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EZNMFEFIRIKEFMRNA
RERZ R ASEN NENL HES BEC TR

YWHT KR A, = 572000; 2T ok 2 Al 5 AR MR 2 B BARFIOL R ST T, B 310058
SR AL R 2 5%, #5JH 215008

WE ESHEYEENFFIRIE, 2dEFRERMNEBERTBEEIEAMT, dibEtt R %, Fr R Mmook
&Y. MeIi . B AR XmRNASE K 5 TR T 4R R S ) 00 B 22, oAl o mRNART K GRAE AN BE B, 430K
AKFHAmRNA (Bllong-lived mRNA). fE/K#%(Oryza sativa)+', 5#f &k #5%Hlong-lived mRNAYETE )G 10-20K I 4h 5%
R, G20 K 2507564 BAGHN], — 555 fR IR AN 38 M 5248 5% i long-lived mRNAX: 3 (RAF/E4IMIH . Long-lived
MRNAFIEE %, X EAEE A KA HEMRNA, A5 IZEmRNA, 4010 2 8 mRNA K 3845 0 S A 5% ImRNA, i/ #4
BEANMLEAFHEEH . Long-lived mRNAME: A /i R W, 18R 2 5K 18 3 X I & 7% 2 (ABA) 575 5 2 (GA)
AR H = AE o, #0078 JF (Arabidopsis thaliana) atabi5 2845 /& i )45 500/ A [A] - 17 25 7Y 1) 22 5 F ik long-lived
mRNA, ERABARIGARZ #long-lived mRNAFIZS[KCE I Z . Long-lived mRNAM & 5 5% 5 R FIRBP & [ 3S B TE —
it, LAPBs (P-bodies)¥ U AFTE T4, fRIPmMRNANH MR . 5507 IRIRAH ¢ flong-lived mRNATEF T J5 #ud f2 %
R AR, T H.— 2445 2 long-lived mRNARAALAS 2 P 74T BEARAR K — Rl AP G o 2EFD KI5 d FE =, long-lived
mMRNA R HLFF AR B 3o R 2R BB ar FI3E 7, AR B8 T SR A mRNATE Bl 705 i 0 310k 0% i 2 A R, (sl b 7 IRUIK -
WP & . EOCLER T AP E B AR T Bilong-lived mRNARIMFIERITLRE, FHHEH T AT Bk — B i 7T B0kl ) A,
VAR N B R FIORIR B R 5HF W o FHLHIIR 3%,

XA KHEmMRNA, FiAARIR, Friik, Ry
R, EIK, VB AT, AR B XTH (2024). EERRTEEYFRKEGMRNA. BEYFR 59, 355-372.

PPV NRRR I 38 B, RERSAE S K EARAKY (Dure and Waters, 1965; Harris and Dure, 1978).

TEOL N ORFRE . BRI TR E RS, & FhoK 5
TYIRA RO R, WhEE. IRFFIE A, [R5
AR T REMRNA. @ ES T, mRNAKH 6
RAEJL BB+ L5 80, (HEF TR RIS mRNA
KA AR AR LA 2 LA, Bt g Bk o K 77
mRNA (long-lived mRNA) (Narsai et al., 2007; Sa-
no et al., 2015). 19654, Duref1WatersF| F # 41
#l7Act D (actinomycin D)4t H1£(Gossypium
spp.) M1, R I REME IR A H AR, HEW 1A £
B LR RES CRIEH IR A IMRNA, IX2mRNA
FERNF K B BRI AR T DR B R oK, I
HAVERAE R 7 #iiA T long-lived mRNAKFELE

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

J& 82 U AE Kk (Zea mays) (Villa-Hernandez et al.,
2013). KZZ(Hordeum vulgare) (Sreenivasulu et al.,
2008) . /) # (Triticum aestivum) (Zhao et al.,
2020a). /Kf&(Oryza sativa) (Howell et al., 2009).
7% # (Brassica rapa var. oleifera) (Zhao et al.,
2020a) X %i & (Pisum sativum) (Nomura et al.,
2007). [7] H %% (Helianthus annuus) (Bazin et al.,
2011) 1481 74 5+ (Arabidopsis thaliana) (Nakabayashi
et al., 2005)%:4%h 564 T long-lived mRNAITE
TEo I3 Hr e S H B, KBUKRER 7517 000
% long-lived mRNA (Howell et al., 2009), A7+
FRFEZFFH %412 000%4Mong-lived mRNA (Na-

FEWH: WA RO =2 M FHIR IS T H (No.320LH032). R4 H AR £ FE 4 (No.322CXTD522). WL “=RILIT” BHL
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kabayashi et al., 2005; Sreenivasulu et al., 2008).

1 Long-lived mRNARYEERTAR Kb

Long-lived mRNAYEF T K BT HFM R, HE
¥ FEAFIRBP (RNA binding protein)& (45 % i PBs
(P-bodies), M i B 1k g PRide B g, BRItk T DLORAF
AT ] o 7ERHFIRIK BT, long-lived mRNATE A
BRI B I, DABA CRFh 7 & 2 i B AT 7 (4
FIGE AR (Sajeev et al., 2019).

1.1 Long-lived mRNAREEFIRR

W 72N A F FH & A 40657 (cycloheximide ) 4 #E 40
M, KIHIAREH &, (B H0H|F]Act D
Ab B 5 BT AT IEH B &, Wi aslong-lived mRNAXT
TB R E EE4F I (Rajjou et al., 2004). M 7HERE

FAERFORFF

WHIT A ST ERE R E

FFAEJE20
PN S

iR Zlong-lived mRNA, HF 5% & 37K A& i) i
AR 10R E s A, HLRERS IEH K 2F . A& Act
DALERJE, 185 10 RIS BE IE & K2, 308 Lh i it
H A R I mMRNAA G DL 2 P8 & 1) 75 K (Sano
et al., 2015, 2019). 1fi FHAct DAL ¥ 1L j520-40K [1)
FiAE, HIyurCLEE R, BoR A B R 8 K1
long-lived mRNARGEELE G 10-20 R IT AR R, JIf
H B8 2 Fh ¥ B KB IG5 2K (Sano et al., 2015)
(B1). tbAk, T8J5 10 P01 IE 0 K T8 e e 18 18
F20-40KFH it (Sano et al., 2015), #Eilllong-lived
MRNATE CRE R PRI & 2 7 1 K 4% # 2 AF H (Raj-
jou et al., 2004; Itoh et al., 2005; Matilla, 2022). £
915 (Vigna unguiculata)f ¥ ot & B T 2L 5
4, long-lived mRNA(#1pSAS10) i) % s E 1 J5 10—
15 R &R, FHET M F KR /F(Ishibashi

FAEF 10K+

M: BLZHA

PRERARR
ARAAA A\ 8o RNA

B AR

K FHFAmRNA

kKA
APAAA NV Z o

O FE%
@ i
© RNAZAER

MR

Bl KAamRNATE KRR T8 & B A4 (Fh TIE R B 122 2% 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)



et al., 1990).

KZBOEHE AT AT 1R G B Sk ERAK,
AR B S K%, X 54K W fif 7 1 long-lived
MRNAF Z V)X &R, 11X L mRNAZ BT DL # B i,
FEJE BT K mRNAS B A FIRBP & H A2
PRPE—ifd, UUPBsiE HEAAAE T 40, JymRNA
ALY (1) (Standart and weil, 2018; Sano et al.,
2019; Matilla, 2022; Kearly et al., 2024). i 553% 4,
IKFEFPF o KL 17% T mMRNASE BCTE HAZ B AA L
FEAEFh W I I F2 H 45 B 128 5 B 1 (Sano et al.,
2019). HHEBRHAFSHT R, Fi+ T ERBPEA
(RNA-binding proteins) RZ-1A #I GRP1A (gly-
cine-rich RBP), H#& A 11NK&E#48(K domain)
(Masaki et al., 2008), #ZFIfz2 mRNA{EH (Sano
etal., 2013; Sajeev et al., 2019). 7EINEG I T IEHE
it B AR L B30 M TR R IRBP 2 5 o
(Sajeev et al., 2022). {H 2 MLk 7 (¥ long-lived
mRNA Y 5 &b A B &85 &, WERBPAM 7K
B FE U mRNAR) D 58 5 an o i 45 o 75 i —
G

1.2 Long-lived mRNAR)Fh

Sano%5(2012) 5 Xt HE At D4 47 751 A HE Ji5 )
Pk BF I B 2R A B A B, R B A R R ORI
10915 A i Bl iF Tlong-lived mRNA, 2224~ AR
B T KK o B2 OB X M mRNA . GO (Gene
Ontology)f1KEGG (Kyoto Encyclopedia of Genes
and Genomes)7 i KB, 109NN E AR EES S5t E
(A AR, AN AR . A% R 45 G B 1 AN 4 it 42
TE R, 2228 A BT £ W LR A TCATEH .
i 1 RNA-sequencing 73 1 £ J5 10-20 K 1 Fh + it
451 B oRlong-lived mRNA & Rg A, &AM
Mitgia . AEAEDIEE e B DA K R B S5 35294 B K]
%% % (Sano et al., 2015). 78 JE A= Wb i 5 J i £
% LEA (late embryogenesis abundant) [ 1 #4
£ H(heat shock protein)(#jlong-lived mRNA. {H7E
PRI T /NS, X P EmRNAK - K (Sano et
al., 2015), HEM AT HE & Jy Wi W A i 7K T 12 2 AT
R SRAR R, X1 & T B B HAEH (Sano et al.,
2013).

ERE I H, WIBLEAT A E KA 511

ARWE IS EE AR K A7 i mRNA - 357

(Wise, 2003; Hundertmark and Hincha, 2008), #¥
W17 SN LEA R A K long-lived mRNA (Kimura
and Nambara, 2010). A\ [a] H 250t 5 i H 24
LEAZE F1D-113F1Emb-1 1) 4% 5% 3 K (Almoguera and
Jordano, 1992), Wi/x T 1 H i RIWLEAE AW
MRNAR] BELEPA 8 R AEAEH, kbt e e+ 7
SARE W iE (Mertens et al., 2018). g AR ARG
[*Jlong-lived mRNA, 13 fif 2 M (oleosin) % 5 A
(Sreenivasulu et al., 2008; Kimura et al., 2010), 7%
A& (oil body) Rt R FEE AR, AFhF Kt
fit B (Siloto et al., 2006). ZEEFRIEIA A HIMRNA,
11 PED1/KAT2 i 1L 3-keto-acyl-CoA 1 A acyl-CoA,
FEEN 2B IR 347 Be = QM (Kimura and Nam-
bara, 2010). Long-lived mRNAif {1 & NAC (10
RD26). AP2-EREBP (RAP2HIDREB2A). £¥{5&
I K 7 LR (ABIS), i ik & A = 1 /& NAC
K 5 [N 13 [ ATAF1 (Kimura and Nambara,
2010), H:2 5DNAEE (Yoshiyama et al., 2009). /£
KZFh T %8 BI3T AN K T AW e N
long-lived mRNA, 174 5% K 175 I8 3Ll 2k
bRk, (AL H R I %14 & £ (Sreenivasulu
et al., 2008). 7E¥:sAMHIFIKIER T, RBs (ribo-
somal proteins) & (/YR 75 Fh 1 W ik A2 g Bl 3
B, 2 W long-lived mRNA H £ & ¥ B 14 & (1 1
mRNA, Jf£E % 2 F2 Hh % H 2 AT ] (Beltran-Pefia
et al., 1995; Sanchez-de-Jiménez et al., 1997; Mon-
toya-Garcia et al.,, 2002; Villa-Hernandez et al.,
2013). ERZZ Tl iRk %58 tH — 28 5 s [a] KA
FHRHTMRNA, 1244 [k 2R A i A 22 22 R FR IR Ik o
A (Sreenivasulu et al., 2008).

FEFh T IK B R B B, long-lived mRNATR] {7 &
W46 e A (WS B2 AR C I FRAIG A ) P 75 1 R 1 o
B, ZJaRNEra I mRNAR B TP 4ok
HREE, W=RBRIEABEGE. Kk, long-lived
MRNAFTIR K 3 72 387 & 5 A mRNAS [F] i 3k A -1
X (Aspart et al., 1984; Suzuki and Minamikawa,1985;
He et al., 2011; Sano et al., 2019).

1.3 BtEEEFIFRB RS ong-lived mRNARYF
LFRMR
Long-lived mRNA 5 SR Z fE Y 1, H
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¥ # R k% % (gibberellin, GA) il fiii 7% & (abscisic
acid, ABA) (Kimura and Nambara, 2010; Sano et
al., 2019). GARIABAF] & i S A7 5 i i AH ok 2 PRI 7
il ¥ BRI K R 3Rk, T &0 (ethylene,
ET). i 3Z & A B (brassinosteroid, BR). 4 K %
(indole-3-acetic acid, IAA)FIZF (jasmonic acid,
JA) G R R R LE 1 87 K I8 2234 (Sreenivasulu et
al., 2008). GAL tHRIEFGA2 (4lident-kaurene
synthase A). GA3 (4sf5ent-kaurene oxidase). KAO1
(%% 14 ent-kaurenoic acid oxidase) . GA200X1 .
GA200X2. GA200X3 (4if4GA20-oxidases). GA3-
OX (4#%GA3 oxidase)FIGA20X1. GA20X2 (4wt
GA2-oxidases) % 1L P BUA RN & 5 IR 5 = Rk ik
(Jacobsen et al., 2002; Sreenivasulu et al., 2008).
[, TEFPF RS 2 4 e R R IA IS T ABASS &
# [1(ABA binding protein). WEf2C (ABI2). ABA
{5 5 3 45 & 5 H (ABA-responsive element binding
protein) f1 ABAA~ 8% 25 (1 (ABA-insensitive protein
3, ABI3)ZEABA A B AR IE B #H 2% 2% 1 (Sreenivasulu
et al., 2008). i3 73 Hr K2 Fh -1 o A2 HowioR = 4
Ji () % 41 B8 (Chen and An, 2006), &K ILERIA
(1) 8= 8] 3 3l i = ook, 694N kK W] g i
N.GAfE T, FEW AN e & By B A [ 2 FE R Al
N8R 0 AR, HAe0 M EHF B E ¥ EHE
A i . ABAE 5 ABRE A F oot . bk, A 32
A B 55 IR 0T A e B2 GA FITABA ) 1 4% (Sreeni-
vasulu et al., 2008). KR #8282 K i &
HOle1 F1Ole2 1 5 %2 GAHN ], a-TEHr B =2 GAs 15
T, ABANHEHTGA I #IH A5 T 4E H (Aalen et al.,
2001). {ESE AT KBRS, BRsH W SIEMEY) b
BL (brassinolide)f1CS (castasterone)# & il 31 &,
H2/ % {LEBR C-6 oxidase (CYP85A1HICYP85-
AB) I e s /K - X2 25 T i, HEIIBLAICS W] REAE B
7R B R R (EH (Nomura et al., 2007).

Xf b 43 #4009 T ABAE i Bk 2k R A% 1 aba2 1
ABA X i B 2k = 5% K A &k cyp707al/a2/a3 T Fi
long-lived mRNAF% 20 HHE, KILAK N ABAR &
I A mlong-lived mRNAFFE SRR, H Xk ik
i & 3k R o ) 3 IR # 5% 77 A 52 (Okamoto et al.,
2010). 1 fEABAABUK S fRkabib (ABA-insensitive
S5)TF R, K ILZI5004 5 K 12k 52 2 52

(Nakabayashi et al., 2005). #t4h, KigHKEEEIZ
HIABAFEE ADG1 (defective grain-filling 1)#5 B
Fr & s ABA s iz 2R R, RIEF TR E I
& e A A ¢ 2k R I OE R R A AR E (Qin et al,
2021).

2 Long-lived mRNAS#TFKER

Tl A% By oK 56 4 i ad A B A Bl AR R R PG, R
95 T IE IR S AR AR AT AN B R RIS A FR N b
FARARCGEI F AT, 2020). Fh-F sk f5 78 it
FEHIZWTIA B AR B R FTRARARFR M 5 24 (Bazin et
al., 2011; Nelson et al., 2017). X} Ee 40l g FFARIRFH T+
HJE BT 1 5 S s, @i 43 A 3 B3 (princi-
pal component analysis, PCA), &I FARIRIRAS
(R F - LU J5 BB BE I b1 2 T 4424 i Rk (1) L A
Hrp g R H57A, HA oA MbEm N EE, W
LEAZE A . i E g AN E A o 5 AR BCATT9
AL ) 2k m TARIRCRAS A7, &40
g2 7 5454 FEPERIRAN 5 2R A TSI
KA Z F(Cadman et al., 2006). RNAKE 4 i
(RNA polymerases)JRIEFEX BT BOICZ 7+, ¥
WIRBR AT 1 IFIEAL T LEIRZS (Sano et al., 2019).
SIGAFISIGD (sigma cofactors) & & 1o T Jii fA ) & A
25 AR A M RARE S, X248 A R iS5 R
Fak B AR 5 M B E T IRR B B (Tiller et al,,
1991; Isono et al., 1997; Cadman et al., 2006), i
AN AR R R IR AR BRI FE AR 2 — -

PLFE TR IRF 7 14424 S Rk FE K, 43% (1)
F A )7 X 38 2-31 ABRE A A FH o, el
L ABAHHZ%<(Cadman et al., 2006). GA30X2 (GA3-
beta-dioxygenase) n] ¥ Jo i P (1) GART /44 5t 4.y
AIEVERIGAMIGA,, HAEJF 2AFh -1 () ik & f2 AR
IROIRAS T II404%; MK A 7 M GARL 22 S TG i 1t wif
Y5 FIGA20XIFER IR W iR R ik . GAE 5 I [
FE N GASAALE J& 2 B (1) 22 15 & 2 IR IR B BL 1120
f(Cadman et al., 2006). ABAHIEHEE R 7L 5 #hid 2
PRI T B AR, SR T M OR B AR 5k I R i % A2
B 5G4 1E 2 —(Ingle and Hageman, 1965; Ho-
well et al., 2009; Nelson et al., 2017).

AR DEIR SR EM P48, HIEmRNA



1) 1 WS A2 2 B S A AB A, DT FH 1 = (5] 2 DNA#
EAHIR (Martinet et al., 2005; Oracz et al., 2007;
Kong and Lin, 2010). Tfi4¥5E flong-lived mRNAF
FAAB R B AT RARAR A — M 27 X, @i 40
o) H 2% J5 BB B 1 1 B s A, R LA 2440
long-lived mRNA¥: & &1, HHBIREAKEZ S
S MfE 5 iE s, 65 2CHE A BEREFPPH1 (protein
phosphatase 2C PPH1). {ig 22 54 554k B 1 I
2L 1 (mitogen-activated protein kinase phos-
phatase 1)} ZKIEZ4fAETE1 (phenyl ammonia lyase
1) (Bazin et al., 2011). /N FhT 4l E AL B I
long-lived mRNA F 25 F % 1k i 18 1k (oxidative
phosphorylation). #% ¥ {£& & B (ribosome biogenesis)
Flo-3E ¥y iE ] (a-amylase inhibitor activities) (Gao
etal., 2013).

LR FFSLY 1 (SLEEPY 1) 45T FIIR IR Ak
(Ariizumi and Steber, 2007), Hsly1-25¢45 k% GA
BE9ABUR, FirRIRAE 771G 08, 75FEL 241
Jo B FE A RE AR R AR AR (Ariizumi and Steber, 2007;
Ariizumi et al., 2013). Nelson%(2017)%f ttsly1-2 &
FF A6 M ¢ R A 4R ft1-1 (flowering locus t-1) 5 Ler
(WT) )T Fh 75 s A, R Iftl-15Ler o i & %
5, Bslyl-24 7944 Rk & HLer A, HAT
501 1y F ik B X 5 DELLARL S A 9%, 5 B I st L 4]
)2k 22 5 Al BeEFD R B G R i 2 A . Atr-
bohB & NADPH & 1k B, = 5 & 11 i #long-lived
mRNA) & 1k f&1fi(Oracz et al., 2007), H:mRNA#2
AN BT )R 25 AtrbohB-a fl1 AtrbohB-B, #5177 7E - T Fif
T, TG #F T R A AtrbohB-B L S AR, HED
long-lived mRNARIE S #% 5% 5 55 )% WAL i 42
FiF IR R A5 (MUller et al., 2009). AtAIL6 (AIN-
TEGUMENTA-like 6):2& {Eff 7 i 3RIA 8 s R 1,
BAEMTRE SRR WgeRrm ik, R G M
TR R R F12%, A2 K E) 5056 G 2404
L, PP TR R A $40%, Ui B AtAIL61E Along-
lived mRNAZ 5z 7 RHR(Liu et al., 2023).
0OsDOG1-3 (4f5DOG1-like protein) &l F§7FDOG1
RIS, LA R LT AtDOG, FEA ik
AR Rk B AR R EE A, (HAERIK R R
ik &~ f%(Nakabayashi et al., 2012; Wang et al.,
2020b) . ABA{E ‘5 1l % % 5% Al 1 OsbZIP75 L J¢

REISE: L E A T iE 7 K75 ds mRNA - 359

OsbZIP78 H £ 114 0sDOG1-31 %%, 1MOsDOG1-
33IE ) A5t i 15 ABARH G L R (1 20k, FEHE IMABA
ik, AT 5 R T AR AR (Wang et al.,, 2020Db).
WRKY36 (bHLH [t 5 [H T ) il i 5 AFP2 (ABI5-
binding protein 2)H.{E, HEHMHIDOGLIIRIA. [F
i, TPR2 (topless-related protein 2)ifit 5AFP2H.
18, HEES 53> DOGLN A LBk b B, P&
H#*ik, HILWRKY36-AFP2-TPR2j# it f i DOG1
2214 A 3 A PR IR(Deng et al., 2023). Os-
GLP2-1 (4wt Germin-like protein 2-1)7EF IR () J& Fr
HERIR, IR R IE G, B iR R R AR B
71, B RIS ZEE R ] G ag A1 AR RE /g, a2
S MR B, OsGLP2-1H ABI5 H 2 1 4% 3 1F Nlong-
lived mMRNAZ: 5% M 1-fkHR(Wang et al., 2020a).

Tl R BR AR SC HE R R 2 AEFh 1 K B G 18
FARIFFA R, iU HED AT §E1F Nlong-lived mRNA
EFAERN 7R RIEER . 3151125 7 2010-2024 4 1]
WE LR IE T BEAE Mlong-lived mRNAZ: 5 i 4 1-4k
HER P = A

3 Long-lived mMRNAS#F&E&

P FAER UL R, 22 B A SRR EE I RN T 3 205
717K M A % 4 4 %5 (Rajjou and Debeaujon, 2008).

Fh 7R g 17 flong-lived mRNAXT A B4 — & 1)
HPUEH, EAEFF IS FE 1, long-lived mMRNAH
BB, IR ZAE RPN A A RIAELRE ). K
Jr Bt ffilong-lived mRNAZE R 5 kA A4 7
PERRMR, 0% A B long-lived mRNAR{#E £ i K i
(] I AT AT ORAFAR ey () ik i, (HIX 2840y BEmRNA
FEARE I 2 B P Eg K 1 7 K (Fleming et al.,
2018; Sharma et al., 2018; Zhao et al., 2020b).

Zhao%#(2020a, 2020b)fff 7 & B, K e sk 1~
long-lived mRNAE |45 Kk Az Wi L (1) F 3 8%
B-value, Mt T mRNA F BLIF) T 15 B fil i %, H.
long-lived mRNA T AL BE % 58 IR A Hh H 7R ol
THIFEERESE, FHOLT B B A 4 e 580M 1 1R i R
LA T e 55 W b - A3 i 1 7772 (Zhao
et al., 2020b; Nifioles et al., 2022), K% 5513
AN B KRS A 1 18 R Z2AX D [R] bt Ot 1 e 5 p 1 1
—, B R SRR 0% I B R AE K
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F+1 TEEME Along-lived mRNAZ: i £ 7k BR 1 32 8
Table 1 The genes regulated seed dormancy may be long-lived mRNA

H R4k ID RIEFE S IhiE ST AL YFp Bk
SDR3.1 LOC_O0s03g- FitJas5RiaaEE, KAEIFAE SHABISHAE, JHMiABISHRIE KA Guoetal,,
11550 15K 1% Bl Fh-TRHR 2024
SRO1 TraesCS4A- 7o, MRAFTF iR STavP1IfE, M&IE EHERRE IE Liuetal.,
01G321300  #%ik B FARIE  TaPHSL I TaSdr % 5, H 5% 2024
TaVP15TaABI5/ HAE
OsWsD1 LOC_0s03g- fEffF K E LS, BRI IHGAR A BURT o- 3 B BE & M KFE Huang et
24460 HLRIE I AL, PRG54 JE 0T ABAR UK al., 2023
TE U K 57 36 /)N
RERE
AtAILE AT5G10510 fEBAFI TR BT BT FUS3SHERIZAAILGHIR A #EIF  Livetal,
TR YRS mRIE BT RHR 2023
WRKY36 AT1G69810  7Efh T-rhE ik ST WRKY36 5AFP2E 1, HAKEE  EHT Deng et
FFRIR  MIHIDOGLIIRIE al., 2023
AFP2 AT1G13740  TEFhFHhmaRik S R
FhFRAR
OsNAC2 LOC_Os04g- 7EFfhF K E MW Kid IEMMEE BB OsABAoxLF1 OsABAox2  7KFE Zhao et
38720 R ERIE FFARIR RIS al., 2023
BG14 AT2G27500 {EBANFMTFAEEE ERERE  MERIERGPHIKE, BERKE Mmit  Wanget
YRR RIA FIFARHR  FiF R ABARIFL R al., 2023
SPT AT4G36930 -— TEfEIEA  #£Landsberg erecta5Columbiat  FGFF Vaistij et
FRAB FhFARIR e R . B al., 2013
i B RGAFIMFT I RiE, HEEHE
THRIRHL  ABISHIEIA
il
OsDOR1 LOC_Os03g- f#Eftr iRk B[ OsDOR150sGID1HAE, IR 0s- /KiF Kim et al,,
20770 FhFARAIK  GID1-OsSLR1K &4k (17F i, 52 2023
GAlEE#S
FIP1 AT5G58040 T Fl-1- ik EfE FIP1TZ—AN i Tpre-mRNA 3'im ) g7 Lietal.,
FITARIR &, Abi5. DOGLAIPYL127E R4 2023
Pfiplh Rk i T
OsNCED3  LOC_Os03g- fEfpf PR & AR kAR REE, M FIRPABAS B, KB Chen et
44380 ik TG GAS T RISk, Fi al., 2023
T B 1K ABAIGA EL 451 5 2 B Fi T 19
PRIR
SFL1 AT1G27461 fEF FAE AP R KEEE  OsSdrafFPERER, HIhReHH iR+ Zheng et
KEERHT FlTFARIR al., 2022
AtMLP329  AT2G01530  #Fh TR IR % IEAHIE  DOF6E M AEMLP3291%K%; 58 #gEIF  Chong et
i FTrYl AJE, GAR RN GALRILET] al., 2022
FARHR  fE, ABAS KSR NZEPRIA R T %
TaETR1 TraesCS4A-  fEFTHAGUhE A R LA BRIEERRF T 28 A K N Wei et al.,
02G274300 ik, fefRrheikEmE P TARIR 2023
AtAAH AT4G20070 {ERBHRIMAR M [ FEFE it B 40 AT 38 4 K B ataah # 7 #EEIF Yazdan-
TR T R R R FTRIR R RIRE:RA panah et
FrREEk al., 2022
OsABABox1 LOC_Os02g- fEFh¥H13KiA SIAREE  BERABAS & KA Fuetal,
47470 FhFRHR 2022
OsABA80x2 LOC_0Os08g-
36860
OsABA80x3 LOC_0Os09g-

28390
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R AR ID FIEFE Tk 43 FAHLH Py Fh S SCHR
KCs12 Mtr.49305.1.- 7EFIf HERiE BRI A KRR G $3EETE  Chaiet
S1_at TR R al., 2021
FHY3 AT3G22170 BEHMRIEE, X KIAEE AEEHFHY3EAME; FHY3S ##7F  Liu et al,
BIZHTE, TR MTRIR  phyBHAE, BE#%iHERVE2HIRVE? 2021
Rk EIA B MIRIE, BEMHISPTHIRIA
FT AT1G65480 IEMiAE ER TSR RAFTEETFLY, GA #l8JF  Chenet
TFLL AT5G03840 FTARAR S AL al., 2021
OsbZIP0O9  LOC_Os01g- ABAKEE1544u% s FIJHRNA-seqFIDAP-seq/> #r 752 /K75 Zhu et al,
59760 F0shzIPO9fIFE  FTARIR A OsbZIPOOE IR, A 2021
PRI A F K OSLOX2 FILEAS %
TaAMY2 TraesCS7D- JFIEJG5RMHEIE, 2 RINEE HEHBEATaAmy2fttkd, a-EhEs N Zhang et
02G380400  J5 381k B M A FhrRIR  HREVETEE, SECTEMERE S ET) al., 2021
BRI AR P, STABAAR
sk
OsGLP2-1  LOC_Os02g- 7EFIF)& sk EmMAE  ZABATE SRk, GAMIHIHEIXL; K Wang et
29000 % FIFRAR  ABISHIGAMYBHE Hitth 4% GLP2-1 al., 2020a
Mk
REF6 AT3G48430 HEREHHARKE kAR TEARKELRES, REF64ECYP- M IT Chen et
FhTRER 707ALFICYP707A3, Jffistix24p al., 2020b
LR T H3K27 me3f& 1
HSFA9 Medtrdg126- 7Ef1HfFRRIE IEE  AEABAM NS 51 M PEHETE  Zinsmeis-
070 Tt 7R HR ter et al.,
2020
SD6 LOC_Os06g- 7iftivAKEdEHHR RIAME HOsSICE2HE, HEIEHABAOX3 /K Xu et al.,
06900 TEE IR FEIK MFRIR FIRIE 2022
OsICE2 LOC_OsO01g- fEFrTAAELIREFR ERifAE S5SD6EAE, HEZMEIABAOX3H /KFE
70310 ISR = MRk Rk
OsDOGI1L-3 LOC_Os01g- 7EFE/EI15SKIIAM T IEiAE  FBEHABAS A KR RIE, KiE Wang et
20030 hRIERBFIRAM, PRI BIE T hABAS & al., 2020b
JE T T %
OsbZIP75 LOC_Os09g- fEffTHmRIA 1EHEEE  OsbZIP75H 81/ 0sDOGIL-3 K&
34060 A FIRHR
OsbZzIP78 LOC_Os10g- {1l Hiim#ik IEmifAiE  [FOsbZIP75 KA
38820 7R
OsBT1 LOC_Os02g- 7£Ff 7 i 3 R ik, [ErE - KA Song et
10800 TP a1 RIA BN, FFARIR al., 2020
L ML AR
FILTPARIE
AtPER1 AT1G48130  fEFh T ik ik IR ERRF TR EE A, IHIABAR  fESF Chenet
MFHIY AL EGAS B al., 2020a
AR
ETRL/RDO3 AT1G66340 - IEFEEE  ERFI25TPLMI EAEN, BEEMH flgsF  Lietal,
MTRER  DOGLfEIX, IMETRLEERF12(( 2019
LU R, S5IHFERFL2KIA
DOGL4 At4g18650 R AT A it EFRAR TR E, RER MR Zhu et al.,
FRE R R AT R TRIR A B 2 R H 2 L DOGA N B B T, 2018
TEE6RIEFLA . JFIE FEAR LR IA; 2 & A RR T K
JE8 R H -t Ik M fE 74 560
ROS1 AT2G36490 TE+#hFHRIL Je s EFARFERF IR, ROSTIA
FrRIR B RQAKIDOGLAE F) 1 X [ 2 H &

1k, 1EEDOGA KL
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FEIH 42 7R ID ESTY NIt Tk 43 FAHLH Py Fh 2% R
GHNAC83  Glaun0572- e}y fEFiR ek [E[ifE GHNACS3HZEHHIGHPP2CLHIE  HETH Wu et al.,
12 i, ERREPEEE FAARIR &, 2WABAE S, HIZ4 A GHI- 2019
PTG BT, fiH#ECKINE R
GHPP2C Glaun0788- fE#. M. BRZE. i T PP2CEEEA, ABAGSHEEEEA,
52 L MERSAAEIE A FFRIR RAIABAST T
HRIL
ASPG1 AT3G18490 fEAHEIL 7 K k11 REWE  WIREE EMGAS 5@, Iy Shen et
ERES FTARIR  FORI R R al., 2018
EBS AT4G22140 fFEMFRE S AW IEMFEE EYRERN—REZFRTEA, 5 EF Narro-Die-
Ak BT 24 /NBF B RD AR FhPARER SHLZE U 3% b 1 K IR B Th 68 70 4%, goetal.,
®ik 3 H5AGL67 HfE 2017
GATA12 AT5G25830 7E#rfifh FrrRZk®E EMIAE RGL125DOF6HAE, HERHIEGA- T Ravindran
e, EFFFRd MRk TAL2(0%RE etal., 2017
HRIE
KNOX4 Medtr5g011-  fEMIF AR F EE R RiAEE REEMFAOMEARERERN, #HEERE Chaietal,
070 .y FFRIR  BEERE ARG R E R E 2016
OsGA200x2 LOC_OsO1g- fE KRB MM TFAK KiAE EHEE M TFHRGASHIEKERIE KiE Yeetal.,
66100 i ES RS 2015
RDO5 AT4AG11040 FEfprrdeRRis, £ EMIATE  RDOS%IS—APP2CHEFR Y, it eIt Xiang et
FR TR RIS MTRER  0H RNAZ S E B APUMO ) % ik al., 2014
APUMO  ATIG35730 (e {Ejs 16K MM T Jeiaps aett KA
FRERIE, ZERIE FFIRIR
AT R A
WRKY41 AT4g11070  fERFHT-. FRFPAE.  IEMEEE  WRKY14HEZHEABISH RL, H FEIF Ding et
KRR IR RIS P TARER S ABAES TE <R al., 2014
HON AT1g07430 fEIFALFEIORMIFITH  kHE ZPP2CKEE A, fEABAFIER, HIFIF Kim et al.,
Fik, JFIEJE12R%F FFARIE S5PYR1/RCAR1I1E {E; | ABA 2013
IEETA B (E &SI GAG 5
ABI4 AT2G40220 fEFpFHmEmRIA JIiE ABI4AEZIIHICYP707ALFICYO-  #EIF Shu et al.,
MFIRIR  707A21R IS, RBKFABAS = 2013
[&1%, GAS &5, abidZAfkn] LA
WS gal-t 4 ity e 2
SNL1 AT3G01320 BEHE A7 A3k, ik IEMEE SNL15SNL2IE A E A 4Btk T Wang et
SNL2 AT5G15020 IR E FARIR  E481, SNL1 545 A = 2B EE al., 2013
HDA19 HAE, W% L0455 i3t R K
ABAG L FEARIERI Y Z B KF
AtDOF6 AT3G45610 7F 37 i fl 7 R &, IEMAEE  S5TCP14L{E, TCP14AIHEF I IF Rueda-Ro
10 J5 ot FE AR AR I FRARER FRER mero et
IR T al., 2012
AtET2 AT5G56780  7E AT e IERAE  FUS3EFEZMHIAET2/RIA e IF Ivanov et
Rk TR al., 2012
FUS3 AT3G26790 fEFFHEELIRES KHHE
Fraeakak, 7E AR AR
FrhmERIA
KYP/SUVH4 AT5G13960 {:Ui K Trh ikt R B, DOGLAABISH#IL R A Zheng et
2 R al., 2012
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FE R 44 ID RIEHF ihe ST L Py Z2 3R
AMP1 AT3G54720 7EMFREMEFR KAEE EARETSMREITF, ZEBEN BT Griffiths et
B, ARS8 RINA  FTIRIR  F FIRIRE A —5, v EeR al., 2011
FHRIEER A A ABAS &
TaMFT AB456688  FEARUEERIE A ERVEEE AMETR R FE N Nakamu-
JRZES AR R IR, R B TRIR ra et al,
FRE S PR 2011
Kik
NCED6 AT3G24220 {EREFMFTIEIL BRI £ T SRIANCED6)SE, # T fUEsF  Martinez-
BRIV FhTRIR  HRIABAS BT, BiEE T, Andujar et
BEFHT O RIK 5 al., 2011
DOG1 AT5G45830 {y7efbprhskik, H  FErWE - 7 Bentsink
EHEIRFERE  FhFARIR ZBS'E;'

B

— &K% — Unknown

PRIk b v ) 20 B bE i ThD b1 B AR T 2% (Su-
gimoto et al., 2016).

HH EAE YDA ] dt B A+ T long-lived mRNAF 2
HIAR], fEAFAE] G Fh M1 73 dr AEEAR K22 R o
Nifioles %5 (2022) Lt 4% 1 H A K 75 dw A1 UL g 7% i
Tl Da-1 155 73 i B 1~ 1 i B Orrs -1 ) b 1 i s 2 3%
¥, R E S 3¢ K 7 HSF1AFIHSF 1B 7E Da-1
W R Ik B 2 Ors-1 /R 50 42 %, FF H XU AL {4
hsflathsflbZ it N T2 MH21 K )5, RFEREZEKT
R i B HSF1AMIHSF1B1E Along-lived mRNA
A fig 1E A 4% Fh -5 75 fir (Nifoles et al., 2022). 7K & fil
T K7 A fh FINX32 ) long-lived mRNAL & i i It~
s (lipid storage). F—JH{4 & fl(seed oil body bio-
genesis). 7 #EFh 7 1KHR (negative regulation of the
seed dormancy process). f#RFT-iKHR(release of
seeds from dormancy)Al 1E i % i 1~ 15 % (positive
regulation of seed germination)&4: 43 2 A1 5S35 [K]
(e s, TR T 73 dr i Bl YZX ) long-lived mRNA
FEAE R T i #(seed maturation). ABAfE 5 i
(cellular response to abscisic acid stimulus). 4fif{g 7k
7y i (cellular water homeostasis)FH i N i 7K 45
(response to desiccation)Zs A= ¥ id 72 AH 9 3 A i 54
% (Wang et al., 2022).

E37Z & & i AtATLS (ARABIDOPSIS TOX-
ICOS EN LEVADURA 5)7E#UL g 7+ Ft ik v i 35, H.
ZInE A5 S HIE . atatl5 R T an AR 4, 15

HAFHIRNAZ & EHABT1 (ACTIVATOR OF BASAL
TRANSCRIPTION 1)RAZ )5, FirAEaLk, BR
AtATLS I 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 B i d v W b B BF A T, TR
W3R (1 R AZ AR bg LA Fh (1 2 28 5 BF AR Y O 2 35 7
S, B g ZAZ 5, bgldfE W ik 3K I {2 1L &,
T 37 A5 R [ -k %6884.7% (Wang et al., 2023).
DNA/RNAZE & & H ZK i WHY (WHLRLYBG-14)
WHY 1 FIWHY 3L RE TU 4 i 9 Fh 1 F i, WRARAA
MBI R TR R 58 AR IR % % 57, H7E35°C,

83% I AH R BE 26 A N I 2 AL BR7 K5, Pl
R FLT B4R (Taylor et al., 2023). MSR (ME-
THIONINE SULFOXIDE REDUCTASE)E&EHZ il
ERHmAKRMNESAMEN, 7 PRRRE
OsMSRSX T 4R fl 1 Z3 i 4R o B 2 . 2808 N Tk
ZAEHE, MSRSIIRNAIF! T & ZF KA H 8%, 3
T UPAE R, I RIAFF K 21K65%, WEmT
$74: 1 (Hazra et al., 2022), AtATL5. AtBG14#1Os-
MSRSTEM T K B i fE Rk, FH7E R T A 2
g, H HmRNAY)E L7 F F BE o (Hazra et al.,
2022; He et al., 2023; Wang et al., 2023), #Eillix L&
FH AT BEAE Along-lived mRNAZ: 5iffizfh 1 %1 .

B2 i R 78 B 7 S 2R R T 6 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 mRNAJR T & A0+ 204 155 s, HBFE
5 B e PRI 2 5 S e i R R e s A R A 2 DL
long-lived mRNAFIJER IR ER T, FEAE 5 A
FIRBR AN A 2F S5 1 o R I H >k (Cadman et al.,
2006; Iwasaki et al., 2019; Suriyasak et al., 2020).
FiF1E K B B KRS, DOGLEFF IR
KRR T, BeR 7 MTRgRAREE 7)(Deng et al.,
2023). FERGFURIFE TN (A R RBR P ATHE K%, LA
AN TFGTEAN [F) S B Fo - 2 B £E AR IR AT 5 i 119 22 ¢,
B 5 Rk RS [Fllong-lived mRNAT —E K R
L XHEGI (glycemic index)Fl i GIZK A i Fifil 11

AT W S 2H 4 B, R VPR & 1R UE e AR A AE AR R 1) 2%
5, JEHEM T H A7 long-lived mRNAF R T
JER ATV AL %2 56 E % (De Guzman et al., 2017).
VEE 2R Y] v il 2 1 ABAKH G IR 3 IX 45 11 H R Ak
B /b, iE R OSNCEDsHE K /6 F 1 i I R IE & T
far, T o= GE R i 2 ] 31 DX ek 1 R R AR i £
KL BRI, RAFHBORE M 78K ZET R
(Huh et al., 2007; Suriyasak et al., 2020). % f}#ksZ
A Wi, 8453 50 AR ER 1) % IALN - (ALLAN-
TOINASE) & 8l 1 X 38 1) R A8 13 2, 2k —5m
&7 AT RER (Iwasaki et al., 2019).

zi I, long-lived mRNAGL & 5FFIRER . 35 & 1



Fr R AR G I B s 2, HEW M 112 J5 AP By, 5K
HE HH 5% 1 e 53¢ 20 92 1% 1% ik s 4 5 1K 32 35 (Nakaba-
yashi et al., 2005), RHRFTHE 5, Fi+ 20 H S H0E
JIFAA R % . (EW O R, 5 Kk &7 f kG
MRNAZ T M, BAEM 75 /N KFandaki. H
0T, A %R filong-lived mRNAMAFEER 2 R4
v i 5 PR A . i, B RS HE Hlong-lived
MRNAREIPEIE T G, (HIFLemRNAR L S 8118
HImEALGI ARG, a2 5 mRNAR &7
FERVABIRRFAE? P K B L FE ik #EmRNA
1 Hlong-lived mRNARI{E 5 803 = HLEE A4 ?
SETAFAE R e 5 HAE A 72 long-lived mRNATE
Fh e o B I B L 247 BATE kg S
7 RO AR L PRHR B2 A3 i A DG 2 A I mRNAE 15 )&
Flong-lived mRNA? long-lived mRNAFJH % fif 771 [a]
MREKA B, 3 80EE 715 2] I RNASE B
YA, ATRE S milong-lived mRNAF S AE 711
W WA IE IS Act DACER S I Fh -7 1 & 3 B i ik 1
F#long-lived mRNAH) g 3 [X]?

FF Ik, BATZEFI FHAct DIifiign] B8 Th AL
long-lived mRNA. X A T &4k (HLEE45°C. AHXTE
FE90%) bR H A MG 13K )5, KILFLHA ROH R 5K
AT BB R R ZE B EMA, B); {HIEAct D%
W R ZEI, A0 G P8 R AR K 3R I T
RENFIT(FTEMA, B), W Act DAL PRt long-lived
MRNAF) A TR i R F R K. FrAct DAL
MR R IE R TR E KT, TR E TR I
KR IEH 2h i (W E1C, D), BiliZ 5 ik Bk itk
FIRA AR R TR Uk, FRATHEM Wi R A Act D
17 12 7K 2 B ADA B T ) R AR A, Ak HH AN RE B R 1
T, R AR AL G long-lived mRNA (T g
J2 [F] B 45 22 A Ji DR B S (1) DR B e SR IR 1 ) B R A,
M 550 A 5 1) long-lived mMRNALRIEF! T Hi &,
AT RIOF PR 2 IR %0 TR, BinTRefs
R T8 K < long-lived mRNA) 2541 K} o

& sk AR

ARG HEIHRECE, Eik. SN @
BN BREAMRE: BEUE R RIEEE: 1R

KBl BIEF P KT mRNA 365
B,
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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 figurel 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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