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EZNMFREFYRKEFMRNA

st #Rh2 wAE"? YT KRS BEE cTHY
WHT KB A, = 572000; 2T ok 2 Al 5 AR MR 2 SR BARFIOL R ST T, B 310058
SIRM AL R 2 5%, #5JH 215008

WE ESHEYEE NI RIE, 2EEFRERMNEBERTBEEHEAMT, dibEtt R %, Fhr R Mmook
&Y MeIR . B AR XmRNASE K5 TR T 4R R 28 ) B 00 B 2, oAl o mRNATT K GRAE A BE B AR, AR
AKFHAHmRNA (Bllong-lived mRNA). 7E/K#%(Oryza sativa)+, 5k #5<#long-lived mRNATETE )G 10-20K T 4h 5%
R, LIE20 K 507584 B AGH N, — 5% 5 fR IR AN 38 M 5248 5% ] long-lived mRNAX: - (RAF/E4IMIH . Long-lived
MRNAFIEE %, X EAEE A RS HEMRNA, A5 IZEmRNA, 20108 2 8 mRNA K 3545 0 S AH 5% ImRNA, i1/~ #4
WHEHMLEAF FEEE .. Long-lived mRNARJFERA AR B, 1R 2 BRI (14 8 2 X 38 #8605 I 74 1R (ABA) B 7~ 75 35 (GA)
AR = F oo, $LE§ I (Arabidopsis thaliana) atabi5Z€ 4% {4 Fif - 2545 5004~ A [8] F B 4 B 1) 22 5 R iE long-lived
mRNA, ERABARIGARZ #long-lived mRNAFI K OCEE K . Long-lived mRNAE 5 HAZ 5 R FIRBP & (A3 EAE —
e, LAIPBs (P-bodies)E AEET4HMIH, TR MRNANKE M. 5P RHRAE OC 1 long-lived mRNATEM - J5 #ud #2 Hi&
W R B, T HL— %5 E long-lived mRNAFSEALAS =P T AT BARAR K — F ARG . 2R KA 58UE F2 1, long-lived
mMRNA R HLFF AR B 3o R 2R 805 ar FI3E 7, AR BE T SR A mRNATE Bl 7 W5 i 4 310k 0% A 2 A, (sl b ZE IRUIK -
WP & . ZCLER T R E B AR T Bilong-lived mRNARIUFIERITIRE, FHHEH T A Bk — B i 7T B0kl ) A,
VAR N B R FRHR . B R 5 FALHIIR S

XEim  KHEMmRNA, P Rme, Fhrgk, fbrm
R, EIR, VB AT, AR S, XT#H (2024). EERRTEEYFRKEGMRNA. BYFR 59, 355-372.

PPN R I 38 B, REREAE S K EARAKY (Dure and Waters, 1965; Harris and Dure, 1978).

TEOL N ORFRE . BRI TR E RS R, & FhoK 5
TYR AR R, ks, IRpMEam, FrE
IR T REMRNA. @ EM T, mRNAKA 6
RAEJL BB+ L5 80, (HEM PR R mRNA
Hwr LR AE L H 2= LA, Bt g Bk o K 77 i
mRNA (long-lived mRNA) (Narsai et al., 2007; Sa-
no et al., 2015). 19654, Duref1WatersF| F # 5411
#il7Act D (actinomycin D)4b ¥ #H7£(Gossypium
spp.)MT, R I REAE IR A H AR, HEW R 1A 5
A LR AR PRAE I IR A IMRNA, IX2mRNA
FERN TR B BRI R T AR T IR B Rk, I
HAAERRAE R T R N T long-lived mRNAFAEAE

Wodke H 391: 2024-01-10; #5252 H#1: 2024-03-30

J& 42 X AF £k (Zea mays) (Villa-Hernandez et al.,
2013). KZ#(Hordeum vulgare) (Sreenivasulu et al.,
2008) . /) Z (Triticum aestivum) (Zhao et al.,
2020a). 7Kf&(Oryza sativa) (Howell et al., 2009).
2% % (Brassica rapa var. oleifera) (Zhao et al.,
2020a) X #i & (Pisum sativum) (Nomura et al.,
2007). A H %% (Helianthus annuus) (Bazin et al.,
2011)A14LL 74 7+ (Arabidopsis thaliana) (Nakabayashi
et al., 2005)%:4F F5&4IE T long-lived mRNA{ 7
TEo L Hr e A HE, KIKFER 761517 000
% long-lived mRNA (Howell et al., 2009), f#FF7F+
FRFEF7H %412 000% 4 long-lived mRNA (Na-
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kabayashi et al., 2005; Sreenivasulu et al., 2008).

1 Long-lived mRNARYEERTAR Kbt

Long-lived mRNAYEM T K BT HF R, HE
kA FRBP (RNA binding protein)& (45 % i PBs
(P-bodies), M i B 1k gl PRide B i, B8tk T DLORAF
AT TE] o 7ERHFIRK BT, long-lived mRNATE A
BRI R B T, DABA CRFh 7 & 2 i 3 T 75 (R 4
FIGEE AR (Sajeev et al., 2019).

1.1 Long-lived mRNAREEFIRR

W FC N A F FH & A 40657 (cycloheximide ) 4b B4
M, KIHIAREH &, (B0 7]Act D
Ab B 5 BT AT IEH B &, Wi aslong-lived mRNAXT
TH R E E4F I (Rajjou et al., 2004). M7 HERE

FIEGORFF

WA S B RRE R R

FFAEJE20
PN S

I FE L Rlong-lived mRNA, HJF 7 & LK e 1 it i
TEATF10R C e s, HAEW IR R 2F . HZAAct
DALEEfE, 16510 RHIIEASRE L& A2, Ui W] L iR
t A R B mMRNAA E LU 2 A5~ K #) 7 2K (Sano
et al., 2015, 2019). 1fi FHAct DAL HE{E f520-40K 1]
PRV, IR CAIEE K, WA B TR R
long-lived mRNAT] GE7EAE 5 10-20 RITIRIL &, JF
H B8 2 Fh ¥ 1 KB IG 1 75 2K (Sano et al., 2015)
(E1)o bAh, T6J5 10K Ph R IE 5 i K 2 1 it 8
F20-40KFH i (Sano et al., 2015), #Eilllong-lived
MRNATE R AE R 5~ PRd A 28 T 1 A 4% 3 2 AF T (Raj-
jou et al., 2004; Itoh et al., 2005; Matilla, 2022). 7£
95 (Vigna unguiculata)f 7 H & BT AL R
14, long-lived mRNA(U1pSAS10) M # fE1¢ J5 10—
15 RIFIRIA R, IFE T 7 h KW R 17 (Ishibashi

HAEF10KM+

M: B A

PRIRAR
AMMA NN L AmRNA

B RAHIR Y

e KFMHmMRNA

HpkkEar
AAAAA VNV o

O FEE
@ ik
© RNAZAER

Bl KAamRNATE KRR T4 & B A (Fh TIE R B 1222 % Sano et al., 2015)

Figure 1 The changes of long-lived mRNAs during rice seed development (the development of seed embryo process refer to

Sano et al., 2015)
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et al., 1990).

KRZBOEHE AT AT 15 1Sk ERAK,
EA R B & i K&, X 514K N i 47 1 long-lived
MRNAF % V)X &, 11X LEmRNAZ BT DL 4 54
F 2 T K mRNA L S B R FTRBP 4 1158
RE—i#g, PIPBsHE AR AAFE T M+, JImRNA
ALY (1) (Standart and weil, 2018; Sano et al.,
2019; Matilla, 2022; Kearly et al., 2024). #iff 553% 4,
IKFEFPF o KL 17% T mRNASE TR B A% B AA L
FEAE P W U Ik 7 v 4 8 1 B 1 BT (Sano et al.,
2019). EARHAADIRI, M7 EERBPEHA
(RNA-binding proteins) RZ-1A I GRP1A (gly-
cine-rich RBP), H.#[ & 14K45 #4485 (K domain)
(Masaki et al., 2008), #ZFIf 2 mRNARI{EH (Sano
et al., 2013; Sajeev et al., 2019). 7E4L 55 FFFh T IEAR
i R R B30 M TR R IRBP 2 5 H
(Sajeev et al., 2022). {H &MLk (¥ long-lived
mMRNAY 5% A S &4 456, WERBPAEM 7K
B FE U mRNA D 58 K a0 faT i 458 o 75 ik — 2
G

1.2 Long-lived mRNAR)Fh

Sano%§(2012) 43 H Xt FEFIAct DA 3% i 771 b 3 5 19
Pk BF i B 2R B B A B, R B A R R DG 1
10915 A B BlliF Tlong-lived mRNA, 2224 A&
B3 T WK o B2 OB X M mRNA . GO (Gene
Ontology)f1KEGG (Kyoto Encyclopedia of Genes
and Genomes) /i &8, 109 E AR T H 2 HhtE
A AR, U AR . A% R 45 G B 1 AN 4 i 22
TE R, 22248 A BT E 2 LR A TCATEH .
i 13 RNA-sequencing 73 17 £ J5 10-20 K 1 Fh + it
#5 i 7Rlong-lived mRNAW K ae s & EAXE
Mtgia . AR a5 DA KK B 55 35294 B K]
(%% 5% (Sano et al., 2015). 7E 344 iy 1w )3 7 T £
% LEA (late embryogenesis abundant) A 1 #
£ M (heat shock protein)(fjlong-lived mRNA. {H7E
PRI T /NS, X P EmRNAK T FE K (Sano et
al., 2015), HEM AT HE 2 Ay Wi S A~ i 7 2 3 AT
M SRAR R, XA 1 &K T o B HAEH (Sano et al.,
2013).

FEA R I, g B LEA R E I 2R R A 51

ARWE IS EE MK A7 i mRNA - 357

(Wise, 2003; Hundertmark and Hincha, 2008), # 1
WA 17 N LEA R A [ long-lived mRNA (Kimura
and Nambara, 2010). M [r] H R bt g g 24
LEAZE F1D-113HEmb-1 1) %45 5 (Almoguera and
Jordano, 1992), /=T 1 i RIWLEAE AW
MRNAR] BELEPA Bl T R AEAEH, kbt e e+ 7
SR Mt (Mertens et al., 2018). fIg B AR A%
[¥Jlong-lived mRNA, 13 fiF & A (oleosin) ¥ 3% A&
(Sreenivasulu et al., 2008; Kimura et al., 2010), &
A& (oil body) Rt R HEE AR, AFhF Kt
&= (Siloto et al., 2006). ZEEFRIEIAHHISHEFHIMRNA,
11 PED1/KAT2 i 14 3-keto-acyl-CoA J{ A acyl-CoA,
FEEN IR H 347 BE & Q! (Kimura and Nam-
bara, 2010). Long-lived mRNAif £ & NAC (10
RD26). AP2-EREBP (RAP2FIDREB2A). {8 H
FI) R 7 JE DR (ABIS), o ik & A s 1 /& NAC
K 5 [N 1 3 A ATAF1 (Kimura and Nambara,
2010), H:Z 5DNAEE (Yoshiyama et al., 2009). 7
K2 Fh 1 o % T8 3 337 AN e 3¢ R 1 B s AR W] g Ok
long-lived mMRNA, I 1744 55 PR 7 75 iR 7L il
T Rk, (HAEH K I %15 & %K (Sreenivasulu
et al., 2008). fE# FHME|FIMIEH T, RBs (ribo-
somal proteins) & F TSR TE R 1 I KT A2 H Rl e &
i, % W long-lived mRNA H 1 & 1% ¥ 14 & [ (1
MRNA, JFH7E R % i F vk % 5 224 H (Beltran-Pefia
et al., 1995; Sanchez-de-Jiménez et al., 1997; Mon-
toya-Garcia et al.,, 2002; Villa-Hernandez et al.,
2013). FERF T il 2558 th— L8 55 W [A) K AT
FHIRHIMRNA, 402 e 22 il A 22 20 1R 3R IR i e =
7% (Sreenivasulu et al., 2008).

TRl IK A & B B, long-lived mRNAH] {#
W46 e A (WS B AR N I FRANG A ) P 75 1 B8 1 o
MBS, Z Ja RN & I mRNAA B T PR F2 itk
BRREE, W=RBRIEAPEGE. Kk, long-lived
MRNAFTIR K 5 72 37 & i K mRNA S [F] i 3 -1
JZ(Aspart et al., 1984; Suzuki and Minamikawa,1985;
He et al., 2011; Sano et al., 2019).

1.3 BEERFIFRB RS ong-lived mRNAKIF
HKFAR
Long-lived mRNA 58 SR Z iE YR 1, H
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¥ % R k% % (gibberellin, GA) il fiii 7% B2 (abscisic
acid, ABA) (Kimura and Nambara, 2010; Sano et
al., 2019). GARIABAFI & I f5 5 18 B AH 53 R 2
Tt 5 BRI K R 3Rk, T 40 (ethylene,
ET). i 3Z & N fis (brassinosteroid, BR). 4 K &
(indole-3-acetic acid, IAA)FIZ & (jasmonic acid,
JA) A RS R R AR B 7 8 % I 3R 15 (Sreenivasulu et
al., 2008). GAL tHRIEFGA2 (4lident-kaurene
synthase A). GA3 (4sf5ent-kaurene oxidase). KAO1
(%% 14 ent-kaurenoic acid oxidase) . GA200X1 .
GA200X2. GA200X3 (414 GA20-oxidases). GA3-
OX (4#1%GA3 oxidase)FIGA20X1. GA20X2 (4wt
GA2-oxidases) 55 7E -1 B A K S IR Rf = 18
(Jacobsen et al., 2002; Sreenivasulu et al., 2008).
[FIFE, FEFRF Bt 72 435 m Rk (I8 A ABALE &
% [(ABA binding protein). #:Hi2C (ABI2). ABA
15 5 Wi B 45 4 25 1 (ABA-responsive element binding
protein) f1 ABAA~ 8% 25 [1 (ABA-insensitive protein
3, ABI3)ZEABA A B A IE B 41 2 25 1 (Sreenivasulu
et al., 2008). il id 73 #r K 22 M1 Bl had B2 oA = 40
Ji () % S 41 %8 (Chen and An, 2006), &K ILERIA
(4 28 IR 3 3l i = ook, 694N kK AT g i
N.GAfE T, FEW A0 e & B R R [ 2 hE R Al
RE R 210 & AR, L 604 S H 1 e 3 7
A N ABASE 5 ABRENIAAE H o . b4k, 632
A 53 IRt 0] A i B2 GA FITABA ) 1 4% (Sreeni-
vasulu et al., 2008). KZZF1- Rk =8 % s &
[10le1 FOle2 1) #% 3 5 GA M, o-JEN % GAsf
T, ABANHEHTGA I #IH A5 T 4E H (Aalen et al.,
2001). {EBEAM T KBRS, BRsI W SIEMEY) b
BL (brassinolide)f1CS (castasterone)# & il 31 &,
H24%L#EBR C-6 oxidase (CYP85A1MICYP85-
AB) I e s /K- 2. 25 T s, HEIIIBLAICS W] REAE B
kB IR R 3R H (Nomura et al., 2007).

XF EE 43 B 40 FE IF ABA G R R 2R R AR Ak aba2 Al
ABA AR 1t # 2k = 9% 9% A8 & cyp707al/a2/a3 T #f F
long-lived mRNAF#% 20 H4E, KILAK N ABAR &
B IEARmilong-lived mRNARIHEEFZ, HOntug ik
A R ek v ) 2 TR e 3% 7 AR B T (Okamoto et all.,
2010). 1fi fEABARRUR 5 fAabi5 (ABA-insensitive
5T A b, KR BLZ15004 3 R 1 3% ik 52 B

(Nakabayashi et al., 2005). Ik, KigH Kz
HABAIE DG (defective grain-filling 1)#5 it
Fr G I ABA s iz 2R R, RIEF PR E T
& HUE M A ¢ 2k R i) OE R R IA AR E (Qin et al,
2021).

2 Long-lived mRNAS#TFKER

Tt 5 A B oK 56 4 3 A PR RS A AR R 2R RS, B
95 T3 R S AHEAT AN Re W R R I R A AR 9 b
TN SRS, 2020). FhF UK i 72 it
P& HRIZ T IA B AR R FT AR RFR A )5 #4(Bazin et
al., 2011; Nelson et al., 2017). X} H bl FFARIRFH T+
A5 P01 1 3 s AL 8, a8 a7 i 32 B3 (prine-
pal component analysis, PCA), KA TARIRIRZS
A LU S BARY B A 1 2 T 4420 s ARk [ A
Ho kR 7 AH57A, A AhiEmpiE A,
LEAZE A . il ALY B AN R B - T AR BER 779
AN LR ) 2k m TARBRCR A A7, b 5401
B R EER . 7 B4 FEPRIFEARIR AN 5 #ORA T Y
KR % F(Cadman et al., 2006). RNAKE 4 i
(RNA polymerases)RIAEX A B L% R, Ul
W RBR A ¥ IF IR T LEIRES (Sano et al., 2019).
SIGAFISIGD (sigma cofactors )& & i T Jii 44 i) & A
25 PR E BN G S, X245 A5 g i 5 K]
FIkBAE 5 A BUR 2 & T IRHRET B (Tiller et al.,
1991; Isono et al., 1997; Cadman et al., 2006),
AN AT A AR R I FE FR 2 —

PR T ARBR T 1~ (1442 i@ R IEFL D 1, 43% (1)
F KR 37 X 80H 2-31 ABREJRAE F o ff, H#El
L ABA#I(Cadman et al., 2006). GA30X2 (GA3-
beta-dioxygenase) i] ¥ T i PE 1 GART A4 5 i 16y
AIETERIGAMIGA,, FAE 5 #1852 AR
HRARES T (4045 104 75 14 1) GARE A2 o ik M i
)5 ) GA20X LAEARIR I i3 e IA . GAE 5 [ J34
H: K| GASAATE i # i B i 2R ik B2 AR IR B B 19 120
f#%(Cadman et al., 2006). ABAHIEHE R 7E 5 #hid f2
PHRIZ W A, SO0 TR OR BRAR B DR IR 17 5
B S 4E 2 —(Ingle and Hageman, 1965; Ho-
well et al., 2009; Nelson et al., 2017).

AR DR /K E R A i, IEmRNA
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1) 1 WS A% 2 B S A AB A, DT FHL 1 = (5] 2 DNA#
EAHIR (Martinet et al., 2005; Oracz et al., 2007;
Kong and Lin, 2010). Ti4¥5E flong-lived mRNAT
FA BT P AT BRI — PR 27 X, @i 4
o] H 2% 5 2B BBl 00 % s A Bl R IR 241
long-lived mRNA¥: & &1, HHBIREAKEZ S
S5 5%, 15 2CHE A BRREFPPH1 (protein
phosphatase 2C PPH1). f{i& 2234 Ji i1k B (i i
2L 1 (mitogen-activated protein kinase phos-
phatase 1)} ZKJZZ4fEEE1 (phenyl ammonia lyase
1) (Bazin et al., 2011). /NEFhT 8 E AL B
long-lived mRNA F 3£ 5 % L # #2 1k (oxidative
phosphorylation). #Z ## {4 & i (ribosome biogenesis)
Flo-3E ¥y EE40 ] (a-amylase inhibitor activities) (Gao
etal., 2013).

LR IFSLY1 (SLEEPY 1) fit 4% Fh 1 ARk i g
(Ariizumi and Steber, 2007), Hsly1-25¢75 k% GA
B9 ANEUK, FrIIRIREE 7 1g0R, FELT240 W
Ji Bt R B AR B AR (Ariizumi and Steber, 2007;
Ariizumi et al., 2013). Nelson%%(2017)%} ttsly1-2 &%
FF A6 M 9% R AF 4K ft1-1 (flowering locus t-1) 5 Ler
(WT))FFh 75 s 28, RIftl-15Ler o i # %
5, Hslyl-24 7944 I Rk & HLer A A, HAT
501 1y Fe ik B N 5 DELLARL S A 9%, 5 W i st L ]
)2k 2 5 Al BeE P R B I R i = A2 . Atr-
bohB & NADPH % {. ¥, £ 5 & 1 Jit # long-lived
mRNA) & 1k f&1fi(Oracz et al., 2007), H:mRNA#2
AN BT )IR 25 AtrbohB-a fl1 AtrbohB-B, #5177 7£ T T Fif
T, T AT R A AtrbohB-B i AR, HED
long-lived mRNARIE S #% 5% 5 5 V)% WAL i 42
FiFIRERIRZS (MUller et al., 2009). AtAIL6 (AIN-
TEGUMENTA-like 6)/2& 7L H1 i RIE f e % B 1,
HAEMTRESE T WY m ik, HHERIE M
TR R F12%, A2 K E) 5056 5 204b
H, OFh 7R R R IE $40%, B ALAIL6{E Hlong-
lived mRNAZ 5z 1 RHR(Liu et al., 2023).
OsDOG1-3 (4if4DOG1-like protein) &l F 7+DOG1
TR Y, LR R LT AtDOGL, TEFH 1 ik
Ao R Rk R IE BB T, (BRI R &
iz = T [%(Nakabayashi et al., 2012; Wang et al.,
2020b) . ABA G 5 il % % 5% K OsbZIP75 LA J

ARWE IS E B K A7 i mRNA - 359

OsbZIP78 H £ 1% 0sDOG1-3/) 3K 1A, 1MOsDOG1-
33IE ) A5t 15 ABARH L R (1 320k, FEHE IMABA
ik, M R TR AR (Wang et al., 2020Db).
WRKY36 (bHLH [t 5 A T ) il i 5 AFP2 (ABI5-
binding protein 2)H.{E, HEHMHIDOGLIIRIA. [F
if, TPR2 (topless-related protein 2)ifit 5AFP2H.
1, H¥ES 53D DOGIN M LBk u B, P&
H*ik, HILWRKY36-AFP2-TPR2j# it #1iDOG1
2215 S A 42 Fh 7R IR (Deng et al., 2023). Os-
GLP2-1 (4wt Germin-like protein 2-1)7EF IR () J& Fr
MR, IR R IE 2N JE, B iR 1 R R AR B
71, BB IEZEE R m] G am Fh 1 AR AR RE 7y, ik —2F
MR B, OsGLP2-1H ABI5 H 1 4% 3 1F Nlong-
lived mRNAZ: 5 4z #1-fK IR (Wang et al., 2020a).

Fh IR ARAH DG PR R 2 AE P 1 R B i 2
FEFF R, U HED AT 58 1F Nlong-lived mRNA
EAFAERN 7R RIEVE . 315125 7 2010-2024 4 1]
WE IR IE T BEAE Mlong-lived mRNAZ: 5 i 14k
I P A

3 Long-lived mMRNAS#F&&

FhFAER UL R, 252 B A SRR EE RN T 3 205
717K I A1 % 4 4 %5 (Rajjou and Debeaujon, 2008).
Fh 7 A7 long-lived mRNAXS R[4 — 5E
PR, HAER TR, long-lived mRNA#
BV, IR ZAE RPN A A RIAELRE ). K
J BLffilong-lived mRNAZTE G FE H 5 kA A5 7
PEFEAR, 1% A B flong-lived mRNARP {28 5 K i
(] AT T ORAFAR e () Rk i, (HIX 2850 fr BtmRNA
FEARE I 2 B P Eg K 1 7 oK (Fleming et al.,
2018; Sharma et al., 2018; Zhao et al., 2020b).
Zhao%5(2020a, 2020b)#t 7L &, & W% 1T T
long-lived mRNA%E b4 K &k A= W (1)~ 3 8y
B-value, KWt T mRNAF B 1P 35 B gk %, H
long-lived mRNAT] & fEFEE BE 4% 55 IR A Hh H5 7R
TR LR, 0T BUE FIAR Y 8RR
AN B e S5 W b 7 A3 i 19 7772 (Zhao
et al., 2020b; Nifioles et al., 2022). K% #5513
AN R KRG A 1 1 K AN g [R] 4t 20 T I 58k b 1 1)
— 3, RS W R IS RO G IR 3 R AR OR
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F+1 TEEME Along-lived mRNAZ: i £ 7-pkBR 1 32 8
Table 1 The genes regulated seed dormancy may be long-lived mRNA

F N4k ID RIBFES IhE I T YFp SR
SDR3.1 LOC_O0s03g- FitJasRiahEE, KAEFAE SABISHAE, JHMiABISHRIE IKF Guo et al.,
11550 15K 1% Bl Pl TR AR 2024
SRO1 TraesCS4A-  fEm . AR TF iR STavP1ofE, MG EHAERERE IE Liuetal.,
01G321300  %ik FhTARAR  TaPHSL I TaSdr i £ i5, H & 2024
TaVP15TaABISH HAE
OswsSD1 LOC_0s03g- fEffFKE LIS, IEFAEE 6 GAR & RO o- 3 K B S M KR Huang et
24460 HRIE BB K, PRI 9 5 T ABAAR R al., 2023
TEFH TR JIK 7T 36 /1N
FasE RIL
AtAIL6 AT5G10510  /EBAFTEE BT FUSSHERIZAAILEHIE A #EIF  Livetal,
R YRS mRIE BT RHR 2023
WRKY36 AT1G69810  fEFh T m&ik AR WRKY365AFP2HAE, B4k E B HEIT Deng et
FFRIR  #IHIDOGLIRIE al., 2023
AFP2 AT1G13740  #Efh TRk ANk
Pl AR
OsNAC2 LOC_Os04g- 7EfF Rk EMEF Ak IEmFEE  H4 Wi OsABAox1 f1 OsABAox2 /K& Zhao et
38720 Ehmkik FTARIR  HIRIE al., 2023
BG14 AT2G27500 fE#AFhFRE SR IEREE  BRERAEMGPILRE, A KEE BeIF Wanget
HRYERR R R IA FIFARHR  FhF R ABARFL 2 al., 2023
SPT AT4G36930 - TEfEIE[A  #flLandsberg erecta’5Columbiah #F§7F  Vaistij et
FUR IR A FARIR M8 R DU R . BB al., 2013
i B RGAFIMFT I RiE, HEEHE
FRIRAL  ABISHIRIE
il
OsDOR1 LOC_0s03g- fEffr ki R®iE  IEMEEE  OsDOR150sGIDTHAE, BiifOs- /KH Kim et al.,
20770 FhFARIK  GID1-OsSLR1K &k (f7F i, 5 2023
GAlEE#S
FIP1 AT5G58040  f£ Tl 1 &k BRI FIP1E—AN i Tpre-mRNA 3%/ flg7F  Lietal,
FFIRIR A, Abi5. DOGLAMIPYL127E R4 2023
Pfiplh Rk & T P
OsNCED3  LOC_Os03g- fEfpfFAE A &M kmiAE RAEE, M FIRIABAS MK, KB Chen et
44380 ik TG GAS T T Rk, Fi al., 2023
TR 1K ABAIGA LL 18] 5 2 B Fp T 19
PRIR
SFL1 AT1G27461 MR ELREP R KIAME  OsSdraf FFEER, HIEErF i+ Zheng et
KRBT FlFARER al., 2022
AtMLP329  AT2G01530  #Fh TR IR & IE1AHIE  DOF6 E M AMLP3291 %K%, 58 #l@EIF  Chong et
i TP A5, GAL MEEREFGALE X ETT al., 2022
TKIR 7, ABAG RERSE N ZEPRIL & FIF
TaETR1 TraesCS4A-  fETAALUHEA R LR BERIEREARRFTX 208 A K N Wei et al.,
02G274300 ik, fEMRhik RS b TARAR 2023
AtAAH AT4G20070 7ERBEHMIMAEIRA  IAWEE SRR AT 32 K H ataah ff 7 7T Yazdan-
TR BRI A FFARIR AR R panah et
T gk al., 2022
OsABABox1 LOC_Os02g- fEf1 133k SAAEE  BERABAS & IKF Fuetal.,
47470 FhFRHR 2022
OsABA8ox2 LOC_0Os08g-
36860
OsABA80x3 LOC_0Os09g-
28390
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Table 1 (continued)
R AR ID FIEFF Tk 43 FAHLH Py Fh S CHR
KCSs12 Mtr.49305.1.- 7EFI i RiE IEF R A e KRR &R #3EETE  Chaiet
S1_at FlFARAR al., 2021
FHY3 AT3G22170 FEEMARMRE, K& kAFE ANGREFHYIEAMR R, FHY3S T Liu et al.,
BIZWTE, TR MTRIR  phyBHAE, BE#%HIERVE2HIRVE? 2021
rhRIk IR B HIRIE, BEMHISPTHIRIE
FT AT1G65480 EREE ERFRRRIAFTEETFLY, GA #l8JF  Chenet
TFLL AT5G03840 FhPIRAR S R al., 2021
OsbzZIP0O9  LOC_Os01g- ABAKLHE157p81 5 Jeifi4E  FIHRNA-seqfIDAP-seq 7 1T 152 /K5 Zhu et al.,
59760 S0sbzZIPO9MI#EL  FHFIRIR  /NOsbZIPO9E BRI ME R, W 2021
PRIRAE 3 K OsLOX2 FILEA S Ji&
TaAMY2 TraesCS7D- JFIEJE5RMFEIE, 2 RIFEE AEBEEATaAmy2ftitkd, ot NE Zhang et
02G380400  j5 ik 8% M 4K FFRIR  MiEE T, SECTHE MRS B al., 2021
W, OBEERE TR KR, STABAAR
B
OsGLP2-1  LOC_Os02g- fEff1J&H T4 RE LKA ZABAE S EIE, GAMGBIHEIX; KIFE Wang et
29000 % FFARIE  ABISAIGAMYBHE Hiit i GLP2-1 al., 2020a
EHE e
REF6 AT3G48430 HEREHHIARKE kAR TEAHARKELRES, REF64ECYP- T Chen et
FTRER  707ALFICYP707A3, 3t ftix24 al., 2020b
LR T H3K27 me3f& 1
HSFA9 Medtrdg126- e 7k R Rik RIAVAE  AEABA IS 2 Wk PEHETE  Zinsmeis-
070 FhTFHRER ter et al.,
2020
SD6 LOC_Os06g- 7R ABIRETR jkHiAE SO0sICE2EAE, HE{EI#ABAOX3 /KFF Xu et al.,
06900 TE B IR FEIK MRk RE 2022
OsICE2 LOC_Os01g- #fr Ak EiTfmE i S5SDeH/E, EZEMEIABAOX3M KiF
70310 IEEIRET = MRk Rk
OsDOGI1L-3 LOC_Os01g- 7TEJFE/E15KMIAM T IEriAfE  IFBEMHABAS I KR RIE, KiE Wang et
20030 PRI EIA SR E, AR Sk HABAS B al., 2020b
JE T B
OsbZIP75 LOC_Os09g- fEFfi¥H KA ErifE  OsbZIP75H #if#50sDOG1L-3 TKFE
34060 FhFIRHR
OsbZIP78  LOC_Os10g- fEfhFHmRIA EfiEEE  FOsbZIP75 IKF
38820 Pl AR
OsBT1 LOC_0s02g- fEfhFH 4R RIA, ERAE - IKH Song et
10800 TFHEE 21 KAk Bl Fh 7RI al., 2020
TEZE. . I AR
FLEARIE
AtPER1 AT1G48130  7EflFH4ERRIA IEFRE ERM TR RTEEE, MHABARE  HIRIIT Chen et
MFRY EREHGAS K al., 2020a
RUNI
ETR1/RDO3 AT1G66340 — EMAE ERFI1I25TPLAHE/ER, EiZME s IT Lietal,
MTRER  DOGLE%, IMETRLEERF12(( 2019

LR, S5IFEERFL23KIL
DOGL4 At4g18650  TEHEEFFAITFIT kWS AR FRIL A, RER MEETF Zhu et al.,
TERE mRIL; T BhARER AR 2 R & 4L DOGA Y ) Bh T, 2018
R R T PR 3R, 2B AR Rl T 1K
Ja 8RN IF IR IE AR BE 773 i
ROS1 AT2G36490  TE+HhFHRIE Je s EFARFRF IR AL, ROSTIA
FTFIRIR B ARDOGLARE 31 X Iy 2 Fi 3
1k, {EEDOGA KL
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Table 1 (continued)
FHe [R 44 FR ID FIENE i TR YFh S 2Lk
GHNAC83  Glaun0572- e}y fEFiR s [E[HE  GHNACS3HEZEHHIGHPP2CI X EEW  Wuetal,
12 ik, EERZERRERE FTRIR ik, RWABAE S, BB A GHI- 2019
PTHIEBIT, 7iATECKE &K
GHPP2C Glaun0788- 7M. M. ERZE. M JREiAE PP2CKIKEN, ABAG S EKEA,
52 B MR R E FARIR  RABAS T
H Rk
ASPG1 AT3G18490 7E[4EAEFF Wik RFEREE  ATRGES S GASS SiEE, emkh g7 Shenet
FFhRIE FhFRIR  FIRIR A al., 2018
EBS AT4G22140 EfMFREFM AW EMAE EYSFEN—REFATEA, 5 #8Es  Narro-Die-
W AT 24 /NS A F b FhEARER SHLZE ¥ 455 Fh T 4K R - T 8 70 4%, goetal.,
*ik 3 H 5 AGL67 T 1 2017
GATA12 AT5G25830 7fEHifffh FHHRIEE 1EMEE RGL125DOF6EAE, BEEHIZGA- R IT Ravindran
W, T FRd PRI TAL2RIRIE etal., 2017
HFRik
KNOX4 Medtr5g011-  fEfh 4 b B %% RIAAE R TR EARZEREASN, $FEERE Chaietal,
070 ik FhFRIR  BEEREARZESRERRIE 2016
OsGA200x2 LOC_OsO1g- 7ERBEH M TME KAEE  MWEE B TRIGASNIEREE KB Yeetal.,
66100 i R Rk Fh-FARHR 2015
RDO5 AT4G11040 7EFPFrfERRIE, 78 IFMEE  RDOSHIL—ANPP2CHE AT, Mk I Xiang et
TRFhREERRE  FTFARIR  HHIRNASZ & & [ APUMO ) & i al., 2014
APUMO  ATAG35730 {6 JFEIR16RIFIT fafips o 1 M
MRRIE, ZERE MFRIR
IR
WRKY41 AT4g11070  fEEF . PR,  IEMEE  WRKY14E B RZEABISM %KL, H flfEJF  Ding et
KA R PR IE R TRER 5 ABAE RS TC Rk al., 2014
HON AT1907430 EFFEGORMFITH  RIEE EPP2CEIEE A, EABALZEN, s Kimetal,
RiE, FEFE12R% MTFHRIR  5PYR1/RCAR11 E {E; #li#] ABA 2013
KBk (E &5 TG GARG 5
ABI4 AT2G40220 7Ef TRk eI ABIAEZIHICYP707ALFICYO-  #IETF Shu et al.,
FFIRAR  707A2 3R IL; RAT/A P ABA S & 2013
PG, GAS & T, abidZe 2 fAkn] LA
KE gal-tR K ZFHIFRA
SNL1 AT3G01320 [EZEF TR, FiE FlAEE SNLIESNL2 A S E L 2Bk BEF  Wang et
SNL2 AT5G15020 EIZHT & ARIR 461K, SNL1 5AEH = 2B AL al., 2013
HDA19 HAE, W4 245 i3t R K
ABAZL . BRIRFZERN 2Bk Ak KT
AtDOF6 AT3G45610 768 it fh 7 £ 35, ERWME STCP14EAE, TCP14) i MR Rueda-Ro
1 G PO FE R K R A PRI FARER mero et
MM IR al., 2012
AtET2 AT5G56780  7& 2t Fh T Ik o IEM A FUSSHEEHHIAET2MHRIE e I Ivanov et
FKik Pl FARAR al., 2012
FUS3 AT3G26790 fEFFHEBLIREHS s
B8 Ris, ERAR  FFARIR
FrhmmRE
KYP/SUVH4 AT5G13960 7EWifikFh T rhRiE® miFE RS, DOGLMABI3HRiLE M  Zhenget
Bt FFIRIR T al., 2012
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Table 1 (continued)
B P 44 K ID RILFE A BFjita ST AL YFh 223k
AMP1 AT3G54720 fEMFREGHETR  RAEE EARESOMEIT S, REEN WMEIT Griffiths et
1A, FEFIEE8RIIF PRIk AP IRIREREA —8, WP B ER al., 2011
ThRE RS A 5 5 MABA T =
TaMFT AB456688  TEAMAMRMEF A IEREEE  AMETHRJREER Nz Nakamu-
Rk, R Bl ARER ra et al,
TREEHE SRR E 2011
ik
NCED6 AT3G24220 fEREHWAFIRIL  ERiEE  EM Tl RRENCEDSE, My MMIT Martinez-
thRIE MR FHRIABASEF R, AR T, # AndUjar et
P B ARR ZE T 5 al., 2011
DOG1 ATSG45830 {XfEfhyrkik, H  EmiEE - AR Bentsink
EHFEEIORFILE Ty PR R gggg

B

— &% — Unknown

IREE I J0R - v (1) 2R 0K B LU i T e 7 PR T 2% (Su-
gimoto et al., 2016).

FHFRE DDA [ d B - (¥ long-lived mRNAF
HIAR, fEFA R G Fh M1 73 dr AE AR K2 R o
Nifioles %5 (2022) Lt 4% 1 H A K 73 dw A1 400 g 5% i
Tl Da-1 145 73 i Fh 1 1 i B Ors-1 1) b 1 i s 4H 3%
I, RIS L 5 R F-HSF1ARIHSF 1B £ Da-1
) K I & & Ors-1 1 [ 50 4% i, JF H RUR A2 &
hsflathsflbZ i N T2 W21 K5, KRIFREZEKT
AR i B HSF1AMHSF1BAE Along-lived mRNA
Al fEIE [ A 45 Fh 7 7 dir(Nifoles et al., 2022) . 7K F&Fl
T K7 A dh FINX32 ] long-lived mRNA & i i It
s (lipid storage). T {45 /s (seed oil body bio-
genesis). i #% Fi 1 fKkHR (negative regulation of the
seed dormancy process). fi#tiRFTKkHk(release of
seeds from dormancy)Al 1E i % il 1~ 15 % (positive
regulation of seed germination)&54: 43 2 A < 3 [A]
(%53, TR FK 77 dr @ A YZX ) long-lived mRNA
FEAE R T R (seed maturation). ABAfE 51 v
(cellular response to abscisic acid stimulus). 4i /K
43 FHi(cellular water homeostasis) A1 5 it 7K -4
(response to desiccation)Zs A= 43 FEAH 3 R 1 4
3% (Wang et al., 2022).

E37z & & HFAtATLS (ARABIDOPSIS TOX-
ICOS EN LEVADURA 5)7E#UL g 3+ Fft ik vh i 35, H.
ZINE FAE SR I atatlS DT A dr A s, 15 H

HAFHIRNAZ & EHABT1 (ACTIVATOR OF BASAL
TRANSCRIPTION N)RAZ )5, FirHAEaLk, BR
AtATLSE It 72 AL ABTA A 1 53 I B4 i ok 1 4%
T73fr(He et al., 2023). % FFEHBG14 (GLICO-
SYLPHOSPHATIDYLINOSITOL-ANCHORED B-1,
3-GLUCANASE)Z: 5 & i d v IR b B E R BT, TR
W3R (1 R AZ A bg LA R (1 A 2 28 5 B AR O 2 35 %2
T, B g ZAZ 5, bgld e ik 3K I {2 1L &,
7 8 A5 R [ 7k %6884.7% (Wang et al., 2023).
DNA/RNA%E 4 5 1 K EWHY (WHLRLYBG-14) 1]
WHY 1 FIWHY 3L 68 TU 4 i 9 Fh 1 F iy, WRARAA
MEHOM TR RS AR T EE 2R, HE35°C,

83% I AH R B2 2% A S i 2 AR BE7 K5, Pl
R FLT B4R (Taylor et al., 2023). MSR (ME-
THIONINE SULFOXIDE REDUCTASE)&EHZ 5l
EHmAKRMNESAMEN, M7 hRRrRE
OsSMSRSX T4 R¢fl 1 F i 4R o B2 . 2008 N TNk
AR, MSR5IIRNAIF!F K 2F KA EH 8%, i3
TR AERY, I RIAF 7R F2Ri1K65%, BEST
¥74: 7 (Hazra et al., 2022), AtATL5. AtBG14F1Os-
MSRSTEM T K B i fE Rk, H7E R T R 2
g, H HmRNAY)E L7 F Fh BE f (Hazra et al.,
2022; He et al., 2023; Wang et al., 2023), #Eixss
FH AT BEAE Along-lived mRNAZ: 5iffi%fh 1 % 1.

B2 i R 7E B 7 S AR N [ 65 it 7% HH long-lived
MRNAF AL .
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Figure 2 The changes of long-lived mRNA during seed after-ripening and long-term storage stage

4 WMRRE

Long-lived mRNAJK T &5 73 IFRF s, FLRERR
52 B e PRI 2 5 S e i R R e s A R 2 DL
long-lived mRNAIE IR EER 1, FAEF A
TIRBR AN & 28 S5 R PE b R B R (Cadman et al.,
2006; Iwasaki et al., 2019; Suriyasak et al., 2020).
PR B B KRS, DOGLEFM TR
ISR ET R, MR 1R T ARIREE J1(Deng et al.,
2023). FERGFURIFEFD 5 (A R RBR AT HE K %, DL
AN FG TEAN [F) S B Fo - 22 B AE AR IR AT 3 i b 19 22 S,
Y 5 5h 14k A £ 77 long-lived mRNAH —5E 5% & .
L XHEGI (glycemic index )Rl Gl R b Fifl 1

17 % S o B, L & e AR A TE IR K 2=
T, UHM T iE7E I long-lived mRNAIFZEXT T
JEN AT 4L P % ¢ 5 22 (De Guzman et al., 2017).
VEE IR 30 e iR 2 1 ABAVRH DG S [R5 3 X 45 114 HH R A
BNk, i R OSNCEDs 3 [K 78 Fil 7 rf i1 6 1A & 7
fer, T o= o i 2 R S B DX R AR AR 1 2
Tk B, mA T BURR)E 7 KR T
(Huh et al., 2007; Suriyasak et al., 2020), &2
B4 e, fE 45 970 4% ORI Y JE FIALN (ALLAN-
TOINASE) & 8l 1 X 3 1) A B 1 2, i — 25
R T R FARIR (Iwasaki et al., 2019).

zi I, long-lived mRNAGL & 57 IRER . 35 & 1
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FE R AR G I B s 2, HEW M 112 J5 2B By, 5K
HE HH 5% 1 e 53¢ 20 92 1% 1% ik s 4 55 I 35 35 (Nakaba-
yashi et al., 2005), RERFTHY S, P+ 230 H &S
JIFAHA R % . (RO R, 5k J 7 ik G
MRNAZ T FEME, BEM 75 /N Fadaki. H
"I, A %P7 flong-lived mRNA M A7ER 2 R4
] B 75 Sk — PRI . N, W5 k0t 2 long-lived
MRNAREIPEAE T G, (HIFLemRNAR L S 818 &
HAmIEHLE M AE R, S 5 BENmRNAZ 517
TERMABMRFAE? Fh K B AT FE ik mRNA
£ Hlong-lived mRNAR{E 5 803 = HLEIE A4 ?
FETAFAE R B e s 42 K72 long-lived mRNAYE
Fh e o B B B L 2 A 47 BATEHRkiE S
Tl W RO AR L PRHR B2 A3 i A DG R I mRNAE 15 &
Flong-lived mRNA? long-lived mRNAFJE # fif 77 [A]
MREK A B e, 580 E N 715 2] FRNASE B
PEATE, ARES i Nlong-lived mRNAF A% & 1)
FIWT. P IELAct DALEE S 1A 11 K 3K AL i vk 1Y
#Zlong-lived mRNAK) & RE [K]?

BT, BA1ZECR HAct DIfiE T B8 ThAEM
long-lived mRNA. KA AN TR E45°C. FHXHE
FE90%) b B H ARG 13K ), KILFLH AE R H A
AT T BT R R BT EMA, B); HIEAct DI
W R EZFE R, AR IR R AR K3 R T
RENFIT(FTEMA, B), W Act DAL 2Kt long-lived
MRNAF A TR R R F R K. FrAct DAL
MR R NR R E KT, TR E BT R IE
K EH S (M E1C, D), BEHZ 5 %4 B ik
FIRM AR TR UL, FRATHEM Wi R Act D
17 16 7K 2 BRADA B 7T ) SR AR A, i Az HH AN REHE R 1
F, TR R A S long-lived mRNA (F]#g
J2 [A] B Y 4% 22 AN Jik DR B S 1) O R e s R 1 ) B R A,
M S B0 A L 05 long-lived mRNARAIEF:F-#i %,
PR K IR T 55 7% 2R H A TR, T ReAS
SR 7 17 K 1) R long-lived mRNAR R A ¥ .

& sk A RA

RBERE: HEIHRECE,; Eik. MIAEANIE: @
e, MR Bl R RlrEk: 1h S5

Rl BIEMF P K GG mRNA 365
IO

S50
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Abstract Higher plants usually start from seed germination and re-form seeds after vegetative growth and reproductive
development, thus completing the life cycle. Carbohydrates, lipids, proteins, mMRNA and other macromolecular substances
accumulated in seeds are crucial to maintain the germination potential of seeds, some of mMRNA can be preserved for a
long time without degradation, known as long-lived mRNA. In rice, long-lived mRNA associated with germination began to
be transcribed and accumulated 10 to 20 days after flowering, and some long-lived mRNA associated with dormancy and
stress response were transcribed and preserved in cells from 20 days after flowering to seed maturity. There are many
kinds of long-lived mRNA, mainly including some protein synthesis mRNA, energy metabolism mRNA, cytoskeleton
mRNA and some stress response related mRNA, such as small heat shock protein, LEA (late embryogenesis abundant)
family proteins. Transcriptomic analysis found that the promoter regions of many genes contain ABA- or GA-associated
cis-acting elements, and there are about 500 differentially expressed long-lived mRNAs in the Arabidopsis atabi5
(ABA-insensitive 5) mutant seeds that differ from the wild type, suggesting that abscisic acid (ABA) and gibberellin (GA)
are the key hormones that influence the type of long-lived mRNA. Long-lived mRNAs are usually cross-linked with a single
ribosome, RNA binding protein, which exists in cells in the form of P-bodies (PBs) to protect the mRNA from degradation.
However, long-lived mRNAs associated with seed dormancy are gradually degraded during seed post-ripening, and the
oxidative modification of some specific long-lived mRNAs is also a biological phenomenon to break seed dormancy.
During the long-term storage of seeds, the random degradation of long-lived mRNA is directly related to the life and vitality
of seeds, and the retained mRNA is translated into protein to help the rapid germination of seeds in the early stage of
imbibition. In this paper, the characteristics and functions of long-lived mRNA are reviewed, and some future scientific
issues are discussed to provide a reference for further understanding of the molecular mechanisms of seed dormancy,
germination and longevity.

Key words long-lived mRNAs, seed dormancy, seed germination, seed storage
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Appendix figure1 The seed germination of rice Nipponbare under Act D treatment

https://www.chinbullbotany.com/fileup/1674-3466/PDF/23-006-1.pdf
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