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Abstract

Nitrate and ammonium are two major nitrogen sources and signal molecules for

plant growth and development. Transcription factors NLPs (NIN-LIKE PROTEINSs) play

important roles in the transcriptional response which is induced by nitrate and ammonium.

Recent studies have showed that NLP6 and NLP7 in the same clade were partially

functionally redundant activators in the nitrate response and completely functionally

redundant repressors in the ammonium response. However, the relationship of other 7

NLPs remains to be elucidated. Among the n/p double mutants in the same clade, only

nlpInlp2 and nlp6nlp7 displayed growth retardation under nitrate, but the growth of

nlp4nlp5 and nlp8nlp9 was similar to the wild type, indicating that the relationship

between NLP1 and NLP2 may be similar to NLP6 and NLP7. Therefore, the function of

NLP1 and NLP2 is investigated in the nitrate signaling and ammonium signaling in this

study. For growth regulation, the function of NLP2 is more important than NLP1 under

low nitrate. There are some additive effects between NLP1 and NLP2 under high nitrate.

The relationship of NLP2 and NLP7 is synergistic under low nitrate and high nitrate

conditions, but is functionally redundant under ammonium. For gene regulation, NLP2

positively regulates the high nitrate-induced transcription of HYH, BEE2, ERF60, LBD3S8,

MAPKKK 14, ZAT1, UMAMIT36, At1g22170 and PRS2, but NLP1 contributes little or no

to these genes. Under ammonium, the transcriptional response of nlp2nlp7 is similar to

v
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nlp6nlp7 double knockout mutant. NLP2/7 and NLP6/7 negatively regulate transcription

of the same ammonium-responsive genes. For intracellular localization, NLP1 and NLP2

may localize to the cytosol under nitrate condition, and localize to the cytosol and nucleus

under ammonium condition. Interestingly, NLP2/7 and NLP6/7 negatively regulate shoot

nitrate concentration and positively regulate shoot nitrate reductase activity under high

nitrate. In summary, NLP2 is an activator in the nitrate response, but the contribution of

NLP1 is weaker than NLP2. NLP2 and NLP7 are repressors which can functionally

replace each other in the ammonium response, but the function of NLP1 is not clear.

Keywords: NLP protein family, transcription factor, functionally redundant, primary

nitrate response, gene regulation.
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L1 BEA&R I g ik

¥ (nitrogen) #HHE F+ kX E & > §F E P g <+ £ 1 %
(macroelement) » ¥_F % % (chlorophyll) ~ "= & (amino acid) ~ ¥ & (nucleic
acid) fr= =t B4 (secondary metabolite) eh& & = 4 » B4 5 et £ 2
7 (O'Brienetal,2016) - {£4 1§ e 7 A2 @ (nitrate) fr4&® (ammonium)
(Krouk et al.,2011) o ' px B fris B & 5 % d pI'fs B iE §-v (nitrate transporter)
frie @ :F 39 (ammonium transporter) B fTiE » 1330 imPe (& > R B ¥ AR
fa % J fi= (nitrate reductase, NR) ~ & #' 2 R /& f# (nitrite reductase, NIR) fr#%fie
Bk & = fis /¥ % fk & = f&  (glutamine synthetase/glutamate-2-oxoglutarate
aminotransferase, GS/GOGAT) i B ## 4 = Iy ' 2 B (nitrite) ~ 4¢ B foixc L i
(Krapp, 2015) -

ARAfERA TS D2 B F o ARBAPEES FF (seed
germination) ~ #2875 i (root morphology) ~ ¥ F $84 & (shoot growth) ~ B 7
(flowering) & j7 f 5 4 & = (hormone biosynthesis) » 4&% R 2 84330235 45 ~ £
7 % it (leaf chlorosis) ~ ¥5 B ehdut (pathogen resistance) frf % {2 (drought

tolerance) (Lin and Tsay, 2017; Liu and von Wirén, 2017)

L2 AR R foie P EJE I it &
s Ayt o & (Vidaletal., 2015) « A e 3 & £ 7 125158 4- 89 ol ik

F J& (primary nitrate response, PNR) » & @B R (= 5 30 4 45) Pd %™
PRl L B F R 2L F] (nitrate-responsive gene) 4% (transcription) o 4~ Hp B ik B
FRRAMWBBERRDE - MARAR > THAFOLIRPKM gARKRARF T

P Flend i E  (Medici and Krouk, 2014) = & s @ e 4, d fwmre Woopd fie 8

doi:10.6342/NTU202503701



®ER v -9 (transceptor) NRT1.1 (NITRATE TRASNPORTER 1.1) f ]
NRT1.1 &) ps % X 8 (receptor) > » f_F#Arl: (dual-affinity) ol fs % &
Fhvo o FRATmE A RR T B Eﬁ%] Flimfz p oo M B (WM
#F) PopEpL i o NRTLL St a8 5 % M-tk (high-affinity)> ¢* f& NRTI.1
REFPSEMED S ZARE (mM FR) P 2B NRTLD AR
3 MARfelt (low-affinity) » ¢t P& NRT1.1 #% % %2 S & B (Hoetal,2009;
Tsay, 2014; Tsay et al., 2007) - ' pa @ a2t & @ H P > @4+ %] 5 (transcription
factor) NLP6/7 (NIN-LIKE PROTEIN 6/7) & i {x& & > NLP6/7 #4577 540
FERAFNER > ¢ FAHRKAEF Y « §F F 2 (nitrogen assimilation
enzyme) frigsxF]+ (Wangetal., 2018) -
b Bfu ot 4 0 42 A i A Flendk L (Patterson et al., 2010) -
{6 47 35 6 fm "6 Me4e B 38 39 AMT1;1 (AMMONIUM TRANSPORTER 1;1)
R ATime e R R T4 R @'ﬁ%l Flameep > £ %’ﬁt d iz CAP1 (CA2+-
ASSOCIATED PROTEIN KINASE 1) f #rkm#z i 45 ER O EA PR

ke i ve ot i) (Liu and von Wirén, 2017) -

1.3 Nodule inception-like protein (NLP) #2%

d * NLP6/7 pmlpaif $#sr? 3 £ & # it (Wangeral,2018)> #710 &
7 EEE NLP g 24 @ikd ehk § o NLP 36 B2t RWP-RK # 47
4+ %2% (Chardin et al., 2014) - RWP-RK 3-v & % ¥ 11 i @ 3| % & (green
algae) > MID (MINUS DOMINANCE) % £ % ¥ # & (Chlamydomonas
reinhardtii) e+ % 4 (gametogenesis) (Ferris, P. J. and Goodenough, U. W,
1997) - & & #4144 ¢ » NIN (NODULE INCEPTION) % £ 7 #% 42 (Lotus
Jjaponicus) =13 F A5 = (nodulation) (Schauser et al., 1999) o [# £ & %
(Arabidopsis thaliana) 3 9 % NLP 3-v > & BEGH GA =~ 3 Bt AL

clade)  /wi- A~ £ 1 3 NLP1/2/3/4/5> /%~ % 2 5 NLP6/7 @it~ 2 3 3
F F F

2
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NLP8/9 - # ¢ NLP1 4= NLP2 ~ NLP4 {r NLP5 il M 2 diit (*q Bl 9 s
Schauser et al., 2005) °

NLP hk-v Ffe 7 N s oa i B3 4 o0 NRD (nitrate-responsive
domain) ~ 55 & DNA ¢ RWP (Arg-Trp-Pro)-RK (Arg-Lys) domain = C =% £
-9 F 2 3 iv* 1 PBI (Phox and Beml) domain (Mu, X. and Luo, J.,2019) - NLP
B0 VUL T A LB F R A Fleh NRE (nitrate-responsive cis-element) > %k 33
H $# 4% (Konishi and Yanagisawa, 2013) o j* *t » NLP enigéX B A > &
W B o pL B EepE RN o NLPL/3 A pb e B35 % - NLP2/4/5/9 4 s¥ s 7 3
#1 > @ NLP6/7/8 Pl m P A% it (Wuetal, 2020) -

NLP #-v B4 bl pa @ nd 198 5 > [P 0% o NLP4/S &3 Al ik
B e AR F (Mesorhizobium loti) # %013 £ % & # 4 (Hernandez-
Reyes et al.,2022) > NLPS8 ;'fg d & w # ¥ ABA # it fs  (abscisic acid
hydroxylase) CYP70742 (CYTOCHROME P450, FAMILY 707, SUBFAMILY A,
POLYPEPTIDE 2) ¢4 3. % Riepl fa M3 % enfa 3 % (Yan et al., 2016) -
NLP2 & A A @ f » #3242 iTr (glycolysis) # I & #47= %k 5%k
(tricarboxylic acid cycle) » NLP7 % A e B I & A 4 Ef2 (5% {r= SR ER
(Durand et al.,2023) » @ NLP6 fslfit @ehd £ 21 L %3 #287 NLP7 4 € dpeh

# it (Cheng et al., 2023)

L4FF B i

~

bR ia% e 9 B NLP 3-v ¥ » NLP2 v NLP7 ¥4 /e @ £ fi b
FEE L > ¥ NLP6 fr NLP7 f4e@ i & @3R3 7 3 4p B % e 5]+
(repressor) (Cheng et al., 2023) » 28 @ » NLP1/3/9 &b ix A4 »>E_BFEd»

- it A4 NLPL2 fmfe@an i @iffode®an L Bifann 4 o
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TR 2
2.1 {4 #13#L (plant materials)
o R 4 & A (ecotype) & Columbia » ‘% 7 nip2-1 {v nip2-2

(Konishi ef al., 2021) =%

&

A4 w5 Col-3 o Col-4 z ¢ » H i R ke
iA1= 5% Col-0 - T-DNA 4% » H % % tx nipl (SALK 084809; Konishi et al.,
2021) ~ nlp2-1 (CS806725) ~ nlp2-2 (SK19641) ~ nlp3 (SALK 003418; Konishi et
al.,2021)~nlp4 (SALK 139959; Konishi et al.,2021)~nlp5 (SALK_027488; Konishi
et al., 2021) ~ nlp6 (SALK 036557; Cheng et al., 2023) ~ nlp7 (SALK 026134;
Castaing et al., 2009) ~ nlp8 (SALK 140298; Yan et al, 2016) 4= nip9
(SALK _025839; Yan et al., 2016) 358~ p [P 6% 2 4 F ik ¥ = (Arabidopsis
Biological Resource Center (http://abrc.osu.edu/)) o B % ¥tk nilplnip2-1 ~ nip2-
2nlp7 ~ nip4nip5 ~ nlp6nilp7 fv nip8Snip9 H%5:E nlp H R FHeEEF o 975 h
Y %‘1‘%?@% d RT-PCR # RT-qPCR #xzl 3 7| “ﬁ% % %1k (knockout mutant) (%

® 1)

22 P ERE S L iEE (plant growth medium and growth conditions)

LiEd 35 %k

BAER AL T A aF ] PNR 4%% PNR #fi& %
KH>PO4/K;HPOs 1 mM 1 mM 10 mM 10 mM
MgSO4 2 mM 2 mM 2 mM 2 mM

CaCl, 0.5 mM 0.5 mM 1 mM 1 mM
FeSO4-EDTA 0.1 mM 0.1 mM 0.1 mM 0.1 mM
H;BOs 50 uM 50 uM 50 uM 50 uM
MnSO4-H,O 12 uM 12 uyM 12 uyM 12 uM

4
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ZnS047H>0
CuSO4-5H20
NaxMnO4-2H>0
MES

KNO;

NH4Cl
Dicyandiamide
(NHs)z2succinate
Sucrose

pH

I uM
I uM
0.2 uM
0.05%

0.1 or2 mM

5.5

1 uM
1 uM
0.2 uM

0.05%

2 mM

S ppm

6.5

1 uM
1 uM
0.2 uM

0.1%

12.5 mM
0.5%

55o0r6.5

1 uM
I uM
0.2 uM
0.1%

25mM

2. 4 £ iE it

(L) #E B R ERfor R s £ A2 s

faF b r Bk 4°C @k 4 {5 @ * -k £ (Araponics) iE

Fk#EEE > RO ki 3 % > 2 81 2543 0.1 mM A

AR 2mM AREBERARI 2mM BB AR > FH{H 2 A

ofidrd £ Ep @ (16 [ PEEB/8 L EZ®) 4 £ % EAR 22°C

% & 110 umol m? st o

(2) A F12 A2 4

fad e r T5% W 1 mL o s

# ® (rotator, Adams Nutator

model 1105; BD Clay Adams) } # % 2 448> # i Vi AP B ]

(20% E & -k +0.5% -+ = = A Fpidp (sodium dodecyl sulfate, SDS))

ot BT R L 10 A48 F A& FHE TS (laminar flow) ¥

MERFK ImL Fk 6 & 0 &4 r EEFPK 1mL o 3 4°C @k 4 =

PREE

25mM 42# 12 %% (pH=6.5)57mL # magentabox (GA-

7 vessels, Magenta) & 7-k#32 % > & B box #& 8 F A+ (F £ K 200

Rpfa+) > k4 (orbital shaker, S103, Firstek Scientific) F 4% -8 = &

5
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PR 25mM B %R (pH=55) &J2 16 | o £ * jpf
TR R I RIL 3 oS L R 2P R (24 [ PERR) 2K
0B A 24°C» £ A& 140 pmol m?2 st -
(3) wmPe N Fv [k AT fit
B e EEK 0 AC @k 4 X R OKPEERFARESE
7RO k& 3 Ao (s AT 2mM AR £ 2mM &
BRAR FE{H 2 AnLR ALY P B (12 B LE/2

JpER®) 2 E 0 A 22°Co kA 110 pmol m2 st o

2.3 # &€ 2~ 457 (plant fresh weight assay)
16 T e hfEF RS TTHE I %0 [SmL e Es o g F R
F=f=Z (XPE105 DeltaRange, Mettler Toledo) o # i & &-B~p 1 tRimf e t

Mo 9 FAF o

24/ e @ 7 £ 447 (nitrate content assay)

16 X EF RS PTE FI % r 2mL o F o R0
F oo RFME ST E T4 ic'% s (FD24-5S freeze dryer, Kesin Scientific) 4 %
Fo 2 XS RIEHGE 0 2 1000 Bz E hEAk (Img §2£:1000 ul %
k) £ 30 A4 EBE R B > 4 Eris 1 022 M R (Jet Biofil)
Wi 0 B ik o % B ooxikdp K 47 &k (1260 Infinity I LC System, Agilent
Technologies) #:i#] OD200 » ¥ 14 0~5~25~50~100 ~250 ~ 500 f= 1000 uM
AEAELEEI R vHRHEAGHERBAZE - B PEITERY 50 mM B

= & 49 (KHPO4, pH=3.5) & B 5Bp 3 Hhitdechi F 30> £ 3 £55 o

25 e B R EF S 14 57 (nitrate reductase activity assay)

1 v F 5B
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F 16 X fchfid s TTE P3N 15mL e g o F TS
% f=f=£ (AB54-S/FACT, Mettler Toledo) & » 4v » % fi § » AT b Ao
BFhr S 2Lk (Img #£:5ul 3 2% %) (maximum
form: 0.1 M HEPES (4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid), 1 mM
Z Fr g AE % (dithiothreitol, DTT), 1X 3Z-v fi= #r 4| & (protease inhibitor,
Sigma) fv 1 mM ¢ = "&w ¢ & (ethylenediaminetetraacetic acid, EDTA);
active form: 0.1 M HEPES ~ 1 mM = Figr#gfs ~ 1X F-9 fedr4#/fc 1 mM
F f©4%) =3 > 11 4°C-14500rcf &~ 15 & 4 - Pt ik 200uL 1 1.5
mL 3 g P oo BB EEp itk P30 (Z22° 40mg)c & 3 £ o
HEBRERF RO LKA
BRI E Y e r Q ok 400 pL ot i S50 ploo f e » 4 47 R
(0.5 M HEPES ~ 0.1 M #'f&ér4c 1 mM B-& & % ﬁ‘iﬁﬁ&ﬂ*’”}ld v P R
(reduced nicotinamide adenine dinucleotide, NADH)) 50 pL (iXx 5 B-NADH
AYTE TR TS 20 30) BdeF o R FE 15 A4 4~ 05M frpk
& (zincacetate) 62.5ul ¥ 2k & i ¥ F 4 > 1% & "% (sulfanilamide, 3 >*
3M L) S00 uL o gk % 5 24815 £ 4 > 0.02% NED (N-(1-naphtyl)-
ethylene diamine dihydrochloride) 500 uL - &£ & 15 ~» 455 * &~ Lk g+
(DU 800 spectrophotometer, Beckman Coulter) #:#] OD540- 1 12 0~50~100 -
200 ~ 400 ~ 600 ~ 800 = 1000 uM Iy 7 Badp 1% 5 -0 & > w ok & cnfp
BEER -
ESR 4T
* Pierce BCA Protein Assay Kit (Thermo Fisher Scientific) i {7 3~ ' %
£ 0 B {8 * & %k R 3+ (iMark microplate reader, Bio-Rad) # ] OD570 » #
0~1~2~3 frdpg 2 n ’F » 39 (bovine serum albumin, BSA) % 3 &

W R wifkhchid FER o
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26 4@ F B (primary nitrate response, PNR)
¥ 8 % 25mM @iz E i (pPH=55) LiAIL 16 | pfe 3 | pFo
¥ 9 x L% 25mM AE#R AR (pH=5.5) &i@ 0~30-45~60 = 100 ~
80 MR TR AN > M Bk A e M EIER R R 0 RS
¢ -80°C #73 o F B &P~ p - B magenta box 7 2 FAIIWE A (H 400

BiEd) o £ 4 £ -

2.7 # F14 B4 7 (gene expression assay)
1. ¥4+ ik 3 B~ (RNA extraction)
PARHEREF BT &RTT RenfIiedoe » FTak? o de xR i g o
FAF B p o #& ¥ 4v » Trizol (Invitrogen) 1 mL R 3 £ > R #¥#&E 4 3 1.5 mL
oo g? o o FE R 5 A4S 0 4 » & 7 (chloroform) 200 uL 2 3 o
TE R 3 LSRRG o1 4°Co 14000 ref Fpw 15 A 4Rt 0 B ‘)?"‘}fi' 300
puL f-8 [/ A% (isopropanol) 300 pL I #7¢ 1.5mL g ¢ R 3 - -80°C Je
16 ] PEis > 12 4°C 14000ref At 15 A4 E 4% iR o Uk L
67 75% fo 100% EpE A 0 FE N FED Y 30 A BRA B EHAT
oL b r BRLEL - ¢ fig 2ok (diethylpyrocarbonate-treated water) 15 L v
BITHR Y o % &k sk B 25 (NanoDrop 2000 spectrophotometer, Thermo Fisher
Scientific) # ] 0D260/280 ~ OD260/230 {5 » #- total RNA ﬁr%i 500
ng/pL o
2. F # 4 (reverse transcription)
P~ 500 ng/uL RNA2 pL » #c » 1 ng/pL oligo dT 1 pL (Genomics) fr & &%
fa = o fig 3@k 2 ul o fk &3~ R & il 4 & B £ (Labeycler 96,
Sensoquest) » 70°C kJZ 5 ~ 45 - £ F 4~ 5X K ¥ 7% (reaction buffer,
Promega) 4 uL ~ 25 mM % it 4% (Promega) 3 uL ~ 2.5 mM < § %3 = gipe

(ANTP, Genomics) 4 uL ~ * #&4%f= (reverse transcriptase, Promega) 1 puL ~ 40

8
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w/pul ¥4+ papr#r41# (ImProm-1I Reverse Transcription System, Promega)

0.5uL e EAtf= © fa -k 250l &%~ R AR gh s % 25°C

B2 5 &40 42°C EJE 90 & 480 70°C B 15 &~ 45k & = cDNA o

3. I pE

K & pFi 4 & & (quantitative polymerase chain reaction, qQPCR)

cDNA “c » BBk = ¢ fig A2 -k 180 uL (F#fF 10 B) 6”3 > B~

cDNA 5 uL » 4r » 2X SYBR Green I Master Mix (Roche Diagnostics) 10 uL ~

10 uM = % 513 (forward primer) 1 pL ~ 10 uM * & 313 (reverse primer) 1

UL e & A AE - ¢ fin ATk 3 pL o Bfsr TR ERRKA I LR

(LightCycler 480 II, Roche Diagnostics) & {7 #f3 &2 4 47 ¢cDNA g » ACT2

(ACTIN2) i %+ £ 7] (reference gene) °

4. 513 7% (primer list)

& 7] AGI number 3!+ 51+ B 7 (5°-37)

ACT2 At3g18780  forward ATCAATTCGATCACTCAGAGC

ACT2 At3g18780  reverse CTATGATGCACTTGTGTGTGA

HYH At3g17609  forward ACAATGACCAGCTCGAAGAGAAGA
HYH At3g17609  reverse ACACTGAACAATGGATTAAAGGGTAA
BEE?2 At4g36540  forward CCACCGACAGACATAGCTTA

BEE2 At4g36540  reverse CTTGTTGTTGCAGAGATTGG

ERF60 At4g39780  forward CAAGCTAAGAGGCGAGTT

ERF60 At4g39780  reverse TACTCTGTTTTTGGCGGGAA

LBD38 At3g49940  forward TAAAACCTTGCCGTTTAAGGAAGAT
LBD38 At3g49940  reverse CACCGGCGTTGTTGTTTTGAA
ABF2 Atlig45249  forward TTGGAAGTAGTGGAGTAGGG

ABF?2 Atlg45249  reverse CATTACCAAAGTAACCGCC
MAPKKKI14 At2g30040  forward GAGAGTGACGTGTGGTCTTTA

doi:10.6342/NTU202503701



MAPKKKI14 At2g30040

ZATI
ZATI
UMAMIT36
UMAMIT36
At1g22170
At1g22170
PRS2

PRS2

NIAI

NIAI

NIA2

NIA2

NLPI

NLPI

NLP2
NLP2
SPL14
SPL14
At1g26940
At1g26940
GGTI
GGTI
PMT6

PMT6

At1g02030
At1g02030
At1g70260
At1g70260
At1g22170
At1g22170
At1g32380
At1g32380
Atlg77760
Atlg77760
At1g37130
At1g37130
At2g17150
At2g17150
At4g35270
At4g35270
At1g20980
At1g20980
At1g26940
At1g26940
At1g23310
At1g23310
At4g36670

At4g36670

Ieverse

forward

Ieverse

forward

Ieverse

forward

reverse

forward

reverse

forward

reverse

forward

reverse

forward

1everse

forward

1everse

forward

1everse

forward

Ieverse

forward

Ieverse

forward

reverse

TCTCTCCCGAGTTCCGATA

CTCACATGCTCATTCACC

TCCCTTCTTCGTTGGATTG

CTATCTTCTCTTGGCCACT

ACGAGACTATTGTTCCCATC

GCAGCTCAATGAAAGAATGTAT

CTACTGCTCTCTCAGCAC

GGATACGCAAGAGCTGATAG

CTGGCAATAGACATGATCCAC

ACTAGGGCACATCGAG

TGCTTACTAGCCCATCC

GGCTCATGTCTCAGTACC

GGTATTGCTCTGCCCA

TCAAGGAGCCTCTTGTTCTTG

ATGTCGCTTTCACTTTGATGG

TGGTACTGGCACTTCCTTCA

TGATGGTGGTGACTTTGGAG

GAGCTGGAACACTCTTCG

CGGTTTGGTCAACTACCTC

GCAAAGGAAAGAAGCTGAG

AGCATACTGGCGATCAAG

TGAATGTGGACAGCGAG

TCCAGGCTTTGGAGGATTA

TGCGGCAGTGGCGTGGAA

GCGTACTTTATCACCGTCTCTTTGAA

10
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UGT8541 Atlg22400  forward GCTGACCAGCAAATGAAT
UGT8541 At1g22400  reverse AAGTTTATGTTCCGTCGC
GDH3 At3g03910  forward CTCAGGAGGAGTCACTGT
GDH3 At3g03910  reverse TAATACCGAGGGTGAAAGC
LPRI Atlg23010  forward GATAACCATCCGTTACACATTC
LPRI Atlig23010  reverse TTTCCCACGAGCGTATT

STP13 At5g26340  forward GTCATCGCCGTCGCTTTA
STP13 At5g26340  reverse GTTGAGAGGACGTTGACT

28 m% p F-v F =% &4 (protein localization assay)

L& F 3 ¥4 (plasmid) == % & # (Escherichia coli)

* pENTR Directional TOPO Cloning Kit (Invitrogen) ® & 4 %[+ 7 48

pro35S:NLP1-GFP ~ pro35S:NLP2-GFP 4r pro35S:NUC-L1-RFP = %5 %

#d o PO B EFREAL 7 0.1 mg/mL ampicillin 7H & LB ¢
(# 7 2.5% LB broth (Miller) = 2% Difco agar) » ** 37°C # % 16 /| p* o
#ZFPEHE - F{x (single colony) > * 7z 0.1 mg/mL ampicillin <% & LB
(%3 2.5% LB broth (Miller)) = ** 37°C 33 % 8 /| P¥fs > i fi LB ###
500 & o>t 37°C % 16 -] pF{s > * Plasmid Midi kit (Qiagen) 3 B~ %8
B {6 * & sk sk B 3+ (NanoDrop 2000 spectrophotometer, Thermo Fisher
Scientific) #iF] OD260/280 ~ OD260/230 » *+ 4°C %75 o
.46 2 F A8 (protoplast)

¥ 19 b RE PTEF PR AEET AL FFEIFER
2z » protoplast medium (% 7 500 mM L #{ % (sorbitol) ~ 1 mM % it 4Ffc

10 mM MES > pH =57) ¢ - #& %4 medium ¥ # =3 1% HaZk

11
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(cellulase) f= 0.5% #r+7f+ (macerozyme) =7 protoplast medium > ** 31°C
WD ESHSE (15-2 ) -"gie* 100 pM Jg* (Greiner Bio-One)
WEiR 0 miRiR® der 100% percoll (3§ 500 mM L 44f% ~ I mM & i 40{o
20mM MES > pH=6.0)2mL » 12 4°C > 400rcf .o 8 & 45 - 2 “,%J '}’;‘2‘1 ’
BRI > RAS > 1 BHA D 30%percoll (7 7 430mM L H AE - 21
mM # § #pi49 (potassium-D-gluconate) ~ 20 mM HEPES {= 0.7 mM = &t
FRAERE) fv 0.7 BRI LA/ EIR (77 400mM L4 ~30mM F
5 #pi47 ~ 20mM HEPES v I mM = FrgidEfs) > 12 4°C » 250 ref o 8
Babe R FR SRR Sor WS 30t (59 2mMMES~SmM §
it 4m ~ 154mM F 40 ~125mM % “40fc SmM F F4E) I RMAELE 25
mL > ™2 4°C > 100rcf #prw 2 A4k - 2 “,%j ko R 3R Ry AF A
Hedt (Optiphot-2, Nikon) fed 33 # % (hemocytometer, Kimble) B £ &
TR kR o
4. & 24 (transfection)
A ER Ak HEE 30 2481 0 1 4°C o 100rcf Hrw 2 A 4d o é"ﬁ%

4

5

o R 3R e MMG 3% (73 400mM 4 &pE (mannitol) ~
I5SmM % * 484 AmMMES)3mL > £ 2 4°C> 100rcf s 2 ~4d o 2 "ﬁ——?

b

R 3R REIS ot 2 3% AR MMG 30k (BB F inR 4 TR

-~

“10° B)e e 6mL EE P 4o~ A FAE 200 uL foFRE 70 puL (7 F
NLP-GFP 30 pg = NUC-L1-RFP 3 pug) > ;2 3 ;2 %t £ 4 » PEG 3% (3
% 40% Fo = fB 4000 ~ 200 mM H & fEfc 100 mM & 1t 4%) 270 uL B 4
FReZB#E 10 4154~ W5 3% 3mL %2k F & 12 4°C» 100 ref
B 2 Ao d g R R RAE 2 0.5mM A S 0.5mM
¥ 4%ch WS B 3mL o8 3 e REST 6 3t uRmgtE (et
Biofil) # » ** 24°C BBk 40 -] pF > kA 100 umol m™2 s o

5. &L (microscopy)

12
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%ﬁ d £ §= & B 4 (confocal microscope, LSM780, Carl Zeiss) i+ ZEN
2010 BSP1 #rfipd&m 2 FREER P > s B F 40X 4% (objective,
Plan-Apochromat 40x/0.95 Korr Ph3 M27) g% > * L £ 488~561 = 633 nm
g F @ 5 (argon laser) 4 W|3E % ¥ £ F-v (green fluorescent protein) ~ ‘=
¥ % F-v (red fluorescent protein) =3 % % (chlorophyll) 2 & > 42 & 489
-541 ~ 568 - 620 - 646 -758 nm e K o Bl G & T FH kR o W

A E ARy i d AT ES R F GBS | By 4 £4Fo

2.9 Y3t 4 7 (statistical analysis)

%ﬁ d  Microsoft excel & ¥ 3 3 5% 2019 #fz Real Statistics Resource Pack
(http://real- statistics.com/free-download/real-statistics-resource-pack/) & {7 sv3t 4
Pedok it fenle s 75 2 B PliE{T A Student’st-test 4 457 o fev] 2 FF
R FLR > p<005cdrk it ngE 2 B PIEFTRE KA
(analysis of variance) f= Levene’s test ¢ » £ %1 Tukey’s Honestly Significant
Difference (Levene’s test 77 p > 0.05) 2+ Games-Howell (Levene’s test 7 p <

0.05) F {1 T (posthoc) ~ 177 o2 FFeniiz* g F L 2 > p<0.05-

13
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>
»

i
s

i
3

3.1NLP1 4v NLP2 4 A RF ek ¢

3.1.1 NLP1 ~ NLP2 ~ NLP6 v NLP7 ®%# ¥ o g R hd £

hErg onlp E R >R G nlp2 v nlp7 F 4 £ &% (Konishieral,
2021) o & 5 NLP6 4§ NLP7 tml fic @ F Ji st it 384 € dp (Cheng et al,
2023) > Flpt ARl H s A e NLPs Pats FH e 3 %EF - PEREHR
nipInlp2 ~ nlp3 ~ nlp4nip5 ~ nip6nlp7 4= nlp8nlp9 > B A E (2mMNO;y) %
BTk AR 16 % 0 At FIhEE (B 1) B s B - F A
£ NLPs B2 i €4 %% 87 o 4 Al4p v s nlplnlp2 4o nlpbnlp7 i
BEE A BT E 45% - 48% o 78% - 79% » nip3 ~ nlp4nipS 4o nipSnip9 RliZ
PR ST > & NLPl 4o NLP2 Am @2 & @ 87 i i NLP6 4o
NLP7 > @ NLP3 ~NLP4 ~ NLP5 ~ NLP8 4= NLPO B A fl fis @ 4 £ 8, 557
POAE o F) A F Bk 3 chisx I e XAy NLP6 fo NLP7 st iy (Chenget

al,2023) > *AE= 5 ¥ E 3 4F34 NLPL 4o NLP2 to§ 24 @ifd chik d o

302NLP12 2R3 ABBFL K F LAptecnB P 7 NLPY/T ifod At

B2 LG ARAPE

08 A KR - AL e NLPL2 o2 g v 4 & e NLP2/7 2
chbd koo $43E REHR nipl ~ nlp2 ~ nip7 ~ niplnlp2 ~ nlp2nlp7 4 nip6nip7 > i<
AEH (0.1mMNOy) frB A fEmH QmMNOy) EE T kEr i, 16 %
AArE v E (B 2) o R %ET o LMAERBRE S {of 4 A4 o nlpl o
BE LG A G R AP  nip2~nlp7 ~ niplnlp2 ~ nlp2nlp7 {v nlp6nlp7 i
BEE A E L 19% - 44% ~ 28% - 41% ~ 24% - 50% ~ 79% - 86% fr 67% - 75%
% NLP1 A Mm@ ehst it 2 P &> @ NLP2 4o NLP7 4 i) it e £

14
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3 43 (synergistic) 5 (nip2+nlp7-Col-0>nip2nip7) - to8 Ak B P > o
54 Al4pt snlpl ~nlp2 ~nlp7 ~nipInlp2 ~ nlp2nlp7 4v nipbnlp7 *% 1 0% -25%~
16% -29% ~ 32%-41% ~ 28%-49% ~ 76% - 82% v 73%-76% > i* % NLP1 Hv
NLP2 A3 B4 £ 3 & 4p+4e (additive) hf2 38 (nlpl + nlp2 - Col-0 =
nipinip2) » @ NLP2 4o NLP7 hg @ %2 £ 495 B (nlp2 + nip7 -

Col-0 > nlp2nlp7) -

3.1.3NLP2/7 - 4=* NLP6/7 — &= { P i » By Wl BRER

% 0B f& nlplnip2~nlp2nlp7 fv nlp6nlp7 3 WEEH A LBE (B 2) o
BRF > ApIE T A2 £ o A% (Duranderal,2023) 7 7 Eor nlp7 s
A FEBERR ST TS A 1.5 B 3N BB i3 NLP1/2/6/7 $Ha4 1% &
LB eniFA, 5 & £ R > $4E R IR niplnlp2 ~ nlp2nlp7 4= nlp6nlp7 > t% # fk
B 2mMNOy) E T -kEREHES 16 X > A7 PGB 2 £ (B
3)c FE T o Ao A Al4p v o niplnip2 ~ nlp2nlp7 v nipbnlp7 iz € & W) 'E
% 35% - 49% ~ 75% - 80% Fv 72% - 76% (B 3A) > nlplnip2 ~ nlp2nlp7 4r
nipbnlp7 R fa B 3 E A B 'E 1 32% - 46% ~ 62% - 68% v 64% - 70% (Bl
3B) © niplInip2 ~ nip2nlp7 4= nlp6nlp7 iz € (B 3A) feafpe @€ (B 3B)
pattern — 3R> &% nlplnip2~nlp2nlp7 fv nip6nlp7 B W EEF 2 L2% (B
2) fep P enpl AR E M o AAEBERSY > nlplnlp2 X3 R A
nip2nlp7 {v nlpbnlp7 % %3 4 54% - 66% Fr 24% - 42% (B 3C) ° nip2nip7
S Lk B nlp6nlp7 F 0 % NLP2/7 — 42t NLP6/7 - A= { PP B 3

R B e A PR B A

3.1.4 NLP2/7 - 424r NLP6/7 — A2t » @ §py P N BB hfFF 1L
nip2nlp7 Fv nlp6nlp7 ¥ + 3" B E R & F (B 3C) ¥ L7554
HHEFOH 2o g5 F 2 L8R (B 2) BFEFHPARR Z 97

15
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7 AR RS T RBPE R iE o ST BRI B APl 0 Aw (Durand
et al., 2023; Cheng et al. 2023) # 3 B nlp7 ¥ } 3Rchpl a:R R s 5 1% M3
4 Al 55% > ¥ NIAI (NITRATE REDUCTASE 1) ¢n#k %14 X pVpa B 24 3%
B 4o nlEA) b nlp2nlp7 0% 5 v nlpbnlp7 PIIRFRA 4oBF 4 3] Fdaip]
nlp2nlp7 {v nipbnlp7 iy FIRAEBERFRFE (B 3C) 3 7 i L.F) 54
SRR AFLIE - 5T - BB AR ER AP AR AR 2 mM
NO3) ERT-RERRHES 16 % » 247k P Napl R A S (B 4 %
% B om onlplnlp2 e feB R pF S o 4 A4p 1T o nlp2nlp7 & maximum form
fe active form 4 % E ¥ 4 A 50% e 40% > nlp6nlp7 < maximum form fr
active form 4 %] E % 4 Al 60% fr 65% % nlp2nlp7 Fv nlpbnlp7 g

PR BT L R BF TR L) b B R S R o

3.1.5NLP1 4= NLP2 £ @ KR et PABRAF &

© v NLP2 o NLP6/7 4 &% & 437 20% o 50% & fs 3 of # A& Fleh
ek et NLP6/7 T o fchal B A FY » § 31% (74/236) chik 7]
% NLP6 4c NLP7 #p3/4p 434 ¥ (Durand et al., 2023; Cheng et al., 2023) » it
NLPI $>t 33 pl i B $ A Flenk & A &R o 5 9 431 NLP1 = NLP2
AR AR E R R A 25mM £BTRER R 9 X o NEs
BARE 25mMNOs) AJZ > 545 nipl ~ nip2 Fo niplnlp2 3306 e % 3 &
A Ferip £ R foip 0 R BE2 A B B v (fold change) (B] 5 ~ " H] 4
Tord B S) ApEH R A F B AL L RARAL ATIMARES
ez fco

NLP2 # %8 # @&FF kA { L THAFGNLIR > 5 LREX
NLP2 A4y 5 B - X # 4 F]+ (Durand ef al, 2023) higéxg > 8 Frsg

NLP1 £ % € #33r NLP2 T 254735 ("l 2) o st b > A EPH {4

™™

NLP1/2 & ™ p5fh ¥ > 0 A8 3 4 TR ¥FH 45 7 % NLP2 %

16
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IEN

Fro w3 X NLP7 Bl e BAEAT) - £GE 59 BATFY PE 5 BAk
AR B EP AT 4 NLP2 A 4P &A% ("B 3 Durand ef al, 2023;
Cheng et al., 2023) > 41 * RT-qPCR & - # B f2iz 2 &£ F1 & nipl > nip2 v
niplnlp2 % B2 %% 517 3 1 pattern - pattern 1 &_ niplnlp2 4k 7]
# v nipl e nlp2 804 e pattern2 & niplnlp2 ik F1E R nlp2> @ nlpl
%25 2 3] o pattern 3 A_ nipl ~ nlp2 fv niplnlp2 chzk Fl B4R 4 A 4piT o

HYH ' % i+ pattern 1 > % HYH (HY5S-HOMOLOG) %% 4 3¢ ik
WIIEREP (30-45 ~4) fe® 2 Al4prt > nipl ¢ o HYH # IR G S
(0%; 15% - 22%) > & nlp2 ¥ ¢ HYH % % 1< 37% - 49% » niplnlp2 *© it

HYH # 3% 1 44%-59%> &~ % NLP2 & v # 4§ HYH 8 A B L

3

NLP1 § &g gt (B SA) © BEE2 (BR ENHANCED EXPRESSION 2) ~

ERF60 (ETHYLENE-RESPONSIVE TRANSCRIPTION FACTOR 60) ~ LBD38 (LOB
DOMAIN-CONTAINING PROTEIN 38) ~ MAPKKKI14 (MITOGEN-ACTIVATED
PROTEIN KINASE KINASE KINASE 14) ~ ZATI (C2H2-LIKE ZINC FINGER
PROTEIN) ~ UMAMIT36 (USUALLY MULTIPLE ACIDS MOVE IN AND OUT
TRANSPORTERS 36) ~ Atlg22170 (PHOSPHOGLYCERATE MUTASE FAMILY
PROTEIN) 4= PRS2 (PHOSPHORIBOSYL PYROPHOSPHATE SYNTHASE 2)
% B pattern2 0 S A F AN 4 A Y chA LTE B & P onlplnlp2 ik
F 4 BAe nlp2 AR R ART 0 @ nlpl TR P A% 0 B BEE2 -

ERF60 ~ LBD38 ~ MAPKKK14 ~ ZATI ~ UMAMIT36 ~ Atig22170 4= PRS2 3%

WERAERESL X NLP2 w4y > @ 2 £ NLPI #34 (B 5B 7|H
5D ; Bl S5F F|® 5J) o ABF2 % ff»t pattern 3 » ABF2 % nipl ~ nip2 4o
niplnlp2 @ w3 RFRLF P AR > BEom NLP1 v NLP2 ¥ it % 3447 ABF2
S AL R A o

B¥ Ao g iR Ris ok FIEF £ NLP1 4o NLP2 #4704 47

NIAI (NITRATE REDUCTASE 1) 4= NIA2 o nipl ~ nlp2 4= niplnlp2 ¥ &l fis
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BHENA, 4B 4) o B% K onpl ~nlp2 4o niplnlp2 ¢ 1 NIAI 4o NIA2
#WAeF 4 A4pi > & NLPI fo NLP2 %% 443 NIAI fo NIA2 5% &
fe B of g o

B 0 Ay NLP1 4 NLP2 2 F 3 Apad ikt cnd 3> gL NLPI
. onlp2 P cnifEsxE 0132 NLP2 % nipl ¥ cigékE o %% BT > nipl ¢
NLP2 # B.Ac¥i 4 A4piTonlp2 ¢ ¢h NLPI # 3BA4c® 4 34pi7> & 4 NLP1 %

A4 NLP2 thiggs » NLP2 & % 2447 NLPI higss ("R 5)

3..6NLP1 = NLP2 ¥ & &} A g ME 3§ ot imme

NLPI1 & pcrdy HYH s~ pa @~ & (Bl 5)° ¢ & NLP2 ~ NLP6 Hr
NLP7 %4 Hal @~ s> NLP2 v NLP7 &j AR B¢ 7 tiwie{
% # (Marchive et al., 2013; Durand ef al., 2023; Cheng et al., 2023) » F]* 38 7|
NLPl Fic~» 3 WEBAPFE » %« Z 1 %% L3AEH 2 mM NOy)
EETRERBREES 19 2 FEREYORAFTH T RFFEL TN
pro35S:NUC-L1-RFP {r pro35S:NLP1-GFP & pro35S:NLP2-GFP (*# & 6) |
B4 A PR A 0.5mM AE R AR 40 ) pFis > A4 NLPI o NLP2 #
wmPf > ¥ (B 6) - NUC-L1 (NUCLEOLIN LIKE 1) # - &+ = %
(nucleolin) > i & % I A 4% = (Pontvianne et al.,2007) » F]p* * NUC-L1-RFP %
5 e % e marker o B %At 0 3 BE I GFP e F g § EIFGR 0 R4
NLP1 f= NLP2 & AlpeMpEv i 4 % 20 imve o X @ > GFP A fne {1 5L

#%+7 B A > NLP1 4o NLP2 %3 A B s 8.3 A % 3% imfe 7 5 JLAEsR o

3.2NLP1 4= NLP2 4448 F ek ¢
32.1NLP2 v NLP7 4R n2 £ 5 £ i
@ qvoplp2 bd AR for fdeank Y 38F 2 KB (Konishi ef al,

2021)0 % 7 B3 NLP2 & ¥ F 48 pFenst i > P43 nipl ~nip2-~nlp7-~nipInip2~
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nip2nlp7 fv nlp6nip7> % 2mM 4B ik 2 T oRER ZEF 16 X oA 78 30
e (Bl 7)c B R BT o fof 4 A14p o nipl ~nlp2 ~ nlp7 4 niplnilp2 i

23 %1 e nip2nlp7 v nlpbnlp7 g € & %W K 49% - 53% Fo 36% -

51%° 23 4&B T P o nlp2 o nlp7 X3 2 ERB¥ > Ra nlp2nlp7 3 2 &
g % NLP2 fo NLP7 $4¢@h2 £ 5 £ e 8 o ,T}uz‘?\;su NLP2 4r
NLP7 3 % - Tl}%*‘u? MR R 0 e NLP2 fe NLP7 3805 %‘uﬁ ERT
i o 2t ¢honipl s nip2 Ae niplnlp2 fhiE € FR{eBi 4 A14p1T 0 ¥ L NLP1 fde
BALBGE P AT AP onlp REBRE 2mM HEBOEE (B 2) -
B 2 mM 4&Band L2 535 (B 7) 4pvt o nipl ~ nip2 4 niplnlp2 % ¥4k %
Ay 2 LB m B HAEIRFPHERLT B nlpl ~ nip2 4

nlplnlp2 2 £ ¥& % §_ nitrate-dependent °

3.22NLP2/7 - 42fc NLP6/7 — 42§ » A 35— thePse R F 2L Flengg &

NLP2 = NLP7 2z @ nhf iz (B 7) v NLP6 = NLP7 - #k &4¢@ 4 &
Bt H it ¥ NLP6 v NLP7 # it £k f o 404 B F BA Flandk
. (Chengetal.,2023) > F]pt4ap] NLP2 = NLP7 ¥ e~ # i & fp= A Fp4e
FRAFGER - 51 5%%F > & 25mM &R T kERLES 9 % - 447
niplnlp2 ~ nip2nlp7 fv nlp6nlp7 1I3%4% 8 F K Fleangss (B 8) °

e NLP7 B4 dpade @ F RATFIY -3 5 BAFIA NLP2 % & (R
7 ; Durand et al., 2023; Cheng et al., 2023; Marchive et al., 2013) » ** 8_f 4rig

NLP2 & F ¢ ipied X NLP7 B #ede B F ik Flehd 3o figdt4x NLP2

i

L2 % NLP7 E AL 4R F BAFY (4B 7) 3R SPLI4
(SQUAMOSA PROMOTER BINDING PROTEIN-LIKE 14) ~ Atlg26940
(CYCLOPHILIN-LIKE PEPTIDYL-PROPYL CIS-TRANS ISOMERASE) 4= GGTI
(GLUTAMTE:GLYOXYLATE AMINOTRANSFERASE 1) % nlplnlp2 ¢ th# BAe

T4 4T > @ & nip2nlp7 e nlpbnlp7 ° d s B|H AT A A0 1.4 -
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25 B4c 1.4-22 & (B 8A #| Bl 8C) > % NLP2/7 v NLP6/7 - # feis
24w SPLI4 ~ At1g26940 {= GGTI sk - @ NLP1/2/6/7 % PMT6
(POLYOL MONOSACCHARIDE TRASNPORTER 6) # W.cn®: v jfsgin (B
8D) °

Ph s RS ST AR EEN R 4 BERF RAT CHE T
Cheng et al., 2023)> % % % . UGT8541 (UDP-GLUCOSYL TRANSFERASE 85A1)
fc GDH3 (GLUTAMATE DEHYDROGENASE 3) . niplnlp2 ° th# 3fc¥s 4
Ap3T 0 e t nip2nlp7 fo nlpbnlp7 * chd A WK 4 3 T A 1.5-43 &
fe 1.7-2.6 & (B SA I|H 8C): % NLP2/7 v NLP6/7 — # teds@ f »
W P2 UGT8541 4 GDH3 :h#k 4 - @ NLP1/2/6/7 % LPRI (LOW
PHOSPHATE ROOT 1) 4= STP13 (SUGAR TRANSPORT PROTEIN 13) % H.chg’

Fiv Errin (B 8G {r® 8H) -

3.2.3NLP1 4= NLP2 7§ 4¢3 13 230 b5 [ ot e $

¢ 4 NLP2/7 S 474eBF A Flendgdr (B 8) 0 & NLP7 fj 4Rt
» im¥% {7 (Chengetal.,2023)> F]t Jip] NLP2 ¥ ii %t 4B PFiE » e 7o
% R 2mM 4&BIFETRERSES 19 X FERERORS T
T e P 4 B 48 pro35S:NUC-L1-RFP {r pro35S:NLP1-GFP £ pro35S:NLP2-
GFP (" 6) I 4 FH > Fit 0.5mM 4% £ 7 40 -] pF{s > » 47 NLPI
fo NLP2 toim® p eni=% (B 9) %87 > GFP e % =% & oKk > @
2oL NUC £ 4 - 8 » 84 NLP1 o NLP2 A4 &8 A # 23 e f foimse

e
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ENL

s

i
41 NLP1 RREFEIApARFGL £ > a NLP2 ERfcR3ABRARFnL &
7 e NLP 30 2 B % i 3 £fens v o A 3 2k 3 30% 305 40 a7 7 a7
NLP6 4- NLP7 $#' @t L feA FlA 5 £ et i (Chengeral,2023) -
TR AR ¢ NLP 3-v 2.7+ 4o NLP6 82 NLP7 § 4705 i € dpenhf > A5 &
Aira R - Fmit A X nlp BREHR AN ERL ERR (B ) $58FRE
3 niplnlp2 v nlpbnlp7 3 # & &% > nlp4nlp5 fv nip8nlp9 13 2 £ £ 3 - i%
% & NLPL fr NLP2 ¥ i ¥t a il B and £ - 5 £ 4w o> Bt b en

F 5 A AR EY NLPL 4o NLP2 & § s 4 @ ¢ o oy A4 o

¢ 4v NLP7 &3 A peRpEHEs £ P MA@ { P& (Chengetal,
2023) > 5 1 B f% NLP1 fo NLP2 & f A3 AR fomamass i L34 4 4

PoAAMAER (0.1mMNOy) frd # B QmMNOy) hig 7 A4% nlp %

Fthenp b EE (B 2)c 2R FR nlpl LEA RS LG e g
fie G g o Bon NLPl AR A @A g AN RB{ L E8 o
Aonlp2 BEAHEBRfcR A EBL ARG B Bon NLP2 7 i & il e B e

42 NLP12 &R A @A i

dechibl %0 NLP2/7 tiifed LR 49 3 cnbl

2
Fonlp REBAMHBERIB A BB SR A E g% F R  NLP] 4o

5

NLP2 &3 Al B $4 £ cnfi 3 wp 2o s 1% > NLP2 4 NLP7 & ispl @ fe

%

FABRBHILDOPFETFAARDOH G (B 2) o o A 1% o §F L34
(bimolecular fluorescence complement) {5 NLP1/2 £ NLP2/7 2 B & F 5 &2 3
fe% 5 %% NLPI fv NLP2 o} A @B erk5 @ 74 € 34956 & » & NLP2
fo NLP7 &3 AR B DEB Y Lo Fiowrz 7 13 jp % & (Durand ef al.,
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2023) o gt vh oA A I * AER F M E A 45 (yeasttwo-hybrid) - 3 3 NLP2 5 PB1
domain = NLP1 ¢ PBI domain ¥ % ¢ 7 4p.% & > @ NLP2 < PB1 domain fr
NLP7 ¢ PBldomain ¢ 3 4p% & (Konishietal.,2019) F]p* 42p] NLP1/2/7 {33
A RBE AT > NLPL 4o NLP2 ¥ it % § %4 > L A #F#i 5 @ NLP2
fo NLP7 ¥ e € % & > — A= (75 a0 o

51 L F B f# NLPl 4o NLP2 &% 5 # i £ 3 > 24t NLPl = NLP2
SURAE A S| (R 10) o B RS F - R (identity) frdp ivlt (similarity)
A wlE_69% fr 76% o NLP1 = NLP2 7% RWP-RK domain 3 & %=k 7 4p
w > @ NLP1 f= NLP2 % PBIl domain 7 12 B =% M= p 7 4p i » 7 427
NLPI 4o NLP2 ¥ it & f B &7 Fehgy T rUALTHATAR o AN RS

NLP2 < p5i-Hp il fe @ F A F]° > /89 5 #ch £ NLP1 #4720

4.3 NLP2/7 4= NLP6/7 #5385 1 el pe @ 4 #
¢ 4 NLP7 f e @dink FINchp i BER © 0 » R irs b el phil v s
1 (Durand eral.,2023) © % 7 B f# NLP1 4- NLP2 ¥H&4 1% sl @ gl 58 > &
2 NLP7 ot o 2N a3 A BB ™ 245 nilplnlp2 ~nlp2nlp7 fv nipbnlp7 R %
P AT E (B 3) 2ARRBREFEE (B 4 2% W82 niplnip2
chpe P IRAIRE ROk R LG e 0t nipZnlp7 ¥ b VRN EE TR B O 4 chAR R
nlp6nlp7 L % (B 3)> &5+ NLP2/7 — 421t NLP6/7 — A= { it f o BEZ A B
PR RN EL TR R o e B nlp2nlp7 ¥ 3nchEk pe il R RS TR PR R o
nlpbnlp7 2% PR L R (B 4)> B NLP2/7 - 42fr NLP6/7 - 42445 o it
ey P MR ARRATESED e AR ARIT o S nlp BER Btherpl i B
FRfA BB REEELRE (B 3 oW 4 ARERIEEES LR T RD

i — F)% 0 NLP2/6/7 it F1% H i & 58 3a gy 1 3 chpl i Bk A -

NLP1 ¥ &~ $grdd

3

44 NLP2 f- NLP7 ampB@F BE L A%+
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NLP2 ¥ % 5 = = #4+%)5F (HYH BEE2-ERF60-LBD38 - ABF2)
kA 32%NLP2 Tsp e BAEAF g @ ¥ 5 & NLP2 hp A F]7 X
NLP7 2% ("¢ ® 2 *® 3 ; Durand ef al., 2023; Cheng et al., 2023) - 5 7 By f#
NLP1 tmpe® x BA TRk ¢ > X047 nipl ~nip2 fv niplnlp2 » £ Flewd
RS AR (B 5 %% %M NLPl $ HYH ch3 A AG EEeT L1
%> NLPL e ¢ % 4w NLP2¢ @ BEE2~ERF60~LBD38~MAPKKK14~ZATI~
UMAMIT36 ~ At1g22170 4= PRS2 i & % NLP2 #i7

L7 i8- HE 3 NLP2 o NLP7 chi B » A £ chFhld b5 ¢ &
NLP2 & P 38 F]-NLP2 # #-4L F]-NLP7 % & chp &4 F]4c NLP7 # 32
el ik B 3% 3 AL ] (Durand et al., 2023; Marchive et al., 2013; Cheng et al., 2023) »
A F 7 B 0 HYH 4o LBD38 + # NLP7 % & ¥4 v BEE2 ~ UMAMIT36
fo Atlg22170 7 % NLP7 % & & @ f > & HYH fc LBD38 %_ NLP2 jr
NLP7 % Fen®E 3% P #78 F] (direct target) » BEE2 ~ UMAMIT36 v Atig22170 B|-A_
NLP2 & Ben® 45 p 535 %] o 44> ERF60 ~ MAPKKK14 ~ ZAT1 4v PRS2 > ERF60 ~
MAPKKK14~ZATI 4= PRS2 ¢4 NLP2 £ NLP7 % £ »fe 5t NLP2 #f2 - ¥
%% NLP7 #4787 ERF60~ MAPKKKI4~ZATI 4= PRS2 ®_NLP2 ¢h3 # P
AT > @ NLP7 $tiod A FPR B 5 8- HEFjF -

B i £ h P RS ) NLPL enp 4R 2 7] > 4 7 i £.F] 5 2P enfl 7
%33 528 NLPl fv NLP2 2 B #3172 % o4k L i2- H B2 NLPL 7
R B AR T AR BT RS F ALK UK LA (chromatin
immunoprecipitation sequencing) f= RNA % A kF33 NLPl R & & ®

FRAF  HH s+ k=t iE- HBEP NLPl i o

45 NLP2 v NLP7 %4tRF BRES & € enf A=
NLP 3¢ ¥ i &% Feh§ it # Fefrt 5o o NLP6 4o NLP7 fusl it 935 %

g g F A T A E TS e A B T g ol gk R B2 B 475 (Chengeral,
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2023)° % T B f% NLPl v NLP2 £.%~ 7 FlE* F § ek & £ B > L 4aBen
EET 4T nlp RERG P NEL (B 7)) BERFRE - R¥K nipl > nip2 -
nlp7 feBER R niplnlp2 p4e@end £ % 201F 3% 0 & nlp2nlp7 fv nip6nlp7

4B PR and R g ko NLP2 4o NLP7 G4eB 4 £ 85 £ fponsd

F_*

it e NLP6 v NLP7 B>tk - jwit & L > @ NLP2 4o NLP7 ~ 7 Figit &~ & o
NLP6 ¥2 NLP7 #4e®F Bt # i € v iz, B> kit » 4 e NLP2 £
NLP7 # s & 4> ;T‘hf«}; 4B o

57 i8- BB fE NLP2 {v NLP7 fi =+ K=t hBf (%> 045 nlp REH
S4B A FIA R (B 8) o F1i nlpl s nip2 > nlp7 H R %tk hAEP 02 £ 40
Wy qRl nlp B RRR AR DA FIR T dv LG R 0 AT E P
32 nlplnlp2~nip2nlp7 {v nlp6nlp7 BERFHREFT IR -FFHI NLP2 the &P
EATF > A A PTREY > b 47 NLP2 4 & ik 5] NLP7 % & ehih 7
fo NLP7 #drenbde@F A Fl o S5 FR > F 5 B NLP7 B & LA A7
fep¥ €A% NLP2 % & » & W& SPLI4 ~ Atig26940 ~ GGTI ~ PMT6 f= NACO5S5 -
NACO055 1 NLP2 % & = (bindingsite) % 3 %> 7% Akxé 3+ (promoter) (Durand
etal ,2023) » F|pt F A A 47 NACOSS 0% B o % %% I NLP2/7 = NLP6/7 - #
R e Y SPLI4 ~ Atig26940 4o GGTI1 i & o

¢ & NLP7 t7 48 pF i 23t w2 17 (Cheng et al., 2023) > @ 3 e 3 3 R
NLP2 {7 4B P> 55 a3t % (B 9) 8o NLP2 ¥ i {r NLP7 - % &

FARBMATRET > £ AN e P AR T SRR E oA FlhA TR

46 NLP2 o NLP6 Vit ¥ 3 42 & 88 NLP7 )3 B - B4 S BB r
BEFHER
¢ &v NLP2 7 PBI domain # /2= NLP2 7 PBI domain § % 3 i%*
(interaction) > * NLP6 f- NLP7 2> & (full length) fv#t3 NLP 3-9 ¢ PBI

domain #%% 2 3 f£% > &7 NLP 3¢ 2 ¥ 235 = 4 (homodimer) #
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= B A% (heterodimer) (Cheng et al., 2023; Konishi et al., 2019) - F % F 3k~ 355 48
* j T (immunoprecipitation) 4 477 e NLP7 % & chj-v B g % # R
Bic@pE > NLP7 €8 NLP2 %4 adpBAs 30 ~415  $LEHFTE-
AP0 F P A AR ERT ONLP2 fe NLP7 # 352 = B4 (dimer) £ IF
f e t¥y SPLI4 v GGT1 % 7 Fleh 3 (unpublished data, Cheng ez al.) »
& 13- HE 2 NLP2 {r NLP7 P iz4¢ B F o A FlE e + 45 41] > 200 4
7 NLP2 4o NLP7 #A4¢® 5 Lk Flchi & = (@ 8) - &% % R » NLP2 4r
NLP7 % SPLI14~Atig26940 = GGTI c¥xd>+ 3 &£ fpeng & = &7 NLP2 fr
NLP7 § ¥ & k- % DNA + 34a5 & « KA FB k5 (B 8) - & nip2nip7
v nlpbnlp7 © 4~ % F & F 7 NLP6 fo NLP2» ¢r4 2 5 A 474¢8 F 3L Fleig 4

E7 £ 3 NLP6 & NLP2 7 it #4754 i » NLP2 4= NLP6 &/ #28 & Fv )

=

SR RMA R FPA o ok &8 KB NLP2 » NLP6 v NLP7 = 4 42
B L B Eenh (5o VL A4S B A AT nip2nilp6 2 B oA TR > FEIRE F

NLP7 § 2% WA i@ F A 7o ér o
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batch 1

batch 2

Shoot fresh weight (mg)

Shoot fresh weight (mg)

40 -

35

30 -

25 A

20 A

15 ~

10 “

40

35 1

30 A

25 A

20 A

15 +

10 ~

(%)

s

3
ab
[ bc
| T
I
100% 88%
33.6 29.5

Col-0 nlplnlp2 nlp3 nlp4nlp5 nlp6nip7 nip8nip9

a a
- b
:
1
1 1100% 88%
34.0 29.9

Col-0 nlplnilp2 nlp3  nlp4nlp5 nlp6nlp7 nlp8nip9
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Col-0

nipInip2

nip3

nlp4nlp5

nlpbnlp7

nlp8nip9

B - ~nlplnlp2 {v nipbnlp7 L@ F & LBF -

HH 4 E G 2mM AEBAKRER 16 215 fchb L MIEE A SEE
B % batchl ehfifr 3 E 35 5 B SpH-fith £ 9 £45 - A BE Ep
A G o TIE gL A AV o FARGIFRRL - REFHFA SRR
w2 B F AR o Jhd %4 #1745 e Tukey’s Honestly Significant Difference

2 Games-Howell ¥ {$#& =k & 47 > p<0.05 -
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batch 1

batch 2

batch 3

Shoot fresh weight (mg)

Shoot fresh weight (mg)

Shoot fresh weight (mg)

35

30

25

20

15

10

45

40

35

30

25

20

15

10

40

35

30

25

20

15

10

x1.7

OCol-0  @nipl 15 ab
a

Enlp2 Enlp7
mnlplnlp2 mnlp2nlp7 7
Enlp6nlp7 I

d
Tde

MOLZIR:IL73 (79% (72% 76% AR GEZ) 849%(68% 72% 24% [21%
AWANENA13.9 12.713.4 3.7 5.8 WMvAwArIcNd 22.0/17.4 18.8 6.4 [.1

0.1 mM KNO3 2 mM KNO3

oCol-0 Onlpl X%ie

Enlp2 Enlp7 I a4
Enlplnlp2 mEnlp2nip7 | b' 16
Enlp6nlp7
def

T ef

100%| T RFLZY 77%|[68% 58% 21% [25%
rRIVAN0]18.2/[15.5 15.7 4.4 [6.6° MEK[RelviR:] 28.3 25.1 21.3 | 7.7 |91

0.1 mM KNO3 2 mM KNO3

OCol-0 Onlpl x1.
mnlp2 @ nlp7 a
mniplnip2 mnip2nlp7 |

Enlp6nlp7
bc
[ bed

[

100%) 56% |59% 50% 100% 71% |59% 51% 18% [24%
PrRINECR] 12.6/(18:2 11.3 3.0 (5.6 WMRIReIVZN0] 22.6 18.7 16.2 5.7 7

0.1 mM KNO3 2 mM KNO3
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Col-0
nipl
nip2
nlp7
nipInip2
nip2nlp7

nlpbnlp7

0.1 mM KNO3 2 mM KNOs3

W= ~niplnlp2 BF ARG L dpsechd EBE > a nlp2nlp7 tliod AT
s LB

EH4E et 0lmM & 2mM AEBavRkER 16 X180 Jchy PP fE o
A @€ B 5 batch2 v 4 L3, F B FPp H -5tk £ 9 €47 o
A BIEGEPN FEA WL THERHNT L Ay A o HLRLEEL o EiE
FES BT LHUA BB BARBR NSRS c B hF 2 57 a2 e
MELE  HEd %3 #1747 Tukey’s Honestly Significant Difference s Games-

Howell ¥ ¢ 2 k4~ 47 > p<0.05-
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batch 1 batch 2 batch 3

10 2
a ¥1 a °1 a
1 T 3
10
~ 8 1 — —~
j=2] j=2) j=2 6
g E £
£, £ ° £
[=2] [=2] [=2]
2 2 2
2 N 2 4
el el e
- 4 ° S
k5] g 4 5]
o (<] o
= = £ 2
[ 2 7]
2
100% 100% 100%
0 T 0 T 0 T
Col-0  niplnip2 nlp2nip7 nlp6nlp7 Col-0  niplnip2 nlp2nip7 nlp6nlp7 Col-0 niplnip2 nlp2nip7 nlpénlp7
12 a 16 4 a 10
= 10 I = I = 3
E] ] B T
E E 12 g I
= = =
s ° 2 P
E g g 6
£ 6 £ =
= B g
R g 2’
: g . g
5 2 7] » 2
100% 100% 100%
0 T 0 T 0 T
Col-0  nlplnlp2 nlp2nip7 nlp6nlp7 Col-0  nlplnlp2 nlp2nlp7 nlip6nlp7 Col-0  nlplnlp2 nip2nlp7 nlp6nip7
2500 4 2500 4 2000

2000 4 2000 4 1600

1500 4 1500 4 1200

1000 A 1000 + 800

(umol/g dry weight)
(umol/g dry weight)

500 4 500 4 400

Shoot nitrate concentration

Shoot nitrate concentration

Shoot nitrate concentration
(umnl/g dry welght)

Col-0 nlplnlp2 nlp2nlp7 nip6nlp7 Col-0 nlpinlp2 nlp2nlp7 nlp6nlp7 Col-0  nlpinlp2 nlp2nlp7 nlp6nlp7

2 hBAEBIRR Y o onlp2nlp7 cop F NG EL B R B 4o vt nlpbnlp7 % -
E 2 £ B 2mM AR B R ER 16 X 18 o e IR B BE Sl i B
cA HicE B FPAEHBELRE C FHBBER X BHERSEP 3 Ry
2 3 EAFRFS T ARG IRREL - R FEP DE AP L e A e
KiFl g LA e enlZ Baliy AR o J5d %3 #cs 474 e Tukey’s Honestly

Significant Difference # Games-Howell ¥ (s T %k & 47 > p<0.05 -
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batch 1 batch 2

A 04 4 03 4 a

03 4
02 4

02 4

01 4
0.1 4

(umol NO,/min/g fresh weight)

Shoot maximum NR activity
Shoot maximum NR activity
(upmol NO,/min/g fresh weight)

100%
00 T

0.0 +

Col-0  nlplnip2 nlp2nlp7 nlp6nlp7 Col-0 nlplnlp2 nlp2nip7 nlp6nlp7

B 02 1 . 025

ab

01 4

Shoot active NR activity
(nmol NO,/min/g fresh weight)
Shoot active NR activity
(umol NO,/min/g fresh weight)

100%
00

Col-0  nlplnip2 nlp2nip7 nip6nip7 Col-0  nlplnlp2 nlp2nlp7 nlp6nip7

C 12 4 a 12 a

2= 10 2~ ab
é g 10 a E g 10
S5 o8
z& 8 F c5 8
z g z g’
é g 6 é E 6
1) He)
HE E2 .
88 82
.;v:)) 2 2 % 2 2
100% 100%
0 : 0 T
Col-0  nlplnlp2 nlp2nip7 nlp6nlp7 Col-0  nlplnlp2 nlp2nlp7 nlp6nlp7
10 14 -
D 2 ab ab
b;E: . >E 12 4
= -
= § 2 § 10
S5 g s
R ce
Z £ ZE 81
£ ¢ E
= F=I NI |
82 ° 82
o= 2=
IS S5 4
24
100% 100%
0 T 0 T
Col-0  nipinlp2 nlp2nlp7 nip6nip? Col-0 nlplnlp2 nip2nip7 nlpénip7

Ble ~ 3 A ERRE Y > nlp2nlp? v nlpbnlp7 chws b 85k e B R i s 1275 14 o
A EAG 2mM FEBGrRER 16 18 o Jei e F 30 5B o 47 phil

RpFrBi e A 5 k@ €38 & maximum form > B 5 i& @ € 3+ & ¢ active form > C

f

Sikds F R

ek

-l

+ ¥ o9 maximum form> D 3 ik 39 F 7 £ 35 <0 active form o &

BHe&FPp 5 40mg fed > = 3 £4F o L5 T HAMGIEREL - R EN D

N

AR I A g At o RiFF TR S P B F LR d5d R4
$c > 4745 iz Tukey’s Honestly Significant Difference # Games-Howell % {s# T_%

A 450 p<0.05 o
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Relative expression (/ACT?2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 1

HYH (relative expression)

T a Y1000 ~-cok0
12 nipl

10 A —e—nlp2

08 - —e—nlplnlp2
06 A

04
02 b 58%
Oo‘ C 41%
l 0 12) 2'0 3'0 4'0 5'0 62) 7'0 8'0 9'0 1(50 11'0
25 mM KNQ, treatment (min)
HYH (fold change)
5 - a v 7 1000 —*Col0
nipl
6 1 —e—nlp2
—e—nlplnlp2
4 4
2
) b 5 63%
c 3 46%

0 10 20 30 40 50 60 70 8 9
25 mM KNO, treatment (min)

100 110

BEE?2 (relative expression) .

a ‘100% n|p1

08 —e—nlp2
06 N —e—nlplnlp2
04 b 7% 1
02 ] b 70%
00 + T T T T T T T T T T "
0 10 20 30 40 50 60 70 8 90 100 110
25 mM KNOj, treatment (min)
BEE2 (fold change) e Col0
4, ¥
nipl
3 a 3 100% —e—nlp2
- —e—nlplnlp2
2 = —s
b 27 72% I
t b 2 61%
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min)

32

Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 2

HYH (relative expression)

12 4 a ¥ 100% —e—Col-0
10 4 nlpl
05 | —e—nlp2
o6 | —e—nlplnlp2

04
0.2 51%
b d 41%

00 ———————r——————————
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNOQ, treatment (min)

HYH (fold change)

8 - ¥ ——Col-0

a 7 100% nlpl
6 1 —e—nlp2
—e—nlplnlp2

¢ 4
d 4

62%
51%

0 10 20 30 40 5 60 70 80 9 100 110

25 mM KNO;, treatment (min)

BEE?2 (relative expression)

—e—Col-0
12 a Y000
10 nipl
—e—nlp2

0.8
—e—nlplnlp2

0.6

0.4
0.2
0.0 + T T T T T T T T T T "
0 10 20 30 40 50 60 70 8 90 100 110
25 mM KNQO; treatment (min)
BEE?2 (fold change)
4 3} ——Col-0
nipl
3 b 3 100% —e—nip2
—e—nlplnlp2
2
1 c 2 1%

0 10 20 30 40 50 60 70 80 9 100 110

25 mM KNQOj; treatment (min)
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Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 1

ERF60 (relative expression)

1.2 1~ a ‘100%
1.0 A z
0.8 -
0.6 -
0.4 A
0 a  84% _e~Col-0 nip1
< b 64%
oo | —e—nlp2 —e—nlplnlp2
’ 0 16 ZEJ 36 46 52) 62) 7'0 8'0 9'0 1(;0 11'0
25 mM KNO;, treatment (min)
ERF60 (fold change)
9 - ¥ ——Col-0 nipl
—e—nlp2 —e—nlplnlp2

[

5 79%
C 3 52%

30 60 80
25 mM KNQO, treatment (min)

40 50 70 90 100 110

LBD38 (relative expression)

12 1 a ‘100% ——Col-0
10 1 nipl
08 A —e—nlp2
06 1 —e—nlplnlp2

0.4 A
02 | b 81%
S c 63%
0.0 T T T T T T T T T T ]
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO, treatment (min)
LBD38 (fold change)
71 a 6 100% —-Col-0
nipl
° b 5 75% P
5 - —e—nlp2
4 —e—nlplnlp2
3 <4
2
19 c 4 57%
0 T T T T T T T T T T "
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNQO; treatment (min)

33

Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

14 4
1.2 A
1.0 A
0.8 -
0.6 -
04 A

0.2 A

0.0

14

12

10

12 4

1.0 A

0.8 -

0.6 -

04 A

batch 2

ERF60 (relative expression)

! ——Col-0 nipl
a  100% —e—nlp2 —e—nlplnip2
b 61%
[ b 58%
0 10 20 30 4 5 6 70 8 9 100 110
25 mM KNQO; treatment (min)
ERF60 (fold change)
¥ —e—Col-0 nipl
—o—nlp2 —e—nlplnlp2
a 10 100%%
b 6 62%
tf b 6 5%
0 10 20 30 40 50 60 70 8 90 100 110

25 mM KNO; treatment (min)

LBD38 (relative expression)

——Col-0
nipl

—e—nlp2

¥
a  100%

—e—nlplnlp2

80 90 100 110

25 mM KNO;, treatment (min)

40 50 60 70

30

LBD38 (fold change)
¥

——Col-0
nipl

—e—nlp2

—e—nlplnlp2

a 6
~

100%

60 70 80 90 100 110

25 mM KNO; treatment (min)

30 40 50

doi:10.6342/NTU202503701



Relative expression (/ACT?2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 1

ABF2 (relative expression)

14 1 \ ——Col-0
1.2 4
iy ab | 100% nipl
] - —e—nlp2
08 1 . —e—nlplnlp2
06 A
04 | i
o | b 82%
’ b 78%
0.0 T T T T T T T T T T "

0 10 20 30 40 50 60 70 8 90 100 110

25 mM KNQO; treatment (min)
ABF2 (fold change)
5 - ¥ —e—Col-0
ab 3  100% nipl
b z 2 769

3 1 ? —e—nlplnlp2
2 N
16

0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNQO; treatment (min)

MAPKKK14 (relative expression)

129 g 100% —e—Col-0
10 | i nipl
b 51% —e—nlp2
81 b 34%
—e—nlplnlp2
06 A
04 A
0.2 A . 4
[
0.0 T T T T T T T T T T "
0 10 20 30 40 50 60 70 8 90 100 110
25 mM KNO; treatment (min)
MAPKKK14 (fold change)
7 a ¥ 18 100%  -eCol-0
21 p 8 42% npl
sl D 5 2606  ~*nip2
—e—nlplnlp2

10 A

—

30 40 5 60 70 8 9 100 110

25 mM KNO; treatment (min)

0 10 20

34

Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT?2)

Fold change (/0 min)

batch 2

ABF2 (relative expression)

09 —e—Col-0

06 2 e, | —e—nlp2

' a  88% P
—e—nlplnlp2

0.3

T @ m @ m @ m @ @ 10 w0
25 mM KNQO; treatment (min)
ABF2 (fold change)
s, a 1009 ¥ 10
—e—Col-0
124 C 15% 1 nipl
¢ 12% 1 enip2
° —e—nlplnip2

°

50 70 80 90 100 110

25 mM KNO, treatment (min)

0 10 20 30 40 60

MAPKKK14 (relative expression)

127 g 100% —-Col-0
10 4 nipl

c 55% —e—nlp2
081 ¢ 49%

—e—nlplnlp2

0.6 A
04 A
0.2 A
[)01
0 10 20 30 40 50 60 70 8 9 100 110
25 mM KNQO; treatment (min)
MAPKKK14 (fold change)
1 a ¥ 11 100%  -eCol0
12
0 b 7 63% nipl
7 58% —e—nlp2
8 —e—nlplnlp2

50 60 70 80 9 100 110

25 mM KNOj, treatment (min)

0 10 20 30 40

doi:10.6342/NTU202503701



Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 1

ZAT1 (Eelative expression)

1249 a 100%

—e—Col-0
e 49% nip1
08 A b 41% —e—nlp2
0.6 A

—e—nlplnlp2

04 -
0.2 A
[
0.0 —————————————————
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO, treatment (min)
ZAT1 (fold change)
2 - a v 20 100% —e—Col-0
20 - be 9 45% nipl
64 ¢ ™\ 7 38% —*-nlp2
12 | —e—nlplnlp2
8 A
4 —e
0 S T T T T T T T T T T "
0 10 20 30 40 50 60 70 8 90 100 110

25 mM KNO; treatment (min)

UMAMIT36 (relative expression)

217 a 100% v —Col-0 nipl
18 —e—nlp2 —e—nlplnip2
s b 39% | I
' b 29% $
12 A |
0.9 A B
0.6 -
0.3 A
0.0 T T T T T T T T T ® ]
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNOj, treatment (min)
UMAMIT36 (fold change)
90 - ——Col-0
b 42 100% nipl
B1c 21 49%
ol C 18 43% —e-nip2
—e—nlplnlp2
45 1 1 _2 P
I
30 A
15 A
0 T T T T T T T T T . )
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNQOj, treatment (min)

35

Relative expression (/ACT?2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 2

ZAT1 (relative expression)

249 a 100%

—e—Col-0
B 47% nipl
o841 b 41% —o—nlp2
0.6 4

—e—nlplnlp2

0.4 A
0.2 A
0.0 b T T T T T T T T T T "
0 10 20 30 40 50 60 70 8 90 100 110
25 mM KNO; treatment (min)
ZAT1 (fold change)
2 9 \ ——Col-0
a 16  100%
16 b A 9 5% nipl
P 8  49% —*-nlp2
—e—nlplnlp2

0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNQO; treatment (min)

UMAMIT36 (relative expression)

187 a ¥ 100% ——Col-0

15 nipl

12 A —e—nlp2

09 - —e—nlplnlp2

061 b 29%

ulb 28%

0.0 T T T T T T T T T T J
0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNO;, treatment (min)
UMAMIT36 (fold change)

140 1 ¥ a 120 10006 <10

120 - nlpl

100 { —e—nlp2

80 1 <e—nlplnlp2

60 4

20 4 C 28 23%

» | c 23 19%

0 T T T T T T T T T T J
0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNOj, treatment (min)

doi:10.6342/NTU202503701



Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 1

At1g22170 (relative expression)

15 a ¥ 100% ——Col-0
1o | 1 nipl
—e—nlp2
09 A —?rwlrﬂpz
0.6 A
03 | b m
b 60%
00 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min)
At1g22170 (fold change)
6 il ——Col-0
a 4 Y100%
5 | ; nipl
.l —e—nlp2
s | : Nl‘plnlpz
2
L4 c 3 58%
c 3 55%
° 0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNO;, treatment (min)

PRS2 (relative expression)

14 - * a 100% —o—Col-0

12 [

N b 54% nipl

i —e—nlp2

] *l\ —e—nlplnlp2

06 .

o \

02 b 48%

0.0 T T T T T T T T T T J
0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNO;, treatment (min)

PRS2 (fold change)

6 - V a 7 100% _e—Col-0

nipl
—e—nlp2
—e—nlplnlp2

b . 2
b

51%
2 49%

40 50 60 70 80 90 100 110

25 mM KNO;, treatment (min)

0 10 20 30

36

Relative expression (/ACT2)

Fold change (/0 min)

Relative expression (/ACT2)

Fold change (/0 min)

batch 2

At1g22170 (relative expression)

12 4 a ¥ 100% —e—Col-0
nipl

9 —e—nlp2

06 | —e—nlplnlp2

03 § b 64%
b 59%
0.0 T T T T T T T T T T J
0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min)
At1g22170 (fold change)
4 nipl
—e—nlp2
1 —e—nlplnlp2
2 4
14 60%
c 2 60%
° 0 16 2'0 3'0 46 5'0 6'0 72) 8'0 9'0 1(;0 11'0
25 mM KNO; treatment (min)
PRS2 (relative expression)
12 * a 100% —e—Col-0
He b 56% nipl
08 A —e—nlp2
06 —e—nlplnlp2

0.4

02 44%

0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min)
PRS2 (fold change)
44 ¥ a 3 100% _e col0
nipl
—e—nlp2
2 | —e—nlplnlp2
‘ b 2  59%
b 2 51%
0 0 10 20 30 40 50 60 70 80 90 100 110

25 mM KNO;, treatment (min)

doi:10.6342/NTU202503701



BT ~NLP2 & M fottai-PRpar -

B2 E G 25mM Bk 9 X % F 25mM AR ek R R AT
0-30+45-60 fv 100 A 453 fc 43352 35d RT-qPCR A 4748 <A & HYH>
B % BEE2>C % ERF60-D % LBD38'E % ABF2>F % MAPKKKI4>G %
ZATI »H % UMAMIT36 1 % Atlg22170+] % PRS2 # B &Bp 4 400 +k
o £ 4 E4F c BEAWAAFELRFER (F Heirdgnpr T g dp g
AIRE NPT R B2 A BHR T T, R AP I A A 2 R A M
AREL o FA LA R RN RO FLE Y REHAS T e Tukey's

Honestly Significant Difference & Games-Howell ¥ {4 Tk & 47 > p<0.05 -

37
doi:10.6342/NTU202503701



batch 1 batch 2

NLP1 NLP2 NLP1 NLP2

10 fim

10 pm

5

\?.,“fﬂ 10 ‘ .’(L)- k / 10 um

M= ~NLP1 {c NLP2 &3 A @ crsks @ v i A F 2w fF o

<

P2 EEF 2mM AIRBGRER 19 22 ZIBEF DR TR FREL
NUC-L1-RFP v pro35S:NLP1-GFP £ pro35S:NLP2-GFP - %ﬁﬁ £ O Y
1730 e pocnizl oA & GFP e95L>B i RFP 5L, C Z E¥% %

ME D 5 AB e C enfpBl P E 5 RART - ARBIFIp H- wmie o

38
doi:10.6342/NTU202503701



20 A

A a
> |-
E/ 15 - l T
= |
‘©
=
batch 1 S 10 A
e
-
]
o
o
=
N 5
100% |91%
16.3| |14.8
0 T T
Col-0 nipl nip2 nip7  nlplnlp2 nlp2nlp7 nlp6nlp7
20 -
g
~— 15 - ab
)
5 b
S + :
=
batch 2 < 10 -
o
(-
5]
o
=
v g5
100% |95%
12.8| |12.2
O T T

Col-0 nipl nip2 nlp7  nlplnlp2 nlp2nip7 nlp6nlp7

39
doi:10.6342/NTU202503701



Col-0

nipl

nip2

nlp7

niplnip2

nip2nlp7

nlp6nlp7

B = ~nip2nlp7 {v nlpbnlp7 Hi%F 5 4 £ &g o

B4 Ead 2mM ERSkER 16 X0 b IMLFE oA SEE B
% batch2 s P3R4 LA o & BB H itk £ 9 £4F - A Bl & iEP
SiE e W 5 TR AR L A A FARGIEREL L F T A SR
w2 RenbgE AR %’ng % B #cr 1748 fe Tukey’s Honestly Significant Difference

2 Games-Howell ¥ {$#& =k & 47 > p<0.05 -

40
doi:10.6342/NTU202503701



Relative exrpession (/ACT2) Relative exrpession (/ACT2) Relative exrpession (/ACT2)

Relative exrpession (/ACT2)

1.6

1.2

0.8

0.4

0.0

2.4

2.0

1.6

1.2

0.8

0.4

0.0

1.2

0.8

0.4

0.0

1.2

0.8

0.4

0.0

100%

Col-0 nlpinlp2 nlp2nlp7 nlpénlp7

At1g26940

Col-0 nlpinlp2 nlp2nlp7 nlpénlp7

GGT1

——

100%

Col-0 nlplnlp2 nlp2nlp7 nlp6nlp7

PMT6

—t—

100%

Col-0 nlplnlp2 nlp2nlp7 nipénlp7

2.8
24
2.0
1.6
1.2
0.8

0.4

Relative exrpession (/ACT2)

0.0

3.6
3.2
2.8
24
2.0
1.6
1.2
0.8

Relative exrpession (/ACT2)

0.0

3.2
2.8
2.4
2.0
1.6
1.2
0.8
0.4
0.0

Relative exrpession (/ACT2)

1.6

1.2

0.8

0.4

Relative exrpession (/ACT2)

0.0

41

batch 2

SPL14

a

100%

Col-0 nlplnlp2 nlp2nlp7 nlp6nlp?

At1g26940

0.4 A

100%

Col-0 nlpinlp2 nlp2nlp7 nlpénlp7

GGT1

100%

Col-0 nlpinlp2 nlp2nlp7 nlpénlp7

PMT6

a a a

——

100%

Col-0 nlpinlp2 nip2nlp7 nipénlp7

doi:10.6342/NTU202503701



Relative exrpession (/ACT2) Relative exrpession (/ACT2) Relative exrpession (/ACT2)

Relative exrpession (/ACT2)

2.8
2.4
2.0
1.6
1.2
0.8
0.4
0.0

1.6

1.2

0.8

0.4

0.0

2.0

1.6

1.2

0.8

0.4

0.0

1.2

0.8

0.4

0.0

batch 1

UGT85A1

a

100%

Col-0 nlplnlp2 nlp2nlp7 nlpénlp?

GDH3

100%

Col-0 nlplnlp2 nlp2nlp7 nlpénlp7

LPR1

Col-0 nlplnlp2 nlp2nlp7 nlpénlp?

STP13

a

:
|

100%

Col-0 nlplnip2 nlp2nip7 nlpénlp?

42

Relative exrpession (/ACT2) Relative exrpession (/ACT2) Relative exrpession (/ACT2)

Relative exrpession (/ACT2)

o
o

4.0

3.0

2.0

1.0

0.0

5.0

4.0

3.0

2.0

1.0

0.0

7.0
6.0
5.0
4.0
3.0
2.0
1.0

0.0

3.0

2.0

1.0

0.0

batch 2

UGT85A1

a

100%

Col-0 nlplnlp2 nip2nlp7 nlp6nlp7

GDH3

Col-0 nlplnlp2 nlp2nlp7 nipénlp?

L PR1

a

a

T
100%

Col-0 niplnip2 nip2nip7 nlpénlp7

STP13

HH

100%

Col-0 nlplnlp2 nip2nlp7 nlpénlp7

doi:10.6342/NTU202503701



Bl ~ ~ NLP2/7 4o NLP6/7 § - thefde @ F A Flz 4 o

o2 E B 25 mM Bk ER 9 X 18 r Bt ;%ﬁ“d RT-gPCR A 47 i&
8 -A 5 SPLI4'B 5 Atlg26940-C 5 GGTI'D i PMT6°E ;i UGT85AI
F % GDH3>G % LPRI>H % STPI3- & B 5B-p % 400 thitd » £ 4 &
Ao R IES T FARGIFEL c REPN DB ZAPFEII A Flap At o R
F A A P Euz Pl ELR %%25 % B #icr 174 fe Tukey’s Honestly

Significant Difference # Games-Howell ¥ (s T %k & 47 » p<0.05 »

43
doi:10.6342/NTU202503701



batch 1 batch 2

B4 ~NLPIl fv NLP2 t7j 48 chfh s ¢ A # 20w J{oin e % o

2 & 2mM 48Rk R 19 28 ZREFORATH FRESL
pro35S:NUC-L1-RFP v pro35S:NLP1-GFP & pro35S:NLP2-GFP > %%’E’ EXS O ]
Hedi A 45 3y T hims ) izl oA 5 GFP és.0B 5 RFP e#,C 5 &

%% D 5 AB - C enfpBl ' E 5 RARH - ZRBIBp H - mre o

44
doi:10.6342/NTU202503701



=

AR N
+ 7

o

o

3

Alvarez, J. M., Schinke, A. L., Brooks, M. D., Pasquino, A., Leonelli, L., Varala, K.,
Safi, A., Krouk, G., Krapp, A., Coruzzi, G. M. (2020). Transient genome-wide
interactions of the master transcription factor NLP7 initiate a rapid nitrogen-
response cascade. Nature Communications, 11(1), 1157.

Castaings, L., Camargo, A., Pocholle, D., Gaudon, V., Texier, Y., Boutet-Mercey, S.,
Boutet-Mercey, S., Taconnat, L., Renou, J. P., Daniel-Vedele, F., Fernandez, E.,
Meyer, C., Krapp, A. (2009). The nodule inception-like protein 7 modulates nitrate
sensing and metabolism in Arabidopsis. The Plant Journal, 57(3), 426-435.

Chardin, C., Girin, T., Roudier, F., Meyer, C., & Krapp, A. (2014). The plant RWP-
RK transcription factors: key regulators of nitrogen responses and of gametophyte
development. Journal of Experimental Botany, 65(19), 5577-5587.

Cheng, Y. H., Durand, M., Brehaut, V., Hsu, F. C., Kelemen, Z., Texier, Y., Krapp,
A., Tsay, Y. F. (2023). Interplay between NIN-LIKE PROTEINs 6 and 7 in nitrate
signaling. Plant Physiology, 192(4), 3049-3068.

Durand, M., Brehaut, V., Clement, G., Kelemen, Z., Macé, J., Feil, R., Duville, G.,
Launay-Avon, A., Paysant-Le-Roux, C., Lunn, J. E., Roudier, F., Krapp, A.
(2023). The Arabidopsis transcription factor NLP2 regulates early nitrate responses
and integrates nitrate assimilation with energy and carbon skeleton supply. The Plant
Cell, 35(5), 1429-1454.

Ferris, P. J., Goodenough, U. W. (1997). Mating type in Chlamydomonas is specified
by mid, the minus-dominance gene. Genetics, 146(3), 859-869.

Hernandez-Reyes, C., Lichtenberg, E., Keller, J., Delaux, P. M., Ott, T., Schenk, S.

T. (2022). NIN-like proteins: interesting players in rhizobia-induced nitrate

45
doi:10.6342/NTU202503701



signaling response during interaction with non-legume host Arabidopsis
thaliana. Molecular Plant-Microbe Interactions, 35(3), 230-243.

Ho, C. H., Lin, S. H., Hu, H. C., Tsay, Y. F. (2009). CHL1 functions as a nitrate sensor
in plants. Cell, 138(6), 1184-1194.

Konishi, M., & Yanagisawa, S. (2019). The role of protein-protein interactions mediated
by the PB1 domain of NLP transcription factors in nitrate-inducible gene
expression. BMC Plant Biology, 19, 1-12.

Konishi, M., Okitsu, T., Yanagisawa, S. (2021). Nitrate-responsive NIN-like protein
transcription factors perform unique and redundant roles in Arabidopsis. Journal of
Experimental Botany, 72(15), 5735-5750.

Krapp, A. (2015). Plant nitrogen assimilation and its regulation: a complex puzzle with
missing pieces. Current Opinion in Plant Biology, 25, 115-122.

Krouk, G., Ruffel, S., Gutiérrez, R. A., Gojon, A., Crawford, N. M., Coruzzi, G. M.,
Lacombe, B. (2011). A framework integrating plant growth with hormones and
nutrients. Trends in Plant Science, 16(4), 178-182.

Lin, Y. L., Tsay, Y. F. (2017). Influence of differing nitrate and nitrogen availability on
flowering control in Arabidopsis. Journal of Experimental Botany, 68(10), 2603-
2609.

Liu, Y., von Wirén, N. (2017). Ammonium as a signal for physiological and
morphological responses in plants. Journal of Experimental Botany, 68(10), 2581-
2592.

Medici, A., Krouk, G. (2014). The primary nitrate response: a multifaceted signaling
pathway. Journal of Experimental Botany, 65(19), 5567-5576.

Mu, X., Luo, J. (2019). Evolutionary analyses of NIN-like proteins in plants and their
roles in nitrate signaling. Cellular and Molecular Life Sciences, 76(19), 3753-3764.

O'Brien, J. A., Vega, A., Bouguyon, E., Krouk, G., Gojon, A., Coruzzi, G., Gutiérrez,

46
doi:10.6342/NTU202503701



R. A. (2016). Nitrate transport, sensing, and responses in plants. Molecular
Plant, 9(6), 837-856.

Patterson, K., Cakmak, T., Cooper, A., Lager, I. D. A., Rasmusson, A. G., Escobar,
M. A. (2010). Distinct signaling pathways and transcriptome response signatures
differentiate ammonium- and nitrate-supplied plants. Plant, Cell &
Environment, 33(9), 1486-1501.

Sakuraba, Y., Zhuo, M., & Yanagisawa, S. (2022). RWP-RK domain-containing
transcription factors in the Viridiplantae: biology and phylogenetic
relationships. Journal of Experimental Botany, 73(13), 4323-4337.

Schauser, L., Roussis, A., Stiller, J., Stougaard, J. (1999). A plant regulator controlling
development of symbiotic root nodules. Nature, 402(6758), 191-195.

Schauser, L., Wieloch, W., Stougaard, J. (2005). Evolution of NIN-like proteins in
Arabidopsis, rice, and Lotus japonicus. Journal of Molecular Evolution, 60, 229-237.

Tsay, Y. F. (2014). How to switch affinity. Nature, 507(7490), 44-45.

Tsay, Y. F., Chiu, C. C., Tsai, C. B., Ho, C. H., Hsu, P. K. (2007). Nitrate transporters
and peptide transporters. FEBS Letters, 581(12), 2290-2300.

Vidal, E. A., Alvarez, J. M., Moyano, T. C., Gutiérrez, R. A. (2015). Transcriptional
networks in the nitrate response of Arabidopsis thaliana. Current Opinion in Plant
Biology, 27, 125-132.

Wang, Y. Y., Cheng, Y. H., Chen, K. E., Tsay, Y. F. (2018). Nitrate transport, signaling,
and use efficiency. Annual Review of Plant Biology, 69(1), 85-122.

Wu, Z., Liu, H., Huang, W., Yi, L., Qin, E., Yang, T., Wang, J., Qin, R. (2020).
Genome-wide identification, characterization, and regulation of RWP-RK gene
family in the nitrogen-fixing clade. Plants, 9(9), 1178.

Yan D, Easwaran V, Chau V, Okamoto M, Ierullo M, Kimura M, Endo A, Yano R,

Pasha A, Gong Y, Bi YM, Provart N, Guttman D, Krapp A, Rothstein SJ,

47
doi:10.6342/NTU202503701



Nambara E. (2016). NIN-like protein 8 is a master regulator of nitrate-promoted

seed germination in Arabidopsis. Nature Communications, 7(1), 13179.

48
doi:10.6342/NTU202503701



59

p3592
} CS806725

59

p3641

57

5’

SK19641

SALK 003418

?

p3315

SALK 084809

NLP1 cDNA
3665 bp

NLP2 cDNA
3684 bp

NLP3 cDNA
2539 bp

NLP4 cDNA
3269 Ip

49

p3436
3
p3593
3
p3314
3
SALK 139959 P3316

39

doi:10.6342/NTU202503701



p3317 p3318

}’ SALK 027488
5’ 3’
NLP5 cDNA
3032 bp
p5045 p5044
}) SALK 036557
5’ 3’
NLP6 cDNA
2906 bp
p3067 p3068
} SALK 026134
5’ 3’
NLP7 cDNA
3483 Ip
p3319 p3320

} SALK 140298

5’ RN
NLP8 cDNA
3282 bp
p3321 p3322
} SALK 025839
5’ RX
NLP9 cDNA
2950 Ip

50
doi:10.6342/NTU202503701



RNA expression

120.00

100.00 -

80.00 1

60.00

20.00 -

0.00

nlp7

7 25

-

NTC
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~ WT H2OWT H.0

ladder ~ ladder

NLP1 NLP2

WT  HOWT  H;0

ladder ladder

NLP2 NLP7

WT H2OWT H:20

ladder;
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513 513 B3] (5°-3)

p3067 ATGTGCGAGCCCGATGATAA

p3068 TCACAATTCTCCAGTGCTCT

p3221 CGAACCATCAGGCTCAGAA

p3222 CGTTCCTGCATCAACTTTCA

p3314 TTAAGAACCAAAGGAAGGACGAGAAAG
p3315 ATGGAAGATAGTTTCCTTCAATCTGAG
p3316 TCAGTGCCATAAACTGTATTCAGTAGC
p3317 ATGGAAAACAATTCTCTTCCTATG
p3318 TCATGAAAGACATCCACTGACAGA
p3319 ATGGAAAACCCTTTTGCTTCTAGA
p3320 TCATAAGCCTGTTCCAAGATAACC
p3321 ATGGAGAACCCATCAGCATCCAGA
p3322 TTAGGTGCCTGTTCCGAGGTAACC
p3435 ATGATGGTGGTAGTGATGGAGGCG
p3436 TCAGGAAAGACCAGTGTTGCCAAA
p3592 ATGGAAGGTGGTCGTGGTGGT

p3593 TTATAACGAGGGACCAAGACCGAT
p3641 GAAGAGGCAACGCAGCATGAC

p5044 CAAGCACATCATAGTTTCCTCTGAGC
p5045 ATGGAACTTGACGACTTGGATCTC
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% %tk Stock No. RBIRfEN %Y )}%

nlpl SALK 084809 knockout (Konishi et al., 2021)

nip2-1 CS806725 knockout (Konishi et al., 2021)

nip3 SALK 003418 knockout (Konishi et al., 2021)

nlp7 SALK 026134 knockout (Castaings et al., 2009)

niplnlp2 SALK 084809 (nipl) knockout (Konishi et al., 2021)
x CS806725 (nip2-1)

nlp2nlp7  SK19641 (nip2-2) knockout (Konishi et al., 2021)
x SALK 026134 (nlp7)

nlp4nlp5  SALK 139959 (nlp4) knockout (Konishi et al., 2021)
x SALK 027488 (nlp5)

nlp6nlp7  SALK 036557 (nlp6) knockout (Cheng et al., 2023)
x SALK 026134 (nlp7)

nlp8nlp9  SALK 140298 (nlp8) knockout (Yan et al., 2016)

x SALK_025839 (np9)

"tBl- ~nlp R EHRILP ",% % % +& (knockout mutant) °

A 5 9 i NLP 1 cDNA i,?ﬁf# 'B 3| E & nlp H % %4k RT-PCR {r RT-

GQPCR>F 5] J & nlp F5% %4k RT-PCROK 5313 7]% L 295 it

nlp 2%8tR2.7) %2 ¢ £ 35 HES (exon) =& ik i T-DNA & » chiz % »

FeHmasls s Bgfhe L P % Hls %% B I G & RTLPCR 2

RT-qPCR ¢ § %% 3 chiinx s 2 9 17) -
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NLP2-bound genes NLP2-TF,-bound genes

(101) (161)

137 (39%)

NLP2-regulated nitrate-induced genes (350)
seedling, NO, , 30 min
"Bl - ~NLP2 ¥ 5= = if4x7]5 242 NLP2 T pscrpl pe@zh H 4 %)
NLP2 & & 3 47 enpd e 8 2% A %0 NLP2 - 40 %]5 8 & B drenl it @ 3%
WA Flene A B o NLP2 - x4 %)|+ & 7 HYH ~ BEE2 ~ ERF60 ~ LBD38 v

ABF?2 (Durand et al., 2023)
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NLP2-regulated nitrate-

NLP2-bound nitrate-
induced genes (350) induced genes (263)
seedling, seedling,
NOj, 30 min NOj, 30 min

(Durand et al., 2023) (Durand et al., 2023)

NLP7-regulated nitrate-
induced genes (236)

root, NO;~, 35 min

(Cheng et al., 2023)
WHEIZ ~ F 8 NLP2 e sl p Mg %A 512 £ NLP7 247 o

NLP2 2 7 i 8 3% 8 4 7] - NLP2 % & sl it 8 35 B 2 7140 NLP7 28 2 e
ﬁﬁ‘.w- Pg %’Zé —:—

“mk-

2% NFlo 59 B NLP2 & fehT™ 5 719 » A peBae

A (WT i 12 A Rg Eendic >2) » 4% NLP2 2420 & (nlp2

g

AF A AL LT B s / WT ek B4 LA e B 3% B o dic < 0.65 ) £n

AFF S B &~ %A MAPKKKI4 ~ ZATI ~ UMAMIT36 ~ At1g22170 4= PRS2 -
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batch 1 batch 2

0.6 A

A NIAL (relative expression) NIAL (relative expression)
S 149 ——Col-0 nipl 169 ¢ —e—Col-0 nipl
E 12 - —e—nlp2 —e—nlplnlip2 Q 14 1 —e—nlp2 —e—nlplnlp2
S 10 S 12
2 S 10 A
2 08 A 2
o O 08 -
g 0.6 A %
2 2
= s
& &

04 100% 04 | b 105%

02 | a 9% o | b 100%

" a  91% o b 99%

! 0 1'0 ZEJ 36 42) 52) 66 7'0 8'0 9'0 1(30 11'0 : 0 1'0 2'0 36 42) 52) 6'0 7'0 8'0 9'0 1(30 11[0

25 mM KNO; treatment (min) 25 mM KNO;, treatment (min)
NIA1 (fold change) NIA1 (fold change)

28 1 ¥ —eCol-0 nipl 18 ¥ ——Col-0 nip1
= 2 —e-nlp2  —e-nlplnlp2 = 45 | —e-nlp2 ——nlplnip2
€ 2 - 2 ; I E 1
o <3 1
g * i \i S 9
g 12 1 3
< < i
5 81 a 19 100% E b 14 103%

S 4 ab 18 94% BER b 13 100%
o 4 b 15 77% o ! c 12 88%
0 1'0 22) 36 4'0 52] 6'0 76 8'0 9'0 10'0 11'0 0 lb 22) 3'0 42) 5;) 6'0 72) 86 9'0 l(;O 11'0
25 mM KNO;, treatment (min) 25 mM KNO;, treatment (min)
B NIA2 (relative expression) NIA2 (relative expression)
20 - i 16 - V —eCol-0 nipl
I T 14 —e—nlp2 —e—nlplnlp2
16 A 12 4
. a  100% 1o

08
a 98%

Relative expression (/ACT?2)
Relative expression (/ACT2)

08 06 | 106%
a  92% s | a  106%
04 —e—Col-0 nipl ’
' —e—nlp2 —e—nlplnlp2 02 3 a 100%
o\ ‘¢
0 10 20 30 40 50 60 70 8 90 100 110 0 10 20 30 40 50 60 70 8 90 100 110
25 mM KNQOj; treatment (min) 25 mM KNO;, treatment (min)
NIA2 (fold change) NIA2 (fold change)
20 - il —e—Col-0 nipl 16 - 4 —-Col-0 nipl
_ —e=nlp2 —e-nlplnip2 | —e—nlp2 —e—nlplnip2
c 16 c
é é 12 4
€ 1 & 10 ;
S S 8
g o g 6 12 118%
s 17 100% s ] a 11 110%
3 4 a 15 93% s,
o ! b 13 77% o ! a 10 100%
0 10 20 30 40 50 6'0 7'0 8;) 9'0 l(;O 1:[0 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNOj, treatment (min) 25 mM KNO; treatment (min)
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“tBlw ~ NLP1 = NLP2 7 333 NIAI v NIA2 o Bl pe B F R -

A £t 25mM 4&BAvkER 9 T (k0 ¥ F 25 mM AR T ek R AT
0-~30~45-60 4= 100 » 45T »]’«:Pe%‘-l%fi’%ﬁé RT-qPCR A~ {78 4xE A & NIAIL>
B i NIA2- % BHSPf 4 400 thitd > £ 4 £4f - B2 W2 L L WP %
PO(F¢ REperh B R E) AR E R A R B A E BB T
VAGRERT AR AV R EAMIREL cFA LA RN Bl E LR
%ﬁd % B ¥~ ¥7 35 e Tukey’s Honestly Significant Difference ¢ Games-Howell %

¥ kA4 p<0.05 -
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batch 1 batch 2

A NLP1 (relative expression) NLP1 (relative expression)
'

12
117% —e—Col-0 —e—Col-0

—e—nip2

12 * 12006

1.0
—e—nlp2

08
06
100%

0.4

Relative expression (/ACT2)
Relative expression (/ACT2)

0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min) 25 mM KNO;, treatment (min)
NLP1 (fold change) NLP1 (fold change)
44 ¥ 4 \
. 2 100% ——Col-0 . 9 100% —e—Col-0
g NS —e—nlp2 g NS —e—nlp2
S e
S 2 S 2
5 g
s s 2 99%
= 2 100% =
'8 L
0 e e 0 A R T R S S
0 10 20 30 40 50 60 70 8 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO;, treatment (min) 25 mM KNO;, treatment (min)
B NLP2 (relative expression) NLP2 (relative expression)
< 18 W ¥ IS {
= N = N
Q 15 NS —e—Col-0 0 12 A NS —e—Col-0
S nipl ST - nipl
5 12 $ 5"
2 /§\§ G 08
o 09 o -~
% 05 ’ g o 10096 T
2 100% g 04
',:; 03 E 02
[} [
rpg+ g0 t+———""""
0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO; treatment (min) 25 mM KNO;, treatment (min)
NLP2 (fold change) NLP2 (fold change)
12 ¥ o —=—Col-0 12 ¥
W T 0.9 100% lp1 ] ——Col-0
S 08 oS 08
S 06 I S 06 N
] NS S \.
5 04 5 04 0.8 100%
o z
2 02 g 02
0 10 20 30 40 50 60 70 80 90 100 110 0 10 20 30 40 50 60 70 80 90 100 110
25 mM KNO; treatment (min) 25 mM KNO; treatment (min)

"B I s NLP1 4o NLP2 3 % A&t chi- PRl fe B F Ji

EF 2Lt 25mM 4Bk 9 2150 * 25 mM AR B ek R R AST

f
f

0304560 = 100 ~»4a 1 jc £ 438> F£d RT-qPCR ~ 78&4x€ A 5 NLPI>
f

=k

B 5 NLP2-% B &B-f ¥ 400 thitd > £ 4 €45 5 30 A4 (F4
B rdp P L) PR A L E S AT F Bh2 BT T 300 R AR T 4
AeE A > EEAREEREL o 7 plenzZ FeadgF LB % Student’s t & Tk A
70 BB AT ATEFLRE ONS AT ARV EFLE > p<0.05-
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TOPO hinding site
attB2

p6284

p3606

pro3sS
:NLP1-GFP

p3605 —AY (4679 bp) 35S
NLP1 ’ promoter
CDS p5912
attB1
TOPO binding site
p3 604 directional TOPO ov erhang
p6283
TOPObinding site
p3609 p6367
| NOS terminator
:NLP2-GFP
(4841 bp) 358
p3608 e "
. r A promoter
CDS p3912

attB1
TCOPObinding site
directional TOPO overhang

p6285
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NOS terminator

35S promoter

attB1

NUC-L1-RFP
(3707 bp)

TOPO binding site
attB2 dmrectional TOPO overhang

TOPO binding site

'NUC-L1 CDS
513 515 B 7] (57-3)
p3604 GCACAAAAGTGTGATGTTCGTGGT
p3605 GCAAGATTTCAGGAGTTCAAATCTT
p3606 GCCCTTCCTTGAAGAGTAATGAAC
p3607 CCTGAGTGGACACCTGATGTGCGG
p3608 GCTTGCCTTGACACCGAAGCA
p3609 GAAGATCAAGAAAGTGGGGCA
p4030 GAACACCATAAGAGAAAGTAGTGACAAGTG
p5912 AAACCTCCTCGGATTCCATTG
p6283 CACCATGGAAGATGATGGTGGTAGTG
p6284 GGAAAGACCAGTGTTGCCAAAAGA
p6285 CACCATGGAAGGTGGTCGTGGTGGT
p6286 TAACGAGGGACCAAGACCGATG
p6367 AATCATCGCAAGACCGGCAA

R S G p e BT B AT R B3
A % pro35S:NLPI-GFP;B % pro35S:NLP2-GFP; C % pro35S:NUC-L1-RFP D
LR Bl Fs kA o B HER LS 0 CDS H %45 B 7] (coding sequence) °
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NLP6/7-regulated
ammonium-responsive
genes (209)

A NLP2-bound
genes (550)

seedling, N
NO;, 30 min root, NH,", 9 days UGTS5A41
(Durand et al., 2023) (Cheng et al., 2023) GDH3
LPRI
NLP7-bound genes (851) STP13
whole plant, NO;, 10 min
(Marchive et al., 2013)
Atl1g20980 (SPL14): squamosa promoter binding protein-like 14
At1g26940: cyclophilin-like peptidyl-prolyl cis-trans isomerase
At1g23310 (GGTI): glutamate:glyoxylate aminotransferase 1
At4g36670 (PMT6): polyol/monosaccharide transporter 6
At3g15500 (NACO055): NAC domain-containing protein 55
B NLP2-bound NLPG6/7-regulated
genes (550) ammonium-responsive
i genes (209)
seedling,
NO;-, 30 min root, NH,*, 9 days
(Durand ef al.. 2023) (Cheng et al., 2023) UGTS85A41
LPRI
NLP7-bound genes (6423)  STPI3

root, NOjy~, 5 ~ 180 min

(Alvarez et al., 2020)

At1g20980 (SPL14), At1g26940, Atdg36670 (PMT6), At3g15500 (NACO55)

StBl- ~NLP2 ¥ 12% & NLP7 B B#airads®Fr a7 o
NLP2 % & chjk #] ~ NLP6/7 iycde@ F kA F100 2 NLPT % & cnfh %= 4 2
> X oA 1 NLP7 % & A Flk p (Marchive et al., 2013) > B ¢ NLP7 % &

Rk Fl Rk p o (Alvarez et al., 2020) -
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A NLP7-bound (-2273 ~ -1960 bp)

NLP2-bound (-2156 ~ -2149 bp) NLP7-bound (-843 ~ -447 bp)
NLP7-bound (-3730 ~ -3467 bp) start codon
5 . m L:l W, ¢
At1g20980 (SPLI14)
B NLP2-bound (-2241 ~ 2248 bp)
NLP7-bound (-3354 ~ -1752 bp) start codon
5 . J 3’
At1g26940
C NLP2-bound (-858 ~-851 bp)

NLP7-bound (-1227 ~-515 bp) \ start codon

5’%\ 3

At1g23310 (GGTI)

“HB A~ NLP2 o NLP7 %4 & ik Floyad 5 5 £peni £ i o

A 5 SPLI4>B 35 Atlg26940:C % GGTI - 2. ¢ Flghh Ao %+ » £ &

25% NLP2 ehig & =04 ¢ £ 3255 NLP7 ehig & o325 N ch#icE 5 NLP2 h
B & =4 NLP7 ek & = 3424 %45+ enpedg - NLP2 e & =k p (Durand et

al.,2023) ; NLP7 e & =%k p (Marchive et al., 2013) -
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AtNLP9

AtNLPS

AtNLP3

AtNLPI

‘B4 s g e NLP v 75 ug i it o
fri i e NLP 39 3 9 B - 4 BFit A & =% % - 34 NLPl 3| NLP5 -
- #7% NLP6 fv NLP7» % = # % NLP8 fr NLP9 (A Bld § % 3 chinx m

1L HiT)-
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1]

©
=K SLEQTiogg = S5—— C** [ER 76
"LETTOERSTEKQTECls) NNN TEYCRR 78

e E_ﬁ EEIRELS

GG GN F PNS FG F DSAMDGDFMDELLFDGCWLETTD ESLEQT J & ST MNDN 5
100 * 120 * 140
NLP1 : 131
NLPZ : HI PIPPGFLKIEDLSNQVPFDQOSAVMSS. 160
EN 5QD SNEET R FP
NLF1l : 213
NLEZ : W 242

I GLNE VCDKDFLGGIWGPICCEGK FLTT ©QFH FN Y¥S5L YR VS YNF ADE K VGLPGRVFL K PEWT
* 260 * 280 * 300 * 320

NLP1 : YPRIKER cov ' 7 AGSGTCLG IVTTTQEMNYR E 1 VDLRSSiE : 295

NLPZ2 : Y "EAFeCD g IVTTTQEMNYR D Fi= VNLES Sisd : 324

PDVRFFR EYPRIKEAZ CDVRGSLALEFVFERGSGTCLGVVEIVTTTOERMNYR EL 6€CKALE VILRSS LN PS EF

340

NLP1 PLALSWE 377
NLP2 406
LOgvy FY BARALPEG FL ECRE YD PLAL3WAPCARGGKVGSRHSDENFSECVST6[‘- AC VPD Q0S4 F EACSEHHL

450 &
NLP1 AQ : 458
NLFPZ2 AQQOEMLES : 488

LCGEGIVGKAF ATELFFVEPEV TFSKTNYPLAHHARISGLHAALAVPLK K VEFVLEFFFPEACLDTEAQQU MLESL

500 540 * 560 x
NLP2 : SEpgRele)msgcT)iimohn ] KPLPLEJMS O3 i 570
TLOQDFRS NLFI K LELEVV PVRE 66F EN L ATE 6 EI 2 SSWI HMIKANEKGE VSLSWEY
580 * 600 * 620 * 640 *

NLP1 : E——HRiEDPVﬂVPEiC?ﬁT 612
NLE2 : [Sl§ar)§oEF W GSGHRNFL Y TN GLR IDM s 652
QKE PKE L35G N C6 NN EBEC Q¢ 3 GLRGED6 PS ESAS G G 6L SRRPGEK4R KTEKTIGLE

RWP-RK domain

* 650 70 7
MNP/ TR OY FAGSLEDAAKS CRQHG VMDSVO@NOGSIQLDSFYTSFPE IIE 694
LS VRO Y FAGSLEDAAR ; {KLOLV ¢ QLDSFYTSFPE 734

M
NLP1 759
NLE2 5 5SGS 810

G s K NAQT NGE A2 DP4SP SSSCS SSGSS N  NTG LEAELA RELER

540 560

v (R BT éﬁ fediak:
NLE2 : BETF SHET EEPRMPE 892

A SE LH ENQ ETE L RT SHKTF E

PB1 domain
520 * 940
NLP1 : s FDLEYLDDDREWVLLTCEADIMEC ¥
OERPRPN - - -7 D TPy FDLK YL DDDREWVLLTCEADIISECTD T YR
RRENID1I FDLKYLDDDKEWVLLTCEADL ECIDIYRE 3Q3 TTRIS6 EASCVKL GSFG  GL

t11

Results for NLPl1l vs NLP2:
Alignment length: 973

Identical residues: 674
Similar residues: 67
Percent identity: 69.27

Percent similarity: 76.16

SRS s i@ NLP1 o NLP2 v fl s i 7] vt 4 o

RWP-RK domain =i ¥ % p (Sakuraba et al., 2022) > PB1 domain =i+ % % g
(Cheng et al., 2023) - % ¢ & 8 fc % ¢ % g 4 % 9 & PBl domain i =
(conserved) i fis  F ¢ BEFdn e A & T i lysine (K)» % 4 # oy F § T e

glutamate (D) §- aspartate (E) °
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