0+2.232°5

2.114 1+£0.901 4
2.642 8+0.830 3
1.643 9+0.492 9

5.740 7£0.931 4 AB
7.674 4£1.0250 A
5.147 0+1.176 6 B

0.678 6+0.145 5 AB
0.916 1+0.084 9 A
0.386 9+£0.078 6 B

P, MS.60 mmol - L' &% 60 mmol - L &[] MS Al
30 mmol - L' AL PR 125 T i & 32 595 /K Ab HL i) 22
Sk BT KT, &0 mmol - LA [ MS 4 HE 5 i

KT 8% 5
23 TRERAEAHE EHHRLRRI SRR
B AR

ANF R AL FE T A TR S SRR
KA AL 2. MBI 2 A& i, i 5040 2
Ja 58 3 R, BRIG /KA BRI iy i IR 2h & B R 4,
FoR & A FR M iR 31 2 23 RO IR K R
18 h1, 30 mmol - L' %+ 60 mmol - L™ % &b i i) - Fr il
TR 5 B s, LN 60 mmol - L& 1 MS.MS
A4 0 mmol - L& I MS. BLAT G AL HE ] GEAE 1 T
A A A U AR 22, 3 0 MS &b BE A Z0RT B Ak
Wt A, oA MS Ab 3 H 1) & 0] B SR H & (Z)
iz .

T AL 6 d J5 , B 7% 60 mmol - L' & ¥ MS kb2
Ab HAR AL ER B IR A R 3 A R R
30 mmol - L' %( .60 mmol - L %0 B [ H i lR 252
KT IE KA EE, HAd 30 mmol - L &AL HE B A

ONn
300 A
250 A
200 . 2 a

150 r

w R ER)
Nitrate content /(pg-g™)

100

50 |

BENhn

BREh & 8 H5iEKAHE M Z 5k 3 8 E KT @<
0.05) ; & 60 mmol - L ¥ MS A& BE I i fid R 21
BEEETEKLHE(p<0.05) . IR
B NRER AL T R A AR

A AEFE 9 d J5, 30 mmol - L7 %60 mmol - L%
BRI R RS A SR BT, m T IE KA R A Ak
PRATH SR B S B R L IR TS KRB . &5 At
ZAb X 3% 55 25 2T B A R 245 R G LA
A PR AR 3 R AR AR K AR AN S MIS T8 R T R Al - (1)
it 2 R IG R 2S ZUAE I R T G AR 2R s MIS 78 IR TR Ok
itk it FH PR 00 4k 4t [ A DA AR AR AR K

it AL HE 26 d J , FT A AL I R R h =
PR M8 B# 5 30 mmol - L &R /K AL 31K R B 5
TR, HAVOAE 0 mmol - L& HI MS 4L 2E, 60 mmol - L
ZALEE 60 mmol - L' ZU¥) MS F1 MS Ab 2 (1) i
TR 25 & 2 PRI FE I AL, 3R BH I K 22 Ak 2R
FERRAL TR ECIRAS « 454 i A B X 3% 55 5 AL 24U
BRI IS5 R E R B B A 7K I U IR
H R 2R, & 0 mmol - L&) MS A3 IR A
Al eI BB IR IR AT 3 B0 A AR

A~
FaNe
A~
thE

EBNhm ONd BNm BNw
A A
BC
BB, B
BC i CBCC
— \\ A A A
=N B B
N
=N C
N\
— \ .
6 9 26

AbBf I (]

Time after treatment/d

B2 o6 fiEAALE MREEKM R HRE S EMNEEN

Fig.2 Dynamic changes in leaf nitrate content of pineapple plantlet under six nitrogen treatments
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Fig. 3 Heat map of the expression changes of nitrate nitrogen transporter gene in the roots, stems, and

leaves of treated and control pineapple plantlet
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Fig. 4 Heat map of expression levels of NRT genes in leaves of pineapple plantlet treated with 6 nitrogen recipes
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