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Research progress on the role of reactive oxygen species in seed germination

LI Min, HE Yong

(Innovation Center of Agricultural Effcient and Green Collaborative Production of Zhejiang Province/Key Laboratory
of Quality and Safety Control for Subtropical Fruit and Vegetable, Ministry of Agriculture and Rural Affairs, College of
Horticulture Science, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: Seed is the most basic resource for agricultural production. The germination of seeds is essential for
plant growth and development, and affects crop yield and quality. Reactive oxygen species (ROS) are
multifunctional compounds that play a key role in seed germination. In this study, the species, production site
and “oxidation window” effect of ROS on seed germination were introduced, the mechanism of ROS regulation
on seed germination was summarized. Current studies on ROS regulation of seed germination mainly focus on:
(1) When these conditions are permissive for germination, ROS levels are maintained at a level which triggers
cellular events associated with germination, such as inducing of GA signaling and inhibition of ABA signaling.
(2) However, when seeds are exposed to abiotic stresses, the over accumulation of ROS induces ABA signaling,
promotes oxidative damage and thus inhibits seed germination. Moreover, the release of seed dormancy by ROS
would be related to oxidation of biomacromolecule, the weakening of seed coat and recession of endosperm.
The present review would shed a new light on the signalling roles of ROS in seed physiology. The scope of

“ oxidation window” which plays a positive role in seed germination should be further explored in future

research, and transcriptomics and metabolomics techniques should be combined to screen genes related to the
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regulation of ROS content in seed germination, so as to better understand the mechanism of ROS promoting
seed germination. [Ch, 3 fig. 1 tab. 94 ref.]

Key words: seed germination; reactive oxygen species; metabolic; hormone; review

Fh AR A W B T, o S I i R AR i s A s, R 2R AR Rl AR K R
T 7= A B8 — R GG T B A Mo R O | A B RE RN AR 5 AR K DL RS A TG A A et 7, 2D
FHE ) A= A SR AN AT B Y SCSHED TR 2 B R R S RS I VR P B . bl
if 2 e 8 8 11 (FLOED) BANAN FK IR, RAM 48, dkimin) K KEVER, Ja sl & i &P,

P 38 8 o AWK . BB R ZE 3 AR B RS 1 B BRI K, IRBIRARERR . AR
PGSBS, AR AT, BB RO T AN ZR S 2R AE 2, DNA E#ZFEHER R, FiFrFm/E
FH . BEEERR . BERR IOBE IR ST 068 2P 6K — B B 19 B 7K i MR T T & 19 8%~10% 34 Jin %] /&
TR 50%", 55 2 BrBoKsrmIRA, M NERRAE g, AR MmaiiEssiEie . &
52, TEUCIEAL [, BRI S AR KB FR 240, RIEE, 7R — B B A iR & B I B 5 )
BT, FRAEITT GG A RS AR R (GA), S o-TEM RIS, (EHEIRFL o, R LY A Ak S
PRALIERLE A, ZBY BB BRI AR IR R, FB S SR mRNA & U BT RUGETORiR, DU 2
(R R IR SE L A 5 3 B BCRh o ST AR PG K 4y, IRFLRE SRR 28 1 o B B WAL iy
TR SE LR SRR A AR AR DC I 7K 4300 7K B PRk (s 20 B A4 L e DNA 24l R i 73 2421,

Fh 71 & 32 5] GA A TR (ABA) Z[HFEAF 41, GA &R F il kK AT DI, GA Bk
AR WYL RE IF Arabidopsis thaliana? . Z i Solanum Iycopersicum' | 8]\ Cucumis sativus'"" B JC %
Ko XS AAEY S, A A NER SR B AT FT R R LR SR A R R, EK R
(AUX). 4iffisr243E (CTK) . KiBIR (SA) %5 0T LARI 2 ¥ Fh 1 R AR 5 5 & 17, 3P4 (reactive oxygen
species, ROS) Z7E A 4514 N IR A K & T K Wriam i (1) 2 e (55701 ROS M EZIE A A
BT (05). %A (H,00). B HHHE (-OH), A% ('0y). B A fHE (HO-) 51, Jraesk,
Kb Z2 AT Kk AR Z /R B9 FhF & ZF 485 ROS B 7= A= % UIAH G2, ROS e T E I AME 2
HIAH AIRRE T, RS T i R ) R A 2,

1 ROS Hy % i#f

1.1 ROS B=ERFMERF

FEREIRY, ROS FZ A Fubagil | Lbifk . o bmih . FlESs . FhrroRantaik, Bt
FERP T AR, ROS F2A: ) AR . i AL W B AR (& 1), R (0,) s
A ROS A 2 gt WL B8 A8 & AR 1 /NSO B ERL 7 1) AT A G105 @ LA FIE X
BAIAFE RO, . Hy0, Fil- OHPY,

TERN 7 & 58 3R 1 B BUS , R INGORARIE I M IS, 350 it % 36 245 O,, O, iR,
JE 1 ROSPT, Aokifi i ROS 1y 7™ A 5 H A () i 1533 5% (mETC) X R % Y], mETC 7524 2% 1) O, 7E
a1 AW A4 ROo, Y, SRS B Mn-# E ALY B (L (SOD) i ALIE AR XS R . A7 A K
HEA %R H0,%, Hy0, 7] LA 538 J5 1Y Fe 38 i 25 il (Fenton) [z b 3 — 5 Ak il 52 7 1% 7F 458 %5
¥y OHPY, - OH ¥ 1] Lkt FUAT Hh JBE 107 336 1 19 O 1 HoO, 38 3 W 0 - =5 17 ROBE e Ak i ke B, i 48 Ak il
PRI — A, HE R AR Bt 2 A ROS!M™, LN 77 4 HoO, M B 828R . o AL A
W38 A S 2 BER E AL OV (GOX) . BENGTR B-BE MESLHTEG A LG (ACO) F ik . w3 A ALEE Y B
SN LA K 05 B SOD 7 Ak ok AE i Hy0,m2 s ot 5 £ 7% F, 1% 36 4R Ak 38 D i 1j 7 A= ROS.
NADPH A fL T (NOX) f# Ak B+ Hi il i NADPH [1] O, %% #% MM 4= i0; , 05 F & Ak sl SOD i fkIE
% H,050
1.2 ROS WiERIERE

FEPIR P ROS (7K wh 2552 I A% %, LA i& N ROS FUE L Z i FE8UA MR &, FHEOK
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HKAF (H,0) 1453 ITEBRE, CAT RME— A5 ZHE & 1Y ROS VbR, & {24l H,0, 43tk O, fil
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HO 105 % & A L4 I B, Bk ROS; 5 =, GSHAE MU A&, il 5 mﬁ% Il /2 36 5 it
(DHAR) J W i ASA M S AL T 3 A8 Sy i Ji 780, 36 in 40 f rp i JRi 80 ASA 1 & i, I8 Ji 7 ASA 7T LLTE
APX YEF P BR HyO,o Car HIPTA AN M 322 iy T 2L Y0 NS 25 40 AR A% R BC X Fe F 29 8, 2 -8
NERIERFERAIE DL T 2K O, R, ASA JE/KIEMPUALR], v LIVERRZ R AW [ i 25, 7
APX MIERT, ASA H#:5 H,0, KA, Bi1kEsisi/> ROS XAHY) 1 pli it 1,
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2.1 RiFEMFEHL
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“Oxidation window” and ROS regulation mechanism of seed germination
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Table 1 Effects of ROS on seed germination
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WMIF  &ZE. ROS. Hhina i [21] E537) RH. Ca™ fegk  [61]
IKFE k. 5. ROS. ABA il [50] KAE NADPH#fL . Wik feit  [62]
R K. ABA k(54 A3 KEH . RS fegk  [63]
K %% . NADPH4LiH fegk 55 PRI I IE] M [51]
mHZE RS fegk  [56] PRI EllIStE] fegt  [64]
B HZE  KIRZEME. ABA. ZH e [57] URIT K. fegt  [65]
KE ABA. ROS. %% feie  [45] ARFT #i% . ABA. GA fegt 48]
ESP/S WAl ROS i (58] A S e i i, fEmhia M [52]
PR GA;. BTG fegk  [59] KA %% . GA. NADPHA LG fegk  [66]
JATE ROS. GAf5% feit  [60] s K2, ABA feit  [49]
YLH : JKFE Oryza sativa, 10 H 3% Helianthus annuu, T Zea mays, ViJK Citrullus lanatus, W% Nicotiana tabacum, %%¥. Vigna

radiate, 43¢ Lactuca sativa,

LB VE Anadenanthera peregrina,

Bt Myracrodruon urundeuva
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Figure 3  Signaling of ROS during seed germination
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TR,

ABA REMSAERFhTARIR . IR T % . H,0, T LA ETH ABA 20 ACIHHE R CYP7074, FEAKFNT
H ABA B, MIM{EHER T8 % . ABIL Fl ABI2 J& ABA {5 5-%5 5 (0 F Bl A U2, i folsfE
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5 #w5EZE

TEMTH &, ROS EE TRFEZAIMEH] . ROS it AW R T4840 . Fh R 55 AL A2 R TR IR Y
B, AERR T R BB BE, ROS A O Z 53BN A AL &, W55, wa BB,
ROS Wil A0 MU BE Z WE I S BUR RS BIR , Sl anffuBErs s, R oK 2 IR . ROS BFRZS
ZHMT Ik, MR TH A SRR, SM 1 ROS WEZ I wnt, S5lREMmit, kT
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