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Long-distance signal transduction of nitrogen and
phosphorus in plants
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(State Key Laboratory for Conservation and Utilization of Subtropical Agro-Bioresources / Guangdong Laboratory for Lingnan
Modern Agriculture / College of Agriculture, South China Agricultural University, Guangzhou 510642, China)

Abstract: In response to varied nutrient availability in soil, plants exhibit high physiological and developmental
plasticity to integrate and coordinate the information of nutrient sensing between shoots and roots, and
systematically regulate the whole-plant nutrient response and growth and development. This signal transduction
process largely relies on the transportation of signal molecules via vascular systems, so-called long-distance
signaling. Although plants require numerous mineral elements from the soil, the major nutrients that limit plant
productivity are nitrogen (N) and phosphorus (P). Recent studies have elucidated that various mobile signals,
such as small proteins, peptides, and microRNAs, are responsible for long-distance signaling of N and P. Here,
we summarize the long-distance signal molecules identified in N and P nutrition and their related signal
transduction mechanisms, provide an overview of the influence of light signals on the long-distance signal of N

and P, and also discuss the future research direction of long-distance signals.
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W BN A AR ) AT . 7R K b A
Hh, FEA R R 2R BRI ARk,
k2] E & A KA AT AR B . HLAAT
5 RV A AEE — DR E TS 5
2%, A FLAE 0 ) L R R s R R B &
Ak UHAEE TR KM, XAME 5 MRS
TRUEZ Mg FR e R PRI IR P & R A K

TP E FR15 5 245 11— A 55 B2 B0 40 72 =)
B FRAET, RAR F 0 I BB 37 40 A M I e sk
B. ik 20 4EN), RABRFEZHTFROAEE
A B B E TR AR, BIIEREE 5%
& CHL1/AtNRT1.1/AtNPF6.3 (Chlorate sensitive
1/Nitrate transporter 1.1/NRT1/PTR family 6.3)", i
555K SPXs (SYG/ PHOS1/XPR1)>*, LUK i
%5 58 B8 E 1 524K IRT1 (Iron transporter 1) 5%,
HRITAHNICRIREE S SN, ERES
A8 X 6% ) — B Ay B ) A o T K B
FET (MARGNEFR(ET), MY BT
FRorBGE B KIEEIEGE . XRESSH5HEER
HE IR AET HAR ot b ARk, AR R IR IR
o MVE T, DL RAE Y TE B AR KT B R
T b, fEASRRETS, ALY AT N B RS L
I KA NG A 248, Wk — 01N 7 X4 &
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B E S A2 080 (B E) s, iF
7R 2 78 IR P I 28 T & i) LR SR IR B AR A
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A, TR FE SRR EE (IR DU 2 = AR AR AT AR
KA, FERER H 0 A AR H AR B R, AR
RIEHE R 708 71, BIRAE mm XA K, [
I 72 AR R AR SR YRR R 5 3 Al A IS
i DX 3R 28 AR e T A 0 o AR R B 60 R 1
SN 2 75 2 BRI 5 Y 2%, S iE Pt b 38 2 5t
R A& ] B B SRS, IR AR
KIS E G T R R AT M.

1.1 PMRNSENRERGMHES AIREYREENRR

WeFI A

A3 KR AR S 2 B, (A AN R A HE = e 0 Ay R 4
AR 2, b ged i 75 S R AR &R NRT2.1 1
FIR KA B MAR R X 7R NOs IR ™ s 3t —
TR I, RS2 RAR R A 15 DNEIERR
/INIE CEPs (C-terminally encoded peptides), Fif it
KR B 2 2 i 2 1356, 1705 B LRR 52 /4B
CEPRI1 (CEP receptor 1) iR %, CEP-CEPR {55345
JF5 5 A A CEPD1 #il CEPD2 (CEP-downstream
1 1 2), EAIT3E I 70 R 8 E 3 PR B e 2
S — MR R, 55 NRT2.1 FEA R IE, 1R
FIBCAH R 2R 28 I 1) o BRI IR Eh i
HH I R #% 53 41, CEP-CEPR 15 538 I3 m #1141 4=
K b LR AR R 08, 3 A AR R A B R
RISy, 3R REA Y [, A E 55
CLE (CLAVATA3/EMBRYO-surrounding region
related) /MK K HIFE R CLE1/3/4/7 KI563%, $H]
AR R A K o A ZLUE AL 43 W R B, CLE1/3/4/7 7]
RE EH AT 4 R W, I B S A R A B 4
H, NI B E A T 2k EEE CLV
(CLAVATAL) HAlJE, F=4 24t %5UE 5, s
WAEARE".

T A AN e 38 ok AR IR K0 oh 5 1 ) RUE 97
RAS, HAEIE I H b5 B B AR RS TR S I 4
KR 5 5 AR R BRI USCRI ] o F b B35
R &iE S M P74 CEPDIL/2 AR E B
CEPDL2 (CEPD-like 2), CEPDL2 i@ it ) ¢ # K FE
B IS I A BIAR B, 2 0 A R L 08 A oG
NRT2.1. NRT1.5. NRT2.2. NRT2.4 #1 NRT3.1 {{)%%
3, PEm R R AR 7T, T SL R B A R E
PR A (B DM BRItk /N R 7E B R R A R
WO F o R 4% B A E
1.2 DA ENARSGMHES AR REYSERR

FRHE YIAR F AL ] D o I Wi 35 g A
1% £h AN B IR EUEFR, 16 vl i 5 AR R R SR AR AT



80 Ao Al K =R (https://xuebao.scau.edu.cn/zr/hnny _zr/home)

o543 4

B

f A Xylem

. 12 5 Phloem

FERPENIRE
SAM development
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WY RE TR KIS 5 518 % F 245 CEP-CEPD. CEPDL2. 4l /3 &K, HYS HAN N B M55 H# 3845 X EREYT 5, L8 H CEPL-

CRA2 /S g 3k 4598738 46 A1 CLE-RS-SHAR 1-miR2111-TML 011 45 98 1 %

Long-distance nitrogen signaling in plants mainly include the pathways mediated by CEP-CEPD, CEPDL2, cytokinin, and HY5; For leguminous plants, it
also includes the promoting pathway of nodulation mediated by CEP1-CRA2 and the inhibition pathway of nodulation mediated by CLE-RS-SHAR1-

miR2111-TML

E1 BYKESEES
Fig.1 Long-distance N signaling in plants
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YRR 2742 CEP1 /MK, JFi8 5 Ao S IR B 4 %
FHh |85 %248 CRA2 (Compact root architecture
2) it (2t miR2111 BifAFE S, h/5 miR2111 8
T R K R 3 A AR L A o) 4 R A s
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# W, CLE-RS1/2-LjHAR1 E& kT Red L LLF
2 AN ERAR RS 459 . — J7 A o miR2111
A SRR IS BAR A miR2111 980,
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W) B R A 2R, WOE IR T HYS A NRT2.1 1)
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A AR DG R k™ Ak, K BE A5 5 7E R
YRS TTN K IEELZ/EH, miRNAs, mRNA
P AB DI R A 4 NI (Strigolactones, SLs) %5 5
GHEE S0 TS 5REEMRE.
2.1 miRNA 2 5iFITEMEEBRIRS

KB 22 A AE FTAIE B, miRNAs 1] LAE N R4

BigE —
Phosphorus deficiency

T+
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AT 52 5 R A F il A2 miR399 /2 1
A% B R G ATREULIRAE 5 miRNA. A
miRNA W55 AR 2% 11 T 0L R 7 A = 46
T 455 N 5 % L, miR399 78 ) Bz & rf K A
£, 78 miR399 W] g — MK B B 1z Ha 1 1 428 [
To miR399f 1t Kbk R 5 B A M I B 50 10—
AAUEW] T miR399 7EW) Bz &b B K ER B R shie /15
{H7& miR399 H)¥Fia A2 i, BIABE A miR399
I RIRFE RN A 18 28 B A R A . miR399
MERER B BIRGAJG, @i Msla A+ B2 2 RiE
PR IE K PHO2 (PHOSPHATE 2) W33k, 3 fi#
F& PHO2 X% iz 25 1 PHT1 (Phosphate transporter 1)
A PHO1 (Phosphate 1) [, {2356k (W i 5 iz
(Kl 2). HAnY A+ miR399 F1 PHO2 ) [F]¥5 3 K] 1,
i S 4 45 e, FL DD BRAR O OR <3250, Uk B B i =
miR399 M b4 # 2R ES, G i 5 R i S
5 AR B 1) WRSCTE A R A P R AR R R ST Y
WA, TR I/ 78 I e A R AT R BB i i 5
(G S W R, 4B 2R G002 I I 52 B A A o
o 36 I 7 A e R AR ZH 27, B CmmiR399 b, 38 %
SE %] CsmiR408h. CsmiR172q 2 6 N #
CsmiRNAs 2 2K 75 5, (HiX 28 miRNAs [ B4

Hy EFR AR
Shoot growth

1 AR Xylem
§ #9125 Phloem

AR E I S A
AMF symbiosis
fiRmE
Low phosphorus

HEAE R miRNA399. TR SLs. /Mik CLE33 LR HE SN F HYS S KIEE(E 5 0 7 T 5 SR A Ry 8 e
The overall phosphorus (P) homeostasis of plants can be achieved through long-distance signal transduction pathways mediated by miRNA399, plant

hormones SLs, small peptide CLE33, transcription factor HY'5 and so on

2 EYMKESHES
Fig.2 Long-distance phosphorus signaling in plants
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