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Research progress on the response and adaptation mechanism of rice to low-light
stress

ZHANG Yin, ZHANG Yunbo'

(College of Agriculture, Yangtze University / Key Laboratory of Sustainable Crop Production in the Middle Reaches of the Yangtze
River of the Ministry of Agriculture and Rural Affairs of the People’s Republic of China, Jingzhou 434025, China)

Abstract: Rice is one of the most important food crops in China, and light has an important effect on its yield and quality. With the
deterioration of the global climate, the low light stress brought by the frequent rainy weather has become an important limiting factor
affecting the high and stable yield and high quality production of rice. The safe, stable and sustainable production of rice is of great
significance to ensure food security and meet people’s demand for food. Therefore, this paper summarized the research results in re-
cent years, and reviewed the effects of low light stress on rice morphological characteristics such as roots, stems, leaves and flower
organs; physiological characteristics such as photosynthetic characteristics, pollen fertilization, assimilate transport and enzyme activ-
ities related to starch synthesis; biochemical characteristics such as nitrogen metabolism, hormone regulation, photoreceptor regula-
tion, antioxidant system and osmotic regulation. The molecular response mechanism of rice to low light stress was emphasized, and
the future research direction and hotspot of rice shade tolerance were prospected. In terms of morphological characteristics, shade-
tolerant rice varieties can maintain higher root absorption area and a-naphthalamine oxidation capacity under low light stress, in-
crease the content of non-structural carbohydrates and structural carbohydrates in stems, increase stomatal density and photosynthetic
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membrane area in leaf, and reduce stomata, so as to improve photosynthesis. In terms of physiological and biochemical characteris-

tics, the shade avoidance response is regulated by photoreceptors, the content of osmoregulatory substances is increased, and the anti-

oxidant system is activated to remove reactive oxygen species. In terms of molecular response, low light stress can be responded

through the expression of shade tolerance genes, light signaling pathway genes and hormone pathway related genes, and the regula-

tion of transcription factors. At present, most studies on shade tolerance of rice focused on the effects of low light stress on growth,

yield and quality of rice, but its molecular response mechanism has not been clarified in detail. In this paper, it is pointed out that the

adaptation mechanism of rice to low light stress at the genetic level and related shade tolerance genes should be further studied in the

future. Studying its molecular regulation mechanism and combining genetic engineering with crop genetics and breeding technology

will help us to dig out shade-tolerant genes in rice, select shade-tolerant rice varieties, and further improve cultivation techniques, so

as to play a guiding role in actual production. The paper provides theoretical basis and practical basis for high yield, stable yield and

high quality cultivation of rice.

Keywords: rice (Oryza sativa L.); low-light stress; yield and quality; morphological characteristics; physiological and biochemical

characteristics; shade tolerance gene
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A K, (BAEAKRE H  BIF 9T A i E, i — DB R
P RERL[E AL Y 5% iz A DGR TR T s 20 55 56 38
KRG R EA R R L
2.4  F5REMEXTKFEE M S R XERR I

TG 7 W) A DA i Xz BF kLR, K
FEDAFRLTE I S0 S0 TE A S5 T 1 5 iS5 AR R i A2,
TE R B BRI R A7 BV M A R S Y R s
S5 S SRR R HEA TR R 78 52, 48 g 7 o 1) S B s,
TR L AR rh, SRR AT B (9 268, 5506 a 255
i S8 A A R S B AG T6 E, S BOE R & i R IR e
13 1 B T A - - TR, A MR W TR A 4
FEWEIR L (ADP-glucose pyrophosphorylase, AGPase)
(4 Ak A T 7 A B 85 152 7 45 W (adenosine
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gK AR AR X S O A 15 R AL A A 45

diphosphate glucose, ADPG), & Ilt.,, AGPase & 1€ ¥} &
AR S o Bl AR G B (sucrose synthase, SS) L
ADPG MR, 75 3E R (A v 45 1A SR B, — 5 T
TE K343 S B (starch branching enzyme, SBE) Fl ik 24
A HBE Ky S WUEE 1 (granule bound starch synthase I ,
GBSS 1) & M SCHEENT, 73 —J7 e AL PETE R &
B (soluble starch synthase, SSS) Fl ks 45 & 4 1 4y
A B 1T (granule bound starch synthase I, GBSSI)
MVE R 64T ELRE VE B 10 A ™, Z )5 SBE 71 504
T U A e Ak R SOREVE R, SBE A4S n] v
¥y o3 S (FTVE Q i) FIBURE 45 5 B 3E K 43 S 1
(IURLES G A Q Tl ). 7K A 7 HE 3R 405 52 018 32 55 06y
i, B R AT MR AR R IR AL . REME G A
AT PR TE A B RSORL 45 G R T 5 BT T
1%, 5 20E B 5 Bz B, (HE A S I 1 I i T
Fen 7 DR R T T A A A TR R A o LD BT
] BT, TE R A R DG Y TG A2 55 0 B
i, SR F AL JE A9 T A2 3 BEL A
3 SSEMMEXTKFE AL MR R
3.1 BB KE RN SR m

RACHZ W SAEYIERN SRS &
S5 PR A E A R AR, 5 R BT DDA
Ko IKFELEA T G AT 5 YRR A IR
Jiff (nitrate reductase, NR) AN I 25T o 72 A6 B il 4
R il A B g, 3 S — PO TS S, PR IO R i
Xt NREPE R M AR K, S5 ) AR g AR
i & & B & LS (glutamine synthetase, GS) A 44
2 & i (glutamate synthase, GOGAT) 4 h¥ 11 3 J
N, FER R & A R A A
Fedg Hh, 55 06HE T NR FI GS i MRl & 55 6 R B 11
o iz #i AR R R SRR R R N E B
RACU T 2, 31X — i P A T 1) B A 7 2 R -
Bt 2 R %% % B (glutamic-oxaloacetic transaminase,
GOT) 1 4% 2 B2 -IN 1 2 %% 24 1 (glutamic-pyruvic
transaminase, GPT). A W5t 45 th, GOT Fil GPT B
P Bifi 25 55 G FR BE 0 3G I 15 hn, DA A2 i 5 2 A
FH, A& R 55 6B Sha R, A a2
B2, SO m R A 2R AR
i, T3 e AR ) B R D, IR EY G S Ak
AYEEHATM A . ZERAEKY, D4R
K.
32 FREMEXKIEHEMNEIG

YRS B S A RN AL

W, WM. K R EAR . R
TEAE . S5 W af N AR 7 B R R R g
AN R B2 1 55 6 30 X K R B N TR R & R
Wi AN TR) o 2 38, 55906 a3 2 R vk R
(abscisic acid, ABA), A=K Z (indole acetic acid, IAA),
IR (gibberellin, GA) DAL= 2% PIfg (brassinolide,
BR) 1 s bt 7 52 i He e 59O a0 R K
ABA &gt LI, U 55 56 E AT DA Sk
FEr= A Piisi i R ABA™ ., I 5 H S5 GA
St T, MR BT KR R A R A
PR 2 3K f o7 28 W a1, % figk 553 %6 Fo 36 A R 1 45 5 T
556000 R, A e N 3 N 14419 B R
IAA & 8 G EEFE R YUCCAS, 345 YUC2/3/5/8/9
WA AR R, U B i A, DR B K R A
i 3 (2 i TAA {55 7% S am A8 oA G SE R i e ik 0k
R girE™ . DELLA & A K GA 155 i
i B4 171 845 K, DELLAs 38 3 FUG B 2 5 AR K
T PIFs HAE, i %% 54T 1Y) APA 5 APB 4544 o1k
5 DNA 254, T Tl 3L I ) 58, 15 5 550
T GA 4 1%, fiE i DELLAs [P, fi# 5% PIFs 114
TIVE R, E— 25 AR S 0 ™ 4 4324 25 i
SE DR TEAE Pk SO R BV BURAE R . iy R
IG5 % 2V B 5355 B R A o0 FH 20 22 R
i i 7% 25 (1 DA SO R B B PR 5 IR 350hE T,
HAMBER LR B I N PHP3 . A A 35 A
T RRO 1 5 41 i 43 24 23l 6 3 9 (9 3k, A
OsCKX11, LOGL3 JEH X% & W IE ", ok,
OsbHLH153 J2& —Flrih 3¢ 28 24 [8 B A7 538 B 5L [, T
PEPOKARERERT A, DA R 35 amhn Ty A ReR™,
3.3 FEXEMBEXKFERZHEAH I
SR A VR PR 1T, i1 —
F 55 W 0, VR A 0 A= A i Bl . A D B IR
FINAF S, B K AH N AN BN ) — KA KAy 9
JRFRAESZ A . eI 2 AR R G AT LUBAZ ok A BR
B P OGRS, VA& A A0 A BHUIR A DLE 4 i iy
WHMARKET, BB G K Z K (phyto-
chrome, phy). FfE {2 (cryptochrome, cry). [ )G3R
(phototropin, phot) Fil ZTL FK % 1 LA & UV-B Z 1k .
e E LK K EAH PHYA, PHYB, PHYC, PHYD
H1 PHYE, 53 5 45t b i G = B . 7R /KRR 2
b BAETE PHYA, PHYB # PHYC, PHYA 1Y%
Ik AT DL o) 3G 5 AR KR AF S R W B AUXY
TAA YR 1 of f 1) 3 45 55 56 i 36 ™7, phya 55 phyb
I R P KRG A8 24 K 5 RIAE K IG 11, KA phya i 7]
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% 33%

8 M AR B EE RV (very low fluence response, VLFR)
AT AR, DGR 55635 B2 ka4
BaAb (R . mOGEM ZTL 4K, CRY2 K& [H 4 i B
AR E M ory2, EEIEC RS0 I E R,
HATHIH] OsCRY1a FEH B IR, HER K FEFF AL ™,
ZTLs 58 T 62 R 1, f4% ZTL/FKF1/LKP2,
KA T 3 2 5 PR R SR 4 R4 48 DL ke 58, 4N Os-
FKFI £ 258 33 1 Ehd2 F1 R W Ghd7 335, B0
Ehd1-Hd3a/RFT1 i %, #2574 1€ i IF 55 5% B 38
FE AR 5380 15 2 1k DR T B K AR o o 1 g
T b 5k, A0 BBX K& K AL 9F IF 46 /Y9 FLTG
FACTORI RWEHIFAERRI COL4 . COLS Fil COL3™,
KRS T R
34 FEREMEXAKBREN RS

1 55 6 0l T, K RE 2 R R PR 4 (reactive
oxygen species, ROS), f0f LS A . H,0, F1 07, H
At LGRS g5 6, R A B
EAE RS, R AR P T AR T R R B T B
AR B AR AL o B2 AL A 40 MK P b e
il 0 75 PSR 55, B4 06 R 5 ROS MU BRALE . LA
LT A AL . o AL . 2 S A
ORI R ik S AL . A5 DR T st 42 A A il A 3t
AU IR A i, 3K 6 il AH B PR T BR AT 1A N
ZATETEES A 3L, A P R G
55 i 38 AN [ KRS i o 0 SR A s A L 3 R
Ak it Aot SR A U I R MK AR 25 5, T A B
PR LA BR ROS™ ., 553 6 ik 360 fof i 73 1 5t A 5 o
IR R L SE AL T A I E A 4R A Tl T B
PR 0L 2 30 Do it 114 % 1 AT 2 5 A — o AKOF, LT B
R BLR [ ROS AT H D, JEREE LS 32 20
o PURIMAR . AMEHK ., o EF W, KA FE.
B A PR A P S, X K R TS R T B T
STEHE,
3.5 BHREEITKIEEERT M

20 6 ) A i 3 S OB T AR UE 1B B A B, LA 4E
Fram B N PR AR S . 1B B VAT ) O A A Hr A i B
BV Y h R EEAEH . KR I 32 55 565 Wy
i, MHAR N ROS AR R 5 — & f B I, 77 A R i
AACTER, B Ay i, W M REM R, &
S SAORE R P9 AEDGT FhL S 2R o, O P 184, 40 i P R
GEmi IR, AR ANB IR, Ko 20 B 5 AR T 4
WF5E 2 W1, T BT 7K 8 e 0 O/ RR B IR A P 25 i
R X e 170 40 6 BB 1) 25 40 AN T B ISR 1 —
ol 25 VR 98 385 8 9 ) IO, A I SR R v nT VR S TR

TR B 43 F R 55 70, K R I R 48 2R (A AR
HH (OsProT) 1 OsProTl EEAEE A KB Byt
¥ 3Ri3K, OsProT2 FEAE S| M 1 R iE, OsProT3 +
BAERE P RIR, PhIn] e iz I 2= R 53 B B 2K R A ] #
(U7, DAAERRAN S RS 098 8 T . DRI, i AR
B i AT AR Sk S R B KR S AR AW TR AR AR o AP,
550G IE T, JK A i 38 A 3G i Rl R AR B
[IRGEES g STIA T Dl s

4 FEHEMBEXIKIEEM SRR

IKREAE A B WIS (R B B 8 A2 55 5% M3 45 23 52 i)
FRAREIIE AL, AT ABFZE Y e, 5556 AR T
PR, P AR L iR A RN S 2
WD) 32 Wi B 16 B AR 0] . K R P A A T
FH B TR R SRR AR . BRI AR . 25 SR AT
AR 5 e AR RS P, R R
S PR TR SR . AR ORI TR E A
T 1 7 55 56 M ae ™ = BELAS T K R AT R Y e S 0 R
CRE SRR 30, 3 8 2s R ™) i 177 7K A 5
VBl I FEE 8 2 /N TR K R AR, IR, KR
77 e P B R T TR Ry i 8 K R R e 7 A P i o
R[] st 1 38 2 55 ' Jolp 200 X6 K R 7 R B A ] B0
IR 53 BEI 55 56 Ml 261 8 ek A A 1) i 4 ™, 2
TR D) = 5 e el ) Ak, e B 6 0 S R i
T3 25 U0, ST A0 R M 4 S ) T S W R R
ghA, PEGEIORM TR E T AU A B A Ok
Uik, 59060 BRI K AF it A5, Chl a Al Chl b &
N, Chl a/b {EFEAL, {HF%AIK T Rubisco 1 Rubisco
I AL P M, 3 BAOL A R AR, R & 2 B0
FRU KR P i BT R R P A AR A A 45 R
PEORIK AL A W (0 32 T AR IS D6 & = W i B
P T s Hodh 24 52 KRS P 4 90% oK [ A6 5 6
AT S0 A AR T SRS KRS TR
RS PR K AL A PR B, (45 1 ] =l 5 44 1 e
IKAEG W s AR

JK A 52 55 56 W 30 AN AL 23 5 e 7 i, 3 235
FEOR T o RO B SR A3 S BROK T . 288 R
T L AL RS R A T e A
Sh: 5560 25 KRS RE KR | RS KRR K
REEAL; H AL BTN R 5506 38 n] DL 35 8 v
i oA 3 BB TR R 55 O Mol 368 i 2K R 5 A BRLAR
AN, Bz R ALY e 108, FPRLIRAS T RAF Y 785,
i A5 AR 22 T I, DT i T RS R 5ok
ISR TR ASE e SR AT Y8 DR EI g £ A =3
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5 e B, TR Hh T K R A S A S 2
b1y S eI T8y A pe R DI S o -4 S N IR o A RB . T
e HEAFRE B0 28 B A, (H R SE R i i WAL
BE AR RRART . BeAh, VERY RVA SERFAEFIEA )
SRR SRR B UR dh T VAR 5C, KRR TERS RVA 3%
JEAR — R R 7 PR N FAR v A1 R v R
14 28 it PR Y SR B B — RGNS AR o L, TE B
RVA SR EZ PP AR B R kB 25 IO B 2B AR
AWEFEIR T, £ A R K A (B B . A
FUBARE R, T BRAE L X (BN, WAL BB
B 6 R el s, R R . BB L R
(WA, TR XA R . BIIREE TR
VER P~ R PR B WA kAR o i o ) 2 4
Pz, e I A B K G 1 B R O,
[e] A o ey, DR AR 23R, 16 O P 22 ARSI
3 A Il A A S R, DT RN T K it B
23 L, REOK L A A I R R LA W
i it 15 P A DA TS T /K R A RHE 77 194 B AR

5 KT A RE B9 53 F M Bz 4

KRR TR 19 356 DAL 7 97 326 T 30 o T 6 56 PR e L Tt
PIAH OGS ok % . R FAE 22T 2
MTAEYE M, o Fhric i Bh B 5 R (MAS) 5
QTL 256 Al A AL s A0 R b PP A e B 2005 it i
B2 Z RN R IR AL R A A R R,
Tt 973 7 e it A B RT3 3 4 AR IR 24 QTL & o7, M
T R i 9 35 AL, P A W R RN A3 B g A B
VERE AT R 28, LA ARATH i B A Red it o 430 s 245 ]
¢4 FE (Oryza officinalis ) & DNA A YK E & R225°
rh 3 30 T A A TS B, B AR B B L mE
A 3 NS AR, IR I ARIC RM219 Fl RM5490
TR RE STH BT QTL o &5 B g i,

OsSUTs $& R W5 i OsSUT1/2/4 1) 3% 35 X 55
S W 6 g 107 BH G, 55 06 B E R X 3 SRR R A LA,
fii = 3 5 T I T F G-box Al ACE 25 550
38 4 25 MicroRNAs Xof 7K R 76 SRETH 2 h &
4 T ELAE L, 9T T 45 b R BT W af ) S
MicroRNAs (miRs) 72 K & 21~24 8% 1 12 14 Ak 4w
5 RNA. miRs XS B 4 (049 98 5 24048 miRs A B
B 235, SRS AR B, 5560 25 S MicroR-
NAs " 1) miR5144-5p W) 2% 5 3 3K DL KX OswD40-
24 B EE ] DK, GEXT KRS AE 55 68 T 7 i A 4Ry
ER AT VE ] miRs B9 FR OsSLAC. OsLOGI () Z%ik
IEVAEEE, OsBRITTLE -1 F k2 dEAFRIIE L, OsC-

SIF9 FEARZE B MUAHE B, OsGns9. OsCPI1 1 Osbhih-
IS3RAFPDET M AT, KIFEL AL % (BILs)
W54 miR2877 . miR530-5p F miR396h 83 A ()
Fik, MR UEHORPRL A HE KL FE Y OsCesd HE R %
JE TR A MIEH, TEKFEZEFF T RIE, OsCesd4 .
OsCesA7. OsCesA9 %ty Uk 20 i BE vh 21 4 22 5 A,
TESEME T, HARE B, & i er4E %, W om 2L FT
HUBGER B, B AR R R S B ="

NAC. HD-Zip. PIF4 % 55 X n] 995 7K A5 X 55
B NG . NAC e sk K R AR h 5 i B A ¢
FR e S P R0, 6L C o A7 1 NG s e F ek, L
A7 e S ST R B B ae, wT o R i R BE A
Y | P YERFURT R WA B, Rk R g
T e A, 2R R R $ir 4% 2 11 (homeodomain-leucine
zipper protein, HD-Zip) ¥% 53 [K 18 i 0w ;. 7 515 5,
TEREWT SN H 2 5 4E 88 ) 0 3 Ak A2, B m K A Al
RILEIR AE ST, KRG wSL214 38 i 3405 1 A Ak
AMGEE K OsCATC 1335, 401 N 7 BR ROS Ry i
RGP R, KRG Y AR H IR F OsINOSO 363k
R ABA. M. BRAEHYIME 1A BUOR IE 1] 14
P ke " KRG OsGAPB 3 1R 3 35 35 AT 48 755
CO, MR IR, Bt 4g & & | AR S DL A R LU
PEKRETE 55 96138 T B a B 1R N, et R Bk
[+ (phytochrome interacting factors, PIFs) J& T bHLH
KGN 15 WIE, fE LA RN FEE LS
WAL, 72 IR AR A A K R T AU S S
RAEEEANEH . PIFs 0% B 0L 7] 38 i APA 45 44 35,
5B A (phyA) HHEE A R IR 1B & 2
R FEFEMNE R, A F N N F ARF18 Ay
KK OF- 4 PIFs 404, BHLAS T 24 K R A i #2845
SOE R F R A K AR AR, LA A )
Mt B YE . OsPILIS B[R 3R K IE ¥ B B2 | it
PR/ AL, B7 10 2 [0 AR B, PIFs
WA LIS MIR156 )5 8+ 1 G-box ¥ 45 G, il 2
Pl mir156 FEPI G 2235, DT S B0 1 B 568 ) okt 15
™Y, Jiang Y st QTL 4347 & ¥, PIF3 . PIF4.
PIF7 AJ LA 55Tt 8 S 1 67 98 755 Kl PRRS Al PRR7 4
HAE R, SEB I A i s A, B kAR D 25 AT O A0
5 BT

o S S A = N NI P VRO RSP i S ER & <]
B T %, A O B TN A BIE 5% K R A 15 15 /KT 1
Xt 55 5% Wk 38 0 38 AL LA K325 1 AR 7 A i 15 3 R
AR KRG B R TAE B A EEE X, AR FK
FESEBRA = I o B 55 56 W30 R KR (9 43— 1w iz
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AL A0 A A RRR T T B A R ), X 3 A TR
PR by B T SCE R o A TR T A O 5 TR i S 5 oK,
B A KR IR AEZE N S A2 4 (R 1)

6 BRESREE

Wil 25 47 252 9 R 2 BEOR AR A 2, 55 06 38 X K
Ry i SRR K i BT ) 5 el AN 25 200, 16 T I B K AR
i AUE PRI B T M E AL S . F L, BFR5O8
st XK RE A L 2R B AR AL AR AF (Y 5% 00 e H 23 T3
MALHIXS KR E A . AR B RE R, WA
BRI . BRI AR R oA AL . 2Rt
TR AT T A AR AT AL AL . AT AL
I i T R AT 445 g 7K R T 4 1 7 1 T S AR AT A
I FS2PREAbpa RR e AL R | ek e R
FE. ABEAR K R B, LA S R B A AR Al [R] 437

B0 B AR AR g K R 19 1 R 7 P A BRI 5 A
fi 2R o | DU I 5 B P AR SR 2RO it
BIPEE T B LE A RFAE SR b o RH SR BT 3¢ 9 1 B
eIk T i R KRS AR R A B4, X QTL ARHS 40 € fo
A B T2 IR BT L A o DRIk, e 38 K R B4 T 1
W 7 AL ) 1 A BT 14 0 77 e PR 2 R I A BB T 22 4
(1 T ZAREE (K] 2).

VT, A 58 7K R B iR B 1 9F 72 22 000 2 T 55 D' 1
X KRR 7 A R R, T g
g O B AR AT R, i AL A i R A
FUTEAN W, HF AT AR 2 ] A 3 R AL A
A 7 0 22 B R 20 2 b i R 28 B R B A
Z1 AL A S KRR T B R S 0 R T 1] B
G TP AL, K 5L D TR A 82 % & b4
RAYLEE A, A BT HATIZ K R A S 3 14, ik

x1 KEMHEERREREEEAX
Table 1 Shade tolerance related genes and their modes of regulation
A il PR PRI SCHik
Gene Coding protein Regulatory influence Control method Reference
it B 52 A G5 Shade tolerance genes
RGAI GHE oAk TE 4% FE R ATP A R0% [92]
G protein alpha subunits Positively regulate Improve ATP production efficiency
OsWRKY42 WRKY#% 53¢+ IE T R PSR EAR I R R ik [136]
WRKY transcription factor Positively regulate Increased expression of defense-related genes
MicroRNA RNAZS G FHYLL ] FEMEHYLL, Sl TR LR 35506 R [137]
RNA binding protein HYL1 ~ Negatively regulate ~ HYLI1 was degraded and the silencing gene was activated to
initiate shading response
KPR BEAH SE LR Genes related to seed formation
OsSUTI Mz E N TE 4% PeBERERE I T 13 [123]
Ucrose transporter protein Positively regulate Promote sucrose molecular transport
OsBTI ADP-#j#i ik 2 E A NAENES IE TR RFRIE B [138]
ADP-glucose transporter Positively regulate Positive regulation of seed formation
protein
OsCIN3 2N U BERE (L 1E iR TE AR R I 2 [139]
Cell wall invertase Positively regulate Positive regulation of sucrose unloading
FEAI P FE AN SEHEA Plant hormone related genes
0sGA200x1 GA20%A L TE 4% PR R RE R A [140]
GA20 oxidase Positively regulate Increase gibberellin content
YUCCAs YUCCA#% R HF E [ HEERZIAA SR [141]
YUCCA transcription factor Positively regulate Increase indole acetic acid content
JEAE S M I H Light signal related genes
PHYA phyAZE F i B R IRIINEER NS R S5 [126]
phyA protein kinase Negatively regulate Inhibition of brassinolide synthesis and signal transduction
OsPILI PIL¥, 5t H ¥ 1E iR S AR, kT ] [142]
PIL transcription factor Positively regulate  Increase internode cell size and promote internode elongation
2 AR G JE ] Chloroplast synthesis related genes
0sCIpP6 ChlatfSCHEH RN fEEH-2RRa G i [143]
Chla-related proteins Positively regulate Promote chlorophyll a synthesis
0sCA01 ChIbAHSCH TE 4% fERERT 2k 2 b a [144]
Chlb-related proteins Positively regulate Promote chlorophyll b synthesis
OsPORA IR I e e RN HEAL BT £ 2R TR ISR ST £ 38 R R [145]
TR EREER Positively regulate Catalyze the reduction of protochlorophyllin ester to
NADPH chlorophyllin ester
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‘ vAg
no [ T AR 01 Leaf area index? <@
Leaf | BT T AN A FLEL H t Number of cell pores per unit areat iy
L Y6A BT Photosynthetic membrane areat 5506 Low light e
- SRR
== LT S A / / Chlorophyll fluorescence
IS A =[N .*Ei y %’*'ﬁiﬂ]}'ﬁ%‘? R characteristics
DAt =1Stem 1 NSC, lignin, hemicellulose s )
Morphological - and cellulose contents? A2 AR b 2
daptabilit S > Photoreceptor regulate
P [ o : ;': IFE?:‘QLET’E _| shade avoidance response
pit Alpha-naphthylamine ¥ ysiologica and
Root oxidation power? biochemical WAL RS
T TRERI A AR adaptation Antioxidant system?
Active absorption area? N P
TR BB T Al
~ Dry matter accumulation? Osmotic adjustment

~substances contents?

BBX . FLT6. FACTORIZEI | Jff 5 1 K
BBX, FLT6, FACTORI genes | Light signaling
pathway genes

CTK, BR signaling Hormone
pathway genes pathway genes

CTK. BR{%%EE%%} PR T A

i B AH DG HE A
Shade tolerance
related genes

B 2 PR SRk
Shade tolerance
gene family

£ = 1P
OsSUTs, MicroRNAs, OsCesA
et al. gene family

Bk A JL_NAC\ HD-Zip. PIFA%% SR F %

{ OsSUTs . MicroRNAs ., osCesA

— Transcription] NAC, HD-Zip, PIF4 transcription
factors factor regulation

PIFs: SG 8 8 3R G.AE B ; HD-Zip: 58 @R B2 11V sk R 7 CTK: 473 438 BR: 9338 6 B 12 #4005 NSC: R 45 PERR K fb 59 . PIFs:

phytochrome interacting factors; HD-Zip: homeodomain-leucine zipper protein; CTK: cytokini; BR: brassinosteroids; 1: increase; NSC: non-structure carbo-

hydrate.

B2 KFEXT 5SS R B e Bz A

Fig. 2 Response mechanism of rice to low light stress

TR IR b, R t— 20 58 S AR B R i, LA
W S PR A e R A AR, KRR R
DUIR S PR B [ SO 22 2 4 (3t TR K0 A 52 2
Heill o
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