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WE DIyHR B ARG XURLF (Oryza sativa subsp. indica cv. ‘Shuangkezao’)3k 153 i 5. it 4 R ARt pe-1 9 SZ B 44 K,
TEZ AN o BESHREAT 55068, #R1 pe-1 5 B AR RUAE JEASAHAE . AR EAE S BE 1 R L R RIA &, RS
B RGBS B RO TS AR G IR RIA KT 55 R 2 5. 45 IRRW], SE ARG, FENESS, pe-1rt H
AOFR R 3 PR, PR R T AR B 3 3, = i AR 2 BESA R i v RS A G 35 & AN [ o Ah, pe-1it R 3 g,
TR N U AR e B 4R AL U (CAT) i Ak M (POD) TG M b Ml SR FE R Rk B3 T o AE Y, RWILESS

38 T pe-1iF VETH BRBE 38 50, G RE I iR . pe-1HDEE AR B R R RIA R T H AR, RUIFH6AE T pe-111
JEARYCRE S 5. £5 1, pe-1RAR R ELA RIS A (7 70, %45 RAT BT 55 06K AE f R L F

KA

IKFE, pe-1, S9OLMME, JEAE, AR, MR a s iR

WHER, BES, KW, SET, LI, RN, EME, 7% B, KER REEF (2024). /KiERA pe-1Xf 55

S E RIS YR 59, 574-584.

O B 5 K FE (Oryza sativa) i 2s 2 % ) B 5
IESR T, KK RE 7= 5 6 5 MR 46 2 0 (IR /N B4 R
HPH, 2014). BT, REKREE-XAHFERIL KL
W I SRR HILIX, S R O T KR 2 R IR A
Xk, FKRE AR PRI A [ K R = i R i S 2
(U R, 2023; [T, 2023). 1EEERS AR
HRT, KL i L Eer X SRR iEs, HR
B HOR>, Iz i = MRz N, 8K RS H
a1 11 55 e i de (7 25, 2016).

55 BTN RG2S B R 5 R 45,
BER TR REOE A SR R R SR,
MR mEEER, R HIM sl ks
RS ) R(BEAE AR, 2011). NARBEVEYII i R S
B, BRI AEKRETE S5 6 Ml R R AR A A
NLFIAH ST 7T . 2524 2 45(2015) Kk BUAE YN 556 3R 855
{438 B ] R BLLE - SRAR ) S5 # AR |, kgt pde 4t
o MO [F SR 0 B AR AT A N AR A T 55

Wode H 391: 2024-03-11; #5252 H#1: 2024-05-07

fE 110 B 245 b7 (Nikiforou and Manetas, 2011). &
M (2022) % I 8506 2% A4 K /K FE ChlafiChib
SEHRN, HEChla/ChlbEbAE A BT . Mt R L%
(2016) M 55 % B, Chla/ChlbLb{E BEW K kit th &
5 414 (light-harvesting complex 1, LHCI 5 3He
REAZSKKAER S, A, 3560 ey
HH I T AR R AT S AR B A . BRI, R A
P J5 A ¥R 78 % (malondialdehyde, MDA)& & & it
AL &l (catalase, CAT)FIL & 1k Vil (peroxidase,
POD)iE 1 35 BT 1, M K R i A w40 B 2
PKHICAT (FhEs 75, 2003; XIFIZE, 2012).

FAIR KRG 556 AH RN, PRI KRB IDEIAEL T
AL A A 2% 5 F 3R T 2 A w7 58 o0 Hh X 55
JEI A IE R KRG i AN = B R PR A R L K
AifF 70 38 Ly 5 28 75 AR Rl RS XURER (O, sativa subsp.
indica cv. ‘Shuangkezao’)#k 151 #k - B ff 4 S AR,
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B A4 A Ripe-LHEATHE A AL B, & Bl pe-1ii 556 8 f1 3%
o TE = I R 4 BE I 4 S5 S Y A R R pe- 11 4
% . MDA & 2 (proline, Pro) & & LL 2 CATFIPOD
TETE, B rnpe-1i 55 E L], DA ONIE & SR
I B 2 PR R 040058 7K R it P 25 5 it

1 #HR5EZE

1.1 SEIEHR
IKFE R AR MR pe-1 H y 5 28 175 22 Rl AE XUFLF (Oryza sa-

aZ=|

tiva L. subsp. indica cv. ‘Shuangkezao')#kfs, 4iE

B3 AL, HE SRR E «

1.2 W%

121 EERSHEIEUE

53 B U1 Ok B A6 B RN 9848 Pk pe- 140 1, F RS 0 55 oA
1 mm (1) BRI & 47 1 Pk e (AR 2558 54k 21 T8 1)
PRED). WA KA, M.

1.2.2 §5XHMEALEE

a3 AIAE = AR 7y BRI B B H AR % B 25% 38 D b
R (R FH 126 26 75 % I BH ISP SR IR BR B ) (F
SRS, 2021). WFTR)E, R4 MIpe-1%E
HIsFRARAL, LR a R — HPIs e hia e

1.2.3 HASEFEI
MR AW EE: BUE S BT AR B R pe-1it Jr, WLER
MR

2Rk B R 5SS HUP e J5 16 B A2 2 Allpe-1
H, B TROGIRE RS T, 561 nmiBkot T
ML SRR [ R 8. M ERR [ K 58 64 Flmeherry
T TE (B KOOI 73 73] 9587 H1610 nm)iE4T
W%, ¥ & pinhole 1 AU, gainfd 4650.

T FE B K % (diaminobenzidine, DAB) %t {4 :
38 S5 1 BT A 28 M pe-1 A R 3B A7 i, 1R 0.5
mg-mL~" DABIEWR 1, B2 & F g AR NIEW,
FIE R G, FFDABIKR, MA95%LEE, 80°CK
white, HEM gt e, mRItidRg

124 HRXGBRERIENE
2 Wang% (2016) [ ikl et Aot A R 5 & .
FRERO.2 g Fr, N0 mLES O R, IS mLFE/K

TS KRR pe-1 X 5906/ E fyma S LA 575

LW . WEINEE . E4°CUKHE 11724
N, REDEAEER, BEM AT, WAER
BLLVEHIR. B, 3 000 xgE 010508, B LS
W, FEEARN E665. 649F1470 nmibWH:iE . F
HARCTAHRE, 2017)itES A B RS, Kt
KU EAT Ge it 2 0 hT

-4 %K a (Chla) ik [ =(13.95A¢65—6.88Ag40)xV/
(Wx1 000);

4% 2 b (Chlb) ik [ =(24.96Asse—7.32Aces) % V/
(Wx1 000);

KA & (Car)ikE =((1 000A470—2.05Chla—
114Chlb)/245)xV/(Wx1 000).

VAR BB AR (mL); WAH L F (g).

1.2.5 MBURGIRIFNE
P B (MDA) & & illE: BUE & F KR4 L, KA
AR L Z R (TBAEI &, B AR RS I r it i Ak
TP — W S vt B AT A . AERE ARl e
ODs3p

MDA % & (nmol-g™")=(Awm—As o (A=A ) XCrrel
WxVy

Cron AFFE IR FE(10 nmol-mL™"); Wy 41 & &
(9); Vi AFERGHE AR (mL).

AR (Pro) & /il e . BUE SR /K G4, A
AR IR 2 HE 2% 3 5 BC 0290 il 2 R 5 & A0 Mt 7 & 1t
W AT A . ZERRARICH I 7E ODsgo.

ProZr & (ug-g™")=xxVa/W

DAAR VR V8 VKR B2 R AR bR, AARR HE R P AL bR 2
filbn i M 22, 19 202 1% 213 77 Fey=kx+b, KrAAKA
TR EIX (ugrmL™"); Va3 BOR AR (mL); W4
EAE S ={(s) B

Tt AL A B (POD)TE M - HUE &8 B K FE 2
g, BAROD IR S IR 2R 3E £ BCO090 T 48 4k 7 B ik 14 A
W77 B Ve B AT A o 7E BB AR I 5 OD47030
B (A1) FI90FD (A2) AR, AA=AA.

PODIFE 1 (U-g ™ }=AARV 5/ (WXV/V2)/0.01/T=
7 133xAA

Ve 9SSR Z EAAR(1.07 mL); WORREA 5 &
(9); Vi AFEAEF(0.015 mL); Ve 32 BUR 4R
(1 mL); TSI A (60FD).

Tt A S B (CAT) TG I e B &5 e /K FE 2
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2, ARG IR 2 18 258 £ BC020551d A AU B s PE AR
R S B AT E A . TEBEAR A I 72 OD g0 ]
BIROGAE (A4)B0FD [ RO GE (A2), AA=A-A,.

CATIEME(U-g)=(AAXV xu/(exd)x10°)/(Wx V!
Vi) T=459xAA/W

Ve N R AR R EARF(2x107° L); e AH,0,8E /R
46 R %(43.6 L'mol™-cm™); d LA MLYE42(1 cm);
WAREAR T &(g); Vi IFEAAEFR(0.01 mL); Vi 912
HBUBARFR(1 mL); T A SR 18] (60FD).

126 EREREENE

TE =R 23 BE Y, B E 5 1 B A Y S pe-1i ),
I FAE ) 5 RNAFE B 57 5 (RNAprep Pure Plant
Kit, TIANGEN)#ZEUfE #k 5 RNA, FIHiFiScript cDNA
Synthesis Kitiz 7l & (F Nt 220) 18 7 5% HcDNA, Jf
FHszih %% € BPCR (quantitative real-time PCR,
qRT-PCR)# il B £E %1l pe-1AE Fk o % T 45 2 i i
SRAR G RS B A DA R B AR DG B R 1 Rk K P . A
OsActin y N S 57, HHE 4N EWFEL.
PCR AR R EARF N10 b, BAkW#EA1, KN

FELE2, FiABIMR#ES. KH2*“Ti%(Livak and
Schmittgen, 2001) 115 3 K A 6 2 14 & . % F Excel
HSPSS 21.0% {t3E47 HdiE 7 M, R 50 1247 ¥
o] 2 5 B E E 8 (P<0.05%K /R % 7 B 3%, P<0.01

F£1 PCRIMAM R
Table 1 PCR reaction system

Component Volume (uL)
500 ng-uL™" cDNA 1
10 umol-L™" forward primer 1
10 umol-L™" reverse primer 1
ddH,0 2
2x SYBR Mix 5
#+2 PCRIEPMRF
Table 2 PCR reaction procedure
temE;ZfslfenVC) Function Reaction time nﬁrﬁﬁr
95 Predegeneration 5 min 1
95 Denaturation 5s
55 Annealing 20s } 39
72 Extension 20s
72 Final extension 10 min 1
15 Hold Indefinite 1

#£3 qRT-PCRATH #1751
Table 3 Primer sequences for gqRT-PCR

Traits

Primer name

Forward primer (5-3")

Reverse primer (5'-3')

Chloroplast synthesis
and degradation

Enzyme activity

Photomorphogenesis

OsActin

LOC_0s03g20700
LOC_0s03g59640
LOC_0s08g06630
LOC_0s03g19510
LOC_0s03g27770
LOC_0s05g28200
LOC_0s03g45194
LOC_0s06g07210
LOC_0s02g02400
LOC_0s06g51150
LOC_0s03g03910
LOC_0s03g57220
LOC_0s049g53210
LOC_0s07g05820
LOC_0s01g17260
LOC_0s05g11510
LOC_0s02g10860
LOC_0s03g51030
LOC_0s03g19590
LOC_0s02g36380
LOC_0s049g37920
LOC_0s06g40080

TGGCATCTCAGCACATTCC
GGGAACTTGGCGTTTCATTA
AAAGAATGGCTCGAAAAGCA
TGGATCAACAAGCATTTCCA
GACCCGTGGAGGATGATATG
ACCGACGTCGCCTATGTTTA
AAGCAGAATGGATGGATTGG
TGGTGCAACGAAGAGAAGTG
AAGCAAATCTGCTGGAGGAA
GGCGTCAACACCTACACCTT
GTGAATGCACCAAAATGTGC
CCACCACAACAACCACTACG
CCTCTGGAGCTGAGGATGAG
GGCTGAATTGGCTGGTTTTA
ATTGCGCTTACGGTGGATAC
GGAAGACACCAGCTGAGAGG
GAGCCACGCGTACTTCTTCT
GCCAAAAAGCTCTCATGGTC
AAGAGCTTGCCTTGGAATGA
CTCGCCTACTCCGAGAACAC
CGTCTACGTCAGAGGCATCA
GATGAAGCAGCTTGTGTGGA
TCAAGGAACAGGGTCACACA

TGCACAATGGATGGGTCAGA
TCAAATGTCTTGCGTTGCTC
GCCACCACATGGTAGCTTCT
GACAACCCGAATTGTCTGCT
GCTGTATCGCTTCCCTTTTG
TATAGCCACCCCTCCAGTTG
GAGTGACTGAAGCCCCAGAG
ACGAGATAATCCGCAACCAC
AAAAATATCCGCATGCCAAG
GTCGAACCTCTCCTCCTCCT
CCAGCCTGTTGGAAATTGTT
AGTGCGTCGATCCATCTCTT
CCCTGGCTGTTGCATACTCT
GTCCGTCCAAGACAGAGAGC
GATCACTCCCTTCACCAGGA
CAAGAGACCCAGCCAATGTT
GGTGGTCGCTCTTGGATG
GGAAGGAGAAGGGATCGAAG
GGGACAGTTGCTGTTTCCAT
AGGATGGCGTAGAAGGGTTT
CTTCCCAGCCTGTTGTCAAT
AACAAGGGGGTAACCAGTCC
TGCCCTCCCATTTGTAGAAC
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RKoNFE WA ). B IR AH OC 2 N A 55 CATA.
CATB. CATC. GLO1. GLO3. GLO4#1ZIP03;
SRG S B fRAE SRR FEChIHL ChID. SIG1.
ClpP5. OsHO2. YGL1. NOLMIRNRL1; Y& ¥ &
FCHH O3 R F5BBX 14, HY5L1. PHYA. PHYB.
CRYla. CRY1b#iSe5.

2 ZR5iTe

2.1 SSEEMBXTKFEM A EEERRAIRNT
FEIEF IR T, HE7 K5 pe-15t H DLW B %
R, R B R AR . BT R25%IE
WeRLE, B Ripe-1M UGB R, B
R AR A48 K 6 (BA). 7rBE, 5906 e B A= Y
€ 995 Bt ELI S 4 4 (P11 B)

FEROEI IR B BB TSR SR B R 5O, K
BB, = KREM B AL Bt
WO R(EIME, F), RUIH-SxRET:, HE R4

pe-1

Bl KREH AR

e-1 WT e-1

TS KRR pe-1 X §906/HpE fma L 577

PRBET G Bl pe-1K o 23 BEIABF A= BU 24k (1 K 9%
Hpe-1HEHE(K1G, H), Bt MS ks,

PR B pe-1 5 A e 8 55 5 ol 3 i) A= A ML, 3R
IVEAE T 5996 2618 R B9 A 28 Fll pe-1 AR 44 ) R AL 35
fitEit. DABY a2 BB /R(E1C, D), 7=, 55
Jeia f5 B A B A pe- 1R R T £ i HAL A T AE ST
BEH], S50t e B A B P AR B K HOHE 2 R et
VE, TR S BEHASZ 55 6 Ia RHEAR S oK . 25 |,
§5 i T B AR R K g At pe- 12 4 4 5 B, HLr BE
HHR KRB I S A SRR SR IR DG I 4

2.2 FkAmExKERENEN

3 3 S0 = A A Rl pe- LR IR AR B (1 2 YA T
WG, I R R A7 7E S5 5 B 3
ZR(K2). BFAEMMpe-1HIFRE 2 5 821.51 cmAll
31.63 cm, MK4351420.34 cmH129.6 cm, F- %4y
5°592.05 mmAI3.09 mm, FWHpe-1HIFkE . HAKLA
58 ¥ v B AR A, SR 5 B h4T7.08% . 45.57%

WT pe-1

(A) =M@t (bar=1.2 cm); (B) 2 BEMAH-@ L (bar=2 cm); (C) =AM B &R FEB I (DAB)# i (bar=1.2 cm); (D)
Sy BERAN: rDABY i (bar=2 cm); (E), (F) =M IAM-S44k F R %G (Hi Sk Fizn) (bars=25 pm); (G), (H) #rBEMINT 44k A K %K

(bars=100 uym). WT: BfA:7

Figure 1 Physiological phenotype of rice leaves

(A) Comparison of leaf color at the trilobal stage (bar=1.2 cm); (B) Comparison of leaf color at the tillering stage (bar=2 cm);
(C) Diaminobenzidine (DAB) staining of leaves at the trilobal stage (bar=1.2 cm); (D) DAB staining of leaves at the tillering
stage (bar=2 cm); (E), (F) Arrows indicate chloroplast autofluorescence at the trilobal stage (bars=25 uym); (G), (H) Chloroplast
autofluorescence at the tillering stage (bars=100 ym). WT: Wild type
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HM50.24% . H T AL, 70 BEM] 3 bk 1
KR ZMIRAEIER B IR KM FRIC AR, MELLLE
B ZRMERIFIEHMIEIE SR, NMEATTE
BN

2.3 FXEHMEX KIS ELESE AR

XF 7K 586 38 5 B AR 2L KRS Mpe-1H MDA Pro
& K PODMCATIEMEIEAT I E, 4REH, =1
1, pe-1JMDA % &5 B 4 M 1£38.05%, Prof &%
B7 241 529.06%, PODIE M 537.27%, CATE

cm

40 A *k [ ] WT
T ka
301 0 pe-1
“ Ml |
10-
0.4 - -
0.3 1
0.2 1
B
0
Plant height Leaf length Leaf width

B2  §5ouMre s = KRS, A5
** P<0.01 (Student’s tf&55)
Figure 2 Plant height, leaf length and leaf width of rice in

the trilobal stage after low light stress
** P<0.01 (Student’s t-test)
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B3 S5l TRREM A iU Ll R4t

PEPE1K62% (EI3A-D); 7E7r B2, pe-1FMDA &
5840 B 3% = 7 (KIBE)4, Prod = & PODA
CATIE M35 & TP A Y 1By 2 7Y 43 751 1 155 44.76 %
46.35%H115.94% (FI3F—H).

24 FFRPMEX M EWEEEXEERENFT
SEANRNR B I 556 D8 7 K 5 8 A2 Y Rl pe- 1 AT
qRT-PCRE:I, &5 IR, fE=MH, pe-1H)id %ML
Al R A By E T AR, H A CATARM
CATCEMEEZE . R &I, fEpe-1i#EH,0,
PR ) 24 R 1 45 ) RE I IR SE AL B (glycolate oxi-
dase, GLO)#:[X(GLO1FGLO4)FE ik Ak B E KT
A Hh GLO1 A GLO4A 2 [ T g H. 52 3| ¥ [+ i
P, W g B R TR 3R B R I A (R A
(Zhang et al., 2012). GLO3N| 24 ff1j&%%, fEpe-1
HGLO3FRILEW L& m TH AR, bk, bZIPO3%
A ANDZIPHE SR 1, AIEER . il 0 5o T 1
sEK AR B AL B E M, R SOk E& S % (Das et al,
2019). WF L £, pe-1+bZIPO33E A ) % ik B H4E
RN T w250 BE, pe-1H1CATA. CATBAHI
CATCHRIA M W% & T B4 4, HGLO3MZIPO3
T i 3% 7 5, GLOLMGLOAYY & B % (K4).
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(A)—~(D) =HH0; (E)—(H) 4rBENI. * P<0.05; ** P<0.01 (Student's thi %)

Figure 3 Antioxidant enzymes of rice leaves under low light stress
(A)—(D) At the trilobal stage; (E)—(H) At the tillering stage. * P<0.05; ** P<0.01 (Student’s t-test)
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25 SEXpmEXKEHRRSENTN

MR B R KR LA ROR A G . AR T pe-1X)
556 e R S, AT A E T pe- LA AR 7Y
FESSEMMIET. 3. SM7RIGHIM IR S5, 45
W, E =, B AR A 5 pe- 156 55 0 R B 1 B G
BEER, “HMGRa, HERbMEHY PREE
YRR, §oeha7 R, B Ape-1ifn:
GRaED N N448.09%F133.24%, M4 RbE =
W R P%40.21%F128.91%, KAE M RA
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5 21
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4 1
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QO PP

& F o o o 18
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(A) =mH; (B) 4rBENI. * P<0.05; ** P<0.01 (Student's th 1)

TS KRR pe-1 X §906/HpE fma S LA] - 579

B0 5 T BE50.59% 147 .83% . 14> BE, B4 7Y
Eipe-10F §5 SR 5E 1 ma 87 B AN [F]; B AR A ik R
B AR R (1K) Bie F B35 T, (BAE 5 Skiia
T NS, 5907 KEH R S R TP
18, BIEISETHERERES, Mpe-1& 4R &/
S BT, REIOLMIE T pe-1 MR /1 E
5, AR F R R [ R X 55 6 e . kA, P AR A
Flpe-1H -4 Za/m 4t F b HAE 75 51 F B 15.10%
23.02%, M-ZFmafigE /N TS ED (K15).
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Figure 4 Differences in the expression of enzyme activity related genes in rice
(A) At the trilobal stage; (B) At the tillering stage. * P<0.05; ** P<0.01 (Student’s t-test)
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Figure 5 Changes in chlorophyll content of rice under low light stress
(A)—(D) At the trilobal stage; (E)—(H) At the tillering stage. * P<0.05; ** P<0.01 (Student’s t-test)
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2.6 BEIMBIIKEEMFEE BEXERRIER
A1)

NIRBIKFE GG R G0 55 06 W i e RELE, FRAT
Sl e B = SRR 3 B A 55 0 3 5 1 T A R Al pe- 18]
L W E FL SRR G A G A I R ik B . qRT-PCR
Rrilgs R, £=m, §56MbE G, pe-1rit4k
fR4A A FEKIChIH., SIG1. ClpP5. OsHO2. YGL1
JRNRLLF & %3 5 T8 A8, M ChiD &zNOL
(2R B A AR R BRI AE4r BRI, §90uihia s,
pe-1H1 B SIGLAE A 1 ik & W F K T B A o,
ARBEIR ) R0 B B AR A ) 1 2 T v (1E16)

2.7 SBHEIIKREATSE AR ERRIAN
M

HESERZIRBIEARER. RBIEAEAUV-BZ
A
BWT
15- O pe-1
2 10 T
2 51 we T,
&

W Y oA
& 9\0 ‘?‘O &9 QS\%V

6 KAEH SRS S B AR R R A 2 57

(A) =M (B) 4rBEW]. * P<0.05; ** P<0.01 (Student's tki %)

o AR TTpe-1IES 664 N IR A B LS, K
AT 53 510 %65 e B €8 3R AN B AR €8 3% A oG 2k IR 3 AT qRT-
PCREZM . 53 B7x, TE556HME T, pe-1H1BBX14,
PHYA. PHYB. CRY1lakCRY1b[{Rik &M T &
FHAMET)., HEFEMNLE, /£, &R
HYSLL7E B A A 5 5 ARk 2 ] & 91t i 5 35 22 57

1H;%E/\“§ﬁﬁi?9ili’%%%i$ R R, £ TF,
BBX14i@ i iiE HYSLL Y Rk (2 HE K R e T & i
% (Bai et al., 2019). i BB YKL K
R A . SE R RN T RE (BRI AHIT 7 45
RE5HIES BRI 4 % .
2.8 it
2.8.1 F5XMBIIKIEREL RGN
A TR, 16 =M1 4> B W pe-1 7 I =R & =
B 205 -
mwWT

1565 Dpe-‘] * .
§105- **
EF
5 5/ N A =
0 44 *x
T 3
e dla ol

0 A O AN A

o‘\\‘(\ c)\(\\ 9\6 QQ %?\0 *\0\, eo Q§®I

Figure 6 Differences in the expression of genes related to chloroplast synthesis and degradation in rice

(A) At the trilobal stage; (B) At the tillering stage. *
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Figure 7 Differences in the expression of genes related to photomorphogenesis in rice

(A) At the trilobal stage; (B) At the tillering stage. *

P<0.05; ** P<0.01 (Student’s t-test)
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Response Mechanism of Rice Mutant pe-1to Low Light Stress

Jiahui Huang, Huimin Yang, Xinyu Chen, Chaoyu Zhu, Yanan Jiang, Chengxiang Hu
Jinjin Lian, Tao Lu, Mei Lu, Weilin Zhang*, Yuchun Rao’

College of Life Sciences, Zhejiang Normal University, Jinhua 321004, China

Abstract This study utilized the y-ray-induced early-maturation, fresh-green mutant line pe-1 from indica rice as an
experimental material. At the trilobal stage and the tillering stage, we observed differences in morphological characteris-
tics between pe-1 and wild type. In addition, we measured the activity of antioxidant-related enzymes and their regulatory
genes expression, chlorophyll content and chloroplast synthesis and degradation-related gene expression, and photo-
morphogenesis-related gene expression to detect the differences in the low light response between the pe-1 and wild
type. The results showed that pe-1 exhibited less leaf yellowing, taller stature, and larger leaf area compared to wild type
post-stress. The changes in chlorophyll content differed between leaves at the trilobal stage and the tillering stage. Addi-
tionally, pe-1 resulted in increased chlorophyll content and elevated levels of the stress-responsive enzymes catalase and
peroxidase, as well as increased expression of related genes. This indicates enhanced reactive oxygen species sca-
venging and stronger adaptability to adverse conditions under low light conditions. Moreover, pe-1 exhibited increased
expression levels of genes associated with photomorphogenesis, indicating superior light perception ability under low light
intensities. In summary, the pe-1 mutant shows immense potential for survival under low light stress, contributing to the
breeding rice with low light tolerance.

Key words rice, pe-1, low light stress, photomorphogenesis, chlorophyll, chloroplast synthesis and degradation
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