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Nitric Oxide Regulates Seed Germination by Integrating

Multiple Signalling Pathways

Abstract: Seed germination is of great significance for plant development and crop yield. Recently,nitric oxide (NO)
has been shown to not only serve as an important nitrogen source during seed development but also to participate in a va
riety of stress responses in plants to high salt, drought, and high temperature. In addition, NO can affect the process of s
eed germination by integrating multiple signaling pathways. However, due to the instability of NO gas activity, the networ
k mechanism for its fine regulation of seed germination remains unclear. Therefore, this review aims to summarize the co
mplex anabolic processes of NO in plants, to analyze the interaction mechanisms between NO-triggered signaling pathways
and different plant hormones such as abscisic acid (ABA) and gibberellic acid (GA), ethylene (ET) and reactive oxygen
species (ROS) signaling molecules, and to discuss the physiological responses and molecular mechanisms of seeds during t
he involvement of NO in abiotic stress, so as to provide a reference for solving the problems of seed dormancy release a
nd improving plant stress tolerance.

Key words: nitric oxide; seed dormancy; seed germination; plant hormones; abiotic stress.

1 5%

I 7 A P T AT S, R A R E R T ORI R 2 i R T4 0 ST % HLTE A A R
15 R A AE I i 1 48 O B 020, Fh PRI R S0 SR AR I A A, S BHAL AT 5 ARl FAE G R4 E T R
ZEB-51, AR M) 3 KA A3 AE FARRR . FEASPRAR . AL RRRAN 21 & PRARIST), A= FEARRR 3 B R R R T A
R 7 oh, JFTE 4R FR VR Bk S A h A58 T 72 BT AT UL JE BT LT WX Fh Ak
M. AR TFREMAEFE, BARRERZS, SECRETIE. WIORIE LT h /MR 5 1
mmmhatm il B R T DATE AR R 0F R B SR TR 2, THRh FARIR . K2 3R T HAT Wl A8 45
EARIRARAS 7T 5 [ B LA A BRI A RN, 3 [ i LA A BRI BARIIRIS ), ARTT, b 10 2 A PR MROIR
*%ﬁﬁ%ﬁm#ﬁﬁw,é%%ﬂﬁiﬁﬁﬂ?EWEﬁﬁ Fh T b2 700 8 25 AT ARBIR OO, T ff
FARBEAN R SRR N =A BB B, FERIFFIRIOK S (MK . 585, MR, REbk
WO . BT R 5% R0 b F e 5 1 T A R AR, R, T AP BB B R AR R — A
AR, BEAh, X I FEIE SR B P A AN A EREE R 2 LU T AR BN, e R . SR E

HAeWH: EFXERFEESTIH (No.32071757) R T4 AR 4ATHE (C201407)
* I NIEIEE

2045



55 )\ Jaiep AR 22 AROR 2 )

N FARIRAUACZF 5 53N, BoE ABA Al GA 55 NI /AKT- 1938k My iRIR 252 1 ABA 5%

K. SRTM, FhFHR EERH GA 3. ABA Fl GA IR ZhZ-FHT R ATHRHR . (28E K 2 (¥ B 2 R 3R
21,

REMMEKEBEVLENE YR . HER (RNS) YL Esh BA BRI 6. fEn
WA RE R Y RNS M EERAEHFE EAR (NO). —HHE (NOY. AWM (ONOO). iR
£ (NO;™) MIEAHER 2k (HNOy) 13161, 7EIXELTE A, NO & P K 2F FI3R s WA 7= 7 I e <Ak
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Figure 1. A model for the synthesis and decomposition of nitric oxide.
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Figure 2. The effect of nitric oxide on seed germination under light.
2.3 MFARRFMBAP—EHENEYHRESBRZERHR

2.3.1 —RAM R AL EBRAZ 5B 58 LB AT AT A

ARFTFAAN, FEYIER ABA ERTARIREE S g 5 CBEAE F000, ML 2N, W2 FEIIE NO HIFF1E

2047



55 )\ Jaiep AR 22 AROR 2 )

A PAREAC R 7% ABA [fU& M, I H NO F1 ABA E IR 785 & b M BAE F SRR IF MR AR
Ze C4 SR AF BIIE SEOT-041 SR I (b K FH — = B0 B A — [ Tk A 2 B o 1 g — I IR LA 2,
IR BN AR FRORR 2 A T R A R R A AR R R R 65:660, R, Bk 2 R e Bl AR AR I B
LRIER o 00 TR 22 I i AR R 2 o A7 i 5 AN 2R 1 5 DR i NO AUk W& il 2R K] CAtNOSTD ik R
ERFIRIG I A, T NO /EHIT- ABA Hil GA 1) B, 900 GA MAEY) & It ABA A&, & R)
PAPRAE TR0 FE AL AT IO 1E 5 R 28 (67), NCED FEfifk ABA WA =4 #HEER (K 3). S5, HERED
TR A BEIE R B (SDR1) HACHBLTERE, SRJG1E ABA3 AL T, BVEREAILEE (AAO3) % 1L N AB
A (E3). b4k, B CYP707A 80-#23E4LTIH ABA /Kfi# N PA Fil DPA, #7 N7& ABA 3 A 3 ik
681, FERAEYU R IT T, NO 3K R A= ABA TRIEF R, FEUEH ABA KK, MTiE

i i CYP707A2 4afih(#) ABA 80-F2ALMG I FRILFE 1T ABA AU kA2 b 71 10101, TERIRUAEY)
Hr, NO EL S ABA AREIAH SRR (A R A ik, X — i CRENESE. il i) — WU 78 4RiE
A2t NOS B NR P2E () NO @ id {2t ABA AL StCYP707A1 (I, [FR%] ABA
VG BH SRR SINCED1 3Rk, BEV SRR, MNMFEIK ABA &850 ABA-GA ~F#70,
UEAh, FEMARERE SRR AR 2 B iRl o, NO JE I (R ABA 73 il B CYP707A2 (RIAFFHIIH] AB
A A LR (NCED3 F1 NCED9) [k K FEK ABA IRET, NO &£ 52mafh - ORIR 18] f2 T4 i A
BA 15 54 5021, HHLH WK 3 fior: ABA 53 %21k PYR/PYL/RCAR 454, S 2C BUE AERLE (PP2
C) Ri&, M SNF1 MG 1l 2 (SnRK2) IIEH . BUERAGUER 5 (ABIS)& Rl i A& (1) T 240
HR 7, SRR AT (R AL 5, I SRR FARIR . 4 InsMIR SNP 5 I NO BRI, NO #ii: & A
BRI SnRK2 S 5 /™ B B8 SnRK2.2 Al SnRK2.3 ) S-WAFEAL ] ABA 15585, Mii{THE
Rl FARHR3-75), B2 T 45 SnRK2 [ S- WA FEAL AN, NO Fl ABA 15 545 5 2 8] () A Pkl i [a] 2285 N 3
HgEEH ABIS Rk, fEM T kb RIEEEEN (Bl 3). 4R MK F(ERF/AP2)ZKIE(ERFVID ] V
I HBA RS N Romgs . £ — A EAAERTE T, ERFVIATRE 25 1 N I 282 (Cys) bk &
ROWEMN, BEEH ArgtRNA B AR BEE RN, &IGH B3 &8z {1, SRR RET ABIS
(R, T AR T 2677

FYPW\/

ABA catabolism ABA synthesis

Ve |~veED
PA xanthoxin
[ | spRr1
DPA ABA abscisic aldehyde
) AAO3 Fr2¢
l 0 E ‘\'\HBS‘-'\‘DCW“
PYRPYDRCAR iy BT 11 \/ &
PP2C s
| 1 <

3. NO-ABA $fh-Faf & By EITiRE

2048



55 )\ Jaiep AR 22 AROR 2 )

Figure 3. A model of NO-ABA regulation on seed germination
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Figure 4. Interaction of NO with various phytohormones in the regulation of seed germination
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NO & AEM ST FE A Ay AINOAL, TEKFEIEFEA TN OsNOAL. X FHEE 7L A T Fh
T A e R R T 2 LA A AL . OSNOAT AT BLIE IS (233 NO BETSERAN 7S atnoal RAGAKLERFN
MER G R, Rl PRI AR A Nat/KEE 38R 5 =y HE A M7 W A 2 v ) i 26 A 03,1041 7 49
A LMD F R 2. 1, NO FERE S T ARIE o -JE K e M AN KR 1 % 1 A 3 S R 0s1, 8 K G Fh
H, GmNOS2 Al GmNRI1 A G255 NO FeAE MBI ARER R . 51 A NS/ NO PEA K T Na'/K L
fH, 4557 ABA. GA Fl IAA BRIP4, MmO S i ShHE%E01001, NO A0 £hWMia T i & 1
Fads, 1 Bt EIEBTE AP R SN AR e S5 R I ROS R 28 Ry A i) S AL AR A 0071100, 7E 3
A, T H KRR EE (SIGR) HIEE R IE FEAE 100 mM NaCl 4HE A R 2 (1 Hra b i,
AR, 100 pM SNP I8 B BERAA, I 5 S S8 A T B I B e R s 1 AT 4 v 2 S B AN R 2
M2, fgilr, Hajihashemi 58 AR I RNS Al ROS 5 Ca>— @i 17 &M T ESR I E T AR . 5 m
M CaCl2. 5 mM H,O, 1 0.2 mM SNP BEAFEFEE KM, AEVERE S B3N, A G MR et
P78 R AR ma 03], B 7o SNP $24E NO SRR SR Wi I A 7B & 41, KNO3 CHHER #5112 21
O B HH T T RIA0N R TR U AUR FORUSIEERE ) B R T IRER . SRT,  ASER RS 3 AR D0t 3 1) S8 A B AL
HMANIERE . WEFLIRIE, IR RS 51 3 R 2R T aRE &R &P (NRT1.1. CHLI. NPF6.3). #)
P FIERER AT 1 CANR1D). (TCP20) F1 NIN K& [ (NLP) 161191, NRT1.1 2 fArg I+ H 1 —F R F1 7
TR R FE BE Y, 70 2 T S A I k52 A SR SR A A SR A IR Bh A5 5 01200, HRdRIE, NRTIL.1 fK# NO3 4T Natiz
o FERHIR ERAFAERIIE LT, nrtl.1 A Na* BB R B A AT B A BL021, SR, 24 NHy g e — 5,
nrtl.] RAGKSE 25 mM NaCl a5 &R T Criglie, FEHEER 7 NHa 5] E R #h BUk s R0, A
NR1 0T SEAEP W iE i S RL, ANRIL PRI FE 20k 237 A Eh U GR AUN23], NLP FE PR 50 2 i 1A 15 FE 401
TR 615 T A6 SO R 024, R T, KR 9 DN RURAE N R i B ORI B RRAAL AL, 31X
Xof e LA R 815 545 5 2 G EE 0251260 NLPS S — Pl R #h el i) 54 S IR, 4 R I mT DASSIE A0 e 7 v
ABA 7R R CYP707A2 (3835, IF HAT THIR L5 S IRl F 91 K 2 0 E 20271, NR #1242 NO 77
AR B AR08, NR T NO BRI SR #h vl LA #EM 1R 2F . 1E NaCl BHa e 7M1, %4 KNO
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— S AE T DUR A A T R A BN 2 1, 5 AR DA E e 03T i, AR NO fi ik
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I RFEE SR OINOS H AL LG I i n] 5 12 mr NO B 28 JF 38 s e -1-F b W (i 52 1: 01381, ABA 27K 4y
PEMEEE ST, iS5 GAP1 (Jwhd NAC FIRFERHF ANAC089 MZED M HEAEH, THITHEYIE
BIEME T X ABA FIBUBRPEN®L, Ah, ANACO089 /T F T &K B ik A2 1 NO R el Ak A # oy
BRI ABA A0, th4, ABA 53 1SR S BN AR FEC: T2 WiE F NO i RMAFLE &
SRCMFN R . BRIEHIWEIE ORI, AN NO LB IR P4 1) ABA & % F(QUACI/ALMTI12)
BB T, FEAEY SR IE R L0400, B 7 ANE NO 520 ABA SRS, it NR @428 NO
Al HHBE) NO F=A4% ABA 15 5@ 2 1R B AR B4, NO & kK R nialnia2 530 NR AEDE AR
F 1%, R/ DA NO AR 80421, g, R4S NIAL fil NIA2 7EThfE ERITUARN, {HIRN ABA 77
4 NO HFHFE NIAIIS], $E4RiE, Atnoal RATMKFE /AR 4 X ABA 1] NO RIUT, g 4h,
Atoal FEAFEF NO & SR> 5k p & A A R4, 1EAh, nialnia2noal-2 TEYIRIFT K
W IBEAS, I HXF ABA I EERURIST. Rt FEARSKRFNFHT R 7 LRI et e, R EEE 5% 2
NR/NIA Fl AINOA1 /21 NO-ABA 2 [A] (¥ #H BAF FAEAS i FE %7 . NO MR 38 J5 12 R e E R4 i
SRR < BT R AR HEE AU, NO @ik GSNO #ifi SNF1 AH ¢ H2 E B (SnRK2.6/0ST1) 1)
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